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Summary

Pneumonia is a type of acute lower respiratory tract infection that is
common and severe, it is recognized as a leading global health problem
and as a direct cause of morbidity and mortality. The current study is
conducted to investigate the bacterial and viral causes of pneumonia and
also investigate the impact of white blood cells, platelet count,
lymphocytes, human leukocyte antigen-C, and human leukocyte antigen-
DRBI.

This study included 200 blood specimens from (COVID-19 and
bacterial pneumonia) patients ages (13-to 80) years were distributed
according to the severity of disease as the following: (40 group A, 40
group B, 40 group C, and 40 group D) who have been hospitalized at the
COVID-19 Wards in Merjan Medical City and Imam Sadiq Hospital in
Babylon Province for 2 months (December 2021 and January 2022) and
40 group E. The result clarifies that the level of white blood cells was
elevated significantly (P <0.05) in patients compared to the apperently
healthy control groups. While the percentage of platelet count and
lymphocytes was decreased significantly among patients compared to the
apperently healthy control groups.

Identification of bacteria has been done by culture, and Vitek 2
compact system ,In the present study the most common bacteria was
Streptococcus pneumoniae and Klebsiella pneumoniae.

By Enzyme Linked Immunosorbent Assay technique showed that the
concentration serum among acute respiratory syndrome coronavirus,
group (A) having a level of 40.03 ng/ml, group (B) having a level of
47.93 ng/ml, group (C) having a level of 46.83 ng/ml, group (D) having a
level of 61.15 ng/ml and group (E) having a level of 17.65 ng/ml, (P



Summary

<0.001). While the patient's group showed lower frequencies of human
leukocyte antigen-DRB1 with a coronavirus-induced acute respiratory
syndrome, with group (A) having levels of 38.88 ng/L, group (B) having
levels of 34.35 ng/L, group (C) having levels of 46.20 ng/L, group (D)
having levels of 51.13 ng/L, and group (E) having levels of 59.95 ng/L (P
<0.02).

The result of polymerase chain reaction (PCR-Sequence) for human
leukocyte antigen-C gene, as the following in rs1050445 Wild type (CC)
showed a significantly decreased frequency in all cases compared to
apparently healthy control. In the Mutant heterozygous (CA) and Mutant
homozygous (AA) were significantly elevated compared to apperently
healthy control. According to these findings, the frequency of the C allele
was significantly lower in COVID-19 and bacterial pneumonia compared
to apparently healthy controls (P-Value <0.002). In rs1050446 genotypes
SNPs were noticed statistically significant differences between the G, and
T alleles were with an increase of the G allele in patients and also an
increase of T alleles in COVID-19 patients but a decrease in bacterial
pneumonia patients compared with apparently healthy controls. The
frequency of  rs1050446 SNPs GG wild type and GT Mutant
heterozygous was significantly increased in patients than apparently
healthy controls (p-value=0.008) (P-Value <0.04) respectively. The
frequency of rs1050446 SNPs TT Mutant homozygous was not
significantly increased in COVID-19 and decreased in bacterial
pneumonia than apparently healthy controls (P-Value <0.3). In
rs1071650, The frequency of the T allele was significantly lower in cases
than in apparently healthy controls (P-Value <0.02). In wild type (TT)

genotype showed a significantly increased frequency in cases compared
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to apparently healthy controls. In the Mutant heterozygous, the frequency
of cases with the genotypes TG and GG was significantly elevated
compared to apparently healthy controls. In rs9264668 genotypes SNPs
the frequency of the C allele was significantly higher in cases than
apparently healthy controls. In the wild type (TT) in all patients and
Mutant homozygous (AA) in COVID-19 patients showed a significantly
decreased frequency compared to apparently healthy controls. In the
Mutant heterozygous, the frequency of cases with the genotypes CA and
AA in bacterial pneumonia was not significantly elevated compared to
apparently healthy controls.

Regarding human leukocyte antigen-DRB1 polymorphism the result
for four SNPs, as the following rs13192471 SNPs, the (TT) showed a no
significantly decreased frequency in all cases compared to apperently
healthy controls, in the (TC) the frequency of all cases was no
significantly elevated in bacterial pneumonia and no effect in COVID-19
compared to apperently healthy controls, in the (CC) showed a no
significantly decreased frequency in COVID-19 patients and no effect
bacterial Pneumonia patients compared to apperently healthy controls. In
the rs9275431, the (GG) showed a no significantly decreased frequency
in all cases but increased in group (A) patients compared to apperently
healthy controls, in the (GA)the frequency of all cases was no
significantly decreased compared to apperently healthy controls, in the
(AA) showed a significantly decreased frequency in patients compared to
apperently healthy controls. In the rs9275432, In the (GG) showed a
significantly decreased frequency in cases compared to apperently
healthy controls, in the frequency of cases with the (GT) was significantly

elevated compared to apperently healthy controls, in the frequency of
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cases with the (TT) was significantly elevated compared to apperently
healthy controls, in the rs9275433, In the GG genotype in all patients
showed no a significantly increased frequency compared to apperently
healthy controls, in the frequency of cases with the GC was significantly
decreased compared to apperently healthy controls, in the frequency of
cases with the CC was no significantly elevated compared to apperently
healthy controls.  Pathogenesis of pneumonia causative agents is
impacted by human leukocyte antigen-C and human leukocyte antigen-
DRBI1. human leukocyte antigen-C is involved in the pathogenesis of
acute respiratory syndrome coronavirus infection and contributes to
severity and death in COVID-19 and bacterial pneumonia patients. but
human leukocyte antigen-DRBI1 has a protective effect against SARS-

CoV-2 and bacterial infection.
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Sample number

Patient’s name: Age:
Weight Height BMI
Chronic DiseaseO Hypertension O Cardiovascular diseases O
Diabetes O
Other

Diagnostic method: O RT-PCR O CTscan O Rapid COVID-19Ab

Date of admission Case severity O Severe O Sever with Pneumonia O Non Severe
O Non severe with Pneumonia

Date of sample collection

Laboratory tests
HEMALTOLOGY LIVER FUNCTIONS TESTS
WBC
Hb GPT
GPT
Platelet count Alkaline Phosphatase
Lym
ESR
RENAL FUNCTIONS TESTS
RANDOM BLOOD S. creatinine
SUGAR Urea
Uric acid
CRP
O Positive O Negative

LIPID PROFILE

Cholesterol
Triglycerides

ELECTROLYTES LEVELS

Ca

Na

K

Cl
Patient’s consent
Vaccination O Yes O No
Notes:
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Chapter One Introduction

Introduction

Infection by bacteria or viruses that interact with lung tissue to create
inflammation is the most frequent cause of pneumonia. A frequent acute
lower respiratory tract infection known as pneumonia is thought to be a major

cause of morbidity and mortality on a global scale (Gajewska et al., 2020).

The outbreak of pneumonia caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), named coronavirus disease-2019 (COVID-19)
that started in Wuhan- China, has become a global pandemic. SARS-CoV-2
enter host cells via the angiotensin-converting enzyme 2 (ACE2) receptor,
which is expressed in various human organs after binding to spike a surface
glycoprotein on the virus, this respiratory infection has spread globally to
become a pandemic affecting millions of people with a mortality rate reaching
2% (Synowiec et al., 2021). The clinical features of COVID-19 pneumonia
range from a mild illness to a very severe illness with acute hypoxemic
respiratory failure requiring ventilation and Intensive Care Unit admission
(Thusen, and Eerden, 2020). Bacterial pneumonia is the major cause of
morbidity and mortality globally. S.pneumoniae is a common leading

bacterial cause of pneumonia (Katsurada et al.,2017).

Several genetic variables, particularly those expressed by genes of the
human leukocyte antigen (HLA) system, that are linked to susceptibility or
resistance to bacterial, viral, fungal, and parasitic illnesses also influence the
immune response against pathogens (Crux and Elahi, 2017). The HLA genes
are divided into three classes (I, Il, and Il1), and the HLA gene products are
essential for both innate and adaptive immune responses. Antigen
presentation of intracellular and extracellular peptides is mediated,
respectively, by the traditional class I and class Il HLA molecules (Wieczorek
et al., 2017). In this context, individual differences in the immune response to
SARS-COV-2 and bacterial infection are influenced by the HLA genes'
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extraordinary variety among various cultures (Debnath et al., 2020). HLA
genes, the most polymorphic genetic system, may serve as susceptibility loci
or perhaps may confer protection against viral infections given the crucial role
that HLA molecules play in binding to viral antigenic peptides and presenting
them to virus-specific cytotoxic T lymphocytes (Debnath et al., 2020;
Nguyen et al.,2020). Genetic sequence changes in the exons that code for this
portion of the HLA molecules lead to amino acid variations inside the
peptide-binding groove, and these variations determine whether the HLA
genes are positively or negatively associated with any infectious disorders
(Nguyen, et al., 2020; Poulton, et al., 2020).

An efficient presentation of peptides by HLA molecules to the cells of the
Immune system is essential to initiate a potent and effective response against
pathogens such as SARS-CoV-2 to swiftly clear the infection. Class | HLA-C
antigen presents peptides from inside the cell on the cell surface. If the cell is
infected by a virus, peptides of viral origin will be presented so that the cell
can be lysed by CD8+ cytotoxic lymphocytes (Nie et al., 2001). Regarding
the specific association of HLA alleles with COVID-19, healthy individuals
carrying HLA-C may be more susceptible to being infected with SARS-CoV-
2 and spreading the infection within the population (Correale et al., 2020).
Similar to CD8+ cells, the counts of CD4+ cells and their function in
controlling the replication of SARS- CoV-2 have been indicated to be
diminished (Wen et al., 2020).

In addition to CD4+ and CD8+ cells, B cell populations were also observed
to have lower counts in COVID-19 patients with severe disease than in
healthy individuals (Zhang et al., 2020). However, despite this numerical
decline, the function of these cells is preserved as they continue to produce
IgG and IgM antibodies against the virus and this was correlated with the

recovery or persistence of the virus (Sette and Crotty, 2021). Another study

2



Chapter One Introduction

showed a link between the presence of HLA-DRB1, and severe symptoms of
COVID-19 (Novelli et al.,2020). The alleles HLA-C, as well as HLA-
DQB1lwere, were found to be linked with higher COVID-19 mortality
(Lorente et al., 2021).

Several studies have shown various changes in selected immune
parameters during the pneumonia infection by comparing infected (Severe
without Pneumonia, Severe with Pneumonia, Non-Severe without

Pneumonia, and Non-Severe with Pneumonia) patients and healthy controls.

This study was aimed to look at the relationships between HLA-C, HLA-
DRB1 polymorphism, and severity of COVID-19 patients with and without

Bacterial pneumonia infections, to achieve these the following objectives:

1. Blood specimens were collected from severe COVID-19 patients and apparently

healthy controls.
2. lIsolation and identification of bacterial pneumonia specimens from sputum.

3. Estimation of some hematological markers WBC, Lymphocytes, and Platlete
count in the study population.

4. Detection of serum levels of HLA-C and HLA-DRB1 by ELISA in the
study population.

5. Human DNA extraction to study HLA-C and HLA-DRB1 polymorphism in
the study population.
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2. Pneumonia
2.1.Definition of Pneumonia

Pneumonia is an infection of the lungs that causes inflammation of the
alveolar ducts and alveolar sacs, which makes breathing difficult and reduces
oxygen intake (Regunath, and Oba,2021). Its symptoms, which include
coughing, fever, sweats, sputum, dyspnea, and chest pain, are known as
winter fever. Although the illness can strike healthy, young individuals, it is
more prevalent and dangerous in  youngsters, the elderly,
immunocompromised individuals, and those who have co-morbidities
(Cilloniz et al., 2020). Along with other lower respiratory tract infections
(LRTI), pneumonia is the fourth greatest cause of death globally, accounting
for 2.38 million fatalities in 2016 (Abajobir et al., 2017).

Infectious pneumonia is the result of the acute invasion of the lung
parenchyma by one or more viruses, bacteria, or fungi. It can affect one or
both lungs and can either affect only a portion of the affected lung or the
entire lung, causing an infection that can range in severity from a mild
iliness to a serious, life-threatening condition (Egelund et al.,2017). Various
types of pneumonia can develop after using a breathing support device like a
ventilator, including community-acquired pneumonia, pneumonia linked to

hospital settings, and ventilator-associated pneumonia (Shi et al., 2019).

2.2.Historical Background of Pneumonia

The word Pneumonia came from the Greek nvebuwv (pneitmon) meaning
" lung". Symptoms of pneumonia are first described by the Greek physician
Hippocrates, Peripneumonia, and pleuritic affections, are observed If the
fever is acute if there be pains in one side or both and if expiration if cough

is present, and the sputa expectorated (Zubieta-Calleja and Zubieta-
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DeUrioste, 2021).

Pneumonia was the third most common cause of death overall and the
primary infectious illness Kkiller in the late 1800s and early 1900s.
Pneumonia patient care has grown into a significant public health program.
Several infectious agents were being discovered at this time, and great
consideration was being given to the best ways to combat the pathogens and
treat patients (Mani, 2018).

The history of pneumonia also referred to as "Winter Fever,” is well
documented. Scholars weren't able to recognize pneumonia as its infection
and not only a symptom of other diseases until the 19th century, even though
it went by numerous names and was frequently classified as a disease. The
discovery of pneumonia bacteria under a microscope by German pathologist
Edwin Klebs in 1875 marked a significant advance in the battle against
respiratory illness. Subsequently, in the 1880s, two of the most prevalent
bacterial causes of pneumonia were discovered by Carl Friedlander and
Albert Frankel. By the 1930s, numerous treatments for pneumonia had been
created. Even though pneumonia mortality decreased globally during this
time, infection rates were still quite high. Its drop was significantly influenced

by the invention of the antibiotic penicillin (ul Haque et al., 2022).

Most infections that cause pneumonia are bacterial or viral. Most
frequently, it is brought on by the bacteria Streptococcus pneumoniae. Some
strains of the illness have been reported to produce walking pneumonia, a
mild form of pneumonia. For those who have impaired immune systems or
compromised immune systems, such as the old, ill, or immunosuppressed
individuals, the lung infection can be very deadly (Heathorn and
Slagle,2020). Viral pneumonia is first described by Hobart Reimann in 1938.
had established the practice of routinely typing the pneumococcal organism
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and the distinction between viral and bacterial strains (Donati et al.,2013).
The SARS epidemic began quietly at the turn of the 21st century. Middle
East respiratory syndrome (MERS) is first reported in September 2012 in
Saudi Arabia, following the isolation of MERS- CoV from a male patient
who died from severe pneumonia and multiple organ failure. On December
2019 Atypical unknown pneumonia is first recorded in Wuhan City, Hubei
province. Patients have shown high fever (more than 38°C), dry cough,

malaise, and breathing difficulties (Schwartz and Graham 2020).
2.3.Epidemiology

Pneumonia is a common respiratory infection, affecting approximately
450 million people a year and occurring in all parts of the world. It is a
primary cause of death for people of all ages, accounting for 1.4 million
fatalities in 2010 (7% of all deaths worldwide that year), and 3.0 million in
2016, the 4th leading cause of death in the world (Ruuskanen et al.,2011;
Rana et al., 2021). Pneumonia can be brought on by a variety of bacteria,
viruses, and fungi (Brima et al., 2021).

Pneumonia can be caught in a variety of places, including hospitals, the
general public, and ventilator use (Joseph et al., 2020). As of 2016,
pneumonia, a form of lower respiratory tract infection, it was the most fatal
communicable disease (Ozer and Aykar 2022). Children under the age of
five and people over the age of 75 have the highest rates. Compared to the
industrialized world, it happens around five times more frequently in the
developing world (Ruuskanen et al., 2011). The highest rates of pneumonia
are found in Sub-Saharan Africa and South Asia (Dwinantoaji, and Sumarni
2020). Vaccines, appropriate therapies, and healthy lifestyle choices can

help prevent and manage pneumonia (Chen et al., 2020).
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Each year, there are around 200 million instances of viral community-
acquired pneumonia, with 100 million cases affecting children and 100
million cases affecting adults. The influenza virus, respiratory syncytial
virus, parainfluenza virus, adenoviruses, and coronavirus are the most

common viral culprits (Jain et al.,2015).

SARS-CoVs, coronavirus infections that cause high fevers, dyspnea, and
pneumonia, first appeared in Guangdong, south China, in 2002. They then
spread quickly to many other parts of the world. In 26 nations, the iliness has
spread, resulting in around 8096 cases and 774 fatalities. whereas MERS-
CoV was initially discovered in 2012 in Saudi Arabia. A severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)-related pneumonia
outbreak that originated in Wuhan, China, has spread to more than 25 other
countries, causing 2494 cases of illness and 858 fatalities. More than 150
nations and territories were afflicted by the disease in March 2020 (Helmy et
al., 2020).

On February 24, 2020, an Iranian student from that country was reported
to have the first confirmed case of COVID-19 in Irag. On February 25, four
other cases from one family in Kirkuk province were also revealed, and both
families had traveled to Iran previously. On February 27 in Baghdad,
another case involving a patient who had recently been to Iran is noted. As
of March 12, 2020, there have been 74 confirmed cases and 8 fatalities
across Irag. On April 16, 2020, there were 1415 confirmed cases. By May
24, 2020, there were 4469 confirmed cases of COVID-19, with 160 deaths
reported, while 2738 individuals had recovered from the virus (Sarhan et
al.,2020).
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2.4.Pathophysiology
The pathogenesis of pneumococcal infection is a complex interplay

between pneumo- coccal virulence determinants and the host immune
response. Molecular studies have considerably advanced knowledge and
understanding of the precise structures and functions of the different
determinants and their pathogenic roles. Aspiration of fluid, inhalation of
droplets, or hematogenous dissemination are all ways that pathogens might
travel to the lungs. When host defense mechanisms fail to keep the respiratory
network clear of pathogenic pathogens, pneumonia develops. Several
consequences appear shortly after, such as immune deficiency and
cytokine storm which is marked by elevated levels of pro-inflammatory
cytokines in addition to altered redox balance in infected cells due to changes
in nicotinamide adenine dinucleotide (NAD) biosynthesis. As a result,

excessive tissue damage occurs (Nasi et al., 2020).

In viral Pneumonia, Five steps make up the "SARS-CoV-2" replication

cycle: attachment, penetration, biosynthesis, maturity, and release. The main
host receptor for viral entry into cells is ACE-2, which is seen to be highly
expressed in adult nasal epithelial cells. The virus undergoes local replication
and propagation, along with the infection of ciliated cells in the conducting
airways. This stage lasts a couple of days and the immune response generated
during this phase is a limited one. Despite having a low viral load at this time,
the individuals are highly infectious, and the virus can be detected via nasal
swab testing (Wang, X et al., 2020; Hoffmann et al., 2020).

However, there are three coronaviruses (severe acute respiratory syndrome
coronavirus (SARS-CoV), Middle East respiratory syndrome coronavirus
(MERS- CoV), and (SARS-CoV-2) that can replicate in the lower respiratory
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tract and cause pneumonia, which can be fatal. SARS-CoV-2 belongs to the
beta coronavirus genus. Its closest relative among human coronaviruses is
SARS- CoV, with 79% genetic similarity, however, among all known
coronavirus sequences, SARS-CoV-2 is most similar to bat coronavirus
RaTG13, with 98% similarity (Fehr and Perlman, 2015; Zhou, D et al., 2020)
and coronavirus sequences in the pangolin (a scaly anteater) also share high
similarity (Andersen et al., 2020). Therefore, disease severity in patients is
due to not only the viral infection but also the host response. The pattern of
increasing severity with age is also broadly consistent with the epidemiology
of SARS- CoV and MERS- CoV (Guan et al., 2020; Huang, A et al., 2020).

Bacterial Pneumonia, The two types of pneumonia are lobar and
bronchopneumonia. In lobar pneumonia, the germs have spread to affect the

majority of one lung's lobe. The bacteria that cause bronchopneumonia have

propagated via the microscopic air passages to affect areas of more than one
lung lobe. (Garg et al.,2019). When bacteria enter the lungs and alveoli from

the nose or mouth, bacterial pneumonia develops.

Additionally, through the blood, bacteria can move from other areas of
the body to the lungs. The immune system of the body will try to eliminate
the bacteria from the body once it detects them in the alveoli, where they will
continue to develop in the air space. Acute inflammation results from the
opening of small capillaries surrounding the alveoli, which increases blood
flow to the lungs and allows inflammatory cells, such as neutrophils, to enter
the lung tissue (Katherine et al.,2020). Pneumonia is the most common of the
S.pneumoniae diseases which includes symptoms such as fever and chills,
cough, rapid breathing, difficulty breathing, and chest pain. For the elderly,
they may include confusion, low alertness, and the formerly listed symptoms
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to a lesser degree (Baucells et al.,2015). Individuals with Klebsiella
pneumoniae tend to cough up a characteristic sputum, as well as have a fever,
nausea, tachycardia, and vomiting. Klebsiella pneumoniae tends to affect
people with underlying conditions, such as alcoholism (Hirsch and Tam
2010).

To get a K.pneumoniae infection, a person must be exposed to the bacteria.
In other words, K.pneumoniae must enter the respiratory tract to cause
pneumonia, or the blood to cause a bloodstream infection. In healthcare
settings, K.pneumoniae bacteria can be spread through person-to-person
contact (for example, contaminated hands of healthcare personnel, or other
people via patient-to-patient) or, less commonly, by contamination of the
environment; the role of transmission directly from the environment to
patients is controversial and requires further investigation. However, the
bacteria are not spread through the air. Patients in healthcare settings also
may be exposed to K.pneumoniae when they are on ventilators or have
intravenous catheters or wounds. These medical tools and conditions may

allow K.pneumoniae to enter the body and cause infection (Xu et al.,2021).

Although neutrophils are required to kill and remove the bacteria in the
lungs, they can also damage the pneumocytes lining the alveoli (Katherine et
al.,2020).

10



Chapter Two

Literature Review

Bacterial Pneumonia

by streptococcus pneumonia

Types of immune cells:

Bacteria enters the
alveoli and begin to
grow.

Caé)illarieso en
and neutrophils
come in to fight
the bacteria,

Macrophages clean
up debris once the
infection is gone.

' Weeks later, the lungs return to

e.x. pneumococcal pneumonia caused

Viral Pneumonia

e.x. COVID-19 caused by
SARS-CoV-2

Types of immune cells:

v Virus enter cells and

begin to multiply.

The cells are destroyed
as viruses burst through.

Hyaline ’

membrane

Lvmphocvtes sense and

Fig (2-1): The Pathophysiology of Pneumonia in Viral or Bacterial Causes

(Katherine et al.,2020).
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2.4.1.Factors Associated with Pathogenesis of Viral and Bacterial

Pneumonia

Pneumonia is an infection of the lungs that can cause mild to severe illness
in people of all ages. However, some people are at increased risk of getting
pneumonia. Being a certain age, having certain medical conditions, and
smoking can increase a person’s risk for pneumonia. The first of these factors
is the patient’s age, as surveys showed that ages > 65 years showed higher
rates of mortalities. These patients also showed low lymphocyte count or had
a high ratio of neutrophil to lymphocyte (NLR) (Qin et al., 2020; Wu et al.,
2020).

Bacterial pneumonia can affect all ages, but you are at greater risk if you
abuse alcohol, smoke cigarettes, are debilitated, have a respiratory disease or
viral infection, or have a weakened immune system. Other serious conditions,
such as malnutrition, diabetes, heart failure, sickle cell disease, or liver or

kidney disease, are additional risk factors (Martin-Loeches et al.,2015).

As the frequency in males was shown to be higher than in females, gender
Is also a significant determinant. This can be ascribed to variations in steroid
hormones between men and women, which have an impact on a variety of
immunity-related factors. Additionally, several immune-regulatory genes on
the X chromosome, such as toll-like receptor 7 (TLR7), can reduce viral loads
and inflammation in females (Conti and Younes, 2020).

Besides, patients with diabetes mellitus (DM) undergo severe complications
compared to non-diabetics and this can be attributed to an imbalance in ACE2
activation pathways, resulting in an inflammatory response that can cause
pancreatic beta-cell malfunction (Wang et al.,2020). Obesity is another risk
factor, and people who have a high body mass index (BMI) have a poor
prognosis because they have a chronic inflammatory condition that intensifies a
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cytokine storm (Dutta et al.,2020). Since the patient's lung epithelium is
already compromised, chronic respiratory illnesses have been recognized as
risk factors from the beginning. ACE2 receptor levels are typically higher in
those with chronic obstructive pulmonary disease (COPD). In the end, this
facilitates the transmission of SARS CoV-2 and the invasion of the

respiratory epithelium (Hasanagic and Serdarevic, 2020).

2.5.Etiology of Pneumonia

Pneumonia can be brought on by many things, including bacteria, viruses,
and fungi. Children under the age of five, persons over the age of 65, and
people with underlying medical conditions are the groups most at risk for
pneumonia (Zhang et al.,2022). Respiratory infection with fever and dry
cough is most prominent in COVID-19 patients. Some other distinct features
like nausea, vomiting, diarrhea, and gastrointestinal infections appeared in a

significant proportion of patients (Galanopoulos et al.,2020).

Unexpectedly, respiratory viruses were found in patients’ samples more
frequently than bacteria, making up 62% of the total patients. In particular,
23% of patients had one or more viruses, 11% of patients had one or more
bacteria, 3% of patients had both bacterial and viral pathogens, and 1% of
patients had a fungal or mycobacterial infection. Streptococcus pneumoniae
(in 5% of patients), influenza virus (in 6% of patients), and human rhinovirus

were the most prevalent pathogens (Jain et al., 2015).

2.5.1.Etiology of Coronaviruses

Since it was first reported, the novel coronavirus disease has surprisingly
received a great deal of attention worldwide. Early in December 2019, the
WHO claimed that China (Hubei region), had reported that several
individuals had been hospitalized for pneumonia with an unknown etiology.
These patients were seafood market workers, but fairly shortly human-to-
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human transmission has been confirmed, posing a public health concern
(Chung et al., 2020; Haddad e al., 2011; Jiang et al., 2020).

————3pike Protein

—Nucleocapsid Protein

"~ Genomic RNA

Fig (2-2): Structure of Human Acute Respiratory Syndrome
Coronaviruses (Zinzula et al., 2021).

Soon after the patients started displaying symptoms similar to those of the
SARS CoV-2 epidemic, the cause was identified as a new strain of the
coronavirus family, which was given the name 2019 nCoV. On February 11,
2020, The ICTV changed the designation to "SARS-CoV2" (Din and
Boppana, 2020). This is the third outbreak, following SARS in 2003 and
MERS in 2012 (Chowell et al., 2015). In contrast to SARS and MERS, the
outbreak has aggressively spread to virtually all territories, resulting in a
global healthcare crisis (Peery et al., 2020), and is considered the seventh

virus of the family that can cause severe illnesses in humans (Hedman et al.,
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2021).

The illness quickly spread over the world, leading to a pandemic that put
strains on all countries as they announced a lockdown, social distance laws
due to asymptomatic carriers, a lack of targeted therapeutics, and a variety of
risk factor categories (Yuki et al., 2020). Due to their high incidence and
wide distribution, new coronaviruses occasionally appear in humans. The
spread of coronaviruses, their genetic diversity, and their sporadic genome
recombination, as well as an increase in human-animal interaction activities,
have all been noted (Cui et al., 2019).

The virus's outer structure, including the newly discovered SARS-CoV-2,
are spherical positive single-stranded RNA viruses that are characterized by
spike proteins projecting from the virion surface. The virus has three
membrane-bound proteins denoted S (spike), M(membrane), and E (envelop),
as well as a fourth nucleocapsid (N) protein (Das, 2020). SARS-CoV-2 is an
RNA virus with positive sense RNA with a size ranging from 26 to 31
kilobases having a single-stranded genome encased in a lipid bilayer adorned
with proteins. SARS-CoV is a human virus that causes severe acute
respiratory syndrome and shares 82 percent of homology with SARS-CoV-2
(SARS) (Chen et al.,2019).

The genome contains a 5’ cap structure along with a 3’ poly (A) tail,
allowing it to act as an mRNA for translation of the replicates polyproteins.
The replicas gene encoding the non-structural proteins occupies two-thirds of
the genome, about 20 kb, as opposed to the structural and accessory
proteins, which make up about 10 kb of the viral genome. The 5’ end of
the genome contains a leader sequence and untranslated region (UTR) that
contains multiple stem-loop structures required for RNA replication and
transcription. Additionally, at the beginning of each structural or accessory
gene are transcriptional regulatory sequences (TRSs) that are required for the
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expression of each of these genes. The 3'UTR also contains RNA structures

required for the replication and synthesis of viral RNA. The organization of
the CoVs genome is 5'-leader-UTR-replicase S-(Spike) E- (Envelope) M-
(Membrane) N-(Nucleocapsid) -3'UTR-poly (A) tail with accessory genes
interspersed within the structural genes at the 3’ ends of the genome (Yuhang

et al., 2020).

Droplets that contaminate the air, surfaces, or hands can spread the
infection. Human-to-human transmission is the route to manifest especially in
pre-symptomatic and asymptomatic patients, fecal-oral transmission is also
another way of transmission as studies proved fecal shedding of the virus
(Fuk- Woo et al., 2020; Rossi et al., 2020).

The body is first exposed to virus particles, commonly through the mouth
or nose. The virus enters the lungs where it infects the pneumocytes or other
cells in the alveoli and airways. An interstitial inflammation results from the
virus's infiltration of the alveoli, which damages the surfaces of the ciliated
epithelium Congestion, hemorrhage, and intracellular viral inclusions may
develop in the lungs. Some of the virus particles can be eliminated by local
host defenses including mucociliary clearance or the release of certain
secretory IgA antibodies. However, the infection persists if mucociliary
clearance is compromised if secretory IgA antibodies are not present. Viral
replication takes place after the invasion of respiratory epithelial cells.
Newer viruses then infect larger numbers of epithelial cells, shut off the
synthesis of critical proteins, and ultimately lead to host cell death (Lee et
al., 2016).

Viruses use specialized proteins found on their surface to attach to other
proteins on the surface of cells in the lungs. For example, SARS-CoV2 uses
a Spike protein on its surface to attach to the protein angiotensin-converting

enzyme 2 (ACEZ2) in cells in the lung. After attaches it uses the machinery of
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the cell to make new copies of the virus. Pneumocytes infected by a virus
can become damaged and die. The body responds to this injury by replacing
the thin type 1 pneumocyte with the thicker, stronger type 2 pneumocytes.
Injured pneumocytes also release signals that attract lymphocytes to the

lungs.

As in bacterial pneumonia, fluid fills the air spaces which makes it
difficult to breathe hyaline membranes (Brittona, 2019). These hyaline
membranes are frequently observed alongside type 2 pneumocytes, fluid,
and fluid-filled alveolar walls. breathing difficulties since it is more difficult
for oxygen to transfer from the lungs to the blood due to the thicker alveolar
walls. Because the alveoli have less air than normal in these areas, the
alterations associated with viral pneumonia on an X-ray or CT scan will also

appear more grey or white (Wan et al., 2020).

2.5.2.Etiology of Bacterial Pneumonia

Pneumonia is due to infections caused primarily by bacteria or viruses and
less commonly by fungi and parasites. Although more than 100 strains of
infectious agents have been identified, only a few are responsible for the
majority of cases. Mixed infections with both viruses and bacteria may occur
in roughly 45% of infections in children and 15% of infections in adults
(Ruuskanen et al., 2011).

People with infectious pneumonia often have a productive cough, fever
accompanied by shaking chills, shortness of breath, sharp or stabbing chest
pain during deep breaths, and an increased rate of breathing. In elderly
people, confusion may be the most prominent sign (Zhang, R et al., 2020).
The typical signs and symptoms in children under five are fever, cough, and
fast or difficult breathing. Fever is not very specific, as it occurs in many

other common illnesses and may be absent in those with severe disease,
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malnutrition, or in the elderly.

In addition, a cough is frequently absent in children less than 2 months old.
More severe signs and symptoms in children may include blue-tinged skin,
unwillingness to drink, convulsions, ongoing vomiting, extremes of
temperature, or a decreased level of consciousness (Rambaud-Althaus et al.,
2015). The green or yellow sputum produced when a person with pneumonia
coughs is made up of millions of neutrophils and debris from damaged tissue
and dead bacteria. It is a sign that active inflammation is taking place in the

lungs.

Types of bacteria that commonly cause pneumonia in this study include:
2.5.2.1.Streptococcus pneumoniae

Streptococcus pneumoniae, Or pneumococcus, iS a gram-positive o-
hemolytic, (under aerobic conditions) or beta-hemolytic (under anaerobic
conditions), aerotolerant anaerobic member of the genus Streptococcus.
They are usually found in pairs (diplococci) and do not form spores and are
non-motile. As a significant human pathogenic bacterium, S.pneumoniae
was recognized as a major cause of pneumonia in the late 19th century and is

the subject of many humoral immunity studies (Mahato et al., 2019).

Pneumococcus is a highly invasive, bacterium, responsible for high rates of
morbidity and mortality worldwide, pneumococcal diseases range from mild
respiratory tract mucosal infections such as otitis media and sinusitis to more
severe diseases such as pneumonia, septicemia, and meningitis (Oligbu et
al.,2019).

The nasopharynx is where S.pneumoniae colonizes, but over time it can
transfer to the lungs where it causes pneumonia. Pneumococcal pneumonia is
a global health concern and vastly affects children under the age of five as

well as the elderly and individuals with pre-existing health conditions,
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Pneumonia accounts for 15% of all deaths of children <5 years of age and is

the single largest infectious cause of death in children worldwide (Mathur et
al., 2018). WHO reported that pneumonia accounts for 16% of all deaths of
children under 5 years old, killing 920,136 children in 2015, with the most
common cause of bacterial pneumonia being S.pneumoniae (Brooks and
Mias, 2018).

The genome of S.pneumoniae is a closed, circular DNA structure that
contains between 2.0 and 2.1 million base pairs depending on the strain. It has
a core set of 1553 genes, plus 154 genes in its virulome, which contribute to
virulence, and 176 genes that maintain a noninvasive phenotype. Genetic
information can vary up to 10% between strains. The pneumococcal genome
iIs known to contain a large and diverse repertoire of antimicrobial

peptides, including 11 different antibiotics (Rezaei Javan et al., 2018).

Natural bacterial transformation involves the transfer of DNA from one
bacterium to another through the surrounding medium. Transformation is a
complex developmental process requiring energy and is dependent on the
expression of numerous genes. In S.pneumoniae, at least 23 genes are
required for transformation. For a bacterium to bind, take up, and recombine
exogenous DNA into its chromosome, it must enter a special physiological

state called competence (Engelmoer et al.,2011).
2.5.2.2. Klebsiella Pneumoniae

Klebsiella pneumoniae (K.pneumoniae) is an opportunistic, Gram-negative,
facultatively anaerobic, rod-shaped 0.3-1 um in diameter and 0.6- 6 um in
length, singly arranged, in pairs, or short chains. K. pneumoniae is
lactose-fermenting, non-motile, non-spore-forming, oxidase negative, with a

prominent polysaccharide capsule of extensive thickness which gives a
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mucoid appearance for colonies on agar plates. K.pneumoniae grows rapidly
on ordinary media and their colonies look large pink, round, and mucoid on
MacConkey agar indicating fermentation of lactose and acid production
(Amraei et al., 2022).

Gram-negative bacteria related to the Enterobacteriaceae family cause a
wide range of diseases including pneumonia, UTIs, bloodstream infections,
and sepsis, all these infections are characterized by their morbidity and
mortality (Bengoechea et al.,2019). K.pneumoniae isolates gaining attention
due to the rise in the number of infections and the increasing number of
strains resistant to antibiotics. Pathogenic features of Klebsiella-induced
pneumonia include cell death associated with bacterial replication, avoidance
of phagocytosis by phagocytes as a result of heavily encapsulated strains, and
the attenuation of host defense responses, chiefly the production of
antimicrobial factors, also utilizes a variety of virulence factors, especially
capsule polysaccharide, lipopolysaccharide, fimbriae, which act as adhesins
to epithelial cells, outer membrane proteins, and determinants for iron
acquisition and nitrogen source utilization, for survival and immune evasion

during infection (Ming et al., 2021).

Klebsiella pneumoniae is an important cause of community-acquired
pneumonia in individuals with impaired pulmonary defenses and is a major

pathogen for nosocomial pneumonia the clinical manifestations of pneumonia

caused by K.pneumoniae are cough, fever, pleuritic chest pain, and shortness
of breath with necrotic destruction of alveolar spaces, the formation of
cavities, and production of blood-tinged sputum, Currant jelly. Finally,
Pneumonia caused by K.pneumoniae can be complicated by bacteremia, lung

abscesses, and the formation of an empyema (Efah et al.,2020).

2.6. Immunopathogenesis

It has been illustrated that the immune system is a major player in the
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pathogenesis of COVID-19 because the causative virus (SARS-CoV-2) can
induce dysregulated innate and adaptive immune responses that are ultimately
associated with widespread damage to tissues and organs (Thierry and Roch,
2020).

2.6.1.Innate Immune Response

Lungs are the vital organs designed not only for the gaseous exchange but
also serve as a major immune organ to protect the host from diseases caused
by the pathogen inhalation during respiration along with allergens and
xenobiotics (allergic asthma, pneumonia, sepsis-associated) (Qian et
al.,2013). The innate immune system serves as the first line of defense against
foreign pathogens by recognizing their pathogen-associated molecular
patterns (PAMPS) or microbe-associated molecular patterns (MAMPS). Also,
innate immune cells recognize the damage or danger-associated molecular
patterns (DAMPSs) generated during the pro-inflammatory conditions

disturbing immune homeostasis (Schaefer, 2014).

Pneumonia is a serious life-threatening infection among the children and
older population. Pneumonia pathogenesis is a very complex process
involving microbial invasion of the lower respiratory tract through
community or hospital spread. It may occur through inhalation of the causal
pathogen. For example, S.pneumoniae is the most common pathogen respons
ible for community-acquired pneumonia (CAP). In addition to the
S.pneumoniae, Legionella pneumophila, Mycoplasma pneumoniae,
Chlamydophila pneumoniae, Chlamydophila psittaci, and Coxiella burnetii
are several other common pathogens responsible for CAP (Arnold et al.,2016;
Cilloniz et al.,2016).
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Most hospital-acquired pneumonia is caused by Gram-negative pathogens
(Klebsiella pneumoniae, Pseudomonas aeruginosa, etc.). The pulmonary

Iinnate immune response during pneumonia initiates with the activation of

residential innate immune cells (AECs, AMs, etc.) inducing neutrophil
infiltration into the lungs. Toll-like receptor 4 (TLR4) activation-induced
Immune response protects the experimental animals infected with Gram-
positive (Streptococcus pneumoniae) or Gram-negative bacteria (Klebsiella

pneumoniae) induced pneumonia (Kumar, 2020).

Three major cell types line the airway: the ciliated cell, the mucous-
secreting goblet cell, and the secretory Clara cell. In addition, in the upper
airways, there are submucosal glands that contribute to airway secretions. It
remains controversial at present if the lung below the glottis is sterile or if
there is a lung microbiome. Many recent studies have focused on the ability of
respiratory epithelium to respond to pathogens through PRRs such as Toll-
like receptors (TLRs). Most TLRs (TLR1-6, 9) are found on the respiratory
epithelium, and the function of TLRs in response to several pathogens

resulting in lower respiratory infection has been well characterized.

A compartment of lymphocytes residing in the respiratory tract epithelium
over the epithelial membrane and between the epithelial cells known as
bronchus-associated lymphoid tissue (BALT) that is comprised of B cells a
major immune cell population to generate IgA, T cells, and DCs. Balts also
have high endothelial venule (HEV), which serves to transport lymphocytes
and antigens to and from circulation. The IgA produced may bind to the
lymphocytes to increase their Ab-dependent cytotoxic action. The secreted
IgA also protects against viral and bacterial infections along with the allergy.
These pulmonary innate immune cells serve as antigen-presenting cells

(APCs) and secrete several cytokines and chemokines to regulate both the
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pulmonary innate and adaptive immunity. The pulmonary microbiota helps in

the pulmonary immune system development, tolerance induction, and
homeostasis. The pulmonary innate immune response during pneumonia
initiates with the activation of residential innate immune cells (AECs,

AMs, etc.) inducing neutrophil infiltration into the lungs (Invernizzi, 2020).

Antimicrobial peptides (AMPs) are further important innate immune factors
suggested to have a role in the resistance to SARS-CoV-2 infection (Ghosh
and Weinberg, 2021). They are low molecular weight proteins with a broad
range of antimicrobial actions against bacteria, viruses, and fungi (Dijksteel et
al., 2021). The AMPs are positively charged with a hydrophobic and a
hydrophilic side, allowing them to be soluble in aqueous conditions, and can
also enter lipid-rich membranes (Annunziato and Costantino, 2020). These
peptides can kill target cells through a variety of processes once they enter a
target microbial membrane. The major families of AMPs in mammals are
cathelicidins and defensins (Bahar and Ren, 2013).

2.6.2.Adaptive Immune Response

Adaptive immunity plays a critical role in pulmonary immunity to many
pathogens and is the increasing focus of vaccine-induced immunity. In the
case of adaptive immunity, it has been shown that both types of T-
lymphocytes (CD4+ and CD8+) are markedly involved in COVID-19
pathogenesis (Huang et al., 2020).

The available evidence indicates that both cell populations show declined
counts and impaired functions during the progression of SARS-CoV-2
infection, particularly in severe cases (Jacques and Apedaile, 2020). Further,

it has been reported that virus-specific memory CD8+ T cells were effective
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In protecting the patients from the lethality of disease due to their role in

controlling viral replication (Schulien et al., 2021).

Besides these cellular defects in immunity against SARS-CoV-2, the
immunopathogenesis of COVID-19 is probably mediated by pro-
inflammatory cytokines (Khosroshahi et al., 2021). It has been depicted that
the acute respiratory distress in COVID-19 and the development of severe
iliness were related to up-regulated levels of pro-inflammatory cytokines, and
accordingly, this condition was termed cytokine release syndrome or cytokine
storm (Pum et al., 2021). The most important cytokines in this context are IL-
1B, IL-6, I1L-18, TNF-a, and IFN-y, as shown in Figure (2-3) (Olbei et al.,
2021). However, IL-6 is the most encountered cytokine, and it has been found
that IL-6 is a key cytokine linked with a higher risk of severity and death in
COVID-19 patients (Santa Cruz et al., 2021). It is produced by dendritic cells
and macrophages in the course of recognizing the pathogens via toll-like
receptors at infection sites (Ascierto et al.,
2021).

24



Chapter Two Literature Review

Cytokine
. F £ EN-Y , Fever

Coronavirus 2 9/ ¢ IFN-y )

s Impaired hematopoietic

.\.t Macrphage \\//" function

\\L(‘ ! TNF-Q Y . . %
AR WE D | Disseminated intravascular
/ =/ \ Dendritic Cefls coagulation

( “ | IL-1P 0 i
- . ‘ Decreased serum protein

o
| -! /| T Cells ' Debilitating
l\ iy L -1' — VAR L A Hyperlipidemia
Fibroblast

. liver damage

-

18 — . Acute kidney injury

~Endothelium
* Anemia

“Acute phase protein

Fig (2-3): Cytokines involved in the pathogenesis of SARS-CoV-2 infection
and their cellular source and associated clinical feature (Olbei et al., 2021).

2.7.Human Leukocyte Antigen (HLA) system

The human leukocyte antigen (HLA) gene complex is a region of
chromosome 6 genes that produce the major histocompatibility complexes
(MHC) protein that contains (Kulski et al.,2019). The immune response against
pathogens is also controlled by some genetic factors associated with
susceptibility or resistance to viral, bacterial, fungal, and parasitic infections, in
particular, those encoded by genes of the human leukocyte antigen (HLA)
system, which are mapped to the short arm of human chromosome 6 (Crux and
Elahi, 2017). The HLA genes are organized into three classes (I, Il, and 111) and
a more detailed region has been addressed, as in Figure (2-4) The classical
class I (A, B, and C) and class Il (DR, DQ, and DP) HLA molecules are
involved in mediating antigen presentation of intracellular and extracellular

peptides, respectively, while HLA-class Il are serum proteins (Wieczorek et
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al., 2017). Non-classical class I HLA molecules (E, F, and G) are other
important products encoded by genes in the HLA region, and constitute the
core molecules involved in controlling the immune response to infectious

agents, as well as inflammatory reactions (Helenius et al., 2015).
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Fig.(2-4): Gene map of the human leukocyte antigen (HLA) region
(Zakharova et al.,2019).

The antigen-presenting cells (APCs) engulf the pathogen through a process
called phagocytosis. Proteins from the pathogen are digested into small pieces
(peptides) and loaded onto human leukocyte antigens (specifically, MHC II),
and then presented by antigen-presenting cells to helper T cells, (Taylor et al.,
2011). In the process, proteins (both local and foreign) produced within most
cells are presented to human leukocyte antigens (specifically, MHC class I) at
the cell surface. Infected cells can be recognized and destroyed by T cells
(Agarwal et al., 2017). Any cell expressing another type of HLA is non-self

and is viewed by the body's immune system as an invader (Jokiniemi et al.,
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2020).
2.7.1.Structure and Expression of HLA Molecules

2.7.1.1. HLA-C molecules

The HLA-C gene is one of the HLA-class Il molecules that belongs to the
MHC (human = HLA) class I heavy chain receptors. The HLA-C receptor is a
heterodimer consisting of an HLA-C mature gene product and [2-
microglobulin. The mature C chain is anchored in the membrane. MHC
Class | molecules, like HLA-C, are expressed in nearly all cells, and present
small peptides to the immune system which surveys for non-self peptides.
HLA-C is a locus on chromosome 6, which encodes for many HLA-C alleles
that are Class-I MHC receptors. HLA-C, localized proximal to the HLA-B
locus, is located on the distal end of the HLA region. Most HLA-C: B
haplotypes are in strong linkage disequilibrium and many are as ancient as the

human species itself (Siegel et al.,2019).

HLA class | genes are located on the short arm of chromosome 6. The
transcription of HLA-C is regulated by core promoter elements but also by
distal regulators. The core promoter consists of the EnhancerA, ISRE, and an
SXY box. Compared to HLA-A and -B, the EnhancerA of HLA-C has no
functional binding site for NF«xB. ISRE activation is mediated through IFNy
stimulation which recruits the transcription factor IRF. The SXY box is
composed of the WIS, X1, X2, and Y and is important for the binding of
NLRC5 and the formation of the enhanceosome. Transcription factors for
WIS are still unknown, but X1 has binding sites for RFX and ETS, X2 has
binding sites for CREB and ATF1, and Y for NFY. Moreover, the non-coding
region of HLA-C contains an OCT1 binding site ~800 bp upstream of the
core promoter region. HLA-C has 8 exons. Exon 1 encodes the signal peptide.

Exons 2 and 3 encode the al and 02 domains which build the peptide binding
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grove. The a3 domain (exon 4) is connected to the transmembrane domain
(TM) and cytoplasmic tail (CYT) (exon 5-7), anchoring the molecule to the
cell membrane (Vollmers et al., 2021). Exon 1 encodes the signal peptide.
Exons 2 and 3 encode the al and 02 domains which build the peptide binding
grove. The a3 domain (exon 4) is connected to the transmembrane domain
(TM) and cytoplasmic tail (CYT) (exon 5-7), anchoring the molecule to the

cell membrane (Vollmers et al., 2021).

2.7.1.2.HLA-DRB1 molecules

HLA-DR is a class Il human leukocyte antigen (HLA) expressed on the
cell surface of antigen-presenting cells, including monocytes, differentiated
macrophages, and dendritic cells, as well as B cells. Since the first description
of the role of HLA-DR in immunosuppression, HLA-DR expression on
monocytes has been subsequently proven to be a reliable marker for
evaluating immune dysfunction and risk of secondary bacterial infections in
sepsis and trauma patients (Zhuang et al.,2020). Thus, reduced amounts of
HLA-DRBL1 can also place COVID-19 patients at high risk of secondary and
severe bacterial nosocomial infections. This observation is consistent with a
clinical report of secondary bacterial infections and end-organ injury among
COVID-19 patients requiring ICU care (Zhou et al., 2020). HLA class I
histocompatibility antigen, DRB1 beta chain is a protein that in humans is
encoded by the HLA-DRB1 gene. DRB1 encodes the most prevalent beta
subunit of HLA-DR. HLA class Il is expressed on the surface of antigen-
presenting cells (including macrophages, B cells, and dendritic cells) and is
essential to display peptides to T-helper CD4+ cells, inducing their activation.
HLA class Il antigens are encoded by DR, DQ, and DP (classical) and DM,
DO (nonclassical) loci. Individual amino acid position variance in HLA class

I1 molecules, especially within HLA-DR molecules forming antigen-binding
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grooves, within the HLA-DRB1 subregion there is an outstandingly
polymorphic HLA-DRB1 gene (Wysocki et al.,2020).

2.7.2.Function of HLA-Classes

Within the host factors that may influence the susceptibility to develop the
most severe forms of SARS-CoV-2, the human leukocyte antigen (HLA)
complex has been appointed as a potential candidate. HLA classes have
different functions that encode glycoproteins that regulate the immune
response by presenting exogenous and endogenous peptides to T lymphocytes
and Natural Killer (NK) cells (Migliorini et al., 2021).

The primary function of Class Il (HLA-DR) is to present peptide antigens,
potentially foreign in origin, to the immune system to elicit or suppress T-
(helper)-cell responses that eventually lead to the production of antibodies
against the same peptide antigen. Antigen-presenting cells (macrophages, B-
cells, and dendritic cells) are the cells in which DR is typically found.
Increased abundance of DR 'antigen' on the cell surface is often in response to
stimulation, and, therefore, DR is also a marker for immune stimulation
(Benlyamani et al., 2020).

The first reported function of the HLA-DRB1 gene provides instructions for
making a protein that plays a critical role in the immune system. The HLA-
DRB1 gene is part of a family of genes called the human leukocyte antigen
(HLA) complex. The HLA complex is the human version of the major
histocompatibility complex (MHC), a gene family that occurs in many

species.
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The HLA-DRB1 gene belongs to a group of MHC genes called MHC class
I1. MHC class Il genes provide instructions for making proteins that are present
on the surface of certain immune system cells. These proteins attach to protein
fragments (peptides) outside the cell. MHC class Il proteins display these
peptides to the immune system. If the immune system recognizes the peptides
as foreign (such as viral or bacterial peptides), it triggers a response to attack
the invading viruses or bacteria. The protein produced from the HLA-DRB1
gene, called the beta chain, attaches (binds) to another protein called the alpha
chain, which is produced from the HLA-DRA gene (Novelli et al., 2020).

Together, they form a functional protein complex called the HLA-DR
antigen-binding heterodimer. This complex displays foreign peptides to the
Immune system to trigger the body's immune response. Each MHC class Il
gene has many possible variations, allowing the immune system to react to a
wide range of foreign invaders. Researchers have identified hundreds of
different versions (alleles) of the HLA-DRB1 gene, each of which is given a
particular number (such as HLA- DRB1*04:01) (Degenhard et al., 2021).

2.8.Genetic polymorphism of HLA genes

It is well known that host genetic polymorphisms play a key role in the
susceptibility or resistance to different viral infections (Debnath et al., 2020;
Ramos-Lopez et al., 2020). Given the primary function of host genes in SARS-
CoV-2 entrance, replication in cells, and mounting of the immune response, it
appears that a combination of several genes may be implicated in COVID-19
pathogenesis (Debnath et al.,2020).

Accordingly, to date, numerous studies have been conducted on the association
between genetic polymorphisms and COVID-19 (Anastassopoulou et al.,2020;
Oztiirk et al., 2020). In some studies, COVID-19 development and/or severity

may be correlated with polymorphisms in genes involved in the innate and
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adaptive immune response (toll-like receptors (TLRs), human leukocyte
antigen (HLA) class | and Il, and cytokines/chemokines), as well as genes
involved in viral binding and entry into host cells (angiotensin converting
enzyme-2 (ACE2) and transmembrane serine protease-TMPR (Grolmusz et al.,
2021; SeyedAlinaghi et al., 2021).

However, it is still unclear which and to what degree specific polymorphisms

contribute to the susceptibility to this disease (Anastassopoulou et al.,2020).

The human Leukocyte Antigen (HLA), located in the short arm of human
chromosome 6, represents one of the most highly polymorphic systems in the
human genome and plays a central role in the regulation of immune response.
The HLA system includes near to 27,000 alleles in three distinct classes of
genes (Class I, I, and [11). Of the three classes of genes, HLA class I-A, B, C,
and class II-DR, DP, and DQ play a crucial role in various immunological
functions in humans including antigen presentation to T lymphocytes and
recognition of self and non-self proteins. HLA class | and Il gene
polymorphisms provide the strongest and most consistent alleles for
autoimmune disease susceptibility (Zakharova et al.,2019; Mufiiz-Castrillo et
al., 2020).

Since the beginning of the COVID-19 worldwide pandemia, the amino
acid sequences of SARS-CoV-2 and HLA antigen interactions have been
studied through in silico prediction models of spatial interactions between
them (Nguyen et al., 2020; Barquera et al., 2020). While this allows the
prediction of the host's immune response to viral antigens. For example,
HLA-C positively correlated with the expansion of COVID-19 (Correale et
al., 2020).
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3. Materials and Method
3.1.Materials

3.1.1.Laboratory Equipment and Instruments

The laboratory types of equipment and instruments used in the present study

were listed in Table (3-1).

Table (3-1): Laboratory Equipment and Instruments

Instruments and Origin Company
Equipment
Autoclave Hirayama (Japan)
Centrifuge Germany Eppendorf
Complete blood count China
Distillation GFL (Germany)
Electric sensitive balance Denver (USA)
ELISA reader, ELISA BioTeck (USA)
washer
Gel documentation system Vilber (France)
Gel electrophoresis system Cleaver Scientific (UK)
Incubator Germany Memmert
Microcentrifuge Germany BECKMAN
COULTER
Micropipette 100-1000 pL Japan DRAGON
LAB
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Micropipette 20- Japan GHADIR. LAB
200 pL

Nanodrop 2000c Fisher Scientific (Canada)

PCR Thermal Techne (UK)
cycler
Refrigerator Concord (Lebanon)

Vitek-2 system France Biomerieux

Vortex Holland LABINCO

3.1.2.Kits, Biological and Chemical Materials

The kits, biological and chemical materials used in this study are listed in Table

(3-2).

Table (3-2): Kits, biological and chemical materials

Type of Kit Origin Company
Agarose, TBE buffer Condalab Spain
DNA extraction Kit Favorgen Taiwan
DNA ladder Bioner Korea
Green master mix Bioner Korea
HLA-C ELISA Kit Biotech China
HLA-DRB1 ELISA Kit Biotech China
Nuclease Free water Bioner Korea
Primers Macrogen Korea
Simply Safe Eurx Poland
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3.1.3.Primer Pairs
The Primer pair (Macrogen/Korea) Table (3-3)

Table (3-3): Primer Sequencing

Primer Sequences5to 3 product

HLA-C TCTCAGACGGGGAGACTCTG

Forward 624bp

HLA-C CGCAGTCCCGGTTCTAAAGT

Reverse
HLA-DRB1 TCTCCCTCCTAATGGTAACTGAG

Forward

409bp

HLA-DRB1 GAGTTTCCCCTGAGAGTGCT

Reverse

3.1.4.Culture Media

All culture media are prepared according to the manufacturer’s instructions and
sterilized by autoclave at 121°C of 15 Ib/inch2 for 15min after adjusted pH for
7.2.

Table (3-4): Culture Media

Medium Company Origin
Blood agar NEOGEN UK
Mac-Conkey agar NEOGEN UK
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3.2.The Study Subjects
3.2.1.Patients and Control Groups

This case-controls study includes 200 blood specimens from acute respiratory
syndrome coronavirus patients aged (13 to 80) years distributed according to
the severity of disease as the following: (40) severe without pneumonia and 40
Severe with pneumonia, who needed ventilators and lying in the respiratory
care unit (RCU) with severe respiratory distress, respiratory rate >30
breaths/minute and pulse oxygen saturation (Sp0O2) < 93% on resting state, the
case was considered to be in severe illness with PCR positive, 40 non-severe
without pneumonia and 40 non-severe with pneumonia with positive PCR
result those who did not need respirators with an oxygen rate higher than 93%
(Sp0O2) >93% on resting state ) who have been hospitalized at the acute
respiratory syndrome coronavirus Wards in Merjan Medical City and Al-Imam
Al-Sadiq Hospital in Babylon Province during 2 months (December 2021 and
January 2022) and 40 healthy controls.

All patients were diagnosed based on previous clinical reports, clinical
examinations, and PCR tests, and the result of the plate late, WBC, and
lymphocyte count was taken from the CBC medical reports. These cases were
compared with each other, all of them were asked to fill out a questionnaire and
all had no family history of any disease. All patients suffering from acute
respiratory syndrome coronavirus were included and excluded from other types

of respiratory diseases.
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3.2.2.Collection of Specimens
3.2.2.1.Blood Specimens

All subjects had venous blood specimens of five milliliters obtained. The
blood specimens are then separated into two groups. For DNA extraction, the
initial part (2.5 ml) is transferred to the anticoagulant tube (EDTA) tube. The
remaining fraction (2.5ml) is transferred to a Gel tube for serum separation, the
blood is allowed to coagulate for about 30 minutes at room temperature and
then centrifuged for 5 minutes at 3000 rpm. The serum was then collected in

four repeaters in a sterile Eppendorf tube and kept frozen at -20 °C.

3.2.2.2.Sputum Specimens

Specimens of morning sputum are obtained from patients before
antimicrobial agents are given and placed in sterile containers as follows: The
patient was instructed to wash his mouth with normal saline to reduce the
number of the oral flora, then directed to breathe deeply and cough deeply to
bring up sputum into a container and transported to the laboratory (Orikiriza,
2019).

3.2.2.3. Laboratory Methods

Level of lymphocyte, platelet count, and total WBC count were determined
using Complete blood count (CBC) a fully automated hematology analyzer.
3.2.3.Ethical Approval
1-The study was done and the cases were collected after getting the agreement
of the patients (verbal acceptance).
2-Approval of Babylon Science Collage Ethical Committee.

3- Before starting the study, permission was taken from Babylon's health presidency
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3.2.4. Study Design

The specimens proceeded according to the study design that showed in Figure

(3-1).

160 specimens collection from COVID-19 with and without bacterial
pneumonia patients

and 40 healthy controls

Sputum
samples

Isolation and
Identification
of bacterial
pneumonia

Vitek-2

Microscopic examination
and colony
morphology

HLA-C

Gel tube

Serum

ELISA

HLA-DRB1
Serum level

serum level

Fig (3-1): Study Design
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3.2.5.Preparation of Cultural Media
The culture media were prepared according to the instruction of the

manufacturing company and sterilized by autoclave at 121 °C and 15 pounds
(Macfadden, 2000).

3.2.5.1.Blood Agar Medium

Blood agar medium was prepared according to manufacturer instructions by
dissolving 40 g of blood agar base in 1000 ml D.W. The medium was
autoclaved at 121 °C for 15 min and pressure 15 pounds per square (psi), left
cooled to 50 °C, and 5% of fresh human blood was added and mixed well
inside a sterilized hood. This medium was used as an enrichment medium for
the cultivation of the bacterial isolates and to determine their ability to do
blood hemolysis (Forbes et al., 2007).

3.2.5.2.MacConkey Agar Medium
It was made by dissolving 51.5 gm into 1000 ml of DW. it was used for the
primary isolation of most Gram-negative bacteria and to differentiate lactose

fermenters from non-lactose fermenters (Winn, and Shotton 2006).
3.2.6.Isolation and Identification of Bacterial Isolates

1-Bacterial Isolation Assays

The specimens were inoculated on blood agar, and MacConkey agar as
predominant enrich media, selective and differential media for the isolation,
purification, and identification of bacteria. The plates were incubated at 37°C

for 24 hours.
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2- Bacterial Identification Assays

Colony Morphology and Microscopic Examination

A single colony was taken from each primary positive culture media and
repeated growth to gain pure culture and then it was identified depending on
its morphology and culture characteristics (colony shape, size, color and
nature of pigments, translucency, edge, elevation, texture, blood hemolysis,
lactose fermentation, mannitol fermentation,) and then it was examined under
the microscope after making smear from the pure colony on clean slid and
stain with Gram’s stain for observation arrangement and shape, and reaction

bacteria with stain (MacFaddin,2000).
3.2.7. Vitek-2 System

The Vitek-2 system was used to confirm the biochemical test according to
the manufacturer's instructions. This system consists of the personal computer,
a reader incubator that is prepared up of many inner constituents including a
card filler mechanism, card cassette, bar code reader, cassette loading
processing mechanism, card sealer cassette carousel, and incubator. In
addition to transmittance optics, instruments control electronics, waste
processing, and firmware. The system was equipped with an extended
identification database for all routine identification tests that provide improved
efficiency in microbial diagnosis which reduces the need to perform any
additional tests, so that will increase safety for both the test and the users.

All the following steps were prepared according to the manufacturer's
instructions. Three ml of normal saline were placed in a plane test tube and
inoculated with a loop full of a single colony. The colony must be aged 24 hr.
The test tube was inserted into a dens check machine for standardization of the

colony to McFarland's standard solution (1.5x108 cells/ml). The standardized
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inoculums are placed into the cassette and a sample identification number was
entered into the computer software via a barcode. Thus the VITEK 2 card is
connected to the sample ID number. Then, the cassette was placed in the filler
module, and when the cards are filled, transferred the cassette to the reader
incubator module All the following steps were handled by the instrument, the
instrument controls the incubation temperature, the optical reading of the cards
and continually monitors and transfers test data to the computer for analysis.
A.Standardization

After primary isolation, handling was minimized in a simple inoculum
preparation, standardization, and dilution step. The standardized inoculum was
placed into the cassette and a sample identification number was entered into
the computer software via barcode.
B.Traceability

The VITEK-2 card type was then read from the barcode placed on the card
during manufacturing and the card is thus connected to the sample ID.
Manufacturer barcodes link the card to patient information in this one easy
barcode reading step.
C.Load and Go

Place the cassette in the filler module. When the cards were filled, transfer
the cassette to the reader/incubator module. All subsequent steps are handled

by the instrument.

3.2.8.Immunological Study
3.2.8.1.Estimation of Serum Human HLA-C and HLA-DRB1

ELISA kit was applied to the in vitro quantitative determination of Human
HLA-C and HLA-DRBL.
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1. Test Principle

In the ELISA kit, the Sandwich-ELISA method is used to detect HLA-C and
HLA-DRB1, respectively. A Human HLA-DRB1 antibody is pre-coated on a
96-well microtiter plate included in this kit. Samples or standards were mixed
with the appropriate antibody in the appropriate wells. A biotinylated
detection antibody for HLA-C was then added. To each well, we added an
avidin-horseradish peroxidase conjugate (HRP). Washing was performed after
the chromogenic step to remove any remaining free components. Each well
was incubated with a different substrate. Only the wells containing HLA-C
and HLA-DRB1 contain biotinylated detection antibodies and Avidin HRP
conjugates. The enzyme-substrate reaction turns yellow after the stop
solution is added. The optical density (OD) at an excitation wavelength was
measured using a spectrophotometric technique (450 nm 2 nm). The OD value
and Perforin concentration were found to be highly correlated. The
concentration of HLA-C and HLA-DRB1 was determined by comparing the

OD of the samples to the standard curve.
2. Reagent Preparation

I-HLA-C

1- All reagents was brought to room temperature before use.

2- Standard solution preparation: Reconstitute the 120ul of the standard
(160ng/ml) with 120ul of standard diluent to generate an 80ng/ml standard
stock solution. Was allowed the standard to sit for 15 mins with gentle
agitation before making dilutions. Prepared duplicate standard points by
serially diluting the standard stock solution (80ng/ml) 1:2 with standard
diluent to produce 40ng/ml, 20ng/ml, 10ng/ml, and 5ng/ml solutions. Standard
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diluent serves as the zero standards (0 ng/ml). Any remaining solution should be

frozen at -20°C and used within one month. The dilution of standard solutions

120 ul 120l 120 i 120 ul

A RTTONTTNSTNETR

TR

Zero Standard

y

Standard Standard Standard Standard Standard Standard
Concentration No.5 No.4 No.3 No.2 No.1
160ng/ml 80ng/ml 40ng/ml 20ng/ml 10ng/ml 5ng/ml

suggested is as follows:

Fig (3-2): Schematic presentation of a standard preparation of HLA-C

Woash Buffer: Diluted 20ml of washed buffer concentrate 25x into deionized or
distilled water to yield 500 ml of 1x Wash Buffer. If crystals have formed in the
concentrate, mix gently until the crystals have completely dissolved.
2-HLA-DRB1

1- All reagents was brought to room temperature before use.

2- Standard solution preparation: Reconstitute the 120ul of the standard
(9600ng/L) with 120ul of standard diluent to generate a 4800ng/L standard
stock solution. Was allowed the standard to sit for 15 mins with gentle agitation
before making dilutions. Prepared duplicate standard points by serially diluting
the standard stock solution (4800ng/L) 1:2 with standard diluent to produce
2400ng/L, 1200ng/L, 600ng/L, and 300ng/L solutions. Standard diluent serves
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as the zero standards (0 ng/L). Any remaining solution should be frozen at -

20°C and used within one month. The dilution of standard solutions suggested

Is as follows:
120 1l 120 120 pl 120 ul
/_\ /—\ //_\ /_\ Zero Standard
Standard Standard Standard Standard Standard Standard
Concentration No.5 No.4 No.3 No.2 No.1
9600ng/L 4800ng/L 2400ng/L 1200ng/L 600ng/L 300ng/L

Fig (3-3): Schematic presentation of a standard preparation of HLA-DRB1

Wash Buffer: Diluted 20ml of washed buffer concentrate 25x into deionized or

distilled water to yield 500 ml of 1x Wash Buffer. If crystals have formed in the

concentrate, mix gently until the crystals have completely dissolved.

3- ELISA Assay Procedure

1. Prepared all reagents, standard solutions, and samples as instructed. Bring

all reagents to room temperature before use. The assay is performed at room

temperature.

2. Determined the number of strips required for the assay. Insert the strips in

the frames for use. The unused strips should be stored at 2-8°C.

3. Added 50ul standard to the standard well.
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biotinylated antibody to a standard well because the standard solution contains a

biotinylated antibody.

4. Added 40ul sample to sample wells and then add 10ul anti-HLA antibody
to sample wells, then add 50ul streptavidin-HRP to sample wells and standard
wells ( Not blank control well ). Mix well. Cover the plate with a sealer.

Incubate for 60 minutes at 37°C.

5. Removed the sealer and wash the plate 5 times with wash buffer. Soak
wells with 300ul wash buffer for 30 seconds to 1 minute for each wash. For
automated washing, aspirate or decant each well and wash 5 times with wash

buffer. Blot the plate onto paper towels or other absorbent material.

6. Added 50ul substrate solution A to each well and then add 50ul substrate
solution B to each well. Incubate plate covered with a new sealer for 10 minutes
at 37°C in the dark.

7. Added 50ul Stop Solution to each well, the blue color will change into

yellow immediately.

8. Determined the optical density (OD value) of each well immediately using
a microplate reader set to 450 nm within 10 minutes after adding the stop

solution.
3.2.8.2. Calculating of Results of ELISA Test

The standard curve was created by plotting the mean OD value for each
standard on the y-axis against the concentration on the x-axis and drawing a
best-fit curve through the points on the graph, when specimens have been
diluted, the concentration calculated from the standard curve was multiplied by

the dilution factor. the OD of the specimen that surpassed the upper limit of
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the standard curve was tested after appropriate dilution as shown in the figure
(3-4) and (3-5).
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Fig (3-5): Standard Curve of HLA-DRB1
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3.2.9. Genomic Study

3.2.9.1. Genomic DNA Extraction from Frozen Human Blood

Favor the Prep TM Genomic Mini Kit obtained genomic DNA from frozen

human blood following the manufacturer's protocol.

1-A 1.5 mL microcentrifuge tube was used to transfer approximately 200 uL of
thawed frozen blood from an EDTA tube. Following this step, the sample was
incubated in the incubator for 15 minutes at 60 ° C with 30 pL of proteinase K

(10mg/ml, not provided).

2-As soon as the blood turned greenish-black from the addition of 200 pL of
FABG Buffer for cell lysis, the sample was incubated for 15 minutes at 70 ° C.
and vortexed or shaken to ensure that the cells were fully lysed before being
placed back into the assay. Every three minutes, the sample was inverted to
create a new one. For DNA elution, the Elution Buffer was placed in an
incubator set to 70°C.

3-To ensure that no precipitation formed during DNA binding was added 200 pL
of ethanol (96-100%) was to the sample and vortexed for 10 seconds. This was
followed by one minute of 14000-rpm centrifugation on the FABG column after
it was carefully transferred to the FABG column. Discarded the Flow- Through
Two milliliters of new collection tubes were used to hold the FABG column in

place.

4-After adding 400 pL of W1 Buffer to the FABG tube, the tube was centrifuged
at 1400 rpm for 30 seconds. After discarding the flow-through, the FABG
column was reinserted into the collection tube. well and toward the positive (red)

electrodes. Add power by turning on the switch.
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5-To dry the column, 600 uL of wash Buffer was added to the FABG tube and
centrifuged at 1400 rpm for 30 seconds. The flow-through was then discarded
and the FABG tube was placed in the collection tube and centrifuged for an

additional 3 minutes.

6-After that, the dry FABG column was transferred to a new 1.5 mi
microcentrifuge tube, and 100 pL of preheated elution buffer or TE was added
directly to the FABG column membrane. After 10 minutes of incubation at 37°C,
the DNA was extracted by centrifugation at 1400 rpm for 1 minute. DNA was
kept at 4°C until it was needed.

3.2.9.2.Primer Preparation

TB Buffer (8.0) was used to dissolve the primer pairs used in this study,
which contained Tris-HCL (10 Mm) and EDTA-Naz2. Initially, the primer stock
tube is prepared, and then the working solution is prepared from the primer stock
tube.

The nuclease-free water was added following the manufacturer's instructions
(micro gen/Korea) to obtain a (300 picomole/microliter) concentration of the
primer stock solution. By diluting the stock solution with nuclease-free water,
the working solution was obtained at a concentration of 10 picomole/microliter
(Green and Sambrook,2012).
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3.2.9.3. Reaction Mixture
1-Amplification of DNA was carried out in a final volume of 50 pL reaction

mixture as mentioned in Table (3-4).

Table ( 3-5): Contents of the Reaction Mixture

No. Contents of the reaction mixture Volume
1. Green master mix 25 uL
2. Upstream primer (10pmol/ pL) 3 uL
3. Downstream primer (10pmol/ pL) 3 uL
4, Nuclease free water 14 pL
5. DNA from sample 5uL

Total volume 50uL

3.2.9.4. Polymerase Chain Reaction (PCR)

The target DNA was amplified using specific primer pairs in a conventional
PCR as previously described (Table 3-6). The PCR product (amplicon) is
obtained by repeating three consecutive steps for a specific number of cycles,
which can then be visualized after agarose gel electrophoresis, as shown in

Table (3-6) which contains information on the thermal cycling conditions.
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Table (3-6): PCR thermal cycling conditions.

Steps Temperatu Conditions Cycle Reference
re (°C) time number
Initial 95 2 1
denaturation minutes
Denaturation 95 sec%% " o This
Study
Annealing 62.2 30
seconds
Extension 12 1 minute
Final 12 5 1
extension minutes
Initial 95 5 1
denaturation minutes
Denaturation 95 30 This
seconds Study
Annealing 63 30 30
seconds
Extension 712 1 minute
Final 712 5 1
extension minutes

3.2.9.5. TBE Buffer (Tris-Borate-EDTA)

DNA gel electrophoresis was commonly performed using a TBE running

buffer. The stock solution of TBE was prepared and stored at a concentration

of 10x working solution. Dissolving 108 grams of Tris, 55 grams of boric
acid, and 40 ml of 0.5 M EDTA in 1000 ml of D.W. yielded the 1x solution.

When preparing gel electrophoresis gel, the final concentration of the TBE

solution was prepared by adding 100ml of 10x TBE buffer to the final volume
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of DW of 900 ml and using a concentration of 1x TBE solution
prepared by adding 100ml of 10x TBE buffer to the final volume of
950ml (Sambrook and Russel,2001).

3.2.9.6. Agarose Gel Electrophoresis

Agarose gel electrophoresis is a good way to separate DNA fragments. The
amount of agarose in a gel depends on the size of the DNA fragments that
need to be separated. It ranges from 0.5% to 2%. (Lee et al.,2012). A 1.5 gel
was used to get a good picture of small parts of the PCR product (100-700 bp).
However, the specific weight of agarose was added to 100 ml of 1x TBE
buffer and then melted in the microwave until the solution was clear. This is
how the solution was made. Afterward, the agarose gel cooled down to 50-
55°C. 5 ml of a dye called "simply safe" (10 mg/ml) was added to 100 ml of
melting agarose gel to get a concentration of 0.5%. (Sambrook and
Russel,2006). The gel tray was filled with agarose, the comb was put in the
right place, and then it was left to dry. They were put in a separate well of the
gel, and markers were put in another well. Using the gel's percentage and size,
a run was done in the correct way for the electrodes to connect (The time of

agarose gel electrophoresis is 70 minutes for PCR product).

1- When using a plastic tray, made sure that the comb's teeth are at least
0.5mm higher than the tray's bottom.

2- 1mL TBE (10X) stock solution + 1000 mL deionized water = 1 mL
TBE (10X) solution (1X).

3- Mixed the buffer and 1.5g agarose in a 500 ml flask. Microwave the solution for

90 seconds on high power to dissolve the agarose. Made sure the agarose
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the solution is completely dissolved and has no visible agarose particles.

4- Used 50°C agarose solution with 5 pL Simple safe stock solution. Poured
the agarose into the gel-casting tray in a steady stream. Remove any air bubbles

with a yellow tip.

5- When applying the gel, kept the comb 1.5cm away from the gel's edge.
Wiaited 20— 30 minutes before using the agarose solution. Taking the comb out
of the agarose gel after it has solidified requires extreme caution to avoid

tearing it. Set the gel-casting tray on the gel box's central platform.

6- After removing the gel tray from the gel box, place it on the central platform.
7- The electrophoresis buffer should be raised 0.5-1cm above the gel surface

by adding a buffer to the buffer chamber.

8- Place the samples in the yellow-tipped wells. Made sure that the syringe tip
Is well above the electrophoresis buffer if injecting. Wait a few moments before
slowly ejecting the sample. Avoid contaminating nearby water sources.
Sequentially fill each well with a sample. One gel well should be sufficient if

you have enough samples to fill the other gel wells.

9- First load 5ul of ladder molecular weight marker to each side of the gel
(flanking the sample line) and 5 pl of DNA specimen in the other well.

10- The electrodes can be connected to the gel box lid. The positive electrode
can be used to draw DNA from a well (red). The machine needs the power

supply turned on to work properly.

11- No electrophoresis should be done until the tracking dye has traveled at
least 10 cm across the gel.
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3.2.9.7.Sequencing of PCR Product

Forty microliters of HLA-C and HLA-DRB1 products were sent to
Macrogene/ Korea for Sanger sequencing. After trimming each sequence, the
result of the trimmed sequence was blasted in NCBI to check the similarities
and differences with the database. Finch TV version 1.4.0 (Geospiza, Inc.;
Seattle, WA, USA; (http: //lwww.geospiza.com) was used to check the
polymorphism of the genes above.
2.3.Biosafety and Hazard Material Disposing

Biosafety aspects were followed during the work including wearing all
personal safety equipment such as masks, paws, gloves, and glasses when
taking samples from patients sleeping in the epidemiological corridor. The
samples were stored after sterilization with ethanol in freezers designated for
storing COVID-19 samples. Then all contaminated syringes and supplies were
disposed of supplies by autoclaving and then incineration. All benches were
cleaned with alcohol (70%) before and after work. Simply Safe used red safe
instead of ethidium bromide to reduce biohazard. (Bergen, and Shelhamer,
1996).

2.4. Statistical analysis

Number and percentage were used to express categorical variables.
Parametric variables were given as mean z standard deviation (SD) and
significant differences were assessed using the least significant difference
(LSD) test. Nonparametric variables were expressed as the median and
interquartile range (IQR), and the Mann-Whitney U test (to compare two
groups) and the Kruskal-walls test (to compare three or more groups) were

used to assess significant differences between medians. Multinomial logistic

52



Chapter Three Materials and Methods

regression analysis was applied to determine the odds ratio (OR) and 95% ClI.
The association between the polymorphism and susceptibility to acute
respiratory syndrome coronavirus was expressed as OR and 96% CI. A
probability (p) value < 0.05 was considered significant. The statistical analysis
was performed using IBM SPSS Statistics 25.0 (Armonk, NY: IBM Corp.) and
GraphPad Prism version 9.5.0 (San Diego, California USA).
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4. Result and Discussion

4.1. Clinical Characteristics of SARS-CoV-2 and Bacterial Pneumonia

Patients

Clinical characteristics for (COVID-19 and Bacterial Pneumonia) patients
who have been hospitalized at the COVID-19 Wards in Merjan Medical City
and Al-Imam Al-Sadiq Hospital in Babylon Province and healthy control
groups for two months (December 2021 and January 2022). This case-control
study aims to reveal the following results. The study population was divided
into five groups (A-severe corona patients without bacterial pneumonia, B-
severe corona patients with bacterial pneumonia, C- non-severe corona patients
without bacterial pneumonia, D- non-severe corona patients with bacterial
pneumonia, and E- apparently healthy controls).

4.1.1. The Demographic Distribution of the Study Subjects

During this study, HLA-C and HLA-DRB1 were studied from an
immunological study, which was done for (180) specimens including (40)
group (A), (40) group (B), (40) group (C), (40) group (D), and (20) group (E).
The second section of this study examines HLA-C and HLA-DRB1 genes
polymorphism in (200) specimens, including (160) acute respiratory syndrome
coronavirus patients, ((40) group (A), (40) group (B), (40) group (C) and (40)
group (D), ) and (40) group (E). The study revealed that all groups of COVID-
19 patients have positive results for PCR tests and C-reactive protein (CRP)
tests and some groups of bacterial pneumonia patients have positive results for

Streptococcus pneumoniae or Klebsiella pneumoniae in bacterial infection.

Age of Participants

The mean age of acute respiratory syndrome coronavirus patients cases was
significantly increased as compared to healthy controls (HC) (53.95 = 17.67
vs. 35.43 £ 16.03 years; P < 0.0001) (Figure 4-1). The age median range in
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group (A) is (13-87), in the group (B) is (15-78), in the group (C) is (10-83), in
the group (D) is (19-80), and in the group (E) is (12-72). The study showed that
there are significant differences in p-value (0.05) among acute respiratory

syndrome coronavirus patients compared with healthy controls.

Age
100
P <0.0001
S
()
> 60 ;
)
n
+l
c
©
(V]
=
20 1
53.95+17.67 35.43+16.03

Cases Controls

Fig (4-1): Study population distributed according to mean age.

Chronic diseases associated with age progressions such as diabetes mellitus,
heart conditions, and hypertension increase with age. A decline in the number
and size of ciliated cells in the lung as well as a decrease in nasal resistance can
be used to explain the idea that older people are more susceptible to SARS
CoV-2. Lung involvement in the elderly, lower oxygen saturation levels, and a
larger need for oxygen supplementation were all strongly correlated. These
patients had more severe COVID-19 than younger patients, necessitating

frequent mechanical breathing and ICU admission (Lian et al.,2020).
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As previously reported (Mueller et al.,2020; Speretta and Leite, 2020; Starke
et al.,2020), adults in their sixth decade of life account for the bulk of
hospitalizations and have a higher risk of death than younger adults. This is
because of the severity and result of COVID-19. This may be connected to
immunosenescence and cellular senescence, two immune aging processes that
can degrade immune responses to SARS-CoV-2 and increase systemic

inflammation as a result of irreversible cell cycle arrest (Zhou et al.,2021).

The age impact on acute respiratory syndrome coronavirus patient's outcome
has been further attributed to immune- and inflammatory-mediated
mechanisms. In this regard, a pronounced pro-inflammatory condition has been
observed in the lungs of elderly patients with chronic diseases, and this may
dysregulate the immune responses in patients having COVID-19 (Costagliola
et al.,2021).

Yang et al.,(2020) reported that elderly patients were more susceptible to
COVID-19 than younger adults. Also, (Wu et al.,2020) revealed that the
median age of patients was 51 years (43-60 years), and 41.8% developed Acute
Respiratory Disease, especially in older age. Further, the severity and outcome
of the disease largely depend on the age of the patient. Also agreed with Jaaffar
et al.,(2019) who reported that most bacterial pneumonia patients most of their
ages were between 10 and 30 years 49% followed by 31-45 years recorded
37% and older than 45 years. (Mohammed et al.,2019) in Thi-Qar found that
bacteria pneumonia patients' ages range between (15-80 years) and the median

age is 22 years.

56



Chapter Four Result and Discussion

4.1.2. Estimation of Blood Parameters in COVID-19, Bacterial Pneumonia

Patients, and Healthy Controls

The result clarifies that the mean level of W.B.C was elevated significantly (P<

0.05) in bacterial pneumonia patients (severe COVID-19 with pneumonia
(17.1615.74), and non-severe COVID-19 with pneumonia (9.42+4.23)), then
in COVID-19 patients (severe COVID-19 without pneumonia (12.41+5.65),
and non-severe COVID-19 without pneumonia (9.46x+4.06)), compared to the
healthy control groups (8.43+2.86), Table (4-1). While the percentage of PLT

also decreased significantly among both patients compared to the control

group, Likewise, the percentage of LYM%, was decreased significantly among

COVID-19 patients compared to the control groups Figure (4-2).

Table (4-1): Blood parameters in COVID-19 with and without Bacterial

Pneumonia patients and healthy controls

Parameters

WBC

Lym

PLT

COVID-19 with COVID-19 without
_ _ _ _ Healthy  P-Value
Bacterial Pneumonia Bacterial Pneumonia
Controls
Severe Non-Sever Severe Non-Severe
Pneumonia Pneumonia
17.41+5.65 19.46+4.06 12.16+5.74 9.42+4.23 8.43+2.86 0.000*
5.54+7.16 12.57+14.18 5.26+6.24 9.39+7.81 6.32+1.36 0.000*
198.8+57.19 218.4+78.76 | 209.5+61.34 |251.2453.95 296.6+61.22 0.002*

*Significant (P<0.05).
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Fig (4-2): Comparsion between Cases and Cotrols in blood parameters (WBC,

LYM, and PLT).
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According to Kawamata et al.,(2015) explanation of pneumonia severity
classifications-mild, moderate, severe, and no high severity pneumonia
patients and found that WBC counts increased in patients compared to healthy

subjects but no significant difference according to the severity of the disease.

Zhou et al.,(2020) suggested that lymphopenia can be considered a
surrogate biomarker of ineffective immune response to the SARS-CoV-2
infection. According to Mousavi, (2020), at the height of the SARS-CoV-2
outbreak in Tehran, Iran, 60% of participants had lymphopenia, with 92.8
percent of ICU patients also having lymphopenia. The mean neutrophil count
was also significantly higher in non-survived patients. So according to their
findings, the majority of patients have a high percentage of neutrophils and
few lymphocytes.

Identical line. Attiyah, et al.,(2021) demonstrated noticeably greater
neutrophil and WBC levels as well as reduced lymphocyte and
monocyte levels. It has been suggested that lymphopenia in severe/critically
infected patients may result from the virus's direct involvement or the
redistribution of WBC through chemotaxis or apoptosis. While lymphocyte
albumin and low-density lipoprotein levels in the severe pneumonia infection
group are lower than in the normal infection group, Thomas et al.,(2020)
found that WBC, neutrophil, monocyte, CRP, serum creatinine, and urea

nitrogen levels are higher.
4.2. lIsolation Bacteria in Patients with Bacterial Pneumonia
Specimens

In this study, 80 sputum specimens were collected from patients suffering
from pneumonia of both sexes with age (13-87) years, carried out from

Merjan Medical City and Imam Sadiq Hospital in Babylon province for 2,
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months (December 2021 and January 2022). Pneumonia is caused by bacteria
of which 80 (40%) showed positive bacterial growth and 120 (60%) showed
no growth. Out of 80 positive bacterial growths, 60 (or 75%) are
Streptococcus pneumoniae, followed by 20 (or 25%) Klebsiella pneumoniae.
Gram-positive bacteria are pneumonia's most frequent cause. The illness is
common worldwide and affects people of all ages (Najem et al.,2015).
According to Ibrahim et al.,(2017) out of the 90 specimens, 50 specimens
(55.5%) included Streptococcus spp. while 40 specimens revealed 44.4% non-
Streptococcus spp. species. Among the isolates, Streptococcus pneumoniae
made up eleven (22%).

According to Jameel et al., (2020), out of the 20597 sputum specimens
they tested, 1155 (5.6%) were positive and 19442 (94.4%) were negative. 169
samples from the 17268 that were analyzed for TB tested positive at a rate of
(1.1%), 898 samples from the 3241 that were studied tested positive for
bacterial growth at a rate of (27.7%), and only 88 samples (0.4%) tested
positive for fungal growth. Pseudomonas aeruginosa and Moraxella
catarrhalis were the most prevalent Gram-negative bacteria, followed
by Klebsiella pneumoniae and Escherichia coli (15.86%) and (13.31%),
respectively. 53%29%18% S.aureus, and K.pneumoniae, respectively. At the

top of the Gram-positive bacteria list is Streptococcus pneumoniae (15.0%).

Table (4-2): Bacterial Pneumpnia that associated with COVID-19

Streptococcus pneumoniae 28 32 75%
Klebsiella pneumoniae 12 8 25%
Total 40 40 100%
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4.2.1.The Diagnostic Characteristics of Streptococcus Pneumoniae

The current study shows that 60 isolates of Streptococcus pneumoniae were
found in the patient's sputum. Based on phenotypic traits such as colony
morphology, and Gram's stain) alpha-hemolytic (under aerobic conditions) or
beta-hemolytic (under anaerobic conditions) facultative anaerobic.

All specimens were cultured on blood agar after incubation at 37 C for 24
hours, and colonies appear forming highly mucoid and glistening. The most
frequent cause of pneumonia is Streptococcus pneumoniae. The illness affects
people of all ages and is widespread around the world. The gram-positive
bacteria Streptococcus pneumoniae are short pairs of diplococci, facultatively
anaerobic, and alpha-hemolytic. They also test negative for oxidase and
catalase, and their colonies are 1-2 mm in diameter and immobile (Ibrahim et
al., 2019).

Table (4-3): Diagnostic feature of Streptococcus pneumoniae

Test Results
Growth on S.pneumoniae appears as small, grey, moist
blood agar

mucoidal), colonies, and characteristically

produces a zone of alpha-hemolysis (green)

Hemolysis alpha- hemolytic
Gram stain Gram-positive
Morphology Pairs of cocci (diplococci), but they may also

occur singly and in short chains
Catalase Negative

Optochin Positive

61



Chapter Four Result and Discussion

4.2.2.The Identification Characteristics of Klebsiella Pneumoniae

In total, 20 of 80 patients, had a positive microbiological result for
Klebsiella pneumoniae. The phenotypic characteristics of K. pneumoniae,
such as the colony morphology of the bacteria on blood agar, which is mucoid
and 3 to 4 mm in diameter, are used to make a diagnosis of the organism in a
lab. setting. K.pneumoniae colonies on MAC are typically pink, mucoid, and
3 to 4 mm in diameter.

According to (Effah et al., 2020) observations, K. pneumoniae is a naturally
occurring bacillus that is categorized as Gram-negative, non-motile, and
capsulated. It can be found in the environment as well as on human mucous
membranes in the gastrointestinal tract and oropharynx microbiome. The
bacteria can spread from these colonized areas to distinct tissues causing acute
infections, including pneumonia, urinary tract infections, wound infections,

bacteremia, and liver abscesses.

Table (4-4): Diagnostic features of Klebsiella Pneumoniae

Test Results
Growth on blood and Mucoid colonies on blood agar, and lactose
MaCconkey agar fermenting colonies on MaCconkey agar

appear red to pink in color.

Gram stain Gram-negative bacilli

Morphology Large shiny and dark pink. Gram-negative,
the short rod-shaped bacterium, plump,
straight rods, non-motile, encapsulated,

facultatively anaerobic, large, dome-shaped.
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4.3.Immunological Study

4.3.1. Estimation of Human Leukocyte Antigen-C ( HLA-C) Serum Level
in the Study Population

Getting rid of COVID-19 patients includes a strong immune response
capable of controlling the infection and appropriate treatment. The current
study demonstrated that serum HLA-C levels were significantly elevated
among acute respiratory syndrome coronavirus patients regardless of disease

severity.

The present results revealed a significant difference (P <0.05) in the serum
levels of HLA-C between patients and healthy controls. By graph pad prism In
the case of disease severity, HLA-C levels show significant differences
between patients with, group (A) having a level of 71.66£19.83 ng/ml, group
(B) having a level of 78.57+17.53 ng/ml, group (C) having a level of
77.36£17.03 ng/ml, group (D) having a level of 81.74+13.52 ng/ml, (P
<0.000). The HLA-C serum levels were no significantly increased in (COVID-
19 and Bacterial pneumonia) patients having a level 81.64 (40.23-126.2) ng/ml,
and apparently healthy controls having a level of 77.0 (40.9-116.8) ng/ml, (P
<0. 2). Shown in figure (4-3).
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In the case of disease severity, HLA-C levels show significant differences
between patients with Severe, Severe Pneumonia, Non-Severe, or Non-Severe
Pneumonia (P < 0.000), As shown in Figure (4-3).

The main function of HLA-C is to inhibit innate and adaptive immune
responses by interacting with its ligands on target cells to transmit inhibitory
signals. Natural killer cells, CD4+ and CD8+ T cells, B cells, macrophages,
dendritic cells, and neutrophils are among the target cells functionally
influenced by HLA-C. These findings were consistent with previous
observations that HLA-C serum levels were up-regulated in the serum of
patients with severe disease (Al-Bayatee, and Ad'hiah,2021). These data
confirm the recently addressed hypothetical views implicating HLA-C in the
Immunopathogenesis of COVID-19 and disease severity (Saulle et al., 2021).

Under normal physiological conditions, HLA-C can function as an
inhibitor of T and NK cell cytotoxicity and an enhancer of T regulatory cells
(Bian, and Fu, 2022). Interestingly, in vitro, evidence showed that a large
number of genes related to HLA-class | (including HLA-C), HLA-class 11, or
antigen presentation were found to be up-regulated 36 h post-infection of a
human lung epithelial cell line with SARS-CoV (Josset et al., 2013).

The results of the current study were confirmed by Nelde, A et al., (2022),
who also recommended more investigation into serum HLA class | levels and
their connection to various symptoms. Convalescent people who had COVID-
19 symptoms such as a cough, headache, and weariness reported having

elevated serum HLA class | levels.
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Horizontal lines indicate medians, while vertical lines indicate interquartile
range (IQR). Significant differences were assessed with the Mann-Whitney U

test (to compare two groups), and the Kruskal-Wallis test (to compare three
groups) by Graph Pad Presim.

Fig (4-3): Scatter dot plots of concentration HLA-C in COVID-19 with and

without pneumonia, and cases distributed according to the severity of the
disease.
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4.3.2. Estimation of Human Leukocyte Antigen-DRB1 ( HLA- DRB1)

Serum Level in the Study Population

In the present study, you examined the severity of the illness among 160
people with acute respiratory syndrome and the prevalence of HLA-DRBL1 in
comparison to 20 healthy controls. The patient's group showed lower
frequencies of HLA-DRB1 with a coronavirus-induced acute respiratory

syndrome.

By graph pad prism In the case of disease severity, HLA-DRB1 levels
show significant differences between patients with, group (A) having a level of
2474 = 896 ng/L, group (B) having a level of 2432 £+ 506 ng/L, group (C)
having a level of 2791 + 626 ng/L, group (D) having a level of 3004 + 605
ng/L, (P <0.000). The HLA-C serum levels were significantly decreased in
(COVID-19 and Bacterial pneumonia) patients having a level 2587 (579.5-
7169) ng/L, and apparently healthy controls having a level of 3481 (1873-
5247) ng/L, (P <0. 001). Shown in figure (4-4).

In the case of disease severity, HLA-DRB1 levels show significant
differences between patients with Severe, Severe Pneumonia, Non-Severe, or

Non-Severe Pneumonia (P < 0.001), As shown in Figure (4-4).
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Horizontal lines indicate medians, while vertical lines indicate interquartile
range (IQR). Significant differences were assessed with the Mann-Whitney

U test (to compare two groups), and the Kruskal-Wallis test (to compare
three groups) by Graph Pad Presim.

Fig (4-4): Scatter dot plots of concentration HLA-DRB1 in COVID-19 with
and without pneumonia, and cases distributed according to the severity of
the disease.

Given the central role of HLA molecules for the stimulation and induction of
T cell-mediated anti-viral immunity, it is speculative that HLA_DRB1 may
determine the genetic susceptibility to or possibly protection against SARS
COV-2 and they can be related to severity, prognosis, and outcome of diseases
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(Littera, et al., 2020)., (Nguyen, et al.,2020).

Valtierra-Alvarado, M et al.,(2022) supported the findings of the current
study, A lower frequency of HLA-DR is observed in type 2 diabetes (T2DM)
patients, HLA-DR-/low cells have been associated with an MDSC
Immunosuppressive phenotype, therefore an increased frequency of these cells
could be associated with impairment of immune protective functions. The
frequency of HLA-DR-/low (negative or low expression of HLA-DR) cells in
HC and T2DM patients was evaluated by flow cytometry. To this end, the
HLA-DR-/low population was defined by HLA-DR downregulation and was

delimited by fluorescence minus one (FMO) control.

Restrepo, B. | et al.,(2021) support this finding showing lower HLA-DR
expression in all the monocyte subsets from diabetes patients, regardless of
their dyslipidemic state. Lipids may further affect HLA-DR expression, with
triglycerides promoting depression, while cholesterols, particularly LDL,

counterbalance the reductive effect.

Domon, H.,& Terao, Y.(2021) support this study and found that expression
of the human leukocyte antigen (HLA) class Il molecule was decreased in
THP-1-derived macrophages treated with supernatants from dead neutrophils.
Neutrophil elastase also cleaved HLA-DRB1 on extracellular vesicles isolated
from macrophages without triggering morphological changes. Thus, leakage of
neutrophil elastase may disrupt innate immune responses, antigen presentation,
and T-cell activation. Additionally, inhibition of neutrophil elastase is a

potential therapeutic option for treating bacterial and viral pneumonia.
4.3.3. Correlation Among the Immunological Parameter

This study correlated HLA-C and HLA-DRB1 serum levels in (COVID-19

and bacterial pneumonia) patients, and correlation analysis revealed the
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following results: Positive correlation is significant at the 0.000 level (2-tailed).

As shown in table (4-7). This correlation was significant, These data may
underline some causal relationships between parameters in (COVID-19 and
bacterial pneumonia) patients and their synergistic effects in predisposing the
individual to the disease or its severity.

Table (4-7): Correlations between HLA-C and HLA-DRB1 serum levels in
COVID-19 and bacterial pneumonia patients.

Parameter HLA C HLA DRB1
HLA C 1 0.410**
Sig 0.000
HLA DRB1 0.410** 1

Sig 0.000

** Correlation is significant at the 0.01 level (2-tailed).

Individual HLA genotypes might play a role in determining susceptibility
to COVID-19 infection and infection outcome. Although HLA class I is well
known as a molecule that presents intracellular molecules, HLA class Il can
have a role in viral peptide presentation. A recent study showed that peptides
from SARS-COV2 can bind HLA-DR molecules present on monocytes
(Parker et al., 2021).in which an association between HLA- DRB1 and the
incidence of COVID-19 infection was suggested (Novelli et al., 2020).

In contrast, a study found a positive significant correlation between the
HLA-C and HLA-DRB1) haplotype and the incidence and death from
COVID-19 (haplotype of susceptibility) (Pisanti et al.,2020).

Sakuraba, et al.(2020) who support this study clarified that antigen
presentation stimulates the body's humoral and cellular immunity, mediated
by virus-specific immune cells. Studied the association between HLA class I,
and the risk of death due to COVID-19 and have identified HLA-C as
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a potential candidate that may influence mortality. The results of study
demonstrated a correlation, so additional research on the functional properties
of HLA-C and a subsequent study to assess the causal relationships are

warranted.

4.4. Genetic study

Detecting and recognizing particular PCR-amplified fragments via human
DNA extraction (HLA-C and HLA-DRB1-1) are depicted in Figures (4-5),
and (4-6).

Fig(4-5): (1.5 %) Agarose gel electrophoresis at 72 volts for 60 minutes of
PCR product of HLA-C amplicon (624bp), 1-11 represented sample, M
(DNA marker size (100bp).

408bp

Fig(4-6): (1.5 %) Agarose gel electrophoresis at 72 volts for 60 minutes of
PCR product of HLA-DRB1A amplicon (409bp), 1-12 represented
samples, M (DNA marker size (100bp).
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4.4.1. Hardy-Weinberg Equilibrium Analysis of HLA-C

Analysis of Hardy-Weinberg equilibrium (HWE) demonstrated that the
three genotypes of HLA-C GG (wild type), GT (Mutant heterozygous), and

TT (Mutant homozygous) polymorphism deviated significantly from HWE in

patients and healthy controls (HC), as significant variations were found

between observed and expected frequencies (Table 4-8).

Table (4-8): Hardy-Weinberg equilibrium analysis of HLA-C (GG,

GT,and TT) polymorphism in the study population

Cases (N =134) HC (N = 40)
Genotype
Observed Expected Observed Expected
N % N % N % N %
: 58| 4328 | 376 | 2805 | 27| 675 |19.6 49.0

GG (wild type)
GT (Mutant 26| 1940 | 66.8 | 49.85 2 5.0 16.8 42.0
heterozygous)
TT (Mutant 50| 3732 | 296 | 2210 | 11| 275 | 36 9.0
homozygous)
HWE P-value 0.000 0.09

4.4.2.Association of HLA-C A Single Nucleotide Polymorphisms
(SNPs) and Risk of Patients and Healthy Controls

Trimming of the HLA-C PCR product's Sanger sequencing data. To
determine the genotype variations between (COVID-19 and Bacterial

Pneumonia) patients and healthy controls, multiple alignments for each were

created using Finch TV version 1.4.0 (Geospiza, Inc.; Seattle, WA, USA;

(http://www.geospiza.com)) and compared with the NCBI database. Figures
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(4-7), (4-8), (4-9), and Figure (4-10) show SNPs distributions on the HLA-C

gene.
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A-HLA-C rs1050445 SNPs

HLA-C rs1050445 SNPs, By using this study's first SNP, it was
discovered (19.00% CC, 35.05% CA, and 45.95% AA) genotype carries in
the group (A) patients, with an allele frequency of (0.36) for C-allele and

(0.64) for A-allele. The genotype distribution in the group (B) patients is as
the following (48.57% CC, 22.85% CA, and 28.58% AA), The C-allele and

75



Chapter Four Result and Discussion

A-allele frequencies are (0.61) and (0.39) in the group (B) cases respectively.
The genotype distribution in group (C) patients is as the following (17.14%
CC, 28.57% CA, and 54.29% AA). The C-allele and A-allele frequencies are
(0.31) and (0.69) in the group (C) cases respectively, with (81.00% CC,0%
CA, and 19.00% AA genotype carried in group (D) patients, with an allele
frequency of (0.8) for C- allele and (0.2) for A-allele and The genotype
distribution in the group (E) are as the following (67.5% CC, 5.00% CA,
27.5% AA. The C-allele and A-allele frequencies are (0.7) and (0.3) in the
group (E) healthy controls respectively.

According to these findings, the frequency of the C allele was
significantly lower in COVID-19 and Bacterial Pneumonia compared to
healthy controls (HC) (P < 0.002). Such deviation scored an OR value of
(0.44) (95% CI: 0.74 - 3.52). In the HLA-C rs1050445 Wild type, the CC
genotype showed a significantly decreased frequency in all cases compared to
healthy control (HC) ( P-Value <0.001; OR = 0.30; 95% CI =0.14 to 0.64).
In the Mutant heterozygous (CA), the frequency of all cases with the
genotypes CA was significantly elevated compared to healthy control (HC) (
P-Value <0.02; OR =4.71; 95% CI =1.30 to 25.05). In the HLA-C rs1050445
Mutant homozygous, the AA genotype showed a no significantly increased
frequency in COVID-19 patients and decreased in COVID-19 with bacterial
Pneumonia patients compared to healthy control (HC) (P-Value=0.2; OR =
1.61; 95% CI =0.74 to 3.52). These results indicate that there is a relationship
between HLA-C rs1050445 SNPs and infection severity in the study

population as shown in (Table 4-9).

76



Chapter Four

Result and Discussion

Table (4-9): Distributions of genotypes and allele frequencies in HLA-C
rs1050445 SNP in the Study population.

Severe Non Sl P
Severe i Severe | Healthy OR | CL=95%
rs1050445 | cOVID- | COVIP19 | SEVEIe | covip-a9 | control | VA
genotypes 19 n=37 . _ + n=40
(%) Pneumonia [ 19 n=35 Pheumonia (%)
n=35 (%) (%) _
n=27(%)
C(t:yg’g’)”d 7(19.00) | 17(4857) | 6(17.14) | 22(81.00) |27(67.5) | 0.001 | 0.30 | 0.14 t0 0.64
e (Mutant 1,535 o5y | g(22.85) | 10(28.57) 0 2(5.00) | 002 |471|1.30t025.05
eterozygous)
hAA(M“ta”t 17(45.95) | 10(28.58) |19(54.29) | 5(19.00) |11(275)| 02 |161| 0.74t03.52
omozygous)
Alleles 27(0.36) | 42(0.61) | 22(0.31) | 44(08) | 56(0.7
C (061) (0-31) (08) OD 1 0002 | 044 | 02510074
(%) | A | 470064) | 28(0.39) | 48(0.69) | 10(0.2) | 24(0.3)

OR=0dd ratio, Cl (95%)=confidence interval, P-value <0.05 calculated for
estimation of significant difference of the patient's genotypes and alleles.
B- HLA-C rs1050446 genotypes SNPs

HLA-C rs1050446 genotypes SNPs is the second SNP conducted by the
current study found (32.43% GG, 21.42% GT, and 46.15% TT) genotype
carries in the group (A) patients, with an allele frequency of (0.43) for G-
allele and (0.57) for T-allele. The genotype distribution in the group (B)
patients is as the following (51.42% GG, 20.00% GT, and 28.58% TT), The
G-allele and T- allele frequencies are (0.61) and (0.39) in the group (B) cases
respectively, The genotype distribution in a group (C) patients is as the
following (17.14% GG, 31.42% GT, and 51.44% TT), The G-allele and T-
allele frequencies are (0.32) and (0.68) in the group (C) cases respectively,
The genotype distribution in the group (D) patients is as the following
(81.00% GG, 0% GT, and 19.00% TT), with an allele frequency of (0.81) for
G-allele and (0.19) for T-allele. And found (67.5% GG, 5.00% GT, and
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27.5% TT) genotype carried in the group (E) healthy controls, The G-allele
and T-allele frequencies are (0.7) and (0.3) in the group (E) control
respectively. All demographic characteristics of the patients and healthy
control and associated risk factors for COVID-19 and bacterial Pneumonia
were demonstrated in Table (4-10).

In this study were noticed statistically significant differences between the G,
and T alleles with an increase of the G allele in patients and also an increase of
T alleles in COVID-19 patients but a decrease in bacterial pneumonia patients
compared with healthy controls. The frequency of HLA-C rs1050446
genotypes SNPs GG wild type and GT Mutant heterozygous was significantly
increased in patients than healthy controls (OR = 0.37; 95% CI =0.17 to 0.77
and p-value <0.008) (OR = 4.57; 95% CI =1.03 to 20.19 and p-value=0.04)
respectively. The frequency of HLA-C rs1050446 genotypes SNPs TT Mutant
homozygous was not significantly increased in COVID-19 and decreased in
bacterial Pneumonia than healthy controls (OR = 1.56; 95% CI =0.72 to 3.41
and p-value <0.3).

This study verified that the HLA-C rs1050446 genotype SNPs have a
significant effect on the risk factors for COVID-19 and bacterial pneumonia
where the GT-genotype conferred an increased risk for COVID-19 and
bacterial pneumonia but the TT genotype formed an intermediate risk group in

COVID- 19 and protective in bacterial Pneumonia.
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Table (4-10): Distributions of genotypes and allele frequencies in HLA-C

rs1050446 genotype SNPs in the study population.

S NG Non- Severe P-
Severe COVID-19 |Healthy OR CL=95%
rs1050446 | covip- | COVIDIY | Svere | T control | Value
genotypes 19 n=37 . _ Pneumonia | n=40
(%) Pneumonia | 19 n=35 N=27(%) (%)
n=35 (%) (%) —e i 0
Ggr()\/g)lld 12(32.43) | 18(51.42) | 6(17.14) | 22(81.00) |27(67.5) | 0.008 |0.37 | 0.17t00.77
GT (Mutant | 8(21.42) | 7(20.00) 11(31.42) 0 2(5.00) | 0.04 |457 | 1.03t020.19
heterozygous)
TT (Mutant 17(46.15) | 10(28.58) | 18(51.44) | 5(19.00) |11(27.5) | 0.3 156 | 0.72t0341
homozygous)
Alleles 2(0.43) | 43(0.61) | 23(0.32) | 44(0.81 7
) G | 32(0.43) 3(0.61) 3(0.32) (0.81) | 56(0.7) 0007 | 048 | 0.28 to 0.82
(%0) T | 42(0.57) | 27(0.39) 47(0.68) 10(0.19) | 24(0.3)

OR=0dd ratio, Cl (95%)=confidence interval, p-value <0.05 calculated for

estimation of significant difference of the patient's genotypes and alleles.

C- HLA-C rs1071650 genotypes SNPs

The third HLA-C rs1071650 genotypes SNPs, and the results were

(27.00% TT, 29.37% TG, and 43.27% GG) genotype carries in the group (A)
patients, with an allele frequency of (0.42) for T-allele and (0.58) for G-
allele. The genotype distribution in the group (B) patients is as the following
(42.85% TT, 31.43% TG, and 25.72% GG), The T-allele and G-allele
frequencies are (0.59) and (0.41) in the group (B) cases respectively, The
genotype distribution in a group (C) patients is as the following (31.32% TT,
34.34% TG, and 34.34% GG), The T-allele and G-allele frequencies are
(0.49) and (0.51) in the group (C) cases respectively, The genotype
distribution in the group (D) patients is as the following (81.00% TT, 0% TG,
and 19.00% GG), with an allele frequency of (0.81) for G-allele and (0.19) for
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T-allele. And found (67.5% TT, 5.00% TG, and 27.5% GG) genotypes carried
in the group (E) controls, The T-allele and G-allele frequencies are (0.7) and
(0.3) in the group (E) control respectively. All demographic characteristics of
the patients and healthy control and associated risk factors for COVID-19 and
bacterial Pneumonia were demonstrated in Table (4-11).

The association of HLA-C rs1071650 polymorphism with COVID-19 and
bacterial pneumonia was evaluated in cases with disease versus healthy
controls (HC) using allele, wild type, Mutant heterozygous, and Mutant
homozygous. The frequency of the T allele was significantly lower in cases
than in apparently healthy controls (OR=0.54; 95% CI =0.31 to 0.93 and P <
0.02). In the wild type, the TT genotype showed a significantly decreased
frequency in cases compared to apparently healthy controls (OR = 0.37; 95%
Cl =0.17 t0 0.77; and P < 0.008). In the Mutant heterozygous, the frequency of
cases with the genotypes TG and GG was significantly elevated compared to
HC (OR = 6.46; 95% CI = 1.47 to 28.21 and P < 0.01). These results indicate
that the carriers of alleles associated with a higher background level of the T

and G transcript are at a higher risk for pneumonia development.
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Table (4-11): Distributions of genotypes and allele frequencies in HLA-C

rs1071650 genotype SNPs in the study population.

Severe Non M- P
Severe i Severe | Healthy OR | CL=95%

rs1071650 | covip- | “OVIPLI | SEVErE | covipag | control | VAU
SEAMOLEPIE 19(;):)37 Pneumonia | 19 n=35 Pneu:nonia rzoz/zl)o

n=35(%) | () | nionion)
TIyI(O"g;'d 10(27.00) | 15(42.85) | 11(31.32) | 22(81.00) |27(67.5)| 0.008 | 0.37 | 0.17t00.77
TG (Mutant ‘14199 79y | 11(31.43) | 12(34.3) 0 2(5.00) | 0.01 |6.46 | 1.471t02821
heterozygous)
GG (Mutant | 161397y | 9(25.72) |12(34.34) | 5(19.00) |11275)| 002 | 1.2 | 1.57t02.66
homozygous)
Alleles | + | 31(042) | 41(059) | 34(0.49) | 44(0.81) | 56(0.7) 002 | 05a | 031 t00.03
(%) | G | 43(058) | 29(0.41) | 36(051) | 10(0.19) | 24(0.3)

OR=0dd ratio, ClI (95%)=confidence interval, p-value <0.05 calculated for

estimation of significant difference of the patient's genotypes and alleles.
D-HLA-C rs9264668 genotypes SNPs

The fourth HLA-C rs9264668 genotypes SNPs and the results of the
following (18.9% CC, 32.4% CA, and 48.7% AA) as the genotype
distribution in the group (A) patients, with C-allele frequency (0.35) and A-
allele frequency (0.65). The genotype distribution in group (B) patients was
(42.85% CC, 25.71% CA, and 31.44% AA), with C-allele frequency (0.56),
and A-allele frequency (0.44). the results of the following (22.85% CC,
31.42% CA, and 45.73% AA) as the genotype distribution in group (C)
patients, with C-allele frequency (0.38) and A-allele frequency (0.62). The
genotype distribution in group (D) patients was (70.00% CC, 0% CA, and
30.00% AA), with C-allele frequency (0.7), and A-allele frequency (0.3) and
the results of the following (60.00% CC, 12.5% CA, and 27.5% AA) as the
genotype distribution in group (E) controls, with a C-allele frequency (0.66)
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and an A-allele frequency (0.34). These results indicate that there is a
relationship between HLA-C rs9264668 genotypes SNPs and infection severity
in the study population as shown in Table (4-12).

The frequency of the C allele was significantly lower in cases than in HC
(OR=0.48; 95% CIl =0.28 to 0.80 and P <0.005). In the wild type, the CC
genotype in all patients and Mutant homozygous, the AA genotype in COVID-
19 patients showed a significantly decreased frequency compared to HC (OR =
0.38; 95% CI =0.18 to 0.79 and P < 0.009). In the Mutant heterozygous, the
frequency of cases with the genotypes CA and AA in bacterial pneumonia was
not significantly elevated compared to HC (OR = 2.19; 95% CI = 0.79 to 6.07
and P < 0.1) these results indicate that the carriers of alleles associated with a
higher background level of the C and A transcript are at a higher risk for
pneumonia development.

Table (4-12): Distributions of genotypes and allele frequencies in HLA-C

rs9264668 genotypes SNPs in the Study population.

Severe Non- M- 7

Severe Severe Healthy OR | CL=95%
rso264668 | COVID- | COVIPY | SHVEE | covipag | control | Value
gERhiTes 19({)}:)37 Pneumonia | 19 n=35 Pneu?nonia rz;/zl)o

0 n=35 (%) (%) n=27(%) 0
cC

wildtype) | 7089 | 15(4285) | 8(22:85) | 19(70.00) | 24(60.00) | 0.009 | 0.38 | 0.18100.79
CA (Mutant
heterozygous) | 12G24) | 9@25.71) | 11(31.42) 0 5125) | 01 | 219 |0.79t06.07
AA (Mutant | 400y | 1131.44) |16(45.73)| 8(30.00) | 11275) | 01 | 1.7 |0.79t03.74
homozygous)
Alleles | ~ | 26(0.35) | 39(0.56) | 27(0.38) | 38(0.7) | 53(0.66) 0,005 | 048 | 028 t0.0.80
(%) A | 48(0.65) | 31(0.44) | 43(0.62) 16(0.3) 27(0.34)

OR=0dd ratio, Cl (95%)=confidence interval, p-value <0.05 calculated for

estimation of significant difference of the patient's genotypes and alleles.
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HLA class | is a critical component of the viral antigen presentation
pathway and confer differential viral susceptibility and severity of the disease
(Rosendahl Huber et al.,2014). Recent studies have shown that SARSCoV- 2-
specific CD8+ T cells can be detected in peripheral blood mononuclear cells of
COVID- 19 patients,16-19 suggesting that some SARS- CoV- 2- derived
peptides can be naturally processed in human cells, presented on HLA class |
molecules and induce SARS- CoV- 2- specific cytotoxic CD8+ T cells in
vivo. Accumulating evidence highlights the importance of investigating
associations between HLA variation and the development and/or severity of
COVID- 19 (Nguyen et al.,2020).

A higher frequency of HLA-C*01 has been found in patients with acute viral
encephalitis than in control subjects (Tuttolomondo et al.,2018). Numerous
studies have reported alleles of protection or susceptibility to COVID-19. A
study conducted with patients found that the HLA-C) alleles were more
frequently detected in the COVID-19 group than in the control population
(Wang et al.,2020).

Interestingly, found certain HLA genetic polymorphisms that could increase
the risk of death in patients with COVID-19. Previously, regarding prognosis,
the presence of HLA-C*16 increases the risk of rapid progression in patients
with Acquired Immune Deficiency Syndrome. In addition, the HLA allele
associated with mortality (HLA-C*01), previously was associated with poor
evolution in other infectious diseases, or with the risk of other infectious
diseases (Dutta et al.,2018).

The possibility of using large datasets for which SNP genotypes are
available to infer the HLA alleles is attractive on several grounds. First, it
allows existing genetic data, often generated without the goal of characterizing
HLA variation, to be used to gain a better understanding of these genes. second
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it implicitly allows the imputation of genetic variation at a high molecular level
of resolution. For example, the inference of a second-field level HLA allele
implies that amino acid residues at specific positions can be inferred and have
their effects tested upon phenotypes of interest. Because there is a priori
evidence that the variation at specific amino acids can contribute in a
statistically significant way to disease phenotypes, obtaining data at this level
of resolution is an important methodological resource as will be discussed in

the next section (Sanchez-Mazas and Meyer 2014).

At the beginning of the outbreak of the COVID-19 pandemic in Europe in
the spring of 2020, an international collaboration of European centers was
established to address the question of whether there were potential genetic host

factors associated with the severe clinical course of SARS-CoV-2 infection.

HLA-C is a potential risk allele, which was associated with increased risk
factors when present in the form of at least one allele. This is the first
significant description of this HLA allele as a relevant allele for the severe
clinical course of SARS-CoV in Asia. Specifically, it has been shown that in
patients infected with HIV, HLA-C in combination with polymorphisms is
associated with high viral load and severe clinical course (lturrieta-Zuazo et
al.,2020). Moreover, HLA-C has been reported to occur at a higher frequency
in COVID-19 patients than in the healthy population (Littera et al.,2020).

Chandran et al.,(2014) showed that genotypes positive for the activating
KIR2DS2 in the absence of HLA-C 1 ligands for homologous inhibitory
KIR2DL2/2DL3 conferred a significantly higher risk of prostate-specific
antigen (PSA). The study findings support a possible role for NK cells and
innate immunity in the pathogenesis of PSA. Notably, these investigators
found an increased risk for PSA with high-expression HLA-C alleles. The
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contribution of the genetic components, including the HLA system, to COVID-

19 susceptibility, has been shown in many genetic studies (Pojero et al.,2021).

Results obtained from an ethnically homogenous group suggest that patients
who were homozygous for the HLA-C allele were at higher risk of severe
COVID-19. Similar results have also been shown in multicentre studies in
Europe (Littera et al.,2020 and Weiner et al.,2021).

4.4.3.Hardy-Weinberg equilibrium analysis

Analysis of Hardy-Weinberg equilibrium (HWE) demonstrated that the
three genotypes of HLA-DRB1 GG (wild type), GA (Mutant heterozygous),
and AA (Mutant homozygous) polymorphism deviated significantly from
HWE in patients and healthy controls (HC), as significant variations were

found between observed and expected frequencies (Table 4-13).

Table (4-13): Hardy-Weinberg equilibrium analysis of HLA-DRB1 GG,
GA, and AA polymorphism in the study population

Cases (N = 66) HC (N = 27)
Genotype
Observed Expected Observed Expected
N % N % N % N %

GG (wild type)

44| 66.66 394 | 59.68 | 16 | 5925 | 141 | 52.22

GA (Mutant | 14| 21.21 232 | 3511 | 7 2552 | 10.8 40.0

heterozygous)

AA (Mutant 8| 1213 34 5.21 4 15.23 2.1 7.78
homozygous)

HWE p-value 0.001 0.06
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4.4.4.Association of HLA-DRB1 a Single Nucleotide Polymorphisms
(SNPs) and Risk of Patients and Healthy Controls

Trimming of the HLA-DRB1 PCR product's Sanger sequencing data. To
determine the genotype variations between (COVID-19 and Bacterial
Pneumonia) patients and healthy controls, multiple alignments for each were
created using Finch TV version 1.4.0 (Geospiza, Inc.; Seattle, WA, USA,;
(http://www.geospiza.com)) and compared with the NCBI database. Figure (4-
11), (4-12), (4-13), and figure (4-14) show SNP distributions on the HLA-
DRB1 genes.
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Fig(4-11): Distributions of rs13192471 genotypes SNPs on HLA-DRB1 gene
in study population
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Fig(4-12): Distributions of rs9275431 genotypes SNPs on HLA-DRBL1 gene
in study population
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A-HLA-DRB1 rs13192471 SNPs

HLA-DRB1 rs13192471 genotypes SNPs, by using this study's first SNP,
it was discovered (86.36% TT, 0% TC, and 13.64% CC) genotype carries in
the group (A) patients, with an allele frequency of (0.86) for T-allele and
(0.14) for C-allele. The genotype distribution in group (B) patients is as the
following (85.35% TT, 14.29% TC, and 0% CC), The T-allele and C-allele
frequencies are (0.93) and (0.07) respectively. The genotype distribution in
group (C) patients is as the following (82.35% TT, 0% TC, and 17.65% CC),
The T-allele and C-allele frequencies are (0.82) and (0.18) respectively. With
(76.92% TT, 23.08% TC, and 0% CC genotypes carried in group (D) patients,
with an allele frequency of (0.88) for T- allele and (0.12) for C-allele, and The
genotype distribution in the group (E) are as the following (100% TT, 0% TC,
and 0% CC, the T-allele and C-allele frequencies are (1) and (0) in the healthy

controls respectively.

According to these findings, the frequency of the T allele was no
significantly lower in COVID-19 and Bacterial Pneumonia compared to
healthy controls (HC) (P < 0.06). Such deviation scored an OR value of
(0.0.09) (95% CI: 0.003 to 1.02). In the HLA-DRB1 rs13192471Wild type, the
TT genotype showed no significantly decreased frequency in all cases
compared to healthy control (HC) ( P-Value <0.09; OR = 0.0.08; 95% CI
=0.005 to 1.54). In the Mutant heterozygous (TC), the frequency of all cases
with the genotypes TC was no significantly elevated in bacterial pneumonia
and had no effect in COVID-19 compared to healthy control (HC) ( P-Value
<0.2; OR = 4.91; 95% CI =0.26 to 92.09). In the HLA-DRB1 rs13192471
Mutant homozygous, the CC genotype showed no significantly decreased
frequency in COVID-19 patients and no effect bacterial Pneumonia patients
compared to healthy control (HC) (P-Value=0.2; OR = 5.90; 95% CI =0.32 to
108.64). These results indicate that there is a relationship between HLA-DRB1
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rs13192471 SNPs and infection severity in the study population as shown in
(Table 4-14).

Table (4-14): Distributions of genotypes and allele frequencies in HLA-
DRB1 rs13192471 genotypes SNPs in the Study population.

Severe Non- Sl 7

Severe Severe Healthy OR CL=95%
513192471 | coviD- [ COVIPIO | SOVEE | covi19 | Control | ValUe
genotypes 19 n=22 : - + n=27

7 Pneumonia | 19 n=17 : i

(%) n=14 (%) (%) Pneumonia | (%)

n=13(%)

Tryg’(‘a’;'d 19(86.36) | 12(85.71) |14(82.35) | 10(76.92) | 27(100) | 0.09 | 0.08 | 0.005 to 1.54
UG [l 0 2(14.29) 0 3(23.08) 0 0.2 |491| 0.26t092.09
heterozygous)
CC (Mutant | 515 6/ 0 3(17.65) 0 0 02 |590| 0.32to108.64
homozygous)
Alleles | | 38(0.86) | 26(0.93) | 28(0.82) | 23(0.88) | 54(1) 006 | 000 | 0.003t01.02
@) |[C| 6(014) | 2007 | 6(0.18) | 3(0.12) 0

OR=0dd ratio, Cl (95%)=confidence interval, p-value <0.05 calculated for

estimation of significant difference of the patient's genotypes and alleles.

B-HLA-DRB1 rs9275431 SNPs

HLA-DRBL1 rs9275431genotypes SNPs, By using this study's second SNP,
it was discovered (90.91% GG, 0% GA, and 9.09% AA) genotype carries in
the group (A) patients, with an allele frequency of (0.9) for G-allele and (0.1)

for A-allele. The genotype distribution in group (B) patients is as the following
(57.14% GG, 42.86% GA, and 0% AA), The G-allele and A-allele frequencies
are (0.76) and (0.24) respectively. The genotype distribution in group (C)
patients is as the following (41.17% GG, 35.29% GA, and 23.54% AA), The
G-allele and A-allele frequencies are (0.61) and (0.39) respectively. With
(69.23% GG, 15.32% GA, and 15.45% AA genotype carried in group (D)
patients, with an allele frequency of (0.77) for G- allele and (0.23) for A-allele,
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and the genotype distribution in group (E) was as the following (59.25% GG,
25.92% GA, and 14.83% AA, the G-allele and A-allele frequencies are (0.66)
and (0.34) in the healthy controls respectively.

According to these findings, the frequency of the G allele was not significant
in COVID-19 and Bacterial Pneumonia compared to healthy controls (HC) (P
< 0.1). Such deviation scored an OR value of (1.79) (95% CI: 0.85 to 3.77). In
the HLA-DRB1 rs9275431 Wild type, the GG genotype showed no
significantly decreased frequency in all cases but increased in group (A)
patients compared to healthy control (HC) ( P-Value <0.4; OR = 1.37; 95%
Cl =0.54 to 3.45). In the Mutant heterozygous (GA), the frequency of all cases
with the genotypes GA was not significantly decreased in all cases compared to
healthy control (HC) ( P-Value <0.6; OR = 0.76; 95% CI =0.27 to 2.18). In the
HLA-DRB1 rs9275431 Mutant homozygous, the AA genotype showed a
significantly decreased frequency in COVID-19 patients and bacterial
Pneumonia patients compared to healthy control (HC) (P-Value=0.000; OR =
41.68; 95% Cl =11.43 to 152.01). These results indicate that there is a
relationship between HLA-DRB1 rs13192471 SNPs and infection severity in
the study population as shown in (Table 4-15).
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Table (4-15): Distributions of genotypes and allele frequencies in HLA-
DRB1 rs9275431 genotypes SNPs in the Study population.

Severe Non- NI 7

Severe Severe Healthy OR CL=95%
rs9275431 | covip- | “OVIPY | SEEE | covip-g | Control | Value
genotypes 19 n=22 p . _ + n=27

3 neumonia | 19 n=17 : o

(%) n=14 (%) (%) Pneumonia (%)

n=13(%)

G(t;yé‘g’)"d 20(90.91) | 8(57.14) | 7(41.17) | 9(69.23) |16(59.25)| 04 | 1.37 | 054t03.45
GA (Mutant
heterozygous) 0 6(42.86) | 6(35.29) | 2(15.32) | 7(25.92) | 0.6 | 0.76 | 0.27 t0 2.18
AA (Mutant | g 4, 0 4(2354) | 2(15.45) | 4(14.83) | 0.000 | 41.68 | 11.43 to 152.01
homozygous)
Alleles | | 40(0.9) | 22(0.76) | 22(0.61) | 20(0.77) | 29(0.66) 01 | 179 | 08510377
@) | A] 401 6(0.24) | 14(0.39) | 6(0.23) | 15(0.34)

OR=0dd ratio, Cl (95%)=confidence interval, p-value <0.05 calculated for

estimation of significant difference of the patient's genotypes and alleles.

C-HLA-DRB1 rs9275432 SNPs

The third HLA-DRB1 rs9275432 genotypes SNPs, and the results were
(72.72% GG, 27.28% GT, and 0% TT) genotype carries in the group (A)
patients, with an allele frequency of (0.86) for G-allele and (0.14) for T-allele.

The genotype distribution in the group (B) patients is as the following (85.71%
GG, 14.29% GT, and 0% TT), The G-allele and T-allele frequencies are (0.93)
and (0.07) in the group (B) cases respectively. The genotype distribution in the
group (C) patients is as the following (47.05% GG, 23.52% GT, and 29.43%
TT), the G-allele and T-allele frequencies are (0.59) and (0.41) in the group (C)
cases respectively. The genotype distribution in the group (D) patients is as the
following (76.92% GG, 0% GT, and 23.08% TT), with an allele frequency of
(0.77) for G-allele and (0.23) for T-allele. And found (100% GG, 0% GT, and
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0% TT) genotype carried in the group (E) controls, The G-allele and T-allele
frequencies are (0.1) and (0) in the group (E) control respectively. All
demographic characteristics of the patients and healthy control and associated
risk factors for COVID- 19 and bacterial pneumonia were demonstrated in
Table (4-16).

The association of HLA-DRB1 rs9275432 polymorphism with COVID-19
and bacterial pneumonia was evaluated in cases with disease versus healthy
controls (HC) using allele, Wild type, Mutant heterozygous, and Mutant
homozygous. The frequency of the G allele was significantly lower in cases
than in HC (OR=0.03; 95% CI =0.002 to 0.56 and P < 0.01). In the Wild type,
the GG genotype showed a significantly decreased frequency in cases
compared to HC (OR = 0.04; 95% CI =0.002 to 0.70; and P < 0.02). In the
Mutant heterozygous, the frequency of cases with the genotype GT was
significantly elevated compared to HC (OR = 239.8; 95% CIl = 13.68 to
4202.74 and P < 0.000), In the Mutant homozygous, the frequency of cases
with the genotypes TT was significantly elevated compared to HC (OR =
378.5;,95% CI=21.07 to 6797.35 and P < 0.000). these results indicate that the
Mutant heterozygous and the Mutant homozygous are a higher risk factors for

COVID-19 and bacterial pneumonia development.
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Table (4-16): Distributions of genotypes and allele frequencies in HLA-
DRB1 rs9275432 genotypes SNPs in the Study population.

Severe Non- Ml P

Severe Severe Healthy OR CL=95%
rs0275432 | coviD- | “OVIPI | SO | covipag | control | Vale
genotypes 19 n=22 . _ + n=27

9 Pneumonia | 19 n=17 . .

(%) n=14 (%) (%) Pneumonia | (%)

n=13(%)

nyg’g)"d 16(72.72) | 12(85.71) | 8(47.05) | 10(76.92) | 27(100) | 0.02 | 0.04 | 0.002 to 0.70
GT (Mutant | ¢>7 58y | 2(14.20) | 4(2352) 0 0 | 0.000|239.8 | 13.68 to 4202.74
heterozygous)
U7 (i 0 0 5(20.43) | 3(23.08) 0 | 0000|3785 |21.07t06797.35
homozygous)
Alleles | ~ | 38(0.86) | 26(0.93) | 20(0.59) | 20(0.77) | 54(1) oot | 003 | 000210056
@) | 7] 60014 | 2(007) |140041) | 6(0.23) 0

OR=0dd ratio, Cl (95%)=confidence interval, p-value <0.05 calculated for

estimation of significant difference of the patient's genotypes and alleles.

D-HLA-DRB1 rs9275433 SNPs

The fourth HLA-DRB1rs9275433 genotypes SNPs and the results of the
following (90.91% GG, 0% GC, and 9.09% CC) as the genotype distribution in
the group (A) patients, with G-allele frequency (0.9) and C-allele frequency
(0.1). The genotype distribution in group (B) patients was (64.28% GG,
35.72% GC, and 0% CC), with G-allele frequency (0.82), and C-allele
frequency (0.18). The results of the following (47.06% GG, 35.31% GC, and
17.63% CC) as the genotype distribution in group (C) patients, with G-allele

frequency (0.65) and C-allele frequency (0.35). The genotype distribution in
the group (D) patients was (69.23% GG, 15.37% GC, and 15.40% CC), with
G-allele frequency (0.77), and C-allele frequency (0.23) and the results of the
following (81.48% GG, 0% GC, and 18.52% CC) as the genotype distribution
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in group (E) healthy controls, with a G-allele frequency (0.8) and a C-allele
frequency (0.2). These results indicate that there is a relationship between
HLA-DRB1 rs9275433 genotypes SNPs and infection severity in the study
population as shown in Table (4-17).

The frequency of the G allele was significantly lower in cases than in HC
(OR=0.40; 95% CI =0.18 to 0.86 and P <0.01). In the Wild type, the GG
genotype in all patients showed no significantly decreased frequency compared
to HC (OR = 0.52; 95% CI =0.17 to 1.57 and P < 0.2). In the Mutant
heterozygous, the frequency of cases with the genotypes GC was no
significantly decreased compared to HC (OR = 13.8; 95% CI =0.79 to 242.32
and P < 0.07), In the Mutant homozygous, the frequency of cases with the
genotypes CC was no significantly decreased compared to HC (OR = 0.52;
95% CI =0.14 to 1.81, and P < 0.3). these results indicate that the Mutant
heterozygous was a higher risk factor for COVID-19 and bacterial pneumonia
development.

Table (4-17): Distributions of genotypes and allele frequencies in HLA-
DRB1 rs9275433 genotypes SNPs in the Study population.

Severe Non- Aty P-

Severe Severe Healthy OR| CL=95%
rs9275433 | covID- | COVIPS | SEVEIE | covip.1g | Control | Value
genotypes 19 n=22 : A o n=27

5 Pneumonia | 19 n=17 : n

(%) n=14 (%) (%) Pneumonia (%)

n=13(%)

nyé‘g’)"d 20(90.91) | 9(64.28) | 8(47.06) | 9(69.23) |22(81.48)| 0.2 | 052 | 0.17t01.57
S (haminit 0 5(35.72) | 6(35.31) | 2(15.37) 0 0.07 | 13.8 | 0.79 to 242.32
heterozygous)
CC (Mutant |, 4 g 0 3(17.63) | 2(15.40) | 5(1852) | 03 |052| 01410181
homozygous)
Alleles |~ | 40(0.9) | 23(0.82) | 22(0.65) | 20(0.77) | 44(0.8) 001 | 040 | 01810086
(%) C| 4(01) | 5(0.18 |12(0.35)| 6(0.23) | 10(0.2)

OR=0dd ratio, Cl (95%)=confidence interval, p-value <0.05 calculated for
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COVID-19 is an acute respiratory disease caused by SARSCoV?2 infection
and has a wide range of clinical manifestations and severity; ranging from
asymptomatic carriers and mild flulike symptoms to severe respiratory distress
and death (Castelli et al.,2021; Adli et al.,2022 and Kim, and Jeong 2020).
HLA class | and 11 genetic variants are implicated in the modulation of immune
response to diverse viral antigens (Hammer et al.,2015 and Tian et al.,2017).

Kachuri, L et al., (2020) have stated that HLA-II controls the landscape of
antiviral humoral immune response, They considered HLA-DRBL1 as a crucial
genetic factor governing host vulnerability to viral infections. The scientific
literature on the association of HLA allelic repertoire with COVID- 19 clinical
severity has rapidly expanded in the past two years. Many studies showed
accordant or discordant results about HLA alleles that were protective or
resistant to SARS- CoV- 2 infection. Furthermore, these studies often
described the allelic repository within a unique cultural cohort to minimize
genotypic heterogeneity. Previous genome-wide association studies have
identified in the human leukocyte antigen (HLA) class Il region multiple
independent SNPs that are significantly associated with COVID-19 and
bacterial pneumonia risk.

Poulton et al.,(2020) Reported a significant positive association between
HLA-DRB1*15:01 and COVID-19 disease in the UK population. The study
showed an impaired presentation of viral epitopes in those COVID-19 patients
carrying HLA-DRB1*15:01 and HLA-DRB1*10 alleles. This, in turn, may
prompt an inefficient T cell response and consequently inadequate antibody
response, which is required for viral neutralization and elimination in synergy
with T cell-mediated immunity. These findings are consistent with those

previously published by (Kachuri et al.,2020) and other studies,
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who identified DRB1 as a significant genetic determinant influencing several
diseases and especially viral infections susceptibilities such as Epstein Barr
virus (EBV), Varicella zoster virus (VZV), human herpesvirus 7, (HHV7), and
Merkel cell polyomavirus (MCV) (Wang et al.,2020; Alves et al.,2006, and
Kachuri et al.,2020).

The association between COVID-19 disease and the HLA-DRB1*15 allele
was also observed in the Iranian population and indeed the allele frequency of
HLA-DRB1*15 was found higher in patients with lymphopenia compared to
those cases without lymphopenia. It has been reported that this clinical
outcome was likely linked to the development of severe and critical COVID-19
disease, suggesting the HLA-DRB1*15 allele is a genetic marker for severe
forms of the disease (Ebrahimi et al.,2021).
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I.Conclusions

The study reached the following conclusions:

1- Pathogenesis of pneumonia causative agents is impacted by HLA-C and
HLA-DRBL1.

2- HLA-C is involved in the pathogenesis of acute respiratory syndrome
coronavirus infection and contributes to severity and death in COVID-19 and
bacterial pneumonia patients. but HLA-DRB1 has a protective effect against
SARS-CoV-2 and bacterial infection. It is one of the elements in the prevention
of coronavirus in people with acute respiratory syndrome.

4-The severity and the outcome of COVID-19 and bacterial pneumonia course

of infection depend on the age of patients; moreover, Susceptibility to COVID
-19 and bacterial pneumonia may be increased with the presence of chronic
diseases,

5- rs13192471 genotypes SNPs, rs9275431genotypes SNPs, 1s9275432
genotypes SNPs, and rs9275433 genotypes SNPs on HLA-DRB1 gene was
protective factor for COVID-19 patients and bacterial pneumonia.
6-Polymorphism in HLA-C and HLA-DRB1 was significantly associated with

the disease risk.
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I1.Recommendations
The results of this study encouraged the investigator to propose the following

recommendations:

1- Detection of other HLA genes such as HLA-A and determining their
specificity and their polymorphism.

2- Further studies are required to detect HLA-DRB1 and determine its
specificity and its polymorphism to detect if it contributes to the severity of

COVID-19 with and without bacterial pneumonia.
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