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Summary

Asthma is a chronic inflammatory disorder of the airways of the lungs;
considered a major global health problem, it affects an estimated 262 million
people in 2019. A molecular and Immunological study was performed to
detect the correlation between asthma and Chlamydia pneumoniae infection.
Further, to determine the influences of genetic variants of the interleukin-4
(IL-4) C589T gene on total serum immunoglobulin E (IgE), serum IL-4
level, Chlamydia pneumoniae IgG and IgE levels, asthma severity, and

asthma control.

This case-control study was performed on 174 subjects. After performing
IgE tests, asthmatic patients with IgE < 100 1U/ml were excluded (41
patients) because this study was designed for IgE-mediated asthma, and 100
IU/ml is the cut-off value of a positive IgE level. This study involved 87
asthmatic children with high total IgE (57 male and 30 female) who attended
the asthma clinic at Karbala Teaching Hospital for Children in the period
extending from January 2022 to May 2022. Their ages ranged between one
to sixteen years. The control groups included 87 children (48 male and 39
female) with age and sex-matched to the patients, randomly selected from
the local community. A questionnaire collected the clinical and demographic
data from patients and /or their parents. Blood was collected from each
participant, notice that the sera were used to determine total serum IgE
levels, Human Chlamydia pneumoniae 1gG levels, and Human Chlamydia

pneumoniae IgE levels for all samples and serum IL-4 for asthmatic children



only. At the same time, whole blood was used for DNA extraction. DNA
extraction was used to detect SNPs in the IL-4 gene (IL-4 C-589T) by the
restriction fragment length polymorphism PCR (PCR-RFLP) technique. The

software SPSS version 21 was used to analyze data statistically.

The study showed a significant difference in the human Chlamydia
pneumoniae IgG and IgE levels between asthmatic children and control (p-
value <0.001 and 0.024, respectively). Further, in asthmatic children, there is
a significant positive linear correlation between total serum IgE level and
human Chlamydia pneumoniae IgE under age control (p-value=0.019). In
the same line, there is a highly significant positive linear correlation between
Chlamydia pneumoniae IgG and Chlamydia pneumoniae IgE in asthmatic
children (p-value <0.001). In addition, the IL-4 level was higher in asthmatic
patients with severe and not-well-controlled asthma compared to other
asthma groups (p-value =0.007 and 0.004, respectively). Additionally, the
study showed that the frequency of heterozygous IL-4 CT genotype was
significant in patients (34.5%) compared to the control (17.24%). Therefore,
the CT genotype could be considered a risk factor for developing asthma
(odds ratio= 2.526, p-value= 0.01). Genotypes analysis using Hardy-
Weinberg distribution showed no significant differences between observed
and expected patient numbers for the IL-4 C589T gene. In asthmatic
children, there were significant associations between high total serum IgE
level, severe, and not-well-controlled asthma with CT genotype of IL-4
C589T polymorphism (p-value 0.02, <0.001, and 0.001, respectively). In
contrast, high Chlamydia pneumoniae IgE levels were found to be associated

with CC genotypes (p-value= 0.01).



In conclusion, children with asthma have more persistent Chlamydia
pneumoniae infections than non-asthmatic children. The presence of
Chlamydia pneumoniae-specific IgE may provide ongoing stimulation of
allergic responses by Chlamydia pneumoniae. Drooping of Chlamydia
pneumoniae IgE level in asthmatic adolescents who live in urban. High IL 4
level was associated with more severe asthma and not welled control in
children. Asthma in children has been associated with the site-specific IL 4
C589T genotype in Iragi asthmatic children. CT genotype of IL 4 C589T
association with high more severe asthma and not welled control in children.
CT genotype of IL 4 C589T association with high total IgE levels but not
IL-4. IL-4 C589T polymorphism was not implicated in developing high

Chlamydia pneumoniae IgE antibodies in asthmatic children.
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Chapter One Introduction & Literature Review
1.1. Introduction:

Asthma is an inflammatory disorder in the airway, leading to airway
obstruction, mucus hyper-production, hyper-responsiveness, and airway
wall remodeling. Asthma is characterized by reversible airway
obstruction and T-helper 2 (Th2) infiltration. Asthma typically presents a
history of respiratory symptoms such as wheezing, cough, shortness of
breath, and chest tightness and is characterized by underlying chronic
airway inflammation. Asthma affected an estimated 262 million people in
2019, according to the Global Burden of Disease. In Iraq, the prevalence
of asthma was 8.9% prevalence in older and 15.55% in younger children
(Wu et al., 2016, Asher et al., 2017, Alavinezhad and Boskabady, 2018,
Song et al., 2022).

Asthma is a condition that is likely caused by complex interactions
between multiple genetic and environmental influences. Atypical
bacterial infections appear to play a role in asthma induction and
exacerbation in children and adults. In addition, several gene
polymorphisms have been associated with susceptibility to asthma and
allergy (Bijanzadeh et al., 2011, Webley and Hahn, 2017).

Chlamydia pneumoniae is an obligate intracellular bacterial pathogen
and a respiratory pathogen in humans that occurs worldwide. Chlamydia
pneumoniae is involved in the pathogenesis of multiple inflammatory
diseases, including asthma (Gautam and Krawiec, 2022). Several studies
indicate that bacteria can induce the differentiation of naive T cells into
Th2 or Thl7 cells and elicit Th2 cytokine release. Chlamydia
pneumoniae stimulates the production of IL-4 in peripheral blood

mononuclear cells (Smith-Norowitz et al., 2016).
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Chapter One Introduction & Literature Review

IL-4 mediates essential pro-inflammatory functions in asthma,
including differentiation of Th2 cells leading to cytokine release,
induction of the IgE isotype switch, promotion of eosinophil
transmigration across the endothelium, expression of vascular cell

adhesion molecule-1, and mucus secretion (Steinke and Borish, 2001).

IgE is an antibody produced by B-cell after differentiation into plasma
cells in lymph nodes. IgE is the most potent antibody classes and can
trigger dramatic inflammatory reactions even when present in minute
amounts. IgE plays a central role in the allergic response (Buc et al.,
2009, Laffleur et al., 2017).

SNPs in the human genome are variations in the DNA sequence that
can modify an individual's response to environmental exposure (Wang,
2005). SNPs are the most essential and basic form of variation in the
genome. They are responsible for genetic effects that produce
susceptibility to most autoimmune diseases, which may occur every 100
to 300 bases (Bell, 2002, Information, 2005).

Several studies suggested that the -589T allele in rs2243250 is
associated with increased serum or plasma IL-4 levels and is linked to
total serum IgE levels. IL-4 -589T allele was associated with probable
asthma, rhinitis, and atopy in a cohort of infants at risk for allergic
disease. In addition, the IL-4 -589T allele was associated with lower
Forced expiratory volume (FEV1) values in a population of white
subjects with asthma. These data suggest that the -589T polymorphism
may influence asthma severity (Shirkani et al., 2019).

Many previous studies mentioned the positive correlation between

Chlamydia pneumoniae infection and asthma (Calmes et al., 2021), but
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Chapter One Introduction & Literature Review

the mechanism of action of this bacterium on asthmatic patients is still

ununderstood.

On the other hand, many previous studies detected an association
between IL-4 C589T polymorphism and asthma. Some previous studies
showed that the T allele frequency for the C-589T IL-4 gene promoter in
asthma patients was higher than for normal subjects (Jin and Zheng,
2021). In contrast, other studies showed no or weakly significant
association between IL-4 589 C <T polymorphism and asthma (Hussein
et al., 2020). Thus, this work was performed to study the polymorphism
in IL-4 among asthmatic patients in our local population. Further, to
determine this polymorphism's impact on an asthmatic patient's

characteristics.

The genetic variation may differ in a subject's response to
environmental exposure. Unfortunately, no previous studies locally or
internationally detected the influence of IL-4 polymorphism on the

Immune response to Chlamydia pneumoniae infection.
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Chapter One Introduction & Literature Review

The Aim of Study:

This work aimed to investigate the possible correlation between IL-4
gene polymorphisms and characteristics of asthmatic children, such as
severity and immunological biomarkers (IL-4 levels and total IgE levels)
and specific Chlamydia pneumoniae IgE levels. This aim was achieved

by the following objectives.
Objects:

e Immunology: Detection of Chlamydia pneumoniae by specific
Chlamydia pneumoniae 1gG and IgE antibody levels in patient's
sera by ELISA. Detection of some immune markers (total IgE
levels, IL-4 levels in patient's blood by ELISA.

e Genetics: Detection of IL-4 polymorphisms by PCR-RFLP
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Chapter One Introduction & Literature Review

1.2. Literature Review:

1.2.1. Asthma Overview:

Asthma is a chronic, inflammatory disease of the air passages
characterized by variable respiratory symptoms and variable airflow
limitation. It is an obstructive pulmonary disorder with exacerbations
characterized by symptoms of shortness of breath, chest tightness, cough,
and wheezing (Maslan and Mims, 2014, Mims, 2015, Papi et al., 2018).
Asthma is the most common non-communicable, chronic disease in
children and adults, characterized by variable airway obstruction, airway
hyperresponsiveness, and airway inflammation. It is a common condition
due to chronic inflammation of the lower respiratory tract (McCracken et
al., 2017, Papi et al., 2018).

Asthma is a chronic disorder arising from poorly understood
heterogenic gene-environment interactions. Asthma exacerbations are
commonly initiated by upper respiratory tract infections and/or
environmental allergens. However, other known factors increase the risk
of patient exacerbation, such as cigarette smoking (Graham and Eid,
2015, Mims, 2015, Hernandez-Pacheco et al., 2022).

Significantly, allergens or environmental exposure to toxic agents,
such as pollutants, diesel exhaust, and detergents, may lead to asthma
development by affecting the epithelial barrier. On the other hand,
identifying novel genes for asthma suggests that many genes with minor
effects rather than a few genes with substantial effects contribute to the
development of asthma. These genetic effects may, in part, differ in a
subject's response to environmental exposure, although some genes may
also exert their influence independently of the environment (von Mutius,
2009, Boonpiyathad et al., 2019).
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Chapter One Introduction & Literature Review
1.2.2. Epidemiology of Asthma:

1.2.2.1. Prevalence and Incidence:

The clinicians were provided with an annually updated evidence-based
asthma management and prevention strategy from the Global Initiative
for Asthma (GINA) Strategy Report (Reddel et al., 2021).

Asthma affected an estimated 262 million people in 2019, according to
the Global Burden of Disease (Song et al., 2022). Pediatric asthma is a
worldwide public health problem. The Global Asthma Report 2022
detected that 1 in 10 children have asthma symptoms. The average annual
asthma prevalence is higher in children (9.5%) than in adults (7.7%)
(Loftus and Wise, 2016, Serebrisky and Wiznia, 2019, Network, 2022).

The observed adjusted prevalence of asthma in the Middle East is
lower than the reported prevalence in North America and Europe, which
ranges from 4.4% to 7.6% (Tarraf et al., 2018). In Iraq, the prevalence of
asthma was 8.9% prevalence in older and 15.55% in younger children
(Alavinezhad and Boskabady, 2018). Further, the International Study of
Asthma and Allergies in Childhood (ISAAC) recorded the prevalence of
clinically diagnosed childhood asthma in Irag as 16.3% in primary school
children (Abood and Al-Zaubai, 2020).

1.2.2.2. Gender and Age:

In children, boys have an increased prevalence of asthma, while in
adults, women have an increased prevalence and severity of asthma
(Chowdhury et al., 2021). ISAAC Phase 11l estimated asthma prevalence
to be 10.6% in males and 7.9% in female adolescents (13-14 years old),
10.3% in males, and 8.5% in female children (6-7 years old) (Network,
2022).
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Chapter One Introduction & Literature Review

An estimated 42% of adults reported asthma onset before age 16 with
active asthma, including 14% starting at 5-9 years of age (Mirabelli et
al., 2013). In addition, children aged 7 to 9 years had a higher risk ratio
for asthma than those in other age groups (Lin et al., 2017). Another
study showed that 30% of patients developed asthma before 14 years old
(Hsu et al., 2004).

1.2.2.3. Socioeconomic Status:

The most significant burden of childhood asthma was seen among low
socioeconomic status young people, often concentrated in urban areas
with high poverty rates. Asthma prevalence is generally greater in urban
compared to rural populations (Milligan et al., 2016, Lawson et al., 2017,
Rodriguez et al., 2019).

Children who grow up in crowded urban neighbourhoods have higher
asthma rates and experience more significant morbidity due to asthma.
The differences in asthma prevalence in urban and rural areas may be
because people have different lifestyles, cultures, and other
environmental exposures and genetic  backgrounds.  Several
environmental and lifestyle factors associated with the urban living were
suspected of promoting the development of asthma, particularly in the
first few years of life (Gern, 2010, Jie et al., 2013).

Although rural children also encounter socio-demographic disparities
that might be expected to worsen asthma. Whereas in rural areas, risk
factors for asthma and asthma-like symptoms may show some differences
when compared to urban areas. Thus, the prevalence of asthma in
children was lower in rural than in urban areas (Valet et al., 2011, Ugurlu
et al., 2014, Zhu et al., 2015).
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Chapter One Introduction & Literature Review
1.2.3. Diagnosis of Asthma in Children:

Asthma is diagnosed through a medical history, family history,
physical exam, and a test that measures airflow in and out of the lungs.
Spirometry testing measures the flow and volume of air blown out after
taking a deep breath and then forcefully exhaling. The other tests to
diagnose asthma include chest X-rays and skin or blood testing for

allergies or immune problems (Sawicki et al., 2021).

Serum IgE level was predictive in asthma, and it may be used to
differentiate between asthmatic and non-asthmatic individuals in
conjunction with other biomarkers. IgE antibodies test to measure
sensitization to inhalant allergens is a useful diagnostic indicator for
asthma in children (Shoormasti et al., 2018, Sonntag et al., 2019).

1.2.4. Asthma Severity:

Asthma severity is a vital independent risk factor for future
exacerbations. As the severity of asthma increases, the exacerbation rates
also become more frequent (Nakwan, 2021). According to the GINA
report, asthma severity was classified as mild-moderate-severe asthma
(Y1lmaz et al., 2022). Classifying the severity of asthmatic attacks based
on the National Asthma Education and Prevention Program and the
Global Initiative for Asthma guidelines was compared with physician
assessment and benchmarked against asthma-related health care use.
Guideline-based asthma severity symptom components were derived
from  patient-reported  questionnaires.  Prebronchodilator FEV
measurements determined lung function levels; patients reported asthma-
related medication and recent healthcare use (Miller et al., 2005,
Khajotia, 2008). Table 1-1 showed that the information enables the

——
oo
| —



Chapter One

Introduction & Literature Review

pediatrician to select the right medication and determine the proper dose

to keep the condition in check (Cloutier et al., 2020).

Table (1-1): Assessment of Asthma severity in Children (Cloutier et al.,

2020)
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
Age > 5 years <2/month 3-4/month not nightly 7 hweek
SABA use for >2 days/week Several
Night time symptoms | <2 days/week | but not daily Daily times daily
awakenings | Interference Minor Some Extreme
with normal None limitation limitation limitation
activity
Lung FEV.1%
function predicted >80 >80 60-80 <60
(>5 years) FEV./FVC >0.85 >0.8 0.75-0.8 <0.75

Mild asthma is defined as well-controlled with as-needed inhaled

corticosteroid (ICS)-formoterol, or with low dose ICS plus as-needed
short-acting B2 agonist (SABA) (Yilmaz et al.,, 2022). Previously,

patients with mild asthma were divided into intermittent or persistent

classes based on the frequency of symptoms and reliever medication
usage (Shahidi and Fitzgerald, 2010). Today, the GINA report said that
mild intermittent and persistent asthma are no longer distinguished. Both
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are considered mild asthma because it has been stated that this ancient

distinction is entirely arbitrary and not based on evidence (GINA, 2022).

People with moderate persistent asthma are not well controlled on low
doses of ICSs. A combination of this drug and long-acting inhaled beta2
agonists provides improved control compared with doubling the
maintenance dose of ICSs. Moderate asthma is associated with increased
stored and secreted mucin. These findings suggest that acute
degranulation of hyperplastic goblet cells may represent a mechanism for
asthma exacerbations in mild and moderate asthma. Further, chronic
degranulation of goblet cells may contribute to chronic airway narrowing
in moderate asthma. The moderate persistent asthma symptoms:
nighttime symptoms occur more than five times per month, the symptoms
affect activity happening more than two times per week and may last for
days, and lung function tests are 60% to 80% of predicted values based
on age, sex, and height (O'Byrne and Parameswaran, 2006, Morosco,
2007).

Severe asthma is defined as asthma that requires treatment with high-
dose ICSs plus a second controller to prevent it from becoming
uncontrolled or which remains uncontrolled' despite this therapy.
Children with severe asthma were at increased risk for adverse outcomes,
including medication-related side effects and recurrent and life-
threatening exacerbations that significantly impair their quality of life.
The airway narrowing causes lung hyperinflation, ventilation-perfusion
imbalance, and increased work of breathing that may lead to ventilatory
muscle fatigue and respiratory failure, which is life-threatening.
Diagnosing and treating severe asthma are time-consuming and require

special experience (Papiris et al., 2002, Fitzpatrick, 2016, Chung, 2018).

10

——
| —



Chapter One Introduction & Literature Review
1.2.5. Treatment of Asthma:

Guidelines for asthma treatment have identified that the primary goal
of management is achieving reasonable asthma control, thus reducing the
risk of exacerbations. Phenotypic presentations in asthmatic children are
various and might contribute to differential responses to asthma controller
therapy. Mild to moderate asthma often responds to traditional
medications, while severe asthma can be refractory to ICS, long-acting -
agonists, and leukotriene receptor antagonists. Further, children with
more severe asthma are often unresponsive to recent efforts, and there
remains a need for agents with properties that may achieve control in
these patients (Darveaux and Busse, 2015, Berry and Busse, 2016,
Fitzpatrick, 2016, Pongracic et al., 2016).

Many children with asthma remain symptomatic despite treatment
with ICSs, resulting in reduced quality of life and significant morbidity.
Thus, the biological drugs are approved to treat patients with severe
uncontrolled asthma, reduce the risk of exacerbation, maintain asthma
symptom control, and reduce the need for systemic corticosteroids. This
biological treatment includes omalizumab (anti-IgE), dupilumab (anti-IL-
4/1L-13), and benralizumab, mepolizumab, reslizumab (anti-IL-5
pathways) (Vogelberg et al., 2015, Busse, 2019, Calzetta et al., 2021).

Many factors can play a role in asthma induction and exacerbation and
response to treatment, such as genetic variation, ethnicity, and respiratory
infections, such as viruses and atypical bacteria. Thus, treatment
decisions on childhood asthma management should be critically made
(Koo et al., 2016, Leusink et al., 2016, Webley and Hahn, 2017, Zhang et
al., 2017, Tesse et al., 2018).
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1.2.6. Asthma Control:

Determining the state of asthma control and identifying risk factors
for poor asthma control is a crucial strategy for curbing the financial
burden of the disease and its negative health impacts (Mulugeta et al.,
2022). The measurement of underlying asthma activity potentially by
biomarkers to assess asthma control will lead to an improved assessment
of the overall control of asthma (Fu et al., 2014). Poor asthma control is
associated with substantial impairment in quality of life due to the inverse
relationship between the number of asthma control problems and quality
of life (Chen et al., 2007). Controlling asthma symptoms can be assessed
by the Asthma Control Test (ACT). The ACT includes five items on a 20-
point score from zero to six, referring to the previous four weeks; the

lower the total score, the worse (Lindgren et al., 2020).

Well-controlled asthma symptoms were defined as ACT scores> 20
and the absence of exacerbations in the previous six months (Lindgren et
al., 2020). In general, when asthma is well-controlled, there is no need for
patients to modify their lifestyle to avoid unfavourable outdoor conditions
(GINA, 2022). If asthmatic patients with well-controlled, a stepping-
down treatment is a considerable choice. The step-down treatment for
well-controlled mild asthma was relatively efficient in maintaining
asthma control, reducing the risk of severe exacerbation, and stabilizing

pulmonary function (Lam et al., 2021).

Both children and adults with not well-controlled asthma had
significantly lower quality of life. They were more likely to require an
office or emergency department visit for asthma than patients with higher
ACT scores (Guilbert et al., 2011). Patients with not well-controlled
asthma had ACT scores of less than 20 (Pavord et al., 2017). Not well-
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controlled asthma increases the risks of severe asthma exacerbations
following pneumococcal pulmonary and upper respiratory infections
(O'Byrne et al., 2013). Patients with uncontrolled severe persistent
asthma have more significant morbidity, greater use of health care
resources, and more impairment in health-related quality of life compared
to their peers with the well-controlled disease (Krings et al., 2019). The
failure in asthma control can be due to the complex interaction among
different variables, such as the role of guidelines diffusion and
implementation, disease-related factors, or patient-related factors (Braido,
2013).

1.2.7. Risk Factors of Asthma:

Asthma is a condition that is likely caused by complex interactions
between multiple genetic and environmental influences (Hernandez-
Pacheco et al., 2022). Risk factors are associated with asthma mortality
and morbidity, such as exposure to environmental triggers, low-income
households, chronic stress, child psychological problems, parental stress,
obesity, physical inactivity, and unhealthy diets (Oland et al., 2017).
Personal smoking and environmental air pollution have an inconsistent
and likely generally small effect in causing asthma (Cockcroft, 2018).
There was a significant relationship between cold temperatures and
pediatric outpatient visits for asthma. The lower the temperatures, the
higher the risk of asthma attacks among children (Xu et al., 2018).
Respiratory tract viruses have emerged as the most frequent triggers for
exacerbations of asthma in children and adults (Van Meel et al., 2018).
Exercise is likely the second most common trigger of asthma (after viral
respiratory infections); some of these activities provoke respiratory

symptoms in the asthmatic child (Brennan Jr et al., 2018).
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Further, atypical bacterial infections play an important role in asthma
induction and exacerbation in children and adults (Resiliac and Grayson,
2019). The role of bacterial infection in asthma is varied in that it may
contribute to the initial development of the clinical onset of asthma or
exacerbate established asthma (Darveaux and Lemanske, 2014). Bacterial
organisms can increase inflammation and airway hyperresponsiveness in
a patient with known asthma (Bozan et al.,, 2018). Chlamydia
pneumoniae and Mycoplasma pneumoniae are responsible for chronic
inflammation and have been implicated in the pathogenesis of asthma
when the host immune system was unable to eradicate the bacteria
(Calmes et al., 2021).

Several gene polymorphisms have been associated with susceptibility
to asthma and allergy (Shi et al., 2022). Some genes may influence the
development of asthma, while others modify asthma severity or the
patient's response to therapy (Meyers et al., 2014). In addition, a family
history of asthma and allergic diseases are strong determinants of asthma.
However, the magnitude of the effect varies according to the hereditary
group, so some subtypes have a more robust genetic component (Paaso et
al., 2014). In families with one allergic parent, the child's risk of
developing asthma was increased by asthma in a parent (Schoos et al.,
2020).

1.2.8. Bacterial Infection and Asthma:

Respiratory infections are thought to be a significant contributing
factor to poor lung function and the onset of the disease (Mthembu et al.,
2021). Instead of protecting from asthma, several respiratory bacteria
have been implicated in asthma pathogenesis (Sevin et al., 2010).

Epidemiological studies showed strong associations between asthma and
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infection with atypical bacteria (Edwards et al., 2012). Bacterial
organisms are clinically relevant contributors to asthma exacerbations
(McCauley et al., 2019). Bacterial infections and colonization also have
been associated with recurrent and exacerbation of wheezing (Darveaux
and Lemanske, 2014). Asymptomatic bacterial colonization of the
hypopharynx at one month was associated with a higher risk of

developing persistent wheezing and asthma (Rahman Fink et al., 2018).

A growing body of basic and clinical science implicates the atypical
bacterial pathogens Mycoplasma pneumoniae and Chlamydia
pneumoniae as potentially essential factors in asthma. It appears that
acute infections with Chlamydia pneumoniae and Mycoplasma
pneumoniae can cause asthma in some previously asymptomatic
individuals; however, the quantitative role of these atypical bacteria as
asthma initiators is unknown (Hahn, 2021, Liu et al., 2021). On the other
hand, data suggested that the changes induced by allergic disease and
chronic airway inflammation impair immunity, predisposing those with
asthma to develop a bacterial infection (Sevin et al., 2010). Thus, the
exact mechanism of Chlamydia pneumoniae in asthma is unclear and

requires further study to detect it.

1.2.8.1. Chlamydia pneumoniae:

1.2.8.1.1. Chlamydia pneumoniae Overview:

Taxonomic analysis of the Chlamydia pneumoniae is Kingdom-
Bacteria, Subkingdom-Negibacteria, Phylum-Chlamydiae, Class-
Chlamydiae, Order-Chlamydiales, Family-Chlamydiaceae, Genus-
Chlamydophila, and Species-Chlamydophila pneumoniae (System, 2012).
Three chlamydial organisms are pathogenic to humans: Chlamydophila

pneumoniae, Chlamydia trachomatis, and Chlamydophila psittaci (Oba et
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al., 2020). Chlamydia pneumoniae is distinct from the other two
chlamydial species that infect humans in the morphology of the
elementary body and shares less than 10% of the DNA homology with
those species (Kuo et al., 1995).

Chlamydia pneumoniae is called Taiwan acute respiratory agent
(TWAR) because two isolates were first isolated from respiratory
infections a decade ago, TW-183 and AR-39 (Grayston et al., 1986). The
history of the TWAR organism began in Taiwan in 1965, when a field
trial was underway testing an inactivated yolk sac-grow trachoma vaccine
(Woolridge et al., 1967). Chlamydia pneumoniae is an enigmatic animal
and human pathogen. Molecular typing studies suggested that animal
strains are ancestral to human strains and that Chlamydia pneumoniae
crossed from animals to humans due to at least one relatively recent

zoonotic event (Roulis et al., 2013).

Chlamydia pneumoniae is an obligate intracellular bacterial pathogen
and a respiratory pathogen in humans that occurs worldwide. It causes
community-acquired pneumonia in children and adults and may be
responsible for epidemics in enclosed populations. Chlamydia
pneumoniae is challenging to diagnose due to its nonspecific clinical
presentation and can only be isolated in tissue culture (Goldstein et al.,
2007, Gautam and Krawiec, 2022).

About 70% of the respiratory tract infections caused by Chlamydia
pneumoniae are with mild symptoms or asymptomatic. Still, 30% of
Chlamydia pneumoniae infections are responsible for more severe
respiratory illnesses, such as community-acquired pneumonia with
atypical symptoms. Further, Chlamydia pneumoniae infection accounts

for 5% of pharyngitis, sinusitis, and bronchitis cases in both
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iImmunocompetent and immunocompromised hosts (Gautam and
Krawiec, 2020).

In children, Chlamydia pneumoniae infections seem to have a more
critical role in causing respiratory tract disease; they have been
frequented in children under five and are associated with wheezing.
Further, Chlamydia pneumoniae plays a considerable role in community-
acquired infection in children of all ages. Such conditions are more
challenging when untreated with adequate antimicrobial agents (Principi
et al., 2001, Alves et al., 2020).

1.2.8.1.2. Epidemiology of Chlamydia pneumoniae:

According to seroepidemiologic surveys, Chlamydia pneumoniae
infection seems to be both endemic and epidemic. Such studies indicate
that Chlamydia pneumoniae infection is widespread, with frequent
reinfection during a lifetime. Chlamydia pneumoniae is recognized
worldwide as a common cause of respiratory infections in children and
adults. Over 60% of subjects with chronic bronchitis have specific
Chlamydia pneumoniae. The incidence of Chlamydia pneumoniae
pneumonia may be as high as 50% in children with community-acquired
pneumonia. Serologic surveys detected rising Chlamydia pneumoniae
antibody prevalence rates beginning in school-age children that reached
30-45% in adolescents (Blasi et al., 1998, Hammerschlag, 2003,
Choroszy-Krol et al., 2013).

1.2.8.1.3. Clinical Manifestation of Chlamydia pneumoniae:

Most patients infected with Chlamydia pneumoniae remain
asymptomatic, and the clinical presentations of it can vary widely. People

with Chlamydia pneumoniae infection commonly present with cough,
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malaise, headache, pharyngitis, and laryngitis. Furthermore, 60% of
Chlamydia pneumoniae infection people have wheezing. Chlamydia
pneumoniae can also cause lower respiratory tract infections like
pneumonia and bronchitis (Sharma et al., 2017, National Center for

Immunization and Respiratory Diseases, 2021).

The incubation period of Chlamydia pneumoniae is approximately
three to four weeks which is more than most respiratory bacterial
infections (Oba et al., 2020). Although most Chlamydia pneumoniae
infections are asymptomatic or mild, severe complications can occur.
These severe complications include asthma exacerbation, myocarditis,
and encephalitis (National Center for Immunization and Respiratory
Diseases, 2021).

Chlamydia pneumoniae is called an atypical organism because the
clinical presentation is often less dramatic than illness caused by
Haemophilus influenzae or Streptococcus pneumoniae (Jeffrey et al.,
2000).

1.2.8.1.4. Life Cycle of Chlamydia pneumoniae:

Chlamydia pneumoniae is a small gram-negative bacterium with a
size range from 0.2 to 1 micrometer that undergoes several
transformations during its growth. The life cycle of Chlamydia
pneumoniae consists of two alternating forms: elementary bodies (EB)
and reticulate bodies (RB). EBs are metabolically inactive but infectious,
while the RBs are metabolically active but non-infectious (National
Center for Immunization and Respiratory Diseases, 2021).

Respiratory secretions transmit Chlamydia pneumoniae from human to
human (Oba et al., 2020). After infection, the infectious EBs attach to the
host cell by electrostatic binding and are taken into the cell by receptor-

18

——
| —



Chapter One Introduction & Literature Review

mediated endocytosis (Hammerschlag et al.,, 2015). The bacterial
nucleoid is highly compacted in EBs due to the condensation of nuclear
material by HctA and HctB, which is bacterial histone-like proteins
(Brickman et al., 1993). Then, EBs inject pre-packed T3SS effectors into
the host cytoplasm as contact with the host is established, leading to the
reorganization of actin and uptake of the EBs. Once inside the cell, the
EBs remain within a membrane-lined phagosome, inhibiting
phagosomal-lysosomal fusion. Thus, EBs inhabit a nonacidic vacuole
dissociated from late endosomes and lysosomes, which help the bacteria
avoid host immune pathways. Next, the EB (residing inside the inclusion)

differentiates into RBs that undergo binary fission (Gitsels et al., 2019).

The RBs rely on the host cell to synthesize adenosine triphosphate
(ATP) (National Center for Immunization and Respiratory Diseases,
2021). Immediately produce early effectors by RBs, which prevent
lysosomal degradation by modifying the inclusion membrane. Then, the
inclusion starts traveling across microtubules towards the microtubule
organizing center and away from the periphery. RBs hijack host cell
metabolites when the inclusion reaches the nutrient-rich peri-Golgi region
to support the growth of both its and the inclusion membrane, which is
necessary to allow room for the expanding RBs. After 36 hours, the RBs
reorganize themselves and condense to differentiate back into EBs
(Gitsels et al., 2019).

Host cell function is minimally disrupted despite the accumulation of
500 to 1000 infectious EBs in the inclusion. After 48 hours, the release
may occur via exocytosis, cytolysis, or extrusion of the full inclusion,
leaving the host cell intact. The EBs then exit the host cell and start a new
infectious cycle. This strategy enables the organism to cause silent
chronic infection (Figure 1-1) (Gitsels et al., 2019).
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Figure (1-1): Life cycle of Chlamydia pneumoniae (Hammerschlag et al.,
2015)

1.2.8.1.5. Pathogenesis of Chlamydia pneumoniae:

Chlamydia pneumoniae can spread systemically in at least two ways:
First, carried within recirculating lymphocytes, macrophages, and
monocytes from the respiratory tract. Second, direct access to the
bloodstream following a severe pulmonary infection and causing
chlamydial bacteriaemia for a short interval. Chlamydia pneumoniae may
infect bronchi, lungs, endothelial cells, macrophages, and monocytes
(Gieffers et al., 2004, Porritt and Crother, 2016).

When Chlamydia pneumoniae resides in vascular endothelial cells or
alveolar macrophages in chronic infections, the bacteria and their
structural components have easy access to circulation. Chlamydia
pneumoniae infection induces the secretion of cytokines, including
interleukin 8 (IL-8) and tumor necrosis factor a (TNF-a), and reactive
oxygen species from alveolar macrophages and peripheral blood
mononuclear cells. The continuous induction of cytokines by Chlamydia
pneumoniae may lead to chronic inflammation of the vascular

endothelium. The inflammation is caused because cytokines, such as
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interferon-gamma (IFN-y), have been demonstrated to restrict the growth
of intracellular pathogens (Quinn and Gaydos, 1999, Gieffers et al., 2004,
Richard, 2018).

Furthermore, Chlamydia pneumoniae that induced epithelial cytokine
liberation may contribute significantly to inflammatory airway diseases
like bronchial asthma or chronic obstructive pulmonary disease.
Chlamydia pneumonia causes lung parenchyma patchy consolidation as
the exudate of neutrophils, fibrin, and RBCs gathers in infected areas
(Krall et al., 2006, Jain et al., 2022).

Because of the unique life cycle of Chlamydia pneumoniae, it
occupies an intracellular niche that enables the bacterium to multiply and
survive. Within the inclusion body, Chlamydia can genetically switch
between a replicative and a persisting non-replicative state, linking the
pathogen to acute and chronic diseases (Kern et al., 2009). In addition,
Chlamydia pneumoniae expresses a variety of potent virulence factors,
including outer membrane protein—-A (OmpA/B, Omp3, OmcB, POMP),
chlamydial lipopolysaccharide (cLPS), heat-shock protein 60 (cHsp60/
GroEL-1), the chlamydial protease- or proteasome-like activity factor
(CPAF), a type IlIl secretion apparatus (T3S), peptidoglycans, and
peptidoglycan-like structures (Krill and Suttorp, 2007).

OmpA of the chlamydial EBs is the main component to protect
chlamydia against the environment outside the host, attachment to host
cells, and defense against the host's immune response. At the same time,
OmcB might mediate chlamydial attachment and the initial invasion steps
into target cells (Hackstadt, 1999, Kriill and Suttorp, 2007).

Chlamydia pneumoniae induces mononuclear phagocyte foam cell

formation by cLPS. cLPS can be released from intracellular into inclusion
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chlamydia to the inclusion membrane, host cell cytoplasm, surface, and
surrounding infected cells. This release might impact the chlamydial
infection pathogenesis and the host’s immune disposition of infected
cells. (Kalayoglu et al., 2000, Netea et al., 2002).

Chronic, persistent Chlamydia Pneumoniae infection can trigger the
secretion of cHSP60 in the vessel wall resulting in the augmentation of
inflammation (Richard, 2018). cHsp60/GroEL-1 can act as an
extracellular agonist. It might be a key player in activating different
intracellular signal transduction pathways with a prolonged and profound
proinflammatory phenotype expression in treated cells (Bulut et al.,
2002). Moreover, the GroEL protein is an effective inducer to proliferate
human vascular smooth muscle cells and hyperinflammatory response

stimulation in animals (Sasu et al., 2001).

Bacterial T3SS engaged with a eukaryotic host and caused
conformational changes in pump action, which underpin effector
injection. T3SS mediates the delivery of bacterial effector proteins into
eukaryotic cytosol, membranes, and nuclei. Chlamydia uses a T3S system
throughout the developmental cycle to transport several effector proteins
across the inclusion and host cell plasma membrane (da Cunha et al.,
2014, Diepold and Wagner, 2014, Mueller et al., 2014, Nans et al., 2015).

1.2.8.1.6. Role of Chlamydia pneumoniae in Asthma:

Chlamydia pneumoniae has been implicated in asthma pathogenesis
and chronic inflammation responsibility when the host immune system
fails to bacteria eradication. Failure of Chlamydia pneumoniae
eradication can lead to chronic infection, where Chlamydia pneumoniae
enters a latency state in which it does not multiply and is dormant but is

viable. Chlamydia pneumoniae also seems to be able to impair the
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infected cells' apoptosis leading to inducing ciliostasis in the bronchi
(Calmes et al., 2021).

During the latency state, Chlamydia pneumoniae continues to
synthesize stress protein, a cHsp60/GroEL-1. This protein can elicit an
intense host inflammatory response at its production sites and appears

involved in scarring processes and tissue injury (von, 2002).

Chlamydia pneumoniae contributes to airway remodeling by inducing
the production of Interferon beta (IFN-B), IL-6, and Matrix
metalloproteinases (MMPs) that can promote smooth muscle cell
proliferation. Infection with Chlamydia pneumoniae also led to an
increase of immunoglobulin E (IgE), IL-4, and IFN-y and induced the
secretion of TNFa and IL-8 (Johnston and Martin, 2005, Smith-Norowitz
et al., 2020).

Early-life chlamydial lung infection results in long-lasting alterations
in hematopoietic cells, modulates immune responses, alters lung structure
and function, and increases the severity of allergic airway disease in later
life (Horvat et al., 2010, Starkey et al., 2012). Further, chlamydia-
infected non-immune mammalian cells produce proinflammatory
chemokines, growth factors, and other cellular modulators (Stephens,
2003).

Moreover, repeated infections with Chlamydia pneumoniae may
induce Thl-type and Th2-dominant cytokine responses in the airways of
neonatal mice. More significantly, this infection elicits pathogen-specific
IgE production, which differentially affects the development of key
features of allergic airway disease and asthma phenotype in the adult.

These are asthma hallmarks and further confirm the role of chlamydial
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infection in the initiation and pathology of asthma, at least in mice
(Horvat et al., 2007, Kaiko et al., 2008, Patel and Webley, 2013).

Notably, previous data suggest a link between Chlamydia pneumoniae
and asthma exacerbation. In mice with chronic and recurrent Chlamydia
pneumoniae infection, an increase in the thickness of the subepithelial
basement membrane suggestive of airway remodeling was observed
(Chen et al., 2009). The airway remodeling contributes to the thickening
of airway walls, airway narrowing, sub-phenotypes of irreversible airflow
obstruction, airway edema, bronchial hyperresponsiveness, and mucus
hypersecretion. Airway remodeling is associated with poor clinical
outcomes and increased disease severity among asthmatic
patients(Bergeron et al., 2010, Shifren et al., 2012).

Chlamydia pneumoniae has also been found to cause ciliostasis in
bronchial epithelial cells in vitro and completely abort ciliary motion
within 48 hours. A decrease in the ciliary activity of ciliated bronchial
cells produced by Chlamydia pneumoniae can contribute to both
initiation and pathogenesis of respiratory infections induced by this
pathogen. This effect of Chlamydia pneumoniae on the ciliary activity of
ciliated bronchial epithelial cells is a specific property of Chlamydia
pneumoniae. Ciliary dysfunction is closely related to asthma severity
since ciliary dysfunction is associated with a progressive decline in lung
function over time (Blasi et al., 2002, Thomas et al., 2010, Joskova et al.,
2020).

Chlamydia pneumoniae infection of human smooth muscle cells in
vitro increased the production of IL-6, basic fibroblast growth factor
(bFGF), and induced IFN-B production. These data provide a mechanism
by which chlamydial infection of smooth muscle cells elicits a cytokine
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response that may modulate inflammation and tissue remodeling during
chronic asthma (Clements et al., 2000, Rddel et al., 2001).

Several studies indicate that bacteria can induce the differentiation of
naive T cells into Th2 or Th17 cells and elicit Th2 cytokine release.
Chlamydia pneumoniae stimulates IL-4 production in peripheral blood
mononuclear cells (Smith-Norowitz et al., 2016).

Despite, Chlamydia pneumoniae entering into a state of quiescence
with intermittent periods of replication, but is still able to produce HSPs
and antigenic variation. Interestingly, the release of these effector
proteins into the host cell cytoplasm is caused by the chlamydial T3S
apparatus. This secretion system appears to remain fully functional during

chronic infection (Kern et al., 2009).

The previous meta-analysis detected the possibility of some
undetected antigens responsible for generating a cryptic IgE response in
some asthma patients with Chlamydia pneumoniae (Hahn, 2021). Four
chlamydial antigens induced Chlamydia pneumoniae-specific IgE
responses in serum (LPS, Crp A, HSP 60, and putative outer membrane
protein (POMP)). The presence of Chlamydia pneumoniae-specific IgE
antibodies in stable asthmatics (without acute airway infection) with
Chlamydia pneumoniae provides further evidence for ongoing
stimulation of allergic responses by Chlamydia pneumoniae (Smith-
Norowitz et al., 2020, Calmes et al., 2021).

In some patients with Chlamydia pneumoniae infection, the
production of specific Chlamydia pneumoniae IgE antibody may be an
underlying mechanism leading to ongoing or worsening asthma
symptoms (Smith-Norowitz et al., 2020). The specific IgE generated and

sustained by Chlamydia pneumoniae chronic infection may be one of
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several mechanisms that contribute to asthma pathogenesis (Hahn et al.,
2012).

Since IgE antibodies play a central role in allergic inflammation,
producing chlamydia-specific IgE may significantly exacerbate chronic,
allergic airway diseases. Thus, chlamydia has a direct effect on asthma
pathogenesis which, unlike most aeroallergens that a patient can avoid,
the chlamydial organisms reside in the lower airways. They are

continuously secreting bacterial antigens (Patel et al., 2012).

Mechanism of Chlamydia pneumoniae
that cause and/or exacerbate asthma

e

Elicit Th2 Can Induce Increase in the Cause Triggers an
cytokine cause of production of thickness of the ciliostasis in early pro-
release sinusitis || proinflammatory subepithelial bronchial inflammatory
i chemokines, basement epithelial signaling
bronchitis growth membrane and cells cascade
factors, and airway
cellular remodeling

Production of specific
Chlamydia pneumoniae IgE

Play significant role in the exacerbation
of chronie, allergic airway diseases

Figure (1-2): Role of Chlamydia pneumoniae in asthma (original figure)

1.2.8.1.7. Diagnosis of Chlamydia pneumoniae:

Diagnostic assays for Chlamydia pneumoniae are much needed for

iImproved patient care, a better understanding of the pathogen
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epidemiology, and appropriate use of antimicrobial therapy
(Puolakkainen, 2013).

The specific laboratory diagnosis of Chlamydia pneumoniae infection
can be made by isolating the organism from nasopharyngeal or throat
swabs, pleural fluid, or sputa (phlegm), if present. The nasopharynx is the
optimal site for the isolation of the organism (Hammerschlag et al.,
2015).

Culture is highly specific but has a long turnaround time, is technically
expensive and demanding, and its sensitivity is highly dependent on
transport conditions (Laupland and Valiquette, 2013). Chlamydia
pneumoniae cannot be propagated in cell-free media; thus, this pathogen
requires in a tissue culture. Chlamydia pneumoniae grows readily in cell
lines derived from respiratory tract tissue, specifically HL cells and
epithelial cell lines (HEp-2) (Campbell and Kuo, 2009).

Serological methods for diagnosing of Chlamydia pneumoniae
infection vary widely (Villegas et al., 2010). Chlamydia-specific IgM,
IgG, and IgA antibodies were detected with an enzyme-linked immune
assay (ELISA) and a micro-immunofluorescence (MIF) assay with
Chlamydia pneumoniae elementary bodies. The MIF is specific for
Chlamydia pneumoniae and can distinguish between recent and past
infections (Miyashita et al., 2008, Rahman and Kaltenboeck, 2019).

Antigen detection tests, such as ELISA and direct fluorescent antibody
assay, and molecular detection methods, such as PCR, may provide a
rapid diagnosis without requiring stringent transport conditions
(Smolejova et al., 2023). Still, diagnosis by the nasopharyngeal specimen,

culture, serum antibody titers, or PCR is usually delayed concerning the
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onset of symptoms, antibiotic treatment, or disease resolution (Burillo
and Bouza, 2010).

1.2.8.1.8. Treatment of Chlamydia pneumoniae:

Newer macrolides, including clarithromycin and azithromycin, have in
vitro activity against Chlamydia pneumoniae (Karnak and Beder, 2002).
Results of two pediatric multicenter pneumonia treatment studies found
that 10-day courses of clarithromycin and erythromycin and five days of
azithromycin suspension were equally productive, eradicating the
bacterium in 79-86% of the children (Gautam and Krawiec, 2022).

Quinolones (levofloxacin and moxifloxacin) also have some activity
but are less effective than macrolides or tetracyclines (Karnak and Beder,
2002). Clarithromycin therapy improves lung function in patients infected

with Chlamydia pneumoniae (Kraft et al., 2002).

Ambroxol may be a supporting drug in respiratory infections caused
by Chlamydia pneumoniae (Kokai et al., 2021). Ambroxol works to thin
down and break up phlegm and treats respiratory diseases by clearing

congestion (Melisa Puckey, 2022).

1.2.9. Pathogenesis of Asthma:

1.2.9.1. Immune Response:

Asthma is primarily an inflammatory disorder of the airways
associated with Th2 cell-dependent promotion of IgE production and
recruitment of eosinophils and mast cells (Shrestha Palikhe et al., 2021).
Asthma involves innate and adaptive immunity mediated by immune
cells (Zhu et al., 2020). Th2-polarized immune responses to harmless
airborne allergens drive allergic asthma. However, some respiratory

infections cause bronchiolitis in infancy and childhood wheezing and
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established asthma exacerbation (Wills-Karp, 2007, Hansel et al., 2013).
Fundamental to innate immune responses to microbes are the interactions
between pathogen-associated molecular patterns (PAMPS) and pattern
recognition receptors (PRRs), which are associated with the type I
interferon production, pro-inflammatory cytokines release, and the Th2
cell pathway in predisposed people (Hansel et al., 2013).

Allergen exposure activates numerous immune system cells, including
dendritic cells (DCs) and Th2 lymphocytes. DCs represent the most
potent antigen-presenting cells (APC) of the immune system that bridge
innate and adaptive immunity. DCs play a central role in initiating and
maintaining allergen-driven Th2 immune responses in the airways. DCs
in the airway epithelium and submucosa detect inhaled allergens (Kumar
et al., 2019, Morianos and Semitekolou, 2020).

Costimulation <

T Cell

%ﬁon and Diﬁm‘  —

IFNy IL4I1L-5I1L-13
TNFa IL-10 IL-6
IL-15 IL-18 IL-12 TNFa

Figure (1-3): Dendritic cells as antigen-presenting cells (Finn and Bighby,
2009)

DCs then migrate to the secondary lymphatic systems where they
process and present antigens via major histocompatibility complex class
I (MHC II) to Th-cell, leading to the differentiation of ThO to Thl or Th2
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cell types. In response to allergen presentation by DCs, Th cell control
many aspects of the disease through the secretion of different cytokines
such as IL-4, IL-5, IL-6, IL-10, IL-13, IL-15, IL-18, and IL-12
(Lambrecht and Hammad, 2013, Tai et al., 2018).

1.2.9.2. Role of Th2 Cytokines in Asthma:

Cytokines of Th2 (IL-4, IL-5, and IL-13) are thought to drive the
disease pathology of asthmatic patients and play a vital role in driving
many of the hallmarks of allergic inflammation (Georas et al., 2005,
Lloyd and Hessel, 2010). Whereas IL-4 is essential for IgE production
and allergic sensitization, and IL-5 is crucial for the survival of
eosinophils, IL-13 has pleiotropic effects in the lungs, including a major
role in the development of tissue remodeling and airway

hyperresponsiveness (Finkelman et al., 2010).

fSecondary Ilvmphoid tissue \
i 94 @&

Figure (1-4): Role of IL-4 in asthma pathogenesis (Kariyawasam et al.,
2020)
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IL-4 plays relevant roles in Th2 cell differentiation, IgE class
switching, airway inflammation, and remodeling. The differentiation of
Th2 cells derived from naive CD4+ T cell. IL-4 suppresses regulatory T
cells' immunomodulatory and tolerogenic functions, which do not allow
Th2 cell maturation and clonal expansion in non-allergic subjects
(Gandhi et al., 2016, Palomares et al., 2017, Tu et al., 2017, Komlési et
al., 2022).

IgE production by B cells requires the presence of IL-4 and a physical
interaction between T and B cells, involving several surfaces and
adhesion molecules such as CD40-CD40L and CD28/CD80. IL-4 plays
an essential role in activating mature B cells as a cofactor for LPS,
CD40L, and Ag stimulation to induce B cell differentiation, proliferation,
and Ab secretion, mainly of 1IgG1 and IgE isotypes (Froidure et al., 2016,
Novosad and Krémova, 2020).

1.2.9.3. Role of IgE in Asthma:

IgE is an antibody produced by B-cell after differentiation into plasma
cells in lymph nodes. IgE is the most potent antibody classes and can
trigger dramatic inflammatory reactions even when present in minute
amounts. Despite a half-life of only a few days, there is evidence that the
IgE response may last for years without allergen stimulation. It is likely
caused by long-lived plasma cells which produce IgE (Poulsen and
Hummelshoj, 2007, Laffleur et al., 2017).

IgE class switching in B cells is regulated by stimuli transduced by
cytokines and cell-cell contact. In addition to IL-4, IL-13 can induce
isotype switching to IgE and 1gG4 synthesis in immature human B cells.
In addition, IL-5 has synergistic effects with IL-4 in the production of

IgE. The class switch requires recombination in the Ig heavy-chain gene
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locus. Class switch to IgE occurs in the nasal mucosa in allergic rhinitis
(Takhar et al., 2007, Zhang et al., 2016, Lambrecht et al., 2019).

AT first exposure, allergens are presented to T-cells by APCs. T-cells
then signal for B-cell stimulation to produce IgE antibodies. Once IgE is
released into the circulation, it binds to a high-affinity IgE receptor
(FceRI) located on the surface of effector cells (basophils, mast cells)
(Rosado Ingelmo et al., 2016, Palomares et al., 2017, Eckl-Dorna et al.,
2019).
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Figure (1-5): Role of IgE in asthma pathogenesis (Eckl-Dorna et al.,
2019)

At second exposure to the same allergen, the free antigen induces the
crosslinking of these mast cells and basophil-attached IgE antibodies.
These interactions trigger effector cell activation, releasing potent
inflammatory  mediators  (histamine,  prostaglandin,  cytokines,
leukotrienes,  platelet-activating  factors, tryptase, = macrophage

inflammatory proteins, etc.), recruitment of inflammatory cells, antigen
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presentation, and production of allergen-specific antibody responses

(Karagiannis et al., 2015, Rosado Ingelmo et al., 2016).

As a result, there is increased vascular permeability, peripheral
vasodilation, and smooth muscle contraction, which can manifest in
increased bronchospasm, mucous secretions, congestion, sneezing,
wheezing, cough, runny nose, conjunctivitis, dyspnoea, and chest

tightness (Palomares et al., 2017).
1.2.10. Interleukin-4:

IL-4 is a cytokine produced by Th2 cells, basophils, mast cells, and
eosinophils. The first report on IL-4 was in 1982. This cytokine is a
multifunctional cytokine and has an essential regulator of inflammation.
IL-4 mediates essential pro-inflammatory functions in asthma, including
differentiation of Th2 cells leading to cytokine release, induction of the
IgE isotype switch, promotion of eosinophil transmigration across the
endothelium, expression of vascular cell adhesion molecule-1, and mucus
secretion. IL-4 regulates T cell activation, proliferation, differentiation,
and survival of different T cell types. IL-4 also immunomodulates B
cells, macrophages, mast cells, and many cell types (Paul, 2015, Dong et
al., 2018, Quinnell et al., 2020, Pelaia et al., 2022)

IL-4 is considered an essential cytokine for tissue repair, anti-parasitic,
wound healing, and counterbalancing the effects of proinflammatory type
1 cytokine. IL-4 cytokine also has been reported to promote the resolution
of neutrophil-mediated acute lung injury (Information, 2022). Further, IL-
4 activates the Janus kinase/signal transducer and activator of
transcription (JAK/STAT) signaling cascades, which may contribute to
allergic responses (Seif et al., 2017).
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Human IL-4 has a molecular weight that forms between 15,000 and
19,000 daltons (Le et al., 1988). IL-4 mediates its functions by binding to
its receptor expressed on target cells. IL-4 receptor exists on freshly
prepared B and T cells, macrophages, and other cell lines, including
lymphoid cells, mast cells, various hematopoietic cell lines, stromal cell
lines, and fibroblast (Gadani et al., 2012, Junttila, 2018).

The human IL-4 gene is found on the long arm of chromosome 5 at
5023.3-31.2. This gene consists of 4 exons spanning 10 kb. The IL-4 gene
displays several cell-specific regulatory sequences in its promoter, which
explain its restricted secretion pattern to activated T cells and mast cells.
Genetic variation in IL-4 may be associated with the development of
asthma. Polymorphisms in the IL-4 gene might confer susceptibilities to
and modulate the severity of atopy and asthma (Beghé et al., 2003,
Tindall et al., 2010, Sun et al., 2017).

1.2.11. Single Nucleotide Polymorphisms (SNPs) in Asthma:

Polymorphism is a variation in the DNA sequence, which includes
differences in genotypes ranging in size from a single nucleotide site to
large nucleotide sequences visible at a chromosomal level (Information,
2005).

Single nucleotide polymorphisms (SNPs) are DNA sequence
variations that happen when a single nucleotide in the genome sequence
is altered (Morgil et al., 2020).

SNPs can be essential in establishing ancestries and identifying genes
involved in complex diseases. They are responsible for genetic effects
that produce susceptibility to most autoimmune diseases. There are at

least 3.1 million SNPs in the human genome, or about 1 SNP per kilobase
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of sequence. Population frequencies of many polymorphic genes depend
on race or ethnic specificity (Bell, 2002, Consortium, 2007, Ferguson et
al., 2007).

SNPs might be found in both coding and non-coding regions of DNA
sequences. Gene-coding regions can lead to changes in the biological
properties of the encoded protein. In contrast, SNPs in non-coding gene
regulatory regions may affect gene expression levels in an allele-specific

manner (Ramirez-Bello and Jiménez-Morales, 2017).
1.2.11.1. Detection of SNPs:

Methods to distinguish and detect SNPs should be highly specific and
sensitive PCR-based methods. SNP detection is broadly categorized into
two types- one type is a polymorphic allele-directed specific analysis
using primers matched with substituted nucleotide or oligonucleotides to
block or clamp the non-targeted template such as allele-specific PCR,
RFLP, and AFLP. The second type is melting curve analysis, combined
with real-time PCR techniques using hydrolysis probes, hybridization
probes, or double-stranded DNA-binding fluorescent dyes (Matsuda,
2017). Furthermore, probe-based PCR is widely used for SNP genotyping
and pathogen nucleic acid detection due to its simplicity, sensitivity, and
cost-effectiveness; this technique is named Multiplex Probe
Amplification (Fu et al., 2012).

PCR-RFLP is a relatively inexpensive method for genotyping SNP,
allows rapid detection of point mutations after PCR amplifies the
genomic sequences, and it is a simple, economical method without the
need for special equipment (Zhang et al., 2005, Xiao et al., 2006, Ota et
al., 2007).
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1.2.11.2. Application of SNPs:

SNPs are essential for studying the human genome and can affect
biological and therapeutic phenotypes (Drysdale et al., 2000, Fucharoen,
2007). The association of these genes with person-to-person differences
in drug effectiveness (resistance or hypersensitivity) and drug toxicity
may also depend on the ethnic or racial characteristics of a population. In
addition, SNPs mapping is the simplest and most reliable way to map
genes because SNPs are highly dense and usually have no phenotype
association, making them ideal markers for mapping (Davis and
Hammarlund, 2006).

Further, SNPs were used for genetic epidemiology studies to scan for
new polymorphisms and to determine the allele(s) of a known
polymorphism in target sequences (Schork et al., 2000, Kwok and Chen,
2003). Moreover, SNPs have shown massive potential in gene cloning
and functional genomics (Liu and Zhang, 2006). Additionally, SNPs are a
considerable source of mutation data for the development of molecular
genetic markers in non-model species, with shared ancestral SNPs
showing application within closely related species (Coates et al., 2011).
SNPs can be applied to identifying oncogenes, cancer predisposition
genes, and tumor suppressor genes in specific types of tumors (Mao et
al., 2007).

1.2.11.3. Interleukin-4 C-589T Polymorphism:

The IL-4 gene on chromosome 5g31.1 encodes IL-4, a polyfunctional
cytokine produced by activated T cells, type 2 innate lymphoid cells, and
mast cells, which are involved in adaptive immunity. Several studies
suggested that the -589T allele in rs2243250 is associated with increased

serum or plasma IL-4 levels and is linked to total serum IgE levels.
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Recently, the IL-4 -589T allele was associated with probable asthma,
rhinitis, and atopy in a cohort of infants at risk for allergic disease. In
addition, the IL-4 -589T allele was associated with lower FEV1 values in
a population of white subjects with asthma. These data suggest that the -

589T polymorphism may influence asthma severity (Zhu et al., 2021).

Genetic variants in the IL-4 promoter can modify IL-4 gene
transcription; these sequence variants can modify asthma severity. The
influence and importance of IL-4 C-589T polymorphism is a single
nucleotide polymorphism located within cytokine gene promoter
regulatory sequences (Chiang et al., 2007); the promoter mutation is
known to cause functionally essential consequences for gene expression.
Although promoter mutation analysis is complex, challenging to perform,
and often laborious, it is an essential part of diagnosing disease caused by
promoter mutations and improves understanding of the role of

transcriptional regulation in human disease (De Vooght et al., 2009).
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2. Material and Methods:
2.1. Subjects and Study Design:

2.1.1. Subjects:

This study included consecutive asthmatic children attending the asthma
clinic at Karbala Teaching Hospital for Children in the period extending
from January 2022 to May 2022. All children had the European Respiratory
Society/American Thoracic Society criteria for asthma (Chaplin, 2020). In
this study, 79 asthmatic children had visited the clinic regularly and received
regular treatment with either inhaled corticosteroids or montelukast, while
eight patients were newly diagnosed. Their ages ranged from (1-16) years
old. The control groups (87 person) included children of the same ages and

sex of the patients randomly selected from the local community.

2.1.2. Inclusion and Exclusion Criteria:

2.1.2.1. Inclusion Criteria: Children were diagnosed with asthma at the
asthma clinic of Karbala Teaching Hospital for Children, either newly

diagnosed or on controller therapy.

2.1.2.2. Exclusion Criteria: Patients with liver disease, HBV and HCV

infection, current acute infection (tuberculosis and other lung diseases),

cardiopulmonary failure, and primary immune dysfunction.
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2.1.3. Study Design: This case-control study was performed on 174
subject enrolled. However, after performing IgE tests, persons with IgE <
100 IU/ml were excluded (41 persons) because this study was designed for
IgE-mediated asthma, and 100 IU/ml is the cut-off value of a positive IgE
level. This study involved 87 asthmatic children with high total IgE (57 male
and 30 female) and 87 non-asthmatic children (48 male and 39 female). The
non-asthmatic children (control) had the age and sex of asthmatic children.

The study design enrolled in this study is shown in Figure (2.1).

2.2. Ethical and Scientific Approval:

1. Ethical approval was obtained from the Ethical committee in Babylon

medical college and the relevant ethical committee in the health directorate.

2. Verbal concent was obtained from patients and/or their parents prior to

sampling.

3. Health measures and safety have been taken when sampling.

2.3. Data Collection:

Demographic and clinical data were collected through an interview

conducted with patients and/or their parents through a questionnaire.

Socio-demographic and observed data: sex, age, weight, height, address,

family history of asthma or another allergic disease, exposure to smoking,
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presence of domestic and/or pet animal in the house, personal history of

atopy, and triggers of asthma.

2.3.1. Questionnaire:

Questionnaires were designed to search from the children at Kerbala
Teaching Hospital for Children and the Research Committee, taking the
international and local standards into account, for collecting data from
children with asthma and non-asthmatic children and /or their parent.

(Appendix | and Appendix I1).

Types of Treatment: Doctors prescribed two main types of treatment:

montelukast and inhaled corticosteroids.

Asthma Severity and Control: The degree of asthma severity and
control were identified based on the international standards diagnosed in the
NAEPP/EPR 3 Guidelines (Program, 2007) by the specialist paediatrician.

2.4. Collection of Specimens:

Approximately three ml of venous blood were drawn from each
participant. One ml of blood was dispensed into an EDTA tube for the
molecular tests. Two ml of blood was dispensed into a gel tube and allowed
to clot. Then serum was separated by centrifugation at 3000 rounds per
minute (rpm) for 15 minutes. Then the serum was separated and transferred
to four Eppendorf tubes and stored in deep freeze (-20°c) to be used for

immunological assays.
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2.5. Materials:

2.5.1. Equipment and Instruments: The present study used the

following Equipment and instruments (tables 2-1)

Table (2-1): Equipment and Instruments used in the Presented Study

Equipment and Instruments Manufacturing Company | Country
Autoclave Hirayama HVE-50 Japan
Biophotometer plus Eppendorf Germany
Centrifuge Hettich Germany
Cooling centrifuge (universal 320 R) | Hettich Korea
Electronic balance Sartorius Japan
ELISA Devices (washer & reader) Human Germany
Gel Electrophoresis VG-SYS Vari-gel MAXI United

System Kingdom
Gel documentation Biometra Germany
Incubator Binder Germany
Refrigerator Philipp Kkirsch Germany
Thermal and gradient thermal cyclers | Biometra Germany
Thermomixer comfort Eppendorf Germany
U.V PCR cabinet Chroma Spanish
Vortex Clay adams Germany
Water distillatory GFL Germany

Table (2-2): Equipment and Instruments with their Country of Origin

Equipment and Instruments

Country

Cold medical box

China
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Cylinders (250,500 ml) Germany
EDTA tube China
Eppendorf tube (0.5 ml & 1.5 ml) China
Filter paper China
Filter Tips for PCR (100 pl & 200 pl) China
Flasks (different size) China
Gel and Clot Activator Tube China
Gloves China
Micropipettes (different size) Japan
Tips (Yellow & Blue) China

2.5.2. Chemicals and Biological Materials: Table (2-3) showed the

chemicals and biological materials used in the current study.

Table (2-3): Chemicals and Biological Materials used in the Current

(Slillﬁ:icals and biological materials | Manufacturing Company | Country
Agarose Promega USA
Ethidium bromide Promega USA
Ethanol Ghadeerlab Iraq
Proteinase K Elabscience USA
TBE Buffer 10X Promega USA
Water, nuclease free Promega USA
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2.6. ELISA Kit: several kits used in this study as the following tables.

Table (2-4): ELISA Kits used in the Study

Type of ELISA Kit Manufacturing Company | Country
Human Chlamydia pneumoniae 1gG SUNLONG China
Human Chlamydia pneumoniae IgE SUNLONG China
Human serum IL-4 Elabscience USA
Total serum IgE AccuBind USA

2.6.1. ELISA Kit Content of Total Serum IgE: It was listed in the

table 2-5.

Table (2-5): ELISA Kit for Detection of Human Total Serum IgE

Components Format
1. Antibody-coated micro plate wells 12x8
2. Biotin reagent 1x13 ml
3. Calibrator 1 0 1U/ml (IgE. Human) 1x1.0 mi
4. Calibrator 2 5 IU/ml (IgE. Human) 1x1.0 ml
5. Calibrator 3 25 1U/ml (IgE, human) 1x1.0 ml
6. Calibrator 4 50 IU/ml (IgE, human) 1x1.0 mi
7. Calibrator 5 150 1U/ml (IgE, human) 1x1.0 ml
8. Calibrator 6 400 1U/ml (IgE, human) 1x1.0 mi
9.Chromogen A/substrate solution TMB/H202 1x7 ml
10.Chromogen B/substrate solution TMB/H202 1x7 ml
11. Enzyme conjugate horse radish peroxidase (HRP) 1x13 ml
12. Stop solution 1x8 ml
13. Wash buffer 50x concentrated 1x20 ml
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2.6.2. ELISA Kit Content of Serum IL-4: It was listed in table 2-6

Table (2-6): ELISA Kit for Detection Serum IL-4

Components Format
1. Micro ELISA Plate (Dismountable) 96T: 8 wells X 12 strips
2. Reference standard 2 vials
3. Concentrated Biotinylated detection Ab (100x) 120 pl
4. Concentrated HRP conjugate (100x) 120 pl
5. Reference standard & sample diluent 20 ml
6. Biotinylated detection Ab diluent 14 ml
7. HRP conjugate diluent 14 ml
8. Concentrated Wash Buffer (25x) 30 ml
9. Substrate Reagent 10 ml
10. Stop solution 10 ml
11. Plate Sealer 5 pieces

2.6.3. ELISA Kit Content of Human Chlamydia pneumoniae
IgG: It was listed in table 2-7

Table (2-7): ELISA Kit for Detection Human Chlamydia pneumoniae
1gG

Components Format
1. Closure plate membrane 2
2. Microelisa stripplate 1
3. Reference standard 270 ng/L 0.5mlx1 bottle
4. Standard diluent 1.5mix1 bottle
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5. HRP-Conjugate reagent 6mlix1 bottle
6. Sample diluent 6mlix1 bottle
7. Chromogen Solution A 6mlix1 bottle
8. Chromogen Solution B 6mlix1 bottle
11. Stop solution 6mlix1 bottle
12. Wash Solution 20ml (30X)x1bottle

2.6.4. ELISA Kit Content of Human Chlamydia pneumoniae
IgE: It was listed in table 2-8

Table (2-8): ELISA Kit for Detection Human Chlamydia pneumoniae
IgE

Components Format
1. Closure plate membrane 2
2. Microelisa stripplate 1
3. Reference standard 90 ng/L 0.5mlx1 bottle
4. Standard diluent 1.5mlx1 bottle
5. HRP-Conjugate reagent 6mlix1 bottle
6. Sample diluent 6mlix1 bottle
7. Chromogen Solution A 6mlix1 bottle
8. Chromogen Solution B 6mlix1 bottle
11. Stop solution 6mix1 bottle
12. Wash Solution 20ml (30X)x1bottle
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2.7. DNA Extraction Kit: The contents were mentioned below

Table (2-9): DNA Extraction Kit

DNA extraction kit contents

Volume | Manufacturing Company | Country

RBC lysis buffer

135 ml

FATG buffer

30 mi

FABG buffer

40 ml

W1 buffer

45 ml

Wash buffer (concentrate)*

25 ml Favorgen Taiwan

Elution buffer

30 mi

FABG mini column

100 pcs

Collection tube

200 pcs

User manual

1

* Once used, 100 ml of (96-100%) ethanol was added to the wash buffer.

2.7.1. Polymerase Chain Reaction Kits:

Table (2-10): Reagent and Equipment Required for PCR

Reagent and Equipment of PCR Volume Company Country

GoTag® G2 Master Mixes 2%x1.25ml

Nuclease free water 2x1.25ml Promega USA

IL-4 forward primer 30 nmol Macrogen Korea

IL-4 reverse primer 30 nmol

Ladder 100 bp 0.1mlx5ea | SolGent Korea

Loading dye 1ml SolGent Korea
()
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2.7.2. Restriction Enzyme Kits: It was listed on table 2-11

Table (2-11): Restriction Enzyme Kits

Restriction enzyme kits contents Volume | Company | Country

BslF I (Bacillus stearothermophilus FI) | 100 unit

Buffer of BsIF | 1x SE | Sibenzyme Russia
BSA 100 pl

2.8. Methodes:

2.8.1. ELISA

2.8.1.1. Measurement of Total Serum IgE

Serum was analysed to determine the total IgE concentration by
Combiwash Max-Planck-Ring 21 automated immunoassay analyzer
(Human, Germany) using AccuBind total IgE ELISA kit (LOT NO.
25K1D1).

2.8.1.1.1. The Principle of the Test:

In this Sandwich-ELISA, immobilization occurs during the interaction
of streptavidin-coated on the well and exogenously added biotinylated
monoclonal anti-IgE antibody at the surface of a microplate well. Upon
mixing a monoclonal biotinylated antibody, and a serum containing the
native antigen, reaction results between the native antigen and the antibody,
forming an antibody-antigen complex. Then a second incubation was carried
out using an enzyme-labelled anti-human IgE (enzyme conjugate). The

addition of substrate would catalyse a colour reaction. After that, a stop
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solution would stop the reactions. Finally, IgE concentration was measured

by the calibration curve at a wavelength of 450 nm.
2.8.1.1.2. Procedure of the Test:

1- Sample incubation: 25 ul of the appropriate serum reference calibrator,

control, or specimen into the assigned well.

2- One hundred pl of the IgE Biotin reagent was added to each well and

allowed to incubate for 30 min at room temperature.
3- Automatic wash was done three times with 350 pl of wash buffer.

4- One hundred pl of enzyme conjugate was added to each microplate well

and left for 30 minutes at room temperature.
5- Automatic wash was done three times with 350 pl of wash buffer.

6- One hundred pl of the working substrate (50 pl from substrate A and 50
ul from substrate B) was added to each microplate and left for 15 min at

room temperature.
7- Fifty pl of stop solution was added to each micro plate well.

8- Photometric measurement was done at 450 nm within 30 min of adding

the stop solution.
2.8.1.1.3. Interpretation of Result:

1- The average absorbance value (450) was calculated for each set of
reference standards and samples.
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2- A standard curve was constructed by plotting the mean absorbance
obtained for each reference standard against its concentration in IU/mL on
graph paper, with concentration on the horizontal or X-axis and absorbance

on the vertical (y) axis.

3- The mean absorbance value was used for each sample to determine the

corresponding concentration of IgE in IU/mL from the standard curve.
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Figure (2-2): standard curve of total serum IgE in the present study
2.8.1.2. Measurement of Serum IL-4:

Serum IL-4 concentration was measured by Combiwash Max-Planck-
Ring 21 automated immunoassay analyzer (Human, Germany) using
Elabscience ELISA kit (LOT NO. 39CE12C5TF).

2.8.1.2.1. Principle of Test:

Sandwich-ELISA principle was used in this test, in which the

microplate well had been pre-coated with an antibody specific to Human IL-
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4. Samples and standards were added to the microtiter wells and combined
with the specific antibody. Afterward, a biotinylated detection antibody
specific for Human IL-4 and Avidin-Horse Radish Peroxidase (HRP)
conjugate was added successively to each microtiter well and incubated free
components were washed away. After that, substrate solution was added to
each well and incubated. Finally, the enzyme-substrate reaction was
terminated by adding a stop solution, and the color turned yellow. The IL-4
concentration was measured using the standard curve at 450 nm £ 2 nm

wavelength.
2.8.1.2.2. Procedure of the Test:

1- The standard was centrifuged at 10,000 rpm for 1 min. One mL of
Reference Standard &Sample Diluent was added and allowed to stand for 10
min. The Reference Standard &Sample Diluent was inverted several times
gently. After it dissolved fully, it was mixed thoroughly with a pipette. This

reconstitution produces a working solution of 2000 pg/mL.

Dilution method: 7 Eppendorf tubes were taken, and 500uL of Reference
Standard & Sample Diluent was added to each tube. Five hundred uL of the
2000 pg/mL working solution were pipetted to the first tube and mixed up to
produce a 1000 pg/mL working solution. Five hundred uL of the solution
from the former tube was pipetted into the latter according to this step. Serial
dilutions were made as follows: 2000, 1000, 500, 250, 125, 62.5, 31.25, 0
pg/mL.

2- Sample incubation: 100 ul of standard or sample was added to each well

and incubated for 90 min at 37°C.
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3- The liquid was removed without a wash.

4- One hundred ul of Biotinylated Detection Ab was added and incubated
for 60 min at 37°C, then aspirated and washed three times with 350 ul of

wash buffer.

5- One hundred pul of HRP Conjugate was added and incubated for 30 min at
37°C, then aspirated and washed five times with 350 pl of wash buffer.

6- Ninety ul of Substrate Reagent was added and incubated for 15 min at
37°C.

7- Fifty ul of Stop Solution was added and read at 450 nm immediately.
2.8.1.2.3. Interpretation of Result

1- A four-parameter logistic curve was plotted on log-log graph paper, with

optical density values on the y-axis and standard concentration on the x-axis.

2- The concentration calculated from the standard curve must be multiplied
by the dilution factor if the samples have been diluted. If the sample's optical
density surpasses the standard curve's upper limit, it should re-test with

appropriate dilution.

3-The actual concentration was the calculated concentration multiplied by

the dilution factor.
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Figure (2-3): standard curve of IL-4 in this study

2.8.1.3. Measurement of Human Chlamydia pneumoniae 1gG

Serum was analysed to determine the concentration of human Chlamydia
pneumoniae 1gG by Combiwash Max-Planck-Ring 21 automated
immunoassay analyzer (Human, Germany) using SUNLONG human
Chlamydia pneumoniae 1gG ELISA kit (LOT NO. 20220426).

2.8.1.3.1. The Principle of the Test:

This kit used a Sandwich-ELISA principle. The microplate well provided
in this kit has been pre-coated with an antigen specific to Chlamydia
pneumoniae 1gG. Standards or samples were added to the appropriate micro-
ELISA strip plate wells and combined with the particular antigen.
Afterward, a Horseradish Peroxidase (HRP)-conjugated antigen-specific for
Chlamydia pneumoniae 1gG was added to each micro-ELISA strip plate and

incubated. Free components were washed away. Then, the TMB substrate
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solution was added to each well. Only those wells containing Chlamydia
pneumoniae IgG and HRP conjugated Chlamydia pneumoniae antigen will
appear blue and then turn yellow after adding the stop solution. Finally, the
optical density is measured spectrophotometrically at a wavelength of 450

nm.
2.8.1.3.2. Procedure of the Test:

1. The standard was diluted by small tubes, as in the table below.

Table (2-12): Standard Dilution of Chlamydia pneumoniae 1gG ELISA
Kit

180ng/L | Standard No.1 | 300ul Original Standard + 150ul Standard

diluents

120ng/L | Standard No.2 | 300ul Standard No.1 + 150ul Standard diluents

60ng/L Standard No.3 | 150ul Standard No.2 + 150ul Standard diluent

30ng/L Standard No.4 | 150ul Standard No.3 + 150ul Standard diluent

15ng/ Standard No.5 | 150ul Standard No.4 + 150ul Standard diluent

2. Dilution of the sample: 40ul Sample dilution buffer and 10ul sample were
added.

3. The standards and samples were added to each well of the micro-ELISA
strip plate, left a well empty for blank control, then mixed well with gentile
shaking.

4. The micro-ELISA strip plate was incubated for 30 min at 37°C, then was
aspirated and washed five times with 350 pl of wash buffer.
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5. Conjugate incubation: 50 ul of the HRP-Conjugate reagent was added to

each well except for the blank control well.

6. The micro-ELISA strip plate was incubated for 30 min at 37°C, then was

aspirated and washed five times with 350 pl of wash buffer.

7. Coloring: 50 ul Chromogen Solution A and 50 pul Chromogen Solution B
was added to each well, were mixed with gently shaking, and were

incubated at 37°C for 15 minutes.

8. Termination: 50 pl stop solution was added to each well to terminate the

reaction.

9. Read absorbance: optical density was read at 450 nm using a microtiter

Plate Reader.
2.8.1.3.3. Interpretation of Result:

1. Known concentrations of Human Chlamydia pneumoniae IgG Standard
and its corresponding reading optical density were plotted on the log scale

(x-axis) and the log scale (y-axis), respectively.

2. Human Chlamydia pneumoniae IgG concentration in the sample was

determined by plotting the sample’s optical density on the Y-axis.

3. The original concentration was calculated by multiplying the dilution
factor.
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Figure (2-4): standard curve of Human Chlamydia pneumoniae 1gG in this

study
2.8.1.4. Measurement of Human Chlamydia pneumoniae IgE

Serum was analysed to determine the concentration of human Chlamydia
pneumoniae IgE by Combiwash Max-Planck-Ring 21 automated
immunoassay analyzer (Human, Germany) using SUNLONG human
Chlamydia pneumoniae IgE ELISA kit (LOT NO. 20220426).

2.8.1.4.1. The Principle of the Test:

This kit used a Sandwich-ELISA principle. microplate well provided in
this kit has been pre-coated with an antigen specific to Chlamydia
pneumoniae IgE. Standards or samples were added to the appropriate micro-
ELISA strip plate wells and combined with the particular antigen.
Afterward, a Horseradish Peroxidase (HRP)-conjugated antigen-specific for
Chlamydia pneumoniae IgE was added to each micro-ELISA strip plate and

incubated. Free components were washed away. Then, the TMB substrate
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solution was added to each well. Only those wells containing Chlamydia
pneumoniae IgE and HRP conjugated Chlamydia pneumoniae antigen will
appear blue and then turn yellow after adding the stop solution. Finally, the
optical density is measured spectrophotometrically at a wavelength of 450

nm.
2.8.1.4.2. Procedure of the Test:

1. The standard was diluted by small tubes, as in the table below.

Table (2-13): Standard Dilution of Chlamydia pneumoniae IgE ELISA
Kit

60 ng/L | Standard No.1 | 300ul Original Standard + 150ul Standard diluents

40 ng/L | Standard No.2 |300ul Standard No.1 + 150ul Standard diluents

20 ng/L | Standard No.3 | 150ul Standard No.2 + 150ul Standard diluent

10 ng/L | Standard No.4 | 150ul Standard No.3 + 150ul Standard diluent

5ng/L Standard No.5 | 150ul Standard No.4 + 150ul Standard diluent

2. Dilution of the sample: 40ul Sample dilution buffer and 10ul sample were
added.

3. The standards and samples were added to each well of the micro-ELISA
strip plate, left a well empty for blank control, then mixed well with gentile

shaking.

4. The micro-ELISA strip plate was incubated for 30 min at 37°C, then was

aspirated and washed five times with 350 pl of wash buffer.
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5. Conjugate incubation: 50 ul of the HRP-Conjugate reagent was added to

each well except for the blank control well.

6. The micro-ELISA strip plate was incubated for 30 min at 37°C, then was

aspirated and washed five times with 350 pl of wash buffer.

7. Coloring: 50 ul Chromogen Solution A and 50 pul Chromogen Solution B
was added to each well, were mixed with gently shaking, and were

incubated at 37°C for 15 minutes.

8. Termination: 50 pl stop solution was added to each well to terminate the

reaction.

9. Read absorbance: optical density was read at 450 nm using a

spectrophotometry.
2.8.1.4.3. Interpretation of Result:

1. Known concentrations of Human Chlamydia pneumoniae IgE Standard
and its corresponding reading optical density were plotted on the log scale

(x-axis) and the log scale (y-axis), respectively.

2. Human Chlamydia pneumoniae IgE concentration in the sample was

determined by plotting the sample’s optical density on the Y-axis.

3. The original concentration was calculated by multiplying the dilution

factor.
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Figure (2-5): standard curve of Human Chlamydia pneumoniae IgE in this

study

2.8.2. Molecular Procedure Steps:

2.8.2.1. DNA Extraction:

The genomic DNA was extracted from the nucleated cells of study
groups under the aseptic condition and according to the protocol of

FavorPrep™ Blood/ cultured cells genomic DNA, Favorgen, Taiwan.
2.8.2.1.1. DNA Extraction Procedure:

1. The blood sample was mixed thoroughly at room temperature for at least

10 minutes.

2. Twenty ul of Proteinase K (PK) solution was dispensed into a 1.5ml

microcentrifuge tube.
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3. Two hundred pl of blood was added to the tube containing the PK

Solution, briefly mixed, and incubated for 15 min at 60 °C

4. Two hundred pl of FABG Buffer 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 for 15 minutes.

6. While the blood sample was incubating, elution buffer was preheated at
70°C.

7. Two hundred pl of ethanol (96~100%) was added to the sample and

mixed by vortex for 10 seconds.

8. A FABG column was placed into an empty collection tube. Then, the

sample mixture was transferred carefully to FABG Column.

9. The FABG Column was caped and centrifuged for 1 minute at maximum
speed. Then, the collection tube containing flow through was removed, and

the liquid was discarded as hazardous waste.

10. The binding column was placed into a fresh collection tube, then 400ul
of W1 buffer was added to the column, and centrifuged for 30 seconds at

maximum speed.

11. The collection tube containing the flowthrough was removed, and the
liqguid was discarded. Then, the FABG Column was put back into the

collection tube.

12. Six hundred pl of wash buffer was added to the FABG Column,
centrifuged for 30 seconds at maximum speed, and then centrifuged for an

extra 3 minutes at maximum speed.
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13. The FABG Column was placed in a clean 1.5ml microcentrifuge tube.

14. One hundred pl of preheated elution buffer was added to the column and
incubated at 37 °C for 10 minutes. Then, centrifuged for 60 seconds at

maximum speed.

15. The FavoroPrep™ Binding Column was discarded, and the eluate stored
in -20°C until used.

2.8.2.1.2. Detection of DNA Extraction Efficiency,

Concentration, and Purity:

The extracted genomic DNA was checked by using a nanodrop, which
measures the concentration of DNA by reading the absorbance at (260 /280

nm).
2.8.2.2. PCR Preparation:

2.8.2.2.1. Preparation 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 ul of 100 pmol/ul with 90 ul of
deionized distilled water to form 100 pl of 10 pmol/pl.

2.8.2.2.2. Preparation of TBE 1 X Buffer Solution:

One hundred ml of 10 X TBE buffer was dissolved in 900 ml of water
to form 1X of TBE buffer.
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2.8.2.2.3. Polymerase Chain Reaction Protocol:

The polymorphism of IL-4 C589T gene promoter was identified by
restriction fragment length polymorphism PCR (PCR-RFLP) method.

Restriction fragment length polymorphism (RFLP) detect SNPs by use
restriction enzyme. Restriction endonuclease are enzyme that cut DNA into
short pieces. Each restriction enzyme targets different nucleotide sequence
in a DNA strand and therefore cuts at different sites (Mesh, 2019).

Table (2-14): The Specific Primers and their Sequences

Primer Sequences Product Size | Reference

F: 5-TGG GTA AGG ACC TTA

IL-4 C-589T | TGG ACC-3 198 (Chiang et
R: 5-GGT GGC ATC TTG GAA al., 2007)
ACT GT-3

2.8.2.2.4. PCR Master Mix Preparation:

PCR master mix preparation was done according to promega protocol
(Go Tag®Promega Green Master Mix, LOT: 0000319290) (as shown in the
table 2-14). The addition of PCR master mix components was done in U.V

PCR cabinet to prevent contaminations by nucleic acid.

Table (2-15): Protocol of PCR Mixture

Component Volume in a 25 pl reaction
Go Tag®Promega Green Master Mix 2x 12.5 ul
Forward primer (10 pmol) 1ul
Reverse primer (10 pmol) 1ul
Template DNA 4 ul
Nuclease Free water 6.5 ul
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2.8.2.2.5. PCR-Running Conditions:

PCR thermo cycling reaction for each gene was done by using
convention PCR thermal cycler system. The running conditions were
according to a previous study (Chiang et al., 2007) (as shown in the table 2-
16).

Table (2-16): PCR Thermo Cycling Condition for IL-4 C-589T Gene
Polymorphism Detection

Step Temperature Time Number of cycles
Initial Denaturation 94°C 6 Minutes
Denaturation 94°C 15 Seconds
Annealing 60°C 30 Seconds 35 cycles
Extension 72°C 30 Seconds
Final Extension 72°C 5 Minutes
Hold 4°C o0

2.8.2.2.6. Restriction Enzyme Preparation:

BslF I, sibenzyme:

This enzyme recognizes a sequence 5-GGGAC(N)10...3-, 3-
CCCTG(N)14....5- of IL-4 C-589T gene . After PCR cycles had finished,
one units of enzyme was added to 7.5 pl of IL-4 PCR prodect with 1 pl of
enzyme buffer and 0.1 pl of BSA, then incubated for 2 hours in 37 C.
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Forword primer

I

TGGGTAAGGACCTTATGGACCTGCTGGGACCCAAACTAGGCCTCACC
Site of cutting
TGATACGACCTGTCCTTCTCAAAACACCTAAAICTTGGGAGAACATIG

Lo

AGTGCTGGGGTAGGAGAGTCTGCCTGTTATTCTGCCTCTAT

GCAGAGAAGGAGCCCCAGATCAGCTTITCCATGACAGGACAGTTTCC

AAGATGCCACC <— Reverse primer

Figure (2-6): Site of Restriction Enzyme
3.8.2.2.7. Gel Electrophoresis:

A- Preparation of Gel Electrophoresis:

To prepare 1.5% agarose gel, one and a half grams of agarose powder
was dissolved in 100 ml of TBE buffer in final concentration 1X and PH 8.
This mixture was placed in a water bath until boiling at 100 ° C to dissolve all
agarose particles and allowed to cool at 50¢c. Then ten pl (final
concentration 0.5 pg /ml) of ethidium bromide was added. The agarose-
ethidium bromide solution was poured into the gel tray of the electrophoresis
apparatus containing the combs, and the two ends of the gel tray were
sealed. The agarose was allowed to solidify at room temperature for 10 min.

The seal and the combs were removed gently from the tray.

The gel tray was fixed in the electrophoresis chamber, and 1X TBE

buffer was added to the electrophoresis chamber until the surface of the gel
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was covered. The electrodes were attached to the power supply then the DC

power was turned on. Finally, the voltage was set at 70 volts for 90 minutes.
B-Agarose Gel Documentations:

The amplified PCR products and restriction enzyme products of IL-4 was
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 of the samples were equal to the target product size for 1L-4 198 bp.

The result of IL-4 restriction enzyme products were distinguished when
the DNA band of the sample separated into two bands with a length of 120
bp and 78 bp for the CC genotype, three bands with lengths of 198, 120, and
78 bp for the CT genotype, while only one band with a length 198 bp in TT
genotype (DNA band was not separated).

2.9. Statistical Analysis:

Data was introduced into IBM SPSS Statistics Version 21 (San Diego,
California, USA) for statistical analysis, while the figures constructed by
EXCEL program of Microsoft Office 2010 (GraphPad prism Microsoft).

The results were expressed as Mean = standrad deviation (SD).
Comparisons between the two mean were performed using the T-test, while
ANOVA was used to compare among mean. Kruskal Wallis Test is a non-
parametric test used to compare the median + Interquartile Range (IQR)
when the p-value of Levene's test was less than 0.05. A p-value of <0.05

indicates the statistical significance and is highly significant if the p-value is
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<0.001. Chi-square (x™?) is used to compare two categorical variables. In
addition, the Pearson correlation was used to explain the relation between

IL-4 levels with total serum IgE levels.

Genotypes of IL-4 C-589T were presented as percentage frequencies, and
one-tailed assessed significant differences between their distributions in
asthmatic patients and controls“s exact probability (P). In addition, the odds
ratio (OR) was also estimated to define the association between a genotype

with the disease.

Direct gene counting methods calculated allele frequencies of genes. At
the same time, a significant departure from Hardy-Weinberg equilibrium
(HWE) was estimated using the HWE calculator for two alleles, which is
available on the online OEGE - Online Encyclopedia for Genetic

Epidemiology studies http://www.oege.org/software/hwe-mr-calc.shtml.

2.10. Hardy Weinberg Equilibrium (HWE):

Testing for HWE is commonly used as a quality control filter in genome-
wide scans for markers with experimentally determined genotypes (Shriner,
2011). HWE is an essential quality control step in population-based genetic
association studies that have proven to be a powerful tool in identifying
genes implicated in many complex human diseases that significantly impact
public health (Namipashaki et al., 2015). Statistical tests for HWE have been
an essential tool for detecting genotyping errors in the past and remain
important in the quality control of next-generation sequence data and permit
evaluation of missingness. In addition, it can indicate inbreeding, population
stratification, and even problems in genotyping (O'Rourke, 2018, Hui and
Burt, 2020).
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3. Results and Discussion

3.1. Demographical Distribution of Asthmatic Patients and
Healthy Control:

Demographic characteristics for 174 children (87 asthmatic patients
attending the asthma clinic at Karbala Teaching Hospital for Children and
87 healthy control) revealed the following results:

3.1.1. Age Distribution:

According to GINA, asthmatic patients' ages ranged from 1 to 16 years
old, distributed into three age groups (less than six years, from 6 to 11
years, and more than 11 years). The results revealed that the disease was
more frequent in 6 to 11 years (47.13%) than in other age groups (Figure
3-1).

a0

47.13%

40

34.48%
1

30

201 18.39%

10

| I
less than 6 years from 6 to 11 years more than 11 years

Figure (3-1): Age Distribution in Asthmatic Children
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According to the Asthma Call-back Survey (ACBS) and Risk Factor
Surveillance System (BRFSS) data from the participating states during
2006-2008, incidence among young children aged 0-4 years was more than
five times greater than among youth aged 12-17 years (Winer et al., 2012).
Other data suggested that asthma-related hospitalizations might be higher
in earlier childhood and middle age than in late adolescence (13-18 years
old) and early adulthood (19-30 years old) (Wu et al., 2014).

These results may be due to differences in risk factors that trigger
asthma in different age groups. In children under five years old, the risk
factors that trigger asthma are viral infections such as the respiratory
syncytial virus and exposure to cold air. The most common asthma triggers
in children over six years old are exercise, emotional changes, house dust,
pollen, and pets. While in adolescence, animal dander, pollen, and irritants
in the air, such as perfume, smoke, and air pollution, are the trigger of
asthma. This age-related difference in risk factors raises the attention of
patients and their parents, so they avoid the triggers.

3.1.2. Gender Distribution:

The study result revealed a higher prevalence of asthma in males, with
whom the percentage of the male was 65.52%, whereas the percentage was
34.48% in females. There was no difference in gender distribution between
the patients and the healthy control. However, there was a significant
difference between females and males within the asthmatic group. The
percentage of male /female were (65.52/34.48) % and (52.87/44.82) % for
asthmatic and control, respectively (P-value= 0.163) (as shown in Table 3-
1).

These findings were consistent with many previous studies, which
detected that asthma was far more common in boys than girls during early
childhood (Chowdhury et al., 2021, Jenkins et al., 2022). In practical
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terms, the impact of asthma may differ according to gender in terms of

daily activities for children.

Table (3-1): Difference in Gender between Patients and Healthy

Control
Asthmatic Healthy
Gender patients Children x> P-value
Male 57 (65.52%) 48 (55.17%)
Female 30 (34.48%) 39 (44.82%) 1.945 0.163
p-value 0.004** 0.335

x?%: chi — square, **: highly significant (p<0.01)

3.1.3. Residence Distribution:

Most asthmatic children in this study lived in the urban area than the

rural (as presented in Figure 3-2).

60

50+

407

30

20

10

Figure (3-2): Residence Distribution of Asthmatic Children
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This result was consistent with a previous systemic review, which
showed a greater asthma prevalence in urban areas than in rural populations
(Rodriguez et al., 2019). Mostly, children from rural countries had fewer
emergency department asthma visits than children from urban and
suburban counties (Malik et al., 2012). This difference may be correlated
with environmental risk exposure and healthcare access. Urban people
were more frequently exposed to environmental risk factors than rural
people: dust mites, high levels of air pollution, and crowds. Further, the
lower prevalence of asthma in rural children may be due to the beneficial

effects of exposure to farm environments.
3.2. Major Characteristics of Asthmatic Children:
3.2.1. Severity of Asthma:

The study consists of (35.63%), (48.28%), and (11.29%) of asthmatic
children with mild, moderate, and severe asthma, respectively (shown in
Figure 3-3).

207
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Figure (3-3): Distribution of Asthma according to the Severity
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This result is consistent with previous studies, which thought severe
asthma affected less percent of the total population with asthma than mild
to moderate asthma (Wang et al., 2020, Zafeiria et al., 2021). The
prevalence of uncontrolled asthma varies among samples categorized as
severe asthma, and the variation is likely dependent on each study’s design

and the definition of asthma control.

3.2.2. Family History of Asthma and other Allergic Diseases:

The study showed a high association between positive family history
of asthma/ allergic diseases and asthma in children (Figure 3-4). There
were (43,68%) of asthmatic children with a close family history of asthma/
allergic diseases, (20.69%) of asthmatic patients have relatives with
allergic disease, and only (35.63%) of children without a family history of

allergy.
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Figure (3-4): The association between Family History and Asthma
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This finding was consistent with many asthma family history studies,
which confirmed that asthma was highly associated with a family history
of asthma and regarded as a risk factor (Paaso et al., 2014, Yu et al., 2021),
the association may be due to genetic effects, could cause asthma and
regulate the susceptibility to allergic and other environmentally induced
inflammation. In addition, asthma was caused by multiple genes
interaction. Some genes have a protective effect, and others contribute to

the disease pathogenesis.

3.2.3. Type of Treatment and Control Status in Asthmatic
Patients
In this study, 79 asthmatic children received regular treatment with

either inhaled corticosteroids or Montelukast (35 take ICSs and 44 take
montelukast), while eight patients were without treatment (Figure 3-5).

The study consists of (41.77%), (41.77%), and (16.496%) of well-
controlled, partially controlled, and not well-controlled, respectively
(Figure 3-6).
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Figure (3-5): Treatment Distribution in Asthmatic Children
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Figure (3-6): Characteristic of Control Status in Asthmatic Patients

Asthma treatment is based on risk factors, comorbidities, and on control
status of asthmatic patients, which includes a cycle of assessment and re-
evaluation of symptom control. Central to treatment is anti-inflammatory
therapy with ICSs plus LABA (Papi et al., 2018, Quirt et al., 2018).

3.3. Immunological Study:

3.3.1. Comparison between Asthmatic Children and Control

using Total Serum IgE Test:

Table (3-2) showed a highly significant difference in total serum IgE
between asthmatic patients and control.

The result was consistent with previous studies in Iraq; one study (Altaii
and Al-Tae, 2022) mentioned that the geometric means of total IgE were
316.87 IU/ml in allergic asthma compared to 16.90 1U/ml in healthy
controls. Further, another study (Al Obaidi et al., 2008) indicated that the
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mean serum IgE level was 554 1U/ml in asthmatic patients, while that of

the control was 69 1U/ml.

Table (3-2): Total Serum IgE Test between Asthmatic Children and
Control

Comparison groups Number | Mean IU/ml £ S.D. | T-test | P-value

Asthmatic patients 87 398.88 + 227.156
Healthy control 87 49.34 + 66.831

12.388 | 0.000**

** significant at the 0.001 level (1-tailed).

Moreover, the result was consistent with previous international studies,
which detected a robust positive relationship between total serum IgE
levels and asthma in children. A previous study (Sandeep et al., 2010)
showed that IgE levels were high in asthmatics (1045.32 1U/ml) as
compared to normal subjects (151.95 IU/ml). On the same line, the other
researchers (Sharma et al., 2006) showed that the mean IgE levels were the
highest in Indian asthmatic patients and the lowest in the control group.

The possible explanation for this result was the presence of a genetic
predisposition to immediate hypersensitivity reactions and a defect in the
Immune system development involving IgE production and early allergic
sensitization. Allergic sensitization results from forming specific IgE in
response to common inhalant allergens derived from house dust mites,
pollens, animal dander, molds, and cockroaches. In addition to allergens
acting as classical IgE inducers, viral infections, and air pollution may
trigger the IgE pathway, notably resetting the threshold of IgE sensitivity
by regulating FceRI expression. In contrast, nonallergic individuals
respond to the same antigen by producing IgG (There are no IgG receptors

on mast cells).
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3.3.2. Comparison between Asthmatic Children and Control

using Human Chlamydia pneumoniae 1gG Test:

The study showed a highly significant difference in the human
Chlamydia pneumoniae 1gG levels between patients and control (Table 3-
3).

Table (3-3): Human Chlamydia pneumoniae 1gG between
Asthmatic Children and Control

Comparison groups | Number | Mean ng/L+ S.D. T-test P-value

Asthmatic patients 87 24.89 £ 16.65

Healthy control 87 10.93 £6.75

7.252 0.000**

** Significant at the 0.001 level (1-tailed).

This result was consistent with the previous studies that proved a
relationship between Chlamydia pneumoniae infection and asthma. In Iraq,
the authors (Al-Zaidi et al., 2010) detected that a significantly (p<0.05)
high number (73%) of patients with positive Chlamydia pneumoniae 1gG,
of which a significant number (p<0.05) of them (63%) were asthmatic, and
(36%) were non-asthmatic chest infections. Further, the previous
investigators (Al-Ghizzi et al., 2020) found that IgG anti-chlamydia
antibodies were positive in 21 (34.4%) of patients compared to 4 (13.8%)

of controls, and the difference was significant (P=0.029).

In an international study, (Gencay et al., 2001) showed that chronic
infection with Chlamydia pneumoniae was more frequent in patients with
asthma (18.2%) compared with control subjects (3.0%) (p < 0.01). In
addition, others (Ferrari et al., 2002) detected high IgG levels more
frequently in atopic subjects (p = 0.04). In the same way, another study
mentioned that 65% of the asthmatic population had serum IgG towards
Chlamydia pneumoniae (Calmes et al., 2021).
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Many reasons may cause this result: Firstly, patients with asthma and
other atopic conditions have significantly increased risks of severe
infections with viruses and bacteria due to disruption and altered function
of the airway epithelium and structural alterations of airways. Secondly,
the inability of the host to completely eradicate the pathogens; as a result,
Chlamydia pneumoniae can enter a state of dormancy with intermittent
periods of replication.

Thirdly, ICS negatively affects many aspects of cell-mediated immunity
and favours the shift from a T-helper-1-type toward a T-helper-2-type
response. Because Chlamydia pneumoniae requires a T-helper-1-type
Immune reaction to be cleared thus, ICS may severely deteriorate the host's
ability to eradicate it. Indeed, the associations between ICS use and
bacterial respiratory infections remain controversial.

On the other hand, the occasional initiation of asthma by Chlamydia
pneumoniae cannot be excluded since the evidence is available that this
could be true. Acute Chlamydia pneumoniae infections in previously
unexposed, non-asthmatic individuals can result in chronic asthma.
Repeated or prolonged exposure to Chlamydia pneumoniae may have a

causal association with wheezing, asthmatic bronchitis, and asthma.

3.3.3. Comparison between Asthmatic Children and Control

According to of Human Chlamydia pneumoniae IgE Test:

The study showed a significant difference in the human Chlamydia

pneumoniae IgE levels between patients and control (Table 3-4).

This result was consistent with the results of local and previous meta-
analyses, which detected the possibility of some undetected antigens
responsible for generating a cryptic IgE response in some asthma patients
with Chlamydia pneumoniae (Al-Sabhany et al., 2011, Hahn et al., 2012).
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Table (3-4): Human Chlamydia pneumoniae IgE between Asthmatic
Children and Control

Comparison groups Number | Meanng/L £S.D. | T-test | P-value

Asthmatic patients 87 8.037 £ 4.645

Healthy control 87 6.52 + 3.062 1.995 | 0.024*

* Significant at the 0.05 level (1-tailed).

In Irag, (Al-Sabhany et al., 2011) found that of 54 tested sera from
asthmatic patients, 37 showed positive ELISA tests for IgE specific for
Chlamydia pneumoniae antigen. In contrast, all tested sera (15) from the
control group showed negative IgE Chlamydia pneumoniae antigen.

Chlamydia pneumoniae IgE detection was significantly (P = 0.001)
associated with asthma compared to healthy blood donor controls (Hahn et
al., 2012). Similarly, others (Smith-Norowitz et al., 2020) detected
that Chlamydia pneumoniae IgE levels were higher in asthmatics than in
non-asthmatic. Equally, researchers (Loeffler et al., 2019) found
that Chlamydia pneumoniae IgE levels were significantly higher in
asthmatic patients compared with non-asthmatic subjects (1.015 + 0.305
vs. 0.39 + 0.340; P<0.001). One possible interpretation of these results is
that four chlamydial antigens may induce Chlamydia pneumoniae-specific
IgE antibody levels in asthmatic patients' serum (LPS, Crp A, HSP 60, and
POMP).

3.3.4. Comparison of Immunological Parameters depending

on Demographic Characteristics in Asthmatic Children

The result showed a significant difference in IL-4 levels between age
groups in asthmatic patients (p-value=0.008). Further, there was a
significant difference in Chlamydia pneumoniae IgE level (p=0.047). In

contrast, there was no significant difference in both total IgE levels and
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Chlamydia pneumoniae IgG between age groups of asthmatic children (p=
0.201, 0.862 respectively) (Table 3-5).

Table (3-5): Comparison of Immunological Parameter between Age
Groups of Asthmatic Children

Parameter | Age groups | Number Mean = S.D ANOVA | P-value
<6 30 338.75+234.216
Total IgE 6-11 41 432.94+236.127 | 1.637 0.201
IU/ml >11 16 424.385+173.219
Chlamydia <6 30 25.886+16.642
pneumoniae 6-11 41 24.897+£19.15 0.148 0.862
1gG ng/L >11 16 23.051+8.434
Chlamydia <6 30 9.695+5.632
pneumoniae 6-11 41 7.334+4.232 3.164 | 0.047*
IgE ng/L >11 16 6.73+2.446
<6 30 1.691+5.183
IL-4 level 6-11 41 1.921+5.081 9.739 | 0.008*
pg/mL? >11 16 6.185+13.223

* Significant at the 0.05 level, 2 used Kruskal Wallis Test

Table (3-6) showed a correlation between age and immunological
parameters (total serum IgE, Chlamydia pneumoniae IgG, Chlamydia
pneumoniae IgE, and IL-4 level). The results found a positive linear
correlation between age and total IgE and IL-4, while a negative linear
correlation between age and Chlamydia pneumoniae IgE. On the other
hand, there was no correlation between age and Chlamydia pneumoniae
I9G.

Table (3-7) showed no significant difference in immunological
parameters (Total IgE and Chlamydia pneumoniae IgG) between urban and
rural areas of asthmatic children aged from one to eleven years old.
Paradoxically, there was a significant difference in Chlamydia pneumoniae
IgE levels between urban and rural asthmatic children aged more than
eleven years (P=0.036). In urban residents, the asthmatic children more

than eleven years old had a low Chlamydia pneumoniae IgE level (5.845+
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1.821 ng/L) compared with asthmatic children who lived in rural areas area
(8.206 £ 2.793 ng/L).

Depending on age groups, there was a significant difference (P=0.047)
in Chlamydia pneumoniae IgE level in asthmatic children who lived in
urban areas. The Chlamydia pneumoniae IgE level in urban asthmatic
children decreased with increased age. On the other hand, there was no
significant difference in Chlamydia pneumoniae IgE level in rural
asthmatic children depending on age groups (P=0.228), as shown in Figure
(3-7).

Table (3-6): Correlation between Age and Parameter in Asthmatic
Patients

Parameter Spearman's p-value
rank
Total IgE 1U/ml 0.255 0.017*
Age Chlamydia pneumoniae 1gG ng/L 0.012 0.910
Chlamydia pneumoniae IgE ng/L -0.233 0.030*
IL-4 level pg/mL 0.283 0.008*
*Correlation is significant at the 0.05 level (2-tailed).
30,000 P-value=0.228 Ag(?’gg%ps

Miess than 6
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Figure (3-7) Comparison between Chlamydia pneumoniae IgE Levels in
Asthmatic Children Depending on Age Groups and Geographic areas.

Chlamydia pneumoniae IgE ng/L
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Table (3-7): Comparison between Immunological Parameters of
Asthmatic Children Depending on Age Groups and Geographic Areas.

Total IgE | Chlamydia | Chlamydia
Age Geographic areas IU/mi pneumoniae | pneumoniae
|_groups 19G ng/L IgE ng/L
Mean 304.261 25.814 9.228
Urban | N 21 21 21
Less Std. 206.828 17.138 5.008
than 6 Deviation
Mean 419.235 26.053 10.783
Rural N 9 9 9
Std. 285.486 16.419 7.099
Deviation
P-value 0.141 0.464 0.447
Mean 425.828 27.162 7.599
Urban | N 28 28 28
From 6 Std. 220.726 22.185 4.755
to 11 Deviation
Mean 448.261 20.018 6.765
Rural N 13 13 13
Std. 275.429 8.791 2.886
Deviation
P-value 0.418 0.191 0.439
Mean 434.413 20.745 5.845
Urban | N 10 10 10
More Std. 152.345 | 7.962 1.821
than 11 Deviation
Mean 407.673 26.894 8.206
Rural N 6 6 6
Std. 218.408 8.4222 2.793
Deviation
P-value 0.356 0.09 0.036*

*Significant difference at p-value 0.05

The present study revealed that the total IgE levels and IL-4 levels were

increased with age in asthmatic children younger than sixteen. In contrast,

Chlamydia pneumoniae-specific IgE decreased with the age (Table 3-6 and
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3-7). This result was consistent with a previous study that mentioned that
the total IgE increased with age, but allergen-specific IgE levels
significantly decreased when age increased (De Amici and Ciprandi,
2013). Indeed, no one can say that Chlamydia pneumoniae-specific IgE
decreases with age because this IgE was not affected by age in asthmatic
patients who live in rural (Figure 3-7). The low specific IgE value was
detected only in urban asthmatic children over eleven (Table 3-8). Thus,
no possible explanation based on age since many factors could interfere
with and affected the outcome, as shown in the present study, the effect of

residency on specific IgE levels.

The other possible explanation was that reducing exposure to the
allergen was associated with improved sensitization. In contrast, this study
showed no decrease in Chlamydial infection since Chlamydia pneumoniae
IgG has not changed, and there was no significant difference in this
immunoglobulin value between age groups in rural and urban asthmatic

children.

The third explanation is that each allergen exhibits a particular trend
with age. House dust mites, for example, induced the earliest IgE response,
while the response to Alternaria was characteristic of adolescents and
young adults. In the same way, pollens and grasses induced early IgE
production, which declined after 30 years. Indeed, this hypothesis could
not be accepted since early adolescent rural asthmatic children had the
same Chlamydia pneumoniae-specific IgE level as other age groups of
asthmatic children.

The fourth explanation could be that early adolescent asthmatic in urban
areas have been exposed more heavily or widely to different allergens,

which is not occurring in the case of younger age categories or rural
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asthmatic children. A significantly higher percentage of allergic rural
rather than urban children was monosensitized or sensitized to two to four
allergens. In contrast, an almost fourfold higher rate of allergic urban
children was sensitized to five or more allergens. A positive relationship
exists between cumulative exposure to an allergen and the risk of allergic
sensitization. Depending on this, it may be a decrease in Chlamydia
pneumoniae-specific IgE resulting from increased sensitization to other
antigens or selected other allergens, or it is probably due to pollen
exposure. The clinical sensitivity to pollen is higher among subjects living

along roads with heavy traffic.

Indeed, the result still cannot determine the mechanism that redirected
allergic responses toward one allergen or whether exposure to many
allergens will reduce specific IgE to one allergen over another. All known
Is that previous observations suggested the operation of environment-
specific regulatory mechanisms affects the risk of sensitization and the
magnitude of specific IgE production. Further, different interactions of
potential allergens with airway epithelial cells and other cells located
within and below the epithelium will affect the outcome of antigen

exposure.

3.3.5. Correlation between Total IgE and Chlamydia

pneumoniae IgE in Asthmatic Patients:

The result showed a significant positive linear correlation between total
IgE level and human Chlamydia pneumoniae IgE (P= 0.019) under age
control (Table 3-8).

The present study detected a positive linear correlation between total

and Chlamydia pneumoniae-specific IgE under age control. This result
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agreed with previous research that suggested increased specific IgE can
lead to increased total IgE (Chang et al., 2015).

Table (3-8): Correlation between Total IgE and Chlamydia
pneumoniae IgE in Asthmatic Patients under Age Control

Parameter Partial p-value
Chlamydia pneumoniae correlation
IgE ng/L
Total IgE 1U/mi 0.225 .019*

*Correlation is significant at the 0.05 level (1-tailed).

A high level of total IgE may reveal the presence of food sensitization,
indicate a high risk of eczema, and be associated with a high prevalence of
mite sensitization and atopic diseases in early childhood. Thus, Total serum
IgE is predictive of a positive specific IgE. B cells are induced selectively
to produce specific IgE when allergens enter the body. The level of specific
IgE depends on the body's reaction to the allergens. Allergens combined
with specific IgE induce an allergic reaction. Thus, specific IgE is a vital

objective index for allergic disease diagnosis.

3.3.6. Correlation between Chlamydia pneumoniae IgG and

Chlamydia pneumoniae IgE in Asthmatic Patients

Table (3-9) showed a highly significant positive linear correlation
between Chlamydia pneumoniae IgG and Chlamydia pneumoniae IgE in
asthmatic children (P<0.001).

This result was consistent with previous studies (Smith-Norowitz et al.,
2020, Calmes et al., 2021), which clarify that Chlamydia pneumoniae
antigen stimulates persistence-specific IgE production unless using
antibiotics are to eradicate the bacteria. The transition to IgE from IgM and
IgG varies over time since the increase in 1gG level is subsequently passed

onto the IgE production. However, the IgE class switching from IgG
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occurred later than the IgG production. The presence of Chlamydia

pneumoniae-specific IgE Abs in stable asthmatics (without acute airway

infection) with Chlamydia pneumoniae provides further evidence for

ongoing stimulation of allergic responses by Chlamydia pneumoniae.

Unless Chlamydia pneumoniae is eradicated by antibiotics, antigenic

stimulation leading to specific IgE production may be persistent.

Table (3-9): Correlation between Chlamydia pneumoniae IgG and
Chlamydia pneumoniae IgE in Asthmatic Patients

Parameter Spearman's rank | p-value
Chlamydia Chlamydia
pneumoniae 19G | ppneumoniae IgE ng/L 0.466 <0.001**
ng/L
**Correlation is significant at the 0.01 level (1-tailed).
3.3.7. Correlation between 1IL-4 Level and Allergic

Parameters in Asthmatic Patients:

Table (3-10): showed no significant linear correlation between IL-4

level and total IgE and Chlamydia pneumoniae IgE (P= 0.872 and 0.958,

respectively).

Table (3-10): Correlation between IL-4 Level and Allergic Parameters
in Asthmatic Patients

Parameter Spearman's rank | p-value
IL-4 Total IgE 1U/ml -0.018 0.872
level - .
Chlamydia pneumoniae IgE ng/L 0.006 0.958
pg/MI

This result was consistent with the previous research (Cernescu et al.,

2021), which mentioned no significant correlation between serum levels of
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IL-4 and total serum IgE. On the other hand, the result was inconsistent
with another previous study, which detected a relation between levels of
serum IgE and IL-4 in (73%) of cases (Afshari et al., 2007).

This finding could result from many reasons: Firstly, in most asthmatic
patients, there was a correlation between the expression of the IL-4 gene
and the level of serum IgE while they had normal serum IL-4. Secondly,
cytokines are transient and non-permanent. The cause could be because
under some conditions, IgE could be produced independently of IL-4 and
IL-13. The previous results suggested that even without IL-4 and IL-13,
alternative pathways to IgE may exist, enhanced by immunization,
resulting in IgE effector responses in vivo. Finally, IL-15 can trigger
STATG6 phosphorylation in mast cells, raising the possibility that cytokines
other than IL-4 or IL-13 could use STAT®6 to drive IgE production.

There was no preliminary evidence for the correlation between IL-4
levels and Chlamydia pneumoniae IgE levels in Iraqi asthmatic children.
Thus, this correlation in this study provides the first evidence for a non-
significant correlation between IL-4 levels and Chlamydia pneumoniae IgE
levels in Iraq.

The previous mouse model study detected the role of IL-4 in early-life
Chlamydia pneumoniae infection. The chronic and repeated diseases with
Chlamydia pneumoniae increased IL-4 gene expression and thickness of
airway subepithelial basement membrane in mice. On the other hand, the
stimulation of IL-4 production was seen with only three of the seven

Chlamydia pneumoniae strains infecting asthmatic children.
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3.3.8. Comparison between Asthma Severity Groups
Depending on Immunological Parameters in Asthmatic
Children:

The study showed a high mean IL-4 level in severely asthmatic children
(6.17 pg/ml) compared with mild and moderate asthma (4.886 pg/ml and
4.533 pg/ml, respectively) p-value=0.007, as shown in Table (3-11).
Otherwise, the study didn't detect any significant difference between the
asthma severity groups according to other immunological parameters (total
IgE, Chlamydia pneumoniae 1gG, and Chlamydia pneumoniae IgE).

Table (3-11): Comparison between Asthma Severity Groups
Depending on Immunological Parameters in Asthmatic Children

Parameter Severity | Number®| Mean+S.D | ANOVA | P-value

Mild 31 400.788+216.345
Total IgE Moderate 42 397.746+238.307| 0.009 0.991
IU/ml Severe 10 408.653+236.34
Chlamydia Mild 31 26.988+23.538

pneumoniae | Moderate 42 22.587+10.966 0.685 0.507
1gG ng/L Severe 10 26.588+10.315

Chlamydia Mild 31 8.279+5.448
pneumoniae | Moderate | 42 8.300+4.514 0.623 | 0.539
IgE Severe 10 6.503+2.978
ng/L
Mild 26 2.184+ 2.852
IL-4 level Moderate 39 3.116£3.166 5.260* | 0.007*
pg/mL Severe 10 6.171+4.779

*, significant at the 0.05 level, : 8-sample excluded because its outliers,
b 4-Sample excluded because its new
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The study showed no significant association between total serum IgE
levels and asthma severity (P-value= 0.991). The results were consistent
with previous study which did not find a significant association between
serum total IgE levels and asthma severity or airflow limitation, except for
a higher percentage of patients with IgE > 400 IU/mL in the severe
subgroup (Davila et al.,, 2015). On the other hand, the results were
inconsistent with previous results (Sandeep et al., 2010, Kumar et al.,
2017, Trivedi and Patel, 2020), which mentioned that the total serum IgE
levels increased as the severity of asthma increased.

Compared with the previous results, the difference in the current results
was because mast cell-bound IgE could be a more sensitive indicator of
IgE production in vivo than serum IgE levels since the half-life of IgE in

serum is only 8-12 h. Still, in tissues, it extends to 6 days.

However, global multicentre clinical trials, such as the European
Network For Understanding Mechanisms of Severe Asthma
(ENFUMOSA, 2003) and the Severe Asthma Research Program, showed
no correlation between levels of total and antigen-specific IgE and asthma

severity.

The current study showed a high IL-4 level in severe asthma groups
compared with mild and moderate asthma groups (P=0.046). The results
were consistent with the previous studies (Poon et al., 2012, Colley et al.,
2016); the previous study mentioned that various lines of evidence
demonstrate the importance of IL-4 in allergic asthma in a subset of severe
asthmatics with allergen-associated symptoms, eosinophil, and high serum
IgE levels (Poon et al., 2012). Furthermore, another study showed that
severe asthmatic patients had a high level of IL-4 has been observed
(Colley et al., 2016). This finding may result from the fact that IL-4 is
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involved in differentiating and stimulating Th2 cells, synthesizing IgE, and

activating macrophages.

Serum IL-4 levels indicate a predisposition to atopic status. As there
was an association between serum IL-4 levels and the degree of asthma
severity, serum IL-4 levels can provide helpful information regarding the
severity of asthma and the persistence of bronchial hyperresponsiveness in
later adulthood. Quantitative measurement of IL-4, when integrated with
other clinical indicators, can be used to predict the development of asthma
and risk stratification. It can help choose treatment modalities, including
using anti-1L-4 therapy with pascolizumab. Pascolizumab is a humanized
anti-IL-4 monoclonal antibody that can inhibit upstream and downstream
events associated with asthma, including TH2 cell activation and IgE

production.

The present study detected no significant difference in Chlamydia
pneumoniae IgG and IgE between asthma severity. This finding was
consistence with a previous study in Irag which noticed that the difference
was statistically insignificant between mild, moderate, and severe
asthmatic children with Chlamydia pneumoniae infection (Iman Kadhim
et al., 2020). Nevertheless, this result inconsistence with previous studies
that mentioned that Chlamydia pneumoniae IgE was strongly and
positively associated with asthma severity (Hahn et al., 2011, Chaplin,
2020). The explanation of this difference may result from the earlier studies
that used the immunoblotting technique (which is more sensitive to
antibody levels) to measure Chlamydia pneumoniae IgE. In contrast, our
study used the ELISA technique.
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3.3.9. Comparison between Control Status of Asthma Groups
Depending on Immunological Parameters in Asthmatic
Children:

The study showed a high IL-4 level at not well-controlled asthmatic
patients (11 pg/ml) compared with well and partially-controlled (4.844
pg/ml and 4.329 pg/ml, respectively) p-value=0.004, as shown in Table (3-
12). On the other hand, the study didn't detect any significant difference
between the asthma control groups according to other immunological
parameters (Total IgE, Chlamydia pneumoniae IgG, and Chlamydia
pneumoniae IgE).

This study found no association between total serum IgE levels and the
control status of asthma. This result was inconsistent with other research,
which detected those asthmatic patients with high IgE levels exhibited
worse asthma control than patients with low IgE levels (Yuan et al., 2021).
This difference may be because this study was performed on asthmatic
children with high total IgE levels only (more than 100 1U/ml).

The study results revealed that the level of IL-4 in asthmatic children on
well and partially-controlled therapy was lower than in patients with not
well-controlled (P = 0.004). Not well-controlled asthma is difficult-to-
treatment asthma, uncontrolled despite prescribing medium or high ICS
with a second controller (usually a LABA) or requires high dose treatment
to maintain reasonable symptom control and reduce the risk of
exacerbations. The cause of this result is that IL-4 levels were elevated in
severe persistent asthma since severe persistent asthma was a subset of

difficult-to-treat asthma (not well-controlled).
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Table (3-12): Comparison between Control Status of Asthma
Groups Depending on Immunological Parameters in Asthmatic

Children
Parameter Control Number Mean + S.D ANOVA | P-value
Well controlled 33 416.66+230.947
Total IgE Partial 33 | 386.243+240.887 | 0139 | 0.936
1U/ml controlled
Not well 13 403.085+215.956
controlled
Without 8 370.922+204.297
controlled
Chlamydia | Well controlled 33 24.338+£17.972
pneumoniae Partial 33 26.767+18.107 0.255 0.858
IgG controlled
ng/L Not well 13 23.157+11.062
controlled
Without 8 22.335+13.827
controlled
Chlamydia | Well controlled 33 7.612+4.901
pneumoniae Partial 33 8.951+5.170 0.764 | 0.517
IgE controlled
ng/L Not well 13 7.611+3.618
controlled
Without 8 6.715+1.883
controlled
Well controlled 31 2.624+5.252
IL-4 level :
og/mL? coii:gﬁled 33 2.566+6.458 13956 | 00a**
Not well 12 5.625+10.410
controlled
Without 8 10+1.136
controlled

* Significant at the 0.01 level, ® used Kruskal Wallis Test

The present study indicated no effect of Chlamydia pneumoniae 1gG and

IgE levels on the control status of asthma. Those results were inconsistent

with the previous meta-analysis research, which suggested that Chlamydia

pneumoniae-specific IgE may have a quantitatively crucial pathogenetic
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mechanism in asthma, particularly in moderate/partly controlled and
severe/uncontrolled asthma (Hahn, 2021). However, this meta-analysis
study has limitations, including issues with a diversity of diagnosis, patient
selection, and biomarker methodology in the source material, all of which

may contribute to analytic heterogeneity.

3.4. Molecular Characterization of SNPs (PCR-FFLP):

3.4.1. Genomic DNA Extraction:

DNA was extracted as mentioned in 2.8.2.1.1. The quality and
integrity were checked by agarose gel electrophoresis before performing a
PCR reaction (Figure 3-8). All DNA extracts showed a single bright band.

No signal DNA degradation was seen, such as smearing.

Figure (3-8): Evaluation of DNA Extract Quality and Integrity. 1.5 %
Agarose Gel Electrophoresis of Genomic DNA in 70-Volt, 2-Hours
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3.4.2. IL-4 C-589T Gene Polymorphism

3.4.2.1. IL-4 Gene Amplification:

The gene segment containing the possible single nucleotide
polymorphism within the IL-4 gene region was amplified from extracted
DNA for each asthma and healthy control patient (174 samples). By a
specific primer, the polymerase chain reaction was performed under
optimum conditions; then, the PCR product was electrophoresis on agarose
gel 1.5%. The results were a single clear band with a molecular size of 198
bp. The size of the amplicon was determined by comparison with the DNA
ladder 100 bp (as shown in Figure 3-9).

Figure (3-9): Gel Electrophoresis for PCR Product of IL-4 Gene. 198bp
with DNA Ladder 100bp on Agarose Gel 1.5% in 70-Volt, 90 min.

3.4.2.2. Genotype of IL-4 C-589T Gene by PCR-RFLP:

IL-4 C-589T gene PCR product digested with BslF I, sibenzyme, the
sequence of the restriction 5-GGGAC(N)10...3-, 3-CCCTG(N)14....5-in
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C allele (Chiang et al., 2007). The polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) product was recognized on
gel electrophoresis as a homozygote TT 198bp without any digestion, in
the homozygote CC, two different fragments 120bp and 78bp, while three
other fragments in the heterozygous form CT its (198, 120, and 78) bp
(Figure 3-10).

198 bp

Figure (3-10): Gel electrophoresis of PCR-RFLP product, which illustrated
genotype of IL-4 SNP on agarose 1.5% in 70 volts, 150 min. The restriction
process showed three types of genotype CC (120, 78 bp), CT (198bp, 120
bp, and 78bp), and TT (198bp).

Genetic polymorphism of the IL-4 C589T gene was observed with
three genotypes (CC, CT, and TT) (as shown in Table 3-13), which
illustrated the distribution of genotypes of IL-4 in asthmatic patients and

healthy control. The homozygous genotype CC recorded higher frequency
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in healthy children (82.75%) than in asthmatic patients (64.4%), with a
significant difference (P-value=0.006). Homozygote genotype TT
frequency (1.1%) was non-significant in patients compared to the control
subject (0%), and the genotype heterozygous CT frequency (34.5%) was
significant in patients compared to control (17.24%). The allele frequency
for allele C was (81.61%) in patients compared with control (91.38%),
while for the allele T was (18.39%) in patients compared with control
(8.6%) with a highly significant difference (P-value=0.01, as in Table 3-
13).

Genotype and allele frequency (as shown in Table 3-13) found that, in
the asthmatic children, the frequency of genotype CC recorded odds ratio
(OR) of 0.376 with a confidence intervals (Cl) value between 0.185-0.764
under 95%. The genotype CT recorded OR=2.526 with CI between 1.241-
5.141 under 95%. The frequency of genotype TT recorded OR=3.041 with
Cl between 0.217-0.805 under 95%. The allele frequency of C showed
OR=0.419 with a CI range between 0.217-0.805 under 95%. Thus, the T

allele and CT genotype can be a risk factor for IgE-mediated asthma.

Table (3-13): Genotype and Allele Frequency of IL-4 SNP among
Asthmatic Patients and Controls

IL-4 C- Asthmatic Healthy O.R" | P-value (95%Cl)
589T patients N (%) | control N (%)
CC 56 (64.4%) | 72 (82.75%) | 0.376 | 0.006** | 0.185-0.764
CT 30 (34.5%) 15 (17.24%) | 2.526 | 0.01* | 1.241-5.141
1T 1 (1.1%) 0 (0%) 3.041 | 0.49 |0.122-75.867
C Allele | 142 (81.61%) | 159 (91.38%) | 0.419 | 0.009** | 0.217-0.805
T Allele 32 (18.39%) 15 (8.6%)

~A=Qdds ratio with 95% confidential interval, * Significance level at p-
value <0.05, ** Highly Significance level at p-value <0.01
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The current study indicated that a possible involvement of single
nucleotide polymorphism in the IL-4 gene in the development of asthma,
which was consistent with previous meta-analysis studies which revealed
that IL-4 gene -589C/T polymorphism was a susceptibility risk of asthma
(Jiang et al., 2020, Kousha et al., 2020, Jin and Zheng, 2021). However,
contradictory studies were found regarding the association of IL-4 C-589T
with asthma susceptibility (de Faria et al., 2008, Jiang et al., 2009, Liu et
al., 2022). This study, consistent with other studies in Irag (Mahmood and
Abdulla, 2021, Hassan et al., 2022), showed significant differences in the
frequency distributions of the heterozygous CT among asthmatic and
healthy control.

On the other hand, other previous studies in Irag revealed that the
increased risk of asthma was associated with the C allele and the CC
genotype (Hussein and Jaber, 2017, Abood and Mohanad, 2018). The
present study was inconsistent with these previous findings, as the current
study detected that the T allele and CT genotype were associated with
asthma. The cause of this difference that the other authors performed their
study on asthmatic adults, which may lead to increased interference of
environmental factors in developing asthma more than gene factors.

However, the recent results were consistent with those reported by
studies of asthmatic patients in Egypt (EI-Shal et al., 2022), Iran (Alyasin
etal., 2021), Taiwan (Chiang et al., 2007), Russia (Gervaziev et al., 2006),
Italia (Ricciardolo et al., 2013), European and African Americans
(Donfack et al., 2005, Haller et al., 2009), China (Huang et al., 2012), and
Pakistan (Micheal et al., 2013). These studies detected that the T allele
frequency for the C-589T IL-4 gene promoter in asthma patients was

higher than for normal subjects (P < 0.001).
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In contrast, the present results were inconsistent with other previous
studies which showed no or weakly significant association between IL-4
589 C <T polymorphism and asthma. In Kuwait (Hijazi and Haider, 2000),
Egypt (Hussein et al., 2020), Hong Kong Chinese (Mak et al., 2007),
Iceland (Hakonarson et al., 2001), Chine (Liu et al., 2022), India
(Bijanzadeh et al., 2010), and north Iran (Rad et al., 2010).

On the other hand, some previous studies suggested polymorphismin a
combination of multiple genes might magnify the impact on disease risk.
Carriers of both IL-4 -590C/T TT and Arg130GIn locus AA genotypes
significantly increased the risk of asthma compared with those who are
carriers of either IL-4 -590C/T TT or Argl30GIn locus AA genotype
(Zhang et al., 2019). Further, only the combined analyses of genetic
alterations in the IL-4 C589T/IL-13 C-1112T pathway reveal its actual
significance to the development of atopy and childhood asthma (Kabesch
etal., 2004, Li et al., 2014).

The differences in the age groups, race of study subjects, limited sample
sizes, diversity in the diagnostic criteria of the patients, gene-to-gene
interaction, and gene-to-environmental interaction may be the cause of
such inconsistent results.

The results of IL-4 SNPs of asthmatic children and healthy control were
in good agreement with the Hardy- Weinberg equilibrium (According to
the website OEGE - Online Encyclopedia for Genetic Epidemiology
studies) (Rodriguez et al., 2006), and no significant variation between the
observed and expected genotypes frequencies was observed, as shown in
Table (3-14).
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Table (3-14): Expected Frequencies of Genotypes of the IL-4 SNP
using Hardy-Weinberg Equilibrium

Observed | Expected Observed | Expected
Gene Genotype | asthmatic | asthmatic | p-value | healthy healthy | p-value
Position patients patients control control
CcC 56 57.49 72 72.65
0.38
-4 cT 30 26.11 15 | 1371 | 067
C-589T
T 1 2.94 0 0.9

3.4.2.3. Association between IL-4 C-589T Gene and Asthma
Characteristics

3.4.2.3.1. Association between Asthma Severity and IL-4 C-
589T Genotypes in Asthmatic Children:

Depending on asthma severity, there was a highly significant
difference between asthma severity groups depending on IL-4 C589T
genotypes (p-value <0.001). A high frequency of CC IL-4 C589T genotype
was found in mild asthma compared with moderate and severe asthma
(80.65%, 57.14%, and 40%, respectively). In contrast, a high frequency of
CT IL-4 C598T genotype was found in severe asthma compared with mild
and moderate asthma (60%, 19.35%, and 40.47%, respectively), as shown
in Table (3-15).

Further, there was a highly significant difference between asthma
severity groups depending on the IL-4 allele (p-value =0.002). A high
frequency of the C allele was detected in mild asthma. In contrast, a high

frequency of the T allele was seen in severe asthma (Table 3-15).
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Table (3-15): Association between IL-4 C-589T Genotypes and

Asthma Severity in Asthmatic Children

IL-4 C-589T Asthma Severity®
genotypes Mild | Moderate| Severe |Chi-square| P-value
N=31 N=422 N=10
CC 25 24 4
(80.65%) | (57.14%) | (40%) | 35.083 | <0.001**
CT 6 17 6
(19.35%) | (40.47%) | (60%)
C Allele 56 65 14
(90.32%) | (77.38%) | (70%) | 12417 | 0.002%*
T Allele 6 19 6
9.67%) | (22.62%) | (30%)

** Highly Significance level at p-value <0.01, & excluded 1 sample with

TT genotype, P: four sample with missing data was excluded

This result was consistent with previous studies, which detected that the

IL-4-589 T allele was significantly increased in the subjects with severe

asthma compared with mild-to-moderate asthma subjects (Sandford et al.,

2000, Shang et al., 2016). The reason for the involvement of the IL-4 gene

polymorphism in modulating asthma severity remains to be determined.

3.4.2.3.2. Association between Asthma Controlling and IL-4

C-589T Genotypes in Asthmatic Children:

The present study showed that a highly significant difference in asthma-

controlling status depending on IL-4 C589T genotypes (p =0.001), as

shown in Table (3-16). The partially controlled groups of asthmatic

98

——
| —




Chapter Three Results and Discussion

children had a high frequency of CC IL-4 C589T genotypes compared with
well and not-well-controlled asthmatic groups (69.7%, 63.64, and 46.15%,
respectively). A high frequency of CT IL-4 C589T genotypes was found
in not well-controlled asthmatic groups compared with well and partial-
controlled groups (53.85%, 36.36, and 27.27%, respectively).

Table (3-16): Association between Asthma Controlling and IL-4 C-
589T Genotypes in Asthmatic Children

IL-4 C-589T Asthma Controlling®
genotypes Well Partial | Not well Chi- P-value
controlled | controlled | controlled | SAuare
N=33 N=332 N=13
CC 21 23 6
63.64%) | (69.7%) | (46.15%) | 14.846 | 0.001*
CT 12 9 7
(36.36%) | (27.27%) | (53.85%)
C Allele 54 55 19
81.82%) | (83.33%) | (73.08%) | 3700 | 0.157
T Allele 12 11 7
(18.18%) | (16.67%) | (26.92%)

** Highly Significance level at p-value <0.01, ® one sample with TT

genotype was excluded, ®: 8 sample without control was excluded

Additionally, there was no significant difference in asthma-controlling
status groups depending on the IL-4 allele (p-value =0.157).

The cause of this result was that the CT genotype of the IL-4 gene was
associated with severe asthma (Table 3-15) since severe persistent asthma

is a subset of difficult-to-treat asthma (not controlled).

3.4.2.3.3. Association between Immunological Parameters
and Genotype of IL-4 C-589T Gene in Asthmatic Children:

The study showed a high association between high total serum IgE
levels and the CT genotype of IL-4 C589T (p-value=0.02). In contrast, high
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Chlamydia pneumoniae IgE levels were found to be associated with CC

genotypes (p-value= 0.01), as presented in Table (3-17).

On the other hand, there were no significant differences in serum IL-4
levels and Chlamydia pneumoniae IgG levels depending on different IL-4

C589T genotypes (p-value= 0.145 and 0.662, respectively).

The present study was consistent with previous studies which detected
that the higher level of IgE was associated with the T allele. The total serum
IgE level in the TT genotype was significantly higher than that in CT and
CC genotypes (Korzycka-Zaborowska et al., 2015, Zhang et al., 2019). It
has been shown that the T allele of this SNP leads to increased affinity of
the binding of transcription factors compared to the C allele, leading to
overexpression of IL-4 mRNA. IL-4 has the ability to promote B cells
activation to secrete 1gG1 and IgE, promote the transformation of IgG to

IgE, and IgE-mediated immune response enhancement.

Table (3-17): Association between Immunological Parameters and
Genotype of IL-4 C-589T Gene in Asthmatic Children

Parameters IL-4 C-589T genotypes?
meanz S.D CC CT T-test | p-value
56 (64.36%0) 30 (34.48%)
Total IgE 1U/ml 359.85+205.027 | 478.99+249.18 | -2.380 | 0.02*
IL-4 level pg/mL 3.202+4.125 4.788+5.488 |-1.471] 0.145
Chlamydia
pneumoniae IgE 8.555+4.889 6.459+2.403 | 2.649 | 0.01*
ng/L
Chlamydia
pneumoniae 1gG 22.895+10.839 | 21.834+10.068 | 0.439 | 0.662
ng/L

*: significant difference at P-value <0.05, 2 One sample was excluded
because it is TT genotype
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The current result was inconsistent with the previous study, which
detected that 589T alleles of the IL-4 gene were likely related to a high
level of IL-4 in serum (Shang et al., 2016). This difference was because
additional polymorphic loci in the IL-4 gene should be investigated to
verify the role of polymorphism on IL-4 levels since other loci can affect
IL-4 levels. Polymorphism at the —33 locus may be associated with the IL-
4 level. IL-4R o2 controls the IL-4 signalling pathway in early-life

Chlamydia pneumoniae infection.

This is the first study in Irag and the world that detect the correlation
between IL-4 C589T polymorphism and the presence of Chlamydia

pneumoniae IgG and IgE antibodies in asthmatic children.

For the Chlamydia pneumoniae IgG antibody, there was no significant
difference in antibody levels between IL-4 genotypes. Thus, the IL-4
polymorphism at the C589T site did not affect persistent Chlamydia
pneumoniae infection, and it's not the cause to increase Chlamydia
pneumoniae IgG antibody in asthmatic than in healthy children (Table 3-
17).

On the other hand, the Chlamydia pneumoniae IgE antibody was at a
higher level in the CC genotype. Since the CC genotype was in higher
frequency in non-asthmatic children, therefore; the development of
Chlamydia pneumoniae IgE antibody in asthmatic children didn't depend
on IL-4 polymorphism. The possible explanation is that the other
molecular mechanisms and genetic polymorphisms may influence IL-4

levels and IgE class switching.
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Conclusions and Recommendations

Conclusions:

» Children with asthma have more persistent Chlamydia pneumoniae
infections than non-asthmatic children.

» The presence of Chlamydia pneumoniae-specific IgE will provide
ongoing stimulation of allergic responses by Chlamydia
pneumoniae.

» Drooping of Chlamydia pneumoniae IgE level in asthmatic
adolescents who live in urban.

» High IL-4 level was associated with more severe asthma and not
welled control in children.

» Asthma in children has been associated with the site-specific IL-4
C589T genotype in Iraqi asthmatic children.

» CT genotype of IL-4 C589T association with high more severe
asthma and not welled control in children.

» CT genotype of IL-4 C589T association with high total IgE levels
but not [L-4.

» 1L-4 C589T polymorphism was not implicated in developing high

Chlamydia pneumoniae IgE antibodies in asthmatic children.
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Recommendations:

e Measuring Chlamydia pneumonia infection in Iraqi children with
asthma to prevent the development of asthma in the future and to
better manage asthma.

o Use of Chlamydia pneumoniae-specific IgE in an allergy panel test
in Iraq.

e The pathophysiology of Chlamydia pneumoniae infection in

asthma could be studied.

103

——
| —



References



References

Abood, Haidar A. N. & Al-Zaubai, Nuha (2020). Letter from lIraq.
Respirology, 25, 769-770.

Abood, Saad Hashim & Mohanad, AL-Etaby (2018). Study of the
correlation between total immunoglobulin-E levels and Interleukin-
4 polymorphism in asthmatic children.

Afshari, Jalil; Farid-Hosseini, Reza; Farahabadi, Sara; Heydarian,
Farhad; Boskabady, Mohammad Hossein, et al. (2007).
Association of the Expression of IL-4 and IL-13 Genes, IL-4 and
IgE Serum Levels with Allergic Asthma. lranian journal of
allergy, asthma, and immunology, 6, 67-72.

Al-Ghizzi, Iman Jabbar Kadhim; Abbas, Israa Khudhair; Rasheed,
Suaad Muhammed Hassan & Deli, Falah Abdulhasan (2020).
Antichlamydia 1gG Antibody in Adult Asthmatics in Al-Najaf.
Acta Medica Iranica, 32-37.

Al-Sabhany, Hatim A; Lafi, Shehab A & AIl-Ogayli, Mushtaq TS
(2011). Molecular Detection of 16SrRNA of Chlamydia
pneumoinae and specific IgE in Asthmatic Patients. Egyptian
Academic Journal of Biological Sciences, G. Microbiology, 3, 83-
93.

Al-Zaidi, Mahmood Sh; Kadhim, Haider S & Shemran, Haider
Ahmed (2010). The possible association between Chlamydia
pneumoniae infection and asthma. Journal of the Faculty of
Medicine Baghdad, 52, 318-319.

Al Obaidi, A. H.; Mohamed Al Samarai, A. G.; Yahya Al Samarai,
A. K. & Al Janabi, J. M. (2008). The predictive value of IgE as
biomarker in asthma. J Asthma, 45, 654-63.

Alavinezhad, A. & Boskabady, M. H. (2018). The prevalence of asthma
and related symptoms in Middle East countries. Clin Respir J, 12,
865-877.

Altaii, H. A. & Al-Tae, F. M. D. (2022). Investigation of Serum Total
IgE and Eosinophil Levels in Different Allergic Diseases Together
with the Study of Their Correlations with Various Possible
Allergens in Mosul City. Immunol Invest, 51, 567-587.

Alves, Matheus Silva; da Silva Cariolano, Marilha; dos Santos
Ferreira, Hivylla Lorrana; Sousa de Abreu Silva, Elen; Felipe,
Karen Karollynny Pereira, et al. (2020). High frequency of
Chlamydia pneumoniae and risk factors in children with acute
respiratory infection. Brazilian Journal of Microbiology, 51, 629-
636.

Alyasin, Soheila; Kanannejad, Zahra; Esmaeilzadeh, Hossein;
Nabavizadeh, Hesameddin & Amin, Reza (2021). Cytokine
levels and polymorphisms in childhood asthma among the iranian
population. Journal of Pediatrics Review, 9, 19-26.

104

——
| —



References

Asher, |.; Haahtela, T.; Selroos, O.; Ellwood, P. & Ellwood, E.
(2017). Global Asthma Network survey suggests more national
asthma strategies could reduce burden of asthma. Allergologia et
Immunopathologia, 45, 105-114.

Beghé, B.; Barton, S.; Rorke, S.; Peng, Q.; Sayers, I., et al. (2003).
Polymorphisms in the interleukin-4 and interleukin-4 receptor
alpha chain genes confer susceptibility to asthma and atopy in a
Caucasian population. Clin Exp Allergy, 33, 1111-7.

Bell, John 1 (2002). Single nucleotide polymorphisms and disease gene
mapping. Arthritis Research & Therapy, 4, 1-6.

Bergeron, C.; Tulic, M. K. & Hamid, Q. (2010). Airway remodelling in
asthma: from benchside to clinical practice. Can Respir J, 17, €85-
93.

Berry, A. & Busse, W. W. (2016). Biomarkers in asthmatic patients: Has
their time come to direct treatment? J Allergy Clin Immunol, 137,
1317-24.

Bijanzadeh, M.; Mahesh, P. A. & Ramachandra, N. B. (2011). An
understanding of the genetic basis of asthma. Indian J Med Res,
134, 149-61.

Bijanzadeh, M.; Ramachandra, N. B.; Mahesh, P. A.; Mysore, R. S,;
Kumar, P., et al. (2010). Association of IL-4 and ADAM33 gene
polymorphisms with asthma in an Indian population. Lung, 188,
415-22.

Blasi, F.; Damato, S.; Cosentini, R.; Tarsia, P.; Raccanelli, R., et al.
(2002). &lt;em&gt;Chlamydia  pneumoniae&lt;/em&gt; and
chronic bronchitis: association with severity and bacterial clearance
following treatment. Thorax, 57, 672.

Blasi, F.; Tarsia, P.; Arosio, C.; Fagetti, L. & Allegra, L. (1998).
Epidemiology of Chlamydia pneumoniae. Clinical Microbiology
and Infection, 4, 451-4S6.

Boonpiyathad, Tadech; Soézener, Zeynep Celebi; Satitsuksanoa,
Pattraporn & Akdis, Cezmi A. (2019). Immunologic mechanisms
in asthma. Seminars in Immunology, 46, 101333.

Bozan, Gilgin; Bozan, Girkan; Hulya, ANIL; Tercan, US &
HARMANCI, Koray (2018). Prevalence and Atopy Association
of Mycoplasma Pneumoniae and Chlamydia Pneumoniae
Infections in Infants with Recurrent Wheezing. Osmangazi Tip
Dergisi.

Braido, F. (2013). Failure in asthma control: reasons and consequences.
Scientifica (Cairo), 2013, 549252.

Brennan Jr, Fred H; Alent, Jeffrey & Ross, Michael J (2018).
Evaluating the athlete with suspected exercise-induced asthma or
bronchospasm. Current Sports Medicine Reports, 17, 85-89.

105

——
| —



References

Brickman, TIMOTHY J; Barry 3rd, CE & Hackstadt, T (1993).
Molecular cloning and expression of hctB encoding a strain-variant
chlamydial histone-like protein with DNA-binding activity.
Journal of bacteriology, 175, 4274-4281.

Buc, M.; Duzurilla, M.; Vrlik, M. & Bucova, M. (2009).
Immunopathogenesis of bronchial asthma. Arch Immunol Ther Exp
(Warsz), 57, 331-44.

Bulut, Y.; Faure, E.; Thomas, L.; Karahashi, H.; Michelsen, K. S., et
al. (2002). Chlamydial heat shock protein 60 activates
macrophages and endothelial cells through Toll-like receptor 4 and
MD2 in a MyD88-dependent pathway. J Immunol, 168, 1435-40.

Burillo, A. & Bouza, E. (2010). Chlamydophila pneumoniae. Infect Dis
Clin North Am, 24, 61-71.

Busse, William W. (2019). Biological treatments for severe asthma: A
major advance in asthma care. Allergology International, 68, 158-
166.

Calmes, Doriane; Huynen, Pascale; Paulus, Virginie; Henket,
Monique; Guissard, Frangoise, et al. (2021). Chronic infection
with Chlamydia pneumoniae in asthma: a type-2 low infection
related phenotype. Respiratory Research, 22, 72.

Calzetta, Luigino; Matera, Maria Gabriella; Coppola, Angelo &
Rogliani, Paola (2021). Prospects for severe asthma treatment.
Current Opinion in Pharmacology, 56, 52-60.

Campbell, L. A. & Kuo, C. C. (2009). Cultivation and laboratory
maintenance of Chlamydia pneumoniae. Curr Protoc Microbiol,
Chapter 11, Unit11B.1.

Cernescu, L. D.; Haidar, L. & Panaitescu, C. (2021). Dendritic cell-
CD4(+) T cell interaction: The differential role of IL-4/IL-13 in
serum IgE levels in house dust mite allergic patients. Exp Ther
Med, 21, 95.

Chang, M. L.; Cui, C.; Liu, Y. H.; Pei, L. C. & Shao, B. (2015).
Analysis of total immunoglobulin E and specific immunoglobulin
E of 3,721 patients with allergic disease. Biomed Rep, 3, 573-577.

Chaplin, Steve (2020). Summary of ERS/ATS guideline on managing
severe asthma. Prescriber, 31, 27-31.

Chen, Chiung-Zuei; Yang, Bei-Chang; Lin, Tsun-Mei; Lee, Cheng-
Hung & Hsiue, Tzuen-Ren (2009). Chronic and Repeated
Chlamydophila pneumoniae Lung Infection can Result in
Increasing IL-4 Gene Expression and Thickness of Airway
Subepithelial Basement Membrane in Mice. Journal of the
Formosan Medical Association, 108, 45-52.

Chen, H.; Gould, M. K.; Blanc, P. D.; Miller, D. P.; Kamath, T. V., et
al. (2007). Asthma control, severity, and quality of life: quantifying

106

——
| —



References

the effect of uncontrolled disease. J Allergy Clin Immunol, 120,
396-402.

Chiang, C. H.; Tang, Y. C.; Lin, M. W. & Chung, M. Y. (2007).
Association between the IL-4 promoter polymorphisms and asthma
or severity of hyperresponsiveness in Taiwanese. Respirology, 12,
42-8.

Choroszy-Krol, 1.; Frej-Madrzak, M.; Jama-Kmiecik, A.; Sarowska,
J.; Gosciniak, G., et al. (2013). Incidence of Chlamydophila
pneumoniae infection in children during 2007-2010. Adv Exp Med
Biol, 788, 83-7.

Chowdhury, Nowrin U.; Guntur, Vamsi P.; Newcomb, Dawn C. &
Wechsler, Michael E. (2021). Sex and gender in asthma.
European Respiratory Review, 30, 210067.

Chung, K. F. (2018). Diagnosis and Management of Severe Asthma.
Semin Respir Crit Care Med, 39, 91-99.

Clements, J. D.; Rodel, Jurgen; Woytas, Marcus; Groh, Annemarie;
Schmidt, Karl-Hermann, et al. (2000). Production of Basic
Fibroblast Growth Factor and Interleukin 6 by Human Smooth
Muscle Cells following Infection with <i>Chlamydia
pneumoniae</i>. Infection and Immunity, 68, 3635-3641.

Cloutier, Michelle M; Baptist, Alan P; Blake, Kathryn V; Brooks,
Edward G; Bryant-Stephens, Tyra, et al. (2020). 2020 focused
updates to the asthma management guidelines: a report from the
National Asthma Education and Prevention Program Coordinating
Committee Expert Panel Working Group. Journal of Allergy and
Clinical Immunology, 146, 1217-1270.

Coates, Brad Steven; Bayles, Darrell O; Wanner, Kevin W,
Robertson, Hugh M; Hellmich, Richard L, et al. (2011). The
application and performance of single nucleotide polymorphism
markers for population genetic analyses of Lepidoptera. Frontiers
in genetics, 2, 38.

Cockcroft, D. W. (2018). Environmental Causes of Asthma. Semin
Respir Crit Care Med, 39, 12-18.

Colley, Thomas; Mercado, Nicolas; Kunori, Yuichi; Brightling,
Christopher; Bhavsar, Pankaj K., et al. (2016). Defective
sirtuin-1 increases IL-4 expression through acetylation of GATA-3
in patients with severe asthma. Journal of Allergy and Clinical
Immunology, 137, 1595-1597.e7.

Consortium, International HapMap (2007). A second generation
human haplotype map of over 3.1 million SNPs. Nature, 449, 851.

da Cunha, Maria; Milho, Catarina; Almeida, Filipe; Pais, Sara V.;
Borges, Vitor, et al. (2014). Identification of type Il secretion

107

——
| —



References

substrates of Chlamydia trachomatis using Yersinia enterocolitica
as a heterologous system. BMC Microbiology, 14, 40.

Darveaux, J. & Busse, W. W. (2015). Biologics in asthma--the next step
toward personalized treatment. J Allergy Clin Immunol Pract, 3,
152-60; quiz 161.

Darveaux, J. I. & Lemanske, R. F., Jr. (2014). Infection-related
asthma. J Allergy Clin Immunol Pract, 2, 658-63.

Davila, I.; Valero, A.; Entrenas, L. M.; Valveny, N. & Herraez, L.
(2015). Relationship between serum total IgE and disease severity
in patients with allergic asthma in Spain. J Investig Allergol Clin
Immunol, 25, 120-7.

Davis, M Wayne & Hammarlund, Marc (2006). Single-nucleotide
polymorphism mapping. C. elegans, 75-92.

De Amici, M. & Ciprandi, G. (2013). The Age Impact on Serum Total
and Allergen-Specific IgE. Allergy Asthma Immunol Res, 5, 170-4.

de Faria, I. C.; de Faria, E. J.; Toro, A. A.; Ribeiro, J. D. & Bertuzzo,
C. S. (2008). Association of TGF-betal, CD14, IL-4, IL-4R and
ADAMS33 gene polymorphisms with asthma severity in children
and adolescents. J Pediatr (Rio J), 84, 203-10.

De Vooght, Karen MK; Van Wijk, Richard & Van Solinge, Wouter
W (2009). Management of gene promoter mutations in molecular
diagnostics. Clinical chemistry, 55, 698-708.

Diepold, Andreas & Wagner, Samuel (2014). Assembly of the bacterial
type I11 secretion machinery. FEMS microbiology reviews, 38, 802-
822.

Donfack, J.; Schneider, D. H.; Tan, Z.; Kurz, T.; Dubchak, 1., et al.
(2005). Variation in conserved non-coding sequences on
chromosome 5q and susceptibility to asthma and atopy. Respir Res,
6, 145.

Dong, C.; Fu, T.; Ji, J.; Li, Z. & Gu, Z. (2018). The role of interleukin-
4 in rheumatic diseases. Clin Exp Pharmacol Physiol, 45, 747-754.

Drysdale, Connie M; McGraw, Dennis W; Stack, Catharine B;
Stephens, J Claiborne; Judson, Richard S, et al. (2000).
Complex promoter and coding region [2-adrenergic receptor
haplotypes alter receptor expression and predict in vivo
responsiveness. Proceedings of the National Academy of Sciences,
97, 10483-10488.

Eckl-Dorna, J.; Villazala-Merino, S.; Campion, N. J.; Byazrova, M.;
Filatov, A., et al. (2019). Tracing IgE-Producing Cells in Allergic
Patients. Cells, 8.

Edwards, Michael R.; Bartlett, Nathan W.; Hussell, Tracy;
Openshaw, Peter & Johnston, Sebastian L. (2012). The

108

——
| —



References

microbiology of asthma. Nature Reviews Microbiology, 10, 459-
471.

El-Shal, Amal S.; Shalaby, Sally M.; Abdel-Nour, Hanim M,
Sarhan, Walaa M.; Hamed Gehad, Mona, et al. (2022). Impact
of cytokines genes polymorphisms and their serum levels on
childhood asthma in Egyptian population. Cytokine, 157, 155933.

ENFUMOSA, The (2003). The ENFUMOSA cross-sectional European
multicentre study of the clinical phenotype of chronic severe
asthma. European Respiratory Journal, 22, 470.

Ferguson, Betsy; Street, Summer L; Wright, Hollis; Pearson, Carlo;
Jia, Yibing, et al. (2007). Single nucleotide polymorphisms
(SNPs) distinguish Indian-origin and Chinese-origin rhesus
macaques (Macaca mulatta). BMC genomics, 8, 1-9.

Ferrari, M.; Poli, A.; Olivieri, M.; Verlato, G.; Tardivo, S., et al.
(2002). Respiratory symptoms, asthma, atopy and Chlamydia
pneumoniae IgG antibodies in a general population sample of
young adults. Infection, 30, 203-7.

Finkelman, F. D.; Hogan, S. P.; Hershey, G. K.; Rothenberg, M. E. &
Wills-Karp, M. (2010). Importance of cytokines in murine allergic
airway disease and human asthma. J Immunol, 184, 1663-74.

Finn, P. W. & Bigby, T. D. (2009). Innate immunity and asthma. Proc
Am Thorac Soc, 6, 260-5.

Fitzpatrick, A. M. (2016). Severe Asthma in Children: Lessons Learned
and Future Directions. J Allergy Clin Immunol Pract, 4, 11-9; quiz
20-1.

Froidure, Antoine; Mouthuy, Jonathan; Durham, Stephen R;
Chanez, Pascal; Sibille, Yves, et al. (2016). Asthma phenotypes
and IgE responses. European Respiratory Journal, 47, 304.

Fu, Guoliang; Miles, Andrea & Alphey, Luke (2012). Multiplex
detection and SNP genotyping in a single fluorescence channel.
PloS one, 7, e30340.

Fu, J. J.; McDonald, V. M.; Wang, G. & Gibson, P. G. (2014). Asthma
control: how it can be best assessed? Curr Opin Pulm Med, 20, 1-7.

Fucharoen, Suthat (2007). Genetic polymorphisms and implications for
human diseases. J Med Assoc Thai, 90, 394-8.

Gadani, S. P.; Cronk, J. C.; Norris, G. T. & Kipnis, J. (2012). IL-4 in
the brain: a cytokine to remember. J Immunol, 189, 4213-9.

Gandhi, Namita A; Bennett, Brandy L; Graham, Neil MH; Pirozzi,
Gianluca; Stahl, Neil, et al. (2016). Targeting key proximal
drivers of type 2 inflammation in disease. Nature reviews Drug
discovery, 15, 35-50.

Gautam, J. & Krawiec, C. (2022). Chlamydia Pneumonia. In: StatPearls
[Internet].

109

——
| —



References

Gautam, Jeevan & Krawiec, Conrad (2020). Chlamydia pneumonia.

Gencay, M.; Rudiger, J. J.; Tamm, M.; Solér, M.; Perruchoud, A. P.,
et al. (2001). Increased frequency of Chlamydia pneumoniae
antibodies in patients with asthma. Am J Respir Crit Care Med,
163, 1097-100.

Georas, S. N.; Guo, J.; De Fanis, U. & Casolaro, V. (2005). T-helper
cell type-2 regulation in allergic disease. European Respiratory
Journal, 26, 1119-1137.

Gern, J. E. (2010). The Urban Environment and Childhood Asthma
study. J Allergy Clin Immunol, 125, 545-9.

Gervaziev, Y. V.; Kaznacheev, V. A. & Gervazieva, V. B. (2006).
Allelic polymorphisms in the interleukin-4 promoter regions and
their association with bronchial asthma among the Russian
population. Int Arch Allergy Immunol, 141, 257-64.

Gieffers, J.; van Zandbergen, G.; Rupp, J.; Sayk, F.; Krlger, S., et
al. (2004). Phagocytes transmit <em>Chlamydia
pneumoniae</em> from the lungs to the vasculature. European
Respiratory Journal, 23, 506-510.

GINA. (2022). 2022 GINA Report, Global Strategy for Asthma
Management and Prevention. 2022 GINA Report, Global Strategy
for Asthma Management and Prevention [Online]. Available:
https://ginasthma.org/gina-reports/ [Accessed 26/Dec/2022].

Gitsels, Arlieke; Sanders, Niek & Vanrompay, Daisy (2019).
Chlamydial infection from outside to inside. Frontiers in
Microbiology, 10, 2329.

Goldstein, Ellie JC; Kumar, Swati & Hammerschlag, Margaret R
(2007). Acute respiratory infection due to Chlamydia pneumoniae:
current status of diagnostic methods. Clinical infectious diseases,
44, 568-576.

Graham, L. M. & Eid, N. (2015). The impact of asthma exacerbations
and preventive strategies. Curr Med Res Opin, 31, 825-35.

Grayston, J Thomas; Kuo, Cho-Chou; Wang, San-pin & Altman,
Jeff (1986). A new Chlamydia psittaci strain, TWAR, isolated in
acute respiratory tract infections. New England Journal of
Medicine, 315, 161-168.

Guilbert, T. W.; Garris, C.; Jhingran, P.; Bonafede, M,
Tomaszewski, K. J., et al. (2011). Asthma that is not well-
controlled is associated with increased healthcare utilization and
decreased quality of life. J Asthma, 48, 126-32.

Hackstadt, Ted (1999). Cell Biology. Chlamydia. 101-138.

Hahn, D. L.; Schure, A.; Patel, K.; Childs, T.; Drizik, E., et al. (2012).
Chlamydia pneumoniae-specific IgE is prevalent in asthma and is
associated with disease severity. PL0oS One, 7, e35945.

110

——
| —


https://ginasthma.org/gina-reports/

References

Hahn, David L (2021). Chlamydia pneumoniae and chronic asthma:
Updated systematic review and meta-analysis of population
attributable risk. PLoS One, 16, e0250034.

Hahn, David; Patel, Katir; Drizik, Eduard & Webley, Wilmore
(2011). <em>Chlamydia pneumoniae</em> (Cp)-specific IgE is
associated with asthma severity. European Respiratory Journal,
38, p2512.

Hakonarson, H.; Bjornsdottir, U. S.; Ostermann, E.; Arnason, T.;
Adalsteinsdottir, A. E., et al. (2001). Allelic frequencies and
patterns of single-nucleotide polymorphisms in candidate genes for
asthma and atopy in Iceland. Am J Respir Crit Care Med, 164,
2036-44.

Haller, G.; Torgerson, D. G.; Ober, C. & Thompson, E. E. (2009).
Sequencing the IL4 locus in African Americans implicates rare
noncoding variants in asthma susceptibility. J Allergy Clin
Immunol, 124, 1204-9.€9.

Hammerschlag, Margaret R. (2003). Pneumonia due to Chlamydia
pneumoniae in children: Epidemiology, diagnosis, and treatment.
Pediatric Pulmonology, 36, 384-390.

Hammerschlag, Margaret R.; Kohlhoff, Stephan A. & Gaydos,
Charlotte A. (2015). 184 - Chlamydia pneumoniae. In:
BENNETT, J. E., DOLIN, R. & BLASER, M. J. (eds.) Mandell,
Douglas, and Bennett's Principles and Practice of Infectious
Diseases (Eighth Edition). Philadelphia: W.B. Saunders. 2174-
2182.e2.

Hansel, T. T.; Johnston, S. L. & Openshaw, P. J. (2013). Microbes and
mucosal immune responses in asthma. Lancet, 381, 861-73.

Hassan, Zahraa F; al-Rekaby, Heba Kassim; Hussein, Hiba Sh;
Hassan, Murtadah R; Hussain, Ahmed K Abdul, et al. (2022).
Interleukin_4 gene polymorphisms and connect with asthma
patients province of Thi-Qar/lrag. 2022 International Symposium
on Multidisciplinary Studies and Innovative Technologies
(ISMSIT), IEEE, 308-310.

Hernandez-Pacheco, Natalia; Kere, Maura & Melén, Erik (2022).
Gene-environment interactions in childhood asthma revisited;
expanding the interaction concept. Pediatric Allergy and
Immunology, 33, e13780.

Hijazi, Z. & Haider, M. Z. (2000). Interleukin-4 gene promoter
polymorphism [C590T] and asthma in Kuwaiti Arabs. Int Arch
Allergy Immunol, 122, 190-4.

Horvat, J. C.; Starkey, M. R.; Kim, R. Y.; Phipps, S.; Gibson, P. G.,
et al. (2010). Early-life chlamydial lung infection enhances allergic
airways disease through age-dependent differences in

111

——
| —



References

immunopathology. J Allergy Clin Immunol, 125, 617-25, 625.e1-
625.€6.

Horvat, Jay C; Beagley, Kenneth W; Wade, Margaret A; Preston,
Julie A; Hansbro, Nicole G, et al. (2007). Neonatal chlamydial
infection induces mixed T-cell responses that drive allergic airway
disease. American journal of respiratory and critical care
medicine, 176, 556-564.

Hsu, J. Y.; King, S. L.; Kuo, B. I. & Chiang, C. D. (2004). Age of
onset and the characteristics of asthma. Respirology, 9, 369-72.

Huang, H. R.; Zhong, Y. Q. & Wu, J. F. (2012). The association
between IFN-y and IL-4 genetic polymorphisms and childhood
susceptibility to bronchial asthma. Gene, 494, 96-101.

Hui, Tin-Yu J & Burt, Austin (2020). Estimating linkage
disequilibrium from genotypes under Hardy-Weinberg equilibrium.
BMC genetics, 21, 21.

Hussein, IThsan A. & Jaber, Saddam H. (2017). Genotyping of<i> IL-
4</i> =590 (C>T) Gene in Iraqi Asthma Patients. Disease
Markers, 2017, 5806236.

Hussein, Noha A.; Kamal, Rabab M. & Hanna, Christine M. Shawky
(2020). Association of IL4 gene polymorphism with severity of
asthma among Egyptian patients. Minia Journal of Medical
Research, 31, 303-307.

Iman Kadhim, Al-Ghizzi; Israa, Abbas; Suaad Muhammed, Rasheed
& Falah, Deli (2020). Antichlamydia 1gG Antibody in Adult
Asthmatics in Al-Najaf. Acta Medica Iranica, 58.

Information, Bethesda : National Center for Biotechnology. (2005).
General information about Single Nucleotide Polymorphisms.
General information about Single Nucleotide Polymorphisms.

[Online]. Available:
https://www.ncbi.nlm.nih.gov/books/NBK44382/ [Accessed
1/Jan/2022].

Information, National Center for Biotechnology. (2022). interleukin 4
[ Homo sapiens (human) ]. interleukin 4 [ Homo sapiens (human) ]
[Online]. Available:
https://www.ncbi.nlm.nih.gov/gene?Cmd=DetailsSearch&Term=3
565 [Accessed 1/Jan/2023].

Jain, V.; Vashisht, R.; Yilmaz, G. & Bhardwaj, A. (2022). Pneumonia
Pathology. StatPearls. Treasure Island (FL): StatPearls Publishing

Copyright © 2022, StatPearls Publishing LLC.
Jeffrey, T.; Kirchner & D.O. (2000). Clinical Characteristics of
Chlamydia pneumoniae. American Family Physician 61, 792-794.

112

——
| —


https://www.ncbi.nlm.nih.gov/books/NBK44382/
https://www.ncbi.nlm.nih.gov/gene?Cmd=DetailsSearch&Term=3565
https://www.ncbi.nlm.nih.gov/gene?Cmd=DetailsSearch&Term=3565

References

Jenkins, C. R.; Boulet, L. P.; Lavoie, K. L.; Raherison-Semjen, C. &
Singh, D. (2022). Personalized Treatment of Asthma: The
Importance of Sex and Gender Differences. J Allergy Clin
Immunol Pract, 10, 963-971.e3.

Jiang, P.; Liu, J.; Yan, X. B. & Liu, R. Y. (2009). Several interleukin-4
and interleukin-13 gene single nucleotide polymorphisms among
Chinese asthmatic patients. Allergy Asthma Proc, 30, 413-8.

Jiang, Shibo; Hillyer, Christopher & Du, Lanying (2020).
Neutralizing antibodies against SARS-CoV-2 and other human
coronaviruses. Trends in immunology, 41, 355-359.

Jie, Y.; Isa, Z. M.; Jie, X.; Ju, Z. L. & Ismail, N. H. (2013). Urban vs.
rural factors that affect adult asthma. Rev Environ Contam Toxicol,
226, 33-63.

Jin, Xiaosheng & Zheng, Jisheng (2021). IL-4-C-590T locus
polymorphism and susceptibility to asthma in children: a meta-
analysis. Jornal de Pediatria, 97, 264-272.

Johnston, Sebastian L & Martin, Richard J (2005). Chlamydophila
pneumoniae and Mycoplasma pneumoniae: a role in asthma
pathogenesis? American journal of respiratory and critical care
medicine, 172, 1078-1089.

Joskova, M.; Mokry, J. & Franova, S. (2020). Respiratory Cilia as a
Therapeutic Target of Phosphodiesterase Inhibitors. Front
Pharmacol, 11, 6009.

Junttila, llkka S. (2018). Tuning the Cytokine Responses: An Update on
Interleukin (IL)-4 and IL-13 Receptor Complexes. Frontiers in
Immunology, 9.

Kabesch, Michael; Schedel, Michaela; Carr, David; Woitsch, Bernd;
Fritzsch, Christian, et al. (2004). IL-4/IL-13 pathway genetics
strongly influence serum IgE levels and childhood asthma. The
Journal of allergy and clinical immunology, 117, 269-74.

Kaiko, Gerard E; Horvat, Jay C; Beagley, Kenneth W & Hansbro,
Philip M (2008). Immunological decision-making: how does the
immune system decide to mount a helper T-cell response?
Immunology, 123, 326-338.

Kalayoglu, Murat V.; Indrawati; Morrison, Richard P.; Morrison,
Sandra G.; Yuan, Ying, et al. (2000). Chlamydial Virulence
Determinants in Atherogenesis: The Role of Chlamydial
Lipopolysaccharide and Heat Shock Protein 60 in Macrophage-
Lipoprotein Interactions. The Journal of Infectious Diseases, 181,
S483-5489.

Karagiannis, Sophia N; Karagiannis, Panagiotis; Josephs, Debra H;
Saul, Louise; Gilbert, Amy E, et al. (2015). Immunoglobulin E

113

——
| —



References

and allergy: Antibodies in immune inflammation and treatment.
Antibodies for Infectious Diseases, 75-102.

Kariyawasam, Harsha H; James, Louisa K & Gane, Simon B (2020).
Dupilumab: clinical efficacy of blocking IL-4/IL-13 signalling in
chronic rhinosinusitis with nasal polyps. Drug Design,
Development and Therapy, 14, 1757.

Karnak, D. & Beder, S. (2002). Treatment of Chlamydia pneumoniae
infection and chronic obstructive pulmonary disease. Expert Opin
Pharmacother, 3, 1461-70.

Kern, J. M.; Maass, V. & Maass, M. (2009). Molecular pathogenesis of
chronic Chlamydia pneumoniae infection: a brief overview. Clin
Microbiol Infect, 15, 36-41.

Khajotia, R. (2008). Classifying asthma severity and treatment
determinants: national guidelines revisited. Malays Fam Physician,
3, 131-6.

Koékai, D.; Pardczai, D.; Virok, D. P.; Endrész, V.; Gaspar, R., et al.
(2021). Ambroxol Treatment Suppresses the Proliferation of
Chlamydia pneumoniae in Murine Lungs. Microorganisms, 9.

Komlosi, Zsolt I; van de Veen, Willem; Kovacs, Nora; Sziics, Gergo;
Sokolowska, Milena, et al. (2022). Cellular and molecular
mechanisms of allergic asthma. Molecular aspects of medicine, 85,
100995.

Koo, S.; Gupta, A.; Fainardi, V.; Bossley, C.; Bush, A., et al. (2016).
Ethnic Variation in Response to IM Triamcinolone in Children
With Severe Therapy-Resistant Asthma. Chest, 149, 98-105.

Korzycka-Zaborowska, B; Zielinska-Blizniewska, H; Zaborowski, A
& Oiszewski, J (2015). Association of-590 C/T 11-4 gene promoter
polymorphism with atopy in Polish patients with allergic rhinitis. J
Allergy Disord Ther, 2.

Kousha, Ahmad; Mahdavi Gorabi, Armita; Forouzesh, Mehdi;
Hosseini, Mojgan; Alexander, Markov, et al. (2020). Interleukin
4 gene polymorphism (—589C/T) and the risk of asthma: a meta-
analysis and met-regression based on 55 studies. BMC
Immunology, 21, 55.

Kraft, Monica; Cassell, Gail H.; Pak, Juno & Martin, Richard J.
(2002). Mycoplasma pneumoniae and Chlamydia pneumoniae in
Asthma: Effect of Clarithromycin. Chest, 121, 1782-1788.

Krings, James G.; McGregor, Mary Clare; Bacharier, Leonard B. &
Castro, Mario (2019). Biologics for Severe Asthma: Treatment-
Specific Effects Are Important in Choosing a Specific Agent. The
Journal of Allergy and Clinical Immunology: In Practice, 7, 1379-
1392.

114

——
| —



References

Krull, Matthias; Bockstaller, Petra; Wuppermann, Frederik N.;
Klucken, Andrea C.; Mihling, Jorg, et al. (2006). Mechanisms
of Chlamydophila pneumoniae—Mediated GM-CSF Release in
Human Bronchial Epithelial Cells. American Journal of
Respiratory Cell and Molecular Biology, 34, 375-382.

Krall, Matthias & Suttorp, Norbert (2007). Pathogenesis of
Chlamydophila  pneumoniae infections —  epidemiology,
immunity, cell biology, virulence factors. In: SUTTORP, N.,
WELTE, T. & MARRE, R. (eds.) Community-Acquired
Pneumonia. Basel: Birkhduser Basel. 83-110.

Kumar, R. M.; Pajanivel, R.; Koteeswaran, G.; Menon, S. K. &
Charles, P. M. (2017). Correlation of total serum immunoglobulin
E level, sputum, and peripheral eosinophil count in assessing the
clinical severity in bronchial asthma. Lung India, 34, 256-261.

Kumar, Sunil; Jeong, Yideul; Ashraf, Muhammad Umer & Bae,
Yong-Soo (2019). Dendritic cell-mediated Th2 immunity and
immune disorders. International journal of molecular sciences, 20,
21509.

Kuo, Cho-Chou; Jackson, Lisa A; Campbell, Lee Ann & Grayston, J
Thomas (1995). Chlamydia pneumoniae (TWAR). Clinical
microbiology reviews, 8, 451-461.

Kwok, Pui-Yan & Chen, Xiangning (2003). Detection of single
nucleotide polymorphisms. Current issues in molecular biology, 5,
43-60.

Laffleur, Brice; Debeaupuis, Orianne; Dalloul, Zeinab & Cogné,
Michel (2017). B cell intrinsic mechanisms constraining IgE
memory. Frontiers in immunology, 8, 1277.

Lam, N. H.; Nam, N. T.; Vu, L. T.; Vinh, N. N. & Tuyet-Lan, L. T.
(2021). Stepping down therapy for well-controlled mild asthma: an
experience from University Medical Center at Ho Chi Minh City.
Asia Pac Allergy, 11, e9.

Lambrecht, B. N. & Hammad, H. (2013). Asthma: the importance of
dysregulated barrier immunity. Eur J Immunol, 43, 3125-37.
Lambrecht, Bart N.; Hammad, Hamida & Fahy, John V. (2019). The

Cytokines of Asthma. Immunity, 50, 975-991.

Laupland, K. B. & Valiquette, L. (2013). The changing culture of the
microbiology laboratory. Can J Infect Dis Med Microbiol, 24, 125-
8.

Lawson, Joshua A.; Rennie, Donna C.; Cockcroft, Don W.; Dyck,
Roland; Afanasieva, Anna, et al. (2017). Childhood asthma,
asthma severity indicators, and related conditions along an urban-
rural gradient: a cross-sectional study. BMC Pulmonary Medicine,
17, 4.

115

——
| —



References

Le, Hung V; Ramanathan, LATA; Labdon, JE; Mays-Ichinco, CA,;
Syto, R, et al. (1988). Isolation and characterization of multiple
variants of recombinant human interleukin 4 expressed in
mammalian cells. Journal of Biological Chemistry, 263, 10817-
10823.

Leusink, M.; Vijverberg, S. J.; Koenderman, L.; Raaijmakers, J. A.;
de Jongste, J. C., et al. (2016). Genetic variation in uncontrolled
childhood asthma despite ICS treatment. Pharmacogenomics J, 16,
158-63.

Li, J.; Lin, L. H.; Wang, J.; Peng, X.; Dai, H. R., et al. (2014).
Interleukin-4 and interleukin-13 pathway genetics affect disease
susceptibility, serum immunoglobulin E levels, and gene
expression in asthma. Ann Allergy Asthma Immunol, 113, 173-
179.el.

Lin, S. C.; Lin, H. W. & Chiang, B. L. (2017). Association of croup
with asthma in children: A cohort study. Medicine (Baltimore), 96,
e7667.

Lindgren, H.; Hasselgren, M.; Montgomery, S.; Lisspers, K.
Stallberg, B., et al. (2020). Factors associated with well-controlled
asthma-A cross-sectional study. Allergy, 75, 208-211.

Liu, Chuan-Guang & Zhang, Gui-Quan (2006). Single nucleotide
polymorphism (SNP) and its application in rice. Yi chuan=
Hereditas, 28, 737-744.

Liu, T.; Yin, W.; Luo, L.; Wu, Y.; Qin, S, et al. (2022). Association
between Interleukin-4-590C>T  Polymorphism and  the
Susceptibility to Asthma: A Meta-Analysis of Case-Control Study.
J Healthc Eng, 2022, 1712715.

Liu, Xiaoran; Wang, Yanbo; Chen, Chao & Liu, Kun (2021).
Mycoplasma pneumoniae infection and risk of childhood asthma:
A systematic review and meta-analysis. Microbial pathogenesis,
155, 104893.

Lloyd, C. M. & Hessel, E. M. (2010). Functions of T cells in asthma:
more than just T(H)2 cells. Nat Rev Immunol, 10, 838-48.

Loeffler, Jeffrey; Huang, Yvonne; Klein, Elliot; Hammerschlag,
Margaret R.; Joks, Rauno, et al. (2019). Levels of
<em>Chlamydia pneumoniae</em> Immunoglobulin E antibody
in patients with asthma compared with non-asthma. Journal of
Allergy and Clinical Immunology, 143, AB9.

Loftus, Patricia A. & Wise, Sarah K. (2016). Epidemiology of asthma.
Current Opinion in Otolaryngology & Head and Neck Surgery, 24.

Mahmood, Nagham Shaheed & Abdulla, Anwar A (2021).
Association of IL-4— 590 (C> T) Gene polymorphism with the
Levels of Serum IL-4 and IgE on the Risk of Bronchial Asthma in

116

——
| —



References

Babylon Province/lrag. Annals of the Romanian Society for Cell
Biology, 391-400.

Mak, J. C.; Ko, F. W.; Chu, C. M.; Leung, H. C.; Chan, H. W., et al.
(2007). Polymorphisms in the IL-4, IL-4 receptor alpha chain,
TNF-alpha, and lymphotoxin-alpha genes and risk of asthma in
Hong Kong Chinese adults. Int Arch Allergy Immunol, 144, 114-
22,

Malik, H. U.; Kumar, K. & Frieri, M. (2012). Minimal difference in
the prevalence of asthma in the urban and rural environment. Clin
Med Insights Pediatr, 6, 33-9.

Mao, Xueying; Young, Bryan D & Lu, Yong-Jie (2007). The
application of single nucleotide polymorphism microarrays in
cancer research. Current genomics, 8, 219-228.

Maslan, J. & Mims, J. W. (2014). What is asthma? Pathophysiology,
demographics, and health care costs. Otolaryngol Clin North Am,
47, 13-22.

Matsuda, Kazuyuki (2017). Chapter Two - PCR-Based Detection
Methods for Single-Nucleotide Polymorphism or Mutation: Real-
Time PCR and Its Substantial Contribution Toward Technological
Refinement. In. MAKOWSKI, G. S. (ed.) Advances in Clinical
Chemistry. Elsevier. 80, 45-72.

McCauley, Kathryn; Durack, Juliana; Valladares, Ricardo; Fadrosh,
Douglas W; Lin, Din L, et al. (2019). Distinct nasal airway
bacterial microbiotas differentially relate to exacerbation in
pediatric patients with asthma. Journal of Allergy and Clinical
Immunology, 144, 1187-1197.

McCracken, J. L.; Veeranki, S. P.; Ameredes, B. T. & Calhoun, W. J.
(2017). Diagnosis and Management of Asthma in Adults: A
Review. Jama, 318, 279-290.

Melisa Puckey, BPharm. (2022). Ambroxol Hydrochloride. Ambroxol
Hydrochloride [Online]. Available:
https://www.drugs.com/ambroxol.html [Accessed 30/Dec/2022].

Mesh, M. S. H. (2019). Restriction Fragment Length Polymorphism
(RFLP).

Meyers, Deborah A; Bleecker, Eugene R; Holloway, John W &
Holgate, Stephen T (2014). Asthma genetics and personalised
medicine. The lancet Respiratory medicine, 2, 405-415.

Micheal, S.; Minhas, K.; Ishaque, M.; Ahmed, F. & Ahmed, A.
(2013). IL-4 gene polymorphisms and their association with atopic
asthma and allergic rhinitis in Pakistani patients. J Investig Allergol
Clin Immunol, 23, 107-11.

117

——
| —


https://www.drugs.com/ambroxol.html

References

Miller, M. K.; Johnson, C.; Miller, D. P.; Deniz, Y.; Bleecker, E. R.,
et al. (2005). Severity assessment in asthma: An evolving concept.
J Allergy Clin Immunol, 116, 990-5.

Milligan, K. L.; Matsui, E. & Sharma, H. (2016). Asthma in Urban
Children: Epidemiology, Environmental Risk Factors, and the
Public Health Domain. Curr Allergy Asthma Rep, 16, 33.

Mims, J. W. (2015). Asthma: definitions and pathophysiology. Int
Forum Allergy Rhinol, 5 Suppl 1, S2-6.

Mirabelli, M. C.; Beavers, S. F.; Chatterjee, A. B. & Moorman, J. E.
(2013). Age at asthma onset and subsequent asthma outcomes
among adults with active asthma. Respir Med, 107, 1829-36.

Miyashita, N.; Ouchi, K.; Kishi, F.; Tabuchi, M.; Tsumura, N., et al.
(2008). Rapid and simple diagnosis of Chlamydophila pneumoniae
pneumonia by an immunochromatographic test for detection of
immunoglobulin M antibodies. Clin Vaccine Immunol, 15, 1128-
31.

Morgil, Hande; Gercek, Yusuf Can & Tulum, Isil (2020). Single
nucleotide polymorphisms (SNPs) in plant genetics and breeding.
The Recent Topics in Genetic Polymorphisms, 825-400.

Morianos, |I. & Semitekolou, M. (2020). Dendritic Cells: Critical
Regulators of Allergic Asthma. Int J Mol Sci, 21.

Morosco, G., & Kiley, J. (2007). Expert Panel Report 3 (EPR-3):
Guidelines for the Diagnosis and Management of Asthma-
Summary Report 2007. J Allergy Clin Immunol, 120, S94-138.

Mthembu, Nontobeko; Ikwegbue, Paul; Brombacher, Frank &
Hadebe, Sabelo (2021). Respiratory viral and bacterial factors that
influence early childhood asthma. Frontiers in Allergy, 2.

Mueller, KE; Plano, GV & Fields, KA (2014). New frontiers in type Il1
secretion biology: the Chlamydia perspective. Infection and
immunity, 82, 2-9.

Mulugeta, T.; Ayele, T.; Zeleke, G. & Tesfay, G. (2022). Asthma
control and its predictors in Ethiopia: Systematic review and meta-
analysis. PLoS One, 17, e0262566.

Nakwan, N. (2021). Impact of asthma severity as risk factor to future
exacerbations in patients admitted for asthma exacerbation.
Multidiscip Respir Med, 16, 780.

Namipashaki, A.; Razaghi-Moghadam, Z. & Ansari-Pour, N. (2015).
The Essentiality of Reporting Hardy-Weinberg Equilibrium
Calculations in Population-Based Genetic Association Studies. Cell
J, 17, 187-92.

Nans, Andrea; Kudryashev, Mikhail; Saibil, Helen R. & Hayward,
Richard D. (2015). Structure of a bacterial type Il secretion

118

——
| —



References

system in contact with a host membrane in situ. Nature
Communications, 6, 10114,

National Center for Immunization and Respiratory Diseases,
Division of Bacterial Diseases. (2021). Chlamydia pneumoniae
Infection. Chlamydia pneumoniae Infection [Online]. Available:
https://www.cdc.gov/ [Accessed 28/Dec/2022].

Netea, M. G.; Kullberg, B. J.; Galama, J. M.; Stalenhoef, A. F.;
Dinarello, C. A., et al. (2002). Non-LPS components of
Chlamydia pneumoniae stimulate cytokine production through
Toll-like receptor 2-dependent pathways. Eur J Immunol, 32, 1188-
95.

Network, Global Asthma. (2022). The Global Asthma Report 2022. The
Global  Asthma  Report 2022 [Online].  Awvailable:
http://globalasthmareport.org/ [Accessed 25/Dec/2022].

Novosad, Jakub & Krémova, Irena (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?
International Journal of Immunopathology and Pharmacology, 34,
2058738420942386.

O'Byrne, P. M. & Parameswaran, K. (2006). Pharmacological
management of mild or moderate persistent asthma. Lancet, 368,
794-803.

O'Byrne, P. M.; Pedersen, S.; Schatz, M.; Thoren, A.; Ekholm, E., et
al. (2013). The poorly explored impact of uncontrolled asthma.
Chest, 143, 511-523.

O'Rourke, Dennis H (2018). Hardy-Weinberg equilibrium. The
International Encyclopedia of Biological Anthropology, 1-2.

Oba, Yuji; MD; FCCP; Peralta, Angel Rolando & MD. (2020).
Chlamydial Pneumonias. Chlamydial Pneumonias [Online].
Available: https://emedicine.medscape.com/article/297351 -
overview [Accessed 28/Dec/2022].

Oland, A. A.; Booster, G. D. & Bender, B. G. (2017). Psychological
and lifestyle risk factors for asthma exacerbations and morbidity in
children. World Allergy Organ J, 10, 35.

Ota, Masao; Fukushima, Hirofumi; Kulski, Jerzy K & Inoko,
Hidetoshi (2007). Single nucleotide polymorphism detection by
polymerase  chain  reaction-restriction  fragment  length
polymorphism. Nature protocols, 2, 2857-2864.

Paaso, E. M.; Jaakkola, M. S.; Rantala, A. K.; Hugg, T. T. &
Jaakkola, J. J. (2014). Allergic diseases and asthma in the family
predict the persistence and onset-age of asthma: a prospective
cohort study. Respir Res, 15, 152.

119

——
| —


https://www.cdc.gov/
http://globalasthmareport.org/
https://emedicine.medscape.com/article/297351-overview
https://emedicine.medscape.com/article/297351-overview

References

Palomares, Oscar; Akdis, Miibeccel; Martin-Fontecha, Mar & Akdis,
Cezmi A (2017). Mechanisms of immune regulation in allergic
diseases: the role of regulatory T and B cells. Immunological
reviews, 278, 219-236.

Papi, A.; Brightling, C.; Pedersen, S. E. & Reddel, H. K. (2018).
Asthma. Lancet, 391, 783-800.

Papiris, S.; Kotanidou, A.; Malagari, K. & Roussos, C. (2002).
Clinical review: severe asthma. Crit Care, 6, 30-44.

Patel, Katir K & Webley, Wilmore C (2013). Evidence of infectious
asthma phenotype: Chlamydia-induced allergy and pathogen-
specific IgE in a neonatal mouse model. PLoS One, 8, e83453.

Patel, Katir K.; Anderson, Erica; Salva, Paul S. & Webley, Wilmore
C. (2012). The prevalence and identity of Chlamydia -specific IgE
in children with asthma and other chronic respiratory symptoms.
Respiratory Research, 13, 32.

Paul, W. E. (2015). History of interleukin-4. Cytokine, 75, 3-7.

Pavord, 1. D.; Mathieson, N.; Scowcroft, A.; Pedersini, R.;
Isherwood, G., et al. (2017). The impact of poor asthma control
among asthma patients treated with inhaled corticosteroids plus
long-acting B(2)-agonists in the United Kingdom: a cross-sectional
analysis. NPJ Prim Care Respir Med, 27, 17.

Pelaia, C.; Heffler, E.; Crimi, C.; Maglio, A.; Vatrella, A., et al.
(2022). Interleukins 4 and 13 in Asthma: Key Pathophysiologic
Cytokines and Druggable Molecular Targets. Front Pharmacol, 13,
851940.

Pongracic, J. A.; Krouse, R. Z.; Babineau, D. C.; Zoratti, E. M,;
Cohen, R. T., et al. (2016). Distinguishing characteristics of
difficult-to-control asthma in inner-city children and adolescents. J
Allergy Clin Immunol, 138, 1030-1041.

Poon, A. H.; Eidelman, D. H.; Martin, J. G.; Laprise, C. & Hamid,
Q. (2012). Pathogenesis of severe asthma. Clinical & Experimental
Allergy, 42, 625-637.

Porritt, R. A. & Crother, T. R. (2016). Chlamydia pneumoniae
Infection and Inflammatory Diseases. For Immunopathol Dis
Therap, 7, 237-254.

Poulsen, Lars K & Hummelshoj, Lone (2007). Triggers of IgE class
switching and allergy development. Annals of medicine, 39, 440-
456.

Principi, Nicola; Esposito, Susanna; Blasi, Francesco & Allegra,
Luigi (2001). Role of Mycoplasma pneumoniae and Chlamydia
pneumoniae in Children with Community-Acquired Lower
Respiratory Tract Infections. Clinical Infectious Diseases, 32,
1281-1289.

120

——
| —



References

Program, National Asthma Education and Prevention (2007). Expert
Panel Report 3 (EPR-3): Guidelines for the Diagnosis and
Management of Asthma-Summary Report 2007. J Allergy Clin
Immunol, 120, S94-138.

Puolakkainen, Mirja (2013). Laboratory diagnosis of persistent human
chlamydial infection. Frontiers in Cellular and Infection
Microbiology, 3.

Quinn, Thomas C. & Gaydos, Charlotte A. (1999). In vitro infection
and pathogenesis of Chlamydia pneumoniae in endovascular cells.
American Heart Journal, 138, S507-S511.

Quinnell, S. P.; Leifer, B. S.; Nestor, S. T.; Tan, K.; Sheehy, D. F., et
al. (2020). A Small-Molecule Inhibitor to the Cytokine Interleukin-
4. ACS Chem Biol, 15, 2649-2654.

Quirt, J.; Hildebrand, K. J.; Mazza, J.; Noya, F. & Kim, H. (2018).
Asthma. Allergy Asthma Clin Immunol, 14, 50.

Rad, Isa Abdi; Bagheri, Morteza; Rahimi-Rad, Mohammad Hossein
& Moradi, Zeynab (2010). IFN-y +874 and IL-4 -590
Polymorphisms and Asthma Susceptibility in North West of Iran.
TANAFFOS (Respiration), 9, 22-27.

Rahman Fink, N; Chawes, Bo Lund; Thorsen, Jonathan; Stokholm,
Jakob; Krogfelt, Karen Angeliki, et al. (2018). Neonates
colonized with pathogenic bacteria in the airways have a low-grade
systemic inflammation. Allergy, 73, 2150-2159.

Rahman, Kh Shamsur & Kaltenboeck, Bernhard (2019). Multi-
peptide ELISAs overcome cross-reactivity and inadequate
sensitivity of conventional Chlamydia pneumoniae serology.
Scientific Reports, 9, 15078.

Ramirez-Bello, J. & Jiménez-Morales, M. (2017). [Functional
implications of single nucleotide polymorphisms (SNPs) in
protein-coding and non-coding RNA genes in multifactorial
diseases]. Gac Med Mex, 153, 238-250.

Reddel, Helen K.; Bacharier, Leonard B.; Bateman, Eric D.;
Brightling, Christopher E.; Brusselle, Guy G., et al. (2021).
Global Initiative for Asthma Strategy 2021: Executive Summary
and Rationale for Key Changes. American Journal of Respiratory
and Critical Care Medicine, 205, 17-35.

Resiliac, Jenny & Grayson, Mitchell H (2019). Epidemiology of
infections and development of asthma. Immunology and Allergy
Clinics, 39, 297-307.

Ricciardolo, F. L.; Sorbello, V.; Silvestri, M.; Giacomelli, M.;
Debenedetti, V. M., et al. (2013). TNF-alpha, IL-4R-alpha and IL-
4 polymorphisms in mild to severe asthma from Italian Caucasians.
Int J Immunopathol Pharmacol, 26, 75-84.

121

——
| —



References

Richard, S. A. (2018). Pivotal Pathogenic and Biomarker Role of
Chlamydia Pneumoniae in Neurovascular Diseases. Curr
Neurovasc Res, 15, 262-273.

Rodel, Jurgen; Assefa, Sentayehu; Prochnau, Dirk; Woytas, Marcus;
Hartmann, Matthias, et al. (2001). Interferon-p induction by
Chlamydia pneumoniae in human smooth muscle cells. FEMS
Immunology & Medical Microbiology, 32, 9-15.

Rodriguez, Alejandro; Brickley, Elizabeth; Rodrigues, Laura;
Normansell, Rebecca Alice; Barreto, Mauricio, et al. (2019).
Urbanisation and asthma in low-income and middle-income
countries: a systematic review of the urban-rural differences in
asthma prevalence. Thorax, 74, 1020-1030.

Rodriguez, Santiago; Gaunt, Tom R. & Day, lan N. M. Online
Encyclopedia for Genetic Epidemiology studies (OEGE):
www.oege.org. 2006.

Rosado Ingelmo, A.; Doifa Diaz, I.; Cabanas Moreno, R.; Moya
Quesada, M. C.; Garcia-Avilés, C., et al. (2016). Clinical
Practice Guidelines for Diagnosis and Management of
Hypersensitivity Reactions to Contrast Media. J Investig Allergol
Clin Immunol, 26, 144-55; quiz 2 p following 155.

Roulis, E.; Polkinghorne, A. & Timms, P. (2013). Chlamydia
pneumoniae: modern insights into an ancient pathogen. Trends
Microbiol, 21, 120-8.

Sandeep, T.; Roopakala, M. S.; Silvia, C. R.; Chandrashekara, S. &
Rao, M. (2010). Evaluation of serum immunoglobulin E levels in
bronchial asthma. Lung India, 27, 138-40.

Sandford, A. J.; Chagani, T.; Zhu, S.; Weir, T. D.; Bai, T. R., et al.
(2000). Polymorphisms in the IL4, ILARA, and FCERIB genes and
asthma severity. J Allergy Clin Immunol, 106, 135-40.

Sasu, S.; LaVerda, D.; Qureshi, N.; Golenbock, D. T. & Beasley, D.
(2001). Chlamydia pneumoniae and chlamydial heat shock protein
60 stimulate proliferation of human vascular smooth muscle cells
via toll-like receptor 4 and p44/p42 mitogen-activated protein
kinase activation. Circ Res, 89, 244-50.

Sawicki, Gregory; MD, MPHKenan Haver & MD. (2021). Asthma
symptoms and diagnosis in children. Asthma symptoms and
diagnosis in children [Online]. Available:
https://www.uptodate.com/contents/asthma-symptoms-and-
diagnosis-in-children-beyond-the-basics [Accessed 26/Dec/2022].

Schoos, Ann-Marie Malby; Hansen, Britta Randi; Stokholm, Jakob;
Chawes, Bo Lund; Bgnnelykke, Klaus, et al. (2020). Parent-
specific effects on risk of developing allergic sensitization and

122

——
| —


http://www.oege.org/
https://www.uptodate.com/contents/asthma-symptoms-and-diagnosis-in-children-beyond-the-basics
https://www.uptodate.com/contents/asthma-symptoms-and-diagnosis-in-children-beyond-the-basics

References

asthma in childhood. Clinical & Experimental Allergy, 50, 915-
921.

Schork, Nicholas J; Fallin, Daniele & Lanchbury, Jerry S (2000).
Single nucleotide polymorphisms and the future of genetic
epidemiology. Clinical genetics, 58, 250-264.

Seif, Farhad; Khoshmirsafa, Majid; Aazami, Hossein;
Mohsenzadegan, Monireh; Sedighi, Gholamreza, et al. (2017).
The role of JAK-STAT signaling pathway and its regulators in the
fate of T helper cells. Cell Communication and Signaling, 15, 23.

Serebrisky, D. & Wiznia, A. (2019). Pediatric Asthma: A Global
Epidemic. Ann Glob Health, 85.

Sevin, C. M.; Jr, Peebles & S., R. (2010). Infections and asthma: new
insights into old ideas. Clinical & Experimental Allergy, 40, 1142-
1154,

Shahidi, N. & Fitzgerald, J. M. (2010). Current recommendations for
the treatment of mild asthma. J Asthma Allergy, 3, 169-76.

Shang, Hong; Cao, Xiu-Li; Wan, Yu-Jie; Meng, Jin & Guo, Lu-Hong
(2016). <i>IL-4</i> Gene Polymorphism May Contribute to an
Increased Risk of Atopic Dermatitis in Children. Disease Markers,
2016, 1021942.

Sharma, L.; Losier, A.; Tolbert, T.; Dela Cruz, C. S. & Marion, C. R.
(2017).  Atypical Pneumonia: Updates on Legionella,
Chlamydophila, and Mycoplasma Pneumonia. Clin Chest Med, 38,
45-58.

Sharma, S.; Kathuria, P. C.; Gupta, C. K.; Nordling, K.; Ghosh, B.,
et al. (2006). Total serum immunoglobulin E levels in a case-
control study in asthmatic/allergic patients, their family members,
and healthy subjects from India. Clin Exp Allergy, 36, 1019-27.

Shi, Fei; Zhang, Yu & Qiu, Chen (2022). Gene polymorphisms in
asthma: a narrative review. Annals of Translational Medicine, 10.

Shifren, Adrian; Witt, Chad; Christie, Chandrika & Castro, Mario
(2012). Mechanisms of Remodeling in Asthmatic Airways. Journal
of Allergy, 2012, 316049.

Shirkani, A.; Mansouri, A.; Farid Hosseini, R.; Jabbari Azad, F.;
Alsadat Mahmoudian, R., et al. (2019). The Role of Interleukin-4
and 13 Gene Polymorphisms in Allergic Rhinitis: A Case Control
Study. Rep Biochem Mol Biol, 8, 111-118.

Shoormasti, Raheleh Shokouhi; Fazlollahi, Mohammad Reza;
Kazemnejad, Anoshirvan; Tayebi, Behnoosh; Nadali, Fatemeh,
et al. (2018). IgE sensitization to inhalant allergens and its
association with allergic diseases in adults. Iranian Journal of
Allergy, Asthma and Immunology, 123-133.

123

——
| —



References

Shrestha Palikhe, Nami; Wu, Yingqi; Konrad, Emily; Gandhi, Vivek
Dipak; Rowe, Brian H, et al. (2021). Th2 cell markers in
peripheral blood increase during an acute asthma exacerbation.
Allergy, 76, 281-290.

Shriner, D. (2011). Approximate and exact tests of Hardy-Weinberg
equilibrium using uncertain genotypes. Genet Epidemiol, 35, 632-
7.

Smith-Norowitz, T. A.; Loeffler, J.; Huang, Y.; Klein, E.; Norowitz,
Y. M., et al. (2020). Chlamydia pneumoniae immunoglobulin E
antibody levels in patients with asthma compared with non-asthma.
Heliyon, 6, e03512.

Smith-Norowitz, Tamar A.; Chotikanatis, Kobkul; Erstein, David P.;
Perlman, Jason; Norowitz, Yitzchok M., et al. (2016).
Chlamydia pneumoniae enhances the Th2 profile of stimulated
peripheral blood mononuclear cells from asthmatic patients.
Human Immunology, 77, 382-388.

Smolejova, Martina; Krémarikova, Jana; Cihova, Iveta & Sulo,
Pavol (2023). Are ELISA and PCR Discrepancies in the
Identification of Chlamydia pneumoniae Caused by the Presence of
“Chlamydia-Related Bacteria? Microorganisms, 11, 187.

Song, P.; Adeloye, D.; Salim, H.; Dos Santos, J. P.; Campbell, H., et
al. (2022). Global, regional, and national prevalence of asthma in
2019: a systematic analysis and modelling study. J Glob Health,
12, 04052.

Sonntag, Hans-Joachim; Filippi, Sarah; Pipis, Spyros & Custovic,
Adnan (2019). Blood biomarkers of sensitization and asthma.
Frontiers in pediatrics, 7, 251.

Starkey, M. R.; Kim, R. Y.; Beckett, E. L.; Schilter, H. C.; Shim, D.,
et al. (2012). Chlamydia muridarum lung infection in infants alters
hematopoietic cells to promote allergic airway disease in mice.
PLo0S One, 7, e42588.

Steinke, J. W. & Borish, L. (2001). Th2 cytokines and asthma.
Interleukin-4: its role in the pathogenesis of asthma, and targeting
it for asthma treatment with interleukin-4 receptor antagonists.
Respir Res, 2, 66-70.

Stephens, R. S. (2003). The cellular paradigm of chlamydial
pathogenesis. Trends Microbiol, 11, 44-51.

Sun, Lixin; Xue, Weilin; Li, Jun; Zhou, Zhaoshan & Han, Wei
(2017). Palm dermatoglyphs and interleukin-4 receptor
polymorphisms in asthma. Biomedical reports, 6, 21-26.

System, Integrated Taxonomic Information. (2012). Chlamydophila
pneumoniae. Chlamydophila pneumoniae [Online]. Available:

124

——
| —



References

https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TS
N&search value=960465#null [Accessed 28/Dec/2022].

Tai, Y.; Wang, Q.; Korner, H.; Zhang, L. & Wei, W. (2018).
Molecular Mechanisms of T Cells Activation by Dendritic Cells in
Autoimmune Diseases. Front Pharmacol, 9, 642.

Takhar, Pooja; Corrigan, Christopher J; Smurthwaite, Lyn;
O'Connor, Brian J; Durham, Stephen R, et al. (2007). Class
switch recombination to IgE in the bronchial mucosa of atopic and
nonatopic patients with asthma. Journal of Allergy and Clinical
Immunology, 119, 213-218.

Tarraf, Hesham; Aydin, Omur; Mungan, Dilsad; Albader,
Mohammad; Mahboub, Bassam, et al. (2018). Prevalence of
asthma among the adult general population of five Middle Eastern
countries: results of the SNAPSHOT program. BMC Pulmonary
Medicine, 18, 68.

Tesse, Riccardina; Borrelli, Giorgia; Mongelli, Giuseppina;
Mastrorilli, Violetta & Cardinale, Fabio (2018). Treating
Pediatric Asthma According Guidelines. Frontiers in Pediatrics, 6.

Thomas, B.; Rutman, A.; Hirst, R. A.; Haldar, P.; Wardlaw, A. J., et
al. (2010). Ciliary dysfunction and ultrastructural abnormalities are
features of severe asthma. J Allergy Clin Immunol, 126, 722-
729.e2.

Tindall, E.A.; Severi, G.; Hoang, H.N.; Ma, C.S.; Fernandez, P., et al.
(2010). Comprehensive analysis of the cytokine-rich chromosome
5031.1 region suggests a role for IL-4 gene variants in prostate
cancer risk. Carcinogenesis, 31, 1748-1754.

Trivedi, Pinakin P. & Patel, Ami H. (2020). Serum immunoglobulin E
and absolute eosinophil count as markers of severity in childhood
asthma. International Journal of Contemporary Pediatrics, 7, 6.

Tu, Lei; Chen, Jie; Zhang, Hongwei & Duan, Lihua (2017).
Interleukin-4 inhibits regulatory T cell differentiation through
regulating CD103+ dendritic cells. Frontiers in Immunology, 8,
214.

Ugurlu, E.; Oncel, S. B. & Evyapan, F. (2014). Symptom prevalence
and risk factors for asthma at the rural regions of Denizli, Turkey. J
Thorac Dis, 6, 452-8.

Valet, R. S.; Gebretsadik, T.; Carroll, K. N.; Wu, P.; Dupont, W. D.,
et al. (2011). High asthma prevalence and increased morbidity
among rural children in a Medicaid cohort. Ann Allergy Asthma
Immunol, 106, 467-73.

Van Meel, Evelien R; Den Dekker, Herman T; Elbert, Niels J;
Jansen, Pauline W; Moll, Henriétte A, et al. (2018). A
population-based prospective cohort study examining the influence

125

——
| —


https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=960465#null
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=960465#null

References

of early-life respiratory tract infections on school-age lung function
and asthma. Thorax, 73, 167-173.

Villegas, E.; Sorl6zano, A. & Gutiérrez, J. (2010). Serological
diagnosis of Chlamydia pneumoniae infection: limitations and
perspectives. J Med Microbiol, 59, 1267-1274.

Vogelberg, C.; Moroni-Zentgraf, P.; Leonaviciute-Klimantaviciene,
M.; Sigmund, R.; Hamelmann, E., et al. (2015). A randomised
dose-ranging study of tiotropium Respimat® in children with
symptomatic asthma despite inhaled corticosteroids. Respir Res,
16, 20.

von, H. L. (2002). Role of persistent infection in the control and severity
of asthma: focus on Chlamydia pneumoniae. Eur Respir J, 19, 546-
56.

von Mutius, E. (2009). Gene-environment interactions in asthma. J
Allergy Clin Immunol, 123, 3-11; quiz 12-3.

Wang, D. Y. (2005). Risk factors of allergic rhinitis: genetic or
environmental? Ther Clin Risk Manag, 1, 115-23.

Wang, Eileen; Wechsler, Michael E.; Tran, Trung N.; Heaney, Liam
G.; Jones, Rupert C., et al. (2020). Characterization of Severe
Asthma Worldwide: Data From the International Severe Asthma
Registry. Chest, 157, 790-804.

Webley, Wilmore C. & Hahn, David L. (2017). Infection-mediated
asthma: etiology, mechanisms and treatment options, with focus on
Chlamydia pneumoniae and macrolides. Respiratory Research, 18,
98.

Wills-Karp, M. (2007). Complement activation pathways: a bridge
between innate and adaptive immune responses in asthma. Proc
Am Thorac Soc, 4, 247-51.

Winer, R. A.; Qin, X.; Harrington, T.; Moorman, J. & Zahran, H.
(2012). Asthma incidence among children and adults: findings
from the Behavioral Risk Factor Surveillance system asthma call-
back survey--United States, 2006-2008. J Asthma, 49, 16-22.

Woolridge, RL; Grayston, JT; Chang, IH; Cheng, KH; Yang, CY, et
al. (1967). Field trial of a monovalent and of a bivalent mineral oil
adjuvant trachoma vaccine in Taiwan school children. American
Journal of Ophthalmology, 63, 1645-1650.

Wu, Ann Chen; Li, Lingling; Fung, Vicki; Kharbanda, Elyse O;
Larkin, Emma K, et al. (2016). Mismatching among guidelines,
providers, and parents on controller medication use in children
with asthma. The Journal of Allergy and Clinical Immunology: In
Practice, 4, 910-916.

Wu, Tsung-Ju; Wu, Chang-Fu; Lee, Yungling Leo; Hsiue, Tzuen-
Ren & Guo, Yue Leon (2014). Asthma incidence, remission,

126

——
| —



References

relapse and persistence: a population-based study in southern
Taiwan. Respiratory Research, 15, 135.

Xiao, Junhua; Xin, Xiujuan; Luan, Xiaohui; Dongzhi, Wei &
Shengli, Yang (2006). A modified simple RFLP-PCR method for
single nucleotide polymorphism (SNP) typing. Genetics and
Molecular Biology, 29, 562-565.

Xu, Zhiwei; Crooks, James Lewis; Davies, Janet Mary; Khan, Al
Fazal; Hu, Wenbiao, et al. (2018). The association between
ambient temperature and childhood asthma: a systematic review.
International journal of biometeorology, 62, 471-481.

Yilmaz, I; Pacaci Cetin, G. & Arslan, B. (2022). Classification of
asthma severity: Severe/not severe asthma or mild/moderate/severe
asthma? Tuberk Toraks, 70, 300-301.

Yu, Hongyao; Su, Fan; Wang, Le-Bing; Hemminki, Kari; Dharmage,
Shyamali C., et al. (2021). The Asthma Family Tree: Evaluating
Associations Between Childhood, Parental, and Grandparental
Asthma in Seven Chinese Cities. Frontiers in Pediatrics, 9.

Yuan, Yu Lai; Zhang, Xin; Liu, Lei; Wang, Gang; Chen-Yu Hsu,
Alan, et al. (2021). Total IgE Variability Is Associated with Future
Asthma Exacerbations: A 1-Year Prospective Cohort Study. The
Journal of Allergy and Clinical Immunology: In Practice, 9, 2812-
2824,

Zafeiria, Barmparessou; Aliki, Korkontzelou; Marios, loannou;
Nikolaos, Vichos; Margarita, Gkotsina, et al. (2021). High
prevalence of mild asthma among asthmatics visiting emergency
department (ED). European Respiratory Journal, 58, PA3713.

Zhang, Ji-Hong; Zhang, Mei; Wang, Ya-Nan & Zhang, Xiao-Ying
(2019). Correlation between IL-4 and IL-13 gene polymorphisms
and asthma in Uygur children in Xinjiang. Exp Ther Med, 17,
1374-1382.

Zhang, Ruifang; Zhu, Zanhua; Zhu, Hongming; Nguyen, Tu; Yao,
Fengxia, et al. (2005). SNP Cutter: a comprehensive tool for SNP
PCR-RFLP assay design. Nucleic acids research, 33, W489-
W492,

Zhang, X.; Biagini Myers, J. M.; Yadagiri, V. K.; Ulm, A.; Chen, X.,
et al. (2017). Nasal DNA methylation differentiates corticosteroid
treatment response in pediatric asthma: A pilot study. PLoS One,
12, e0186150.

Zhang, Y.; Fear, D. J.; Willis-Owen, S. A.; Cookson, W. O. &
Moffatt, M. F. (2016). Global gene regulation during activation of
immunoglobulin class switching in human B cells. Sci Rep, 6,
37988.

127

——
| —



References

Zhu, Lu; Liu, Tao; Wang, Li; Li, Qiwei; Wu, Yong, et al. (2021).
Polymorphisms in the interleukin 4 promoter-589C/T gene and the
risk of asthma: A systematic review and meta-analysis.
Translational Pediatrics, 10, 2355.

Zhu, W. J.; Ma, H. X.; Cui, H. Y.; Lu, X.; Shao, M. J., et al. (2015).
Prevalence and Treatment of Children's Asthma in Rural Areas
Compared with Urban Areas in Beijing. Chin Med J (Engl), 128,
2273-7.

Zhu, Xueyi; Cui, Jie; Yi, La; Qin, Jingjing; Tulake, Wunigiemu, et
al. (2020). The Role of T Cells and Macrophages in Asthma

Pathogenesis: A New Perspective on Mutual Crosstalk. Mediators
of Inflammation, 2020, 7835284.

128

——
| —



Appendix



Appendix

Appendix I: Asthmatic patients’ questionnaires

ASTHMA QUESTIONNAIRE

File Number:............ Date:.........

Patient Name: . .................... Phone number . ......... Age:............ year
Gender  male female Address: . ....... ... i
Weight:...... .. kg Height:.......... cm

Treatment:

A- Montelukast: daily dose 4mg 5mg 10mg
B-1CS: daily dose . .. .. ...

1-Budesonide/F 2- Beclomethasone 3- Fluticasone/S
Asthma Severity:

A- Mild B- Moderate C- Severe

Control:

A-Well controlled B- Partially controlled C- Not well controlled

History : Personal (hx.)

Eczema Yes NO  Shortness of breath Yes NO
Wheezing  Yes NO  Allergic Rhinitis Yes NO
Cough Yes NO Allergic conjunctivitis Yes NO
Drug allergy : Yes NO Type:...........

Food allergy : Yes NO Type:...........

Family (hx.

Asthma Father Mother

Allergic Rhinitis: Father Mother

Food allergy: Father Mother Type

Drug allergy: Father Mother Type
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Animal in the house Yes NO Type:...........

Smoker in the house Yes NO

Trigger for Asthma

- Viral infection Yes NO - Cold air Yes
- Exercise Yes NO - Dust Yes
- Play Yes NO - Fume Yes
-Others

Parameter:

Total serum IgE ........................
Serum IL-4level ...,
Chlamydia pneumoniae 1gG..................
Chlamydia pneumoniae IgE..................

IL-4 C589T polymorphism..................
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Appendix Il: Healthy controls questionnaires

Healthy controls QUESTIONNAIRE

Date:.........

Participant Name: .. ................... Age:.......... .. year
Gender  male female Address: . ........ . i
Weight:...... .. kg Height........... cm

History : Personal (hx.)

Allergic diseases Yes No
Other diseases Yes No
Family (hx.)

Allergic diseases Yes No
Other diseases Yes No
Parameter:

Total serum IgE ............................
Chlamydia pneumoniae 1gG..................
Chlamydia pneumoniae IgE..................

IL-4 C589T polymorphism..................
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Appendix I11: ELISA results of total serum IgE levels

2 3 4 5

G 1 -
A Ei = =
.000 110,437 [646.640 =l

B [52
5,000 323,403

G ,53
25.000 241,364

54
b E}ou 115,963 S\

E |55
150,000  [215.684

400,000, |576.238
G

H

194,838 (181,776

727,911 |118.507 ot

l7-12>>| ; A

bl

Appendix IV: ELISA results of serum IL-4 levels
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Appendix V: ELISA results of Chlamydia pneumoniae IgG levels

1 2 3. 4
Al
0,000 16.154 15.920
B E2
15.000 10.241 53.504
C |53
20,000 31.440 12,594
D S4
0.000 (17292 13,944
E |58
120,000 [9.301 21,020
E S6
120,000 |13.006  |15.003
Flis0ee 94424 |19.401
otz lsasa  lwser [r

Appendix VI: ELISA results of Chlamydia pneumoniae IgE levels

3

8,333
pRiSe

10787

5254

8,231

6,468

5.528

7,198

21,147
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Appendix

Appendix VII: Interleukin 4 gene [Homo sapiens (human)]
IL-4 C-590T rs2243250

Region of SNP: 132673367 to 132673565 (198pb)

Region of IL-4: 132673989 to 132682678 (8689pb)

Forword primer

’

TGGGTAAGGACCTTATGGACCTGCTGGGACCCAAACTAGGCCTCACC
Site of cutting
TGATACGACCTGTCCTTCTCAAAACACCTAAA|CTTGGGAGAACATIE

iED

C AGTGCTGGGGTAGGAGAGTCTGCCTGTTATTCTGCCTCTAT

GCAGAGAAGGAGCCCCAGATCAGCTTTTCCATGACAGGACAGTTTCC

AAGATGCCACC <« Reverse primer
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