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Summary

Immunological and molecular study was performed on asthmatic children
infected with RSV and HRV to detection the association between Respiratory
Syncytial virus (RSV) and Human Rhinovirus (HRV).infections and genetic
polymorphism (rs6749704) in CCL20 , and subsequent alteration in immune
response with disease and severity.

The present study is a case-control study conducted on 100 in / and
outpatient's distributed between 50 atopic asthma (35 male and 15 female) and
50 non atopic (31 male and 19 female) who attended the consulting clinic for
respiratory diseases and asthma in Kerbela Teaching Hospital for Children
during the time period extending from February to June 2022 in Kerbela
province. Their ages were between 1-6 years. Fifty healthy children (32 male
and 18 female) with the same age and sex to the patients, were selected from the
local community were considered as the control group. The characteristics and
clinical data were collected from consultants, asthmatic children and /or their
parents through a questionnaire. In addition, a questionnaire was made to collect
the data from healthy control and /or their parents.

Sera of patients' and healthy control' blood which were used to qualitative
determination of Respiratory Syncytial virus -lgM, Human Rhinovirus -IgM and
measure concentrations total serum immunoglobulin E (TSIgE), CCLZ20,
CXCL10, IL-10 and TGF-B for all samples by Enzyme Linked Immuno Sorbent
Assay (ELISA) technique. Whilst, the second part of the blood was placed in
EDTA tubes to determine complete and differential blood count including
percentage of (eosinophil and neutrophils count) by using blood film and
(Sysmex XN-350 five differential automated hematology analyzers, and for the
genomic DNA extraction. The DNA extraction was used to detect CCL20
(rs6749704) single nucleotide polymorphism (SNP) by Polymerase Chain
Reaction- Restriction Fragment Length Polymorphism (PCR- RFLP).
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In the present data, a total of 24 child with asthma infected with RSV and
HRV, distribution 10 as RSV and 14 as HRV.

The obtained result showed there was a highly significant association between
TSIgE concentration in atopic asthmatic patients and mean rank (275.77)1U/mL
while in non-atopic was (36.17) IU/mL compared to healthy control(11.153)
IU/mL. Regarding, The mean rank of percentage eosinophil and neutrophil in
atopic patients were (6.2), (27.87) and mean rank of non-atopic were (2.1),
(52.34), there was a highly significant association between atopic, non-atopic
asthmatic patients and healthy control(P=0.0001).Whereas in healthy control
were (1.7) (48.42) (P=0.0001). Further there was a highly significant association
between increasing CCL20 serum concentration in asthmatic patients compared
to healthy control, and the mean rank of CCL20 in atopic patients was (52.2
pg/ml), non-atopic patients (35.7pg/ml) and mean rank of healthy control was
(23.9pg/ml). Additionally, eosinophil and neutrophil count and TSIgE level
were higher in the moderate compared to mild asthma in the atopic and non-
atopic(P = < 0.05).

The results of the current study showed significant differences in the
distribution of the CC genotype of CCL-20 (-786T>C) between the atopic, non-
atopic asthmatic children and control group (P=0.000). Therefore, the CC
genotype could be considered a risk factor for developing atopic and non-atopic
asthma in lIragi children. Genotypes analysis by using Hardy-Weinberg
distribution showed significant differences between observed and expected
patient numbers for CCL-20 (-786T>C) in the non-atopic patients but not in the
atopic group. In conclusion, a high incidence of asthma occurred between males
compared to females children and suggested that CCL20 (-786T>C) promoter
polymorphism may contribute to the predisposition of asthma and there was a
significant association among genotype of this gene and level of CCL20 and
development of the disease in children infected with RSV and HRV.
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A family history of asthma is considered a risk factor. CCL - 20 and CXCL10
are significantly associated with the development of asthma in children infected
with RSV and HRV.

An increased risk of asthma was associated with the CC genotype of CCL-20
(-786T > C) that was revealed as an etiological with the risk by their association
with high CCL-20 level , high percentage eosinophil and neutrophil count , and
distribution in the atopic and non-atopic respectively in asthmatic children more

than in the control group.
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Chapter One Introduction and Literature Review

1. 1. Introduction

Asthma is an airway inflammation disease characterized by variation
airflow limitation and signs of respiratory, also causing Airway Hyper-
Responsiveness(AHR), reversible blockage, mucus over-production,
eosinophil and Th2 infiltration and modification of airway wall with a
prevalence ranging 1-21% globally (Assis et al.,2019). It has affected an
estimated over260 million people in 2019, according to estimates of the
Global Burden of diseases (GBD) 2019 (Vos et al., 2020). Whilst in
Irag was roughly15.8% among children below 5 years old (Salem et al.,
2002).The known signs of respiratory in children with asthma include
cough, wheezing, shortness of breath, and chest tightness. Worsening of
signs comes as a result of the presence of risk factors and comorbidities.
Delay in diagnosing and managing comorbidities can ultimately lead to
poor asthma management, a decline in pulmonary function, and an
increased risk of unpredictable exacerbation and hospitalization (Reddel
et al., 2022). Wheezing and asthma are affected by viral infections in
children, wheezing diseases in infants are typically viral in origin, and
children who suffer more severe wheezing attack are more likely to
have asthma flare-ups frequently and to acquire the disease later in
childhood (Mikhail and Grayson,2019).

Syncytial virus (RSV) and Human Rhinovirus (HRV)can cause severe
lower respiratory tract infections, especially in the infants
hospitalization. The determinants of the outcome of RSV and HRV
infections are not fully known, but both viral and host factors play a
part, in moderate-to-severe persistent asthmatics, viral infection was
associated with increased CCL2, CXCL10, sICAM1, CCL4, CCLS5,
CCL20 and CCL24, however virus positive sample with mild

Iintermittent asthma showed no important increase in protein expression
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Chapter One Introduction and Literature Review

(Song et al., 2014). The immune responses towards virus infection is
important for the viral control and clearance is crucial, however, if not
properly regulated, it may lead to immunopathology (Roy Wong and
Perlman, 2022). Immunity of lung to asthmatic children having RSV
and HRV starts with the attraction of immune system cells into the
lungs, the regulation of the inflammatory process is primarily governed
by chemokines and cytokines, which are diminutive proteins
synthesized in reaction to the innate immune system's recognition of

viral or infectious agents (Nuriev and Johansson, 2019).

Chemokines are regarded as chemo-attractants for immune cells,
changes in the chemokine profile result in substantial dysregulation of
Immune responses, inadequate or misdirected immunity that cause
increased viral replication and viral defect to lung tissue, airway
inflammatory response of asthma is known to be related with release of
a number of inflammatory mediators and cytokines, and the later play
pivotal role in organization of immune response. However, both pro-
inflammatory and anti-inflammatory cytokines are affected by
hereditary factors (Luu Quoc et al., 2022; Sulfiana and Iswanti, 2022).
In fact, the clinical signs of asthma perhaps commutates a
disequilibrium in pro-and anti-inflammatory cytokines concentrations
(Oliveira et al., 2023).

TGF-p is a cytokine that dominates proliferation, cellular differentiation
and other functions in most cells, also a basic mediator that contributes
to pro-inflammatory responses and fibrotic tissue modification within
the lung in asthmatic children. It is a multiple functional cytokine that
has been related to the pathogenesis of sub-epithelial fibrosis and airway
wall modification in bronchial asthma, IL-10 is immune-regulatory

cytokines produced by Treg cells and monocyte, IL-10 and TGF-B are

——
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contributed in the arrangement of Thl and Th2 responses in both non
atopic and atopic asthmatic children patients below respective
immunotherapy, and asthmatic children who perhaps trouble in the
function of Treg (Hori, 2021). On the other hand, CXCL10 also known
as IP-10 or SICB10 is an 8.7 kDa protein that in humans is encoded by
the CXCL10 gene. CXCL10 is a small cytokine belonging to the CXC
chemokine family, it is a chemokine related to dendritic cells (DCs)
conscripting during viral infection, which can organize sneak of effector
T-cells follow upto the lungs(Goritzka et al.,2015;Elemam et al., 2022).

C-C motif ligand 20 (CCL-20) is a small cytokine from the CC
chemokine family, a powerful chemotactic for leukocytes especially
lymphocytes, and weakly attracts neutrophils, further, contributes to the
composition and functionality of mucosal lymphoid tissues by chemo-
attraction of DCs and lymphocytes against the epithelial cells ambient
these tissues. It takes away its effects on its cells by linking and
stimulating the chemokine receptor CCR6, (CCL20 are pivotal role in
the function of the innate immune system).They also conscript innate
immune effectors out of the circulation and into the tissue where, in
cooperation with other chemo-attractants, they guide these cells to every
site of tissue injury. Chemokine plays an important role for the
positioning of innate immune sentinels in peripheral tissue, then
immediately after innate immune activation, directs these stimulated
cells to drain lymph node in order to start and establish an adaptive
Immune response (Sokol et al., 2015). SNPs in the human genome are

the most significant and fundamental type of variation in the genome.

It is responsible for genetic changes that generate vulnerability to the
majority of autoimmune illnesses such as relationship between asthma

susceptibility in various ethnic groupings and SNPs in the genes for
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chemokines and their receptors(Jackson et al., 2018; Micheal and
Grayson., 2019). SNPs in CCL20 are associated with other diseases in
children and adults, the genetic variations in CCL20 (-786 T>C) are
thought to play a role in the expression of inflammation, as well as they
relate to other serious diseases such as RA, multiple sclerosis and
ischemic heart disease ,further, SNP was utilized as a genetic marker in
the risk factors of diseases(El Sharkawi et al., 2019). The current study
concentrates on CCL20 and CXCL10 as there is scanty studies on them
across the world and no available information for them in Iraqi pediatric
population. Greater understanding of relationship among RSV and HRV
infections, atopic inflammation and asthma, as well as to an important
difference in development of atopic and non-atopic asthma, with several
proposed mechanisms explaining association among viral infections,
development of asthma and asthma, exacerbations. Understanding these
complex association is important for developing asthma prevention

strategies and targeted asthma therapies.

Therefore this study aims to elucidate effects of RSV and HRV infection
on levels of these former chemokines and subsequent alterations in
Immune response with disease course, and severity in both atopic and

non-atopic asthma. This is achieved through the following objectives:

1. Immunological detection by ELISA for both RSV and HRV by

specific IgM in patients and control group.

2. Measurement of TSIgE, CCL20, CXCL10, TGF-f and IL-10

concentration in patients and control group by using ELISA.

3. Correlation of viral infections and CCL20, CXCL10 levels with atopic
and non-atopic asthma by using ELISA.

4. Detection of CCL20 (rs6749704) gene polymorphism by PCR-RFLP.
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1. 2. Literature Review

1.2.1. Asthma Overview

Asthma is the most common chronic lung condition disease in children
in which the airways narrow and become inflamed, it is a heterogeneous,
multifactorial disease with variable and mostly reversible airway
obstruction due to spasms and secretions in the bronchi always resulting
from an allergic reaction or hypersensitivity and then lead to difficulty
in breathing, rhonchus, wheezing, cough, chest tightness, the severity of
these signs different from asthmatic children patients to another patient
and time to time, particularly early the morning or late at night (Asher
and Pearce, 2014; Grose, 2018). Symptoms episodes are generally
related to widespread, but variable, airflow obstruction within the lungs
which is usually reflected either spontaneously or with suitable asthma

treatment such as bronchodilator (Hizawa, 2023).

It appears that there is an association to a Th1-Th2 unbalance which
is affected by decreased and changed microbial exposure, excess
obesity, epithelial microbiome variable and nutritional factors, although
the hereditary aspects of disease have been broadly investigated and
many candidate genes diagnosed epigenetic and environmental factors
seems to play a basic portion in phenotype expressiveness (Luo et al.,
2022). Asthma is a long-term condition and universally health complex
problem, chronic inflammatory illness of the LRT and non-
communicable diseases affected people,virtually 300 million individuals
of all ages, ethnic groups and countries during the world (Majellano et
al., 2019). Asthma is still poorly controlled although a broad array of
update treatment available for using, also 5-10% of asthmatic patients
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have a weak response to Inhaled Corticosteroids (ICSs) and stay on
elevated doses of (SCs) (Heffler et al., 2019; Corren et al., 2022).

1. 2. 2. Classification

Asthma has been divided into extrinsic (atopic) and intrinsic (non-
atopic) asthma, both types cause the same symptoms, the difference
between them, including the causes and triggers asthma symptoms, the
treatments are similar for each type, although the prevention strategies
differ, atopic asthma is deemed as the most prevalent form of asthma in
childhood (Froidure et al., 2016). It always starts after various triggers
predispose, its characteristics by eosinophilic airway inflammation
binding to the positive IgE antibodies, as apparent by serology or skin
compunction testing. On the other hand, non-allergic asthma in children
Is advanced with age and a family members history of atopic
sensitization which is absent. Intrinsic (non-allergic) asthma caused via
viral infections, cold, humidity, chemicals, smoking and perfume
smells, which forms a percentage of 10-40% out of asthmatic patients
(Chau-Etchepare et al, 2019).

Atopic asthma has a genetic correlation to increase IgE and
eosinophil production, also children patients have mast cell linking IgE
molecules that are found in their airways (Froidure et al. , 2016).
Furthermore, if one parent is atopic, the recurrent child’s risk for asthma
is 25%, maternal asthma results in early asthma development, also
paternal asthma affects asthma development later in life with declined
risk of it development over time, in comparison, when both parents are
asthmatics, child’s risk for asthma development is 50%, increasing over
time, moreover, number of asthmatic siblings seems to affect the child

asthma risk (Paaso et al., 2013). On the basis of frequency and severity
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of clinical signs, asthma has been classified into eosinophilic and
noneosinophilic (neutrophilic and paucigranulocytic) depending on
etiology and underlying inflammation (Yamasaki et al., 2022). Asthma
has been divided according to (GINA) into intermittent, mild persistent,
moderated persistent, and severe persistent. WHO classified severe
asthma into untreated severe asthma, difficult treat asthma and treatment
resistant severe asthma (Bai et al., 2007). Some children who identified
with asthma find it improves or disappears completely as they get older,
this is known as childhood asthma which influence around 1.1 million
children in UK, bear in mind, though, that it can return later in life,
especially if it’s moderate or severe rather than mild (Padem and
Saltoun, 2019).

Individuals with this illness may categorized as allergic mediated by
IgE, atopic asthma is produced by allergens like pollen, pets, dust mites
and 80% of people with it have a related condition like hay fever,
eczema or food allergies, whereas non-atopic asthma doesn’t link to an
allergy stimulators like pollen, dust, pets and less common than allergic
asthma, and causes of it are not well understood. It develops later in life
and can be more severe and caused by viral URTI such as RSV and
HRYV, occupational, aspirin, diclofance exacerbated respiratory disease,

exercise induced, cough variant asthma (Padem and Saltoun, 2019).
1. 2. 3. Epidemiology of Asthma

1. 2. 3. 1. Prevalence and Incidence

Asthma is a global health problem that affects about 300 million
individuals of all ages, ethnic groups and countries currently suffers
from it in worldwide, according to WHO estimates, approximately

250,000 people die prematurely each year from asthma (D’Amato et
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al., 2016). It has been estimated that more than 25 million children and
adults in the US have it , and epidemiological studies have shown that
asthma is less prevalent more in men than women, and it is more
prevalent and severity among children, especially males versus females

through various ages (Fuseini and Newcomb., 2017).

In the study of Saglan et al., (2022) showed that the prevalence of
asthma was less in females than in males. The prevalence has been
increasing at an alarming rate and has more than doubled in the last
decade, in addition it is prevalence is estimated to be 3-38% in children
and 2-12% in adults (Cavkaytar and Sekerel, 2014). It is varies
significantly in different regions of the world, for example, in the US
over 9 million children have been diagnosed with asthma, of which 75%
have active illness and it has different prevalence among ethnic groups,
which is more prevalent (11%) among African American of all ages
and African American children (17%). However, a few studies that
fulfilled these criteria have delineated asthma trends among children
and adults, the spread incidence of asthma has been increased both
locally and global with a many of risk factors being linked to it (Amoah
etal., 2012).

Asthmatic patients usually were males in the US compared to the
girls. This case in early age was increasing among these children, with a
higher spread in preschool and school-age children in comparison more
than 10 years of age , further, the percentage of annual asthma spread is
less in adults (7.9%) than children (8.1%) (Akinbami et al., 2016; Pate
et al., 2021). Different countries have prevalence of asthma reported in
the range of 2.4-18.4%, such as in a Swedish study conducted in 2008,
the prevalence of asthma was found to be 11.8% (Ronmark et al.,2016).
The prevalence of asthma was 11.0% (95% CI: 8.9-13.2; males 10.3%,
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females 11.4%, urban 13.0% and rural 8.9%. The study of Wang et al.,
(2012) showed that prevalence of asthma in China was found to be 3.15
times higher in participants with a history of allergic diseases in the
mother than in non-allergic mothers, whilst, there are a limited
epidemiology studies on the asthma prevalence and incidence in Irag. In
the UAE, the prevalence was 13% out of the study included 3200
children, frequency of wheezing was higher in males than in females. In
a study conducted with the ECRHS survey in Saudi Arabia in 2016, the
frequency of wheezing with in12 months was 18.2% and the difference
between men and women was not significant while in Kuwait was 11.9
(Ziyab, 2017; Al Ghobain et al., 2018). The prevalence of asthma at 5-6
years of age, an important increase is observed in cumulative incidence
of wheezing and recurrent wheezing up to 3 years of age followed by
stabilization, full-term pregnancy and the minimization of respiratory
infections at an early age could reduce the prevalence of asthma at the

age 6 years (Alfonsoa et al., 2020).
1. 2. 3. 2. Effect Sex and Age on Asthmatic Patients

Asthma is the most common chronic condition in children and adults
in western countries, affecting 1 in 7 children, whilst 1 in 12 adults,
most children who develop symptoms of asthma are <5 years of age, the
disease is a frequently of misdiagnosed or not suspected in infants and
toddlers. In addition, the prevalence of asthma is different in males and
females throughout their lifespan, additionally boys in particular are
more likely to develop asthma than girls, this pattern is reversed after
puberty, this indicates to sex-specific factors, such as fluctuations in
hormone levels, could play a role in x-disease's pathogenesis. Asthma is
higher prevalence and incidence in boys than girls seen before puberty.
Many studies referred that 30% of the asthma patients are before 14
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years old, In addition, children with group aged 1-9 years especially 6-9
had a higher risk ratios for asthma (Lin et al., 2017; Naeem and
Silveyra, 2019).

1. 2. 4. Risk Factors of Asthma

Asthma is a condition that is likely caused by gene-environment
interactions, therefore development of childhood asthma is complex
with a strong interaction of genetic, epigenetic, and environmental
factors, it is critical how the immune system of a child responds to these
influences and whether effective strategies for a balanced and healthy
Immune maturation can be assured., pregnancy and early childhood are
particularly susceptible for exogenous influences due to developing
nature of a child’s immune system, in contrast, endogenous influences
such as family history and the genetic background are immutable,
Prenatal influences such as mother’s nutrition, smoking and infections
affect complex interplay of innate and adaptive immune regulation as
well as peri and postnatal influences including mode of delivery (Mims,
2015; Krusche et al ., 2019).

1. 2. 4. 1. Hereditary

Asthma has a genetic ranging from 35-95%, as well as hereditary
studies have diagnose hundreds of genetic differences related to an
increased risk of asthma in children, furthermore epigenetic variants in
the way the genetic code is translated have also been linked to the
advance of asthma, further many genes are correlated to many allergic
features, including TSIgE, atopy and allergic diseases. Asthma and
atopic phenotypes are caused by hereditary changes in a common
immune regulation pathway and stimulated Th2 cytokine secretion by
epithelial cell cytokine (Ober and Yao, 2011; Han et al.,, 2017). If
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someone has a parent with asthma, one will acquire asthma 3-6 times
more than another someone without parent with asthma (American
Lung Association, 2019).

2. 4. 2. Asthma and Allergen

Allergy is defined as disease following a response by the immune
system to an otherwise innocuous antigen, while allergens are antigens
that elicit hypersensitivity or allergic reactions (Zhang and Ailin , 2015).
An antigen is any molecule that can bind specifically to an antibody or
T-cell receptor, the name arises from the ability to generate antibodies.
Allergens can enter the body via the skin, airways or gastrointestinal
tract (Janeway et al., 2005). Asthma is an atopic illness, and it is the
most common kind of asthma particularly in children allergens exposure
leads to the development of allergic inflammation, allergy is the main
element that causes asthma predisposition (Der Sarkissian, 2019;
Miteva et al., 2023).

In predisposed individuals, initial exposure of professional antigen-
presenting cells to allergen causes the activation of allergen-specific
Th2 cells and IgE synthesis, known as allergic sensitization.
Subsequently exposures to allergen lead to the infiltration of
inflammatory cells causing early allergic responses and late allergic
responses. Early- phase reaction is an IgE-mediated and it can occur
within minutes of allergen exposure (Li et al., 2022). Ninety percent of
children with childhood asthma have a topic, compared with about 50%
of adults with asthma and signs of atopic asthma looked after inhaling
allergens like pollen, dust mites, mold and it generally worsens after
exercising in cold air, inhaling smoke, dust and pollutants a strong odor,

exercising in cold air and humidity (Han et al., 2017).
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1.2. 4. 3. Passive Smoking

Passive smoking is an influencing factor in advancing asthma, also
active smoking has shown to be a risk factor for developing atopic
asthma, demonstrating that there was a dose-response correlation
between the effect of smoking exposure and the hazard of updated onset
asthma. Also, several studies such as Den Dekker et al.,( 2015)
illustrated a clear correlation among smoking and an increased risk of
advancing asthma in children, and study Alfonso et al., (2020) have also
showed that potent association between parental and maternal smoking
and advancement of asthma in children depending on predispose
cigarette smoke which has associated with early childhood asthma signs.
In addition, childhood exposure to passive smoke has been shown to be
correlated with an excess risk of advancing asthma as an adults. Beside
to the influence of exposure to prenatal or postnatal passive smoke was
recorded at 21-85%, which excess risk of occur wheezing and asthma in
children, in addition to the frequency of asthma at 3-6 years of age and
connected with smoking exposure a clear hazard factors childhood
(Boskabady et al., 2022).

1. 2. 4. 4. Changes in Weather

Asthma correlates with various weather changes that cause its
aggravation, such as air quality (high humidity), air temperature,
irritants, allergens and atmospheric pressure. There are more asthma
allergens in the air after storms, dry winter air, breathing in cold may be
challenging, on chilly days, breathing by the nose assists in warming
and humidifying the air before it enters the lungs cold (D’Amato et al.,
2018). In addition to the cold , dry air which is a consequent of asthma

stimulator that can lead to severe symptoms, especially in those who
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take part in winter sport, also sand storms were stimulate asthma sign.
Moreover, windy and wet weather which induce mold growth and
pushes pollen and mold into the air can aggravate asthma sign
(D’Amato et al., 2018).

1.2. 4. 5. Psychological Factors

Asthma is an autonomic disease that is associated with stress and
includes excess sadness and anxiety, stress is an emotional and physical
state that can contribute to the initial of asthma. It can also exacerbate
flare-ups in individuals who already have an asthma identification
(Nasiri Kalmarzet al., 2022).

Psychological factors, particularly chronic stress, can influence the
effectiveness of asthma, and asthma activity in children with parental
stress levels, psychological stress perhaps exacerbate asthma sign,
because there is a potent association between asthma and psychological
problems, unessential increase pressure and/or exercise should stay
away, due to it is thought that excess the inflammatory response of the
respiratory tract in response to allergens and triggers. The resulting
changed neuroimmune responses perhaps influence the expression of
Immune-mediated problems like asthma also, enhance an individual’s
sensitivity to several environmental factors that perhaps participate to

asthma aggravation hazard (Teijeiro and Gomez, 2021).

Previous studies like Lovell et al., (2011) indicated that cortisol,
which is a by-product of the sympathetic nervous system, namely the
hypothalamus pituitary cortical axis, further has a detrimental effect on
the function of the immune system, the drop in cortisol and excess
serotonin concentrations, can relieve stress with better sleep and can

assist with worsen breathing.

13

——
—



Chapter One Introduction and Literature Review

1.2.4. 6. The Diet System

Breast-feeding in the infants protects against the advancement of
atopic disease at progress age, particularly in children with allergic .
Genetic studies revealed that infants who are fed cow's milk or soybeans
are subject to an occurrence of wheezing in early childhood is more
consequently greater contract to those fed breast milk(Adeyeye et al,
2019). Diet is a key source of allergen predisposition in asthmatic
children, some data reported that dietary habits in western states such as
the excess use of foodstuffs ready-made, reduction antioxidants (from
fresh vegetables and fruits) participate to the present excess. For allergic
and asthmatic illness, found allergen foods that can provoke asthma
attack such as nuts, peanuts, shellfish, fish, eggs and dairy products.
Some people get wheezy after eating specific foods, such as eggs, cow's
milk, soy, fish, shrimp, shellfish, salads and fresh fruits (Adeyeye et al,
2019).

1.2. 4. 7. Body Mass Index (BMI)

The study conducted by revealed liOhman Magnusson et al.,(2015)
a strong correlation among BMI and asthmatic children whether females
and males, and it is refers to that elevated BMI through the first 4 years
does not excess the danger of asthma at school age between children
who have advanced a normal weight by age of 7 years. Though,
elevated BMI at age of 7 years is connected with an excess hazard of
asthma and sensitization to inhalation allergens, not just are obese
young individuals more likely to have asthma, but they perhaps also be
more likely to have serious asthma, participating to a potential demand
for health care and effective asthma medication (Oudjedi et al.,2020).

Obesity is the most common asthma co-morbidity, exacerbation
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respiratory signs and weak control (Kopel et al.,2017). Moreover,
Kochuieva et al., (2021) illustrated that excessing weight at age of 1
year was participating with a reduced risk of asthma and best lung
function at age 6-8 years. Obesity is extremely known in severe
asthmatics, there have been leastwise two differentiated obese asthma
phenotypes, one an early onset, allergic phenotype and the other a late
onset, female dominated, non-atopic phenotype, moreover, the fraction
of the children with the decreased height is excessing monotonically and
crucial in the groups of excessing severities, coincidently, they are with
decreased height is excessed importantly in groups of excessing
bronchial asthma severities (Tashiro and Shore, 2019; Fainardi et al.,
2022).

1.2 .4 .8. Infections

Infectious conditions perhaps lead to damage the immune system,
which exacerbation asthma which is linked with inflammation or
infection of the airways, airway hyper-reaction and mucosal production.
Respiratory viral infections cause 80-85%, of severe asthma
exacerbations in children. with HRV being most commonly detected
just as RV-A and RV-C associated with wheezing illness in early
childhood. Notably, these viruses are more often correlated with

exacerbations of asthma compared to RV-B (Kloepfer et al., 2017).

The RV-B might slightly the risk of exacerbation asthma symptoms
in children with greater severity. Moreover, children with asthma
exacerbations have higher total IgG1 titers to HRV compared with the
control (lwasaki et al., 2014; Esquivel et al.,2017). On the other hand,
RV-C might be more strongly correlated with more severe

exacerbations, which may necessitate hospitalization (Annamalay et
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al.,2017; Altman et al.,2020). However, exacerbations of frequent
wheezing and severe asthma in early childhood are often due to other
respiratory viruses (influenza, SV and parainfluenza, acting alone or in
combination. For example, a study of 175 children in age of 2-15 years
with asthma exacerbations showed that HRV was most frequently
detected 73%, followed by influenza A 27% and RSV 7.7%. In this
study, RSV appears to drive asthma exacerbation in infants without a
pre-existing history of atopy, while HRV is more likely to lead for
asthma in children who have already developed an allergic phenotype
(Duenas, 2016;Mikhail and Grayson, 2019). Respiratory viruses interact
with host and environmental factors to increase risk of wheezing
ilInesses in infants and children result to increase risk of exacerbations
in asthmatic children. In addition, high exposure to allergens in children
with allergic asthma lead to increases the risk for virus-induced
exacerbations. Children with established asthma , allergy and genetic
factors can increase risk of virus-induced wheezing illnesses and asthma
exacerbations, also allergy and viral respiratory tract infections
synergistically increase the risk acute asthma exacerbations (Annamalay
et al., 2017). Infections with RV increase the frequency and quantity of

S. pneumoniae, M. catarrhalis and H. influenzae which detected in
airway secretions.Stress and depression have been associated with acute
wheezing disease predominantly viral in children, mechanism of this
association was unknown but was not due to enhanced Th2 responses or

impaired antiviral responses(Kloepfer et al., 2017; Altman et al., 2020).
1. 2. 5. Human Rhinoviruses (HRVS)

Human Rhinoviruses are tiny, non-enveloped viruses and members of
the recently expanded Enterovirus genus that back to the family

Picornaviridae, positive-sense RNA genome, with a single-stranded. as
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shown in Figures 1 and 2.Further RV-A and RV-B were first discovered
by isolation on monkey kidney cells in 1950s ,whilst in 1953,Winston
Price, from the Johns Hopkins University could isolated the first

rhinovirus from nasal passage samples in human (Jiang et al., 2021).

c

HRV-A
~83 Types
Receptors: ICAM-1, LDLR

HRV-B HRV-C
~32 Types ~55 Types
Receptors: ICAM-1 Receptor: CDHR3

Figurel. 1. lllustration of the HRV adapted from (Kusel et al., 2006).
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Figurel. 2. Genomic structure of HRV. A 7.2 kb single-stranded, positive-sense RNA
virus called HRV has five un-translated sections, a single ORF, a tiny VPg,
and one ORF. While the P1 protein is digested to produce the HRV capsid,
the P2 and P3 proteins are used to make VPg, protease& RDRP or IRES
(Kusel et al.,2006).

Its structure and organization are typical for picornaviruses, infectious
non-enveloped virions of roughly 30 nm in diameter, consist of an
icosahedral protein shell (capsid) (composed of a capsid that contains
four viral proteins, VP1, VP2, VP3 and VVP4)that surrounds and protects
the genome (single-stranded positive sense RNA genomes of between
7200 and 8500 nucleotides in length. At the 5' end of the genome is a
virus-encoded protein and, as in mammalian mMRNA, there is a 3' poly-
A tail. Structural proteins are encoded in the 5' region of the genome
and non-structural at the 3' end).To date, there are currently more than

150 known serotypes of HRV, which differ based on proteins on their
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surface and the receptors they bind at the surface of epithelial cells in
the respiratory tract, the strains that bind to (ICAM)-1 belong to the so-
called “major group HRVs” while the “minor group HRVs”, including

~10 strains, bind to the low-density lipoprotein receptor, one striking
characteristics of HRVs is the ability to replicate rapidly and
demonstrate high mutation rates, resulting in distinct genetic diversity,
since most HRVs replicate best at 33-35°C, it was long thought that
infections were limited to the upper airways where the temperature of

the mucosal surface is relatively low.

The primary route of entry for human rhinoviruses is the upper
respiratory tract (mouth and nose). Rhinovirus A and B use "major"
ICAM-1 (Inter-Cellular Adhesion Molecule 1), also known as CD54
(Cluster of Differentiation 54), on respiratory epithelial cells, as
receptors to bind to. Some subgroups under A and B uses the "minor"
LDL receptor instead, Rhinovirus C uses cadherin-related family
member 3 (CDHR3) to mediate cellular entry. As the virus replicates
and spreads, infected cells release distress signals known as chemokines
and cytokines (which in turn activate inflammatory mediators).Infection
occurs rapidly, with the virus adhering to surface receptors within 15
minutes of entering the respiratory tract. There are 171 rhinovirus (RV)
genotypes recognized and classified into three main phylogenetic
species depending on their sequence structures: HRV-A, B and C(83,32
and 56 types) respectively (Kusel et al. , 2006; Warner et al. , 2019).

In addition, It is the most common cause of upper respiratory tract
infection(URI) which include nearly 171 rhinovirus (RV)genotypes
recognized and divided to RV-A(83 types), RV-B(32 types), and RV-C
(56 types). It can be detected year-round, however, the incidence of

rhinovirus is higher in the autumn and winter, with most infections
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occurring between September and April. Furthermore humidity may
influence rhinovirus seasonality. Young children (<5 years old)
experience a high rate of infection which can be detected in community

surveillance studies of children up to 34% of the year (Pan et al. , 2018).

In an effort to identify the etiology of the common cold, while RV-C
genotypes, which are not cultivable using ordinary culture methods,
have been identified decades after following the rise of molecular
techniques. In addition to common immunological detection including
antigen testing , and viral culture, seeking for a molecular detection
methods are very important in applying for viral identification screening
which has revealed the quite unexpected existence of a further species
of human rhinoviruses (Pan et al. , 2018). HRV-Cs have been shown to
be highly prevalent with frequent detection of this species in association
with bronchiolitis, other lower respiratory tract disease and asthma

exacerbations (Jiang et al. , 2021).
1. 2. 6. Respiratory Syncytial Viruses(RSVs)

Respiratory Syncytial Viruses are enveloped viruses with a negative-
sense (—) a single-stranded RNA virus genome returning to the order
Mononegavirales, family Pneumoviridae, genus Orthopneumovirus, Its
name is derived from the large cells known as syncytia that form when
infected cells fuse (Rima et al., 2017). RSV was identified in 1955
when researchers isolated a virus from a population of chimpanzees
with respiratory illness, in 1957, this same virus was identified by
Robert M. Chanock in children with respiratory illness studies of human
antibodies in infants and children revealed that the infection was
common in early life, the virus was later renamed human respiratory
syncytial virus (HRSV). HRSV is a medium-sized (~150 nm). Further
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many particles are spherical, filamentous species have also been
identified. The genome rests within a helical nucleocapsid and is
surrounded by matrix protein and an envelope containing viral
glycoproteins. Its genome is linear and approximately 15,000
nucleotides in length and contained 10 genes, encoding seven structural
and four non-structural proteins (Rima et al., 2017). Two viral
glycoproteins, designated G (large glycoprotein) and F (fusion
glycoprotein), are involved in virus-host cell attachment and cell fusion
as shown in Figurel.3 and Figurel.4. Annexin Il has identified as a
potential RSV receptor on airway epithelial cells, while L-selectin/
CD62L and CX3CR1 appear to be the potential receptors for G-protein
on leukocytes and immune-effector cells(Taleb et al., 2018). Nowadays,

RSV diagnosis largely relies on nucleic acid/PCR-based tests(Wu,2020).

Antibody-neutralizing

decoy \ " /
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Figurel. 3. lllustration of the RSV adapted from (Ogra, 2004).
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Figurel. 4. Genomic structureof the RSV adapted from (Ogra, 2004).

Strictly speaking, the high sensitivity of these tests may complicate
clinical interpretation, as the presence of small amounts of viral targets

may not necessarily prove their pathogenesis role. However,
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prospective case - control studies in asymptomatic and symptomatic
children have shown that a positive RSV test results is always of
clinical relevance, independent of viral quantity (Jansen et al., 2014).
RSV has a major impact on the infant mortality by viral infection in the
US and worldwide, further the RSV virions are either spherical particles
of 100-350 nm in diameter or long filaments up to 10 um and 60-200
nm in diameter. The RSV virion comprises an RNA synthesis (RNP)
complex packaged in a lipid envelope derived from the host cell
membrane. The RNA synthesis RNP consists of four proteins essential
for the RSV RNA synthesis: the nucleoprotein (N), the large
polymerase protein (L), the phosphoprotein (P), and the processivity
factor M2-1(Jansen et al., 2014). The RSV envelope contains three
membrane proteins: the glycoprotein (G), the fusion protein (F), and the
small hydrophobic protein (SH). The matrix protein (M) lays between
the RNP and the envelope, acts as the cushion. RSV encodes ten
sequential viral genes (NS1-NS2-N-P-M-SH-G-F- M2-L), and each
gene is flanked by conserved gene start (GS) and gene end (GE)

sequences, this genes encoding for 11 proteins (Jansen et al., 2014).

Each gene encodes an mRNA with the 5 methylated cap and 3 polyA
tail to be translated into a single corresponding protein, except the M2
gene, which has two slightly overlapped (ORFs) encoding two proteins:
M2-1 and M2-2. Two extragenic regions are at the genome ends, a 344-
nt leader (Le) and a 5 155-nt trailer (Tr). Studies on immune response in
primary RSV infection have demonstrated that infants and children
produce fewer antibodies (IgM, 1gG, IgA and secretory IgA) to both
glycoprotein F and glycoprotein G( Soto et al., 2020; Ascough et al.,
2022). The virion of RSV consists of enveloped lipid with an
asymmetrical spherical shape, 150 to 300 nm in measurement, other
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morphology of virion that are 60-100 nm and up to 10 nm in length,
filament-like, could be seen in both infected cultures and preparation of
the virus, the viral envelope is a lipid bilayer obtained from the host

plasmatic layer (Gonnin et al., 2023).
1. 2. 7. Pathogenesis of Asthma

1. 2. 7.1. Asthma Exacerbation

Severe asthma aggravation is progressive excesses in asthma
symptoms, including shortness of breath, wheezing and coughing,
furthermore, it is an acute or sub-acute episode of airflow obstruction
occurring on a background of chronic airway inflammation and hyper
responsiveness it. It is events that require urgent action on the part of
the patient and physician to prevent a serious outcome, such as
hospitalization or death (Reddel et al., 2015). There are many factors
can contribute to asthma aggravation including exposure to allergens,
infections, underuse of asthma control medication and pollutants. In
most cases, there is multiple contributing factors and this is especially
true for severe exacerbations.Viral infections are of special importance
because it contribute to 90% of exacerbations, especially during the fall
and spring in temperate climates, when viral respiratory tract infections
are most common, most episodes of asthma exacerbation in preschool
aged children involve symptoms of airway obstruction and wheezing
associated with a cold and cough, that is caused by the viral infection,
firstly HRV as shown in Figure 1.5. In addition, HRV is according to
the National Institute of Mental Health and Prevention (2007), play a
major role in seasonal peaks of exacerbations that coincide with the
return of children to schools after summer and spring breaks. There
exists a plethora of respiratory viruses that have the potential to cause
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wheezing illnesses, HRVs and RSV are the most closely related to

aggravation asthma in children (Heymann et al., 2004).
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Figurel.5. Pathogenesis of asthmatic acute exacerbations(License, 2019).

Esquivel et al.,(2017) refers to Asthma exacerbations results from a
variety of risk factors including RVs which can cause a spectrum of
illnesses ranging from asymptomatic infections to severe lower
respiratory tract illnesses, this is also true for children with asthma, and

most RV infections in children with asthma do not cause exacerbations.
1. 2. 7. 2. Asthma Severity

The degree of asthma in each person is different, and it may change
over time. The severity of asthma varies from person to person and
might fluctuate over time, especially in youngsters. According to
NAEPP/EPR3 Guidelines, the severity of asthma was categorized based
on the frequency of symptoms(daytime, night-time, and exertional)
(Urbano, 2008) as indicated in Tablel.l. Stratification of asthma
severity is an integral part of asthma management linking appropriate
treatment to establish control asthma. Precision assessment of severe
asthma is crucial for monitoring the health of people with this disease
(Majellano, 2019).
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Tablel.1. Assessment of children's asthma severity adapted from (Urbano, 2008)

Classification of asthma severity
Competent of severity Persistent
Intermittent Mild Moderate Severe
<2 days/week | >2 days/week Throughout
Day time symptoms but not daily Daily the day
Age 0-4 years 0 1-2/month 3-4/month >1/week
>1/week but | Often 7/week
Age > 5 years <2/month 3-4/month not nightly
Night time SABA use for >2 days/week Several times
awakenings symptoms <2 days/week | but not daily Daily daily
Interference Minor Some Extreme
with normal None limitation limitation limitation
activity
Lung FEV1%
function predicted >80 >80 60-80 <60
(=5 years) FEV1/FVC >0.85 >0.8 0.75-0.8 <0.75

Different endotypes of asthma may be influenced by genetic variants

to varying degrees, and there may be a genetic component to illness
severity(Thomsen et al., 2010; Slager et al., 2012).

1. 2. 8. Immune Response of Asthma

Children with asthma have a reduced lung function in concert with
impaired immune responses and altered immune cell subsets however,
little is known regarding the effects of asthma on immune responses in
children (Hosseini et al., 2021). Non-atopic asthmatics show no
sensitization and rather neutrophilic inflammation, while atopic asthma
Is characterized by sensitization to specific allergens, high IgE levels,
and eosinophilia, childhood allergic asthma has been characterized by a
Th cell type 2-shifted endotype and decreased innate immunity gene

expression, further, Tregs play a critical role in the development of it,
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possible a reduced number of Tregs in children with allergic airway
disease, in addition, some studies have shown increased or decreased
number of Tregs at different ages in asthmatic children (Lee et al.,2007;
Raedler et al., 2015; Schroder, 2017).

Besides Tregs quantity, impaired function of Tregs is important for
asthma development , distinctly, non-allergic asthma showed increased
pro-inflammatory IL-1B / IL-17-shifted neutrophilic inflammation and
insufficient suppression of IL5, IL-13 and IFN-y by Tregs (Raedler et
al., 2015; Zhang, et al., 2022).

It has been suggested that Thland Thl7 high inflammation have a
role in development of childhood asthma is complex with a strong
interaction of genetic, epigenetic and environmental factors (Krusche et
al., 2019). Allergen exposure results in the activation of numerous cells
of the immune system such as NK cells, neutrophils, eosinophils ,
structural cells such as epithelial cells that may contribute to an altered
immune response in childhood asthma, DCs and Th2 lymphocytes, DCs
in the airway epithelium and sub mucosa detect inhaled allergens as
shown in Figure 1.6 (Holgate, 2012).
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Figure 1. 6. Effect of DCs on immune cells cytokines adapted from (Gaurav and
Agrawal, 2013).
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It is then migrate to secondary lymphatic systems where they process
and present antigens via MHC Il to T and B lymphocytes, leading to
proliferation of Thl or Th2 and B-lymphocytes produce IgE, which
binds to high affinity FceRI on basophils and mast cells in response to
allergen presentation by airway DCs, T-helper lymphocytes of adaptive
Immune system control many aspects of disease during secretion of IL-
4, IL-5, IL-13, IL-17 and IL-22 and these are counter balanced by
cytokines produced by Treg cells like IL-17 (Lambrecht and Hammad,
2019). Whereas, role of type 2 innate lymphoid cells (ILC2) in childhood
asthma is less clear, studies have demonstrated that ILCs have a key role
in development of virus induced asthma exacerbations, ILC2 secrete
IL9, IL13 and IL5 in response to IL-25 and IL-33stimulation (Jia et
al.,2016; Hershenson, 2021).

1. 2.8 .1. Role of T helper (Th2) cytokines in asthma

Concept of Th2-cell-mediated immunity to allergens driving asthma
pathogenesis in humans has dominated thinking over the last 30 years
and, importantly, has pushed forward treatments with biological
substances that target Th2 cell cytokines (Ledn and Ballesteros-Tato,
2023 ). It has been found that besides Th2cells, other innate immune
cells like mast cells, ILC2s and basophils can produce Th2-cell-
associated cytokines in asthma, and the terminology gradually shifted
from Th2 cell high asthma to Type-2-high asthma. It has been found
that besides Th2 cells, other innate immune cells like mast cells, ILC2s
and basophils can produce Th2-cell-associated cytokines in asthma, and
the terminology gradually shifted from Th2 cell high asthma to Type-2-
high asthma. It is currently estimated that only about half of asthma
patients have evidence of Type 2 immunity in their airways (Fahy,
2009). Correlation between a Th1/Th2 cytokines imbalance and 25-
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hydroxy-vitamin D (vit D) level in early pulmonary disease (Tang et
al.,2023). In childhood, type-2-high asthma is frequently caused by
atopic sensitization and exposure to inhaled allergens, driven by
allergen-specific CD4+Th2 cells, and demonstrated by presence of
allergen-specific IgE in serum(Karagiannis et al., 2015). The production
of Th2-cell-associated cytokines by CD4+T cells is under genetic and
epigenetic control, a polymorphism in a gene locus at position5q31,
which contains IL4, IL13 and RAD50 genes, has been associated with
asthma and atopy in multiple studies, this locus is also hypo-methylated
in (PBMCs) and contains enhancer histone modifications (H3K4me2)in
the memory Th2 cells of asthma patients (Demenais et al., 2018).

The T helper 2 type cytokines, including IL4, IL-5 and IL-13 are
thought to drive pathology in asthmatic patients and play a role in
driving many of the hallmarks of atopic inflammation. IL-4 is important
for atopic sensitization and IgE production, and IL-5 is crucial for
eosinophil survival, IL-13 has pleiotropic effects in the lungs, including
a central role in development of airway hyper responsiveness and tissue
remodelling as shown in Figurel.7. (Lloyd and Hessel, 2010; Finkelman
et al., 2010).
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Figurel. 7. Immunopathogenesis of asthma adapted of (National Asthma, 2002).
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IL-13 induces features of the atopic response by a complex array of
actions on resident airway cells instead of through traditional effector
pathways involving eosinophils and IgE-mediated events, also it is
effect on asthma include the induction of goblet cell increased mucus,
metaplasia, secretion, airway hyper reactivity and potent activators of
inflammatory responses, and fibrosis (Gour and Wills-Karp, 2015). The
IL-5 is critical molecular switch for the development, migration,
recruiting of eosinophils to lung during atopic inflammation, IL-5 exerts
its biological actions via stimulation of the IL-5 receptor expressed by

eosinophils and a lesser extent, basophils (Possa et al., 2013).

1. 2. 8. 2. Role of Immunoglobulin E (IgE) in Asthma

Discovery of IgE begun in the 1960s. It has direct role in the
pathogenesis of bronchial asthma and its connection with skin reactivity
to allergen exposition, at that time, researchers worked on the discovery
of a protein, called regain in the hopes of providing an explanation for
the immunological concepts that explain asthma-associated type |
hypersensitivity symptoms and anaphylactic attacks. However, the
extremely low amounts of IgE in human blood made the entire process

very difficult. among every type of antibody (Laffleur et al., 2017).

IgE is the most potent antibody and can induce severe inflammatory
reactions even in minute doses. IgE response can remain for years even
without allergen stimulation, this may be due to long-lived plasma cells
that produce IgE (Colas et al., 2022). IgE play a significant role in
atopic patients they are coupled to IgE-specific receptors on mast cells
and basophils and are specific for antigens such pollens and house dust
mites, which trigger the release of intermediates (arachidonic acid

metabolites histamine) and IL-4, IL-5 and TNF, which are crucial for
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the initial and final phases of allergic reaction and related eosinophil
infiltration in the airway (Johansson and Stockholm, 2016). IgE
production is primarily controlled by IL-4,IL-13 and the immediate

interaction that occurs among T and B lymphocytes as shown in Figure 1.8.
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Figure 1. 8. Interactions between CD4Tand Bcells and IgE synthesis adapted

from (Busse and Lemanske, 2001).

Via bonds among T-lymphocytes' cell surface molecules, in particular
(CD28 and CD154) and B-lymphocytes' outer membrane receptors
(CD40 and CD80 or CD86) (Novosad et al., 2020).The maturation of B
lymphocytes into active plasmatic cells, isotype switching and the
creation of particular Ig class are all processes that are started by the
interaction of these two stimuli, commonly known as the
immunological synapse . It's interesting to note that B-lymphocytes are
capable of receiving both signals by IL-13 and IL-4 as well as T-
lymphocytes alone (Rabe et al., 2018). IgE levels have been reported to
decrease in relation to anti-1L-13 (Corren et al., 2013). A significant
increase of total IgE levels occurs in patients with different diseases
including allergic asthma, atopic eczema, intermittent rhinitis and

persistent rhinitis bound to perennial allergens. IgE levels culminate
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about 4-6 weeks after pollen season, high levels are measured in
patients suffering from allergic bronchopulmonary aspergillosis
(ABPA) (serum levels can exceed 1000 kIU/L), and further in most
eosinophilic syndromes because increase IL4 , IL-5and I1L13 (Stone et
al.,2010). IgE is synthesis either by class-switch recombination from
IgM in germinal centre B cells or through sequential switch from IgM
to IgG1 and then from IgG1to IgE which may occur outside of germinal
centres. Although, it is thought that IgE memory of allergens originally
sits in 1gG,it was shown human blood or tonsil B-cells undergo CSR to
IgE upon CDA40 ligation and activation IL-4 or IL-13produced by Th2
cells and ILC2 (Spits et al. , 2013). The complexes of IgE molecule
with allergen bind to the FceRI on surface of the projections of dendritic
cells (that penetrate from sub epithelial spaces up to the airway lumen).
The presence of FceRI on surface of dendritic cells is very likely
strengthening the processes of antigen presentation to naive T-helper
lymphocytes with their subsequent maturation towards the Th2 subset,
up tol000 times, resulting in significant reduction of triggering
threshold for the allergic reaction, already in this early phases (Matucci

et al., 2018) as shown in Figure 1.9.
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Figurel. 9. Roles of IgE in asthma pathology adapted from (Pelaia et al. , 2017).
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1. 2. 8. 3. Role of Eosinophil in Asthma

Eosinophils are granulocytes in blood, produced in the bone marrow
with other white blood cells. Their percentage about 1-3% of whole
white blood cells, they have been implicated in the pathogenesis of
asthma, generally, eosinophilic phenotype is associated with a good
response to corticosteroids and to Th2 targeted therapy, such as anti-IL-
5 treatments (Haldar et al., 2009). Eosinophilic asthma has been
associated with allergic sensitization and a Th2-dominant inflammatory
response. It plays multiple functions and is an important component of
allergic and asthmatic type-2 immune responses, IL-13, and
chemokines including eotaxins, and the adhesion molecules P-selectin
and vascular cell adhesion molecule-1, other chemo-attractants for
eosinophils include complement product C5a and the lipid mediators

platelet-activating factor and leukotriene B4 as shown in Figure 10.

ALLERGEN

Figurel.10. Eosinophil development and trafficking adapted from (Foster et al.,
2003).

Other chemoattractants for eosinophils include complement product C5a
and the lipid mediators platelet-activating factor and leukotriene B4 in
addition to 1L13,eotaxins,P-selectin,and vascular cell adhesion molecule
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-1.1t performs a variety of duties and is an essential component of type 2

allergy and asthmatic immune responses(Zietkowski et al., 2008).
1. 2. 9. The cytokines and chemokines

Cytokines are a broad category of small proteins(~5-25 kD)
synthesized by cells, and that influence the behaviour of other cells,
their function is accomplished via specific cytokine receptors on the
cells that they affect. They are also important mediators that control
immune and inflammatory responses through intricate networks and act
as biomarkers for many diseases (Liu et al., 2021). The first biologically
active chemokines were discovered in the late 1980s and early 1990s,
based on the presence of leukocyte chemo-attractant activity present in
the culture supernatants of human mononuclear leukocytes stimulated
by pro-inflammatory agents such as bacterial endotoxin and cytokines,
which demonstrated potent chemotactic activity for monocytic
leukocytes, they are small chemo-attractant proteins, that stimulate
migration and activation of cells,especially lymphocytes and phagocytic
cells, they are the most direct and immediate cell factors that selectively
induce the migration of specific inflammatory cells by binding with
different receptors (Chen et al.,2018). They are classified into four
groups (CC, CX, CX3C and CXC) depending on the presence and

position of first cysteine residues(Palomino and Marti, 2015).

It is a group of low molecular weight 8-10 KDa polypeptides that are
designated for their targeted cell chemotaxis. There are four conserved
cysteines in the protein structure of chemokine molecules, further they
are key drivers of anti-viral inflammatory response, such as RSV and
HRYV infection, many chemokines are produced at high levels through

the bacterial and viral infection, for example CCL20, in addition to the
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synergistic effect of TNF-a and interferon-y, which can induce CXCL10
expression in airway epithelial cells, and specific cells are recruited by
several unique chemokine/chemokine receptor interactions (Schneider
et al.,2013; Song et al., 2014). CXCL10 regulate the infiltration of
effector T-cells into the lungs and they are all produced during RSV

infection in mice and humans (McNamara et al., 2005).

1.2.9. 1. Interleukin - 10 (IL-10) and Transforming Growth Factor
Beta (TGF-p)

Interleukin-10 protein is a homodimer, each of its subunits is178
amino acid long, also known as human cytokine synthesis inhibitory
factor (CSIF), gene encoding human IL-10 which is located on
chromosome 1 covering a total of 5.1 kb pairs comprising five exons. It
IS a cytokine-mediated interactions among inflammatory cells and
contribute to pathogenesis of allergic asthma , including inhibitory for B
and T cells, IgE production, mast cell proliferation, and they induce
apoptosis of eosinophils (Minshawi et al. , 2020).

In addition, IL-10 is deemed as a key regulators of immune response
that has been suggested for treatment of allergy and asthma because of
its immunosuppressive and anti-inflammatory properties, which is
synthesized by activated CD4and CD8 T lymphocytes, activated
monocytes, mast cells, and inhibits synthesis a range of cytokines
produced by Thl that leads to polarization of immune response to the
Th2-profile (Li et al., 2011). In humans, its signals is sent through a
receptor complex consisting of two IL-10 receptor-1 and two IL-10
receptor-2 proteins, it is humoral factors involved in the suppressive
function of many effector cells, Treg cells, and disease processes,
allowing the clearance of infection while minimizing damage to the

host, and its levels are inversely correlated with disease incidence and
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severity and play critical roles in maintaining immune homeostasis
(Mosser and Zhang, 2008). A combination of TGF- and IL-10, no
single cytokine, is required to suppress B cell activation induced by
(TLR) stimulation (Komai et al., 2018).

TGF-B is a cytokine that controls proliferation, cellular differentiation,
and other functions in most cells, also a major mediator involved in pro-
inflammatory responses and fibrotic tissue remodelling within asthmatic
lung, it is a multifunctional cytokine which has been linked to the
pathogenesis of sub-epithelial fibrosis and airway wall remodelling in
bronchial asthma (Cheng et al. , 2022). Allowing the clearance of
infection while minimizing damage to the host, myeloid and lymphoid
lineages secrete IL-10 in response to different stimuli (Meng et al.,
2019). Includes CD4 and CD8 T cells, B cells, mast cells, eosinophils,
NK cells, neutrophils, macrophages, and monocytes (Howes et al. ,
2014). Recently, local macrophages like microglia and cardiac
macrophages were added to list of IL-10 producer cells(Yang et al.,
2020). Changes in blood concentrations of 1L10 and TGF produced by
activated T-lymphocyte before and after prednisolone therapy with
clinical improvement demonstrate the role of soluble IL10 and TGF on
activity and regulation of asthma. They are a powerful inhibitor of
monocyte/macrophage function, causing many pro-inflammatory
cytokines to be produced as well as less IL-10 being produced by the

alveolar macrophages of people with atopic asthma (Chung, 2022).

1. 2. 9. 2. C-C motif ligand 20(CCL20) and C-X-C motif ligand 10
(CXCL10) Chemokines

Chemokines play an important role for the recruitment and migration
of inflammatory cells by binding with different receptors as shown in

Table 1.2. In addition, they can induce various types of inflammatory
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cells which would release a variety of inflammatory factors, that cause
the immediate phase reaction of airway inflammation mediated by IgE
and induce chronic persistence airway inflammation with eosinophils
and Th2 (Erle and Sheppard, 2014). The CC family contains ~28 types
of chemokines with chemotaxis effects on almost all inflammatory cells
except neutrophils. The CXC chemokine family contains more than 15
types of chemokines, which possess potent effects on the recruitment of
neutrophils and monocytes. Studies have shown that a variety of cells
are involved in expression and secretion of chemokines, including
macrophages, monocytes, eosinophils, basophils, neutrophils, mast
cells, DCs and lymphocytes (Mitchell and O'Byrne , 2017;Capucetti, et
al.,2020).Chemokines in airway epithelial cells and its role in the

pathogenesis of airway inflammation in asthma as shown in Tablel.2.

Tablel.2.Airway epithelium chemokine expression that is associated with asthma adapted from (Gao
etal., 2015).

Name of Chemokine Other Name complete name Receptors
CC family

CCL2 MCP-1 Monocyte chemotactic protein-1 CCR2,10

CCL3 MIP-1a Macrophage inflammatory protein-1lo CCRL,3,5

CCL4 MIP-18 Inflammatory of Macrophage CCR5,8

protein-1B
CCL5 RANTES controlled after stimulation normal CCRL, 3,5
T-cell generated and released

CCL11 Eotaxin-1 Eotaxin-1 CCR3, 5
CCL13 MCP-4 Monocyte chemotactic protein-4 CCR2,3
CCL17 TARC Thymus activation regulated chemokine CCR4
CCL20 MIP-3a Macrophage inflammatory protein-3a CCR6
CCL22 MDC Macrophage-derived chemokine CCR4
CXC family

CXCL1 GRO-a Growth-regulated oncogene-o CXCR1, 2
CXCL5 ENA-78 Epithelial-derived neutrophil-activating peptide 78 CXCR2
CXCL8 IL-8 Interleukin-8 CXCRY, 2
CXCL10 IP-10 Interferon-inducible protein-10 CXCR3, 4
Non CC or CXC family

TSLP No Thymic stromal lymphopoietin TSLPR

IL-33 No Interleukine-33 ST2,IL-33R
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It has previously been demonstrated that TNF-a stimulates expression
of C-C motif chemokine ligands CCL2, CCL4, CCL5, CCL11 and
CCL20. Further, airway epithelial cells release CCL5 and CCL20 upon
stimulation by IL-1B (Liu et al., 2018). Other inflammatory cytokines
can induce the expression of chemokines, for examples,CCL11 and
CCL20 are produced following IL-4 or IL-13stimulation (Bao et al.,
2022). Further, it has been demonstrated that clusterin induces
production of CCL20 by regulating the oxidative stress environment in
airway epithelial cells from mice studies (Hong et al., 2016). HRV,
RSV and bacterial infection induces airway epithelial cells to secret
high levels of CXCL10 and CCL20 in human nasal mucosa and gland
epithelial cells (Song et al., 2014).

Additionally, Janus kinase (JAK) pathway and the synergistic effect
of TNF-a and interferon-y can induce expression of CXCL10 in airway
epithelial cells (Michi et al., 2020). Based on these observations, these
associated signaling molecules have also been used as potential targets
of anti-inflammatory treatment. It is commonly stated that inhibition of
JAK pathway in the airway epithelium may provide an alternative anti-
inflammatory approach to glucocorticosteroid -resistant asthma in vitro.
CXCL10 is an important chemokine secreted by the airway epithelium
that functions as a biomarker for virus-induced asthma. Long-acting
beta 2 (2) agonists (LABAs) are frequently used as inhaled medication
for asthma(Chien et al., 2012; Fenwick et al., 2015).

1. 2. 10. Diagnosis of Asthma in Children

A diagnosis of asthma should be suspected in patients with recurrent
cough, wheeze,chest tightness and dyspnea, also it is diagnosed through

medical history, family history, physical exam and should be confirmed
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by using test that measures airflow in and out of the lungs (spirometry
preferred). Spirometry testing measures the flow and volume of air
blown out after a child takes a very deep breath and then forcefully
exhales, other tests may be recommended to ensure that other
conditions are not the cause of a child's wheezing or coughing. This
may include a chest X-ray and allergy testing or immune problems in
skin or blood, which recommended to identify triggers of asthma (Quirt
et al., 2018).

Further the possibility of a first manifestation in infants or toddlers
makes diagnostic determination difficult in this age group because
congenital disorders and a wide range of differential diagnostic
possibilities have to be taken into account and may need to investigated
along with perinatal aspects, a special feature in this age group is that
many children suffer from asthma-like symptoms (Quirt et al., 2018).
Several factors, including a detailed medical history, family history, a
physical exam (your nose, throat and upper airways) are applied for
diagnosis of asthma. Use a stethoscope to listen to your breathing.
Further, spirometry is the main test doctors use to diagnose asthma in

children 5 years or older(Gregory et al.,2019).

Eosinophilic asthma can occur in atopic and non-atopic patients but
the pathways for eosinophil recruitment are quite distinct measurement
of eosinophils in blood for the evaluation and management of allergic
diseases, asthma severity and a relevant factor in the pathophysiology of
the disease as shown in Figurel.6. Further, blood eosinophils are known
to be an indirect marker of airway inflammation in asthma, additionally,
atopy is an hereditary disease with a frequency of Th2 cells and it
predisposes to asthma, a Th2 reaction can activate not only immediate

IgE in sensitized individuals, but also viruses, contaminants and
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allergens such as (HDM) and molds can cause both innate and adaptive
Immune reactions of type 2 even in the absence of strong IgE antibodies
(Caminati et al., 2018; Nieto-Fontarigo et al., 2019).
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Figurel.11.Atopic and non atopic eosinophilic pathways in asthma adapted from
(Brusselle et al .,2013).

When asthma is persistent and uncontrolled despite treatment, blood
eosinophil levels can reliably predict eosinophilic asthma in those people
(Wang et al., 2021). Moreover, blood eosinophil counts could add
predictive value to the global initiative for asthma control-based risk
assessment, TSIgE concentration was predictive in asthma, and it perhaps
is utilized to discriminate between non-asthmatic and asthmatic peoples
in conjunction with other biomarkers, TSIgE antibodies test to measure
sensitisation to inhalant allergens is a useful diagnostic indicator for the

presence of asthma in children (Matucci et al.,2018).
1. 2. 11. Treatment of Asthma

The aim of asthma treatment is to obtain clinical control and reduce
future risks to the patient, initial treatment after diagnosis to achieve the

best possible results, a maintenance therapy with a controller should be
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initiated as quickly as possible after the diagnosis of asthma (Fitzpatrick
et al.,2016). For pre-school children with intermittent symptoms, the
initial therapy consists of an inhaled short-acting beta-2agonist(SABA),
regular follow-up should occur in a period of 2-3 months to optimize
the treatment strategy. Gold standard in asthma therapy is still a low-
dose ICS as a controller together with an on-demand (SABA), a
considerable number of asthmatic children remain symptomatic despite
treatment with ICSs, resulting in significant morbidity and reduced
quality of life (Duse et al., 2022).

To mitigate the adverse effects of drugs, especially the restrictions on
body growth resulting from the use of ICS, which is of utmost
significance in pre-schoolers, anti-viral measures encompass methods
that augment resistance to various RVs by administering interferons or
other immune-stimulatory agents. This holds particular significance for
individuals with severe asthma who exhibit a concomitant allergic

inclination prior to undergoing systemic steroid therapy.

Further, biological material taken by asthmatic children, like as
proteins and microorganisms, may aid in fostering the growth of strong
mucosal immune systems that can fend off viral infection. Two new
therapeutic approaches has been suggested firstly, identify a new class
of probiotics selected to promote resistance to viral illnesses and
secondly, develop strategies to inhibit pathogenic bacteria that

synergize with viruses and add to illness severity (Teach et al.,2015).
1.2.12. Single nucleotide polymorphisms(SNPs) in Asthma

The polymorphism is defined by Cavalli-Sforza and Bodmer,(1981),
and the most common type of genetic variation among people in the

DNA sequence, which includes differences in genotypes ranging from a
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single nucleotide site to large nucleotide sequences visible at a
chromosomal level, each SNP represents a difference in a single DNA
building block, such as a SNP may replace the nucleotide cytosine (C)
with the nucleotide thymine (T) in a certain stretch of DNA, or a G
nucleotide present at a specific location in a genome may be replaced by
an A as shown in Figure 1.12 (Monga et al., 2017).

Single nucleotide polymorphisms (SNPs)help predict an individual’s
response to certain drugs, vaccine and it can establish ancestries and in
identify genes involved in complex diseases such as heart disease,
diabetes, cancer, and they are responsible for genetic effects that
produce susceptibility to most autoimmune diseases (Chiarella et al .,
2023). SNP detection are polymorphic allele-directed specific analysis
such as allele specific PCR, RFLP and AFLP, further melting curve
analysis, which is combined with the real-time PCR techniques using
hydrolysis probes, hybridization probes, or double-stranded DNA-
binding fluorescent dyes (Matsuda, 2017).

In addition, multiplex probe amplification (probe-based PCR) is used
for SNPs genotyping and pathogen nucleic acid detection. PCR-RFLP is
a method for genotyping SNPs,allows rapid detection of point mutations

after the genomic sequences are amplified by PCR (Matsuda, 2017).

Figurel. 12. Single nucleotide polymorphisms (SNPs) adapted from (Monga et
al., 2017).
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1. 2.12. 1. Asthma-Associated Genes

Over a 100 different genes that have been associated with asthma and
the list is still growing, in general, asthma susceptibility genes fall
mainly into four categories genes relating to functioning of the immune
system (innate immunity and immunoregulation), genes relating with
epithelial and mucosal biology (immunity ) and function, genes relating
with lung function, airway remodelling and disease severity and
associated with TH2-cell differentiation and effector functions (Bossé
and Hudson, 2007; Loxham and Davies, 2017).

1.2.12.2.Single Nucleotide Polymorphisms of Chemokine Genes

Researchers' interest in the impact of chemokine gene polymorphisms
on gene expressions and disease led to the explored the cytokine,
chemokine, and cytokine gene polymorphism associations with asthma
risk (Chiarella et al., 2023).The majority of polymorphisms are SNPs
found in the enhancer, promoter,or other regulatory sequences of
chemokine and cytokine genes (Raeiszadeh Jahromi et al., 2015).
Numerous research have examined the connection between its gene

variations and the chance of developing asthma (Ranjbar et al., 2022).
1. 2.12. 3. The C-C motif ligand 20 (CCL20) Polymorphism

The C-C motif ligand 20 is a four-exon gene localized to chromosome
2033- 4372 and encodes a 95-amino acid polypeptide. CCL20 is a small
chemokine about 8 kDa encoded by the gene SCYA20 located on chr.2
as shown in Figurel.13(Nelson et al., 2001).

A number of polymorphisms in the CCL20 promoter region are
exhibited to be related to cytokine serum levels. Most of the studies

confirmed that CCL20 was associated with different inflammatory
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diseases and autoimmune diseases such as MS (Jafarzadeh et al., 2014;
El Sharkawi et al., 2019). Further, this variation is linked to levels of
CCL20 and its CCR6 receptor are elevated in many autoimmune
diseases which help in the recruitment of Th17 to site of inflammation
(El Sharkawi et al., 2019). Also this variant is associated with reduced
pulmonary capacities (Daneshmandi et al., 2012). Previous molecular
research demonstrated that the CCR6-CCL20 is a key modulator of a
number of inflammatory disorders (Liu et al.,2018; Ellinghaus et al.,
2016).

Burke et al., (2015) showed that CCL20 expression is increased in
pancreatic islets from obese mice, and that inflammation strongly and
rapidly promotes CCL20 levels in rat and human pancreatic  cells.
Population genetic studies point towards the significant involvement of
CCR6-CCL20 axis in RA research suggests that the CCR6-CCL20 axis
plays a substantial role in RA(Kochi et al., 2010).
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Figurel.13. Cytogenetic location,Chr.2 p14. molecular location of CCL20 adapted from

(NCBI, 2023).

4

——
| —



Chapter Two
i
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2. Material and Methods

2.1. Subjects and Study Design
2.1.1. Subjects

Consecutive 100 patients children asthmatic were diagnosed in the present
study to have asthma based on clinical confirmed by physian , radiologist and
laboratory finding, who attended at out- patient of the asthma clinic at Karbala
Teaching Hospital for Children in Karbala city for the period extending from
February 2022 to June 2022. All children should meet the criteria of the
American Thoracic Society for asthma (Chung et al., 2014). In the current
study, asthmatic children were divided into two groups according to the type of
asthma: atopic and non-atopic. Their ages were ranged between 1-6 years old.
Fifty children were grouped as the healthy control groups with the same ages

and sex of the patients who randomly selected from the local community.
2.1.2. Inclusion and Exclusion Criteria

2.1.2.1. Inclusion criteria: Children were identified with asthma (atopic and
non atopic) either newly diagnosed or on controller therapy and all met the

criteria of the American Thoracic Society for asthma.

2.1.2.2. Exclusion criteria: Patients whose age is less than one year or those
with other chronic diseases, in addition to other inflammatory conditions,
autoimmunological, immunosuppressive diseases and Coronavirus disease 2019

(COVID-19) or infections other than respiratory tract infection.
2.1.3. Study Design

This is a case-control study which involved 100 asthmatic children who
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were divided into two groups according to the type of asthma including
atopic (No.50) and non-atopic (No0.50) distributed in (66 male and 34female)
and 50 non-asthmatic children (33 male and 17 female). The healthy controls
children (non-asthmatic) were in the same age and sex of asthmatic children. A

study design that is enrolled in this study was shown in Figure 2.1.
2.2. Ethical and Scientific Approval

Un approval for this study protocol was given by Karbala Health Directorate's
ethical committee. Study was conducted in accordance with the ethical
principles that have their origin in the Declaration of Helsinki. It was carried out
with patients verbal and analytical approval before sample was taken. Health

measures and safety was given during sampling.
2.3. Patients Data Collection

The Demographic and clinical data were collected through patients and /or

their relatives through a questionnaire.

2.3.1. Self-Reporting Questionnaires: The questionnaires were planned to scan
the children at the Kerbala Teaching Hospital for Children and the Study
Committee for data collection from children with asthma and non-asthmatic
children and/or their parents, taking into account international and local criteria

(Appendix | and Appendix I1).

Types of treatment: Two basic types of treatment were prescribed by the

physicians which were montelukast and inhaled corticosteroids.

Asthma Severity: The degree of asthma severity were identified based on the
international standards diagnosed in the NAEPP/EPR 3 Guidelines (Urbano,
2008) by the specialist pediatrician.
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Total Samples
(No.167)

Excluded Asthmatic patients with Asthmatic Childern(No.100 ) Healthy Control(No.50)
other chronic diseaseNo.17

Blood Sample Collection(3.5 ml)

Whole Blood in EDTA Tube(2ml) Serum Separated in Gel Tube(1.5 ml)

Eosinophil ,Neutrophil and ™ Total Serum IgE by Immunological Detection(IgM)

Lymphocyte count) by CBC ELISA Kit (ELISA) for HRV &RSV
Equipment and Film

HRV (- HRV(+ve) RSV(+ve) RSV (-ve)

Atopic asthma (No.50) IgE (+ve), High Non atopic asthma (No.50) IgE (-ve)
eosinophil &Low Neutrophil & eosinophil &Increased Neutrophil

CCL20,CXCL10,TGF & IL10 by ELISA Kit

Extraction genomic DNA

Gene Polymorphism(RFLP-PCR)

Data Collection

Statistics Analysis

Figure 2.1. A flow chart illustrating the study design and methods.
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2.4. Materials

2.4.1. Equipment and Instruments

In the present study, the following equipment and instruments were used
(Tables 2.1 and 2.2).

Table2.1.Equipment with its manufacturing companies and country of origin

Equipment Manufacturing Country
Company

Autoclave Labtech Korea
Bench Centrifuge Hettich — Cleaver | Germany
Cooling centrifuge(universal 320 | Hettich Korea
Deep Freezer Stuart UK
Digital camera Sony Japan
ELISA Devices (washer and Biokit ELx800 US.A
reader)
Gel Electrophoresis Biometral Germany
Hematology analyzer Sysmex XN 350 Japan
Laptop Dell US.A
Incubator Bender Germany
Microscope Olympus Japan
Microwave Oven Samsung Korea
Nano drop Thermo US.A
Printer Canon Inc. China
Refrigerator Concord Lebanon
Sensitive balance Sartorius Germany
Thermal and gradient thermal Cleaver Scientific | U.K
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cyclers

U.V Trans illuminator Biometral Germany
U.V PCR cabinet Labconco

Vortex Thermolyne USA
Water bath Gallen kamp
Water distillator Lab Tech korea

Table 2. 2. Instruments with its country of origin

Instruments Country
Cylinders (250,500 ml)
Racks

Cold medical box

Germany

Disposal syringes (3 and 5 ml)
EDTA tube (anticoagulant tubes)
Eppendorf tube (0.5 ml and 1.5 ml)
Filter paper China
Filter Tips for PCR (100 ul and 200 pl)
Flasks (different size)

Gel and Clot Activator Tube

Gloves

Slide holder

Slides

Tips (Yellow and Blue)

Micropipettes (different size) Japan
PCR StripTubes Sterile (DNase/RNase)free USA
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2.4.2. Chemicals and Biological Materials

Material and Methods

Table 2.3 Chemicals and biological materials with their manufacturing

companies and country of origin

Chemicals and biological materials Manufacturing | Country
Company
Agarose Himedia India
Deionized water Bioneer
Distal water Labtech Korea
Ethanol (96%)
Ethidium bromide BDH UK
Ethylene diamine tetra acetic acid (EDTA) | Himedia India
Leishman stain AFCO Jordan
Proteinase K Promega US.A
Tri-Borate EDTA Buffer(TBE buffer)10X | BDH UK
2.4.3. ELISA Kit
Table 2.4. ELISA kits used in the present study
ELISA kit Manufacturing | Country
Company
Human serum IL-10,TGF 3,CCL20,CXCL10,
HRV IgM and RSV IgM Sunlong China
Total serum IgE (Diagnostic) AccuBind US.A
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2.4.3.1. ELISA Kit Content of Total Serum IgE

Table 2.5. ELISA kit for detection of the human total serum IgE (LOT
NO. 25K1D1) and (CAT NO. 2525-300A).

Components Format

1. Antibody-coated micro plate wells 12x8

2. Calibrator A 0.0 1U/ml (IgE,Human) 1 mlx1
3. Calibrator B 5.0 1U/ml (IgE, Human) 1 mlx1
4. Calibrator C 25 IU/ml (IgE, human) 1 mlx1
5. Calibrator D 50 IU/ml (IgE, human) 1 mlx1
6. Calibrator E 150 1U/ml (IgE , human) 1 mlx1
7. Calibrator F 400 1U/ml (IgE, human) 1 mlx1
8. Enzyme conjugate horse radish peroxidase (HRP) 13 ml x1
9. Wash buffer 20 ml x1
10. Substrate Solution A 7 mlx1
11. Substrate Solution B 7 mix1
12. Stop solution (IN HCI) 8 mixl
13. Plate Sealer 2 pics

2.4.3.2. ELISA Kit Content for detection Serum IL-10 ,CCL20 and TGF-$
and CXCL10

Table2.6.ELISA kit for detection of serum IL-10,TGF-p,CCL20 and CXCL10
kit CXCL10Kit(LOT NO. 20220922)

Components Format Storage

1. User manual 1 R.T.
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2. Sealed bags 1 R.T.

3. Closure plate membrane 2 R.T.

4. Micro ELISA striplate 12x8 2-8°C
5. Standard | IL-10 and CCL20: 135 pg / ml 0.5miIx1vial 2-8°C

TGF-p and CXCL10:270pg/ml

6. Standard diluent 1.5mlx1vial 2-8°C
7. Sample diluent 6 mix1 vial 2-8°C
8. HRP - Conjugate reagent 6 mix1 vial 2-8°C
9. Chromogen solution A 6 mix1 vial 2-8°C
10. Chromogen solution B 6 mix1 vial 2-8°C
11. Stop solution 6 mix1 vial 2-8°C
12.Concentrated Wash Solution (30X) 20mlix1 vial 2-8°C

2.4.3.3. ELISA kit Contents of Serum HRV-IgM and HRSV-IgM

Table 2. 7. ELISA kit for detection of HRV-IgM and HRSV-IgM (LOT

NO. 20220426

Components Format Storage
1. User Manual 1 R.T.
2. Closure plate membrane standard 2 R.T.
3. Sealed bags 1 R.T.
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4.Concentrated HRP conjugate reagent 6 mix1 vial 2-8°C
5. Negative Control 0.5 mIx1 vial 2-8°C
6. Positive Control 0.5 mIx1 vial 2-8°C
7. Sample diluent 6 mix1 vial 2-8°C
8.Chromogen Solution A 6mlx1 vial 2-8°C
9.Chromogen Solution B 6mlx1 vial 2-8°C
12. Stop Solution 6 mix1 vial 2-8°C
10. Concentrated Wash Solution(30X) 20 mix1 vial 2-8°C
11. Micro ELISA plate 12x8 2-8°C

2.4.4. Deoxyribonucleic Acid (DNA) Extraction Kit

Table 2. 8. Human genomic of deoxyribonucleic acid (DNA) extraction kit
Cat No.FABGK100 and Lot No.CC310122622

DNA extraction kit contents | Volume Manufacturing Country
Company

RBC Lysis Buffer 135ml

FATG Buffer 30ml

FABG Buffer 40ml

W1Buffer 45 ml Favorgene Taiwan

Wash buffer*(Concentrate) 25 ml

Elution Buffer 30ml

FABG Mini Column 100pcs

Collection tubes 200 pcs
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User Manual

2.4.5. Polymerase Chain Reaction Kit

Polymerase Chain Reaction kit contents of gene amplification is demonstrated

in Table 2-8.

Table 2.9. Reagents equipment for PCR

Reagent and Equipment of PCR Volume Company | Country
GoTag® G2 Green Master Mixes 2 x1.25 mi
Nuclease-free water 2 x1.25 ml Promega US.A
Bromophenol blue loading solution 3x1ml
CCL20 forward primer 10.9 nmol South
CCL20 reverse primer 135nmol | MCrogen | korea
100 and 50 bp of ladder 0.5ml Solgent Korea
2.4.6. Restriction Enzyme Kit
Table 2.10. Restriction enzyme kit
Restriction enzyme Kits contents Volume Company Country
Rsa | 2000 unit
Buffer Tango of Rsa l Iml of 10 x ThermoFisher US.A.

—
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2.5. Methods

2.5.1. Body Mass Index (BMI)

Children's BMI is calculated by dividing a person's height in meters squared
by their weight in kilograms (Centres for Disease Control and Prevention,
2019).

2.5.2. Samples Collection and Processing

Blood in volume 3.5 ml of venous was withdrawn from each participant
which was obtained by disinfecting antecubital fossa with 70% ethanol and then
made vein puncture by disposal 5ml syringes after applying a tourniquet. Blood
then was divided into EDTA tubes and gel tubes according to further
management of the sample. Volume of 3.5 ml of blood was dispensed into 2 mi
to EDTA tube for the haematological and molecular tests in order to investigate
gene polymorphism for the CCL20 gene. Further 1.5 ml of blood was put into
gel tube and allowed to clot then serum was separated by centrifugation at 3000
round per minutes (RPM) for 15 minutes. After that, serum was transferred to
four newly labeled Eppendrof tubes and stored in deep freeze (-20°C) to be used
for immunological assays, including ELISA analysis for TSIgE, CXCLI10,
CCL20, TGFB and IL-10 and IgM for both HRV and RSV.

2.5.3. Complete Blood Count

The blood samples were taken from patients which place in EDTA tubes
and shaken before being quickly inspected in a Sysmex XN-350 five differential
automated hematology analyzer (Sysmex, Japan) to count white blood cells.
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2.5.4. Peripheral Blood Smear

Blood smear was prepared according to (Dacie and Lewis, 2017).

2.5.5. Immunological Diagnosis by Enzyme-Linked Immunosorbent Assay
(ELISA)

The ELISA Kits was applied to the in vitro qualitative and quantitative
determination of human serum (HRV IgM, RSV IgM as shown in Appendix 1V)
and (TSIgE ,CCL20, CXCL10, IL-10 and TGF-PB) for patients and control group

respectively.
2.5.5.1. Measurement The Level of The Total Serum IgE

Serum was analysed to determine the total IgE concentration by Awareness
Technology automated immunoassay analyzer (BioTek, USA) using AccuBind
EUROIMMUN total IgE ELISA Kkit.

2.5.5.1.1. The Principle of The Test (Indirect ELISA)

The test kit contains microtiter wells coated with polyclonal antibodies against
human IgE. In the beginning, serum from patient samples were incubated in the
wells. IgE found in the sample would bind to the antibodies. After that a second
incubation was carried out using an enzyme-labelled anti-human IgE. The color
reaction would be catalyzed by the addition of a substrate. Then stop solution
would stop the reactions. Finally, the determination of the IgE concentration

was measured by means of the calibration curve at a wavelength of 450 nm.

2.5.5.1.2. Preparation of The Reagents
All reagents left to room temperature (25°C) before use.
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1.Substrate Reagent: the contents of the vial labeled solution (A) Poured into the
vial labeled solution (B) and placed the yellow cap on the mixed reagent for
easy identification. And stored at 4°C.

2.Wash Buffer: Diluted the contents of wash concentrate t01000 ml with
distilled water in a suitable storage container. The diluted buffer was stored at
4°C for up to 60 days. 20 ml of concentrated wash buffer was diluted into 980
ml of wash buffer with distilled water. If crystals have formed in the
concentrated, the buffer is warmed with water bath and mixed gently until the
crystals have completely dissolved. And the solution cooled to room

temperature (25°C) before used.

2.5.5.1. 3. Procedure of The Test

1.Sample incubation: 25 pl of serum sample and calibrator was transferred to
micro plate wells and 100 pl of biotin reagent was added into each microtiter
plate wells and left for 30 min at room temperature. to mix the contents the
micro plate was gently swirled for 20-30 sec. and covered by sealed with
closure plate membrane. Then, the contents of the micro plate was discard by

decantation or aspiration,and bloted the plate with absorbent filter paper.
2.Washing: automatic wash was conducted 2-3 times with 300l of wash buffer.

3. Enzyme Conjugate incubation: 100ul of enzyme conjugate was added into
each micro plate wells, and left without shake the plate after enzyme conjugate
addition, and covered by sealed with closure plate membrane and allowed to

incubate for 30 min at room temperature.

4. Washing:Automatic wash was conducted 2-3 times with 350ul of wash buffer.
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5. Substrate incubation: 100 upl of chromogen/substrate solution which were
added into each micro plate wells, and left without shake the plate after

substrate addition and left 15 min at room temperature.

6. Stopping: 50 ul of stop solution was added into each micro plate wells and

gently mix for 15-20 seconds.

7. photometric measurement was done at 450 nm within 30 min of adding stop

solution.
2.5.5.1.4. Interpretation of The Result

1.The average absorbance value 450 nm was calculated for each set of

reference standards, and samples.

2. A standard curve was constructed by plotting the mean absorbance
obtained for each reference standard against its concentration in 1U/mL.on
graph paper, with absorbance on the vertical Y-axis and concentration on the

horizontal or X-axis.

3.The mean absorbance value was used for each sample, determine the

corresponding concentration of IgE in IU/mL from the standard curve.
2.5.5. 2.Measurement of The Chemokines and Cytokines Concentrations

2.5.5.2.1. Measurement of The Total Serum CCL20, CXCL-10, IL-10 and
TGF-p

Total CCL20, CXCL10, IL-10 and TGF-B concentration was measured by
Awareness Technology automated immunoassay analyzer ( BioTek, USA)
using Sunlong ELISA kit as shown in Appendix IlI.
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2.5.5.2.1.1. Principle of The test

This test is used the Sandwich-ELISA principle, in which the microtiter plate
wells were pre-coated with an antibody specific to human CCL-20,CXCL-10,
IL-10 and TGF-. Standards or samples were added to the microtiter wells and
combined with the specific antibody. After that a biotinylated detection
antibody specific for Human (CCL-20,CXCL-10, IL-10 and TGF-B) and
Avidin-Horse Radish Peroxidase (HRP) conjugate were added successively to
each microtiter well and incubated. after that, free components were washed
away and substrate solution was added to each well and incubated. Finally the
enzyme-substrate reaction was terminated by the addition of a stop solution and
the color would turn from blue to yellow. IL-10 concentration was measured by

means of the standard curve at a wavelength of 450 nm.

2.5.5.2.1. 2. Preparation of The Reagents

1. Dilution of Standards as shown in appendix IV.

2. Substrate Reagent: sensitive to light and contaminants.

3.Wash Buffer: 30 ml of concentrated wash buffer was diluted into 850 ml of
wash buffer with distilled water. The buffer was warmed 37°C with water
bath and mixed gently until the crystals were completely dissolved in case
crystals was formed in the concentrated. The solution cooled to room

temperature before used.
2.5.5.2. 1. 3. Procedure of The Test

1. Sample incubation: Fifty microliter of standard or sample (10 pl serum +
40ul sample diluent buffer) was added to each well, samples loaded onto the

bottom without touching the well wall. The contents were mixed well with
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gentle shaking and incubated for 30 min at 37°C, after sealed with closure

plate membrane.

2. Washing:carefully peel off closure plate membrane,aspirate and refill with the
wash solution. Discard the wash solution after resting for 30 sec. Repeat

the washing procedure for 5 times with 350 ul of wash buffer.

3. Conjugate incubation: 50ul HRP conjugate was added and incubated for 30

min at 37°C, then aspirated and washed five times with 350 pl of wash buffer.

4. Substrate incubation: Fifty microliter of substrate A reagent was added
firstly, then 50ul of substrate B reagent was added secondly to each well ,
mix with gently shaking and incubate for 15 min at 37°C.

5. Stopping: In order to terminate the reaction, 50 ul stop solution was added to
each well. The color in the well would change from blue to yellow and read
absorbance (O.D.) at 450 nm using a microtiter plate reader within 15 min of
adding the stop solution. The OD value of the blank control well was set as

zero.
2.5.5.2. 1. 4. Interpretation of The Results

The curve was plotted on log-log graph paper, with standard concentration on
x-axis and OD values on y-axis.

2. 5. 6. Molecular procedure steps
2.5. 6. 1. Extraction of Human Genomic Deoxyribonucleic Acid (DNA)

The genomic DNA was extracted from the the nucleated cells of study groups

under the aseptic condition according to manufacturer instructions of
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FavorPrep™ Blood/ Genomic DNA Extraction Mini Kit, Taiwan.Cat No.
FABGK100 and Lot.NoCC310122622.

2.5.6.1. 1. Deoxyribonucleic Acid Extraction Procedure

1. The whole blood sample was mixed thoroughly for at least 10 minutes at

room temperature.

2. Two hundred pul of whole blood was added to a 1.5 ml micropcentrifuge tube

(not provided).

3. Added 30 pl Proteinase K (PK) (10mg / ml not provided ) Solution to the

sample, and briefly mixed then incubate for 15 min at 60°C .

4. Two hundred pl of Cell Lysis Buffer (FABG) was added to the tube, then

caped and mixed by vortex for at least 10 seconds.

5. The processed sample was incubated at 70°C water bath for 15 min.to lyse

the sample, during incubation, invert the sample every 3 min.

6. Absolute ethanol(200 pl) (96~100%) added to the clear lysate and
immediately mixed by vortex for 10 seconds, and then precipitates were

broken by pipetting.

7. A FABG column Placed to a collection tube then transferred the sample

mixture (including any precipitate) carefully to FABG column.

Then centrifuged at speed 14000 rpm for 1 min and discarded the collection

tube then placed FABG column to a new collection tube.
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8. Immediately, 400 pl W1 Buffer was added to the FABG column and
centrifuged for 30 sec. at speed 1400rpm. then discarded the flow-through

and placed the FABG column back to the collection tube.
Note. Make sure that ethanol has been added into W1 buffer when first open.

9.600ul wash buffer(Preparation of wash buffer by adding ethanol(96-100% and
volume of ethanol 100ml)) was added to the FABG column and centrifuged
for 30 sec. at speed 1400rpm then discarded the flow-through and placed the

FABG column back to the collection tube .

10. The column was centrifuged for an additional 3 min to dry. Important
Step:This step will avoid the residual liquid to inhibit subsequent enzymatic

reactions .
11. The dry FABG column was Placed to a new 1.5 ml microcenterifuge tube

12. A Standard volume (100 pl) of preheated elution buffer was added to the

membrane center of the FABG column.
18. The FABG column was incubated for 10 min at 37°C in an incubator.
Important Step
20. Eluted the DNA by Centrifugation for 1 minute at full speed 14000 rpm.
15. DNA extract was stored at 4 °C or -20°C .

13. one hundred pl of nuclease-free water was added to the column and

centrifuged for 1 minute at maximum speed.

14. The ReliaPrep™ Binding column was discarded, and the elute stored in -

20°C until used.
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2.5.6.1. 2. Detection of DNA Extraction Efficiency

Agarose gel electrophoresis 1 % was adopted to confirm the presence and
integrity of the extracted DNA (Gaikwad, 2016).

2.5.6.1.3. Detection of DNA Extraction Efficiency,Concentration and Purity

The extracted genomic DNA was checked by using Nano drop
spectrophotometer (THERMO. USA), which check and measures the purity of
DNA through reading the absorbance at (260 /280 nm) as follows

1. After opening up the Nano drop software, the appropriate application was
chosen (Nucleic acid, DNA).

2. A dry chem- wipe was taken and the measurement pedestals were cleaned
several times. Then carefully 1ul of ddH20 was pipetted onto the surface of
the lower measurement pedestal.

3. The sampling arm was lowered and OK was clicked to initialized the nano
drop, then the pedestals was cleaned off and 1ul of the appropriate. Blanking
solution was added as black solution which is the same elution buffer of DNA

samples.

4. The pedestals were cleaned and 1ul of DNA sample was pipetted for

measurement.

5.The purity of DNA was determined by reading the absorbance in Nano drop
spectrophotometer at 260 nm and 280 nm, so the DNA has its absorption
maximum at 260 nm and the ratio of absorbance at 260 nm and 280 nm is used
to assess the purity of DNA. A ratio of ~1.8 is generally accepted as “pure” for

DNA, If the ratio is appreciably lower in either case, it may indicate the
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presence of protein, phenol or other contaminants that absorb strongly at or

near 280 nm.
2.5.6.2. Polymerase Chain Reaction(PCR)Preparation
2.5.6.2.1. Preparation of The Primer Suspension

The primers were prepared according to manufacturer instructions to form a
stock solution with a concentration of 100 pmol/ul by dissolving the lyophilized
primers with deionized distilled water. Then the working solution was prepared
by dissolved 10 pl of 100 pmol/ul with 90 ul of deionized distilled water to
form 100 pl of 10 pmol/pl.

Table 2.11.The specific primers and their sequences

Product | Region of | Reference

Primer Sequences
a Size (bp) | SNP
CCL-20[-786T>C | F:5-TTTGACATTTGCTGTGCTGAC-3 227813076~ | Jafarzadeh
(rs6749704)] 214 227813183 et al.,

R: 5-GGCTCAAACCTCAGCTTCAC-3
(107 bp) 2014)

2.5.6.2.2. Preparation of Tris-boric acid-EDTA(TBE) Buffer Solution
All TBE powder 1X dissolved in 1000 ml.
2.5.6.2. 3. Polymerase Chain Reaction (PCR) Protocol

The polymorphism of the CCL-20 gene (AppendixVI) was identified by
restriction fragment length polymorphism PCR(RFLP-PCR method. RFLP
detect SNPs by use of restriction enzymes. Restriction endonucleases are
enzymes that cut DNA into short pieces. Each restriction enzyme targets differ
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in the nucleotide sequence of DNA strand and therefore cuts at different
sites(MeSH, 2019).

2.5. 6. 2. 4. Polymerase Chain Reaction (PCR) Master Mix Preparation

Master mix of PCR was prepared according to Promega protocol(Go
Tag®Promega Green Master Mix) as shown in Table 2.12. The addition of
PCR master mix components was done in a UV PCR cabinet to prevent
contaminations by nucleic acid. All PCR components were assembled in PCR
tube, and mixed by a refrigerated microcentrifuge at 50 rpm for 10 sec. PCR

program consists of 30 cycle for chemokine gene primer.

Table 2.12. Protocol of PCR mixture

Component Volume in a 25 pl reaction
Go Tag®Promega Green Master Mix 2x 10 pl
Template DNA 2 ul
Reverse (10 pmol/ul) 2 ul
Primers e rward (10 pmol/ul) 2 1l
Nuclease Free water 4 ul
Total 20

2.5.6.2.5. Thermocycling Conditions

The PCR thermocycler conditions for each gene were done by using
convention PCR thermal cycler system. The running conditions according to
detected by Jafarzadeh et al., (2014) as shown in Table 2.13.
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Table 2. 13. PCR Thermo Cycling Condition for CCL20 Gene Detection

Step Temperature Time Number of cycle
Initial Denaturation 94°C 5 Minutes
Denaturation 94°C 30 Seconds
Annealing 58 °C 30 Seconds 30 cycles
Extension 72°C 30 Seconds
Final Extension 72°C 5 Minutes
Hold 4 °C 0

2.5. 6. 2. 6. Restriction Enzyme Preparation
Rsa I, ThermoFisher (Scientific)

This enzyme prepared according to ThermoFisher protocol, it recognizes a
sequence the GT A\& of CCL20(-786C>T) gene and cuts best at 37 °C in Tango
buffer. After PCR cycles were finished. Ten units of enzyme were added to 10
ul of CCL20 PCR product with 1-2 pl of enzyme buffer and 18 pl nuclease-free

water. Tubes were then incubated for 1-16 hours at 37 °C.
2.5.6.2.7. Gel electrophoresis
A. Preparation of Gel Electrophoresis

Agarose gel was prepared in a concentration of 1.5-2 % for DNA profiling
according to Su et al., (2008). Agarose gel was prepared through the following

steps:

1.Dissolving 2gm of agarose powder in 100 ml of TBE buffer (90 ml D.W. were
added to 10 ml TBE buffer 10X, the final concentration was 1X).
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2.Then the mixture was placed in a microwave for 1 minute at 90 ° C, then

allowed to cool to 50 °C, and 4 pl ethidium bromide (5%) was added.

3.The agarose-ethidium bromide solution was poured into the gel tray of
electrophoresis apparatus containing the combs, and the two ends of the gel

tray were sealed with combs fixed.
4.The agarose was allowed to solidify at room temperature for 20 min.
5.The combs and the seals were removed gently from the tray.
6. The combs were made wells that used for loading DNA samples.

7.Five microliters of amplified PCR product were loaded to the agarose gel

wells followed by DNA marker (ladder) to one of the wells.

8.The gel tray was fixed in electrophoresis chamber and 1X TBE buffer was
added to the chamber until the surface of the gel was covered. Then the electric

current was set on 70 volt for 75-80 min.
B. Agarose Gel Documentations

The amplified PCR products and restriction enzyme products of CCL-20
were separated in 1.5% agarose gel and visualized with UV light, using the gel

documentation system.
1. Agarose Gel Electrophoresis Documentations

The amplified PCR products were separated in 1.5% agarose gel and
visualized with UV light, using the gel documentation system. The positive
results of PCR products were distinguished when the DNA band base pairs of

sample was equal to the target product size for (CCL-20) 214 bp. Finally, the
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gel was photographed, using Cleaver Gel Documentation System by a digital

camera.
2. Agarose Gel Electrophoresis for Restriction Enzyme Products

The result of CCL20 restriction enzyme products was distinguished when the
DNA band of the sample separated into two bands with a length of 129 bp and
85 bp for wiled alleles type while only one band with a length of 214 bp in the
mutant alleles type. The positive results were distinguished when the DNA
band base pairs of sample was equal to the target product size for CCL20.
Finally, the gel was photographed, using Cleaver Gel Documentation System by

a digital camera
2. 6. Statistical Analysis

For statistical analysis, data were entered into the SPSS version 20 for Windows
program (GraphPad Software, San Diego, California, USA).The results were
expressed using mean +SD. ANOVA was used to compare different means.
Statistical significance was defined as a P-value <0.05, and extreme significance
as a P-value <0.001 . The relationship between the levels of CCL20, CXCL10,
IL-10, and TGF-B and the percentage eosinophil count and total serum IgE

levels was also explained using the Pearson correlation.

Genotypes of CCL20 -786T>C were shown as percentage frequencies, and
one-tailed Fisher's exact probability (P) and Kingdom by anova calculator was
used to determine whether there was any significant changes in the distributions
of these variables among asthmatic patients and controls. Additionally ,the odds
ratio(OR) was estimated to define the association between a genotype with the
disease. Allele frequencies of genes were calculated by direct gene counting

methods.
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2.6.1. Hardy Weinberg Equilibrium (HWE)

In genome-wide searches for markers with empirically confirmed genotypes,
testing for HWE is frequently employed as a quality control filter. HWE is a
crucial quality assurance step in population-based genetic association studies,
which have been shown to be effective in identifying genes linked to a wide
range of complex human disorders with significant public health implications.
In the past, statistical tests for HWE were a crucial tool for identifying
genotyping errors, and they are still crucial for the quality assurance of next-
generation sequence data and permit evaluation of miss in gness. In addition,
can indicate inbreeding, population stratification, and even problems in

genotyping (Namipashaki et al., 2015; Graffelman et al., 2017).
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3. Results and Discussion
3 .1. Distribution of The Asthmatic Patients and Healthy Control Group

Hundred and fifty samples were collected in the current study, which
included 100 asthmatic patients divided to 50 atopic and 50 non-atopic who
have suffered from virus(suspected) infection and had flu, cough and fever
and attended to the asthma clinic in Kerbela pediatric hospital, beside to 50

healthy control revealed the following results:

3. 1. 1. Asthma Distribution by Age and Sex

The two groups of asthmatic patients in the present study were divided
into 5 categories according to their age ranging between 1-6 years old
distributed into(1-2, 2.1-3,3.1-4, 4.1-5,and 5.1-6 years) as shown in Table 3.1.

Table 3. 1. Distribution of asthmatic patients depending on age and sex

Age(years) Males No. % | Females No. | % | Total No. %
1-2 9 56.3 7 43.8 16 16.0
2.1-3 11 55.0 9 45.0 20 20.0
3.1-4 10 90.9 1 9.1 11 11.0
4.1-5 7 77.8 2 22.2 9 9.0
51-6 29 65.9 15 34.1 44 44.0
Total 66 66 34 34 100 100

The highest frequency of asthmatic children age was in the group 5.1-6 years
in both sexs followed by 2.1-3 years which were 44.0%&20.0 %, respectively

and the lower frequency was 9.0 % at 4.1-5 years as shown in Figure 3.1.

( Total

m asthmatic

~N

XN Oh~ OO

N B B

1-2 years 2.1-3years 3.1-4 years4.1-5 years5.1-6
years

\_ ‘ J

Figure 3. 1. Age distribution of total asthmatic children.
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Abood et al., (2023) mention that 43% and 30% of asthmatic children
patients belonged to the age group of <5years and 5-10years, respectively.
This result is in agreement with frequency of asthma in Shanghai, China, and
identified related risk factors for asthma in children at the age of 3-6 (Ren et
al., 2022). In addition, Rahimian et al., (2021) found that the frequency of
asthma in Iranian children was lower in comparison to other region in the
world (6%), and in boys and girls were 9% and 8%, respectively. The current
data clarified that asthma was more frequent in 5.1- 6 years (44.0%) and
(40.0%) in atopic and non-atopic asthmatic children, respectively (as shown
in Figures 3.2 and 3.3). The result showed that there was no significant
difference in age distribution between asthmatic patients and healthy control

as presented in Table 3.2.
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Figure 3. 2. Age distribution of atopic asthmatic children
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Figure 3. 3. Age distribution of non atopic asthmatic children.

oh

This group had a higher risk percentage for asthma than did those in other
age groups. The possible explanation for this result is that children were
typically higher sensitive to allergens and viruses because their bodies are still
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developing,further decrease in age lead to the children become more effective
to exposure to respiratory disease like asthma.Moreover, frequency of
bronchial asthma in children asthmatic patients may be due to the inadequate
treatment or healthcare of asthma, increase in passive smoking or exposure to
air pollutions and increase pulmonary diseases or microbial infections in

airways in some population (Ren et al., 2022).

Table 3. 2. Difference in mean age between asthmatic and control group.

Healthy control Cases (Asthma) P.value
Atopic Non atopic
Age (years) 1-6 1-6 1-6
Mean® 4.0002 4.4504 4.1800 0.3
Standard Deviation (SD) 1.55302 1.66115 1.73429
Standard Error (SE) 0.21963 0.23492 0.24527
No. 50 50 50

(P<0.05), Non significant, No.Number,by one way ANOVA test

This result showed there was no significant difference in age distribution
among asthmatic patients and control as shown in Table 3.2.The present
results showed that a frequency of asthma in male, with a percentage of
66.0%, whereas the percentage was 34.0% in female in the group of asthmatic
children Table 3.3. Furthermore, the percentage of males /females in the
groups of atopic and non atopic asthmatic patients were 70.0/30.0,62.0/38.0,
respectively, while 64.0/36.0 for the control group as shown in Table 3.3.
Significant differences were found among sexes between the patient group
and the control group (P=0.01). Further , male in a group of children were
associated with both atopic and nonatopic asthma. The obtained data are in
agreement with Naeem and Silveyra, (2019) who found that males suffer
more often from asthma than females, and these may be because physical
activity in males comparison to females. The study of Trivedi and Patel
(2020) revealed that of 109 children with asthma, the percentage of males
and females was 2.6:1with a significant male predominance. It is clear that the

male children are at increased risk for asthma and this is probably related to
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narrower airways and increased airway tone which predisposes them to

enhanced airflow limitation in response to a variety of stimuli especially HRV

and RSV infections. This difference disappears after the age of 10 years when

airway diameter/length percentage is the same in both sexes, because of

changes in thoracic size that occurs in puberty in males but not in

females(Ripoll et al., 2020). Furthermore, the present result may be because

males more effective than females and in Irag the males have more contact

with environmental pollution than females, in addition the questionnaires in

the present study confirmed the male has more exposure to dust than female.

Table 3. 3. Difference in sexes between asthmatic patients and control group.

Asthmati i
Asthma types Total Sex sthmatic patients P value
No. No. % '
Male 35 70.0
Atopic 50 0.242**
Female 15 30.0
Male 31 62.0
Nonatopic 50 0.150** = | 0.01*
P Female 19 38.0 032
Male 64.0
Healthy 50 > 0.174%*
children Female 18 36.0

(P<0.05),No: Number, **: Non significant difference between male and female in atopic,
non atopic patients and healthy children,*.Significant difference between atopic, non

atopic patients and healthy children, by on way ANOVA test

3.1. 2. Body Mass Index (BMI) Distribution

Regarding BMI, the mean of it were 15.03, 15.6 and 17.07 in atopic, non

atopic and healthy control as shown in Table 3.4.

Table 3. 4. Difference in BMI between the asthmatic patient and control groups.

Asthmatic Patients N0.100 Mean+ S. D | Healthy controls No.50 Mean} P.value
Atopic No.50 | Non Atopic No.50 +S.D
Weight |18.25+ 6.041 ]17.11+£5.572 19.74+ 5.196
Hight [108.74+16.112 [102.88+15.907 113.92 +15.514 0.26
BMI 15.03 +1.535 |15.64+2.933 17.7+  1.640

BMI of children was calculated according to the web site-Centres for Disease Control

&Prevention(Centres for Disease Control and Prevention,2019),by one wayANOVA test.
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In addition a significant difference was not found between asthmatic
patients and healthy control in weight, height, and BMI. In contrary a study
conducted by Lin et al., (2017) which found that the first ages in obese
children had a higher risk percentage for asthma in comparison with other age
groups. These differences might be due to ethnicity differences. The
relationship between excess weight gain and asthma in childhood remains
inadequately defined, previous studies mentioned the relation between asthma
and body weight gain (Bruske et al., 2014; Han et al., 2019). For example,
Ekstrom et al., (2017) illustrated that persistent asthma no consistent
association was observed among males whereas among females associated
with high BMI throughout childhood. The correlation between asthma and
obesity may be related to the potency of ICS use in paediatric patients with
moderate-severe asthma and affects BMI trajectory (Han et al., 2019). On the
other hand previous results showed, that asthmatic children were shorter than
healthy (Protudjer et al., 2015). It might be possible to attribute this to any
dose of systemic corticosteroids daily suppressing the growth percentage for
as long as the treatment is maintained (Loke et al., 2015). BMI is a risk factor

associated with atopic and non atopic asthma (Jallab and Hasan, 2018).

3. 1. 3. Resident Distribution

Most of the children in the current study lived in urban areas than rural as
presented in Figures 3.4, 3.5, and 3.6 (P=0.000). The lower prevalence in
rural may be due to beneficial effects of exposure to farm environments and
less exposure to air pollution. Whilst pollen in farms in rular may be
exacerbate asthma in children but in less compared to other causes to trigger

asthma in urban.
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Figure 3.4. Resident distribution of total asthmatic children
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Figure 3. 5. Resident distribution of Atopic asthmatic children
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Figure 3. 6. Resident distribution of non atopic asthmatic children

The current results support the evidence of a difference in childhood asthma
frequency between urban and rural locations, and that once a child has
asthma, certain crowded urban exposures may aggravate the disease (Grant
and Wood, 2022). The study of Lama et al., (2013) mentioned that 56 (80%)
of asthmatic children lived in urban whilst in rural were14(20%). Rennie et
al., (2020) showed that atopic and nonatopic asthma phenotypes were vary by
specific housing and other environmental conditions such as virus and

bacterial infection.
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3. 2. Major Characteristics of Asthmatic Children

3. 2. 1. Severity of Asthma

The present study included 33,15 and 2 atopic asthmatic children with
mild, moderate and severe asthma respectively, whereas non atopic children
was 31,15, and 4, respectively as shown in Figurs 3.7and 3.8. Children with
asthma age from 1-10 years, and significant correlations between higher
levels of HRV or RSV-specific antibodies at age one and atopic in children
up to 10 years (Amat et al., 2018).
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Figure 3. 7. Asthma severity distribution of atopic asthmatic children

/lMiI

m Moderate

\- J

Figure 3. 8. Asthma severity distribution of nonatopic asthmatic children

It can be seen in which study that there was a significant frequency of
recurrent bronchial obstruction in 3 years after the initial episode irrespective
of its severity or the type of virus involved. Allergic sensitization is possible
to be a certain risk factor for asthma severity in the longer term in infants

and children, especially those with RSV-hRV co-infection, severity in their
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study were mild 27(38%), moderate 29(40%) and severel6 (22%). The
current results roughly are in agreement to a study introduced by Abood et
al., (2023) who showed that the asthmatic children patients 59% mild versus
41% were moderate.In addition Hinks et al. (2015) who found moderate
asthma more than mild and severe asthma. These differences might be due to

ethnicity differences.

3. 2. 2. Type of Treatment

3. 2. 2. 1. Treatment of Atopic Asthmatic Children

In the current results 17 of atopic asthmatic children received regular
treatment, with either inhaled corticosteroids (ICSs) or montelukast(5 took
ICSs and 12 took montelukast, also 3 took (ICS and beclomethazone) and 2
took (ICS and fluticasone) whereas 28 of them were newly diagnosed as shown
in Table 3.5 and Figure 3.9.

Table 3. 5. Types of Treatment for the Atopic Asthmatic Children.

Type of treatment No.of Patients %
Montelukast 12 24
ICS 5 10
ICS &Beclomethazone 3 6
ICS &Fluticasone 2 4
No treatment 28 56

m Cases on controler
- therapy

o

Figure 3. 9. Treatment distribution in the atopic asthmatic children.
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Guilbert et al., (2014) showed that severe asthma in children was
characterized by sustained signs despite treatment with high doses of ICS.
Most asthmatic children in the current study were taking montelukast
treatment compared to other drugs due to its effectivity and fewer side
effects. In addition, Abood et al., (2023) revealed that 75% of asthmatic
children were receiving montelukast and 25% were taking ICS, and 69%

were well controlled versus 31% were not well controlled.

3. 2. 2. 2. Treatment of Non Atopic Asthmatic Children

In the non atopic children group, 29 of them were received regular
treatment with either montelukast, ICS, beclomethazone or fluticasone, 19
child took montelukast, 5 took beclomethazone,3 took ICSs and 2 took
fluticasone), whereas 21of them were newly diagnosed as shown in Table 3.6
and Figure 3.10.

Table 3. 6. Type of treatment for the non atopic asthmatic children

Type of treatment No.of Patients %
Montelukast 19 38
ICS 3 6
Beclomethazone 5 10
Fluticasone 2 4
No treatment 21 42

/lCases on control therapy

m Cases not on control

-

Figure 3. 10. Treatment distribution in the non atopic asthmatic children.
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Sawanyawisuth et al., (2020) showed that ICS significantly reduced hospital
admission in asthma exacerbation in children. It may be used alone for mild-
to moderate asthma exacerbation and combination with SC for moderate-to-
severe asthma exacerbation. Asthma severity is the intrinsic intensity of
disease, and assessment is generally most accurate in patients who are not

receiving controller therapy (Andrew et al., 2016).
3. 2. 3. Family History of Asthma, Allergic Diseases, and Passive smoking

The current study showed that there was a association between a family
history of asthma diseases and asthma in children as presented in Table
3.7.The present results indicated that 45 asthmatic children distributed
between 22 atopic child and 23 nonatopic child with a family history of
asthma, (17and 3), (4 and 5), (4,1) and (1, 4) of atopic and nonatopic with a
family history of allergic disease (asthma and allergic rhinitis), allergic
rhinitis, (asthma and eczema) and (eczema, asthma and allergic rhinitis),
respectively. On the other hand, only (2 and 2) from non atopic with a family
history of (asthma, allergic rhinitis and allergic conjunctivitis) and (asthma,
allergic rhinitis, eczema and allergic conjunctivitis), respectively. Two of
atopic children and10 non- atopic without a family history of asthma /
allergic diseases. Additionally 10 non- atopic without a family history of
asthma / allergic diseases were noticed. Support to the results, recent asthma
family history study confirmed that asthma was strongly associated with
family history of asthma and deemed as a risk factor (Hameed et al., 2019).
The reasons for this result could be attributed to epigenetic variations in how
the genetic code is translated and have also been shown to have a role in the
development of asthma in children. A percentage of 88.0% of asthmatic

children were associated with a family history of asthma and allergic diseases.
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Table 3. 7. Demographic of clinical characteristics of the studied groups

Clinical characteristics Atopic Non Atopic Pvalue
Frequency No. % | FrequencyNo. | 9%
Asthma (Family) Yes 22 44 23 46 | 0.04 *
No 28 56 27 54
Asthma and allergic rhinitis (Family) Yes 17 34 3 6 | 0.24
No 33 66 47 94
Asthma and allergic rhinitis (patient) Yes 5 10 2 4 | 045
No 45 90 48 96
Allergic rhinitis (Family) Yes 4 8 5 10 | 043
No 46 92 45 90
Allergic rhinitis (patient) Yes 13 26 15 30 | 0.25
No 37 74 35 70
Allergic conjunctivitis (patient) Yes 1 2 3 6 | 0.46
No 49 98 47 94
Allergic rhinitis and allergic conjunctivitis (patient) Yes 9 18 11 22 | 033
No 41 82 39 78
Eczema, allergic rhinitis and allergic conjunctivitis (patient) Yes 2 4 4 8 | 046
No 48 96 46 92
Eczma, asthma and allergic rhinitis (patient) Yes 7 14 3 6 | 035
No 43 86 47 94
Asthma and eczema (Family) Yes 4 8 1 2 | 045
No 46 92 49 98
Eczema , asthma and allergic rhinitis (Family) Yes 1 2 4 8 | 045
No 49 98 46 92
Asthma ,allergic rhinitis and allergic conjunctivitis (Family) Yes 0 0 2 4 1048
No 50 100 48 96
Asthma,allergic rhinitis,eczema &allergic conjunctivitis (Family) Yes 0 0 2 4 | 048
No 50 100 48 96
No history of asthma/allergic diseases (Family) Yes 2 4 10 20 | 0.38
No 48 96 40 80
No history of asthma/allergic diseases (patient) Yes 13 26 12 24 | 0.29
No 37 74 38 76
Smoke (family) Yes 31 62 33 66 | 0.17
No 19 38 17 34

(P<0.05), * : Significant difference, No.: Number,by on way ANOVA test

In addition, co-infection RSV- HRVwere correlated with the risk of
sensitization to aeroallergens at 3 years(P=0.02)(Amat et al., 2017). On the
other hand, atopic and non atopic asthmatic children who were exposed to

passive smoking in the present study were 31(62.0%), 33 (66%), whereas 19
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(38.0%), 17(34%) were non exposure, respectively, there with non significant
association (P=0.17). Further, in the control 8(16.0%) exposure to passive
smoking compared with 42 (84.0%) as non exposure. He et al., (2020)
showed a strong link between parental smoking in the first 2 years and the
prevalence of wheeze, asthma, and nocturnal cough. It seems possible that the
family history of passive smoking is considered to be the main risk factor for
the development of asthma, beside the effect of parental smoking on
intensifying their asthmatic children status which was shown by increasing
drug used for their management, frequnency and severity of recurrent
symptom (Boskabady et al. , 2022). These differences may be due to exposure
duration,long passive smoking duration which increase risk of asthma onset

,heavy passive smoking or light,or past passive smoking.

3. 3. Detectionof HRV and RSVin asthmatic and control children

A total of 150 blood samples including 100 samples of suspected viral
HRV and RSV infected asthmatic patients and 50 samples of the control were
used in ELISA. The current results showed that 10 and 1 samples (20% and
2.0% ), in the atopic were a positive HRV and RSv respectively . However in
non atopic were 4 and 9 (8.0% and 18.0%) respectively, were considered as a
positive result (+ve IgM). On the contrary, (-ve IgM) was obtained in the

control for this test as illustrated in Table 3.8.

Table3.8.1dentification of HRV&RSV in asthmatic children&control(IgM positive)by ELISA

Comparison groups No. | No.HRV % No. RSV % Total % P-value
Atopic 50 10 20 1 2 11 22 0.434
Asthmatic patients
Non-atopic 50 4 8 9 18 13 26 0.234
Control 50 0 0 0 0 0 0
Total 150 14 9.33 10 6.7 24 16
P-value 0.250 0.362

(P<0.05), Non significant, by on way ANOVA test, No: Number
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It is widely accepted that HRV is the most crucial trigger of asthma
exacerbations and this virus has a large diversity about 170 genottypes,very
effective replication, a tendency to create Th2 a biased inflammatory
environment and an association with specific risk genes in people predisposed
to asthma development (Jartti et al., 2020). Whilst, Al-Janabi et al.,(2020)
showed that 50 children with asthma aged 2-15 years enrolled distributed
as35(70%) were males and15(30%) were females, and 40 children with
24(60%) of them were males and 16(40%) were females. In the same study,
no significant difference was detected between the cases and the control
regarding age and sex, and this is in agreement with the present results as
shown in Tables 3.9 and 3.10.

Table 3.9. Association of age groups with HRV and RSV infection(IgM positive) in
the asthmatics and control group

HRV RSV o
Comparison groups +velgM -velgM P-value +velgM -velgM Total | value
No. % No. % No % No. %
1-2 years 2 4 5 10 0.090 1 2 6 12 7 0.447
213years | 3 | 6] 6 12 0.205 ol ol o 18 9 | 0500
Atopic (Agegroup) P37 Zvears | L | 2 | 4 8 0.344 o ol 5 10 5 [ 0.500
415yeas | 0 | o 5 10 0.500 olol 5 10 5 | 0500
S16years | 4 | 81 20 | 40 0.442 ol ol 2 48 24 | 0.500
1-2 years T | z2[ o 16 0.430 4 | s | 6 12 10 [ 0295
213years | 0 J O] 10 [ 20 0.0500 3 |6 7 14 10 | 0.366
Nonatopic(Age 31d4yeas | L | 21 5 10 0.374 T |21 5 10 6 [ 0437
group) ai5yeas | 0 L ol 2 8 0.500 T 121 2 6 2 | 03%
Si6years | 2 | 4] 18 | 36 0.430 ol ol 2 40 20 | 0.500
100
Non-asthmatics 0 0 50 100 0 0 50 100

(P<0.05), Non significant, No: number, by on way ANOVA test

Moreover,the same study found that 5 out of 22 (22.7%) children were
from (2-5 years) age group, 11 out of 21 (52.4%) children were from(>5-10
years) age and 4 out of 7 children were from(>10-15 years) age were infected
by RSV as IgM positive. In general, RV is a risk factor for later atopic

asthma, whereas RSV is more likely associated with later nonatopic asthma.
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The study conducted by Kim et al., (2018) declared that HRV, RSV and

others were associated with 80-85% of asthma exacerbation in children.

Table3.10.Association of the sex with HRV and RSV infection in the asthmatics and control

Comparison groups

Total
No.

No. +ve IgM HRV

Male

%

Female

%

P.value

No. +ve IgM RSV

%

Female

%

Total

%

P.value

Asthmatic | Atopic

50

8

16

2

0.090

2

0

11

22

patients

Non-atopic

50

3

6

1

0.126

14

2

13

26

0.323

Total of patients

100

11

11

3

Control

50

0

0

0

Total of patients &control

150

14

8

2

24

24

0

0

10

24

16

P-value

0.272

0.410

(P<0.05), Non significant,by on way ANOVA test, No.Number

Seven patients out of the 50 (14%) atopic asthmatic children with acute
HRYV infection lived in the urban area and 3(6%) were living in a rural area,
whereas in case RSV was 1(2%) patients and (0), respectively. On the other
hand, in the non atopic 3(6%) pateints with acute HRV infection were living
in the urban area and 1 (2%) patients were in rural areas. Further, For RSV
were 10(20%) and 2(4%) patients were living the urban and rural areas,
respectively and the residence had no association with acute RSV infection in
asthmatic children. There were no significant associations between the
passive smoking with acute HRV infection in asthmatic patients as presented
in Table 3.11. Al-Janabi et al.,(2013) showed that 14 out of the 20(70%)
asthmatic children with acute RSV infection lived in urban area, whereas
(30%) of patients in rural. The same study concluded that residence and
maternal smoking had no association with acute RSV infection. Out of the
226 children with RSV infections, 18(8.0 %) had coinfections with RV,
whereas RV was detected in 31(14%) of 226 control children (Karppinen et
al., 2016).These results are somewhat similar to those obtained by Shameran
and Al-Mola, (2014) and Ali et al., (2014) in Iraq found RSV infection rates

were 24% and 20%, respectively.
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Table 3. 11.Association of residence and passive smoking with RV and RSV infection
in asthmatics and non asthmatic children

HRV P- RSV P-
value
Comparison groups +ve lgM ve IgM value | "¢ 'M ve IgM
No. % No. % No. % No. % Total
Urban 7 71 | 32 | 820 T 1 221 21 976 4t
; 0.031 0.0001
Residence [=rees 3 333 6 66.7 0 0 9 | 100 9
Atopic +ve 8 25.8 23 74.2 1 32 30 | 938 31
Passive 0.041 0.04
smoking | 2 05 | 17 | 895 0 0 19 [ 100 19
Urban 3 9.1 0 | 2009 5 | 1| 28 | 848 33
; 001 0.02
Non- Residence [=ers 1 59 6 | 91 2 | 235 13| 765 17
atopic e 2 1 | 2 | 829 6 1 821 27 | ciel =3
Passive -ve 0 0 17 100 | 0.14* 3 176 | 14 | 824 17 0.032
smoking

Significant difference between groups (P<0.05), *except passive smoking in (+ve IgM and-ve IgM)

HRYV in non atopic was non significant , No:Nnumber, by one way ANOVA test
3. 4. Immunological Study

3.4.1.Relationship of SerumCCL20 Level and Immunological Parameters

3. 4.1.1. Relationship of Serum CCL20 Level with Percentage Eosinophil
and Neutrophile Count in The Atopic and Non Atopic Asthmatic Children

The current results of the CCL-20 were found to be a positive linear
correlation with percentage of Eosinophil Count (EC) (P=0.001). Whereas,a
negative correlation with percentage of Neutrophil Count (NC) with a
significant difference (P=0.0001) as shown in Figures 3.11. and 3.12. The
present results also demonstrated that the serum levels of CCL20 in both
newly diagnosed and previously diagnosed patients were significantly higher

than in the healthy group.
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Figure 3. 11. Scatterplot % of eosinophil count according to serum CCL-20 pg/ml. Pearson
correlation coefficient: r = +0.278 (weak linear correlation) (P = 0.001).
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Figure 3. 12. Scatterplot % of neutrophil according to serum CCL-20 pg/ml. Pearson
correlation coefficient: r = -0.427 (medium linear correlation) (P = 0.0001).

The stimulated airway epithelium by allergens increases the production of
the CCL-20 chemokine, which attracts DCs to the tissue, from mediators
that contribute to the innate immune response in asthma include C-C motif
chemokine ligand 20 (CCL20)(Soleha et al., 2021). As mentioned before,
CCL20 plays an important role in migration of Th17 cells to inflamed
tissues (Zhang et al. 2016). After the Thl7cells' entrance into the lesion
areas, they secrete many inflammatory cytokines, causing the creation of a
cytokine cascade by inflammatory cells. This cytokine environment
promotes the inflammatory process and stimulates the production of CCL20,
including the trafficking of more Th17 cells to the inflammatory lesion.
These explanations provide a potential interpretation for the continuous
presence of Th17 in the lesions through appositive feedback loop by CCL20.
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Therefore, CCL20 may participate in both induction / initiation and

maintenance phases of disease.

In addition, Lewis et al.,(2019) found that HRV and RSV load was
associated with protein abundance of CCL20 and CXCL10 that together
attract neutrophils and monocytes to the airways, but not with IL-4, IL-13,
CCL5 or CCL24, cytokines that promote blood eosinophil chemotaxis and
allergic airways disease. In study of Spencer et al., (2009) showed that along
with responding to immune signals, eosinophils were a source of cytokines,
chemokines and growth factors such as IL-10,CXCL10,CCL20 and TGF.
Furthermore, Lewis et al. , (2018) showed that increased abundance of
airway cytokines and CCL20 following viral infection in asthmatic children.
The IL-1B-induced CCL20 expression and protein release were increased in
ASMCs from moderate compared with mild asthmatic children patients and
healthy control (Faiz et al ., 2018).

In mild persistent asthmatic children increased eosinophile ,In addation,
viral infection was associated with increased CXCL10 and CCL20 (Lewis et
al., 2018). On the other hand, Ikawa et al., (2021) showed that CCL20 level
in systemic sclerosis patients was significantly higher than in healthy
controls. Moreover, Trivedi and Pate (2020) illustrate that AEC increased
significantly (P<0.0001) with increasing severity of asthma especially
through found HRV and RSV and increased CCL20 levels, and of the total
109 patients with asthma, 44(40.4%) had intermittent asthma,
30(27.5%)mild persistent, 25(22.9%) moderate persistent and 10(9.2%)
severe persistent asthma, and increased AEC was found in 61(56 %)
patients. In a previous study, Kamil et al.,(2022) illustrated that the serum
level of CCL20 was a highly significant increase in rheumatoid arthritis
(RA) patients in comparison with control. In addition, levels of CCL20 and

its CCR®6 receptor are elevated in many autoimmune diseases, which aids in
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attracting Th17 cells to the site of inflammation(El Sharkawi et al., 2019).
Furthermore, Jafarzadeh et al., (2014) showed that mean serum levels of
CCL20 in both newly diagnosed and previously diagnosed patients were
significantly higher in comparsion to the healthy(P=<0.05and P=0.001
respectively). The same results showed higher levels of CCL20 in patients
who play an important role in the pathogenesis of (MS). Nakagome et
al.,(2018) showed that eosinophils contribute to the development of asthma
exacerbation by virus infection-related CXCL10,CCL20 and interaction with
other cells such as neutrophils, also eosinophils correlated to CCL20 and
CXCL10 level in have been considered important proinflammatory and

epithelial-damaging cells in children with asthma having virus infection.

3.4.1.2. Relationship between Serum CCL20 Level with TSIgE in
The Atopic and Non Atopic Asthmatic Children

The results of serum CCL20 were found to have a positive linear correlation
with TSIgE (P=0.024) as shown in Figure 3.13. The present study shows the
elevated tsIgE (=100 IU/ml) in the atopic asthmatic children with HRV and

RSV infection,whereas in the non atopic with the same viruses were <100.

state
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Figure 3. 13. Scatterplot to TSIgE according to serum CCL-20 pg / ml. Pearson

correlation coefficient: r = +0.185(weak linear correlation)(P=0.024).
Lama et al.,(2013) indicate that the mean TSIgE level was> 1001U/ml in the
asthmatic patients,whereas in the control group was<100 1U/ml.
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In addition, Abood et al., (2023) showed that highly significant differences
(P<0.001) in TSIgE between asthmatic patients and healthy controls. CCL20
and CXCL10 were important mediators of the immune response to HRV and
RSV in asthmatic patients, also it promote chronic inflammatory states (Kallal
et al., 2010). It is thought to be that CCL20 is produced following IL-4 or IL-
13 stimulation. Furthermore, CCL5 and CCL20 are released by airway
epithelial cells upon stimulation by IL-1B (Liu et al.,2018).

3. 4. 2. Distribution of Eosinophil,Neutrophile count and TSIgE in
The Atopic and Non Atopic Asthmatic Children and Control Group

These results revealed that EC and TsIgE increased in the atopic children,
on the contrary , EC and TsIgE were not elevated in the non atopic children.
as shown in Table 3.12.

Table3. 12. Percentage of Eosinophil,Neutrophil count and TSIgE among
asthmatic patients and control

Atopic Non Atopic Healthy
Parameter Asthmatic Asthmatic controls P-value
patients patients No.=50
No.50 No.50
%Eosinophil count(EC) 6.2+2.5 2.1+0.43 1.7 £0.81
%Neutrophil count (NC) | 27.87+12.7 52.34+21.7 | 36.42+17.8 0.000*
TSIgE (IU/mL) 275.77+£12.95 | 36.17+£13.6 11.153+6.92

(P<0.001),EC:Eosinophil count, TSIgE: Total Serum ImmunoglobulineE, *highly Significant
by on way ANOVA .

But may be lymphocytes were high due to virus infection. It showed a
significant difference in the EC and TSIgE level between atopic and non
atopic patients and control, whilst non atopic characterized an increased
percentage of neutrophil (P=0.000).These results were in congruence with
study indicating that the elevation eosinophil counts may be a valuable
indicator of asthma diseases (de Groot et al., 2015). Beside, the present result
agree with result of Gerday et al., (2022) who showed that non-atopic
patients displayed greater blood neutrophil (median 57% and mean TSIgE
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levels were 42 I1U/mL, P=0.01),however atopic patients were more
eosinophilic (median 2.8% and mean TSIgE levels were 214 1U/ml, (P=<
0.001). Additionally, Ahmad Al Obaidi et al.,(2008) found that the mean
tslgE level was 554 IU/ml and 691U/ml in patients and control groups,
respectively. The current results are presented in Table 3.12 which indicates
that TSIgE levels in different age groups were significantly higher in atopic
and non atopic asthmatic patients compared to the control group (P=0.000).
The results of the current study are consistent with results of Hameed et at.,
(2023) who found a high significant difference (P=< 0.001) in the levels of
TSIgE in the asthmatic patients in comparison to the healthy group. In
addition, Satwani et al.(2009) showed that eosinophilia along with raised
serum TSIQE level is deemed to be a significant allergic marker in asthmatic
children having HRV and RSV. Moreover, Joshi et al.,(2020) illustrated that

the elevation level of TSIQE may increase in severity of atopic asthma.

3.4.3.Relationship between Asthma Severity and Immunological

Parameter in The Atopic and Non Atopic Asthmatic Patients

Patients having mild asthma were more than patients with moderate and
severe asthma. These data were in congruence with data obtained by Saad et
al., (2018). This study showed a high elevation leveled CCL20 and CXCL10
in most mild, moderate and severe,with significant differences among
patients compared to the control(P< 0.05)as shown in Table 3.13. In addition,
TSIgE was higher in the moderate compared to the mild asthma as in Tables
3.13 and 3.14.This result agreed with the mean serum levels of CCL20 in
(MS) patients which were significantly higher than those in the control group
(P<0.001) Jafarzadeh et al., 2014). The CCL20 is produced by a variety of
cells such as endothelial cells, neutrophil, NK cells, Thl7cells, Bcells,
Langerhan’s cells, dendritic cells and macrophages in response to stimulators

like IL-1a, TL-B, IL-6, 1L-17,1L-21, IFN-y and TNF-o. (Lee et al., 2013).
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Table3.13.Relationship between asthma severity and immunological parameter
in the Atopic asthmatic children

Parameters Severity of Asthma
(pg/ml) Atopic / meanz S.D Control(50) | P.value
Mild (No.33) Moderate(No.15) | Severe (No.2)

CCL20 levels 43.545+22.1 50.625+32.1 62.54+32.1 | 23.9+10.1 0.018*

CXCL10 levels 44.667+21.13 | 46.687+23.14 79.1 £39.12 | 29.6+9.02 0.036*

TGF-B levels 40.545+19.9 43.25+17.3 24.5+44.2 43.7+19.01 0.015*

IL-10 levels 27.45+11.3 38.75+31.4 8.3+2.3 51.4+423.1 0.041*

%Eosinophil count 6.4£3.1 5.9+2.2 7.0£3.1 1.8+0.71 0.021*

% Neutrophil count 29.54+11.2 28.0+13.2 23.5+19.8 41.4+12.2 0.004*
1-2 years 173.6 £73.1 170+78.2 0 7.1+2.1 0.285**

TSIgE 2.1-3 years | 238.9+100.1 0 0 11.4+3.1 0.002*

iu/mL | 3.1-4 years | 243.75+160.3 | 450+211.3 0 9.5+2.1 0.001*

4.1-5 years | 203.75+89.6 0 0 17.0£8.1 0.005*

5.1-6 years | 213.3+120.1 340.58+140.3 | 393+131.7 | 21.3t7.8 0.038*

(P<0.05),*: Significant difference between mild, moderate and severe in atopic patients
and control regarding parameters,**: Non significant difference, by One way ANOVA
test.

Further, EC and TSIgE were higher in atopic patients, whilst in the non
atopic were not increased and were normal in control group. CCL20 has
affected the immune cells and its dysregulation contributes to autoimmune
and inflammatory conditions (SLE and RA)(Koga et al. , 2016). This result is
in agreement with the findings of Faiz et al., (2018) mentioned that, CCL20
expression level was increased in ASMCs from moderate compared to mild
asthmatic patients and control group. Beside that, the result of this study has
indicated a non significant difference in the mean level of IL-10 in the
atopic,while a significant in the non atopic patients. It is clear that IL-10 was
decreased in the serum of the atopic and non atopic patients compared to the
control group (P=0.000). Moreover the present result showed a significant
difference (P=0.05, P=0.07) in the serum level of TGF-B and CXCL-10 in the
atopic asthmatic patients compared to healthy control. On the reverse in the
non atopic was not significant(P=0.002, P=0.0001) respectively. Releasing of
CXCL10 was induced by IFN-y in great quantities by bronchial epithelial
cells. Therefore CXCL10 release was specific to acute virus-induced asthma

88

—
—



Chapter Three Results and Discussion

(Kato et al., 2015). Moreover, Huoman et al., (2021) mentioned that children
with asthma having CXCL10 levels were consistently elevated at 1 and /or 8
years, whereas asthma later in life was preceded by increased CXCL10 levels
after birth. In the present study, significant difference was found in the mean
level of serum IL-10 in the atopic group. Similarly, a significant difference
was revealed in the non atopic patients. It is clear that IL-10 was significantly
lower in the serum of the atopic and non atopic patients compared to the
control group as shown in Tables3.13 and 3.14.These results are consistence
with the results of Jahromi, et al., (2014) who found that IL-10 was evaluated
in the asthmatic patients compared to the healthy group. A study was
conducted by Al-Ameri, (2013) revealed that the level of IL10 was
significantly lower in asthmatics reflecting the poor regulatory T helper cell
function in this group compared with the control.

Table 3.14.Relationship between asthma severity and immunological parameter
in Non Atopic asthmatic children

Parameters (pg/ml) Mild Moderate Severe Control(50) P.value
(No.31) (No.15) (No.4)

CCL20 levels 33.16+16.3 34.8+14.2 39.04£20.12 | 23.9+£10.1 0.002*
CXCL10 levels 35.87+£20.15 | 38.3£15.61 41.8421.98 | 29.649.02 0.001*
TGF-B levels 27.8+11.2 26.2420.1 27.5+£18.2 | 43.7£19.01 0.005*
IL-10 levels 19.4+10.4 21.249.11 19.5+12.5 51.4+23.1 0.038*
% Eosinophil count 1.8+0.4 2.7£1.5 1.6+£0.7 1.8+£0.71 0.004*

% Neutrophil count 50.3+21.11 49+28.3 44742511 | 41.4+£12.2 0.0001*

1-2 years 30.775£17.2 | O 0 7.1+2.1 0.123**

*TSIgE 2.1-3years | 48.125+23.1 | 53+30.1 0 11.4+3.1 0.126**

* 1U/mL 3.1-4 years | 32.9+13.2 0 45.285+.03 | 9.5+£2.1 0.228**
4.1-5years | 39.35+11.2 0 0 17.0+£8.1 0.023*

5.1-6 years | 49+23.1 17.6+9.2 36+.01 21.3£7.8 0.123**

(

(P<0.05), *: Significant difference between mild, moderate and severe in non atopic patients
and control regarding parameters. **: Non Significant difference in TSIgE between ages
groups, by One way ANOVA test.

The present results indicated that a significant difference(P=0.01, P=0.04) in
Serum level TGF-p and CXCL10 in the atopic asthmatic patients compared to
the control, moreover level TGF-p and CXCL10 in the non atopic was
significant (P=0.005, P=0.001) respectively. It is clear that TGF- 3 decreased
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in the serum of the atopic and non atopic patients and the current results are
compatible with the results of Mohamed et al., (2012) who showed that a

decrease the mean levels of TGF- f3 in the atopic, non atopic and control.

3.4.5.Comparison of Immunological Parameter between Patients

with no Controller Therapy and Patients with Controller Therapy

A high TSIgE level was found in both the atopic asthmatic children on
controller therapy and non on controller therapy. In addition, these results
revealed that the level of serum CCL-20 in asthmatic children on controller
therapy was lower than the level in patients with not controller (37.4+12.6
pg/ml and 48.3 £20.3 pg/ml in the atopic, in addition, in the non atopic was
(32.2+£41.2 and 39.75+22.6 pg/ml, respectively) as shown in Table 3.15.

Table3.15.Comparison of Immunological Parameter between Patients with no Controller
Therapy and patients with Controller therapy

Asthmatic Patients No.100
Parameters Atopic No.50/ Non atopic No.50 / p-
pg /ml mean+ S.D meanz S.D value
Not on On controller | p-value Not on On
controller therapy controller controller control
therapy No.22 therapy therapy
No.28 No.20 No.30
CCL20 levels 48.3£20.3 37.4£12.6 0.08** | 39.75+£22.6 | 32.2+41.2 | 23.9+£10.1 0.05**
CXCL10 levels 44.9+43.8 35.4£36.2 0.07** | 31.3£18.6 24.61£51.2 | 29.6+£9.02 0.07**
TGF-B levels 31.3+17.3 38.8+£33.2 0.06** | 30.3+61.3 34.4+£25.6 | 43.7£19.01 | 0.07**
IL10 levels 22.0+31.8 14.6+42.3 0.12** | 24.4+16.2 18.5+33.5 | 51.4+23.1 0.08**
%Eosinophil count 6.1+2.1 6.3+1.9 0.01* 2.4+1.2 2.2+41.21 1.8+0.71 0.13**
% Neutrophil count 27.2+13.4 28.1+14.2 0.08** | 50.34+31.2 | 47.6£21.4 | 41.4+12.2 0.05**
1- 2 years 162+48.4 190+121.3 0.01* 27.8+15.4 16.3+11.1 | 7.1+2.1 0.01*
BEE 2.1-3years | 225+120.3 210.8+140.2 | 0.05** | 51+23.4 4794254 | 11.4+3.1 0.16**
3.1-4 years | 149+114.2 245+151.5 0.02* 26.2+11.2 0 9.5+2.1 0.02*
4.1-5years | 252.4+98.2 0 0.15** | 45+21.11 50.7£32.3 | 17.0£8.1 0.50**
5.1-6years | 247.9+143.2 | 297.5+104.3 | 0.50** | 38.1+21.4 41+25.3 21.3+7.8 0.03*

(P<0.05),**:Non significant difference between not on controller therapy and on controller therapy for
atopic and non atopic patients and control regarding parameters,*: Significant difference. by One way
ANOVA test.

in CCL20
CXCL10,TGF- B and IL-10 level (P= >0.05) in the atopic and non atopic
asthmatic children.This result may be due to the event of montelukast can

The present results showed non significant difference
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regulate the T helperl(Thl) / Th2 balance, block CCL-20 mRNA expression,
and improve the airway inflammation caused by acute bronchial asthma (BA)
and the clinical symptoms and lung function (Qu et al., 2018). On the other
hand, a significant difference was found in eosinophil count (EC)percentage
(P<0.05) and non significant of neutrophils percentage in atopic, while in the
non atopic there was no significant difference (P=0.1) in EC and non
significant difference for neutrophils (between asthmatic children who
received treatment and those not on treatment. This is in agreement with the
results obtained by Kopriva et al., (2004) who found that there were no
significant changes in eosinophil density, or eosinophil activation following
treatment with montelukast. Despite several earlier research mentioning the
role of montelukast in lowering blood eosinophil levels (Yamakawa et al.,
2010), However, another study contradicts them, stating that eosinophil
density or activation changes do not appear to be the source of the short-term
clinical response to montelukast (Friesen et al., 2009). Further, the use of a
single EC as a criterion for eligibility for specific therapeutics is insufficient
to identify all patients with the potential to benefit(Mathur et al., 2016).

3.4.5.Relationship of Immunological Parameters with HRVand RSV
According to Severity in The Atopic and Non Atopic Children

The present result showed that level of CCL20 and CXCL10 in severe was
(77.5 and 79.7) pg/ml compeared to moderate was (69.6 and 73.6) pg/ml in
atopic asthmatic children with HRV and no significant difference (P= 0.3,
P=0.2) as shown in Table 3.16. A high total serum TSIgE level is found in
both asthmatic children with RSV and HRV.Whereas, in the non atopic(mild,
moderate and severe) with HRV was a significant difference in CCL-20 and
CXCL10 levels (P=0.02, P=0.04), further, a significant difference for
CXCL10(P=0.03) was found in the patients with RSV and no significant
difference for CCL20 (P=0.2) as shown in Table 3.17.
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Table 3. 16. Association of the immunological parameters with HRVand RSV
according to severity in atopic children

HRV | RSV
Parameters Severity of asthma Severity of asthma
(pg/:né) b Mild Moderate Severe P-value Mild Moderate Severe
meanz . (No.=7) (No.=1) (No.=2) (No.=0) | (No.=1) (No.=0)
CCL20 levels 75.3+11.2 69.6 775+17.1 0.341%* 0 152 0
CXCL10 levels 81.1+20.1 739 79.7£12.2 0.201** 0 49 0
IL-10 levels 283455 17.6 9.3x1.2 0.036* 0 135 0
TGF-B levels 20.9+4.32 315 25.2+7.1 0.251** 0 64 0
9%EC 6.4+0.8 6.4 6.4+2.4 0.302** 0 6 0
% Neutrophil 18.94+9.2 19 27+10.1 0.071** 0 30 0
1-2years | 211.3+40.3 231 0 0 0 0 0
2.1-3 years 131+20.1 0 0 0 0 0 0
TSIgE F = vears | 116+23.1 0 0 0 0 0 0
1U/mL —
4.1-5 years 0 0 0 0 0 450 0
5.1-6 years 282+25.1 0 233+20.01 0.011* 0 0 0

(P<0.05),**:Non significant difference between mild,moderate and severe in atopic patients
regarding parameters. *Significant difference. by One way ANOVA test.

HRV-C has been associated with asthma exacerbation (AE),HRV is the most
predominant viral infection responsible for pediatric AE in Taiwan,HRV-C is
responsible for more of these exacerbations than HRV-A or HRV-B (Su et al., 2020).

Table3.17.Association of immunological parameters with HRVand RSVaccording
according to severity in the non atopic children

HRY | RSV
Parameters (pg/ml) Severity of asthma o- Severity of asthma p-
meanz S.D Mild Moderate Severe value Mild Moderate | Severe | value
(No.=1) (No.=1) (No.=2) (No.=4) (No.=3) (No.=2)

CCL20 levels 515 60.5 81.0£21 0.02* | 68.8+12 57+13.2 Ol 221 | 0.20%
CXCLL10 levels 55.3 48.7 79.0£13 0.04* | 62.921 55.7t154 | 834152 | 0.035*

1L-10 levels 135 171 11.3%4.1 0.000* | 22.256 21.01.2 9087 | 0.02*
TGF-B levels 24.0 21.2 17.242.1 0.32* | 241112 | 3L.1£102 | 1732 0.002*
9%EC 43 1.7 15512 0.02* [ 1802 2.120.3 1x05 0.041*
% Neutrophil 445 60.5 67.0x14.1 | 0. | 472x211 | 453x12.1 | 66x215 | 0.022*
1-2years | 0 0 23£1.1 0.000~ | 40.7£13.3 | 32.0£7.1 5£0.43 0.000~
2.1-3years | 0 0 0 0.000% | 51.5:201 | 36.0£20.1 | 7£0.31 0.011%
TSIgE 3 TZvyears [ 0 0 19+2.3 0.000~ | 21.0t089 [ 0 0 0.000
lUimL FrTsvears 10 0 0 0.000~ | 0 270:123 [0 0.012%
5.1-6 years | 39 16 0 001* O 0 0 0.000%

(P<0.05),*:Significant difference,**: Non significant difference between mild, moderate and
severe regarding parameters in non atopic patients infected with HRV and RSV, by One way
ANOVA test.

In addition, RSV-mediated pathogenic pathways in predispose and induce
airway dysfunction and non-allergic asthma development and exacerbation
especially in infants and children (Manti and Piedimonte, 2022).
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3. 6. PCR Based Detection of SNPs

3. 6. 1. Extraction of Human Genomic DNA

Deoxyribonucleic Acid (DNA) was extracted as described in lane 2.5.6.1.1.
quality and integrity were checked by agarose gel electrophoresis as in
appendix VI1I and Nano drop before performing PCR.

3.6.2. CCL-20 (-786T>C) Gene Amplification

The results were a single clear band with a molecular size of 214 bp. The size
of the amplicon was determined by comparing with DNA ladder 50-1500 bp, as
illustrated in Figure 3.14 and 100-1000 bp, as shown in Figure 3.15.

56°C 58°C 60°C 64°C
No.10 No.10 No.10 No.10

10 250 8% 4Oy e e ST

e e
-~ —
e

e — — ﬂ--m'ﬂ—.—-

_——

Figure 3. 15. Gel electrophoresis t0 PCR product of CCL-20 (214bp)with DNA ladder
(L) 100 bp (100-1000bp) on agarose gel 1.5% in70 volt, 70 min.
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3. 6. 2. 1. Genotype of CCL-20 (-786T>C)

CCL20 (T-786 C) PCR product was digested with Rsal,thermofisher,USA.
The sequence of the restriction was 5'G T|A C 3'. The polymerase chain
reaction-restriction fragment length polymorphism (PCR-RFLP) product is
recognized on gel electrophoresis, thus the amplified PCR product of CCL20
covers rs6749704 with a molecular size of 214bp. Rsal, a restriction enzyme
has merely a restriction site on this region, consequently, the fragment was
digested into 3 different visible fragments with 214, 129 and 85 bp, of a
heterozygotic form (T/C). On the other hand, in the homozygotic form, a 214
bp fragment (without any digestion) (C/C) or 129 and 85 bp as a result of
digesting both alleles (T/T) in the case which were then observed. The
digested products were electrophoresed on 1.5 % agarose gel as a presented
in Figure 3.16. Genetic polymorphism of CCL-20 (-786T>C) in the atopic
and non atopic asthmatic children was observed with three genotypes (TT,
TC and CC) as shown in Tables 3.18 and 3.19, which illustrated the
distribution of genotypes of CCL-20 in the asthmatic patients and healthy

control as shown in Figures 3.16. and 3.17, respectively.

The homozygous genotype (CC) was recorded at a high frequency in the
atopic asthmatic children (44.0%) compared to the control group (12%) with
a significant difference (P=0.000). Additionally, the frequency of genotype
(TT) was (14.0%) and (56%) in the patients and control groups, respectively,
revealed significant differences between the groups. However, the frequency
of heterozygote genotype (TC) was (42.0%) and (32.0%) in the patients and
the control group, respectively but no significant differences were found
among them. The T and C alleles frequency were 35 (44.0%), and 65 (56.0%)
in the patients, while in the control group were (72.0%) and (28.0%),
respectively, and significant differences were shown between T and C in each
group, as illustrated in Table 3.18 (P=0.0001).
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Table 3. 18. The statistical evaluations of CCL-20 SNP between the atopic patients
and control groups

Cas| % control % | Total | %
CCL-20 es No. OR P-value (95%CiI)
(786T>C) | N.
TT 7 14 28 56 35 35 ]| 0.1279 | 0.0001 0.0483 - 0.3390
TC 21 | 42 16 32 37 37 | 1.5388 0.301 0.6794 - 3.4855
CcC 22 | 44 6 12 28 28 | 5.761 0.0001 2.0787 - 15.9710
Total 50 | 100 50 100 | 100 | 100
Allele | T| 35 | 44 72 72 107 | 535] 0.209 | 0.0001 0.1150 -0.3814
q 65 ] 56 28 28 93 | 465] 4.775 0.0001 2.6221 - 8.6973
Total 100 | 100 100 100 | 200 | 100

Odds ratio with 95%confidential interval of atopic asthma in comparison with control

with designated genotype.Fisher’s exact test

1000bp

900b—7Z,

T

Figure 3.16.Gel electrophoresis of PCR-RFLP products for the patients group ,which
illustrated genotype of CCL-20 SNPon agarose 1.5% in 70 volts, 75 min and results
were detected by UV-documentation system. The restriction process showed three
types of genotype, in the case of a heterozygotic form (T/C), (214, 129 and 85
bp).While in the homozygotic form CC (214 bp), or two 129 and 85 bp digesting both
alleles (T/T). L:(Ladder), refers to DNA molecular marker 100-1000bp.

The analysis revealed that the allele C was a risk allele and the genotype
CC was a risk genotype. The current results showed that CCL20 (-786T>C)
polymorphism was significantly associated with the asthma disease at the
Iragi children patients. It is found that C allele and CC genotype in the
asthmatic children patients were higher than in the control group, with a

significant association. In contrast, the “T” allele and TT genotype have a rather
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preventive role. This indicates that the “T” allele may be protective. The CCL20
TT genotypes may have a protective role in asthma pathogenesis in lraqgi
children patients. Polymorphisms of SNP (rs6749704)of CCL20 relation with
susceptibility to Rheumatoid Arthritis (RA),CCL20 affects immune cells in a
variety of ways, and it dysregulation contributes to autoimmune and
inflammatory condition(Kamil et al., 2022). CCL20 and the receptor (CCR6)
altered Thelper (TH17) cells (EI Sharkawi et al., 2019). In the same study, the
analysis of logistic regression for CCL20 (rs6749704) revealed that the CC
genotype was significantly more frequent in (RA) patients (P= 0.000,0R=22.52,
Cl 95% (4.76-205.87). Additionally, the C allele was significantly more
frequent in (RA) patients in comparison to the control group (70.83% versus
16.67%, P = 0.000, OR=12. 14, ClI 95% (5.57-27.36). Thus the CC genotype
and C allele and higher serum level of the chemokine CCL20 were associated
with RA disease in Iragi patients. On the other hand, in the non atopic
asthmatic children, the frequency of homozygous genotype CC was
significantly higher in the asthmatic children (60.0%) compared to the control
group (12.0%) (P=0.000).

Table 3. 19. The statistical evaluations of CCL-20 SNP between the non atopic

patients and control groups.

CCL-20 Cases] % | Controls ] % | Tot| % OR P- (95%CI)
(786T>C) No. No. al value
TT 9 18 28 56 | 37 | 37 | 0.172 | 0.0002 | 0.0693 - 0.4295
TC 11 22 16 32| 27| 27| 0599 | 02622 | 0.2449 - 1.4667
CC 30 60 6 12 ] 36 | 36 | 11.00 | 0.0001 | 3.9524-30.6144
Total 50 | 100 50 100 | 100 | 100
Allele | T 29 29 72 72 | 101 | 505] 0.151 ] 0.0001 ] 0.0815 -0.2802
C 71 71 28 28 | 99 | 495] 6.619 | 0.0001 | 3.5693-12.2760
Total 100 | 100 100 100 | 200 | 100

Odds ratio with95% confidential interval of atopic asthma in comparison with control
with designated genotype. Fisher’s exact test

Similarly, a significant difference in the genotype TT frequency was
shown between the patients (18.0%) and control (56%) groups (P=0.0002).
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e e — F::ﬂ .
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Figure 3. 17. Gel electrophoresis of PCR-RFLP product for the control, which illustrated
genotype of CCL-20 SNP on agarosel.5%in70volts,75min,and results were detected by UV
documentation system. The restriction process showed three types of genotype, in the case of
a heterozygotic form (T/C), (214, 129, and 85 bp). While in homozygotic form CC (214 bp),
or twol29and 85bp digesting both alleles(T/T).L:Ladder,DNA molecular marker100-1000bp.

Moreover, the present study revealed that the frequency of allele C was
(71.0%) in the patients compared to the control (28.0%) group, whereas the
allele T was (29.0%) in the patients in compared to the control (72.0%) group
with a significant difference (P=0.000), as illustrated in Table 3.19. In
contrast, a significant difference was not found regarding heterozygote
genotype TC frequency between the patients group(22.0%) and control group
(32.0%) (P=0.2622). From the literature, a study by Jafar zadah et al., (2014)
on CCL20 rs6749704 in Multiple Sclerosis (MS) patients showed that the
genetic variantion at rs6749704 did not significantly differ between the (MS)
and healthy groups. In contrast to the other MS patterns, Secondary
Progression Multiple Sclerosis (SPMS) patients had a much lower frequency
of the TC genotype. Additionally, the frequency of TC genotype in the
patients with (SPMS) was lower than in the control group, with a borderline
significance. These data indicate that rs6749704 may have a relationship with
some patterns of MS disease. the rs6749704 SNP T>C in CCL20 on Egyptian

patient with (MS) autoimmune disease revealed that the TC genotype was
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significantly more prevalent in (MS) patients (P=0.01,0R=2.6 (95% CI1.4—
4.8) (El sharkawi et al ., 2019). Furthermore, C allele was significantly more
frequent in the (MS)patients than in the control(27.7% versus15.8%,P=0.006,
OR=2.0 95% CI (1.2-3.4) which was agreed with the current study under
allelic model and disagree under genotyping model. The results of CCL-20
SNPs for the atopic and non atopic asthmatic children and control group are
in congruence with the expected Hardy-Weinberg equilibrium (according to

the website OEGE-Online Encyclopaedia for Genetic Epidemiology Studies)

as shown in Tables 3.20 and 3.21.

Table 3. 20. Expected frequencies for genotypes of the CCL-20 SNP in the atopic patients
using Hardy-Weinberg equilibrium

Observed Expected Observed Expected
Gene Genotype | asthmatic asthmatic p- healthy healthy p-
Position patients patients value control control value
No.(%0) No.(%0) No.(%0) No.(%0)

TT 7 (14%) 6.12(12.25%) 28(37.6%) | 25.92(53.29%)
(7CsC6|'_r_>2(O:) TC | 21(42%) | 22.75 (455%) | 058 [ 16 (47.1%) | 20.16(39.42%) | 0.34

CcC 22 (44%) 21.13 6 (15.3%) | 3.92 (7.29%)

(42.25%)

Analysis of the HardyWeinberg equilibrium of CCL-20(-786T> C)revealed

that the asthmatic patient and the control group were in agreement with the
equilibrium, and no significant differences and significant variations between

the observed and expected genotypes frequencies were observed for the

atopic and non atopic asthmatic children respectively(P=0.5, P=0.001).

Table 3. 21. Expected frequencies for genotypes CCL-20SNP in the non atopic patients

using Hardy-Weinberg equilibrium

Observed Expected Observed Expected
Gene Genotype | asthmatic asthmatic p- healthy healthy control p-
Position patients patients value control No.(%) value
No.(%) No.(%0) No.(%0)
CCL-20 TT 9(18%) 4.21 (8.41%) 28 (37.6%) 25.9 (53.29%)
(786T>C) CT 11 (22%) | 20.5 (41.18%) | 0.001 | 16 (47.1%) | 20.2 (39.42%) | 0.23
CcC 30 (60%) | 25.2 (50.41%) 6 (15.3%) 3.9 (7.29%)
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3.6.2. 2. Correlation Asthma Severity and CCL-20(-786T>C)Genotypes
in Asthmatic Children

By comparing of genotype frequencies, a significant association of genotypes
CCL-20 with mild, moderate and severe asthma was found as shown in Table
3.22.

Table 3. 22. Correlation CCL-20 (786T>C)genotypes and asthma severity in the
atopic asthmatic group

CCL-20 (786T>C) Asthma Severity
genotypes Mild 33(66%) | Moderatel5(30%) | Severe2(4%) | P.value
TT 5 (15.1%) 2(13.3%) 0(0)
TC 15(45.5%) 5(33.3 %) 1(50%)
cC 13 (39.4%) 8 (53.3%) 1 (50%) 0.0219
P T Allele 25 (37.9%) 9(30.0%) 1(25%)
C Allele 41 (62.1%) 21(70.0%) 3(75%)

Significant difference (P<0.05). Statistics Kingdom by ANOVA calculator

The current data also revealed , that significant differences in the prevalence
of the allele T and allele C for CCL-20 in the patients with mild forms of the
disease in comparison to that in individuals with moderate and severe asthma
were observed continuously as presented in Table 3.22.

Since the (-786T>C) transition is located in the promoter region of CCL-20,
it could affect the expression of the gene and, hence, influence the serum level
of CCL-20. It should be kept in mind that the association with asthma was
found for the genotype CC of CCL-20, it could be assumed that this variant of
the gene was expressed at a higher level in comparison with that of TT and TC
genotype caused increased production of CCL-20 and in turn increase of
eosinophil count. In addition, in the non atopic a negative significant
association of genotypes CCL-20 with mild , moderate and severe asthma were
found as shown in Table 3.23. Furthermore, a non significant prevalence of the
allele T and allele C of CCL-20 in the patients with mild and moderate forms

of the disease in comparison with that in individuals with severe asthma.
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Chapter Three
Table 3. 23. Correlation CCL-20(-786 T>C)genotypes and asthma severity in non atopic asthmatic
CCL-20 (786 T>C) genotypes Asthma Severity
Mild 31(62%) | Moderate15(30%) | Sever4(8%o) | p-value
TT 6(19.35%) 3(20.0%) 1(25.0%)
TC 5 (33.3%) 4 (26.7%) 1(25.0%)
CC 20(60.6%) 8(53.3%) 2(50.0%) | 097
T Allele 17 (27.4%) 10(33.3%) 3(37.5%)
C Allele 45(72.6%) 20(66.7%) 5(62.5%)

Non significant difference (P >0.05). Statistics Kingdom by ANOVA calculator

To the best of our knowledge, the present study may be the first time to
investigate the association of rs6749704 of CCL20 gene with the asthma

disease in Iraqi children.
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Chapter Four Conclusion and Recommendations

4. 1. Conclusion

1. High CCL-20 and CXCL10 whereas low IL10 and TGFB level was
associated with severe asthma and not welled control in children.

2. The role of TSIgE and (CCL-20 , CXCL10, IL10 and TGFB)
cytokines are significant in the pathogenesis of asthma in Iraqi
children.

3. In the asthmatic children infected by HRV and RSV, the eosinophile
count and TSIQE are associated with increased atopic asthma severity.

4. Asthma in children has been associated with the site-specific CCL-20
(-786T > C genotype in Iraqi asthmatic children.

5. The CC genotype of CCL-20 (- 786T > C) in the promoter sequences
may result in the altered CCL- 20 production that leads to altered
inflammatory responses by increased Eosinophil Count , TSIgE and
hence, contributes to the pathogenesis of asthma.

6. In asthmatic children infected by HRV and RSV, the CC genotype in
CCL-20 (-786T>C) could be an important risk factor for asthma in
Iragi children.

7. In the asthmatic children infected with HRV and RSV, the TT
genotypes in CCL20 (rs6749704) polymorphism could be protective

genotypes for asthma in children.
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4.2. Recommendations

1. Suggestion of HRV and RSV - specific IgE in an allergy panel test in
Iraq.

2. Assessment of HRV and RSV infection in asthmatic children for better
management of the disease.

2. Performing SNP in CCL-20 (-786T>C) to children with severe asthma
and autoimmune diseases is also a possible area of study.

3. Another study is needed to detect the difference in response to
biological asthma therapy (Anti-CCL-20) according to polymorphism
in CCL-20 (-786T>C).

4. Other studies are required to take the association between other SNPs
of the CCL20 (rs6749704) and asthma disease.

5. the CCL20 SNPs genotyping is an important aspect of research; a re-
evaluation is required but on the basis of DNA-sequencing. This will

definitely help in giving better results.

]
102 J

—



References



Refrences

References

Abduljabbar , H. L. ; Hussein, A. A.; Al - Mayah, Q. S. and Aufi , I. M. (2019).
Phylogenetic analysis of respiratory syncytial virus isolated from children with
respiratory tract infections in Baghdad city. Irag. J. Physics: 1234(1): 1-8.

Abood , S. H. ; Hussein, A. M. ; Ahmed , M. M. and Abood , H. A. A. N. (2020). The
correlation between total immunoglobulin - E levels and interleukin - 13 gene
polymorphism in asthmatic children treated with inhaled corticosteroids or
montelukast. J.Biome. Biote. Res.:4(1): 45-50.

Adeyeye, T. E. ; Yeung, E. H. ; McLain, A. C. ; Lin, S. ; Lawrence, D. A. and Bell,
E.M. (2019).Wheeze and food allergies in children born via cesarean delivery:

the upstate KIDS study. Ameri. J. Epid.188 (2): 355-362.
Ahmad Al Obaidi , A. H., Mohamed Al Samarai , A. G., Yahya Al Samarai, A. K.

and Al Janabi, J. M. (2008). The predictive value of IgE as biomarker in asthma.
J. asth. 45(8):654-663.
Akinbami , L. J. ; Simon ,A. E. and Rossen, L. M. (2016).Changing trends in asthma

asthma prevalence among children. J. Pedia.137(1): 1-9.

Al - Ameri , A. (2013). Cytokines profile and interleukin - 4 receptor genetic
polymorphism in childhood asthma and their response to montelukast therapy.
PH.D. Dissertation, coll. Medi. Univ. Al- Kufa : 184,

Ali, L. F. ; Al - Suhail , R. G. and Nasir, F. G. (2014). Expression , extraction and
purification of respiratory syncytial virus matrix protein from transformed E.coli
(BL21). Int. J. Curr. Micro. App. Sci. 3 (8):45 -49.

Alfonsoa , J. Pérez, S.; Bouc, R.; Amat, A. Ruiz, I. Mora, A. Escolano, S.
and Chofref , L. (2020).Asthma prevalence and risk factors in school children:
The RESPIR longitudinal study. J. Aller. Immu. 48(3): 223-231.

Al Ghobain, M. O. ; Algazlan, S. S. ; Oreibi, T. M. (2018). Asthma prevalence among

adults in Saudi Arabia.J. Sau. Med. 39(2): 179-184.

103

—
—



Refrences

Al-Janabi , M. K. ; Mohammed,S. H. ; Nasir , N. A. Abultemman, H. Q. (2020).The
Role of Respiratory Syncytial Virus in Asthma Flare-Ups in Children: A Hospital-
Based Study. J. Ira. Postgr. Medi.19(1):81-85.

Altman , M. C. ; Beigelman, A. ; Ciaccio, C. ; Gern, J. E. ; Heymann, P. W. and
Jackson, D. J. (2020). Evolving concepts in how viruses impact asthma: A Work
Group Report of the Microbes in Allergy Committee of the American Academy of
Allergy,Asthma an Immunology. J.Alle. Cli.Imm.145(5):1332-1344.

Amat, F. ; Plantard , C. Mulliez , A ; Petit, I. ; Rochette, E. ;Verdan, M. Henquell, C.;

Labbé, C. Heraud, M. C. Evrard, B. and Labbé, A. (2018). RSV-hRV co - infection
Is a risk factor for recurrent bronchial obstruction and early sensitization 3 years
after bronchiolitis. J. Med. Virol. 90(5): 867-872.

American Lung Association. (2019). Asthma Risk Factors. American Lung
Association.

Amoah, A. S.;Forson, A.G. and Boakye, D. A. (2012). A review of epidemiological

studies of asthma in Ghana. J. Gha. Med. 46(2): 23-28.

Andrew , H.; Liu, R.A. ; Covar, J. D. ; Spahn, and Scott H. Sicherer chapter 144-
childhood asthma. In Robert M. Kliegman, MD , Bonita F. Stanton, MD , Joseph
W. St Geme Ill, MD,Nina F. Schor, MD , PhD , Richard E. Behrman , MD (editor
emeritus).NelsonTextbook of Pediatric,20th edition2016,Philadelphia:1095-1115.

Annamalay , A. A.; Jroundi, I. ; Bizzintino, J. ; Khoo , S. K. ; Zhang , G. and
Lehmann , D. (2017). Rhinovirus C is associated with wheezing and
rhinovirus A is associated with pneumonia in hospitalized children in
Morocco. J. Med.Virol. 89: 582-8.

Ascough, S.; Dayananda, P.;Kalyan, M.;Kuong, S. U.;Gardener, Z.; Bergstrom, E.;
Paterson, S; Kar, S.; Avadhan,V. ;Thwaites,R.; Uruchurtu,A.S.S.; Ruckwardt, T. J.;
Nair, D. ; Derrien-Colemyn, A. ; Graham,B. S. ; Begg, M.; Hessel, E;
Openshaw,P.P. and Chiu, C. (2022). Divergent age-related humoral correlates of

protection against respiratory syncytia | virus infection in older and young adults: a

104

—
—



Refrences

pilot, controlled, human infection challenge model. The Lancet Healthy Longevity.
3(6): 405- 416.

Asher, I. and Pearce , N. (2014). Global burden of asthma among children. Int. J.
Tuberc. Lung. Dis. 18:1269-1278.

Assis E. V. D. ; Santana , M. D.; Feitosa , A. D. N. ; Sousa, M. N. ; Isidorio, U. D. A,;
Valenti , V. E. and Fonseca, F. L. A. (2019). Prevalence of Asthma symptoms and
and risk factors in adolescents. J. Hum. Grow. Devel0.29(1):110-116.

Bai, T.R.;Vonk, J. M.; Postma,D.S.and Boezen,H. M. (2007). Severe exacerbations
predict excess lung function decline in asthma.J. Eur.Respir. 30(3):452-6.

Becker, A. B. and Abrams, E. M. (2017). Asthma guidelines: the Global Initiative for

Asthma in relation to national guidelines.J.Cur.Opin.Aller.Clin.imm.17(2): 99-103.

Boskabady , M. ; Hajizadeh, A.; Ahanchian, H. Memarzia ,A. ; Jafarnezhad , M. ;
Golafshani, A. and Boskabady,M. H. (2022). The effect of 3-year parental smoking
on asthma status of their children. J.Cli. Res.16(5): 394-401.

Bossé, Y. and Hudson, T.J.(2007). Toward a comprehensive set of asthma
susceptibility genes. Annu. Rev. Med. 58:171-84.

Briske , I. ; Flexeder, C. and Heinrich, J. (2014). Body mass index and the incidence
of asthma in children. J. Curr. Opin. Aller. Clin. Immunol. 14(2): 155-160.

Brusselle , G. G. ; Maes ,T. and Bracke , K. R. (2013). Eosinophils in the spotlight:
eosinophilic airway inflammation in non-allergic asthma. Nat. med.19:977-979.

Busse , W. W. and Lemanske , R. F. (2001). Asthma. J. N. Engl: 344: 350 .

Burke , H. ; Leonardi - Bee , J. and Hashim, A. (2012). Prenatal and passive smoke
exposure and incidence of asthma and wheeze: systematic review and meta-
analysis. J. Pedia. 129(4):735-744.

Caminati, M. , Pham, D. L., Bagnasco, D. and Canonica, G. W. (2018). Type 2

immunity in asthma. J.Wor. aller. organ. 11. 13:1-10.

Capucetti, A. ; Albano, F. and Bonecchi,R. (2020). Multiple roles for chemokines in

neutrophil biology. Frontiers in immunology. 11:1259.

Cavkaytar, O. and Sekerel, B. E. (2014). Baseline management of asthma control.

( |
l1OSJ




Refrences

J. Aller. Immune. 42(2): 162-168.

Cavalli-Sforza, L. L. (1981). The William Allan Memorial Award: presented to
Walter F.Bodmer,PhD,at the annual meeting of the American Society of Human
Genetics New York, September24-27, 1980. Am. J. Hum.Gen.33(5):659-663.

Centres for Disease Control and Prevention, W. S. (2019). BMI Calculator for Child

and Teen.

Chanock, R.;Roizman, B.and Myers,R.(1957).Recovery from infants with respiratory

iliness of a virus related to chimpanzee coryza agent (CCA). 1. Isolation, properties
and characterization. Amer. J. Hygi. 66 (3): 281-290.

Chau-Etchepare, F. ;Hoerger,J. L. ;Kuhn, B. T. ;Zeki,A.A. ; Haczku, A. ;Louie, S.and
Schivo , M. (2019). Viruses and non - allergen environmental triggers in asthma. J.
Inves. Medi. 67(7): 1029-1041.

Chen,K.;Bao,Z.;Tang, P.;Gong ,W.;Yoshimura, T.and Wang,J.M.(2018).Chemokines
in homeostasis and diseases. J. Cell Mol. Immunol.15(4): 324-334.

Cheng,W.H.;Kao, S.Y.; Chen,C. L.;Yuliani, F. S.; Lin,L.Y. ;Lin,C. H. and Chen, B.C.
(2022).Amphiregulin induces CCN2 and fibronectin expression by TGF-  through
EGFR- dependent pathway in lung epithelial cells. J. Respir. Resear. 23(1):381.

Chiarella, P.; Capone, P. and Sisto, R. (2023). Contribution of Genetic
Polymorphisms in Human Health. Int. J. Envir. Rese. Publ. Heal. 20(2):1-15.

Chien, J. W. ;Chu,Y.T. ; Yang,S. N. ; Kuo,C. H. ;Wang, W.L.; Kuo, P. L. ; Jong ,Y.J.
and Hung, C. H. (2012). Long -acting beta 2 agonists suppress IP-10 expression in
human bronchial epithelial cells. J. Inve. Med. 60:1048-1053.

Choi , B. S. (2021). Eosinophils and childhood asthma. J.Cli. Ex. Ped. 64(2):60-67.
Choi, I.S.; Cui,Y. ;Koh,Y.A.; Lee,H.C.;Cho, Y.H.and Won, Y. H. (2008).
Effects of dehydroepiandrosterone onTh2 cytokine production in peripheral blood

mononuclear cells from asthmatics. Korean J. Intern.Med.23 (4) :176-181.

Chung ,F.(2022). Anti-inflammatory cytokines in asthma and allergy: interleukin-10,

interleukin-12,interferon-gamma.J.Med. Inflamm.10(2): 51-59.

106

—
—



Refrences

Colas, L. ; Magnan, A. ; Brouard, S. (2022). Immunoglobulin E response in health
and disease beyond allergic disorders. J. Eur. Aller. Clin.Immun.77 (6): 1700-18.
Corren, J. ; Silver, J. ; Molfino, N. A. ; Bogart, M. ; Packnett, E. ; McMorrow, D. and
and Hahn,B. (2022).A real - world study of inhaled corticosteroid use in patients
with severe eosinophilic asthma treated with mepolizumab. Annals of Allergy. J.
Asth Immunol.128(2):184-192.
Corren , J. (2013). Role of interleukin - 13 in asthma. Current allergy and asthma
Reports. 13: 415-420.

D’Amato, G. ; Vitale, C. ; Molino, A. ; Stanziola, A. ; Sanduzzi, A ; Vatrella, A.
Mormile, M. ; Lanza,M. ; Calabrese, G. ;Antonicelli,L.and D’ Amato, M. (2016).
Asthma-related deaths. J. Multidis. J. Respir. Medic.11:37.1-5.

D’Amato,M. ;Molino, A. ;Calabrese,G.; Cecchi, L.;Annesi Maesano,l. and D’ Amato,
G. (2018). The impact of cold on the respiratory tract and its consequences
to respiratory health. J. Clini. Trans. Aller. 8(1):1-8.

Dacie, J. V. and Lewis,S. M. (2017). Practical Heamatology, London group Hd Hong Kong.

de Groot, J. C., Ten Brinke , A. and Bel, E. H. (2015). Management of the patient
with eosinophilic asthma: a new era begins.ERJ open research.1(1):1-11.

Den Dekker,H. T.;Voort, A. M. M; De Jongste, J.C. ;Reiss, I.K.;Hofman,A. ; Jaddoe,
V. W. V. and Duijts, L. (2015). Tobacco smoke exposure, airway resistance, and
asthma in school - age children : the generation r study. J. Che.148: 607-617.

Der Sarkissian, C. (2019).Allergic Asthma Symptoms ,Treatments, Allergy Triggers,
and More. Medically Reviewed.

Duenas Meza, E. ; Jaramillo, C. A. ;Correa, E. ; Torres - Duque,C.A. ; Gonzélez ,C. ;
Gonzélez , M. ; Rojas, D. ; Herna'ndez , A. Pa’ez, A. M. and Delgado , M. D. P.
(2016). Virus and Mycoplasma pneumoniae prevalence in a selected pediatric
population with acute asthma exacerbation. J. Ast. 53(3):253-260.

Duse, M. ; Santamaria , F. ; Verga, M. C. ; Bergamini , M. ; Simeone , G. ; Leonardi,

L.and Peroni,D.(2022).Correction: Inter-society consensus for the use of inhaled

107

—
—



Refrences

corticosteroids in infants,children & adolescents with airway diseases Ital. J. Pe.
48(1):35.

Ekstrom, S. ; Magnusson, J. ; Kull, I. ; Andersson, N. ; Bottai, M. ; Besharat pour, M.
; Melen, E. and Bergstrom, A. (2017). Body Mass Index Development and Asthma
Throughout Childhood. J. Epidemiol. 186(2): 255-263.

Elemam, N. M. ; Talaat, I. M. ; Maghazachi, A. A. (2022). CXCL10 Chemokine: A
Critical Player in RNA and DNA Viral Infections. J. Vir. 14(11). 2445.

Ellinghaus , D. ; Jostins, L. ; Spain, S. L. ; Cortes, A. ; Bethune, J. ; Han, B. and
and Franke, A. (2016). Analysis of five chronic inflammatory diseases identifies
27 new associations and highlights disease-specific patterns at shared loci. J.Nat.
Genet . 48(5):510-518.

El Sharkawi, F. Z.; Ali, S. A. ;Hegazy, M. |. and Atya, H. B. (2019).The combined
effect of IL - 17F and CCL20 gene polymorphism in susceptibility to multiple
sclerosis in Egypt. J. Gene. 685: 164-169.

Erle, D. J. and Sheppard, D. (2014.): The cell biology of asthma. J .Cell. Biol. 205:

621-631.

Esquivel, A. ; Busse , W. W.; Calatroni , A. Togias, A. G. ; Grindle, K. A. and
Bochkov, Y. A. (2017). Effects of omalizumab on rhinovirus infections,
ilinesses and exacerbations of asthma.J. Resp.Crit. Care. Med.196(8):985-992.

Fainardi, V. ; Passadore, L. ; Labate , M. ; Pisi, G. and Esposito , S. (2022). An
overview of the obese-asthma phenotype in children.J.En. Re. Pub.hea.19(2). 636.

Faiz , A. ;Weckmann , M. ; Tasena , H.;Vermeulen, C. J. ; Van den Berge , M. ; Ten
Hacken, N. H. and Burgess, J. K. (2018). Profiling of healthy and asthmatic
airway smooth muscle cells following interleukin-1p treatment: a novel role for
CCL20 in chronic mucus hyper secretion. J.Euro.Res.52(2). 1-12.

Fahy, J.V. (2009). Eosinophilic and neutrophilic inflammation in asthma: insights
from clinical studies. Proc. Am. Thorac. Soc. 6(3):256-259.

108

—
—



Refrences

Felger , J. and Lotrich , F. (2013). Inflammatory Cytokines in Depression: Neuro -
biological Mechanisms and Therapeutic Implications.J.Neur.246: 199-229.

Fenwick, P. S. ; Macedo, P. ; Kilty, I. C. ; Barnes, P. J. and Donnelly , L. E. (2015).
Effect of JAK Inhibitors on Release of CXCL9 , CXCL10 and CXCL11 from
human airway epithelial cells. PLOS One 10(6): 1-18.

Foster, B. ; Metcalfe, D. D. and Prussin, C. (2003). Human dendritic cell 1 and
dendritic cell 2 subsets express FceRI: Correlation with serum IgE and allergic
asthma. J. Aller. Clini. Immu. 112(6):1132-1138.

Fitzpatrick, A. M. (2016). Severe Asthma in Children: Lessons Learned and Future
Directions. J. aller. Clini. Immu.4: 11-21.

Friesen , C. A.; Neilan, N. A.; Schurman, J. V. ; Taylor, D. L. ; Kearns, G. L. and
Abdel — Rahman , S. M. (2009). Montelukast in the treatment of duodenal
eosinophilia in children with dyspepsia : effect on eosinophil density and
activation in relation to pharmacokinetics. BMC gastroenterology. 9(1):1-10.

Froidure , A.; Mouthuy, J.; Durham, S. R. ; Chanez , P. ;Sibille , Y. and Pilette, C.
(2016). Asthma phenotypes and IgE responses. J.Euro.Resp.47(1):304-3109.

Fuseini, H. and Newcomb, D. C. (2017). Mechanisms driving gender differences in
asthma. Curr. Aller. Asth. Rep. 17(3):1-9.

Gaikwad, A. B. (2016). DNA quality-spectrophotometry and electrophoresis. Gao,

W.; Li, L.; Wang, Y. ; Zhang, S. ; Adcock, I. M. ; Barnes, P. J. and Yao, X. (2015).
Bronchial epithelial cells: the key effector cells in the pathogenesis of chronic
obstructive pulmonary disease?. J. Respir. 20(5):722-729.

Gaurav , R. and Agrawal , D. K. (2013). Clinical View on the Importance of
Dendritic Cells in Asthma. J. Clin. Immunol. 9(10): 899-919.

Gerday,S. ; Schleich, F. ; Henket, M. ;Guissard , F. ; Paulus ,V. and Louis, R. (2022).
Revisiting differences between atopic and non - atopic asthmatics: When is

shaping airway inflammatory profile. J. Wor. Aller. Organi. 15(6):1-13.

109

—
—



Refrences

Giuffrida, M. J. ;Valero, N. ; Mosquera, J. ; de Mon, M. A. ; Chac, B.; Espina, L. M,;
Gotera, J. Bermudez, J. and Mavarez , A.( 2014). Increase cytokine /
chemokines in serum from asthmatic and non-asthmatic patients with viral
respiratory infection. J. Asth. circu. cytok. 8(1): 116-122.

Gonnin , L. ; Desfosses , A. ; Bacia - Verloop , M. ; Chevret, D. ; Galloux ,M.;
Eleouet , J. F. and Gutsche, I. (2023). Structural landscape of the Respiratory
Syncytial Virus nucleocapsids. Bio.Rxiv. 14:1-23

Goritzka, M. ; Pereira,C. ; Makris, S. ;Durant, L. R. and Johansson,C. (2015). Tcell
responses are elicited against Respiratory Syncytial Virus in the absence of
signalling through TLRs, RLRs and IL-1R/IL-18R.Scientific reports. 5(1):1-9.

Gour, N. and Wills-Karp, M. (2015). IL-4 and IL-13 signaling in allergic airway
disease. J. Cyto. 75(1):68-78.

Graffelman,J. ;Jain,D.and Weir,B.(2017).A genome wide study of Hardy Weinberg
equilibrium with next generation sequence data. Human genetics. 136. 727-741.
Grant , T.L. and Wood, R. A. (2022). The influence of urban exposures and

residence on childhood asthma. J. Pedia. Aller. Immunol. 33(5):1-8.

Grose, A. (2018). Are You Considering Therapy? London, Routledge (Taylor and
Francis Group).

Guilbert, T. W. ; Bacharier , L. B . and Fitzpatrick, A. M.(2014). Severe asthma in
children. J. Aller. Clin. Immunol . Pract. 2(5): 489-500.

Haldar, P. ; Brightling, C. E. ; Hargadon, B. ;Gupta, S.; Monteiro, W. ; Sousa, A.and
Pavord, I. D. (2009). Mepolizumab and exacerbations of refractory eosinophilic
asthma. N. Engl. J. Med. 360:973-984.

Hameed , R. M. ; Ahmed , M. M. Abood , H. A. A. and Hussein , A. M. (2019). To
Evaluate Total Serum Immunoglobulin E Level and Factors That Effect on This
Level in Iragi Asthmatic Children. J. Biomed. Biotechn. Res.3: 240-244.

Han , H.; Roan, F. and Ziegler , S. F. (2017). The atopic march: current insights

into skin barrier dysfunction and epithelial cell derived cytokines. Immunological

110

—
—



Refrences

reviews. 278(1):116-130.

Han, J.; Nguyen, J.; Kim, Y.; Geng, B.; Romanowski, G.; Alejandro, L.and Leibel, S.
(2019). Effect of inhaled corticosteroid use on weight (BMI) in pediatric patients
with moderate-severe asthma. J. Asth. 56(3): 263-269.

He, Z.; Wu, H.; Zhang, S.; Lin, Y., Li, R., Xie, L. and Ming , W. K. (2020). The
association between second hand smoke and childhood asthma: a systematic
review and meta- analysis. J. Pediatr. Pulmon. 55(10):2518-2531.

Heffler , E. ; Blasi, F.; Latorre , M.; Menzella, F. ; Paggiaro , P. ; Pelaia, G. and
Spadaro , G. (2019). The severe asthma network in Italy: findings and
perspectives. J. Aller. Clinic. Immuno. In. Practice. 7(5): 1462-1468.

Hershenson , M. B. (2021). ILC2s in Virus - induced  Asthma Exacerbations: A
Starring or Supportive Role ?. Ameri.J.Respi.Crit.Car.Med.204(11):1239-1240.

Heymann , P. W. ; Carper, H. T.; Murphy, D. D. ; Platts-Mills ,T. A. ; Patrie, J.
and McLaughlin , A. P. (2004). Viral infections in relation to age , atopy , and
season of admission among children hospitalized for wheezing. J. Aller. Clin.
Immu. 114:239-47.

Hinks, T. S. ; Zhou, X. ; Staples, K. J. ; Dimitrov, B. D. ; Manta, A. Petrossian, T.
Lum, P. Y. ; Smith, C.G. Ward, J.A.; Howarth, P.H.; Gadola ; S.D. and
Djukanovi¢, R. (2015). Innate and adaptive T cells in asthmatic patients:
relationship to severity and disease mechanisms.J.Alle.Clin.Immul36(2):323-
333.

Hizawa, N. (2023). The understanding of asthma pathogenesis in the era of precision
medicine. J. Aller. Intern.72(1): 3-10.

Holgate , S. T. (2012). Innate and adaptive immune responses in asthma. J. Nat.
Med.18:673-683.

Hong, G. H.; Kwon, H. S. ; Moon, K. A. ; Park, S.Y. ; Park, S. ; Lee , K.Y. ; Ha,
E.H.; Kim, T. B.; Moon, H.B. ; Lee, H. K. and Cho, Y.S. (2016). Clusterin
modulates allergic airway inflammation by attenuating CCL20 mediated

111

—
—



Refrences

dendritic cell recruitment. J. Immunol. 196: 2021-2030.

Hori,S.(2021).FOXP3 As a master regulator of Treg cells.J.Immunol.21(10): 618-619.

Hosseini, B. ; Berthon , B. S. ;Starkey, M. R. ; Collison , A. McLoughlin, R. F.;
Williams, E. J. ; Nichol , K.Wark , P. A. ; Jensen , M. E. ;Sena, C. R. ; Mattes,

J. and Wood, L. G. (2021). Children With Asthma Have Impaired Innate
Immunity and Increased Numbers of Type 2 Innate Lymphoid Cells
Compared With Healthy Controls. J. Immuno.12:1-11.

Howes , A. ; Stimpson, P. ; Redford, P. ; Gabrysova , L. and O’Garra, A. (2014).
Interleukin - 10: cytokines in anti - inflammation and tolerance. Cytokine
Frontiers: Regulation of Immune Responses in Health and Disease. 327-352.

Huoman, J. ; Haider, S. ;Simpson ,A.; Murray, C. S. ; Custovic, A. ; Jenmalm,

M. C. (2021). Childhood CCL18 , CXCL10 and CXCL11 levels differentially
relate to and predict allergy development.J.Pedi.Aller. Immu.32:1824-1832.

Ikawa, T. ; Miyagawa, T.; Fukui, Y. ; Minatsuki, S. ;Maki, H. ; Inaba, T. and Asano,
Y. (2021). Association of serum CCL20 levels with pulmonary vascular
involvement and primary biliary cholangitis in patients with systemic
sclerosis. Inte. J. Rheuma. Disea. 24(5): 711-718.

Iwasaki, J. ; Smith, W. A. ; Khoo, S. K. ;Bizzintino, J. ;Zhang, G. ;Cox, D. W.and
Hales, B. J. (2014). Comparison of rhinovirus antibody titers in children with
asthma exacerbations and species-specific rhinovirus infection. J. Aller. Clini.
Immu.134(1): 25-32.

Jackson, D. J. ;Humbert, M. ; Hirsch, I. ; Newbold, P. and Garcia Gil, E. (2020).
Ability of serum IgE concentration to predict exacerbation risk and benralizumab
efficacy for patients with severe eosinophilic asthma.J. Adv. Ther. 37(2):718-729.

Jackson, M.; Marks, L.; May, G. H. and Wilson, J. B. (2018). The genetic basis of

disease. Essa. Biochem. 62(5):643-723.

Jafarzadeh, A.; Bagherzadeh, S. ; Ebrahimi, H. A. ;Hajghani, H. ; Bazrafshani, M.
R. ; Khosravimashizi, A. and Daneshvar, H. (2014). Higher circulating levels of

112

—
—



Refrences

chemokine CCL20 in patients with multiple sclerosis: evaluation of the
influences of chemokine gene polymorphism, gender, treatment and disease
pattern. J. Molec. Neuro. 53(3): 500-505.

Jahromi, S. ; Mahesh, P.; Jayaraj, B.;Holla, A. ; Vishweswaraiah, S. and
Ramachandra,N. (2014).Serum levels of IL-10,IL - 17F and IL-33 in patients with
asthma: a case-control study. J. Asth. 51(10): 1004-1013.

Jallab,H. R. and Hasan ,G. H. (2018). Risk Factor of Childhood Bronchial Asthma

in Iragi Community. J. Rese. Pharm. Biol. Chemi. Scie. 9(6):1749-1753.

Jami, T.; Lehtinen, P.; Vuorinen, T.; Koskenvuo , M. and Ruuskanen, O. (2004).
Persistence of rhinovirus and enterovirus RNA after acute respiratory illness in
children. J. Med. Virol. 72 (4): 695- 699.

Jansen, R. R.; Visser, C. E. and Schinkel, J.(2014). Combined molecular detection of
RSV and bacterial pathogens in hospitalized children reveals associations between
both. J. Mole, detec. Respirat. patho.. Towards clinical interpretation. thesis
College of Medicine, Amsterdam University. Netherlands.:1-197.

Jartti, T.; Bannelykke, K.; Elenius, V. and Feleszko, W. (2020). Role of viruses in

asthma. J.Semin. Immunopath.42:61-74.

Jartti, T. ; Jartti, L. ; Peltola,V. ; Waris, M. and Ruuskanen, O. (2008). Identification
of respiratory viruses in asymptomatic subjects: asymptomatic respiratory viral
infections. J. Pediatr. Infect. Dis.27:1103-1107.

Jia, Y. ;Fang , X.; Zhu, X. ; Bai, C.;Zhu, L. and Jin, M. (2016). IL-13 Type
2 Innate Lymphoid Cells Correlate With Asthma Control Status and Treatment
Response. J. Respir. Cell. Mol. Biol. 55:675-683.

Jiang , H. ; Yang , C.; Lu, Y.; Yi, Z and Wang , W. (2021). Molecular

Epidemiological Characteristics of Human Rhinovirus Circulating in Shanghai,

2012-2020. 1-17.
Joshi, A. Y. ; Mullakary, R. M. and lyer, V. N. (2020). Successful treatment of
coronavirus disease 2019 in a patient with asthma.J.Aller.Asth.Pro.41(4):296-300.
Kallal, L. E. ; Schaller, M. A. and Lindell, D. M. (2010). CCL20/CCR6 blockade

113

—
—



Refrences

enhances immunity to RSV by impairing recruitment of DC. J. Eur. Immunol.
40(4):1042-1052.

Kato, M. ; Suzuki K. ; Yamada, Y. ; Maruyama ,K. ; Hayashi, Y. and Mochizuki,
H.(2015).Virus detection and cytokine profile in relation to age among acut
exacerbations of childhood asthma. J. Allerg. 64: 64-70.

Kamil , A. M. ; AL-Halbosiy, M. M. F. and AL-Rekabi, A. N. G. (2022).Association
study of CCL20 rs6749704 with Rheumatoid Arthritis in Iraqi population. J.
Pharma.13.1094-1099.

Karagiannis,S. N. ; Karagiannis, P.; Josephs, D. H. ; Saul, L. ;Gilbert, A. E.; Upton,
N.and Gould, H. J. (2015). Immunoglobulin E and Allergy: J. Anti. Infect.
Dise.30:75-102.

Kim, A.; Lim, G.; Oh,I.; Kim, Y. ; Lee, T. and Lee, J. (2018). Perinatal factors and
the development of childhood asthma. J. Asth. Immun.120 (3):292-299.

Kim, T. B. ; Moon, H. B. ; Lee, H. K. and Cho, Y. S. (2016). Clusterin modulates
allergic airway inflammation by attenuating CCL20-mediated dendritic cell
recruitment. J. Immunol. 196: 2021-2030.

Kloepfer,K. M. ;Sarsani ,V. K. ; Poroyko ,V. ; Lee, W. M. ;Pappas, T. E. and Kang,
T. (2017). Community acquired rhinovirus infection is associated with changes
in the airway microbiome. J. Aller. Clin. Immu.140: 312 - 315.

Kochi , Y. ; Okada, Y.; Suzuki, A.; lkari, K. ; Terao. C. ; Takahashi , A. and
Yamamoto , K. (2010). A regulatory variant in CCR6 is associated with
rheumatoid arthritis susceptibility. J.Nat. Genet. 42(6): 515-519.

Kochuieva, M. M. ; Psarova, V. G. ; Tymchenko, H. A.; Komissarova, O. S. ;
Marchenko , A. V. ; Tymchenko, M. Y. and Zaikina, Y. O.(2021). Clinical and
Laboratory Features of Patients With Comorbid Association of Bronchial Asthma
and Obesity. Worl. Medi. Biolo.17(77): 082-086.

Koga, T.; Otomo, K.; Mizui, M. ; Yoshida, N.; Umeda, M. ; Ichinose, K. and
Tsokos, G. C. (2016). Calcium /Calmodulin - Dependent Kinase IV Facilitates

114

—
—



Refrences

the Recruitment of Interleukin - 17—Producing Cells to Target Organs Through
the CCR6/CCL20 Axis in Thl7 Cell — Driven Inflammatory Diseases. J. Arth.
Rheu.
68(8). 1981-1988.

Komai, T. ; Inoue, M. ; Okamura,T. ; Morita, K. ; Iwasaki, Y. ; Sumitomo, S. and
Fujio, K. (2018). Transforming growth factor B and interleukin 10 synergistically
regulate humoral immunity via modulating metabolic signals. Frontiers in

immunology. 14(9).1-15.

Kopel, S. J. ;Walders-Abramsonb, N. McQuaida , E.L. Seifera, R.Koinis — Mitchella,
D. Kleina , R. B.;Fritza, G. K. and Wamboldtc , M. Z. (2010). Asthma symptom

perception and obesity in children.J. Bi. Psy. 84(1):135-141.

Kopriva, F., Sobolova, L., Szotkowska , J. and Zapalka, M. (2004). Treatment

of chronic cough in children with montelukast, a leukotriene receptor antagonist.
J. Asth. 41:715-720.

Krusche, J. ;Twardziok, M. ; Rehbach, K. ; Bock, A.; Tsang , M.S. ; Schrdoder, P. C.
and Doekes, G. (2019). TNF-a—induced protein 3 is a key player in childhood
asthma development and environment-mediated protection. J. Aller. Clin.
Immun. 144(6):1684-1696.

Kusel , M. M. ; de Klerk, N.H.; Holt, P. G. ; Kebadze, T.; Johnston, S. L. and
Sly , P . D. (2006). Role of respiratory viruses in acute upper and lower
respiratory tract illness in the first year of life:a birth cohort study. J.Ped.Inf. Dis.
25. (8): 680-686.

Lama ,M.;Chatterjee ,M. and Chaudhuri ,T.K. (2013).Total Serum Immunoglobulin
E in Children with Asthma. J. Clin. Bioche. 28(2):197-200.

Lambrecht, B. N.; Hammad , H. and Fahy, J. V. (2019). The Cytokines of Asthma.

J. immun.50 :975-991.

Lambrecht, B. N. and Hammad, H. (2013). Asthma: the importance of dysregulated

barrier immunity. Eur. J. Immunol. 43:3125-3137.

115

—
—



Refrences

Laffleur , B. ; Debeaupuis, O. ; Dalloul , Z. and Cogné , M. (2017). B Cell Intrinsic
Mechanisms Constraining IgE Memory. J. immun.8: 1277-1277.
Lee,J.H.;Yu,H. H.;Wang,L.C.;Yang ,Y.H.;Lin,Y.T. and Chiang , B. L.
(2007). The levels of CD4 +,CD25+ regulatory T cells in paediatric patients with
allergic rhinitis and bronchial asthma. J. Clin. Exp. Immunol.148(1):53-63.
Lee,A.Y ;Eri,R.;Lyons, A.B.,Grimm,M.C.and Korner,H.(2013).CC chemokine ligand
20 and its cognate receptor CCR6 in mucosal Tcell immunology and inflammatory
bowel disease: odd couple or axis of evil?. J. Front. Immunol. 4: 1-7.
Leon, B., and Ballesteros - Tato , A. (2021). Modulating Th2 cell immunity for the

treatment of asthma. J. Front. immunol. 12. 1-14,

Lewis, T. C. ; Metitiri, E. E. ; Mentz, G. B. ; Ren, X. ; Goldsmith, A. M. ; Eder, B. N.
and Hershenson, M. B. (2019). Impact of community respiratory viral infections
in urban children with asthma. Ann. J.Alle. Ast. Imm122(2): 175-183.

Lewis, T. C. ; Metitiri ,E. E.; Mentz m,G. B.; Ren  X. Carpenter, A. R. ; Goldsmith
A. M. ; Wicklund , K. W. ; Eder, B. N. ;Comstock , A. T. ;Ricci, J. M. ;Brennan,
S.R. ; Washington , G. L. and Owens, K. B. (2018).Influence of viral infection on
the relationships between airway cytokines and lung function in asthmatic
children. J. Respir. Rese. 19(1):1-13.

Lewis, T. C.; Henderson, T. A. ; Carpenter, A. R. ; Ramirez , LA. ; McHenry, C. L;

Goldsmith, A. M. ; Ren, X. ; Mentz, G. B. ; Mukherjee ,B. ; Robins ,T. G. ; Joiner,

T. A.;Mohammad , L. S. ; Nguyen , E. R. ; Burns, M. A. ; Burke ,D. T.
and Hershenson , M. B. (2012). Nasal cytokine responses to natural colds in
asthmatic children. J. Clin. Exp. Aller. 42:1734-1744.

Li, Y. ; Leung, P. S. ; Gershwin, M. E. ; and Song, J. (2022). New Mechanistic
Advances in FceRI-Mast Cell-Mediated Allergic Signaling. Clinical Reviews in

Allergy and Immunology. 63(3): 431-446.
License,C.C.(2019). Acute Severe Asthma in Adolescent and Adult Patients: Current

Perspectives on Assessment and Management.J.Clin.Med.8(9):2-41.

116

—
—



Refrences

Lin, M.T. Storer, B.;Martin ,P.J.; Tseng, L.H.; Gooley ,T.; Chen, P.J.and Hansen, J.
A. (2003). Relation of an interleukin-10 promoter polymorphism to graft-versus-
host disease and survival after hematopoietic-cell transplantation.J.Med.349:2201-
2210.

Lin, S. C.; Lin, H. W. and Chiang, B. L. (2017). Association of croup with asthma
in children: A cohort study. J. Medic. 96(35): 1-5.

Lin, X. ; Parker, E. A. Israel, B. A. ; Gonzalez , L. and Hill , Y. (2005). Air pollution
associated changes in lung function among asthmatic children in Detroit. J. Env.
Heal. Pers..113:1068-1075.

Liu,C.;Chu,D.;Kalantar- Zadeh,K.;George,J.;Young,H.A.and
Liu,G.(2021).Cytokines: From clinical significance to quantification.Advanced
Science.8(15):1-29.

Liu, C.; Zhangi, X.; Xiang,Y.; Liu, H.; JIANG, J. and QIN, X. ( 2018). Role of
epithelial chemokines in the pathogenesis of airway inflammation in asthma.J.Mol.

Med. Repo. 17: 6935-6941.
Lovell , B. ; Moss , M. and Wetherell , M. A. (2011). Perceived stress , common

health complaints and diurnal patterns of cortisol secretion in young,otherwis
healthy individuals.J. Hormo. Behav. 60(3): 301-305.

Loke, Y. K. ; Blanco, P.; Thavarajah, M. and Wilson, A. M. (2015). Impact of
Inhaled Corticosteroids on Growth in Children with Asthma: Systematic Review
and Meta-Analysis. PloS one. 10(7): 1-11.

Loxham, M. and Davies,D. E. (2017). Phenotypic and genetic aspects of epithelial
barrier function in asthmatic patients. J. Aller. 139(6): 1736- 1751.

Luo,W.; Hu, J.; Xu, W. and Dong, J. (2022). Distinct spatial and temporal roles for
Th1, Th2, and Th17 cells in asthma. Front. Immunol.13. 974066.

Luu Quoc, Q. ; Moon,J.Y.;Lee,D.H.;Ban,G.Y.;Kim,S.H.and Park ,H.S.
(2022). Role of thymus and activation-regulated chemokine in allergic asthma. J.
Asth. Aller. 15: 157-167.

117

—
—



Refrences

Manti, S.& Piedimonte,G. (2022). An overview on the RSV-mediated mechanisms in
the onset of non-allergic asthma. Frontiers in Pediatrics. 20(10): 1-15.

Majellano , E. C. ; Clark ,V. L. ; Winter ,N. A. ; Gibson, P. G. and McDonald, V. M.
(2019). Approaches to the assessment of severe asthma: barriers and strategies.

J. Asth. Aller.12: 235-251.

Mathur, S. K. ; Fichtinger, P. S. ; Evans, M. D.; Schwantes, E. A. and Jarjour, N.
N. (2016). Variability of blood eosinophil count as an asthma biomarker. Annals
of allergy, asthma and immunology: official publication of the American College
of Allergy. J. Asth. Immu. 117:551-553.

Matsuda,K.(2017).PCR based detection methods for single nucleotide polymorphism

or mutation: real-time PCR and its substantial contribution toward technological
refinement.J. Advan. Clinic. Chemis.1( 80): 45-72.

Matucci , A. ; Vultaggio, A. ; Maggi, E.and Kasujee, I. (2018). Is IgE or eosinophils
the the key player in allergic asthma pathogenesis ? Are we asking the right
question?J. Respi. Res. 19: 1-10.

McNamara, P. S. ; Flanagan , B. F. ; Hart, C. A. and Smyth , R. L. (2005). Production
of chemokines in the lungs of infants with severe respiratory syncytial virus
bronchiolitis. J. Infect. Dis. .191(8): 1225-1232.

Meng, L. ; Almeida, L. N. ; Clauder , A. K. ; Lindemann, T. ; Luther, J. ; Link, C.;
and Manz,R. A.(2019). Bone marrow plasma cells modulate local myeloid- lineage
differentiation via IL-10. Frontiers in immunology. (31)10:1-8.

Mesh,M.S.H. (2019).Restriction Fragment Length Polymorphism(RFLP)Available:
https://www.ncbi.nlm.nih.gov/probe/docs/techrflp/ (Accessed 16-11-2019).

Michi, A. N.; Love, M. E. and Proud , D. (2020). Rhinovirus-induced modulation
of epithelial phenotype: Role in asthma. J.Viruses. 12(11): 1328.

Mikhail, I. M. D. and Grayson, M. H.(2019).Asthma and viral infections An intricate
relationship. J. Asth. Ann. Alle. Immunol. 123(4): 352—-358.

Mims, J. W. (2015). Asthma: definitions and pathophysiology. J. Int. Forum. Aller.

118

—
—


http://www.ncbi.nlm.nih.gov/probe/docs/techrflp/

Refrences

Rhinol. 5 (1): 2-6.

Minshawi, F.; Lanvermann, S. ; McKenzie, E.; Jeffery, R.; Couper, K,
Papoutsopoulou, S.; Roers, A. and Muller, W. (2020). The generation of an
engineered interleukin-10 protein with improved stability and biological
function. Frontiers in Immunology. 11(11):1-18.

Mitchell , P. D. and O'Byrne , P. M. (2017). Biologics and the lung: TSLP and other

epithelial cell derived cytokines asthma. J. Pharmacol. Ther.169:104-112.

Miteva, D. ; Lazova, S. and Velikova ,T. (2023). Genetic and Epigenetic Factors in

Risk and Susceptibility for Childhood Asthma. Allergies. 3(2): 115-133.

Mohamed, M. S. ; Salah, K. M. ; Shokry , D. M. and Halaby, A. A. (2012). Plasma

Transforming Growth Factor B1 level in Asthmatic Children. J. Egyp. Med.
Microb: 21(1):83-91.

Monga, I.; Qureshi, A.; Thakur, N.; Gupta, A. K. and Kumar, M. (2017). ASPsiRNA:
A resource of ASP-siRNAs having therapeutic potential for human genetic
disorders and algorithm for prediction of their inhibitory efficacy. J.G3: Gen.
Geno. Genet. 7(9): 2931-2943.

Mosser, A. G. ; Brockman-Schneider, R. Amineva, S. ; Burchell , L. ; Sedgwick, J. B,
Busse , W. W. and Gern, J. E. (2002). Similar frequency of rhinovirus - infectible
cells in upper and lower airway epithelium. J. Infect. Dis. 185:734-43,

Naeem, A. and Silveyra, P. (2019). Sex Differences in Paediatric and Adult Asthma.
J. Eur. Med. 4(2): 27-35.

Namipashaki, A.; Razaghi-Moghadam, Z. and Ansari-Pour, N. (2015). The
essentiality of reporting Hardy-Weinberg equilibrium calculations in population-
based genetic association studies. J. Ce. (Yakhteh).17(2): 187-192.

Nakagome, K. and Nagata, M. (2018). Involvement and possible role of eosinophils in

asthma exacerbation. J. Front. Immunol. 9:1-8

119

—
—



Refrences

National Asthma Education and Prevention Program.(2007). Expert Panel Report 3
(EPR-3). Guidelines for the diagnosis and management of asthma-summary report
2007. J. Aller. Clin. Immunol. 120(l): 94-138.

National Heart Lung and Blood Institute. (2002). National asthma education and
prevention program. Guidelines for the diagnosis and management of asthma-
update on selected topics 2002. J. Aller. Clin. Immunol.110:141-219.

Nasiri Kalmarz , R. ; Valiee, S. ; Dalvand, S. and Khanpour , F. (2022). Investigating
the relationship between asthma and stress and depression: a case-control study.
Sci. J. Nurs. Midwifery and Paramedical Faculty. 8(2):64-76.

Nelson, R. T. ; Boyd, J. ;Gladue, R. P. ; Paradis, T. ;Thomas, R. ; Cunningham, A. C.
and McColl , S. R. (2001). Genomic organization of the CC chemokine mip-3a/
CCL20 / larc / exodus / SCYA20 , showing gene structure , splice variants, and
chromosome localization. J. Gen.73(1): 28-37.

Nieto-Fontarigo,J. J.;Salgado, F. J. ;San -José, M. E. ;Cruz, M. J.; Valdés , L. ; Pérez-
Diaz, A. and Gonzalez —Barcala,F. J.(2019).Expansion of different subpopulations
CD26/low Tcells in allergic and non-allergic asthmatics.Scient Rep.9(1).1-13.

Novosad, J. and Kré¢mova, 1. (2020). Evolution of our view on the IgE molecule role
in bronchial asthma and the clinical effect of its modulation by omalizumab:
Where do we stand today?. Inter. J. Immu. Phar. 34:1-15.

Nuriev, R. and Johansson, C. (2019). Chemokine regulation of inflammation during
respiratory syncytial virus infection. F1000Research.8:1-11.

Ober, C. and Yao,T. C.(2011). The genetics of asthma and allergic disease: a 21st
century perspective. Immunolo. Rev. 242(1):10-30.

Cope, S. F. ; Ungar, W. J. Glazier, R. H.(2016). Socioeconomic Factors and Asthma
Control in Children. J. Pediatr. Pulmon. 43(8): 745-752.

Odisho,S. M.; Al-Bana, A. S. and Yaassen, N.Y. (2010). Isolation and identification
of respiratory syncytial virus from infants with histopathological

studies of the isolated virus on experimental animas.J. Ira. Med. Sci. 8 (1):2-10.

120

—
—



Refrences

Ogra, P. L. (2004). Respiratory syncytial virus: the virus, the disease and the
Immune response. Paed. Resp. Rev. 5:119-126.

Ohman Magnusson ,J. ; Kull , I. ; Mai ,X. ; Wickman, M. and Bergstrém, A.(2015).
Early Childhood Overweight and Asthma and Allergic Sensitization at 8 Years of
Age. J. Pedia. 129( 1):71-76.

Oliveira, C. R. ; Carvalho, J. ; Olimpio, F.; Vieira, R. ; Aimbire, F. and Polonini,
H.(2023).Transfer factors peptides( Imuno TF® )modulate the lung Inflammation
and airway remodeling in allergic asthma. J. Front. Immunol.13:1-11.

Oudjedi,A.and Aissa, K.S. (2020).Associations between obesity,asthma and physical

activity in children and adolescents. J. Apu. Spo. Med.55. (205): 39-48.

Paaso, E. M. S. ; Jaakkola, M. S. ; Lajunen, T. K. ; Hugg ,T. T. ; Jaakkola, J. K.
(2013). The importance of family history in asthma during the first 27 years
of life.J. Respir. Crit. Care. Med. 188(5):624-626.

Padem, N.and Saltoun, C. (2019). Classification of asthm. J. Aller. Asth. Proce.40
(6): 385-388.

Pan, C.Y.;Padilla, T.; Yagi,S.; Lewis,L.S.; Ng, T. F. F. ; Marine, R. L. and
Wadford , D. A. (2018). Whole - genome sequence of human rhinovirus C47,
isolated from an adult respiratory illness outbreak in Butte County , California,
2017.J. Gen. Annou. 6 (5):10-1128.

Palomino, D.C. T. and Marti, L.C. (2015).Chemokines and immunity. Einstein. 13(3):
469-473.

Pate, C. A.; Zahran,H.S.; Qin, X.; Johnson, C; Hummelman, E.and Malilay,

J. (2021). Asthma Surveillance United state 2006-2018. J. Cent. Dise. Contro. Preve.
70(5):1-32.

Pelaia, G. ;Canonica ,G. W. ;Matucci , A. ;Paolini , R. ;Triggiani ,M. and Paggiaro, P.
(2017). Targeted therapy in severe asthma today:Focus on immunoglobulin E.
J. Dru. Des. Develo. Ther.11:1979-1987.

121

—
—



Refrences

Poulsen,L. K. and Hummelshoj, L.(2007). Triggers of IgE class switching and allergy
allergy development. J. Ann . Med. 39: 440-56.

Possa, S. S.; Leick, E. A. ;Prado, C. M. ;Martins, M. A.and Tibério, I. F. L.C. (2013).
Eosinophilic inflammation in allergic asthma.Frontiers in Pharmacology.17(4):1-9.

Protudjer, J. L. ; Jansson ,S. A.; Arnlind , M. H. ; Bengtsson , U.; Kallstrom
— Bengtsson, I. ; Marklund, B. and Ahlstedt, S. (2015). Household  costs
associated with objectively diagnosed allergy to staple foods in children and
adolescents. J. Aller.Clini. Immu. In Practice. 3(1). 68-75.

Qu, X.; Chen,Y.and Yin, C. (2018). Effect of montelukast on the expression of
CD4+ CD25+ regulatory T cells in children with acute bronchial asthma. J. Expe.
J. Thera. Medi. 16(3): 2381-2386.

Quirt, J. ; Hildebrand, K. J. ; Mazza, J. ; Noya, F. Kim, H. (2018). Asthma. J. Alle.
Asth. J. Clin. Immunol. 14(2):16-30.

Rabe, K. F., Nair, P. , Brusselle, G. , Maspero, J. F., Castro, M., Sher, L. and Teper,
A. (2018). Efficacy and safety of dupilumab in glucocorticoid-dependent severe
asthma. Ne. Eng. J. Medi. 378.(26): 2475-2485.

Rabe, K.F. ; Nair, P. Brusselle ,G. ; Maspero, J. F. ;Castro, M. ; Sher, L. and Teper,
A. (2018) Efficacy and safety of dupilumab in glucocorticoid-dependent severe
asthma. J. Ne. Engl. Med. 378(26): 2475-2485.

Raedler, D. ; Ballenberger, N. ; Klucker, E.; Bock, A.; Otto, R.; Da Costa, O. P.and
Schaub, B. (2015). Identification of novel immune phenotypes for allergic and
nonallergic childhood asthma.J. Aller. Clin.Imm.135(1):81-91.

RaeiszadehJahromi , S.; Mahesh , P. A.; Jayaraj , B.S.; Holla, A. D. ;

Vishweswaraiah , S. and Ramachandra , N. B. (2015). IL-10 and IL - 17F
promoter single nucleotide polymorphism and asthma: a case-control study in
South India. J. Lung. 193: 739-747.

Rahimian, N.; Aghajanpour, M. ; Jouybari, L.; Ataee, P.; Fathollahpour , A.;

Lamuch - Deli, N. and Kalmarzi , R. N. (2021). The prevalence of asthma among

122

—
—



Refrences

Iranian children and adolescent: a systematic review and meta- analysis. J.Oxi. Med.
Cell. Long.2021:1-12,

Ranjbar, M. ;Whetstone, C. E. ;Omer, H. ; Power, L. ; Cusack , R.P. and Gauvreau,
G. M. (2022). The Genetic Factors of the Airway Epithelium Associated with the
Pathology of Asthma. J. Gen. 13(10): 1870.

Reddel, H.K.;Bacharier, L. B.;Bateman,E. D.;Brightling,C.E.;Brusselle,G.; Buhl, R.

and Boulet , L. P. (2022). Global Initiative for Asthma Strategy 2021: executive
summary and rationale for key changes. Am. J. Res. Cri. Car. Med. 205(1):17-35.

Reddel , H. K. ; Bateman , E. D. ; Becker, A. ( 2015). A summary of the new GINA
strategy:a roadmap to asthma control.Eur. Resp. J. 46(3): 622—639.

Ren, J.; XU, J.; Zhang, P. ; Pingbo Z. and Bao , Y. (2022). Prevalence and Risk
Factors of Asthma in Preschool Children in Shanghai, China: A Cross- Sectional
Study. J. Epide. Asth. Chil. 9:1-10.

Rima, B. ;Collins , P. ; Easton, A. ; Fouchier, R. ; Kurath, G. ; Lamb, R. A. and ICTV

Report Consortium. (2017). ICTV virus taxonomy profile: Pneumoviridae.
J. Gen. Virol. 98(12): 2912-2913.

Ripoll, J. G.; Guo, W.; Andersen, K. J. ; Baker, S. E.; Wiggins, C. C. ; Shepherd, J.
R.; Carter , R. E. ; Welch, B. T. ; Joyner, M. J. and Dominelli, P. B. (2020). Sex
differences in paediatric airway anatomy. J. Expe. phys. 105(4): 721-731.

Ronmark , E. P. ; Ekerljung, L. ; Mincheva, R. ; Sj6lander, S.; Hagstad, S.;
Wennergren, G. and Lundbéck , B. (2016). Different risk factor patterns for adult
Asthma, rhinitis and eczema: results from West Sweden Asthma Study. J. Clin.
Trans. Aller. 6(1):1-10.

Roy Wong, R.L.and Perlman,S.(2022).Immune dysregulation and immunopathology

induced by SARS-CoV-2 and related coronaviruses are we our own worst enemy?
J. Immunol. 22(1):47-56.

123

—
—



Refrences

Abood, S. H., & Mohanad, A. E. (2018). Study of the correlation between total
immunoglobulin-E levels and inter-leukin-4 polymorphism in asthmatic children.
Int. J. Res. Pharm. Sci.9(4): 1515-1523.

Saglan,Y ; Bilge, U. ; Oztas, D. ; Saglan, R. ; Sar,Y.E . Balcioglu, H. and Unluoglu,
I. (2022). The Prevalence of Asthma and Asthma - Like Symptoms among

Seasonal Agricultural Workers. J. Bio. Res. Inter. Summaries / September.
17:70(5):1-32.

Satwani, H.; Rehman, A. ;Ashraf, S. and Hassan,A.(2009). Is serum total IgE levels
a good predictor of allergies in children.J. Pak. Med. Assoc. 59(10): 698-70L1.

Salem, M.B.; Al-Sadoon,l. O. & Hassan, M.K.(2002). Prevalence of wheeze among
preschool children in Basra governonate,southern Iraq.Eas.Medit.Heal.8:503-508.

Shaheed,A. A. A. and Al-alwany, S H. M .(2021). Immunogenetic Study of Human
Rhinovirusand TLR 1 AND TLR 2 Gene Polymorphism in Children and Infants

Suffering from Acute Respiratory Tract Infection.J.Anna. Rom. Soc.Cel.Bi0.25(4):
28-38.

Sawanyawisuth , K. ; Chattakul , P. Khamsai , S.; Boonsawat , W. ; Ladla , A.;
Chotmongkol , V. and Limpawattana, P.; Chindaprasirt , J. Senthong , V.
Phitsanuwong , C. and  Sawanyawisuth , K. (2020). Role of Inhaled
Corticosteroids for Asthma Exacerbation in Children: An Updated Meta-Analysis.
J. Emerg. 13:161-166.

Schneider , D. ; Hong, J. Y.; Bowman, E. R. ; Chung , Y. ; Nagarkar , D. R.;
McHenry , C. L. ; Goldsmith , A. M. ; Bentley , J. K. ; Lewis , T. C. and
Hershenson , M. B. (2013). Macrophage / epithelial cell CCL2 contributes to
rhinovirus induced hyperresponsiveness and inflammation in a mouse model of
allergic airways disease. J. Am. Physiol. Lun. Cell. Mol. Physiol. 304:162-169.

Schroder, P.C. ; llli ,S. ; Casaca, V.1. ; Lluis, A. ; Bock , A.; Roduit, C. ; Depner , M. ;

Frei , R. ; Genuneit, J. ; Pfefferle,P.1.;Roponen M. ; Weber,J.; Braun - Fahrlander,
C.;Riedler,J. ; Dalphin, J. C. Pekkanen,J. ; Lauener, R.;Mutius, E. and Schaub B.

124

—
—



Refrences

(2017).The PASTURE study group A switch in regulatory T cells through farm
exposure during immune maturation in childhood. J. Aller.72(4):604-615.
Shameran, A. R. and Al -Mola, G. A. (2014). Detection of respiratory syncytial virus
(hRSV) by (PCR) technique in lower respiratory tract infection(LRT]I) in infants
and children under Babylon city. World Academy of Science, Engineering and
Technology. J.Med. Hel. Sci.8 (9):43-54.
Schwartz , S.; Metchell, S.; Dillon, M. and Baughman , A. (2009). Comparison
of laboratory diagnosis procedures for detection of M. pnemnonioe in
community outbreaks. J. Clin. Infect. Dis. 48: 1244-1249.

Slager, R.E.;Hawkins,G.A. ; Li, X. ; Postma, D. S. ; Meyers, D. A.Bleecker, E. R. (2012).
Genetics of asthma susceptibility and severity. J. Clin. Che. Med. 33(3): 431-443.
Sokol, C. L. and Luster, A. D. (2015). The chemokine system in innate

immunity. Col Spri. Harb. Perspec. biol. 7(5): 1-19.
Soleha , W. and Iswanti , F. C. (2021). Innate Immune Response to House Dust
Mite Allergens in Allergic Asthma. J. Mole. Cellu. Bio. Scie. 5(3):104-114.
Song, Y. ; Lin ,Q. ; Zheng, J.; Zhu, X. and Yang, S.(2014). PAR-y agonist inhibits
the expressions of chemokines induced by IFN-y and TNF-a in renal tubular
epithelial cells. J. Chin. Cell. Mole. Immun.30(7): 673-676.
Soto, J. A. ; Gélvez, N. M. ; Pacheco, G. A. ; Bueno, S. M. and Kalergis, A. M.
(2020).Antibody development for preventing the human respiratory syncytial
virus pathology.J. Molec. Medic. 26(35): 1-10.
Spencer, L. A. ; Szela, C.T.; Perez, S. A.; Kirchhoffer, C.L. ; Neves, J.S. ; Radke A.L.
and Weller, P. F..(2009).Human eosinophils constitutively express multiple Thil,
Th2,and immunoregulatory cytokines that are secreted rapidly and differentially.

J. Leuko. Biol. 85(1):117-123.

Spits , H. Artis , D. and Colonna, M. (2013). Innate lymphoid cells-a proposal for
uniform nomenclature. J. Nat. Rev. Immunol. 13: 145-149.

125

—
—



Refrences

Stone, K. D. ; Prussin, C. and Metcalfe, D. D. (2010). IgE, mast cells, basophils, and
eosinophils. J. Aller. Clin. Immu.125(2): 73-80.

Stremgaard, S. ;Thomsen, S. F. ; Fenger, M., and Backer, V. (2011). Predictors of
serum total IgE in a random sample of 717 year old children.J. Inter. Schol.
Rese. Noti. 2011:1-4.

Su, D. ; Zhang , X. ; Sui, H. and LU , F. (2008). Association of ADAM33 gene
polymorphisms with adult allergic asthma and rhinitis in a Chinese Han
population. BMC Medical Genetics. 9 (82):1-6.

Su, Y. T, Lin, Y. T, Yang, C. C.; Tsai, S. S.; Wang, J. Y.; Huang,Y. L. and Yang,
M. C. (2020). High correlation between human rhinovirus type C and children
with asthma exacerbations in Taiwan. J. Micr. Immu. Infect. 53(4): 561-568.

Sulfiana, S.and Iswanti ,F. C. (2022).Chemokines in allergic asthma inflammation.
Universa Medicina.41(3): 289-301.

Taleb, S. A.; Al Thani, A. A. ; Al Ansari , K. and Yassine , H. M. (2018). Human
respiratory syncytial virus :pathogenesis , immune responses , and current vaccine
approaches. Euro. J. Clin. Microbi. Infect.Disea. 37:1817-1827.

Tang, W., Rong, Y., Zhang, H., Zhan, Z., Yuan, L., Ning, Y., and Lin, W. (2023).
The correlation between a Th1/Th2 cytokines imbalance and vitamin D level in
patients with early chronic obstructive pulmonary disease (COPD) , based on

screening results. J. Fronti. Physiol. 14: 1-8.

Tashiro, H. and Shore,S. A. (2019).Obesity and severe asthma.J. All. 68(2):135-142.

Teach, S. J.; Gill, M. A.; Togias , A. ;Sorkness , C. A. ; Arbes, J. R. S. J. ;Calatroni,
A.; Wildfire J. J. ;Gergen,P.J.;Cohen, R.T.and Pongracic ,J.A. (2015). Preseasonal
treatment with either omalizumab or an inhaled corticosteroid boost to prevent
fall asthma exacerbations.J.Aller.Clini. Immun. 136:1476-1485.

Thomsen, S. F.; Duffy, D. L.; Kyvik, K. O. and Backer, V. (2010). Genetic influence
on the age at onset of asthma: a twin study. J. Aller. Clin. Imm. 126 (3):626—630.

126

—
—



Refrences

Teijeiro, A.,and Gomez, R. M. (2021). Wheezing-related relevant factors and the
role of viral bronchiolitis. J. Fronti. Aller. 2:1-8.

Trivedi, P. P. and Pate, A. H. (2020). Serum immunoglobulin E and absolute
eosinophil count as markers of severity in childhood asthma Pinakin. Int. J.
Contemp. Pediatr. 7(2):413-418.

Urbano, F. L. (2008). Review of the NAEPP 2007 Expert Panel Report (EPR-3) on

asthma diagnosis and treatment guidelines.). Ma. Car. Pha. 14:41-49.
Venter, C. ; Palumbo, M. P. ;Sauder, K. A. ;Glueck, D. H. ; Liu, A. H. ;Yang, . V.
and Dabelea , D. (2021). Incidence and timing of offspring asthma , wheeze,
allergic rhinitis, atopic dermatitis, and food allergy and association with maternal
history of asthma and allergic rhinitis. J. Wor. Alle. Organ. 14(3).1-14.

Vos, T.; Lim, S. S.; Abbafati, C. ; Abbas, K. M. ; Abbasi, M. ; Abbasifard , M. and
Bhutta,Z.A. (2020). Global burden of 369 diseases and injuries in 204 countries
and territories , 1990 — 2019: a systematic analysis for the Global Burden of
Disease Study 2019. The Lancet. 396(10258):1204-1222.

Wang, X. Meng, Y.; Lou, H.; Wang, K. ; Wang, C. and Zhang , L. (2021). Blood
eosinophil count combined with asthma history could predict chronic rhino
sinusitis with nasal polyp recurrence. Acta Oto-Laryngologica.141(3).279-285.

Wang , K.M.; Wu,Z.Q.;Li,Z Q.; Xue,F.;Chen,W.;J,H. and Wang, B. L.
(2012). Association between maternal allergic rhinitis&asthma on the prevalence of
atopic disease in offspring.J. Int. Arc. Aller. Immu. 157(4) : 379-386.

Wardlaw, A.J. ; Brightling , C. ; Green, R.; Woltmann, G. and Pavord, |. (2000).
Eosinophils in asthma and other allergic diseases.J. Br.Med.Bull.56: 985-1003.
Warner , S. M. ; Wiehler , S. ; Michi , A. N. and Proud , D. (2019). Rhinovirus

replication and innate immunity in highly differentiated human airway
epithelial cells. J. Resp. Rese. 20.1-13.
Wu, W. ; Choi, E. J. ; Lee, | .; Lee, Y. S. and Bao, X. (2020). Non-coding RNAs and

their role in respiratory syncytial virus (RSV) and human metapneumovirus

127

—
—



Refrences

(hMPV) infections. J. Vir. 12(3): 345.
Yamakawa,Y.;Ohtsuka,Y.;Ohtani,K.;Fujii,T.;Nagata,S.;Yamashiro,Y.& Shimizu,T.

(2010). Effects of leukotriene receptor antagonists on peripheral eosinophil

counts and serum IgE levels in children with food allergy. J. Dru.10(3): 147-154.

Yamasaki, A. Okazaki, R. and Harada ,T.(2022).Neutrophils and asthma.
J.Diagnost.12 (5): 1175.

Yang, W. ; Li,S.; Zhao, Y.; Sun,Y.;Huang ,Y.; Cao,X.and Shang ,X.(2020). Changes
In the expression of interleukin-10 in myocardial infarction and its relationship
with macrophage activation and cell apoptosis. J. Anna. Tra.Med.8(10):1-12.

Yang,Y.;Brazier,J. E.; Tsuchiya, A. and Young, T.A. (2011). Estimating a preference
based index for a 5 - dimensional health state classification for asthma derived
from the asthma quality of life questionnaire.J.Medi. Deci. Mak 31(2):281-291.

Zhang, J. and Tao, A. (2015). Antigenicity , immunogenicity , allergenicity. Allergy
bioinformatics.8:175-186.

Zhang ,J.; Zou, Y.; Chen, L.; Xu, Q.;Wang, Y.; Xie, M. and Wang, C. Y.
(2022). Regulatory T cells,a viable target against airway allergic inflammatory
responses in asthma. J. Front. Immunol.13:1-11.

Zhang, Y.; Liu, L.; Wang, S.; Zhao, Y.; Liu, Y. ; Li, J. ; Nie, L.and Cheng, L. (2016).

Production of CCL20 on nucleus pulposus cells recruits IL-17-producing cells
to degenerated IVD tissues in rat models. J. mole. Histo. 47:81-89.

Zietkowski ,Z.; Tomasiak ,M. M. ;Skiepko , R.and Bodzenta - Lukaszyk , A. (2008).
RANTES in exhaled breath condensate of stable and unstable asthma patients.
J. Respir. Med. 102:1198-1202.

Ziyab , A. H. (2017). Prevalence and Risk Factors of Asthma , Rhinitis , and
Eczema and Their Multimorbidity among Young Adults in Kuwait: A Cross-
Sectional Study. J. Biomed. Resea. 2017:1-10 .

128

—
—



Appendix



Appendix

Appendix I: Asthmatic patients questionnaires

ASTHMA QUESTIONNAIRE

Gender male:] female[:] Address: . ...
Weight:...... .. kg Height: .....ccoeee. cm

Treatment :

a- Montelukast : (_] dailydose  4mg 5mg 10mg

b-1cs:[_J dailydose ........ c- Fluticasone ) d- Beclomethasone C )
Asthma Severity:

a- Mild ) b- Moderate [ c- Severe -

History : Personal

Eczema Yes - NO - shortness of breath

Allergic Rhinitis (AR) Yes( ) NO[ ) wheezing Yes( JNO[_ ]
Allergic conjunctivitis Yes C] No C] cough

Drug allergy : YesC] NO [:] Type : .. Food allergy : Yes C]’ype L
Family

Eczema Yes[:] NO D Drug allergy : Yes [:] NO DType :
Asthma Yes C] NO [:] Food allergy : Yes D NO [:] Type :
Allergic Rhinitis (AR) ves(_J nol[ ] Allergic conjunctivitis ) )
Animal in the house Yes no[_J

Cat [:] Dog [:] Chicken [:] Birds C] cow C] sheep C]

Smoker in the house Yes [ NO[ ]

Trigger for Asthma

- Viral infection Yes( ] NO[ ] - Cold air Yes[ ] NOC]

- Exercise Yes[ ) NO[ ) - Dust Yes( ] NOo[_ )
- Play Yes( JNO[ ] - Fumes YesL ] No[ )
Parameter: % eosinophil count...................

Total serum IgE ......cooovviiiiiiiins

Yes C] NOC]

Yes C] NOC]
NO C]
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Appendix I1: Healthy controls questionnaires

Healthy controls QUESTIONNAIRE

Weight:...... .. kg Height: ........ccce.... cm

History : Personal (hx.)

Allergic diseases Yes[ ] NO[ )
Other diseases YesC] No C]
Family (hx.
Allergic diseases Yes[ ] NO[ )
Other diseases Yes D No C]
Parameter:

Absolute eosinophil count...................

Total serum IgE .......oovvviiiiiiiinnes

]
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Appendix I11: Contents of ELISA Kit

]
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Appendix IV: Procedure
Detection of Serum Human (RSV-IgM and RV-IgM)

The ELISA Kits was applied to the in vitro qualitative determination of human
serum RSV and RV IgM for patients and control group, by using Sunlong ELISA
kit (LOT NO. 20220426).

The Principle of The Test

The ELISA used was based on the qualitative enzyme immunoassay technique.
The microtiter wells provided in this kit has been pre-coated with an antigen
specific to RSV-IgM and HRV-IgM. At the beginning, serum from patient
samples were incubated in the wells. RSV-IgM and HRV-IgM found in the
sample would bind to the specific antigen. After that a second incubation was
carried out using an enzyme-labelled anti-human RSV- IgM or HRV IgM. The
color reaction would be catalyzed by the addition of a substrate. Then stop
solution would stop the reactions. The (OD) is measured by photometric at a
wavelength of 450nm. Finally, The qualitative determination of human (RSV-
IgM and RV-IgM) was detected by comparing with the CUTOFF value.

Preparation of Reagents
All reagents are left to the room's temperature (25°C) before used.

1. In the microtiter wells, two wells left as negative control, two wells as positive
control and one empty well as blank control. (blank control well dont added

samples and HRP-Conjugate reagent).

2. Adding samples: Added 50 ul of Negative and positive control to the negative
and positive control wells respectively. For sample wells,40ul sample dilution
buffer and 10ul sample are added in it. Samples loaded onto the bottom without

touching the well wall. Mixed with gentle shaking.

3. Incubation: Incubated 30min at 37°C after sealed with closure plate membrane.

]
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4, Dilution: Diluted the concentrated washing buffer with distilled water.
5. Washing: Closure plate membrane removed carefully, aspirated and refilled
with the wash solution. Then Discarded the wash solution after resting for

30 sec, and repeated the washing 5 times with 350ul of wash buffer.

6. Added 50 ul HRP-conjugate reagent to each well except the blank well.

7. Incubation: As described in Step 3.

8. Washing: As described in Step 5.

9. Coloring: 50ul chromogen solution A and 50ul chromogen Solution B
Were added to each well, mixed with gently shaking and incubated for15
minutes, and avoid light during coloring.

10. Termination: 50 pl of stop solution was added into each micro plate wells
and gently mix for 15-20 seconds.

11. Photometric measurement was done at 450 nm within 15 min of adding

stop solution.

Determine The Result

The average value of positive control >1.00; the average value of negative
control < 0.10. Calculated the critical value (CUT OFF): critical value = the
average value of negative control + 0.15. The samples of Human (RSV-IgM
and RV-IgM ) were considered negative when the OD value < CUT OFF, whilst
it considered positive when the OD value > CUT OFF.

]
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AppendixV: Dilution of Standards

For CCL20 and IL-10

135pg/ml 90pg/ml  60pg/ml  30pg/ml 15pg/ml 7.5pg/ml

For CXCL-10

f—

Dilution Rate 1.6 1.6 2 2 2

240pg/ml 160pg/ml  80pg/ml  40pg/ml  20pg/ml

180 pg/ml 120 pg/ml 60 pg/ml 30 pg/ml 15 pg/m

]
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Appendix VI:CCL20 [(Homo sapines)(Human)]
CCL20 (-786T>C) rs6749704

Region of SNP. (rs 6749704): 227813076-227813183 (107 bp)

Region of CCL20: 227813842-227817556 (3714 bp)

Homo sapiens chromosome 2, GRCh38.p14 Primary Assembly
TAGGTTTTCTTTCCTCAACAATTCTGAGGCTCTATATTGAGT TATHIINCIACAIGA TCATG
GAGAGTTAAAGGTAGGTAAGGATTATTTTCTGAACTGCAATATTGA

]
135 J
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Appendix VII: Gel Electrophoresis of Genomic DNA

Figure 7.1. Evaluation of DNA extract quality and integrity .1 % agarose gel
electrophoresis of genomic DNA in 75 volt and 30 min.
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