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SUMMARY 

 I 

Summary 

 

Coronavirus disease 2019 (COVID-19) is a highly contagious viral illness 

caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). 

Researchers are still learning about the role of genetic markers in the prediction 

of COVID-19, but several studies have identified associations between specific 

genetic variants and an increased risk of severe COVID-19. This study aims to 

provide an overview of the potential link between COVID-19 and selected 

biological markers including, micro ribonucleic acid (miRNAs), angiotensin 

converting enzyme 2 (ACE2) and dipeptidyl peptidase 4 (DPP4), and to evaluate 

the association of DPP4 (rs3788979 A/G) gene polymorphisms and human 

leukocyte antigen (HLA) alleles genotyping with the susceptibility and severity 

to SARS-CoV-2 infection, and to evaluate levels of serum ACE2 and serum 

DPP4 among patients in Babylon province. 

The frequency distribution of patients with COVID-19 according to age 

group revealed that the disease is most frequently seen in the age group from 40 

to 49 years (24 %) and is less frequently encountered in the age group between 

30 to 39 years (4 %). Males were more frequently seen in severe group in 

comparison with mild group, 72 % versus 48 %, respectively, so there was no 

significant difference in the frequency distribution of subjects between patients 

group and control group. The patients group included 60 (60.0 %) males and 40 

(40.0 %) females, making the male to female ratio at 1.5:1.   

With respect to residency, patients with COVID-19 were categorized into 

72 (72.0 %) and 28 (28.0 %) as belonging to urban areas and rural areas, 

respectively. Control group included 36 (72.0 %) subjects from urban areas and 

14 (28.0 %) subjects from rural areas. There was no significant difference 
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between patients group and control group in the frequency distribution of 

participants based on residency. 

Essential hypertension was seen only in patients group accosting for 34 % 

and therefore, statistically the difference was significant. The patients with 

COVID-19 who have diabetes mellitus (DM) was only seen in patients group 

when contrasted to control group, 8 % versus 0 %, respectively; however, the 

difference was statistically not significant. 

The rate of vaccination in the patients group was 4 %, whereas, the control 

group included 52 % rate of vaccination thus the difference was statistically 

significant.  

Comparison of biochemical, serological, and hematological characteristics 

of patients with COVID-19 according to severity of disease showed that the mean 

Hemoglobin A1c, random blood sugar, level of serum D-dimer, serum C-reactive 

protein (CRP), and the white blood cell count were significantly higher in severe 

group compared to mild group. While, Lymphopenia was seen higher in mild 

group compared to severe group. 

The comparison of miR-423 and miR-195 expression level between 

patients and control groups was significantly higher in patients with COVID-19 

in comparison with control group. While, the level of miR-23a was significantly 

lower in patients with COVID-19 in comparison with control group. The miRNA 

expression was no significant difference in the levels of miR-423, miR-195 and 

miR-23a between mild group and severe group. 

Comparison of DPP4 (rs3788979 A/G) genotypes between patients group 

and control group. The genotype AA was considered as reference because it was 

the most frequently encountered genotype in all cases as well as in control group. 

Genotype AG was most frequently seen in patients group in comparison with 

control group, 52 % versus 28 %, respectively and the difference was significant; 
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the odds ratio was 2.79, thus this genotype can be considered as a risk factor. 

Genotype GG was less frequently seen in patients group in comparison with 

control group, 0 % versus 20 %, respectively and the difference was significant; 

the odds ratio was 0.03, thus this genotype can be considered as a protective 

factor. The level of DPP4 was significantly lower in patients with COVID-19 in 

comparison with control group. 

In this study, HLA distribution study revealed that HLA-B*07:03 and 

DRB1*12:02 were significantly associated with COVID-19 and can be 

considered as risk factors. HLA-B*46:01 and HLA-DRB1*03:01 were not 

significantly associated with the disease. The frequency rates of HLA-B*07:03 

was significantly less in severe group in comparison with mild group. The 

expression of HLA-B*46:01 was significantly more in severe group in 

comparison with mild group. There was no significant difference in rates of HLA-

DRB1*03:01 and DRB1*12:02 genes expression between severe group and mild 

group. Finally, the level of ACE2 was significantly higher in patients with 

COVID-19 in comparison with control group.  

In conclusion, these genetic markers could potentially be used to develop 

genetic tests to identify people at high risk of the COVID-19. This information 

could be used to help individuals make informed decisions about their activities 

and lifestyle choices, and to develop new treatments for COVID-19. 
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1. Introduction and Literature Review 

1.1. Introduction 

Coronavirus disease 2019 (COVID-19) is a global pandemic that is caused 

by a novel coronavirus, severe acute respiratory syndrome coronavirus-2 (SARS-

CoV-2) (Cascella et al., 2023). 

Coronaviruses are enveloped viruses that possess a positive-sense single-

stranded RNA genome 26–32 kb in length. Coronaviruses belong to the 

Coronaviridae subfamily Orthocoronavirinae. According to variations in the 

genome sequence and serological reactions, coronavirus members in the 

subfamily are classified into four genera: Alphacoronavirus, Betacoronavirus, 

Gammacoronavirus and Deltacoronavirus (Weiss and Navas-Martin, 2005 ; 

Masters, 2006 ; Yang and Rao, 2021) 

Coronaviruses are characterized by high genetic recombination and 

mutation rates, which result in their ecological diversity (Cui et al., 2019). They 

are able to infect and readily adapt to a wide range of hosts, from birds to whales 

and they are characterized by mild respiratory illnesses, such as the common cold 

(Fung and Liu, 2019). By contrast, severe acute respiratory syndrome coronavirus 

(SARS-CoV), Middle East respiratory syndrome coronavirus (MERS-CoV) and 

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) are able to cause 

severe human respiratory diseases, potentially resulting in high mortality (de Wit 

et al., 2016 ; Fevrier,  2022). 

MicroRNAs (miRNAs) are small and noncoding RNAs 18-25 nucleotides 

in length that target the mRNAs to degrade them or obstruct their translation thus, 

miRNAs act as an observer in cells. The exact mechanistic roles of cellular 

miRNAs in viral infections are not fully understood. However, cellular miRNA 

is produced at the early stage of viral infections due to the antiviral reaction. 

miRNAs can inhibit the viral translation after the attachment of miRNAs to          
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3′-UTR of the viral genome or target the receptors, structural or nonstructural 

proteins of SARS-CoV-2 without affecting the expression of human genes (Fani 

et al., 2021). 

The host miRNA expression has a fundamental effect on viral pathogenesis 

control through interfering with T cells and immune reactions to viral infections. 

A lot of miRNAs are correlated with increases in plasma cytokine storms such as 

TNF-α, IL-1β, IL-6, miR-146a, miR-146b and IL-8 in the acute respiratory 

distress syndrome and chronic obstructive pulmonary disease (COPD). Indeed, 

reducing these miRNAs expressions emphasizes on a way to improve COVID-

19 severity due to the downregulation of proinflammatory cytokines that increase 

apoptosis protein expression. On the other hand, the expression of these miRNAs 

can offer promising diagnostic value to SARS-CoV-2 infection (Guterres et al., 

2020). 

The binding of SARS-CoV-2 to the angiotensin-converting enzyme 2 

(ACE2) receptors on pancreatic islets, leading to pancreatic damage with 

subsequent impairment of insulin secretion and development of hyperglycemia 

even in non-DM patients (El-Huneidi et al., 2021). 

However, recent evidence suggested that dipeptidyl peptidase 4 (DPP4), 

an enzyme that has been associated with the presence of hypertension, insulin 

resistance, and type 2 diabetes mellitus (T2DM), may be used as a co-receptor 

when SARS-CoV-2 enters the target cells (Noh et al., 2021). The renin–

angiotensin–aldosterone system (RAAS) component ACE2 and DPP4 (CD26) 

are proteins dysregulated in diabetes. It is hypothesized that diabetic patients 

might be more susceptible to COVID-19 due to increased presence of ACE2 and 

DPP4 mediating infection and viral entry and contributing to a compromised 

vasculature (Valencia et al., 2020). Besides that, previous studies found the 

DPP4-encoding gene is polymorphic; and an association of the enzyme levels 
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was found with not only some genotypes of these polymorphisms but also some 

diseases, such as T2DM (Posadas-Sánchez et al., 2021). 

The human leukocyte antigen (HLA) system orchestrates immune 

regulation. It is recognized that T-cell receptors recognize the conformational 

structure of the antigen binding-groove in the HLA molecule along with the 

accompanying antigen peptides. Thus, particular HLA haplotypes are associated 

with distinct genetic predispositions to disease. Furthermore, HLA variability in 

a population could be correlated with COVID-19 incidence since HLA plays such 

a crucial role in the immune response to pathogens and the development of 

infectious diseases. Likewise, the genetic variability of the MHC molecules can 

affect the susceptibility and severity of SARS-CoV-2 (Migliorini et al., 2021). 

The Aim of This Study 

This study aims to provide an overview of the potential link between 

COVID-19 and selected biological markers (miRNAs, ACE2 and DPP4), and to 

evaluate the association of DPP4 (rs3788979 A/G) gene polymorphisms and 

HLA genotyping with the susceptibility and severity to SARS-CoV-2 infection, 

and to evaluate ACE2 and DPP4 levels among patients in Babylon province. 

This study has been carried out to achieve the following objectives: 

1. Measurement of HbA1c, random blood sugar (RBS), white blood cells 

count, serum ferritin, D-dimer, and hemoglobin (Hb). 

2. Evaluate selected miRNAs expression profile (miR-423-5p, miR-23a-3p 

and miR-195-5p) by stem-loop RT-qPCR technique. 

3. Analyze DPP4 (rs3788979 A/G) gene polymorphism among patients with 

COVID-19 and control groups through AS-PCR technique. 

4. Genotyping of HLA-B*07:03, B*46:01, DRB1*03:01, DRB1*12:02 alleles 

for patients and control groups by SSP-PCR technique. 

5. Evaluate serological markers including ACE2 and DPP4 levels among 

patients with COVID-19 and control groups through ELISA technique. 
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1.2. Literature Review 

1.2.1. Coronavirus Disease Definition 

Coronavirus disease 2019 (COVID-19), the highly contagious viral illness 

caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has 

had a catastrophic effect on the world’s demographics resulting in about 

6,953,743 deaths worldwide, reported to World Health Organization (WHO) 

from December 2019 to July 2023, emerging as the most consequential global 

health crisis since the era of the influenza pandemic of 1918 (Cascella et al., 2023; 

WHO, 2023). 

After the first cases of this predominantly respiratory viral illness were first 

reported in Wuhan, Hubei Province, China, in late December 2019, SARS-CoV-

2 rapidly disseminated across the world in a short span of time, compelling the 

WHO to declare it as a global pandemic on March 11, 2020. Since being declared 

a global pandemic, COVID-19 has ravaged many countries worldwide and has 

overwhelmed many healthcare systems (Cascella et al., 2023 ; WHO, 2023). 

The pandemic has also resulted in the loss of livelihoods due to prolonged 

shutdowns, which have had a rippling effect on the global economy. Even though 

substantial progress in clinical research has led to a better understanding of 

SARS-CoV-2 and the management of COVID-19, limiting the continuing spread 

of this virus and its variants has become an issue of increasing concern, as SARS-

CoV-2 continues to wreak havoc across the world, with many countries enduring 

a second or third wave of outbreaks of this viral illness attributed mainly due to 

the emergence of mutant variants of the virus (Arya et al., 2023). 
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1.2.2. Structure of SARS-CoV-2 

Human have long been infected by coronavirus as it is one of those 

responsible for the common cold. It is a contagious viral infection that can be 

spread through inhalation or ingestion of viral droplets as a result coughing and 

sneezing and touching infected surface are primary sources of infection. The 

coronavirus genome is comprised of ∼30000 nucleotides. It encodes four 

structural proteins, Nucleocapsid (N) protein, Membrane (M) protein, Spike (S) 

protein and Envelop (E) protein and several non-structural proteins (nsp) 

(Boopathi et al., 2021). 

The capsid is the protein shell, inside the capsid, there is nuclear capsid or 

N-protein which is bound to the virus single positive strand RNA that allows the 

virus to hijack human cells and turn them into virus factories (Boopathi et al., 

2021). 

The N protein coats the viral RNA genome which plays a vital role in its 

replication and transcription. This is one of the important open research problems 

the developing of an effective drug targeting to prevent the contacts between N-

terminal of N-protein and single positive RNA strand which can stop viral 

replication and transcription. Sarma et al. (2020) reported that two important class 

of compounds, theophylline, and pyrimidine drugs as possible inhibitors of RNA 

binding to the N terminal domain of N protein of coronavirus, thus opening new 

avenues for in vitro validations (Boopathi et al., 2021). 

The M-protein is most abundant in the viral surface and it is believed to be 

the central organizer for the coronavirus assembly. 

The S-protein is integrated over the surface of the virus, it mediates 

attachment of the virus to the host cell surface receptors and fusion between the 

viral and host cell membranes to facilitate viral entry into the host cell 

(Kirchdoerfer et al., 2016). 
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The E-protein is a small membrane protein composed ∼76 to 109 amino-

acid and minor component of the virus particle, it plays an important role in virus 

assembly, membrane permeability of the host cell and virus-host cell interaction 

(Gupta et al., 2020). A lipid envelop encapsulates the genetic material. 

Hemagglutinin-esterase dimer (HE) has been located on the surface of the viral 

as shown in Figure (1-1) (Lissenberg et al., 2005 ; Boopathi et al., 2021). 

 

 

Figure (1-1): SARS-CoV-2 structure (Boopathi et al., 2021). 
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The HE protein may be involved in virus entry, is not required for 

replication, but appears to be important for infection of the natural host-cell 

(Lissenberg et al., 2005).  

Such glycoprotein is made of three identical chains with 1273 amino acid 

each and it is composed of two well-defined protein domain regions: S1 and S2 

subunits which are associated to cell recognition and the fusion of viral and 

cellular membranes respectively. The latter process occurs through different 

protein conformational changes that remain still uncharacterized (Boopathi et al., 

2021). 

1.2.3. SARS-CoV-2 Variants 

The novel coronavirus is prone to genetic evolution resulting in multiple 

variants that may have different characteristics compared to its ancestral strains. 

Periodic genomic sequencing of viral specimens is of fundamental importance, 

especially in a global pandemic setting, as it helps detect any new genetic variants 

of SARS-CoV-2 (Korber et al., 2020). 

Another variant was identified in humans, attributed to transmission from 

infected farmed mink in Denmark, which was not associated with increased 

transmissibility (Oreshkova et al., 2020). Since then, multiple variants of SARS-

CoV-2 have been described, of which a few are considered variants of concern 

(VOCs) due to their potential to cause enhanced transmissibility or virulence, 

reduction in neutralization by antibodies obtained through natural infection or 

vaccination, the ability to evade detection, or a decrease in therapeutics or 

vaccination effectiveness. With the continued emergence of multiple variants, the 

Centers for Disease Control and Prevention (CDC) and the WHO have 

independently established a classification system for distinguishing the emerging 

variants of SARS-CoV-2 into variants of concern (VOCs) and variants of interest 

(VOIs) (Cascella et al., 2023). 
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1.2.3.1. SARS-CoV-2 Variants of Concern 

1.2.3.1.1. Alpha (B.1.1.7 Lineage) 

In late December 2020, a new SARS-CoV-2 variant of concern, B.1.1.7 

lineage, also referred to as Alpha variant was reported in the UK based on whole-

genome sequencing of specimens from patients who tested positive for SARS-

CoV-2 (Galloway et al., 2021 ; Volz et al., 2021). 

The B.1.1.7 variant includes 17 mutations in the viral spike protein which 

shows an increased affinity of the spike protein to ACE 2 receptors, enhancing 

the viral attachment and subsequent entry into host cells (Wu et al., 2021 ; Davies 

et al., 2021 ; Walensky et al., 2021). 

1.2.3.1.2. Beta (B.1.351 Lineage) 

Another variant of SARS-CoV-2, B.1.351 also referred to as Beta variant 

with multiple spike mutations, resulted in the second wave of COVID-19 

infections, was first detected in South Africa in October 2020 (Tegally et al., 

2021). 

The B.1.351 variant includes nine mutations in the spike protein that are 

located in the RBD and increase the binding affinity for the ACE receptors 

(Mwenda et al., 2021 ; Wibmer et al., 2021 ; Wu et al., 2021).  

This variant is reported to have an increased risk of transmission and 

reduced neutralization by monoclonal antibody therapy, convalescent sera, and 

post-vaccination sera (Wang et al., 2021). 

1.2.3.1.3. Gamma (P.1 Lineage) 

The third variant of concern, the P.1 variant also known as Gamma variant 

was identified in December 2020 in Brazil. The B.1.1.28 variant harbors ten 

mutations in the spike. Three mutations are located in the RBD, similar to the 

B.1.351 variant (Faria et al., 2021). 
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Notably, this variant may have reduced neutralization by monoclonal 

antibody therapies, convalescent sera, and post-vaccination sera (Wang et al., 

2021). 

1.2.3.1.4. Delta (B.1.617.2 Lineage) 

The fourth variant of concern, B.1.617.2 also referred to as the Delta 

variant was initially identified in December, 2020 in India and was responsible 

for the deadly second wave of COVID-19 infections in April 2021 in India. 

The Delta variant was initially considered a variant of interest. However, 

this variant rapidly spread around the world prompting the WHO to classify it as 

a VOC in May 2021. The B.1.617.2 variant harbors ten mutations in the spike 

protein (Cascella et al., 2023). 

1.2.3.1.5. Omicron (B.1.1.529 Lineage) 

The fifth variant of concern B.1.1.529, also designated as the Omicron 

variant by the WHO was first identified in South Africa on 23 November 2021 

after an uptick in the number of cases of COVID-19 (Vaughan, 2021).  

Omicron was quickly recognized as a VOC due to more than 30 changes 

to the spike protein of the virus along with the sharp rise in the number of cases 

observed in South Africa (Callaway, 2021). 

The reported mutations include one mutation in the envelope, six mutations 

in the nucleocapsid protein, three mutations in the matrix, nine mutations in the 

N-terminal domain of the spike, fifteen mutations in the receptor-binding domain 

of the spike, one mutation in the fusion peptide of the spike, three mutations in 

the heptad repeat 1 of the spikes as well as multiple other mutations in the non-

structural proteins and spike protein (Gu et al., 2022). 

 

 



CHAPTER ONE                                  INTRODUCTION AND LITERATURE REVIEW 

10 

 

1.2.3.2. SARS-CoV-2 Variants of Interest 

Variants of Interest (VOIs) are defined as variants with specific genetic 

markers that have been associated with changes that may cause enhanced 

transmissibility or virulence, reduction in neutralization by antibodies obtained 

through natural infection or vaccination, the ability to evade detection, or a 

decrease in the effectiveness of therapeutics or vaccination. So far since the 

beginning of the pandemic, WHO has described eight variants of interest (VOIs), 

namely Epsilon (B.1.427 and B.1.429); Zeta (P.2); Eta (B.1.525); Theta (P.3); 

Iota (B.1.526); Kappa (B.1.617.1); Lambda (C.37) and Mu (B.1.621) (Cascella 

et al., 2023). 

1.2.3.2.1. Epsilon (B.1.427 and B.1.429)  

This variant emerged in the US around June 2020 and increased from 0% 

to > 50% of sequenced cases from September 1, 2020, to January 29, 2021, 

exhibiting an 18.6-24 % increase in transmissibility relative to wild-type 

circulating strains. Due to its increased transmissibility, the CDC classified this 

strain as a variant of concern in the US (Zhang et al., 2021). 

1.2.3.2.2. Zeta (P.2) 

This variant has key spike mutations and was first detected in Brazil in 

April 2020. This variant is classified as a VOI by the WHO and the CDC due to 

its potential reduction in neutralization by antibody treatments and vaccine sera 

(Aleem et al., 2023). 

1.2.3.2.3. Eta (B.1.525) and Iota (B.1.526) 

These variants harbor key spike mutations and were first detected in New 

York in November 2020 and classified as a variant of interest by CDC and the 

WHO due to their potential reduction in neutralization by antibody treatments 

and vaccine sera (Aleem et al., 2023). 

 



CHAPTER ONE                                  INTRODUCTION AND LITERATURE REVIEW 

11 

 

1.2.3.2.4. Theta (P.3) 

Theta variants carry key spike mutations and was first detected in the 

Philippines and Japan in February 2021 and is classified as a variant of interest 

by the WHO (Aleem et al., 2023). 

1.2.3.2.5. Kappa (B.1.617.1) 

This variant harbor key mutations and was first detected in India in 

December 2021 and is classified as a variant of interest by the WHO and the CDC 

(Aleem et al., 2023).  

1.2.3.2.6. Lambda (C.37) 

Lambda variant was first detected in Peru and has been designated as a 

VOI by the WHO in June 2021 due to a heightened presence of this variant in the 

South American region (Aleem et al., 2023). 

1.2.3.2.7. Mu (B.1.621) 

It was identified in Columbia and was designated as a VOI by the WHO in 

August 2021. 

The CDC has designated the Epsilon (B.1.427 and B.1.429) variants as a 

VOC and Eta (B.1.525); Iota (B.1.526); Kappa (B.1.617.1); Zeta (P.2); Mu 

(B.1.621, B.1.621.1) and B.1.617.3 as variants of interest (VOIs) (Aleem et al., 

2023). 

1.2.4. Etiology 

Genomic characterization has shown that bats and rodents are the probable 

gene sources of alphaCoVs and betaCoVs. On the contrary, avian species seem 

to represent the gene sources of deltaCoVs and gammaCoVs. Coronavirus has 

become the major pathogens of emerging respiratory disease outbreaks. Members 

of this large family of viruses can cause respiratory, enteric, hepatic, and 

neurological diseases in different animal species, including camels, cattle, cats, 
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and bats. For reasons yet to be explained, these viruses can cross species barriers 

and can cause, in humans, illness ranging from the common cold to more severe 

diseases such as MERS and SARS (Lei et al., 2018). 

Genomic characterization of the new human coronavirus (HCoV), isolated 

from a cluster-patient with atypical pneumonia after visiting Wuhan, had 89% 

nucleotide identity with bat SARS-like-CoVZXC21 and 82% with that of human 

SARS-CoV. Hence, it was termed SARS-CoV-2 by experts of The International 

Committee on Taxonomy of Viruses (ICTV). The single-stranded RNA genome 

of SARS-CoV-2 contains 29,891 nucleotides, encoding for 9,860 amino acids 

(International Committee on Taxonomy of Viruses Executive Committee, 2020). 

Although the origin of SARS-CoV-2 is currently unknown, it is widely 

postulated to have originated from an animal implicating zoonotic transmission. 

Genomic analyses suggest that SARS-CoV-2 probably evolved from a strain 

found in bats. The genomic comparison between the human SARS-CoV-2 

sequence and known animal coronaviruses indeed revealed high homology (96%) 

between the SARS-CoV-2 and the betaCoV of bats (Rhinolophus affinis) 

(Andersen et al., 2020). Similar to SARS and MERS, it has been hypothesized 

that SARS-CoV-2 advanced from bats to intermediate hosts such as pangolins 

and minks, and then to humans (Oreshkova et al., 2020 ; Zhang et al., 2020a). A 

recently released report by the WHO describing the possible origins of SARS-

CoV-2 was inconclusive as it did not clearly specify the origin of the virus; 

however, it did report that the circulation of SARS-CoV-2 occurred as early as 

December 2019. This report explored several possible hypotheses of the origin of 

the virus that included the origin of the virus in an animal, the transmission of the 

virus to an intermediate host, and subsequent passage into humans (Cascella et 

al., 2023). 
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1.2.5. Transmission of SARS-CoV-2 

Respiratory droplet and contact transmission are the main transmission 

routes for person-to-person spread of SARS-CoV-2. The fecal-oral transmissions, 

which has not yet been confirmed (General Office of National Health 

Commission of the People’s Republic of China, 2020; Special Expert Group for 

Control of the Epidemic of Novel Coronavirus Pneumonia of the Chinese 

Preventive Medicine Association, 2020). 

1.2.5.1. Aerosol Transmission 

Biological aerosol refers to droplets containing viruses that are suspended 

in the air for a period of time and lose moisture; the droplets are able to transfer 

some distance along the air currents, resulting in potential long-distance 

transmission of disease. Patients with severe SARS-CoV-2 infection may shed 

virus to a greater degree during specific medical interventions (mask ventilation, 

non-invasive ventilation, and tracheal intubation); this can generate local 

aerosols, which put others in the environment at greater risk (Wax and Christian, 

2020). Respiratory droplets are believed to be the predominant route of 

transmission, similar to that observed in other respiratory viral infections (Shi et 

al., 2020) 

1.2.5.2. Contact Transmission 

Since SARS-CoV-2 was found to persist within the environment of 

infected individuals in Guangzhou, China (household surfaces, door handles, 

mobile phones, and such). When susceptible individuals come into contact with 

virus-containing body fluids (sputum, saliva, feces) from humans or animals, 

SARS-CoV-2 can be transmitted through the oral cavity, nasal cavity, and other 

mucous membranes. Likewise, when susceptible individuals come into contact 

with body fluid-contaminated items, indirect transmission of SARS-CoV-2 can 

occur (Shi et al., 2020). 
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1.2.5.3. Fecal-Oral and Urinary Transmission 

Recently, infectious SARS-CoV-2 was successfully isolated from feces 

and urine of patients with COVID-19. These findings indicate that the virus can 

survive in the digestive tract and the urethra, and suggest that SARS-CoV-2 could 

be transmitted via the fecal-oral or urinary route (Fang, 2020; Xinhuanet et al., 

2020). However, how the virus persists in feces and urine is currently under 

further investigation  

1.2.5.4. Mother to Child Transmission 

In Wuhan Tongji Hospital, reported that SARS-CoV-2-infected pregnant 

woman gave birth to a child who tested SARS-CoV-2-positive 36 hours after 

birth; these results suggested the possibility of mother-to-child transmission. 

Also, in Zhejiang, a pregnant woman with severe COVID-19 gave birth to a 

newborn who was negative on multiple subsequent nucleic acid virus tests for 

COVID-19. Nonetheless, a recent study revealed that fetal infection could be 

transmitted in late pregnancy (Chen et al., 2020a). These observations may relate 

to low expression of ACE2 among cells detected at the maternal–fetal interface 

(Zheng et al., 2020). Overall, there appears to be a minimal risk of fetal infection 

via known routes of vertical transmission. 

1.2.5.5. Other Potential Routes of Infection 

Some researchers have speculated that SARS-CoV-2 could be transmitted 

through conjunctiva, although a recent study refuted this possibility. The studies 

showed only one of the 67 patients with COVID-19 had conjunctivitis; the virus 

nucleic acid test of secretions from the conjunctival sac was negative (Zhou et 

al., 2020a). 

Fomite transmission from contamination of inanimate surfaces with 

SARS-CoV-2 has been well characterized based on many studies reporting the 

viability of SARS-CoV-2 on various porous and nonporous surfaces (Cascella et 

al., 2023). 
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Under experimental conditions, SARS-CoV-2 was noted to be stable on 

stainless steel and plastic surfaces compared to copper and cardboard surfaces, 

with the viable virus being detected up to 72 hours after inoculating the surfaces 

with the virus (van Doremalen et al., 2020).  

Viable virus was isolated for up to 28 days at 20 ⁰C from nonporous 

surfaces such as glass, stainless steel. Conversely, recovery of SARS-CoV-2 on 

porous materials was reduced compared with nonporous surfaces (Riddell et al., 

2020). A study evaluating duration of the viability of the virus on objects and 

surfaces showed that SARS-CoV-2 can be found on plastic and stainless steel for 

up to 2-3 days, cardboard for up to 1 day, copper for up to 4 hours. Moreover, it 

seems that contamination was higher in intensive care units (ICUs) than in 

general wards, and SARS-CoV-2 can be found on floors, computer mice, trash 

cans, and sickbed handrails as well as in the air up to 4 meters from patients 

implicating nosocomial transmission as well in addition to fomite transmission 

(Guo et al., 2020).  

The Centers for Disease Control and Prevention (CDC) recently released 

an update stating that individuals can be infected with SARS-CoV-2 via contact 

with surfaces contaminated by the virus, but the risk is low and is not the main 

route of transmission of this virus (CDC, 2021). 

1.2.6. Epidemiology 

According to the World Health Organization (WHO), the emergence of 

viral diseases represents a serious public health risk. In the past two decades, 

several epidemics caused by viruses such as the severe acute respiratory 

syndrome coronavirus (SARS-CoV) from 2002 to 2003, and H1N1 influenza in 

2009, and the Middle East respiratory syndrome coronavirus (MERS-CoV) in 

2012 have been described which have had a significant impact on global health 

(Ahmad et al., 2020).  
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Since being declared a global pandemic by the WHO to 28 June 2023, there 

have been 767,518,723 confirmed cases of COVID-19, including 6,947,192 

deaths, reported globally to WHO. As of 26 June 2023, a total of 13,461,751,619 

vaccine doses have been administered (WHO, 2023). 

World Health Organization (WHO), recorded the situation of COVID-19 

by regions from 31 December 2019 to 28 June 2023 (WHO, 2023). 

In Americas, there have been 193,094,953 confirmed cases of COVID-19 

with 2,956,943 deaths reported to WHO. In Europe, there have been 275,686,519 

confirmed cases of COVID-19 with 2,243,097 deaths, reported to WHO. In 

Western Pacific, there have been 204,623,604 confirmed cases of COVID-19 

with 413,961 deaths reported to WHO. In South-East Asia, there have been 

61,189,014 confirmed cases of COVID-19 with 806,441 deaths reported to 

WHO. In Eastern Mediterranean, there have been 23,383,773 confirmed cases of 

COVID-19 with 351,341 deaths reported to WHO. In Africa, there have been 

9,540,096 confirmed cases of COVID-19 with 175,396 deaths reported to WHO 

(WHO, 2023). 

World Health Organization (WHO), recorded the situation of COVID-19 

by country, territory or area from 3 January 2020 to 28 June 2023 (WHO, 2023). 

In Iraq, there have been 2,465,545 confirmed cases of COVID-19 with 

25,375 deaths, reported to WHO. As of 1 January 2023, a total of 19,557,364 

vaccine doses have been administered. People receiving at least 1 dose 

11,332,925 (28.18%) (WHO, 2023). 

The daily cases recorded the highest number of cases 11,986 in July 30, 

2021 and recorded daily deaths in this day was 65 deaths. The daily deaths 

recorded the highest number of deaths 106 in July 4, 2020 and recorded daily 

cases in this day was 2,227 cases according to the data repository for the 2019 

Novel coronavirus visual dashboard operated by the Johns Hopkins University 
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Center for Systems Science and Engineering (JHU CSSE) which collecting and 

reporting of global COVID-19 data from WHO and CDC (JHU, 2023). 

 

Figure (1-2): Coronaviruses daily new cases and deaths in Iraq by the Center for Systems 

Science and Engineering (CSSE) at Johns Hopkins University (JHU, 2023). 

 

In Syrian Arab Republic, there have been 57,423 confirmed cases of 

COVID-19 with 3,163 deaths, reported to WHO. As of 17 April 2023, a total of 

5,090,630 vaccine doses have been administered. 

In Jordan, there have been 1,746,997 confirmed cases of COVID-19 with 

14,122 deaths, reported to WHO. As of 20 August 2022, a total of 10,057,975 

vaccine doses have been administered.  

In Saudi Arabia, there have been 841,469 confirmed cases of COVID-19 

with 9,646 deaths, reported to WHO. As of 24 April 2023, a total of 68,534,631 

vaccine doses have been administered. 
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In Kuwait, from 3 January 2020 to 5:56pm CEST, 28 June 2023, there have 

been 665,974 confirmed cases of COVID-19 with 2,570 deaths, reported to 

WHO. As of 17 June 2023, a total of 8,260,540 vaccine doses have been 

administered.  

In Islamic Republic of Iran, there have been 7,612,414 confirmed cases of 

COVID-19 with 146,292 deaths, reported to WHO. As of 19 June 2023, a total 

of 155,426,133 vaccine doses have been administered. 

In Türkiye, there have been 17,004,677 confirmed cases of COVID-19 

with 101,419 deaths, reported to WHO. As of 28 January 2023, a total of 

139,694,693 vaccine doses have been administered (WHO, 2023). 

In May, 5th, 2023, the WHO Director-General concurs with the advice 

offered by the Committee regarding the ongoing COVID-19 pandemic. WHO 

determines that COVID-19 is now an established and ongoing health issue which 

no longer constitutes a Public Health Emergency of International Concern 

(PHEIC) (WHO, 2023). 

1.2.7. Pathophysiology 

Upon entry into the host, replication of the viral RNA is initiated with the 

synthesis of polyprotein 1a/1ab (pp1a/pp1ab). The transcription occurs through 

the replication-transcription complex (RCT) organized in double-membrane 

vesicles and via the synthesis of subgenomic RNAs (sgRNAs) sequences. 

Conversely, transcription termination occurs at transcription regulatory 

sequences, located between the so-called open reading frames (ORFs) that work 

as templates for the production of subgenomic mRNAs. In an atypical CoV 

genome, at least six ORFs can be present. Among these, a frameshift between 

ORF1a and ORF1b guides the production of both pp1a and pp1ab polypeptides 

that are processed by virally encoded chymotrypsin-like protease (3CLpro) or 

main protease (Mpro), as well as one or two papain-like proteases for producing 
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16 with known or predicted RNA synthesis and modification functions non-

structural proteins (NSPs 1-16). Besides ORF1a and ORF1b, other ORFs encode 

structural proteins, including spike, membrane, envelope, and nucleocapsid 

proteins and accessory protein chains (Biryukov et al., 2021). 

Different CoVs possess unique structural and accessory proteins translated 

by dedicated sgRNAs.The pathogenesis of coronaviruses is related to the function 

of the non-structural proteins and structural proteins. For example, researchers 

have outlined the role of non-structural proteins in blocking the host's innate 

immune response (Lei et al., 2018). 

Among functions of structural proteins, the envelope has a crucial role in 

virus pathogenicity as it promotes viral assembly and release. Among the 

structural elements of CoVs, there are the spike glycoproteins composed of two 

subunits (S1 and S2). Homotrimers of S proteins compose the spikes on the viral 

surface, guiding the link to host receptors (Song et al., 2018). 

1.2.8. Pathogenesis of SARS-CoV-2 

The entry of SARS-CoV-2 into the hosts' cells by binding the spike or S 

protein (S1) to the ACE2 receptors abundantly on respiratory epithelium such as 

type II alveolar epithelial cells. Besides the respiratory epithelium, ACE2 

receptors are also expressed by other organs such as the upper esophagus, 

enterocytes from the ileum, myocardial cells, proximal tubular cells of the kidney, 

and urothelial cells of the bladder (Xu et al., 2020a). The viral attachment process 

is followed by priming the spike protein S2 subunit by the host transmembrane 

serine protease 2 (TMPRSS2) that facilitates cell entry and subsequent viral 

replication endocytosis with the assembly of virions (Hoffmann et al., 2020a). 

The spike RBD allows the binding to the ACE2 receptor in the lungs and 

other tissues. The spike protein of an amino acid site (polybasic site) allows the 

functional processing of the same by the human enzyme furin (protease). This 

process enables the exposure of the fusion sequences and, therefore, the fusion of 



CHAPTER ONE                                  INTRODUCTION AND LITERATURE REVIEW 

20 

 

the viral and cell membranes, a necessary passage for the virus to enter the cell 

(Cascella et al., 2023 ; Boopathi et al., 2021). 

 

 
Figure (1-3): The schematic diagram of the mechanism of COVID-19 entry and viral 

replication and viral RNA packing in the human cell (Boopathi et al., 2021). 

 

1.2.9. Clinical Features 

The clinical signs and symptoms are difference in degree of clinical 

severity of COVID-19. The incubation period (initial infection to symptoms) 

ranges from 0 to 24 days, with an average of 5 - 7 days (Guan et al., 2020). 

Individuals of any age are susceptible to infection, including neonates and 

pregnant women. Most patients present with mild to moderate symptoms. The 

most common symptoms are fever, dry cough, fatigue; upper respiratory tract 

symptoms can include pharyngalgia, headaches, and myalgia. There is also one 

report describing patients with gastrointestinal symptoms, including abdominal 

pain and diarrhea in children and adolescents (Xu et al., 2020b). 



CHAPTER ONE                                  INTRODUCTION AND LITERATURE REVIEW 

21 

 

In addition, asymptomatic patients have also been reported, although the 

frequency of this condition has not yet been determined. Approximately 20% of 

COVID-19 patients develop severe respiratory illness, with an overall case-

fatality rate of about 2.3% (Çelik and Öztürk, 2021). 

Asymptomatic infections involve individuals who test positive for SARS-

CoV-2 but have no symptoms. It is estimated that 50% of persons who test 

positive are asymptomatic at the time of diagnosis (Oran and Topol, 2020). The 

overall proportion of asymptomatic infections was estimated at approximately 

25% in one meta-analysis, but the proportion of asymptomatic infections is 

generally higher in persons with pre-existing immunity (Syangtan et al., 2021).  

Asymptomatic infections are more common in young and middle-aged 

patients (<50 years of age), women, and individuals without underlying comorbid 

conditions (Meng et al., 2020). In an early study including 55 cases of 

asymptomatic infection (Wang et al., 2020a), the median age at the time of 

diagnosis was 49 years. Despite absence of symptoms, more than half patients 

(37/55) in this study had evidence of pneumonia on computed tomography scans 

(Meng et al., 2020). 

Mild cases include individuals with symptoms of fever, sore throat, 

myalgia, and/or malaise, but without shortness of breath, dyspnea, or abnormal 

chest imaging indicating the presence of lower respiratory tract disease. The 

majority of symptomatic infections result in both mild and moderate illness with 

approximately (80 – 85 %) (Stokes et al., 2020).  

Gastrointestinal symptoms such as diarrhea, nausea, and emesis have also 

been reported, but with lower frequencies (<20%) than in SARS or MERS 

infections (Bleibtreu et al., 2020). The incidence of symptoms such as loss of 

smell or taste varies significantly among studies, with frequencies between 10% 
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and 40% (Huang et al., 2020). Loss of taste or smell (anosmia and ageusia, 

respectively), however, are often recognized by patients as a hallmark, or 

pathognomonic feature, of COVID-19, and frequently precede the onset of other 

flu-like symptoms. This peculiar manifestation has been studied, with one of the 

proposed theories being that the specialized cells in the olfactory bulb and 

olfactory epithelium have the ACE2 receptors for viral entry and subsequent 

infection, although there are detectable changes in brain imaging in some persons 

with anosmia (Brann et al., 2020 ; Kandemirli et al., 2021). 

Most patients recover over the course of a few weeks; however, persistent 

anosmia and ageusia are also frequently described and remain under study 

(Kandakure et al., 2022) 

Patients with moderate disease have evidence of lower respiratory disease 

on physical examination or chest imaging, but maintain an oxygen saturation of 

equal or greater than 94% on room air at sea level. Individuals with severe disease 

have an oxygen saturation on room air of less than 94% at sea level, a ratio of 

arterial partial pressure of oxygen to fraction of inspired oxygen of less than 300 

mmHg, or a respiratory rate of greater than 30 breaths/min, or lung infiltrates 

greater than 50% (Marczak et al., 2023). 

During the initial phase of the pandemic, severe disease accounted for up 

to 10 – 15 % of cases and critical illness was seen in about 5% of cases according 

to the Chinese Center for Disease Control and Prevention (Wu and McGoogan, 

2020). Individuals who have SpO2 less than 94% on room air, a ratio of partial 

pressure of arterial oxygen to fraction of inspired oxygen (PaO2/FiO2) of less than 

300, marked tachypnea with a respiratory frequency of greater than 30 

breaths/min, or lung infiltrates that are greater than 50% of total lung volume 

(Cascella et al., 2023). 
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The rate of severe disease, however, varies depending on several factors, 

including history of prior infection, vaccination status, variant causing the 

infection and available health care resources. For example, the Omicron variant 

seems to be associated with milder disease compared with Delta variant (Wang 

et al., 2022). The risk of progression to severe and critical disease is markedly 

decreased in persons with prior immunity, especially after vaccination. Patients 

with severe disease typically present with fever, dry cough, dyspnea, and bilateral 

pulmonary infiltrates on chest imaging. Preliminary evidence suggests that severe 

disease is more likely to take hold in individuals of older age, male sex, and in 

those with underlying co-morbidities. (Guan et al., 2020). 

The risk factors for disease progression have not yet been established; 

however, patients with severe COVID-19 illness may become critically ill with 

the development of acute respiratory distress syndrome (ARDS). This tends to 

occur approximately one week after the onset of symptoms (Clinical Spectrum 

COVID-19 treatment guidelines, 2021). 

Critical disease is defined as respiratory failure, liver injury, acute 

myocardial injury, acute kidney injury, septic shock, and even multiple organ 

failure (MOF) (Zaim et al., 2020). 

Findings on chest computed tomography (CT) are frequent, reaching 

nearly 100% in early reports and over 80% in a recent cohort of patients outside 

Wuhan. Several critical points with respect to the lung parenchyma and interstitial 

tissue have been observed that are directly linked to the stages and severity of the 

disease (Fang, 2020 ; Shi et al., 2020).  

Lymphopenia is frequently identified among COVID-19 patients; the total 

white blood cell count is generally within normal limits of slightly decreased in 

mild cases but increased in severe or critically ill patients. Indicators of systemic 

inflammation, including serum levels of ferritin and C-reactive protein (CRP) as 
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well as erythrocyte sedimentation rate (ESR), can be elevated in association with 

high levels of circulating proinflammatory cytokines and chemokines. Likewise, 

serum levels of alanine aminotransferase (ALT), aspartate aminotransferase 

(AST), troponin, and/or creatinine may be elevated in patients with extra-

pulmonary systemic complications (Shi et al., 2020). 

1.2.10. Acute Respiratory Distress Syndrome 

Acute respiratory distress syndrome (ARDS) is a clinical entity that 

presents with bilateral pulmonary infiltrates and severe hypoxemia, which results 

from extensive damage and edema of the alveolar system owing to infiltration by 

inflammatory cells and mediators. Inflammatory cells, lytic enzymes, and 

cytokines produce thickening and fibrosis of the alveolar-blood barrier, 

destruction of alveoli, formation of proteinaceous hyaline membranes and severe 

edema of the interstitium. It is characterized by noncardiac pulmonary edema and 

severe hypoxemia with a ratio of arterial partial pressure of oxygen to fraction of 

inspired oxygen of less than 300. The severity of disease is classified according 

to the ratio of arterial partial pressure of oxygen to fraction of inspired oxygen 

(Thompson et al., 2017). 

The ARDS develops in approximately 30% to 50% of patients presenting 

with COVID-19 pneumonia and hypoxemia, although this number could change 

with the implementation of steroid therapy, vaccination, and outpatient 

therapeutics. In a study of 13 patients admitted to the ICU, 30% developed ARDS 

at a median time of 9 days and 10% required mechanical ventilation. The 

mortality rate of ARDS in patients with COVID-19 seems to be higher than that 

of other causes of ARDS (Gibson et al., 2020). This could be due to multiple 

factors, including the added damage from the virus to the lung parenchyma and 

the thrombotic microangiopathy and thrombosis that develops in severe COVID-

19 (Hernandez Acosta et al., 2022). 
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1.2.11. Effect of SARS-CoV-2 on The Respiratory System 

Coronavirus disease is primarily considered a viral respiratory and vascular 

illness as its causative agent, SARS-CoV-2, predominantly targets the respiratory 

and vascular systems (Cascella et al., 2023). 

The pathogenesis of SARS-CoV-2 induced pneumonia is best explained 

by two stages, an early and a late phase. The early phase is characterized by viral 

replication resulting in direct virus-mediated tissue damage, which is followed by 

a late phase when the infected host cells trigger an immune response with the 

recruitment of T lymphocytes, monocytes, and neutrophil recruitment which 

releases cytokines such as tumor necrosis factor-α (TNF α), granulocyte-

macrophage colony-stimulating factor (GM-CSF), interleukin-1 (IL-1), 

interleukin-6 (IL-6), IL-1β, IL-8, IL-12 and interferon (IFN)-γ. In severe COVID-

19, the immune system's overactivation results in a 'cytokine storm' characterized 

by the release of high levels of cytokines, especially IL-6 and TNF-α, into the 

circulation, causing a local and systemic inflammatory response (Azkur et al., 

2020 ; Wang et al., 2020b). 

The increased vascular permeability and subsequent development of 

pulmonary edema in patients with severe COVID-19 are explained by multiple 

mechanisms, which includes a) endotheliitis as a result of direct viral injury and 

perivascular inflammation leading to microvascular and microthrombi deposition 

b) dysregulation of the RAAS due to increased binding of virus to the ACE2 

receptors and c) activation of the kallikrein- bradykinin pathway, the activation 

of which enhances vascular permeability, d) enhanced epithelial cell contraction 

causing swelling of cells and disturbance of intercellular junctions (Ackermann 

et al., 2020 ; Teuwen et al., 2020 ; van de Veerdonk et al., 2020). 

Besides IL-6 and TNF-α, the binding of SARS-CoV-2 to the toll-like 

receptor (TLR) induces release of pro-IL-1β, which is cleaved into the active 

mature IL-1β that mediates lung inflammation, until fibrosis (Conti et al., 2020) 
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1.2.12. Extrapulmonary Manifestations of SARS-CoV-2 

Although COVID-19 predominantly affects the respiratory system, 

COVID-19 can be considered a systemic viral illness given the multiple organ 

dysfunction associated with this illness (Cascella et al., 2023). 

It can affect other major organ systems such as the gastrointestinal tract 

(GIT), hepatobiliary, cardiovascular, renal, and central nervous system. 

Coronavirus induced organ dysfunction, in general, is possibly explained by 

either one or a combination of the proposed mechanisms such as direct viral 

toxicity, ischemic injury caused by vasculitis, thrombosis, or thrombo-

inflammation, immune dysregulation, and renin-angiotensin-aldosterone system 

(RAAS) dysregulation (Coopersmith et al., 2021). 

1.2.13. Host Immune Responses 

The innate immune response is activated when pathogen-associated 

molecular patterns (PAMPs) are recognized by host receptors (Carty et al., 

2021). The PAMPs are small molecules, such as lipopolysaccharides, 

peptidoglycan, lipoteichoic acid, and nucleic acids, that are present in different 

patterns and trigger immune cascades when recognized by the host (Rodrigues et 

al., 2021).  

The protein receptors in the host responsible for detecting PAMPs are 

called pattern recognition receptors. These pattern recognition receptors include 

Toll-like receptors, C-type lectin receptors, NOD-like receptors, and RIG-I-like 

receptors. Once activated, these receptors initiate downstream signaling pathways 

leading to secretion of type I and type III interferons, and the assembly and 

activation of the NOD-like receptor P3 inflammasome and other inflammasome 

complexes that promote secretion of proinflammatory cytokines including IL-1β 

and IL-18 (Rodrigues et al., 2021). 
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The activation of antigen-presenting cells by proinflammatory cytokines 

also recruits the adaptive immunity to enhance viral clearance by antibody-

mediated neutralization and T-cell–mediated cytotoxicity (Carty et al., 2021).  

The inflammasome pathway triggers the coagulation cascade, contributing 

to coagulopathy and the thrombotic events seen in severe COVID-19 (Wu et al., 

2019).  

Like PAMPs, host cells are also activated by damaged or stressed cells in 

the setting of inflammation (Carty et al., 2021), necrosis, or hypoxia even if no 

microbial PAMPs are present. These are called damage-associated molecular 

patterns. Although the activated PAMP and damage-associated molecular pattern 

pathways contribute to viral clearance, an overactivated response leads to a 

dysregulated immune system and exacerbates inflammation and damage through 

a cytokine storm (Wu et al., 2019) as shown in figure (1-4).  

One proinflammatory cytokine, IL-6, garnered attention after reports of 

ARDS became common in patients with severe COVID-19. IL-6 is a mediator of 

both innate and adaptive immune responses and acts as both a proinflammatory 

cytokine and an anti-inflammatory myokine. Interleukin-6 is secreted by 

macrophages when PAMPs bind to pattern recognition receptors. An elevated IL-

6 was reported to be associated with a poor prognosis and, consequently, much 

emphasis was placed on the treatment of severe COVID-19 with IL-6 receptor 

antagonists (Vijayvargiya et al., 2020). 

Clinical trials have suggested there is some benefit to limiting hyperactive 

immune responses through blocking IL-6 in severe cases (Gordon et al., 2021). 

An early innate immune response is critical in activating the T- and B-cell 

immune systems and terminating the infection at asymptomatic or mild to 

moderate stage (Sette and Crotty, 2021). A delayed or absent innate immune 

response, either by immune evasion by virus or defective host immunity (or both), 
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fails to prime adaptive immune system and contributes to a high risk of severe or 

fatal COVID- 19 (Hernandez Acosta et al., 2022). 

Antigen-presenting cells are the initial component of antiviral response by 

the host. The specific mechanism of antigen presentation of SARS-CoV-2 is not 

well-understood; however, some of it can be extrapolated based on data from other 

betacoronaviruses, which mainly depends on major histocompatibility complex 1 

(MHC class I) molecules. Several HLA types have been associated with increased 

susceptibility or protection against SARS-CoV (Chen et al., 2006). It is highly 

likely there exist HLA alleles that predict increased susceptibility to SARS-CoV-

2 and correlate with more severe outcomes, although research in diverse 

populations is ongoing (Hernandez Acosta et al., 2022). 

 

Figure (1-4): Immune response to SARS-CoV-2 infection and its role in pathogenesis. Severe 

acute respiratory syndrome coronavirus 2 targets cells through the S protein that binds to the 

ACE2 receptor, replicating and assembling in target cells before being released extracellularly. 

Inflammatory signaling molecules are released by infected cells and may induce organ injury 

through innate and acquired immunity. COVID-19, coronavirus disease 2019; S, spike; ACE2, 

angiotensin converting enzyme 2 (Li et al., 2021). 

 

 

https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=8806149_gr3_lrg.jpg
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Both humoral and cellular immune responses are activated by antigen-

presenting cells as suggested by presence of virus-specific B and T cells in 

convalescent cases (Ni et al., 2020). Coordinated humoral and cellular immune 

responses have been hypothesized to be protective, and an uncoordinated 

response has been blamed for uncontrolled disease (Rydyznski Moderbacher et 

al., 2020). 

Moreover, a delayed activation of adaptive immunity has been correlated 

with a higher viral burden and severe or fatal COVID-19. It has been 

hypothesized that the innate immune response attempts to fill the gap left by the 

absence of a functional adaptive immune system response, leading to an 

overactivated innate cytokine and chemokine responses and exacerbated 

neutrophil-driven lung damage, as evidenced by the presence of a substantial 

number of neutrophils in end-stage COVID-19 (Kuri-Cervantes et al., 2020 ; 

Sette and Crotty, 2021). 

It has been demonstrated that neutralizing antibody titers and quantity of 

virus-specific T cells are positively correlated (Ni et al., 2020). As with other 

acute viral infections, IgG and IgM subtype antibodies are produced, primarily 

against the S and N proteins (Zhang et al., 2020b).  

The Immunoglobulin M (IgM) persist for 4 to 6 weeks after the onset of 

symptoms, whereas IgG persists for approximately 6 months after symptom onset 

in most cases. Persons who experienced asymptomatic infection have been shown 

to have lower seropositivity and delayed seroconversion when compared with 

persons who developed symptomatic COVID-19. Furthermore, antibodies in 

people who have recovered from COVID-19 may persist for well over 6 months 

(Ni et al., 2020). 
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The T-cell response to SARS-CoV-2 includes both CD4+ and 

CD8+ T cells. It has been suggested that CD4+ T cells are more abundant and 

effective against SARS-CoV-2 infection than CD8+ T cells disease (Rydyznski 

Moderbacher et al., 2020). A predominantly CD4+ T-cell response is seen against 

S, M, and N proteins, although CD4+ cells respond against almost all SARS-CoV-

2 proteins. After symptom onset, a CD4+ T-cell response can be detected within 

2 to 4 days, whereas a CD8+ T-cell response can be detected as early as 1 day 

after symptoms develop (Sette and Crotty, 2021). 

Although, the overall number of CD4 and CD8 T cells in patients with 

COVID-19 is decreased, cells are excessively activated, with increased 

expression of proinflammatory HLAs and coreceptors. CD8 T cells were found 

to have an increased density of cytotoxic granules (Xu et al., 2020b). This factor 

likely contributes to the cytokine storm causing ARDS and systemic 

inflammation, through the release of proinflammatory cytokines (including 

interferon, IL-6, and TNF-α) and chemokines (CCL5, CXCL8, etc.). This 

exaggerated immune response is what leads to the multiorgan involvement and 

high mortality seen in COVID-19 (Hernandez Acosta et al., 2022). 

Although long-term memory immunity is not yet clarified for SARS-CoV-

2, it is known that CD4 and CD8 memory T cells persist for years after recovery 

from SARS-CoV infection and can respond to SARS-CoV antigens even after 

6 years. In contrast, it seems that memory B-cell response is almost absent after 

6 years after recovery from SARS. In follow-up of early SARS-CoV-2 infections 

and after vaccination, it also seems clear that T-cell responses are longer than 

antibody responses. Longer term follow-up will be required to fully elucidate the 

duration of post infection responses (Tang et al., 2011 ; Hernandez Acosta et al., 

2022). 
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1.2.14. HLA Allele in Susceptibility to COVID-19 

The human leukocyte antigen (HLA) gene complex is a locus of genes 

present on chromosome 6 that encodes proteins known a major histocompatibility 

complexes (MHC). They are a critical component of the antigen presentation 

pathway; they play a vital role in determining susceptibility to infectious disease. 

The HLA alleles are variable and polymorphic, and individuals with different 

HLA genotypes may trigger different immune responses against pathogens 

(Apanius et al., 2017 ; Dendrou et al., 2018). 

The HLA alleles constitute a specific group of molecules expressed on the 

cell surface, crucial for the recognition of non-self-molecules by the acquired 

immune system (Kulski et al., 2019). The essential function of MHCs is to bind 

and expose antigens derived from pathogens, to present them to the appropriate 

T lymphocytes, triggering the immune response. In particular, MHC molecules 

class I expose peptide antigens, present within the cytoplasm activating CD8 T-

cell response (Ambagala et al., 2005), while MHC molecules class II expose 

peptide antigens present in the extracellular space activating CD4 T-cell response. 

As HLA genes are a critical component of the antigen presentation pathway, they 

play a vital role in determining susceptibility to infectious disease. The HLA 

alleles are variable and polymorphic, and individuals with different HLA 

genotypes may trigger different immune responses against pathogens (Apanius et 

al., 2017 ; Dendrou et al., 2018 ; Migliorini et al., 2021). 

The association between the HLA genotypes and related polymorphisms 

with susceptibility, severity and progression of COVID-19 were considered. The 

crucial role played by HLA molecules in the immune response, especially 

through pathogen-derived peptide presentation, and the huge molecular 

variability of HLA alleles in the human populations could be responsible for the 

different rates of infection and the different patients following COVID-19 

infection (Migliorini et al., 2021). 
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1.2.15. Role of ACE2 in Patients with COVID-19 

The Angiotensin-converting enzyme 2 (ACE2) has been established as the 

functional host receptor for SARS-CoV-2, the virus responsible for the current 

devastating worldwide pandemic of COVID-19. The ACE2 is abundantly 

expressed in a variety of cells residing in many different human organs. Many 

factors have been associated with both altered ACE2 expression and COVID-19 

severity and progression, including age, sex, ethnicity, medication, and several 

co-morbidities, such as cardiovascular disease and metabolic syndrome 

(Bourgonje et al., 2020).  

Autopsies of SARS patients showed that SARS-CoV infection can cause 

injury to multiple organs, such as the heart, kidney, liver, skeletal muscle, central 

nervous system, and adrenal and thyroid glands, besides the lungs (Gu et al., 2005 

; Gu, and Korteweg, 2007). Most critically ill patients with COVID-19 also had 

multiple organ damage, including acute lung injury, acute kidney injury, cardiac 

injury, liver dysfunction, and pneumothorax (Yang et al., 2020). As with 

coronaviruses, organ injury is also frequently observed in MERS, especially the 

gastrointestinal tract and kidneys, while the incidence of acute cardiac injury is 

less common (Assiri et al., 2013 ; Alsaad et al., 2018 ; Hui et al., 2018 ; Hwang 

et al., 2019).  

1.2.16. Role of miRNAs in Patients with COVID-19 

MicroRNAs are small and noncoding RNAs 18-25 nucleotides in length 

that regulate gene expression at the posttranscriptional level, thus, miRNAs act 

as an observer in cells. The exact mechanistic roles of cellular miRNAs in viral 

infections are not fully understood. However, cellular miRNA is produced at the 

early stage of viral infections due to the antiviral reaction. miRNAs can inhibit 

the viral translation after the attachment of miRNAs to 3′-UTR of the viral 

genome or target the receptors, structural or nonstructural proteins of SARS-

CoV-2 without affecting the expression of human genes (Fani et al., 2021). 
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The host miRNA expression has a fundamental effect on viral pathogenesis 

control through interfering with T cells and immune reactions to viral infections. 

A lot of miRNAs are correlated with increases in plasma cytokine storms such as 

TNF-α, IL-1β, IL-6, miR-146a, miR-146b and IL-8 in the acute respiratory 

distress syndrome and chronic obstructive pulmonary disease (COPD). Indeed, 

reducing these miRNAs expressions emphasizes on a way to improve COVID-

19 severity due to the downregulation of proinflammatory cytokines that increase 

apoptosis protein expression. On the other hand, the expression of these miRNAs 

can offer promising diagnostic value to ARS-CoV-2 infection (Guterres et al., 

2020). 

The SARS-CoV-2 infection induces a miRNA response during the early 

stages of disease that involves three miRNAs (miR-423-5p, miR-23a-3p and 

miR-195-5p) that can independently identify COVID-19 cases and distinguish 

SARS-CoV-2 from influenza infections (Farr et al., 2021). The miR-195 levels 

inversely correlate with the severity of the disease. This is in line with previously 

published data showing the down-regulation of host microRNAs, especially in 

severe cases of COVID-19. Of note, most of the microRNAs (including miR-

195) targeting the SARS-CoV-2 genome are strongly deregulated in severe 

versus moderate and severe versus asymptomatic patients. A studies showed that, 

together with two other microRNAs (miR-423-5p and miR-23a-3p), miR-195-5p 

identified and distinguished COVID-19 from Influenza with an accuracy of over 

95% (Farr et al., 2021 ; Moatar et al., 2023). 

1.2.17. Role of DPP4 in Patients with COVID-19 

The dipeptidyl peptidase 4 (DPP4) is also known as T-cell activation 

antigen CD26, or adenosine deaminase binding protein (ADBP). it is a single-

pass transmembrane protein with multiple functions on glycemic control, cell 

migration and proliferation, and the immune system, among others. It has recently 

acquired an especial relevance due to the possibility to act as a receptor or co-
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receptor for SARS-CoV-2, as it has been already demonstrated for other 

coronaviruses (Sebastián-Martín et al., 2022). 

The actions of DPP4 do not only rely on its catalytic activity as a peptidase, 

but also on its own structure, given that DPP4 can bind to several proteins, like 

adenosine deaminase (ADA), fibronectin, collagen, chemokine receptor CXCR4, 

tyrosine phosphatase CD45, and even some viral proteins such as the Human 

Immunodeficiency Virus (HIV) gp120 envelope protein. Thus, it regulates 

multiple cellular processes, playing a role in adhesion to the extracellular matrix, 

proliferation, and in T-cell maturation and activity (Sebastián-Martín et al., 

2022). The dipeptidyl peptidase 4 has acquired certain relevance in the scenario 

of the SARS-CoV-2 infection, due to its potential role as a cellular entry receptor 

or co-receptor for the virus. Although this hypothesis needs to be further 

elucidated, data from clinical studies indicate that DPP4 participates in virus 

physiopathology and therefore is a therapeutic target for this disease. The most 

prevalent comorbidities in SARS-CoV-2-infected patients were hypertension and 

diabetes, followed by cardiovascular diseases and respiratory system disease. 

Interestingly, DPP4 has a striking role in these disorders, especially on type 2 

diabetes mellitus (T2DM) (Yang et al., 2020). 

1.2.18. Diagnostic Testing in COVID-19 

World Health Organization declaring the laboratory testing guiding 

principles for patients who meet the suspect case definition. The decision to test 

should be based on clinical and epidemiological factors and linked to an 

assessment of the likelihood of infection. The PCR testing of asymptomatic or 

mildly symptomatic contacts can be considered in the assessment of individuals 

who have had contact with a COVID-19 case (WHO, 2004 ; WHO, 2020). 

Rapid collection and testing of appropriate specimens from patients 

meeting the suspected case definition for COVID-19 is a priority for clinical 
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management and outbreak control and should be guided by a laboratory expert. 

Suspected cases should be screened for the virus with nucleic acid amplification 

tests (NAAT), such as RT-PCR (WHO, 2020). 

All patients that meet the suspected case definition should be tested for 

COVID-19 virus regardless of whether another respiratory pathogen is found like 

community-acquired pneumonia (WHO, 2020). 

Specimens should be collected from upper respiratory tract by 

nasopharyngeal and oropharyngeal swab or wash in ambulatory patients and/or 

from lower respiratory specimens like sputum (if produced) and/or endotracheal 

aspirate or bronchoalveolar lavage in patients with more severe respiratory 

disease (WHO, 2020). 

For transport of specimens for viral detection, use viral transport medium 

(VTM) containing antifungal and antibiotic supplements. Avoid repeated 

freezing and thawing of specimens. If VTM is not available sterile saline may be 

used instead (WHO, 2020). 

1.2.18.1. Nucleic Acid Amplification Tests (NAAT) 

Routine confirmation of cases of COVID-19 is based on detection of 

unique sequences of virus RNA by NAAT such as real-time reverse transcription 

polymerase chain reaction (rRT-PCR) with confirmation by nucleic acid 

sequencing when necessary. The viral genes targeted so far include the N, E, S 

and RdRp genes. RNA extraction should be done in a biosafety cabinet in a BSL-

2 or equivalent facility. Heat treatment of specimens before RNA extraction is 

not recommended (WHO, 2020). 

One positive NAAT result for the presence of betacoronavirus, and 

COVID-19 virus further identified by sequencing partial or whole genome of the 

virus as long as the sequence target is larger or different from the amplicon probed 

in the NAAT assay used (WHO, 2020). 
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One or more negative results do not rule out the possibility of COVID-19 

virus infection. A number of factors could lead to a negative result in an infected 

individual, including: poor quality of the specimen, the specimen was collected 

late or very early in the infection, the specimen was not handled and shipped 

appropriately or there is a technical reason inherent in the test, e.g., virus mutation 

or PCR inhibition (WHO, 2020). If a negative result is obtained from a patient 

with a high index of suspicion for COVID-19 virus infection, particularly when 

only upper respiratory tract specimens were collected, additional specimens, 

including from the lower respiratory tract, if possible, should be collected and 

tested (WHO, 2020). 

1.2.18.2. Viral Sequencing 

In addition to providing confirmation of the presence of the virus, regular 

sequencing of a percentage of specimens from clinical cases can be useful to 

monitor for viral genome mutations that might affect the performance of medical 

countermeasures, including diagnostic tests. Virus whole genome sequencing can 

also inform molecular epidemiology studies. Many public-access databases for 

deposition of genetic sequence data are available, including GISAID, which is 

the Global Initiative on Sharing All Influenza Data, (previously: Global Initiative 

on Sharing Avian Influenza Data), is a global science initiative established in 

2008 to provide access to genomic data of influenza viruses (WHO, 2020). 

1.2.18.3. Serological Testing 

Serological surveys can aid investigation of an ongoing outbreak and 

retrospective assessment of the attack rate or extent of an outbreak. In cases where 

NAAT assays are negative and there is a strong epidemiological link to COVID-

19 infection, paired serum specimens (in the acute and convalescent phase) could 

support diagnosis once validated serology tests are available. Serum specimens 

can be stored for these purposes (WHO, 2020). 
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Cross reactivity to other coronaviruses can be challenging, but commercial 

and non-commercial serological tests are currently under development. 

Serological tests play an important role in broad-based surveillance of COVID-

19, and many commercial manufactured antibody testing kits are available to 

evaluate the presence of antibodies against SARS-CoV-2 (Bai et al., 2020 ; 

WHO, 2020). 

Despite the numerous antibody tests designed to date, serologic testing has 

limitations in specificity and sensitivity, and results from different tests vary. 

However, an antibody test with a specificity higher than 99% and a sensitivity of 

96% has been developed by the CDC, which can identify past SARS-CoV-2 

infection (Pandey et al., 2022). 

1.2.18.4. Viral Culture 

Virus isolation is not recommended as a routine diagnostic procedure 

according to WHO guidelines (WHO, 2020). 

1.2.18.5. Other Laboratory Assessment 

Complete blood count (CBC), a comprehensive metabolic panel (CMP) 

that includes testing for renal and liver function, and a coagulation panel should 

be performed in all hospitalized patients (Cascella et al., 2023). 

Additional tests such as testing for inflammatory markers such as,          C-

reactive protein (CRP), ferritin, lactate dehydrogenase (LDH), random blood 

sugar (RBS), HbA1c, D-dimer, and procalcitonin can be considered in 

hospitalized patients (Cascella et al., 2023). 

Considering this viral illness commonly manifests itself as pneumonia, 

radiological imaging has a fundamental role in the diagnostic process, 

management, and follow-up. Imaging studies may include chest x-ray, lung 

ultrasound, or chest computed tomography (CT). There are no guidelines 

available regarding the timing and choice of pulmonary imaging studies in 
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patients with COVID-19, and the type of imaging should be considered based on 

clinical evaluation (Bao et al., 2020). 

1.2.19. Management  

Initially, early in the pandemic, the understanding of COVID-19 and its 

therapeutic management was limited, creating an urgency to mitigate this new 

viral illness with experimental therapies and drug repurposing. Since then, due to 

the intense efforts of clinical researchers globally, significant progress has been 

made, which has led to a better understanding of not only COVID-19 and its 

management but also has resulted in the development of novel therapeutics and 

vaccine development at an unprecedented speed (Pandey et al., 2022). 

1.2.19.1.  Pharmacologic Therapies 

Currently, a variety of therapeutic options are available that include 

antiviral drugs (e.g., Molnupiravir, Paxlovid, Remdesivir), anti-SARS-CoV-2 

monoclonal antibodies (e.g., Bamlanivimab/Etesevimab, 

Casirivimab/Imdevimab), anti-inflammatory drugs (e.g., Dexamethasone), 

immunomodulators agents (e.g., Baricitinib, Tocilizumab) are available under 

FDA issued Emergency Use Authorization (EUA) or being evaluated in the 

management of COVID-19 (Pandey et al., 2022). 

1.2.19.1.1. Antiviral Therapies 

Molnupiravir is a directly acting broad-spectrum oral antiviral agent acting 

on the RdRp enzyme was initially developed as a possible antiviral treatment for 

influenza, alphaviruses including Eastern, Western, and Venezuelan equine 

encephalitic viruses (Singh et al., 2021) 

Paxlovid (Ritonavir in combination with Nirmatrelvir) is an oral 

combination pill of two antiviral agents which on an interim analysis of           

phase 2-3 data (reported via press release), found that the risk of COVID-19 

related hospital admission or all-cause mortality was 89% lower in the Paxlovid 
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group when compared to placebo when started within three days of symptom 

onset. The FDA issued a EUA authorizing the use of Paxlovid for patients with 

mild to moderate COVID-19 (Mahase, 2021 ; Aleem et al., 2023). 

Remdesivir is a broad-spectrum antiviral agent that previously 

demonstrated antiviral activity against SARS-CoV-2 in vitro (Wang et al., 

2020c). Based on results from three randomized, controlled clinical trials that 

showed that remdesivir was superior to placebo in shortening the time to recovery 

in adults who were hospitalized with mild-to-severe COVID-19. The U.S. Food 

and Drug Administration (FDA) approved remdesivir for clinical use in adults 

and pediatric patients (over age 12 years and weighing at least 40 kilograms or 

more) to treat hospitalized patients with COVID-19 (Beigel et al., 2020 ; 

Goldman et al., 2020 ; Spinner et al., 2020). 

Hydroxychloroquine and chloroquine were proposed as antiviral 

treatments for COVID-19 initially during the pandemic. However, data from 

randomized control trials evaluating the use of Hydroxychloroquine with or 

without Azithromycin in hospitalized patients did not improve the clinical status 

or overall mortality compared to placebo. Data from randomized control trials of 

Hydroxychloroquine used as postexposure prophylaxis did not prevent SARS-

CoV-2 infection or symptomatic COVID-19 illness (Boulware et al., 2020 ; 

Cavalcanti et al., 2020 ; Horby et al., 2020 ; Mitjà et al., 2021). 

1.2.19.1.2. Convalescent Patient Serum 

Patients who have recovered from the SARS-CoV-2 infection will develop 

a polyclonal immune response to viral antigens. These polyclonal antibodies may 

neutralize virus and prevent further infection in the recovered host (Arabi et 

al., 2015; Zhao et al., 2015; Al-Tawfiq et al., 2017). Therefore, convalescent 

patient serum may be a potentially effective tool for treating and preventing 

further disease related to this outbreak. It was reported that serum from a 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7205601/#B3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7205601/#B89
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7205601/#B2
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convalescent SARS patient inhibited SARS-S protein-driven virus entry and 

reduced SARS-CoV-2 virus entry (Hoffmann et al., 2020b). 

Passive transfer of antibodies from convalescent patient serum is currently 

under consideration for the treatment of COVID-19 patients with severe disease. 

1.2.19.1.3. Immunomodulatory Agents 

Corticosteroids, an anti-inflammatory steroid prescribed for patients with 

severe COVID-19, are associated with inflammation-related lung injury driven 

by the release of cytokines characterized by an elevation in inflammatory markers 

(Horby et al., 2020). 

The oral or intravenous dexamethasone might be considered in early stage 

of symptomatic patients with hypoxia (SaO2 ≤ 94% at room air), and if untreated 

even sudden death, especially in patients older than 60 years old (Lai et al., 2020). 

Dexamethasone is recommended by the World Health Organization for 

patients with severe and critical COVID-19 based on a prospective meta-analysis 

(Lamontagne et al., 2020 ; Sterne et al., 2020). 

Interferon-β-1a (IFN- β-1a) are cytokines that are essential in mounting an 

immune response to a viral infection, and SARS-CoV-2 suppresses its release in 

vitro (Yuen et al., 2020). 

Interleukin (IL)-1 Antagonists, Anakinra is an interleukin-1 receptor 

antagonist that is FDA approved to treat rheumatoid arthritis. Its off-label use in 

severe COVID-19 was assessed in a small case-control study trial based on the 

rationale that the severe COVID-19 is driven by cytokine production, including 

interleukin -1β (Huet et al., 2020). 

Anti-IL-6 receptor monoclonal antibodies, a proinflammatory cytokine 

that is considered the key driver of the hyperinflammatory state associated with 

COVID-19. Targeting this cytokine with an IL-6 receptor inhibitor could slow 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7205601/#B31
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down the process of inflammation, based on case reports that showed favorable 

outcomes in patients with severe COVID-19 (Cellina et al., 2020 ; Conti et al., 

2020 ; Michot et al., 2020). 

Tocilizumab, an anti-interleukin-6 receptor alpha receptor monoclonal 

antibody that has been indicated for various rheumatological diseases. The data 

regarding the use of this agent is mixed (Rosas et al., 2021). 

1.2.20. Management of COVID-19 Based on Severity  

Individuals with a positive COVID-19 test without any clinical symptoms 

consistent with COVID-19 should be advised to isolate themselves and monitor 

clinical symptoms (Inui et al., 2020 ; Abdul Aleem et al., 2023). 

Individuals with mild illness is manageable in the ambulatory setting with 

supportive care and isolation. Laboratory and radiographic evaluations are 

routinely not indicated (Abdul Aleem et al., 2023). 

Patients with moderate COVID-19 illness should be hospitalized for close 

monitoring. Clinicians and healthcare staff should do appropriate personal 

protective equipment (PPE) while interacting or taking care of the patient (Abdul 

Aleem et al., 2023). All hospitalized patients should receive supportive care with 

isotonic fluid resuscitation if volume-depleted, and supplemental oxygen therapy 

must be initiated if SpO2 and be maintained no higher than 96% (Alhazzani et al., 

2020). 

Patients with severe or critical COVID-19 illness require hospitalization. 

Considering that patients with severe COVID-19 are at increased risk of 

prolonged critical illness and death, discussions regarding care goals, reviewing 

advanced directives, and identifying surrogate medical decision-makers must be 

made. All patients should be maintained on prophylactic anticoagulation, 

considering COVID-19 is associated with a prothrombotic state (Alhazzani et al., 

2020 ; Cook et al., 2020 ; Coopersmith et al., 2021) 
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1.2.21. Prevention of COVID-19 

Besides the importance of imposing public health and infection control 

measures to prevent or decrease the transmission of SARS-CoV-2, the most 

crucial step to contain this global pandemic is by vaccination to prevent SARS-

CoV-2 infection in communities across the world. Extraordinary efforts by 

clinical researchers worldwide during this pandemic have resulted in the 

development of novel vaccines against SARS-CoV-2 at an unprecedented speed 

to contain this viral illness that has devastated communities worldwide (Abdul 

Aleem et al., 2023). 

Vaccination triggers the immune system leading to the production of 

neutralizing antibodies against SARS-CoV-2 (Polack et al., 2020). Globally, 

vaccination statistics was reported by WHO since being declared a global 

pandemic to 28 June 2023, there have been 13,461,751,619 vaccine doses 

administered of COVID-19, including 5,579,548,776 persons vaccinated with at 

least one dose, and 5,137,861,772 persons vaccinated with a complete primary 

series (WHO, 2023). 

The Pfizer BioNTech (BNT162b2) COVID-19 vaccine is results of an 

ongoing multinational, placebo-controlled, observer-blinded, pivotal efficacy 

trial reported that individuals 16 years of age or older receiving two-dose regimen 

the trial vaccine BNT162b2 (mRNA-based, BioNTech/Pfizer) when given 21 

days apart conferred 95% protection against COVID-19 with a safety profile 

similar to other viral vaccines (Polack et al., 2020). Based on the results of this 

vaccine efficacy trial, the FDA issued a EUA on December 11, 2020, granting 

the use of the BNT162b2 vaccine to prevent COVID-19 (FDA, 2021a).  

The Moderna COVID-19 (mRNA-1273) vaccine is results from another 

multicenter, phase 3, randomized, observer-blinded, placebo-controlled trial 

demonstrated that individuals who were randomized to receive two doses of 

mRNA-1273 (mRNA based, Moderna) vaccine given 28 days apart showed 
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94.1% efficacy at preventing COVID-19 illness and no safety concerns were 

noted besides transient local and systemic reactions. Based on the results of this 

vaccine efficacy trial, the FDA issued a EUA on December 18, 2020, granting 

the use of the mRNA-1273 vaccine to prevent COVID-19 (Wu et al., 2021). 

The Janssen Ad26.COV2.S vaccine is a third vaccine for the prevention of 

COVID-19 received EUA by the FDA on February 27, 2021, based on the results 

of an international multicenter, randomized, placebo-controlled multicenter, 

phase 3 trial showed that a single dose of Ad26.COV2.S vaccine conferred 73.1% 

efficacy in preventing COVID-19 in adult participants who were randomized to 

receive the vaccine (Sadoff et al., 2021). 

AstraZeneca ChAdOx1-S/nCoV-19 recombinant vaccine is an interim 

analysis of an ongoing multicenter randomized control trial demonstrated an 

acceptable safety profile and clinical efficacy of 70.4% against symptomatic 

COVID-19 after two doses and 64 % protection against COVID-19 after at least 

one standard dose (Voysey et al., 2021).The ChAdOx1 nCoV-19 vaccine has 

been approved or granted emergency use authorization to prevent COVID-19 in 

many countries across the world but has not yet received a EUA or approval from 

the FDA for use in the U.S (FDA, 2021b). 

Novavax NVX-CoV2373 vaccine is preliminary results from a 

randomized, observer-blinded, placebo-controlled, phase 2 trial in South Africa 

evaluating the efficacy and safety of NVX-CoV2373 (Novavax), a recombinant 

SARS-CoV-2 nanoparticle genetically engineered vaccine, reported that NVX-

CoV2373 vaccine was efficacious in preventing COVID-19. This trial was 

conducted when the country was experiencing a second wave of infection due to 

the Beta (B.1.351) variant implying efficacy against this virus. A single dose of 

NVX-CoV2373, which is an adjuvanted, recombinant spike protein nanoparticle 

vaccine, demonstrated 92.6% (95% CI, 83.6 to 96.7) vaccine efficacy against any 

variant of concern based on results from a randomized observer-blinded placebo-
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controlled trial in the United States and Mexico involving more than 29,000 

participants (Marchese et al., 2023). 

In addition to the vaccines mentioned above, as many as seven other 

vaccines, including protein-based and inactivated vaccines, have been developed 

indigenously in India (Covaxin), Russia (Sputnik V), and China (CoronaVac) and 

have been approved or granted emergency use authorization to prevent COVID-

19 in many countries around the world (Pandey et al., 2022). 

A third dose (booster dose) has been included in the vaccination schedule 

of various nations, with studies showing some amount of waning of immunity 

after 2 doses and a third dose offering higher protection levels (Goldberg et al., 

2021 ; Saiag et al., 2021). A phase 2 randomized controlled trial from the United 

Kingdom which compared various combinations of boosting regimens concluded 

that mixing vaccine types boosted antibody as well as neutralizing responses for 

all seven vaccines studied, which included most major commercially available 

vaccines (Munro et al., 2021). 
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2. Materials and Methods  

2.1. Materials 

2.1.1. Instruments and Equipment 

            The instruments and equipment that were used in this study is shown in 

table (2-1). 

Table (2-1): Instruments and equipment that were used in this study. 
No. Instruments and Equipment Company Country 

1 Centrifuge PLC Series Taiwan 

2 Deep Freezer -20° C  Haier Company China 

3 Deep Freezer -80° C  Haier Company China 

4 Digital Camera Nikon Japan 

5 Disposable Syringe 5ml LUER LOCK China 

6 EDTA Tube 2ml Ab Medical Korea 

7 ELISA Microplate Reader PARAMEDICAL Italy 

8 Eppendorf Tubes Sigma England 

9 Exispin Vortex Centrifuge Bioneer Korea 

10 Gel Electrophoresis Bioneer Korea 

11 Gel/ Clot Activator Vacuum Tube 6ml Ab Medical Korea 

12 High Speed Cold Centrifuge Eppendorf Germany 

13 Hot Plat Stirrer Labtech Korea 

14 Incubator Memmert Germany 

15 
Magnesia® 16 Automated Nucleic Acid 

Extraction Instrument 
Anatolia Geneworks Turkey 

16 Micropipettes (different volumes) Eppendorf Germany 

17 Miniopticon Real Time PCR Bio-Rad USA 

18 Nanodrop Thermo Scientific UK 

19 Refrigerator Arçelik Turkey 

20 Reusable Ice Packs J.L. CHILDRESS USA 

21 Sensitive Balance Sartorius Germany 

22 Sterile Latex Gloves Broche Armenia 

23 T100 Thermal Cycler PCR BioRad USA 

24 Tips for Micropipette ALS China 

25 UV Transilluminator ATTA Korea 

26 Vortex CYAN Belgium 

27 Water Bath Kottermann Germany 
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2.1.2. Rapid Test Kit 

  The COVID-19 Ag rapid test device was used in this study with companies 

and countries of origin is shown in table (2-2). 

Table (2-2): Panbio™ COVID-19 Ag rapid test device was used in this study for 

healthy control group. 

 

 

2.1.3. Gene Expression Kits 

 The kits that were used in this study with companies and countries of origin 

is shown in table (2-3). 

 

No. PANBIO™ COVID-19 Ag Rapid Test Device Company Country 

1 25 Test devices with desiccant in individual foil pouch 

Abbott USA 

2 Buffer (1 x 9 ml/bottle) 

3 25 Extraction tubes 

4 25 Extraction tube caps 

5 1 Positive control swab 

6 1 Negative control swab 

7 25 Sterilized nasal swabs for sample collection 

8 1 Tube rack 
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Table (2-3): The kits were used in this study with companies and origins. 

No. Kit Company Country 

1 
AccuZol™ Total RNA Extraction Kit 

Bioneer Korea 

Trizol Reagent 100 ml 

2 

DNase I Enzyme Kit 

Promega USA 

DNase I Enzyme 

10x Buffer 

Free Nuclease Water 

Stop Reaction 

3 

M-MLV Reverse Transcriptase Kit 

Bioneer Korea 

M-MLV Reverse Transcriptase (10,000 U) 

5X M-MLV RTase Reaction Buffer 

dNTP 

100 mM DTT 

RNase Inhibitor 

4 

GoTaq ® qPCR Master Mix 

Promega USA qPCR Master Mix for SYBR Green Dye, Taq DNA 

Polymerase 

dNTPs (dATP, dCTP, dGTP, dTTP) and 10X Buffer 
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2.1.4. Gene Polymorphism Detection Kit 

 The Magnesia 16 Genomic DNA Whole Blood Kit is used for DNA 

extraction (Anatolia Geneworks, Turkey). Also, GoTaq® G2 Green Master Mix 

kit is used for the gene polymorphism (Promega, Korea) in this study are shown 

in table (2-4). 

Table (2-4): Gene polymorphism detection kit was used in this study. 

No. GoTaq® G2 Green Master Mix kit Company Country 

1 

Taq DNA Polymerase 

Promega Korea 

dNTPs (dATP, dCTP, dGTP, dTTP) 

Tris. HCl pH 9.0 

KCl 

MgCl2 

Loading Dye 

 

 

2.1.5. Primers  

2.1.5.1. miRNA Gene Expression Primers 

   The qPCR Primers for miRNA (miR-423-5p, miR-23a-3p and miR-195-

5p) were design in this study by using (The Sanger Center miRNA Database 

Registry) to selected miRNA sequence and using miRNA Primer Design Tool 

(http://www.srnaprimerdb.com). Whereas, qPCR housekeeping gene (GAPDH) 

were design in this study by using NCBI-Database and Primer3 plus design 

online. These primers were provided by (Macrogen Company, Korea) as 

following table:   
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Table (2-5): The qPCR primers for miRNA were designed in this study. 

Genbank Code Sequence (5'-3') Primer 

MIMAT0004748 

AACAAGTGAGGGGCAGAGAG F 

miR-423-5p qPCR primer 

GTCGTATCCAGTGCAGGGT R 

GTCGTATCCAGTGCAGGGTCCGAGGT 

ATTCGCACTGGATACGACAAAGTC 

RT primer (specific) 

miR-423-5p 

MIMAT0000078 

AACACGCATCACATTGCCAG F 

miR-23a-3p qPCR primer 

GTCGTATCCAGTGCAGGGT R 

GTCGTATCCAGTGCAGGGTCCGAGGT 

ATTCGCACTGGATACGACGGAAAT 

RT primer (specific) 

miR-23a-3p 

MIMAT0000461 

AACCGGTAGCAGCACAGAA F 

miR-195-5p qPCR primer 

GTCGTATCCAGTGCAGGGT R 

GTCGTATCCAGTGCAGGGTCCGAGGTA 

TTCGCACTGGATACGACGCCAAT 

RT primer (specific) 

miR-195-5p 

NM_001256799.3 

TCTGACTTCAACAGCGACAC F 

GAPDH qPCR primer 

TGACAAAGTGGTCGTTGAGG R 

 

 

2.1.5.2. Sequence-Specific Primers PCR Primers 

Sequence-specific primers PCR (SSP-PCR) primers for HLA typing were 

designed in this study using NCBI-Database and Primer3 plus design online. 

These primers were provided from (Macrogen Company, Korea) as following 

table: 
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Table (2-6): The SSP-PCR primers with their sequence and amplicon size. 

Primer Sequence (5'-3') Product Size Genbank Code 

HLA-B*07:03 

F CCAAAGACACACGTGACCCA 

208 bp LT616965.1 

R CTTCTCCAGAAGGCACCACC 

HLA-B*46:01 

F CCAGTTCGTGAGGTTCGACA 

391 bp MH124609.1 

R CTCCAGGTAGGCTCTCCACT 

HLA-

DRB1*03:0 

F ACTGCAGACACAACTACGGG 

463 bp MH645234.1 

R GGCTGAAGTCCAGAGTGTCC 

DRB1*12:02 

F GGACACCAGACCACGTTTCT 

570 bp LC257798.1 

R CGTGCTCTCCATTCCACTGT 

 

 

2.1.5.3. Allele Specific PCR Primers 

Allele specific PCR (AS-PCR) primers for DPP4 (rs3788979 A/G) gene 

polymorphism were designed in this study using NCBI-SNP data base and WASP 

Web-based Allele Specific Primer design tool. These primers were provided from 

(Macrogen Company, Korea) as following tables: 

Table (2-7): The AS-PCR primers with their sequence and amplicon size.    

Primer Sequence (5'-3') Product Size 

Wild Type Forward Primer CCAACACTGCTGTACTCACA 

180 bp Mutant Type Forward Primer CCAACACTGCTGTACTCACG 

Common Reverse Primer AAGTTGGTACAAGATTCCGA 
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2.1.6. Chemicals 

The chemical and biological materials are listed in following table. 

Table (2-8): The chemical and biological materials were used in this work. 

No. Chemicals Company Country 

1 Absolute Ethanol Scharlau Spain 

2 Agarose BioBasic Canada 

3 Chloroform Labort India 

4 DEPC Water Bioneer Korea 

5 DNA Marker Ladder 100bp INtRON Korea 

6 Ethidium Bromide10mg/ml BioBasic Canada 

7 Isopropanol Labort India 

8 RNase Free Water Bioneer Korea 

9 TBE Buffer 10X Bioneer Korea 

10 RNAlater Stabilization Solution Thermo Fisher Scientific USA 
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2.2. Methods 

2.2.1. Subjects of The Study 

Whole blood specimens were collected from 100 patients with COVID-19 

who were diagnosed by RT-qPCR previously and classified according to severity 

of infection through symptoms, saturation of peripheral oxygen (SpO2) and CT 

imaging into two groups; mild cases (fever <38 ℃, decreased without treatment, 

with or without cough, no dyspnea, no gasping, no chronic disease, no imaging 

findings of pneumonia) and severe cases (respiratory distress, respiratory rate 

(RR) ≥ 30 times / min, SpO2 < 93% at rest, patients showing a rapid progression 

> 50 % on CT imaging within 24 - 48 hours) (Fang, 2020), who were attended to 

Merjan Medical City and Al-Imam Al-Sadiq Hospital in Babylon province from 

February to April of 2022. Patients' specimens were collected in two groups based 

on severity of infection: 50 patients with mild symptoms and 50 patients with 

severe symptoms. Control specimens were collected from 50 people who were 

healthy.  

2.2.2. Study Design 

In this a case-control comparative study, patients with COVID-19 were 

diagnosed by previously RT-qPCR were included. Patients were grouped into two 

groups regarding the severity of COVID-19 according to clinical features and 

laboratory tests including; CRP, CBC, HbA1c, RBS, D-dimer, and ferritin levels. 

Apparently healthy subjects enrolled as control group selected depending 

on the results of COVID-19 rapid test (COVID-19 antigen test). 

This study included 100 specimens collected from patients (50 specimens 

collected from patients were suffering from mild symptoms, 50 patients with 

severe symptoms who were clinically classified according to SpO2 < 93% and CT 

imaging), and 50 healthy individuals as control group. 
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2.2.3. Inclusion Criteria 

Individuals with confirmed positive COVID-19 by RT-PCR of any age, 

sex, and even individuals with diabetes mellitus type 2 (T2DM) and hypertension 

were included in this study. 

2.2.4. Exclusion Criteria 

Individuals suffering from autoimmune diseases (Graves’ disease, 

Hashimoto's autoimmune thyroiditis, Addison disease, type I diabetes, etc.) and 

connective tissue diseases (rheumatoid arthritis, scleroderma, systemic lupus 

erythematosus, ankylosing spondylitis, etc.) were excluded from this study by 

past medical history. 

2.2.5. Ethical Approval 

All of the patients and the healthy control subjects are counseled and vocally 

agreed on the inclusion in the study before participation in the study. This study 

is performed and being facilitated with permission from Babylon university, 

College of Medicine, and the General Health Directorate of Babylon province. 

2.2.6. Patient’s Information Sheet 

Information Sheet included general data and laboratory tests as listed in 

Appendix (1) and (2). 

2.2.7. Specimens Collection 

2.2.7.1. Blood Specimens Collection 

The whole blood specimens were collected in two types of tubes, EDTA 

tube as anticoagulation tube for molecular analysis. A 500 μl of RNAlater was 

added to 500 μl of anticoagulated blood from an EDTA tube into an Eppendorf 

tube to stabilize RNA specimens and stored at -20 °C. The gel and clot activator 

vacuum tubes with collected blood were centrifuged to separate sera at 

supernatant, which were evacuated into Eppendorf tubes and stored in a deep 

freezer at -20 °C to be used in ELISA technique. 
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2.2.7.2. Swab Specimens Collection 

 Swab specimens were collected from healthy individuals as a control group 

to confirm negative result for COVID-19, and was done according to test 

procedure described by Abbott company, USA instructions as follow: 

1. The patient’s head was Tilted back 70 degrees. While gently rotating the 

swab, swab was inserted less than one inch (about 2 cm) into nostril (until 

resistance is met at the turbinates). 

2. The swab was rotated five times against the nasal wall then slowly remove 

from the nostril. 

3. Using the same swab repeat the collection procedure with the second 

nostril. specimen collection with a new swab. 

4. The swab tip was swirled in the buffer fluid inside the extraction tube, 

pushing into the wall of the extraction tube at least five times and then the 

swab was squeeze out by the extraction tube with fingers. 

5. The swab was broken at the breakpoint and close the cap of extraction tube. 
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2.2.8. Schematic Diagram of The Study 

 The schematic diagram of the study is shown in figure (2-1). 

 

 
Figure (2-1): Schematic diagram of the study. 
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2.2.9. Rapid Test Procedure 

Swab specimens were checked by Panbio™ COVID-19 Ag rapid test 

device to confirm negative result for COVID-19 from healthy individuals as a 

control group and done according to test procedure described by Abbott 

company, USA instructions as following steps: 

1. All kit components allowed to reach a temperature between 15-30 °C prior 

to testing for 30 minutes. 

2. The test device was removed from the foil pouch prior to use. In a flat, 

horizontal and clean surface should be placed. 

3. The buffer bottle was hold vertically and the extraction tube was filled with 

buffer fluid until it flows up to the Fill-line of the extraction tube (300 μl). 

4. The extraction tube was placed in the tube rack. 

5. The dropping nozzle cap was opened at the bottom of the extraction tube. 

6. Five drops of extracted specimens were dispensed vertically into the 

specimen well (S) on the device. The test device should not handle or move 

until the test is complete and ready for reading. 

7. The nozzle was closed and disposed of the extraction tube containing the 

used swab according to the local regulations and biohazard waste disposal 

protocol. 

8. The result was read at 15 minutes. The result shouldn’t read results after 

20 minutes. 

9. The used device was disposed according to biohazard waste disposal 

protocol. 
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2.2.10. Stem Loop RT-qPCR 

The stem loop RT-qPCR was used in expression analysis quantification of 

miR-423-5p, miR-23a-3p and miR-195-5p, that normalized with housekeeping 

gene (GAPDH) in blood specimens of patients with COVID-19 and heathy 

control by using Real-Time PCR technique and this method was carried out 

according to described by (Farr et al., 2021) by the following steps: 

2.2.10.1. Total RNA Extraction 

Total RNA was extracted from blood specimens by using AccuZolTM 

reagent kit and done according to company instructions as following steps: 

1. A 250 µl blood specimens were placed in 1.5 microcentrifuge tube then 

750 µl AccuZolTM reagent kit was added to each tube.  

2. Then, 200 μl chloroform was added to each tube and mixed vigorously for 

60 seconds. 

3. The mixture was incubated on ice for 5 minutes. Then it was centrifuged 

at 12000 rpm, 4C°, for 15 minutes. 

4. Supernatant was transferred into a new Eppendorf tube, and 500 μl 

isopropanol was added. Then, mixture was mixed by inverting the tube 4-

5 times and incubated at 4 °C for 10 minutes. Then, it was centrifuged at 

12,000 rpm, 4 °C for 10 minutes. 

5. Supernatant was discarded, and 1ml 80% Ethanol with DEPC was added 

and mixed by vortex again. Then, it was centrifuge at 12000 rpm, 4 °C for 

5 minutes. 

6. The supernatant was discarded and the RNA pellet was left to air to dry. 

7. A 100 μl free nuclease water was added to each specimen to dissolve the 

RNA pellet, Then, the extracted RNA specimen was kept at -80 °C in deep 

freezer. 
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2.2.10.2. Estimation of Total RNA Yield and Quality 

The extracted total RNA was checked by using Nanodrop 

spectrophotometer (Thermo Scientific. USA) that check RNA concentration and 

estimation of RNA purity through reading the absorbance in at (260 / 280 nm) as 

following steps: 

1. After opening up the Nanodrop software, chosen the appropriate 

application (Nucleic acid, RNA). 

2.  A dry wipe was taken and cleaned the measurement pedestals several 

times. Then carefully pipet 2μl of ddH2O onto the surface of the lower 

measurement pedestal. 

3.  The sampling arm was lowered and clicking OK to blank the Nanodrop, 

then cleaning off the pedestals.  

4. After that, the pedestals are cleaned and pipet 1 μl of RNA specimen for 

measurement. 

 

2.2.10.3. DNase I Treatment 

The extracted total RNA was treated with DNase I enzyme to remove the 

trace amounts of genomic DNA from the eluted total RNA by using specimens 

(DNase I enzyme kit) and done according to method described by Promega 

Company, USA instructions as following table (2-9):  

Table (2-9): Eluted total RNA by using DNase I enzyme kit. 

Volume Mix No 

10 μl Total RNA 100 ng/μl 1 

1 μl DNase I Enzyme 2 

4 μl 10X Buffer 3 

5 μl DEPC Water 4 

20 μl Total 
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After that, the mixture was incubated at 37 °C for 30 minutes. Then, 1μl 

stop solution was added and incubated at 65 °C for 10 minutes for inactivation of 

DNase enzyme action. 

2.2.10.4. cDNA Synthesis 

2.2.10.4.1. cDNA Synthesis for miRNA 

The DNase I treated RNA specimens were used in miRNA cDNA 

synthesis step by using M-MLV Reverse Transcriptase kit and done according to 

company instructions as following tables:  

Table (2-10): Step 1 in cDNA synthesis for miRNA. 

Volume RT Master Mix No. 

8 μl Total RNA 100 ng/μl 1 

1 μl hsa-miR-21RT Primer 2 

1 μl DEPC Water 3 

10 μl Total 

 

 

Then RNA and primer were denatured for 10 min at 75 °C, after that 

immediately cool on ice. 
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Table (2-11): Step 2 in cDNA synthesis for miRNA. 

Volume RT Master Mix No 

10 μl Step 1 RT Master Mix 1 

1 μl M-MLV RTase (200u) 2 

4 μl 5X M-MLV RTase Reaction Buffer 3 

2 μl 100 mM DTT 4 

2 μl dNTP 5 

1 μl RNase Inhibitor 6 

20 μl Total 

 

 

 

Then the tubes were placed in vortex and briefly spinning down. The RNA 

converted into cDNA in thermocycler under the following thermocycler 

conditions, as shown in table (2-12). 

Table (2-12): The thermocycler condition in step 2 of cDNA synthesis for 

miRNA. 

Time Temperature Step 

1 hour 42 °C cDNA Synthesis (RT Step) 

5 minutes 95 °C Heat Inactivation 
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2.2.10.4.2. cDNA Synthesis for GAPDH Gene   

The DNase I treated RNA specimens were also used cDNA synthesis step 

for GAPDH gene by using M-MLV Reverse Transcriptase kit and done according 

to company instructions as following tables:  

Table (2-13): Step 1 in cDNA synthesis for GAPDH Gene. 

Volume RT Master Mix No. 

8 μl Total RNA 100 ng/μl 1 

1 μl Random Hexamer Primer 2 

1 μl DEPC Water 3 

10 μl Total 

 
Then RNA and primer was denatured for 10 min at 65 °C, after that 

immediately cool on ice. 

 

Table (2-14): Step 2 in cDNA synthesis for GAPDH Gene. 

Volume RT Master Mix No. 

10 μl Step 1 RT Master Mix 1 

1 μl M-MLV RTase (200u) 2 

4 μl 5X M-MLV RTase reaction buffer 3 

2 μl 100 mM DTT 4 

2 μl dNTP 5 

1 μl RNase inhibitor 6 

20 μl Total 
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Then the tubes were placed in vortex and briefly spinning down. The RNA 

converted into cDNA in thermocycler under the following thermocycler 

conditions as shown in table (2-15). 

Table (2-15): Thermocycler conditions in cDNA synthesis for GAPDH Gene. 

Time Temperature Step 

1 hour 42 °C cDNA synthesis (RT step) 

5 minutes 95 °C Heat inactivation 

 

 

2.2.10.5. qPCR Master Mix Preparation   

2.2.10.5.1. miRNA qPCR Master Mix Preparation   

MicroRNA qPCR master mix was prepared by using GoTaq® qPCR 

master mix kit that dependent on SYBR Green dye detection of gene 

amplification in Real-Time PCR system as shown in table (2-16). 

Table (2-16): Standard protocol in cDNA synthesis for GAPDH Gene. 

Volume qPCR Master Mix No. 

5 µL miRNA cDNA Template (Final Cocentration100 ng) 1 

1 µL Forward Primer (10 pmol) 2 

1 µL Reverse Primer (10 pmol) 3 

10 µL qPCR Master Mix 4 

3 µL DEPC Water 5 

20 µL Total 
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After that, these qPCR master mix components that mentioned above were 

placed in qPCR strip standard plate tubes and mixed by Exispin vortex centrifuge 

for 3 minutes, then they were placed in Miniopticon Real-Time PCR system. 

2.2.10.5.2. miRNA qPCR Thermocycler Conditions  

After that, the qPCR plate was loaded and the following thermocycler 

protocol in the following table: 

Table (2-17): Thermocycler conditions in cDNA synthesis for GAPDH Gene. 

Repeat Cycle Time Temperature qPCR Step 

1 10 min 95 °C Initial Denaturation 

45 

20 sec 95 °C Denaturation 

30 sec 60 °C 

Annealing / Extension 

Detection (Scan) 

 

 

2.2.10.5.3. GAPDH qPCR Master Mix Preparation 

The GAPDH qPCR master mix was prepared by using GoTaq® qPCR 

master mix kit that dependent on SYBR Green dye detection of gene 

amplification in Real-Time PCR system as shown in table (2-18). 
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Table (2-18): Standard protocol in cDNA synthesis for GAPDH Gene. 

Volume qPCR Master Mix No. 

5 µl cDNA Template (100 ng) 1 

1 µl GAPDH Forward Primer (10 pmol) 2 

1 µl GAPDH Reverse Primer (10 pmol) 3 

10 µl qPCR Master Mix 4 

3 µl DEPC Water 5 

20 µl Total 

      

 

After that, these qPCR master mix components that mentioned above 

placed in qPCR strip plate tubes and mixed by Exispin vortex centrifuge for 3 

minutes, then they were placed in Miniopticon Real-Time PCR system. 

2.2.10.5.4. GAPDH qPCR Thermocycler Conditions 

After that, the qPCR plate was loaded and the following thermocycler 

protocol in the following table: 
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Table (2-19): Thermocycler conditions in cDNA synthesis for GAPDH Gene. 

Repeat Cycle Time Temperature qPCR Step 

1 10 min 95 °C Initial Denaturation 

45 

20 sec 95 °C Denaturation 

30 sec 58 °C 

Annealing / Extention 

Detection (Scan) 

 

 

2.2.10.5.5. Data Analysis of qPCR  

The data results of qRT-PCR for target and housekeeping gene were 

analyzed by the relative quantification gene expression levels (fold change) (The 

ΔCT method using a reference gene) that described by (Livak and Schmittgen, 

2001) as following equation: 

 

Gene expression ratio (reference / target) = 2 CT (reference) –  CT (target) 

 

2.2.11. Sequence-Specific Primers PCR 

The Sequence-Specific Primers PCR (SSP-PCR) technique was performed 

for HLA typing of HLA-B*07:03, B*46:01, DRB1*03:01, and DRB1 *12:02 

alleles in blood specimens of patients with COVID-19 and heathy control. This 

method was carried out according to a company instruction as following steps:   
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2.2.11.1. Automated Genomic DNA Extraction 

         Genomic DNA from blood specimens were extracted by using Magnesia 16 

Genomic DNA whole blood kit contains pre-filled cartridge has been designed 

for purification of total genomic DNA from whole blood by using automated 

instrument Magnesia 16 (Anatolia Geneworks, Turkey) and done according to 

company instructions as following steps: 

 

1. The method was performed by using pre-filled cartridge contains 

proteinase K and a chaotropic salt, guanidine hydrochloride to lysis cells 

and degrade protein as showed in figure below:  

 

 
Figure (2-2): Pre-filled cartridge of Magnesia 16 Genomic DNA whole blood kit. 

 

2. A 200μl whole blood sample was transferred in to a microcentrifuge tube, 

then the Sample Tube was put into hole 4 of T-Rack of automated DNA 

extraction machine. 

3. The blood DNA in chaotropic salt will binds to cellulose coated magnetic 

beads. After washing off the contaminants, the purified DNA is eluted by 

100μl low salt elution buffer or water. Purified DNA of approximately 20-

30 kb in length is suitable for PCR or other enzymatic reactions. 

4. Running Time: 44 min (sample volume :200 μl) for 16 blood sample. 
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2.2.11.2 Genomic DNA Estimation 

The extracted blood genomic DNA was checked by using Nanodrop 

spectrophotometer (THERMO, USA), which measured DNA concentration 

(ng/µl) and check the DNA purity by reading the absorbance at (260 / 280 nm) as 

following steps: 

1. After opening up the Nanodrop software, the appropriate application 

(Nucleic acid, DNA) was chosen. 

2.  A dry wipe was taken and cleaned the measurement pedestals several 

times. Then 2 μl was carefully pipetted of free nuclease water onto the surface 

of the lower measurement pedestals for blank the system. 

3.  The sampling arm was lowered and clicking OK to initialized the 

Nanodrop, then cleaning off the pedestals and 1 μl of blood genomic DNA 

was added to measurement.  

 

2.2.11.3. Sequence-Specific Primers PCR Master Mix Preparation 

The multiplex Sequence-Specific Primers PCR (SSP-PCR) master mix was 

prepared by using GoTaq® G2 Green Master Mix kit and this master mix done 

two reactions for each specimen according to company instructions as following 

tables: 
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Table (2-20): Multiplex Sequence-Specific Primers PCR master mix. 

No. Multiplex SSP-PCR Master Mix Volume 

1 DNA template 5-50 ng 5 µl 

2 HLA-B*07:03 Forward primers (20 pmol) 0.5 µl 

3 HLA-B*07:03 Reverse primers (20 pmol) 0.5 µl 

4 HLA- B*46:01 Forward primers (20 pmol) 0.5 µl 

5 HLA- B*46:01 Reverse primers (20 pmol) 0.5 µl 

6 HLA- DRB1*03:01Forward primers (20 pmol) 0.5 µl 

7 HLA- DRB1*03:01Reverse primers (20 pmol) 0.5 µl 

8 HLA- DRB1 *12:02 Forward primers (20 pmol) 0.5 µl 

9 HLA- DRB1 *12:02 Reverse primers (20 pmol) 0.5 µl 

10 GoTaq® G2 Green Master Mix 12.5 µl 

11 Free Nuclease Water 3.5 µl 

Total Volume 25 µl 

 

 

After that, these SSP-PCR master mix components that mentioned in table 

(2-20) were transferred into Exispin vortex centrifuge at 3000 rpm for 3 minutes. 

Then they were placed in PCR thermocycler (BioRad, USA).  
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2.2.11.4. Sequence-Specific Primers PCR Thermocycler Conditions 

Sequence-Specific Primers PCR (SSP-PCR) Primers thermocycler 

conditions were done as following table: 

Table (2-21): SSP-PCR thermocycler conditions. 

No. SSP-PCR Step Temperature Time Repeat 

1 Initial Denaturation 95 °C 5 min. 1 

2 Denaturation 95 °C 30 Sec. 

35 Cycle 3 Annealing 55 °C 30 Sec. 

4 Extension 72 °C 30 Sec. 

5 Final Extension 72 °C 5 min 1 

6 Hold 4 °C Forever - 

 

 

2.2.11.5. Sequence-Specific Primers PCR Product Analysis  

Sequence-Specific Primers PCR (SSP-PCR) products were analyzed by 

agarose gel electrophoresis following steps: 

1. A 2% Agarose gel was prepared in using 1X TBE and dissolving in water 

bath at 100 °C for 15 minutes, after that, it was left to cool at 50 °C.  

2. Then 3 µl of ethidium bromide stain (10 mg/µl) was added into agarose gel 

solution. 

3. Agarose gel solution was poured in tray after fixed the comb in proper 

position after that, it was left to solidified for 15 minutes at room 

temperature, then the comb was removed gently from the tray. 

4. The gel tray was fixed in electrophoresis chamber and fill by 1X TBE 

buffer. 
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5. A 10 µl SSP-PCR product was added in to each comb well and 3 µl of (100 

bp Ladder) in first well. 

6. The electric current was performed at 85 volt and 80 mA for 1.5 hour. 

7. The SSP-PCR products were visualized by using UV Transilluminator. 

 

 

2.2.12. Allele Specific PCR 

The Allele Specific PCR (AS-PCR) technique was performed for detection 

and genotyping of DPP4 (rs3788979 A/G) gene polymorphism in blood 

specimens of patients with COVID-19 and heathy control. This method was 

carried out according to company instructions as following steps:   

2.2.12.1. Allele Specific PCR Master Mix Preparation 

Allele specific PCR (AS-PCR) master mix was prepared by using GoTaq® 

G2 Green Master Mix kit and this master mix was done including two reactions 

(wild type allele and mutant type allele) for each specimen according to company 

instructions as following table: 

Table (2-22): Wild type allele AS-PCR reaction mix. 

No. AS PCR Master Mix Volume 

1 DNA template 5 µl 

2 Wild type Forward primers (10pmol) 2 µl 

3 Common Reverse Primer (10pmol) 2 µl 

4 G2 Green Master Mix 12.5 µl 

5 PCR Water 3.5 µl 

Total Volume 25 µl 
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Table (2-23): Mutant type allele AS-PCR reaction mix. 

No. AS PCR Master Mix Volume 

1 DNA template 5 µl 

2 Mutant Type Forward Primers (10 pmol) 2 µl 

3 Common Reverse Primer (10 pmol) 2 µl 

4 G2 Green Master Mix 12.5 µl 

5 PCR water 3.5 µl 

Total volume 25 µl 

 

 

After that, these AS-PCR master mix component that mentioned in table 

(2-22) and (2-23) were transferred into Exispin vortex centrifuge at 3000 rpm for 

3 minutes. Then it was placed in PCR Thermocycler (BioRad, USA).  

2.2.12.2. Allele Specific PCR Thermocycler Conditions 

The PCR thermocycler conditions were done for each gene independent as 

following table: 
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Table (2-24): The PCR thermocycler conditions for AS-PCR. 

PCR Step Temperature Time Repeat 

Initial Denaturation 95 °C 5 min. 1 

Denaturation 95 °C 30 sec. 

35 Cycle Annealing 58 °C 30 sec. 

Extension 72°C 30 sec. 

Final extension 72°C 5 min 1 

Hold 4°C Forever - 

 

 

2.2.12.3. Allele Specific PCR Product Analysis 

The Allele Specific PCR (AS-PCR) products were analyzed by agarose gel 

electrophoresis following steps: 

1. A 2% Agarose gel was prepared in using 1X TBE and dissolving in water 

bath at 100 °C for 15 minutes, after that, it was left to cool at 50 °C.  

2. Then 3 µl of ethidium bromide stain (10 mg/µl) was added into agarose gel 

solution. 

3. Agarose gel solution was poured in tray after fixed the comb in proper 

position after that, it was left to solidified for 15 minutes at room 

temperature, then the comb was removed gently from the tray. 

4. The gel tray was fixed in electrophoresis chamber and filled by 1X TBE 

buffer. 

5. A 10 µl AS-PCR product was added in to each comb well and 3 µl of (100 

bp Ladder) in first well. 

6. The electric current was performed at 85 volt and 80 mA for 1.5 hour. 

7. The AS-PCR products were visualized by using UV transilluminator. 
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2.2.13. ELISA Method 

The ELISA method was used in this study for quantitative determination 

of ACE2 and DPP4 levels from in patient and healthy control serum specimens 

and done according to company instruction (BT-LAB, China) as the following 

table: 

Table (2-25): ELISA components. 

 

No Reagent Quantity 

1 Standard Solution 0.5 ml x1 

2 Pre-coated ELISA Plate 12 * 8 well strips x1 

3 Standard Diluent 3 ml x1 

4 Streptavidin-HRP 6 ml x1 

5 Stop Solution 6 ml x1 

6 Substrate Solution A 6 ml x1 

7 Substrate Solution B 6 ml x1 

8 Wash Buffer Concentrate (25x) 20 ml x1 

9 Biotinylated Human Antibody 1 ml x1 
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2.2.13.1. ELISA Procedure 

1. All reagents, standard solutions and specimens were prepared according to 

kit instruction and bring at room temperature before use.  

2. A 50 μl standard serial dilution was added into standard well. Without 

added antibody to standard well because the standard solution contains 

biotinylated antibody. 

3. A 40 μl specimen was added to sample wells and then 10 μl antibody was 

added to sample wells, then 50 μl streptavidin-HRP was added in to sample 

wells and standard wells (not blank control well).  

4. The ELISA was mixed well and covered the plate with a sealer. Then it 

was incubated at 60 minutes at 37 °C. 

5. Sealer was removed and wash plate 5 times with wash buffer. Wells were 

socked with at least 350 µl wash buffer for 30 sec to 1 min for each wash. 

6. A 50 µl substrate solution A was added to each well and then 50 µl 

substrate solution B was added to each well. 

7. The plate was covered with a new sealer and incubated for 10 minutes at 

37 °C in the dark. 

8. A 50 µl Stop Solution was added to each well, then the blue color will 

change into yellow immediately. 

9. The optical density (OD value) was determined using a microplate reader 

set to 450 nm within 10 minutes after adding the stop solution. 

 

 

2.2.13.2. Calculation of ELISA Results: 

The ELISA results were calculated depend on the optical density reading 

for each standard and samples optical density. Then the standard curve was 

plotted by the mean OD value for each standard on the X-axis against the 

concentration on the Y-axis and draw a best fit curve through the points on the 

graph as shown in appendix (7) and (8). 
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2.2.14. Statistical Analysis 

Data were collected, summarized, analyzed and presented using statistical 

package for social sciences (SPSS) version 23 and Microsoft Office Excel 2010. 

Qualitative (categorical) variables were expressed as number and percentage, 

whereas, quantitative (numeric) variables were first evaluated for normality 

distribution using Kolmogorov-Smirnov test, and then accordingly normally 

distributed numeric variables were expressed as mean (an index of central 

tendency) and standard deviation (an index of dispersion), while those numeric 

variables that are not normally distributed were expressed as median (an index of 

central tendency) and inter-quartile range (an index of dispersion).  

The following statistical tests were used: 

1. Chi-square Test was use to evaluate association between any two 

categorical variables provided that less than 20 % of cells have expected 

count of less than 5. However, Yates correction test was used instead if less 

than 20 % of cells had expected count of less than 5 and Fischer exact test 

was chosen in cases of zero observed count.    

2. Independent samples t-test was used to evaluate difference in mean of 

numeric variables between two groups provided that these numeric 

variables were normally distributed; but Mann Whitney U test was chosen 

in case of non-normally distributed variables.  

3. Hardy Weinberg Equilibrium Test was used to evaluate frequency 

distribution of various genotypes.   

4. The risk analysis was based on calculation of Odds ratio and the 

corresponding 95 % confidence interval.  

 

The level of significance was considered at p-value of equal or less than 

0.05.  
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3. Results and Discussion 

3.1. Comparison of Characteristics Between Patients with COVID-

19 and Control Subjects 

3.1.1. The Demographic Characteristics of Patients with COVID-19 and 

Control Group 

The demographic characteristics of patients with COVID-19 and control 

group are shown in table (3-1). The mean age of patients was 43.44 ± 19.35 years 

and the range was between 10 - 80 years. The mean age of control group was 

46.24 ± 19.26 years and the range was between 15 -80 years. There was no 

significant difference in mean age between patients and control group (p = 0.404).   

The frequency distribution of patients with COVID-19 according to age 

group is shown in figure (3-1), which revealed that the disease is most frequently 

seen in the age group from 40 to 49 years (24 %) and is less frequently 

encountered in the age group between 30 to 39 years (4 %).  

With respect to sex, there was no significant difference in the frequency 

distribution of subjects between patients group and control group (p = 0.639). The 

patients group included 60 (60.0 %) males and 40 (40.0 %) females, as shown in 

figure (3-1) making the male to female ratio at 1.5:1.   

With respect to residency, patients with COVID-19 were categorized into 

72 (72.0 %) and 28 (28.0 %) as belonging to urban areas and rural areas, 

respectively. Control group included 36 (72.0 %) subjects from urban areas and 

14 (28.0 %) subjects from rural areas. There was no significant difference 

between patients group and control group in the frequency distribution of 

participants based on residency (p = 1.000). 
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Table (3-1): The demographic characteristics of patients with COVID-19 and 

control group. 

Characteristic 

Patients Group 

n = 100 

Control Group 

n = 50 

p Interpretation 

Age (years) 

Mean ± SD 43.44 ± 19.35 46.24 ± 19.26 

0.404 I Not Significant 

Range 10 -80 15 -80 

Sex 

Male, n (%) 60 (60.0 %) 28 (56.0 %) 

0.639 C Not Significant 

Female, n (%) 40 (40.0 %) 22 (44.0 %) 

Residency Site 

Urban, n (%) 72 (72.0 %) 36 (72.0 %) 

1.000 C Not Significant 

Rural, n (%) 28 (28.0 %) 14 (28.0 %) 

n: number of cases; SD: standard deviation; I: independent samples t-test; C: chi-square test 

 

 

 
Figure (3-1): Histogram showing the frequency distribution of patients with COVID-19 

according to 10 years age interval. 
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In this study, the mean age of patients with COVID-19 was 43.44 ± 19.35 

years and the range was between 10 - 80 years and the most frequent age interval 

enrolled was from 40 to 49 years. The age of COVID-19 patients in a prior study 

conducted in Iraq ranged from one year to 103 years, with a mean of 36 years 

(Merza et al., 2021), which is younger than the age of patients in this study. The 

average age in another Iraqi study conducted in Baghdad was 44.3 ± 17.0 years 

(Abbas et al., 2021), which is comparable to the age found in this study. In current 

study, there was also no significant difference in mean age between patients and 

control group; as a result, any bias in the results can be avoided because results 

influenced by age will be excluded, which is necessary in this type of comparison 

study. 

The patients group included 60 (60.0 %) males and 40 (40.0 %) females, 

making the male to female ratio at 1.5:1 and there was no significant difference 

in sex proportions between patients and control groups. Numerous studies support 

this observation by pointing to higher hospitalization rates for males with 

COVID-19, even after adjusting for age and other comorbidities (Fortunato et al., 

2021 ; Gomez et al., 2021).  

In the Rush University Health System, from 1 March 2020 to 21 June 2020, 

Gomez et al. (2021) conducted a multicenter, retrospective, cohort study to 

examine disparities in hospitalization and ICU admission rates between males 

and females. Males were hospitalized at higher rates than females, according to 

the authors' multivariable logistic model, which controlled for age and a number 

of comorbidities. In the Apulian District of Foggia, Italy, between February and 

June of 2020, Fortunato et al. (2021) conducted a retrospective epidemiological 

investigation of hospitalization rates, variations in viral clearance, and case 

fatality rates in a group of patients diagnosed with COVID-19. Compared to 

women, men had higher hospitalization rates. In Brescia, Italy, Quaresima et al. 

(2021) conducted retrospective study on COVID-19 patients, and the results 



CHAPTER THREE                                                              RESULTS AND DISCUSSION 

79 

corroborated the current study observation that the rate was higher in men than in 

women. Initial reports from China and data from a number of European nations 

showed comparable numbers of confirmed cases involving men and women 

(Chen et al., 2020b; Gebhard et al., 2020). 

Additionally, there hasn't been a noticeable difference in the sex 

distribution compared to COVID-19. The proportions of males and females with 

COVID-19 did not significantly differ in Jin et al's 2020 study, therefore the 

present study findings are somewhat inconsistent with their findings (Jin et al., 

2020). 

With respect to residency, most patients were from urban areas. Indeed, 

this finding is self-explanatory because of the higher population density in urban 

areas in comparison with rural areas in Babylon province. 

3.1.2. Comparison of The Frequency Rate of Chronic Medical Illnesses 

Between Patients and Control Groups 

Comparison of the frequency rate of chronic medical illnesses between 

patients and control groups is shown in table (3-2). Essential hypertension was 

seen only in patients group accosting for 34 % and therefore statistically the 

difference was significant (p < 0.001). 

In addition, diabetes mellitus (DM) was only seen in patients group when 

contrasted to control group, 8 % versus 0 %, respectively; however, the difference 

was statistically not significant (p = 0.052). 
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Table (3-2): Comparison of the frequency rate of chronic medical illnesses 

between patients and control groups. 

Characteristic 

Patients Group 

n = 100 

Control Group 

n = 50 

p Interpretation 

Hypertension 

Positive, n (%) 34 (34.0 %) 0 (0.0 %) 

<0.001 C Significant 

Negative, n (%) 66 (66.0 %) 50 (100.0 %) 

Diabetes Mellitus 

Positive, n (%) 8 (8.0 %) 0 (0.0 %) 

0.052 F Not Significant 

Negative, n (%) 92 (92.0 %) 50 (100.0 %) 

n: number of cases; C: chi-square test; F: Fischer exact test 

 

 

 

In the present study, systemic hypertension and diabetes mellitus were seen 

in patients with COVID-19 and not in control group. While essential hypertension 

showed significant association, diabetes mellitus did not. According to the 

observations, Guan et al. (2020) published data from 1099 patients with 

confirmed COVID-19, of whom hypertension was the primary infection risk 

factor with 15% of patients reporting it. Additionally, 30% of the 140 individuals 

investigated by Zhang et al. (2020a) who have COVID-19 did so. Additionally, 

a meta-analysis of six trials with 1527 patients revealed that 17.1% of infection-

related patients had hypertension (Li et al., 2020). Actually, the reason for this 

apparent association remains unclear. Many causes have been put forth, including 

pre-existing hypertensive cardiac end-organ damage, interactions between 
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COVID-19 and frequently prescribed antihypertensive drugs, and simply because 

older people tend to have high blood pressure more often (Kulkarni et al., 2020). 

With respect to association between diabetes mellitus (DM) and COVID-

19, in COVID-19 patients in China, a meta-analysis found 9.7% prevalence of 

DM (Li et al., 2020), which it is comparable to the DM prevalence in China. 

Patients with COVID-19, both those with and without diabetes, have a rise 

in hyperglycemic symptoms and consequences. In particular, new-onset diabetes 

has been seen after COVID-19 infection (Rubino et al., 2020), including acute 

hyperglycemia in COVID-19 patients who did not already have diabetes, diabetic 

ketoacidosis in COVID-19 patients who did (Chee et al., 2020; Fadini et al., 

2020), and new-onset diabetes in COVID-19 patients. It is currently unknown if 

newly developed SARS-CoV-2-induced diabetes results from recognized 

pathways in T1DM or T2DM or instead reflects an unusual kind of diabetes due 

to the COVID-19 pandemic's changing nature. Furthermore, it is yet unknown 

whether COVID-19 individuals are still more likely to experience newly 

appearing diabetes or other related issues after the virus has been cleared and 

recovered (Metwally et al., 2021). 

3.1.3. Comparison of The Frequency Rate of Vaccination Between Patients 

and Control Groups 

Comparison of the frequency rate of vaccination between patients and 

control groups is shown in table (3-3). The rate of vaccination in the patients 

group was 4 %, whereas, the control group included 52 % rate of vaccination thus 

the difference was statistically significant (p < 0.001). Single dose of vaccine was 

reported in 2 % versus 4 %, in patients group and control group, respectively. 

Two doses of vaccine were reported in 2 % versus 44 %, in patients group and 

control group, respectively. Three doses of vaccine were reported in 4 % of 

control group only. 
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Table (3-3): Comparison of the frequency rate of vaccination between patients 

and control groups. 

Characteristic 

Patients Group 

n = 100 

Control Group 

n = 50 

p Interpretation 

Vaccination Status 

Negative, n (%) 96 (96.0 %) 24 (48.0 %) 

< 0.001 C Significant 

Positive, n (%) 4 (4.0 %) 26 (52.0 %) 

Single dose, n (%) 2 (2.0 %) 2 (4.0 %) 

- Two doses, n (%) 2 (2.0 %) 22 (44.0 %) 

Three doses, n (%) 0 (0.0 %) 2 (4.0 %) 

n: number of cases; C: chi-square test. 

 

In this study, the rate of vaccination in the patients group was 4 %, whereas, 

the control group included 52 % rate of vaccination thus the difference was 

statistically significant. This is a clue to the benefit of vaccination in reducing the 

rate of infection with coronavirus.  

Recent systematic reviews and meta-analyses of vaccine effectiveness 

have been published (Harder et al., 2021; Kow and Hasan, 2021); these studies 

show that full immunization against SARS-CoV-2 infection has an average 

effectiveness of 85 % - 95 % within a few months of vaccination (Kow and Hasan, 

2021). But many of the investigations in these reviews were done before the 

problematic variations appeared. While the Alpha form was predominant, studies 
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in Israel, Europe, and the United Kingdom showed that two doses of the Pfizer-

BioNTech COVID-19 vaccine had a high real-world efficiency (> 85 %). (Hall 

et al., 2021; Lopez Bernal et al., 2021; Regev-Yochay et al., 2021; Sheikh et al., 

2021). 

Studies from Qatar have shown that Pfizer-BioNTech and Moderna 

vaccines were 96 % - 100 % effective against severe, critical, or fatal disease, 

regardless of strain, against documented infection with Alpha and Beta 14 days 

after receiving the Pfizer-BioNTech vaccine (90% and 75%, respectively), and 

the Moderna vaccine (100% and 96%, respectively (Chemaitelly et al., 2021; 

Abu-Raddad et al., 2021). 

Three trials from Canada showed in the first of them that mRNA vaccines 

were 79% effective against confirmed infection when Alpha and Gamma 

represented the majority of infections, while the other two showed that they were 

84% and 88% effective against symptomatic infection brought on by Gamma / 

Beta (Chung et al., 2021; Nasreen et al., 2021; Yassi et al., 2021). 

3.1.4. Comparison of miRNA Expression Level Between Patients and 

Control Groups 

Comparison of miRNA expression level between patients and control 

groups is shown in table (3-4). The level of miR-423 was significantly higher in 

patients with COVID-19 in comparison with control group, 1.81 (6.12) versus 

0.45 (1.89), respectively (p < 0.001), as shown in figure (3-2). In addition, the 

level of miR-195 was significantly higher in patients with COVID-19 in 

comparison with control group, 10.74 (17.68) versus 6.95 (10.02), respectively 

(p = 0.005), as shown in figure (3-3). However, the level of miR-23a was 

significantly lower in patients with COVID-19 in comparison with control group, 

8.33 (14.71) versus 19.13 (23.69), respectively (p < 0.001), as shown in           

figure (3-4). 
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Table (3-4): Comparison of miRNA expression level between patients and 

control groups. 

Characteristic 
Patients Group 

n = 100 

Control Group 

n = 50 
p Interpretation 

miR-423 

Median (IQR) 1.81 (6.12) 0.45 (1.89) 
<0.001 M Significant 

Range 0.02 -28.32 0.03 -13.73 

miR-195 

Median (IQR) 10.74 (17.68) 6.95 (10.02) 
0.005 M Significant 

Range 1.18 -177 1.05 -29.86 

miR-23a 

Median (IQR) 8.33 (14.71) 19.13 (23.69) 
< 0.001 M Significant 

Range 0.39 -142.67 3.48 -90.56 
n: number of cases; IQR: inter-quartile range; M: Mann Whitney U test. 

 

 

 
Figure (3-2): Box plot showing comparison of miR-423 expression level between patients 

group and control group. 
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Figure (3-3): Box plot showing comparison of miR-195 expression level between patients 

group and control group. 

 

 

 

 

 

 
Figure (3-4): Box plot showing comparison of miR-23a expression level between patients 

group and control group. 



CHAPTER THREE                                                              RESULTS AND DISCUSSION 

86 

Understanding the host response to SARS-CoV-2 infection can help with 

patient care and understanding viral pathogenesis. But it's still unclear how the 

SARS-CoV-2 infection affects the host-encoded microRNA (miRNA) response 

(Farr et al., 2021). In the current study, the levels of miR-423 and miR-195 were 

significantly higher in patients with COVID-19 in comparison with control 

group; however, the level of miR-23a was significantly lower in patients with 

COVID-19 in comparison with control group. According to the study of Farr et 

al., (2021), the levels of 55 miRs were studied in 10 patients with COVID-19 and 

compared to 10 age and sex matched control group; they observed that miR-423 

and miR-195 were significantly higher and that miR-23a was significantly lower 

in patients in comparison with control. 

It should be emphasized that significant changes in the levels of individual 

miRs is not specific because it has been reported that increased expression of 

circulating miR-423-5p is observed during heart failure (Tijsen et al., 2010) and 

pulmonary tuberculosis (Tu et al., 2019). Increases in the amount of miR-195-5p 

in the blood have been linked to osteosarcoma, autism, and gestational diabetes 

mellitus (Mundalil et al., 2014 ; Lian et al., 2015 ; Wang et al., 2020d). A four-

miRNA signature that may accurately detect HIV-1 infection includes miR-195-

5p, which is interestingly found to have enhanced plasma expression during    

HIV-1 infection (Biswas et al., 2019). 

However, in present study, the measurement of the levels of three miRs 

simultaneously may provide strong prognostic evidence to the state of SARS-

CoV-2 infection and become an auxiliary prognosis tool with relatively high 

accuracy rate in patients with clinically suspected manifestations.   

Viral RNA is the target of the current COVID-19 molecular assays for 

detection. Unfortunately, a somewhat high viral load for SARS-CoV-2 is 

necessary for even the most sophisticated contemporary molecular diagnostic 

methods (such as PCR or LAMP amplifying viral RNA) to reliably detect 
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infection (Kucirka et al., 2020). Since the viral load is still low during the early 

presymptomatic phase of the disease (incubation period), their sensitivity is weak. 

It is challenging to diagnose infections in many cases that are presymptomatic 

and in some cases that are asymptomatic because the overall sensitivity of current 

PCR testing has been reported to be as low as 30-70% (Ai et al., 2020 ; Kanne et 

al., 2020). 

The significance of miRNAs in COVID-19 pathogenesis is little 

understood, despite the fact that host responses to infection are known to be 

crucial in the diverse outcomes of SARS-CoV-2 infection. Therefore, future 

histopathological studies in conjunction with serum evaluation of miRs levels 

may help revealing such pathogenic role. 

3.1.5. Comparison of Serum DPP4 and ACE2 Levels Between Patients and 

Control Groups 

Comparison of serum DPP4 and ACE2 levels between patients and control 

groups is shown in table (3-5). The level of DPP4 was significantly lower in 

patients with COVID-19 in comparison with control group, 161.09 (96.35) versus 

235.88 (107.15), respectively (p < 0.001), as shown in         figure (3-5). 

Moreover, the level of ACE2 was significantly higher in patients with 

COVID-19 in comparison with control group, 11.97 (2.59) versus 6.28 (1.47), 

respectively (p < 0.001), as shown in figure (3-6). 

 

 

 

 

 



CHAPTER THREE                                                              RESULTS AND DISCUSSION 

88 

Table (3-5): Comparison of serum DPP4 and ACE2 levels between patients and 

control groups. 

Characteristic 

Patients group 

n = 100 

Control group 

n = 50 

p Interpretation 

DPP4 

Median (IQR) 161.09 (96.35) 235.88 (107.15) 

<0.001 M Significant 

Range 82.08 -643.32 99.74 -455.9 

ACE2 

Median (IQR) 11.97 (2.59) 6.28 (1.47) 

<0.001 M Significant 

Range 5.92 -23.96 4.89 -20.79 

n: number of cases; IQR: inter-quartile range; M: Mann Whitney U test. 

 

 

 
Figure (3-5): Box plot showing comparison of DPP4 level between patients group and control 

group. 
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Figure (3-6): Box plot showing comparison of ACE2 level between patients group and control 

group. 

 

 

In current study, the level of DPP4 was significantly lower and ACE2 was 

significantly higher in patients with COVID-19 in comparison with control group. 

In the study of Schlicht et al., (2020), serum level of DPP4 was significantly 

lower in cases with COVID-19 in comparison with healthy controls. Similarly, 

Posadas-Sánchez et al., (2021) reported that the level of serum DDP4 was 

significantly lower in patients with COVID-19 in comparison with control group.  

According to reports, the corona-like receptor for viruses like MERS is the 

DPP4 protein (Wang et al., 2013). Recently, it was shown through bioinformatics 

research that the SARS-CoV-2 spike protein interacts with DPP4 (Vankadari and 

Wilce, 2020), indicating a potential involvement of this protein in the infection 

and severity of the illness. Schlicht et al. (2020) revealed low levels of DPP4 in 

a small number of COVID-19 patients relative to healthy controls; this result has 

previously been reported in MERS-CoV infected subjects (Inn et al., 2018). 

According to Widagdo et al., (2016), DPP4 is a widely distributed serine 
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peptidase that is expressed in endothelium, bronchiolar, alveolar, and blood cells 

(especially lymphocytes) (Gorrell et al., 1991). The two forms of this protein are 

one attached to the cell membrane and the other dispersed in the plasma. DPP4 

may have a number of roles in the SARS infection, one of which may be 

facilitating the virus' entrance into the host cell. 

Given that it is produced by adipose tissue as a proinflammatory adipokine 

with a significant impact on T cell activation, cell adhesion, and death, another 

role could be the systemic impact that it may have (Boonacker and Van Noorden, 

2003). Given that T2DM and obesity are two key risk factors for a severe course 

of a COVID-19 condition, its connection to the inflammatory process and insulin 

resistance is pertinent (Mesas et al., 2020). Recently, Solerte et al. (2020)  

demonstrated the benefit of the DPP4 inhibitor Sitagliptin in COVID-19 due to 

the up-regulation of DPP4 expression and release that occurs as a result of this 

type of DPP4 inhibitor (Solerte et al., 2020). 

3.1.6. Genetic Results Contrasted Between Patients and Control Groups 

3.1.6.1. DPP4 Gene Polymorphism in Patients Group and Control Group 

Hardy Weinberg equilibrium in all enrolled subjects, patients group and 

control group is shown in table (3-6). The frequency distribution of all subjects 

according to DPP4 (rs3788979 A/G) genotypes was as following: 74, 66 and 10 

as AA, AG and GG genotypes. The frequency distribution of patients according 

to DPP4 (rs3788979 A/G) genotypes was as following: 48, 52 and 0 as AA, AG 

and GG genotypes. The frequency distribution of control subjects according to 

DPP4 (rs3788979 A/G) genotypes was as following: 26, 14 and 10 as AA, AG 

and GG genotypes. 

Comparison with expected counts as calculated by Hardy Weinberg 

equilibrium revealed no significant difference in cases of all enrolled subjects (p 

= 0.353), but both control group and patients group showed significant variation 

(p = 0.008 and < 0.001, respectively).  
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Table (3-6): Hardy Weinberg equilibrium in all enrolled subjects. 

DPP4 

(rs3788979 A/G) 

Gene 

Polymorphism 

All Cases Control Group Patients Group 

Observe

d 

Count 

Expecte

d 

Count 

Observe

d 

Count 

Expecte

d 

Count 

Observe

d 

Count 

Expecte

d 

Count 

AA 74 76.3 26 21.8 48 54.8 

AG 66 61.4 14 22.4 52 38.4 

GG 10 12.3 10 5.8 0 6.8 

χ2 0.863 7.073 12.345 

p 0.353 0.008 < 0.001 

Interpretation Not Significant Significant Significant 

χ2
: chi square value.  

 

Comparison of DPP4 (rs3788979 A/G) genotypes between patients group 

and control group is shown in table (3-7). The rate of genotype AA was 48 % in 

patients group and 52 % in control group. The rate of genotype AG was 52 % in 

patients group and 28 % in control group. The rate of genotype GG was 0 % in 

patients group and 20 % in control group. Thus, Genotype AA was approximately 

the same in both groups, whereas, genotype AG was more frequent and genotype 

GG was less frequent in patients group in comparison with control group and 

overall, the difference was statistically significant (p < 0.001). 

Comparison of risk association of DPP4 (rs3788979 A/G) genotypes with 

COVID-19 is shown in table (3-7). Genotype AA was considered as reference 

because it was the most frequently encountered genotype in all cases as well as 

in control group. Genotype AG was most frequently seen in patients group in 

comparison with control group, 52 % versus 28 %, respectively and the difference 

was significant; the odds ratio was 2.79, thus this genotype can be considered as 
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a risk factor. Genotype GG was less frequently seen in patients group in 

comparison with control group, 0 % versus 20 %, respectively and the difference 

was significant; the odds ratio was 0.03, thus this genotype can be considered as 

a protective factor.    

Allelic analysis is also shown in table (3-7). Allele A was more frequent in 

patients group in comparison with control group, 74 % versus 66 %, respectively 

and allele G was less frequent in patients group in comparison with control group, 

26 % versus 34 %, respectively, but the difference was statistically not significant 

(p = 0.149) and therefore, none of the alleles can be considered as a risk factor 

for the disease and this was confirmed further when odds ratio was calculated 

which in both alleles ranged between less than 1 and more than 1 a condition in 

which a factor statistically cannot be considered as a risk factor. 

These results pointed to the fact that in most enrolled subjects genotype 

AA was the most frequent, whereas, genotype GG was the least frequent with 

respect to DPP4 (rs3788979 A/G). 

The significant deviation from Hardy Weinberg equilibrium by patients 

may indicate a possible role for DPP4 (rs3788979 A/G) in susceptibility to 

COVID-19. Genotype AG was considered as a risk factor with an odds ratio of 

2.79. Genotype GG was a protective factor with an odds ratio of 0.03. Alleles A 

and G showed no significant association with the disease susceptibility.  
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Table (3-7): Comparison of risk association of DPP4 (rs3788979 A/G) 

genotypes with COVID-19. 

Genotypes 

Patients Group 

n = 100 

Control Group 

n = 50 

p OR 95 % CI 

DPP4 (rs3788979 A/G) Gene Polymorphism 

AA, n (%) 48 (48.0 %) 26 (52.0 %) 

< 0.001 C *** 

Reference 

AG, n (%) 52 (52.0 %) 14 (28.0 %) 2.79 1.34 -5.79 

GG, n (%) 0 (0.0 %) 10 (20.0 %) 0.03 A - 

Alleles 

Patients Group 

n = 200 

Control Group 

n = 100 

p OR 95 % CI 

A, n (%) 148 (74 %) 66 (66 %) 0.149 C 

NS 

1.47 0.87 -2.47 

G, n (%) 52 (26 %) 34 (34 %) 0.68 0.41 -1.15 

n: number of cases; C: chi-square; OR: odds ratio; CI: confidence interval; ***: significant at p ≤ 0.001; NS: not 

significant; A: approximate odds ratio. 

 

 

Posadas-Sánchez et al., in 2021 performed a study on the association 

between COVID-19 and DPP4 gene polymorphism and their study enrolled 107 

patients with COVID-19 and 263 matched-healthy controls and they found that 

The DPP4 rs3788979 polymorphism associated with a high risk of COVID-19 

disease and, the TT genotype carriers had the lowest DPP4 levels. Therefore, the 

current study agrees with the finding of Posadas-Sánchez et al., (2021) with 

respect to susceptibility of disease with gene polymorphism of DPP4. 
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3.1.6.2. HLA Genotypes in Patients Group and Control Group 

Comparison of HLA genotypes between patients and control groups is 

shown in table (3-8). The rate of expression of HLA-B*07:03 was significantly 

more frequent in patients group in comparison with control group, 36 % versus 

16 %, respectively (p = 0.011). There was no significant difference in rate of 

expression of HLA-B*46:01 between patients and control groups (p = 0.086). 

There was also no significant difference in the rate of expression of HLA-

DRB1*03:01 between patients group and control group (p = 0.602). The rate of 

expression of DRB1*12:02 was significantly more frequent in patients group in 

comparison with control group, 88 % versus 64 %, respectively (p = 0.001). 

Table (3-8): Comparison of HLA genotypes between patients and control groups. 

Characteristic 
Patients Group 

n = 100 

Control Group 

n = 50 
p Interpretation 

HLA-B*07:03 

Negative 64 (64.0 %) 42 (84.0 %) 
0.011 C Significant 

Positive 36 (36.0 %) 8 (16.0 %) 

HLA-B*46:01 

Negative 62 (62.0 %) 38 (76.0 %) 
0.086 C Not Significant 

Positive 38 (38.0 %) 12 (24.0 %) 

HLA-DRB1*03:01 

Negative 72 (72.0 %) 38 (76.0 %) 
0.602 C Not Significant 

Positive 28 (28.0 %) 12 (24.0 %) 

HLA-DRB1*12:02 

Negative 12 (12.0 %) 18 (36.0 %) 
0.001 C Significant 

Positive 88 (88.0 %) 32 (64.0 %) 
n: number of cases; C: chi-square test. 
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In this study, human leukocyte antigen distribution study revealed that 

HLA-B*07:03 and DRB1*12:02 were significantly associated with COVID-19 

and can be considered as risk factors. HLA-B*46:01 and HLA-DRB1*03:01 were 

not significantly associated with the disease.  

Previous studies have linked the susceptibility of SARS-CoV to HLA-

B*07:03 but not to the severity of disease (Lin et al., 2003; Ng et al., 2004). 

Recently, studies have found that HLA-B*07:03 is associated with susceptibility 

and severity of disease (Iturrieta-Zuazo et al., 2020 ; Pisanti et al., 2020 ; 

Tavasolian et al., 2021), thus this study agrees with them. In line with the current 

observation, several recent reports, concluded that HLA-B*46:01 is associated 

with susceptibility of COVID-19 (Too et al., 2019 ; Iturrieta-Zuazo et al., 2020 ; 

Pisanti et al., 2020;; Tavasolian et al., 2021). Previous reports have linked the 

severity and susceptibility of the disease to HLA-DRB1*03:01 and DRB1*12:02 

(Pisanti et al., 2020; Littera et al., 2021; Tavasolian et al., 2021). So, there is 

much controversy about the association between severity and susceptibility of 

COVID-19 and the HLA- genes and much research work may be needed to 

validate the claims of contradictory reports. 

Human leukocyte antigen (HLA) plays an important role in immune 

responses to infections, especially in the development of acquired immunity. 

Given the high degree of polymorphisms that HLA molecules present, some will 

be more or less effective in controlling SARS-CoV-2 infection (Gutiérrez-

Bautista et al., 2022). 

Of special interest are the human leukocyte antigens (HLA), which are 

highly polymorphic proteins that play a crucial role in the function of adaptive 

immunity. HLA presents pathogen-derived peptides on the surface of the infected 

cell, which are then recognized by specific T lymphocytes, inducing an immune 

response against the pathogen (Shiina et al., 2009; Dendrou et al., 2018; Olwenyi 

et al., 2020).  
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The high level of polymorphism found in both HLA class I (HLA-A, -B 

and -C) and class II (HLA-DP, -DQ, -DR) molecules increases the variety of 

peptides that can be presented and recognized by the immune system. This is due 

to variations in their physical/chemical properties that increases or decreases their 

ability to bind and present certain peptides. Because of this, an allele can be a 

good or poor presenter of peptides derived from a pathogen. There is evidence of 

HLA alleles that can play a protective or susceptible role in infections (Blackwell 

et al., 2009; Dutta et al., 2018).   

It has been suggested that the differences observed in the number of cases 

and severity of COVID-19 between different regions of the world, may in part be 

due to a skewed distribution of HLA alleles involved in protective immunity 

against SARS-CoV-2 (Debnath et al., 2020 ; Ishii, 2020). 

Gutiérrez-Bautista et al., 2022 performed a study on the association 

between HLA gene polymorphism and SARS-CoV-2 and found that HLA-

A∗25:01 and DRB1∗11:01 alleles were more common in control group; whereas, 

HLA-A66:01, HLA-B55:01, HLA-DRB114:04 and HLA-DQB105:03 were more 

common in COVID-19 group, but the corrected p-value was not significant. 

Indeed, these HLA-alleles were not considered in current study.  

However, numerous studies have reported alleles of protection or 

susceptibility to COVID-19. A study conducted with 82 Chinese patients found 

that the HLA-C∗07:29 and HLA-B∗15:27 alleles were more frequently detected 

in the COVID-19 group than in the control population (Wang et al., 2020e). 

Novelli et al., (2020), found that the HLA-B∗27:07, DQB1∗06:02 and 

DRB1∗15:01 alleles were significantly increased in a group of 99 COVID-19 

Italian patients compared to the control group. In addition, the alleles HLA-B∗44 

and C∗01 were positively and individually associated with COVID-19 in the 

Italian population (Correale et al., 2020). 
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The HLA-A∗02:01 allele has a possible positive association with the risk 

of COVID-19 (Tomita et al., 2020). Another study, with 190 Chinese patients, 

found a positive correlation between the HLA-B22 serotype and COVID-19 

susceptibility (Yung et al., 2021). 

3.2. Comparison of Patients’ Characteristics According to Severity 

of Disease 

3.2.1. Comparison of Demographic Characteristics of Patients with COVID-

19 According to Severity of Disease  

Comparison of demographic characteristics of patients with COVID-19 

according to severity of disease is shown in table (3-9). Severe disease 

characterized by significantly higher mean age in comparison with mild cases, 

55.84 ± 12.42 years versus 31.04 ± 16.98 years, respectively (p < 0.001). Males 

were more frequently seen in, 72 % versus 48 %, respectively (p = 0.014).  There 

was no significant difference in the frequency distribution of participants 

according residence between severe cases and mild cases (p = 1.000).  

In current study, severe disease characterized by significantly higher mean 

age and male sex in comparison with mild cases, but not related to residence. 

Previous studies have shown an association between aging and severity of disease 

since ageing is linked with increasing decline and dysregulation in immune 

functions (Hamza et al., 2022). Age stands as one of the risk factors of diseases, 

plays an essential role in severity and mortality of infectious diseases (Du et al., 

2020 ; Zhou et al., 2020b).  Previous studies had identified that age ≥ 65 years is 

one of the risk factors that predicting mortality of COVID-19 patients (Du et al., 

2020). Recent studies emphasized that women are more likely to be infected by 

COVID-19; however, severe and fatal outcomes are more commonly seen among 

male patients (Qian et al., 2020). It is reported that the male predominance 

phenomena of COVID-19 might be due to the androgen-driven pathogen of 

SARS-CoV-2 (Brenner et al., 2020). 
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Table (3-9): Demographic characteristics of patients with COVID-19 according 

to severity of disease. 

Characteristic 
Mild 

n = 50 

Severe 

n = 50 
p Interpretation 

Age (years) 

Mean ± SD 31.04 ± 16.98 55.84 ± 12.42 

< 0.001 Significant 

Range 10 -70 34 -80 

Sex 

Male 24 (48.0 %) 36 (72.0 %) 

0.014 C Significant 

Female 26 (52.0 %) 14 (28.0 %) 

Residency 

Urban 36 (72.0 %) 36 (72.0 %) 

1.000 C Not Significant 

Rural 14 (28.0 %) 14 (28.0 %) 

n: number of cases; SD: standard deviation; I: independent samples t-test; C: chi-square test. 

 

 

3.2.2. Comparison of Rate of Hypertension and Rate of Diabetes Mellitus 

According to Severity of Disease 

Comparison of rate of hypertension and rate of diabetes mellitus according 

to severity of disease is shown in table (3-10).  Rate of hypertension was 

significantly higher in severe group in comparison with mild group, 52 % versus 

16 %, respectively (p < 0.001); however, there was no significant difference in 

rate of diabetes mellitus between both groups (p = 1.000). 
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Table (3-10): Comparison of rate of hypertension and rate of diabetes mellitus 

according to severity of disease. 

Characteristic 
Mild 

n = 50 

Severe 

n = 50 
p Interpretation 

Hypertension 

Negative 42 (84.0 %) 24 (48.0 %) 

< 0.001 C Significant 

Positive 8 (16.0 %) 26 (52.0 %) 

Diabetes Mellitus 

Negative 46 (92.0 %) 46 (92.0 %) 

1.000 Y Not Significant 

Positive 4 (8.0 %) 4 (8.0 %) 

n: number of cases; C: chi-square test; Y: Yates correction test. 

 

 

In this study, essential hypertension, but not diabetes mellitus, was 

significantly associated with COVID-19; however, high RBS and HbA1c% were 

significantly associated with severe cases. Hypertension has been identified as 

the most prevalent cardiovascular comorbidity in patients infected with COVID-

19 that demonstrably increases the risk of hospitalization and death. Initial studies 

implied that renin–angiotensin–aldosterone system inhibitors might increase the 

risk of viral infection and aggravate disease severity, thereby causing panic given 

the high global prevalence of hypertension (Peng et al., 2021). 

Diabetes mellitus is associated with an increased risk and severity of 

COVID-19. While interacting with various other risk factors, high blood sugar 

was found to reduce immunity and increase the replication of SARS-CoV-2. 

Oxidative stress and the release of proinflammatory cytokines are greater in 

diabetic individuals than in healthy people, worsening the outcome of SARS-

CoV-2 infection in diabetics (Sen et al., 2021). 
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3.2.3. Comparison of Disease Characteristics According to Severity of 

COVID-19 Infection 

Comparison of disease characteristics according to severity of COVID-19 

infection is shown in table (3-11). There was no significant difference in all other 

characteristics (p > 0.05). 

Table (3-11): Comparison of disease characteristics according to the severity of 

infection. 

Characteristic 
Mild 

n = 50 

Severe 

n = 50 
p Interpretation 

Recurrent Infection 

0 24 (48.0 %) 28 (56.0 %) 

0.687 C Not significant 1 6 (12.0 %) 6 (12.0 %) 

2 20 (40.0 %) 16 (32.0 %) 

Vaccination Status 

0 48 (96.0 %) 48 (96.0 %) 

1.000 Y Not significant 1 2 (4.0 %) 0 (0.0 %) 

2 0 (0.0 %) 2 (4.0 %) 

Antibiotic Treatment 

No 24 (48.0 %) 24 (48.0 %) 

1.000 C Not significant 

Yes 26 (52.0 %) 26 (52.0 %) 

Anti-viral Treatment 

No 44 (88.0 %) 48 (96.0 %) 

0.269 Y Not significant 

Yes 6 (12.0 %) 2 (4.0 %) 

n: number of cases; C: chi-square test; Y: Yates correction test; I: independent samples t-test. 
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3.2.4. Comparison of Biochemical, Serological and Hematological 

Characteristics of Patients with COVID-19 According to Severity of Disease 

Comparison of biochemical, serological, and hematological characteristics 

of patients with COVID-19 according to severity of disease is shown in table (3-

12).  Mean random blood sugar was significantly higher in severe group 

compared to mild group (p = 0.014). Mean HbA1c % was significantly higher in 

severe group compared to mild group (p = 0.020). There was no significant 

difference in the level of serum ferritin between severe group and mild group (p 

= 0.793).  The D-dimer level was significantly higher in severe group compared 

to mild group (p < 0.001). There was no significant difference in the level of Hb 

between severe group and mild group (p = 0.594). The WBC count was 

significantly higher in severe group compared to mild group (p = 0.008). The 

lymphocyte % was significantly lower in severe group compared to mild group 

(p = 0.001). The C-reactive protein (CRP) was significantly higher in severe 

group compared to mild group (p < 0.001). 

This study has an observation that serum ferritin was not associated but 

high d-dimer was predictive of severe disease. Therefore, and based on this study 

observation it can be suggested that serum ferritin can aid in the diagnosis, 

whereas, d-dimer level can be used as a marker of prognosis to predict severity 

of disease and tailor treatment measures accordingly. Yu et al. (2020), performed 

a meta-analysis study on 1561 patients with COVID-19 (severe cases = 365 and 

mild cases = 1196) and found that d-dimer level was higher in patients with severe 

disease in comparison with patients with mild disease and this finding is 

supportive to the finding.  
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Table (3-12): Comparison of biochemical, serological and hematological 

characteristics of patients with COVID-19 according to severity of disease. 

Characteristic 
Mild 

n = 50 

Severe 

n = 50 
p Interpretation 

RBS (mg/dL) 

Mean ± SD 130.12 ± 54.67 166.08 ± 85.99 
0.014 I Significant 

Range 95 -360 95 - 410 

HbA1c (%) 

Mean ± SD 5.95 ± 0.86 6.35 ± 0.82 
0.020 I Significant 

Range 5.3 -8.7 4.5 - 9.6 

Serum Ferritin (ng/ml) 

Median (IQR) 420.00 (464.50) 540.00 (696.00) 
0.793 M Not Significant 

Range 40.08 -1000 95 -1000 

D-Dimer (ng/ml) 

Median (IQR) 840 (1280) 3000 (8360) 
< 0.001 M Significant 

Range 170 -16000 260 -16000 

Hb (g/dL) 

Mean ± SD 11.96 ± 2.39 11.70 ± 2.46 
0.594 I Not Significant 

Range 7.4 -17.8 5.9 -16.7 

WBCs (/L) 

Median (IQR) 8800.00 (4025.00) 11500.00 (8350.00) 
0.008 M Significant 

Range 4000.00 -26500.00 4200.00 -23600.00 

Lymphocytes (/L) 

Median (IQR) 8.60 (8.55) 4.60 (6.92) 
0.001 M Significant 

Range 1.6 -23 1.1 -17.3 

CRP 

Positive 10 (20.0 %) 50 (100.0 %) 
< 0.001 Y Significant 

Negative 40 (80.0 %) 0 (52.0 %) 

n: number of cases; M: Mann Whitney U test; I: independent samples t-test. 
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Elevated D-dimer may be related to COVID-19 illness development, 

according to recent study reporting the laboratory abnormalities in individuals 

with confirmed COVID-19. Patients with COVID-19 admitted to the ICU were 

found to have considerably higher levels of D-dimer (Huang et al., 2020). Patients 

with severe COVID-19, who were frequently bedridden and displayed impaired 

coagulation function, should receive special clinical attention due to their risk of 

venous thromboembolism (Chen et al., 2020c). In situations where the D-dimer 

level considerably increased as the disease progressed, rapid decline was shown. 

When patients exhibit clinical symptoms such a sharp drop in blood pressure, a 

quick deterioration in oxygenation, or respiratory distress, pulmonary embolism 

following deep vein thrombosis separation should be taken into consideration and 

detected right away (Yu et al., 2020).    

In the present study, high WBC and low lymphocyte count were 

significantly associated with severe disease. According to a previous report by 

Palladino (2021), it was reported that high WBC count and low lymphocyte count 

is associated with severe disease and this study is in agreement with Palladino 

(2021) with this regard.  

The most prevalent hematological abnormality in COVID-19 infected 

patients is lymphopenia, which can occur in up to 85% of severe cases and is 

correlated with prognosis (Qin et al., 2020). Most published series report the 

occurrence of lymphopenia, which is characterized by an absolute lymphocyte 

count of less than 1.0 x 109 /L and is typically thought to be an inadequate 

immune response to viral infection (van Wolfswinkel et al., 2013).  

It is well known that the number of total lymphocytes and the subsets 

change depending on the virus type, suggesting a possible connection between 

the changing of the lymphocyte subset and viral pathogenic mechanisms (Li et 
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al., 2004). Lymphopenia may be brought on directly by immunological damage 

from inflammatory mediators or indirectly by virus attachment (Palladino, 2021). 

In the present study, anemia was not significant predictor of the severity of 

disease. Actually, conflicting results about the association between low 

hemoglobin and outcome and severity of COVID-19, but in general low 

hemoglobin may be associated with severity of disease and further large specimen 

studies may require to reach a final consensus about this point (Palladino, 2021). 

In this study, recurrent infection, vaccination status, and type of treatment 

were not associated with severity of disease, but CRP was associated with severe 

cases. Some COVID-19 patients have contracted the virus again as a result of the 

ongoing pandemic. According to viral gene sequencing, some of these individuals 

relapsed with distinct strains while others relapsed with the same variants. This 

has sparked doubts regarding the efficacy of post-infection immunity and the 

validity of vaccines (Ren et al., 2022).  

In line with observation, a meta-analysis was carried out by Ikeagwulonu 

et al., (2021) and the results pointed out to the fact that high CRP is associated 

with severe disease. One retrospective single-center investigation in China 

showed the clinical significance of CRP for COVID-19. According to the study, 

most individuals with severe stages had significantly higher CRP levels than the 

non-severe cohort (Luo et al., 2020). The CRP is a sign of widespread 

inflammation. Therefore, the level of CRP may be used to predict the recovery or 

negative prognosis of severe patients as well as the progression of weakly 

infected individuals (Stringer et al., 2021). 
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3.2.5. Comparison of miRNA Expression of Patients with COVID-19 

According to Severity of Disease 

Comparison of miRNA expression of patients with COVID-19 according 

to severity of disease is shown in table (3-13). There was no significant difference 

in the levels of miR-423, miR-195 and miR-23a between mild group and severe 

group (p > 0.05). 

Table (3-13): Comparison of miRNA expression of patients with COVID-19 

according to severity of disease. 

Characteristic 
Mild 

n = 50 

Severe 

n = 50 
p Interpretation 

miR-423 

Median (IQR) 1.99 (5.98) 1.31 (6.25) 

0.689 M Not Significant 

Range 0.02 -13.62 0.11 -28.32 

miR-195 

Median (IQR) 10.30 (13.77) 11.17 (25.59) 

0.923 M Not Significant 

Range 2.01 -135.16 1.18 -177 

miR-23a 

Median (IQR) 8.50 (11.14) 7.95 (16.60) 

0.348 M Not Significant 

Range 0.39 -142.67 0.91 -104.4 

n: number of cases; M: Mann Whitney U test. 

 

In present study, there was no significant difference in the levels of miR-

423, miR-195 and miR-23a between mild group and severe group. Far et al in 

2021 evaluated serum levels of 55 miRs in 10 patients with COVID-19 and 10 

healthy controls and found some of them to be associated with severity, but, levels 

of miR-423, miR-195 and miR-23a were not significantly associated with 

severity of disease and this study agrees with current study with this regard. 
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The significant difference in serum levels of these miRs when contrasted 

between controls and patients and lack of correlation of them with clinical 

severity suggested their important diagnostic role and limited prognostic value, 

thus this study recommends these markers to be used for early detection of disease 

but do not recommend them to assess disease severity and clinically established 

diagnosis. 

3.2.6. Comparison of Serum DPP4 and ACE2 Levels of Patients with 

COVID-19 According to Severity of Disease 

Comparison of serum DPP4 and ACE2 levels of patients with COVID-19 

according to severity of disease is shown in table (3-14). The level of DPP4 was 

significantly higher in mild group in comparison with severe group, 264.00 

(133.70) versus 203.39 (111.01), respectively (p = 0.011). The level of ACE2 was 

significantly higher in severe group in comparison with mild group, 12.27 (2.67) 

versus 11.67 (4.94), respectively (p = 0.004). 

Table (3-14): Comparison of serum DPP4 and ACE2 levels of patients with 

COVID-19 according to severity of disease. 

Characteristic 
Mild 

n = 50 

Severe 

n = 50 
p Interpretation 

DPP4 (ng/ml) 

Median (IQR) 264.00 (133.70) 203.39 (111.01) 

0.011 M Significant 

Range 82.08 -643.32 112.27 -552.18 

ACE2 (ng/ml) 

Median (IQR) 11.67 (4.94) 12.27 (2.67) 

0.004 M Significant 

Range 5.92 -13.85 6.28 -23.96 

n: number of cases; M: Mann Whitney U test. 
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The level of DPP4 was significantly lower in severe group in comparison 

with mild group. This indicates that lower serum level of DPP4 is associated with 

severe disease and this finding is in line with the observation of Posadas-Sánchez 

et al., (2021). Posadas-Sánchez et al., (2021) evaluated the serum level of DPP4 

in 107 COVID-19 patients and 263 matched-healthy controls and they found that 

patients with severe disease showed lower DPP4 levels than those with mild 

disease significantly. 

Although it is difficult to determine whether reduced DPP4 levels in 

patients are a result of or a cause of SARS-CoV-2 infection, the fact that 

uninfected control people had higher levels of this enzyme raises the possibility 

that this variation may be due to the illness. Low serum levels of DPP4 in 

COVID-19 patients may result from a number of factors, one of which being the 

enzyme acting as a viral receptor, which may change the protein's structure at the 

cell membrane and stop its proteolytic cleavage. Therefore, as shown by this 

study, those with SARS will therefore have decreased serum DPP4 levels. 

Alterations at the intracellular level brought on by the virus may also have an 

impact on the soluble enzyme concentration by preventing DPP4 from 

assembling properly. The amount of biomolecule on the cell membrane and, 

consequently, in the patients' serum could both decrease as a result of this effect 

(Posadas-Sánchez et al., 2021).  

Dipeptidyl Peptidase 4 is expressed in a variety of blood cells; however, it 

is mostly found in T lymphocytes, and more specifically in CD4 T cells (Gorrell 

et al., 1991; Boonacker et al., 2002). Given these data, it is possible that the 

decreased lymphocyte count (the main cell source of soluble DPP4) accounts for 

the low blood DPP4 levels observed in COVID-19 patients.    

With respect to serum level of ACE2 in this study, it was, as mentioned 

previously, higher in patients with severe disease in comparison with patients 

with mild disease. In line with this findings, Bani Hani et al., (2022), found 
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similar results when compared serum level of ACE2 in patients with severe 

disease in comparison with mild disease when they evaluated 144 COVID-19 

patients and 123 healthy controls. 

Analysis of the ACE2 levels in 306 COVID-19 positive patients and 78 

COVID-19 negative patients revealed that high admission plasma ACE2 in 

COVID-19 patients was associated with an increase in maximal illness severity 

within 28 days, suggesting that measuring plasma ACE2 may be useful in 

predicting COVID-19 outcomes (Kragstrup et al., 2021). Similar findings were 

observed on the degree of ACE2 level and COVID-19 severity (Kaur et al., 2021 

; Patel et al., 2021 ; Reindl-Schwaighofer et al., 2021 ; van Lier et al. 2021). Due 

to the lysis of ACE2-expressing cells brought on by severe lung infection, 

increasing levels of ACE2 may therefore be a result of increased ACE2 shedding, 

and as a result, the amount rises with the degree of lung involvement (Filbin et 

al., 2021; Henry et al., 2021; Kragstrup et al., 2021). 

3.2.7. Comparison of Gene Expression Rate Between Severe and Mild 

Groups 

Comparison of rate of gene expression between severe and mild groups is 

shown in table (3-15), figure (3-7) and (3-8). 

There was no significant difference in the frequency of DPP4 (rs3788979 

A/G) gene polymorphism between severe group and mild group (p = 0.109). 

The expression of HLA-B*07:03 was significantly less in severe group in 

comparison with mild group (p = 0.012). The expression of HLA-B*46:01 was 

significantly more in severe group in comparison with mild group (p = 0.039). 

There was no significant difference in rates of HLA-DRB1*03:01 and 

DRB1*12:02 genes expression between severe group and mild group (p > 0.05).    
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Table (3-15): Comparison of rate of genes expression between severe and mild 

groups. 

Characteristic 
Mild 

n = 50 

Severe 

n = 50 
p Interpretation 

DPP4 (rs3788979 A/G) 

AA 28 (56.0 %) 20 (40.0 %) 

0.109 C Not Significant 

AG 22 (44.0 %) 30 (60.0 %) 

HLA-B*07:03 

Negative 26 (52.0 %) 38 (76.0 %) 

0.012 C Significant 

Positive 24 (48.0 %) 12 (24.0 %) 

HLA-B*46:01 

Negative 36 (72.0 %) 26 (52.0 %) 

0.039 C Significant 

Positive 14 (28.0 %) 24 (48.0 %) 

HLA-DRB1*03:01 

Negative 32 (64.0 %) 40 (80.0 %) 

0.075 C Not Significant 

Positive 18 (36.0 %) 10 (20.0 %) 

DRB1*12:02 

Negative 6 (12.0 %) 6 (12.0 %) 

1.000 C Not Significant 

Positive 44 (88.0 %) 44 (88.0 %) 

C: Chi-square test. 
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There was no significant difference in the frequency of DPP4 (rs3788979 

A/G) genotypes between severe group and mild group (p = 0.109). In contrary to 

the current results, Posadas-Sánchez et al. (2021), performed a study on the 

association between severity of COVID-19 and DPP4 (rs3788979 A/G) 

genotypes and found that significant association and they stated that 

“The DPP4 rs3788979 polymorphism was associated with a high risk of 

COVID-19 disease and, the TT genotype carriers had the lowest DPP4 levels”. 

In addition, and in disagreement with the current results, Aghili et al. in 2012 

reported that individuals with the rs3788979 CT/TT genotypes presented with 

low levels of DPP4 in his study on association between gene polymorphism and 

myocardial infarction; whereas in this study, there was no significant difference 

in serum level of DPP4 with respect to DPP4 gene polymorphism 

 

 
 

Figure (3-7): Agarose gel electrophoresis image that showed the AS-PCR product analysis of 

DPP4 (rs3788979 A/G) gene polymorphism. Where M: marker (2000 - 100bp). The (AA) wild 

type homozygote was showed in A allele only, the (GG) mutant type homozygote were showed 

in G allele only, whereas the (AG) heterozygote were showed in both A and G allele. The 

presence of A or G allele were observed at 180bp product size. 
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Figure (3-8):  Agarose gel electrophoresis image that showed the SSP-PCR product analysis 

of HLA mutations. Where M: marker (3000 - 100 bp). The positive lanes for HLA-DRB1*12:02 

mutants were showed at 570bp product size, the HLA-DRB1*03:01 positive lanes were showed 

at 463bp SSP-PCR product size, the HLA-B*46:01 positive lanes were showed at 391bp SSP-

PCR product size, and the HLA-B*07:03 positive lanes were showed at 208bp SSP-PCR 

product size. 

 

 

Actually, the study of Posadas-Sánchez et al. (2021) is the only study that 

investigated the association between susceptibility to and severity of COVID-19 

and gene polymorphism related to DPP4; and the lack of consensus between the 

present study and their study suggested the need for further research work to 

clearly identify such association. 

In the present study, the expression of HLA-B*07:03 was significantly less 

in severe group in comparison with mild group (p = 0.012). Previous studies have 

linked the susceptibility of SARS-CoV to HLA-B*07:03 but not to the severity of 

disease (Lin et al., 2003; Ng et al., 2004). Recently, studies have found that HLA-

B*07:03 is associated with susceptibility and severity of disease (Iturrieta-Zuazo 

et al., 2020 ; Pisanti et al., 2020 ; Tavasolian et al., 2021), thus the current study 

disagreed with them. 
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In addition, the expression of HLA-B*46:01 was significantly more in 

severe group in comparison with mild group (p = 0.039). In line with the current 

observation, several recent reports, concluded that HLA-B*46:01 is associated 

with severity of COVID-19 (Too et al., 2019 ; Iturrieta-Zuazo  et al., 2020 ; 

Pisanti et al., 2020 ; Tavasolian et al., 2021). Furthermore, the present study 

found no significant difference in rates of HLA-DRB1*03:01 and DRB1*12:02 

genes between severe group and mild group (p > 0.05). Previous reports have 

linked the severity and susceptibility of the disease to HLA-DRB1*03:01 and 

DRB1*12:02 (Littera et al., 2020 ; Pisanti et al., 2020 ; Tavasolian et al., 2021) 

in clear disagreement to current study. So, there is much controversy about the 

association between severity and susceptibility of COVDI-19 and the HLA genes 

and much research work may be needed to validate the claims of contradictory 

reports. 

The effectiveness of a person's immune system, particularly the T-cell 

immunity, has a significant impact on how the SARS-CoV-2 virus behaves and 

the results of the infection. Given that the HLA haplotype occurs variably in 

different cultures, it is hypothesized that the effectiveness of SARS-CoV-2 viral 

clearance and illness progression will vary. The role of cytotoxic CD8+ T and 

helper CD4+ T cells in SARS-CoV-2 and HLA studies has been emphasized 

since these responses are crucial for the first viral clearance, the development of 

immunologic memory, and ultimately for coordinating the adaptive immune 

responses (Khanolkar et al., 2007 ; Lani et al., 2022;). 
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Conclusions 

 

1. The levels of miR-423 and miR-195 are significantly higher in patients 

with COVID-19 in comparison with control group. Conversely, the level 

of miR-23a is significantly lower in patients with COVID-19 in 

comparison with control group. There is no significant difference in the 

levels of miR-423, miR-195 and miR-23a between mild group and severe 

group. 

2. The rate of expression of HLA-B*07:03 and DRB1*12:02 are significantly 

more frequent in patients group in comparison with control group quite the 

opposite to HLA-B*46:01 and HLA-DRB1*03:01. The expression of HLA-

B*07:03 is significantly less in severe group in comparison with mild 

group in contrast to that of HLA-B*46:01. There was no significant 

difference in rates of HLA-DRB1*03:01 and DRB1*12:02 genes 

expression between severe group and mild group.  

3. The level of serum DPP4 is significantly higher in mild group in 

comparison with severe group. 

4. The level of serum ACE2 is significantly higher in severe group in 

comparison with mild group. 

5. Essential hypertension is significantly associated with COVID-19. 

6. Elevation in random blood sugar, hemoglobin A1c, D-dimer, white blood 

cell counts and C-reactive protein levels are significantly associated with 

severe cases. The lymphocyte percent was significantly lower in severe 

group compared to mild group. 
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Recommendations 

 

1. Vaccination is highly recommended in reducing the rate of infection with 

SARS-CoV-2. 

2. Performing Real-Time quantitative reverse transcription PCR or rapid 

antigen tests assays were recommended for testing of suspected cases, 

including those asymptomatic individuals in close contact with confirmed 

COVID-19 patients and also, for the symptomatic individuals. 

3. Conductance of multicentric-studies dealing with larger sample size in 

order to study the association of COVID-19 with cytokines expression, 

genetic polymorphism and demographic characteristics impact among 

different populations. 

4. A comparative study between various societies based on differences in 

ethnicity and COVID-19 severity of infection. 

5. Conductance of follow-up study for patients with severe COVID-19 after 

one year in the event of the appearance of autoimmune diseases. 

6. In particular, efforts should be made to provide an appropriate environment 

and educate on adequate preventive measures by organizing campaigns for 

individuals to follow the rules to prevent COVID-19 regardless of their 

social status. 

7. However, in present study, the measurement of the levels of three miRNAs 

simultaneously may provide strong prognostic evidence to the state of 

SARS-CoV-2 infection and become an auxiliary prognosis tool with 

relatively high accuracy rate in patients with clinically suspected 

manifestations. 

8.  D-dimer serum level can be used as a marker of prognosis to predict 

severity of disease and tailor treatment measures accordingly.
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Appendix (1): Questionnaire sheet sample for patients in this study. 
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Appendix (2): Questionnaire sheet sample for healthy control individuals in this 

study. 
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Appendix (3): Showed the Real Time amplification plots of miR-423 gene 

expression in COVID-19 patients (Green plots) and healthy control (Blue plots).
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Appendix (4): Showed the Real Time amplification plots of miR-195 gene 

expression in COVID-19 patients (Green plots) and healthy control (Blue plots).

 

 

 



APPENDICES 

 

v 

Appendix (5): Showed the Real Time amplification plots of miR-23a gene 

expression in COVID-19 patients (Green plots) and healthy control (Blue plots).
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Appendix (6): Real Time PCR amplification plots for housekeeping (GAPDH) 

gene.
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Appendix (7): ACE2 Standard Curve that showed the Concentration (ng/ml) and 

optical density OD: 450 nm. 
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Appendix (8): DPP4 Standard Curve that showed the Concentration (ng/ml) and 

optical density OD: 450 nm. 
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 الخلاصة

 

  يسييي  ه  العدوى  شيييديد   فيروسييي   مرض بأنه  (  ١٩-كوفيد )  ٢٠١٩  كورونا  فيروس مرض  يعرف

 ةور  عن  يتعلمو   ال ياثوو   يزال  لا  ،٢  كورونيا  فيروس  الوخيمية  الحياة   التنفسيييييية  المتلازمية  فيروس

  جينية متغيرات   بين  الارت اطات  ثدةت   الدراسيات   من  العديد  لكن  ،بهذا المرض   التن ؤ ف   الجينية  العلامات 

  عامة لمحة  تقديم  إلى الدراسيية هذه تهدفو. الشييديد   ٢٠١٩بمرض كورونا    الإصييابة خطر  وزياة   محدة 

  النووي  الحمض   ذلي   ف   بميا   يولوجييةال  العوامي مجموهية من  و  ١٩-كوفييد   بين  المحتملية  العلاقية  عن

 تعيدة   ومعرفية علاقية  ،٤ثنياي  ب تييديي  ب تييداز   ،2  للأنجيوتنسييييين   المحول والإنزيم  ،ميكرويال  الري وزي

 مع ال شييرية ال يض  الكريات  مسييت ييد  للأليلات   الجين   والتنميط  ٤لمو ط ثناي  ب تيدي  ب تيداز   الاشييكال

  بين ٤مو ط ثناي  ب تيدي  ب تيداز   ومسيييتويات   فيروس كورونا بعدوىوشيييد  الإصيييابة    الإصيييابة  قابلية

 .باب  محافظة ف  المرضى

 المرض  أ  العمرية  الفئة حسي  ب ١٩-بمرض كوفيد  المصيابين للمرضيى التكراري  التوزيع  كشي 

ً   أق   ويكو ٪(    ٢٤)  عامًا٤٩ إلى  ٤٠  من العمرية  الفئة ف  متكرر  بشيييك  يظهر  العمرية  الفئة ف   شييييوعا

  د  ييييييالشدي  ةييييييمجموعال  يييف اً راتكر هم اكور  المرضى الذكور ولوثظ ا  .٪( ٤)  عاماً ٣٩  إلى  ٣٠  بين

  ك ير اختلاف  هناك  يكن لم.  التوال   على٪  ٤٨  مقاب ٪  ٧٢  المرض   الخفيفة  ةييوعييبالمجم  ةييمقارن  المييرض 

ً   المشيياركين تكرار  توزيع ف    يكن لم  بالجنس،  يتعلق  فيما.  الخفيفة  والحالات   الشييديد   الاصييابة  لحالات   وفقا

الأصييييحياث. ثيي  كياني    ومجموعية  المرضييييى  مجموعية  بين  يتكرارال  توزيعال  ف   ك ير  اختلاف  هنياك

  الإناث  إلى  الذكور  نسيي ة  يجع  مما الإناث،  من٪(  ٤٠)  ٤٠و  الذكور  من٪(  ٦٠) ٦٠  المرضييى  مجموعة

١:١،٥. 

من  ٪(   ٧٢)  ٧٢  إلى  ١٩-مرض كوفيد ب  المصيابين  المرضيى  تصيني   تم ،بمكا  السيكن  يتعلق فيما

  المناطق من٪(    ٧٢)  ٣٦  الأصيحاث  جموعةوت يمن  م.  الريفية  المناطقمن ٪(  ٢٨)  ٢٨سيكا  المدينة و 

 المرضيييى  مجموعة  بين  ك ير فرق  هناك  يكن لذل  لم.  الريفية  المناطق من٪(    ٢٨)  ١٤  وسيييكا  المدينة 

 .مكا  السكن أساس على الافراة المت منين ف  الدراسة تكرار توزيع ف  صحاثمجموعة الأو

 إضافة  اً ك ير  الفرق  كا   وبالتال ،٪    ٣٤  المرضى  مجموعة ف   فقط الدم  ضغط  ارتفاع  تم ملاثظة

 ٪  ٨ الأصيحاثمجموعة   مع  بالمقارنة المرضيى  مجموعة ف  فقط السيكري داثالإصيابة ب شيوهد   ذل ، إلى

ً  عنويم غير الفرق كا  ذل ، ومع التوال  على ٪ ٠ مقاب   .إثصاييا
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مجموعة   كان  نسييي ة الملقحين ف   ثين ف  ،٪  ٤ المرضيييى  مجموعة ف   الملقحين  نسييي ة كان  

ً إثصايي معنوي الفرق كا  وبالتال  ٪ ٥٢الأصحاث   .ا

 ثسيي    ١٩-بكوفيد   المصييابين للمرضييى  والدمويةوالمصييلية    الكيميايية  خصيياي    مقارنة أظهرت 

ف   D-dimer   ومسيتوى الدم ف   العشيواي   السيكرومسيتوى   السيكر التراكم نسي ة  متوسيط أ   المرض  شيد 

 ف  بشييييكي  ملحوظ أعلى  كيا   ال ي يييياث  اليدم  كرات  عيدة ف  المصيييي  و  Cالمصيييي  وال روتين التفياعل   

    ييأق  ةييالليمفاوي اييالخلاي  ةيينس    ييكان  الإصابة. بينما  الخفيفة  بالمجموعة  مقارنةالإصابة   الشديد   المجموعة

 .الاصابية ةييفيييفيالخ ةييوعيبالمجم ةييارنيمقالإصابيية  د ييدييالش ةييوعيالمجم  يف وظيحيمل  يبشك

  miR-195و   miR-423  الميكروب   النووي  الري وزي الحمييييييييض  تع ير  مستوى  مقارنة كان  

  بمجموعية  مقيارنية  ١٩-كوفييد   من  يعيانو   اليذين  المرضييييى  ف   بكوير  أعلى  الأصييييحياثو  المرضييييى  بين

 ف   ملحوظ بشيك   أق miR-23a   الميكروب   النووي  الري وزي  ض الحم مسيتوى  كا   ف  ثين  الاصيحاث،

 مسيتويات  ف   ك ير فرق ولم يكن هناك .مجموعة الأصيحاثب  مقارنة ١٩-كوفيد   من  يعانو  الذين المرضيى

miR-423  وmiR-195 وmiR-23a الإصابة. الشديد  والمجموعةالإصابة  الخفيفة المجموعة بين 

  بين (rs3788979 A/G) ٤لمو يييييط ثنييييياي  ب تيدي  ب تييييييداز  الجينية  الأنماط  مقارنة أظهرت 

ً مرجع  اعت اره  تم AA الجين  النمط  معدل  أ   الأصيييحاث  موعةمجو المرضيييى  مجموعة  النمط  كا   لأنه ا

ً   الأكور  الجين   ف  AG الجين   النمط لوثظ ا . الأصييحاث  مجموعة  ف  وكذل   الحالات   جميع ف   شيييوعا

  وكا   التوال ، على٪  ٢٨  مقاب ٪  ٥٢  الأصييحاث،  بمجموعة  مقارنة  المرضييى  مجموعة ف   الأثيا  أغل  

بينميا  .    كعيامي  خطرالجين  النمط  هيذا  اعت يار يمكن  وبيالتيال  ٢،٧٩ الأرجحيية  نسيييي ية وكياني    ؛ك يراً   الفرق

  ٪٢٠  مقاب ٪  ٠ الأصيييحاث  بمجموعة  مقارنةً  المرضيييى  مجموعة ف   ظهوراً   أق  GG الجين  النمط  كا 

 كعام   الجين  النمط هذا  اعت ار  يمكن  وبالتال   ،0.03  الأرجحية  نسييي ةو  ؛ك يراً  الفرق  وكا  التوال ،  على

  من  يعانو  الذين  المرضييييى ف  ملحوظ  بشييييك   أق   ٤-ب تيداز  ب تيدي   ثناي   مو ط مسييييتوى  كا و  .وقاي 

 الاصحاث. وعةيجمميب ةييارنيمق ١٩-كوفيد 

  HLA-B*07:03  ال شييييريية  ال يض   الكرييات   مسييييت يييييد   توزيعا     اليدراسييييية  هيذه  كشييييفي  

ً ليه ا    DRB1*12:02و  يرت ط ولم.  الخطر عوامي   من  اعت يارهميا  ويمكن  ١٩-بكوفييد  ك ير بشييييكي  رت طيا

HLA-B*46:01  وHLA-DRB1*03:01   معدل تكرار    كا   .بالمرض   ك ير  بشكHLA-B*07:03   

  التع ير  كا .  الإصابة  الخفيفة  بالمجموعةالإصابة    مقارنةالإصابة   الشديد   المجموعة  ف   ملحوظ  بشك  أق 

  الخفيفة  بالمجموعة  مقارنةالإصيييابة    الشيييديد   المجموعة ف  ملحوظ بشيييك   أكور HLA-B*46:01 عن

 و HLA-DRB1*03:01 اليجيييني   اليتيعي ييير  ميعييدلات   في   كي ييير  اخيتيلاف  هينيياك  ييكين  ليم.  الإصييييييابيية
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DRB1*12:02   مسيييتوى  كا   اً وأخير.  ة الإصيييابةالخفيف  والمجموعةالإصيييابة    الشيييديد   المجموعة  بين  

ACE2   مقارنة  ٢٠١٩ورونا  كمرض  بييييييي  المصيييابين المرضيييى ف   ملحوظ بشيييك   أعلى ف  المصييي  

 .ال ابطة بالمجموعة

  الأشييييخيا   لتحيدييد   الجينيية الاخت يارات   لتطوير  الجينيية  العوامي  هيذه اسييييتخيدام  يمكن الختيام،  ف 

 الأفراة  لمساعد  المعلومات  هذه استخدام  ويمكن  ٢٠١٩ورونا  كمرض بييي  للإصابة  ك ير لخطر  المعرضين

مرض يييييييل جديد  علاجات   ولتطوير  ثياتهم،  نمط  وخيارات   نشيياطهم  بشييأ   مسييتنير   قرارات  اتخاذ   على

 .٢٠١٩ورونا ك
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