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Abstract

Allergic asthma is a type of asthma that provokes symptoms when an individual
is exposed to certain triggers, such as pollen, animal sources of allergens, and other
various types of allergens. These allergens cause an immune response that
influences lungs and leads to difficulties in breathing. The current study is
performed to estimate the concentrations of immunoglobulin E (IgE) and
interleukin-13 (IL-13), tested by using the enzyme-linked immunosorbent assay
(ELISA) and the numbers of eosinophils, calculated by using hematological
analyzers, in the blood of patients with allergic asthma. A total of 150 patients and
50 healthy individuals were randomly selected for the study. The results revealed
that IgE and IL-13 levels as well as eosinophil percentage were significantly
increased (p<0.001) in the patients in comparison to the healthy individuals. These
parameters deem to be a key element in allergic asthma pathogenesis. They also help
in the diagnosis and management of the disease.
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Introduction

Asthma is a heterogeneous disorder, commonly described as chronic airway hypersensitivity. It is
characterized by several symptoms such as cough, wheeze, shortness of breath, and chest tightness.
These symptoms vary in terms of their intensity and occurrence and these two factors are subject to
expiratory airflow limitation [1, 2]. IgE is an immunoglobulin related to allergic and hypersensitivity
reactions. This immunoglobulin fundamentally binds on high-affinity with IgE receptors on basophils
and mast cells [3-5]. It is responsible for type | hypersensitivity to reactions. It binds to the mast cells
after the first exposure to different types of an allergen in a process called sensitization. Later, with re-
exposure to the same type of allergen, mast cells release various inflammatory mediators such as
cytokines, leukotrienes, histamine and pro-inflammatory cytokines. These immunological markers
promote allergic symptoms [6, 7]. Effective in vivo analysis of the functions of cytokines from animal
samples proved that Th2 lymphocytes are considered among the major participants of airway
hypersensitivity that underlies asthma. In addition, they might cause bronchial hypersensitivity [6].
Allergic asthma is related with Th2 immune response. Th2 cytokines are known to produce many
features of allergic asthma disease [8]. Type2-immunity is promoted by allergens and characterized by
the differentiation of naive T CD4 cells toward Th2 effector cells. Th2 cytokines are typically related
with eosinophilia, IgE production, and mast cell activation. The foundational cytokines in type2
immune response include interleukin IL-4, IL-5, and IL-13 [9]. Interleukin-13 belongs to T-helper 2
cytokines and plays critical role in the inflammatory process in asthmatic [10]. 1L-13 contributes in
many of the distinguishing features of pathophysiology of asthma, including, immunoglobulin E class
switching, mucus production, airway hyper-responsiveness and subepithelial fibrosis [11]. Allergic
asthma is related with eosinophilic hypersensitivity in the airways [12]. Eosinophils are granulocytes
that are regenerating and circulating in the bone marrow with other types of white blood cells.
Eosinophils migrate at relatively low levels in the bloodstream and constitute up to 1-3% of white
blood cells. These cells are considered as a main cell type and can be recruited to sites where
inflammatory or immunological responses occur [13, 14].

The aims of this study are to estimate the total serum levels of IgE and interleukins 13 and calculate
eosinophils count in the blood of allergic asthma patients from Al-Rusafa side of Baghdad
governorate. Changes in these parameters in the patients are evaluated as compared to those in the
blood of healthy subjects.

Materials and Methods

After obtaining the approval of the Ethics Committee in Biotechnology Department, College of
Science, University of Baghdad and written consent was taken from all the participants, the study was
conducted on allergic asthma patients at the in Baghdad-Irag. The study included 150 patients who
were diagnosed with allergic asthma. The participants, with an age range between 10 to 65 years,
attended the Allergy Specialized Center in Al- Rusafa from September 2019 to February 2020.
Furthermore, there were 50 apparently healthy individuals as controls, with an age range between 10
to 65 years. Diagnosis for patients was based on pre-diagnosis performed by a physician and a
diagnosis of allergic asthma disease depending on the guidelines described by Global Initiative for
Asthma (GINA) [1]. The patients and controls were tested for total serum levels of IgE as well as IL-
13. Blood (3 ml) was withdrawn from each subject (patients and controls), divided in sterile gel tubes,
and left for about two hours to clot. The sample was then centrifuged at 3000 rpm for 15 minutes to
separate the serum which was stored at -20°C until assayed. ELISA kits were employed to assess
levels of total IgE (Euroimmun Company, Germany) and IL-13 (BT LAB Company, China). Two
milliliters of venous blood was withdrawn from each subject by vein-puncture under aseptic technique
by multi-sample syringe. For estimating eosinophils count, whole blood was placed in EDTA tubes
and tested by a Hematology analyzer according to the manual procedure of the manufacturing
company (Beckman Coulter, United States).The Body Mass Indexes (BMI) was calculated by
considering both weight and height of the body, using the following formula [15]:

BMI= weight (in Kg)/ height? (in meter)
Statistical Analysis

Data of the subjects were analyzed using SPSS software (Statistical Package for the Social
Sciences) version-13. For the quantitative variables (level of total IgE, I1L-13 and eosinophil count)
data were tested using the normality (Shapiro-Wilk and Kolmogorov-Smirnov) tests. Significant
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differences between medians were estimated by the nonparametric (Mann-Whitney-U-test and
Kruskal-Wallis test, using probability value (p-value) of < 0.05 [16].
Results

The number of the allergic asthma patients selected for the current study was 150 in total. This
number involved 84 females and 66 males. The healthy individuals (N = 50) represented the control
group, involving 22 females and 28 males. The age range of allergic asthma patients was between 10
to 65 years with mean and standard deviation values equal to 34.9 + 15.8 years. The age range of the
controls was identical to the age range of patients (37.3 + 12.4 years). The participants were divided
into three age groups; 10-25, 26-41 and > 42 years. The frequencies of patients of these age groups
were 54, 46 and 50, respectively. In contrast, the frequencies of healthy subjects for the same age
groups were 10, 22 and 18, respectively. In addition, the percentage of allergic asthma patients in the
10-25 years age group was 36 %, which is higher than that in the age groups of 26-41 years (30.6%)
and > 42 years (33.3 %). BMI value in the patients was 29.4 + 6.4 kg/m?, which was significantly (P =
0.001) higher than that of the controls (23.7 + 2.6 kg/m?), as shown in Table-1.

Table 1-Distribution of subjects according to gender, age, age group, and BMI

Groups Patients ( n=150) Controls (n=50) | p-value
Gender (F/M), (N,%) 84/66, 56.0/44.0 22/28, 44.0/56.0 0.14
Age (mean = S. D.) year 34.9+15.8 37+12.4 0.3
Age Group ( N,% ): 10-25 years 54, 36 10, 20
26-41 years 46, 30.6 22,44 0.072
<42 years 50, 33.3 18, 36
Body mass index (mean £ S. D.) kg/m? 294+6.4 23.7+26 0.001

M: Male; F: Female; N: Frequency: %: percentage; S. D.; standard deviation; kilogram; m2; Square
meter; p: probability.

One of the essential parameters in asthma diagnosis is the serum level of total IgE. Table-2 shows
the concentrations of total IgE in the serum of allergic asthma patients in comparison with that of the
control. Total IgE median level of allergic asthma group (341.04 1U/ml) was higher than that of the
control group (24.5 1U/ml), with a highly significant difference (P<0.001).

Table 2-Total IgE concentrations in the serum of patients with allergic asthma and controls

Groups No. of subject Total IgE (1U/ml) Median, (min-max)
Allergic asthma 100 341.04, (100.03-500) 1U/ml
Control 50 24.5, (10-75) 1U/ml
P -value< 0.001
Min: Minimum; mix: Maximum; p-value: probability; No.; Number; IgE: immunoglobulin (lg)

E; International Units; ml: Milliliter.

As shown in Table-3, the concentration of I1L-13 was higher in asthmatic patients (Median 5.7, range
2.06 - 128) compared with healthy control (Median 2.9, range 1.1- 6.9), with highly significant
differences (P = 0.001).

Table 3-1L-13 level of allergic asthma patients in comparison with controls

Grouns No. of 1L-13 (ng/ml) -value
P subjects Median, (min-max) P
Allergic asthma 60 5.7, (2.06-128) ng/ml 0.001
Control 25 2.9, (1.1-6.9) ng/ml '

Min: Minimum; mix: Maximum; p-value: probability; No.; Number; IL: Interleukin; ng: Nano-gram.
The correlations between median levels of Interlukin-13 and gender and age groups are shown in
(Table-4). The table shows that allergic asthma patients of both genders had higher levels of IL-13 in
comparison with their corresponding controls. In addition, allergic asthma patients of 10-25, 26-41 and
>42 age groups had an elevation in the level of IL-13 as compared to their corresponding controls.
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Table 4-Correlation between level of Interlukin-13 (ng/ml) and gender and age group of patients and

controls
Patients Control
No. Mlgdrzg?r:wll_ Min | Max | No. Mlzd;l%rl]ryl_ Min | Max | p-value

Gender:

Male 26 4.4 2.08 | 128.0 | 11 2.8 1.1 | 6.94 | 0.003
Female 34 8.1 2.06 | 27.64 9 3.2 1.10 | 453 | 0.001
Age Group:

10-25 years | 20 6.8 2.66 | 128.7 5 2.6 1.1 | 4.44

26-41 years | 22 5.0 2.08 | 56.10 | 13 2.8 1.10 | 6.94 | 0.001
>42 years 18 8.1 2.87 | 128.0 7 4.4 1.35 | 4.80

Min: Minimum; mix: Maximum; p-value: probability; No.; Number; IL: Interleukin; ng: Nano-gram.
The correlation between the serum levels of interlukin-13 in pre- and post-treatment patients who
inhaled corticosteroid/a long-acting B,-agonist (CSI/LABA) immunotherapy is illustrated in Table-5.
The results showed a significant increase of interlukin-13 level in AA (allergic asthma) patients at
post-treatment with CSI /LABA immunotherapy in comparison with those at pretreatment (9.1 vs. 3.6
ng/ml, p-value <0.001).
Table 5-Median serum levels of IL-13 in response to treatment with CSI /LABA immunotherapy in
patients with allergic asthma

Immunotherapy N Med;lzrllmllL-B Minimum | Maximum
At pre-treatment with immunotherapy 42 9.1 2.77 128.00
At post-treatment with immunotherapy 18 3.6 2.08 13.05

P -value <0.001
P-value: probability; IL: Interleukin; ng: Nano-gram; CSI /LABA:
acting B,-agonist; ml: Milliliter.

In general, the eosinophils count was above the normal range in all groups of allergic asthma
patients. Eosinophils count of allergic asthma patients was significantly higher (P< 0.001) than the
controls (6.5 = 3.1vs. 2.1 + 1.0%).

Table 6-Eosinophils count in asthma patients in comparison with controls

inhaled corticosteroid / a long-

Groups No. of subject Eosinophils count (Mean + S.D.) %
Allergic asthma 60 6.5+£31
Control 30 2110
P -value< 0.001

No.: Number; %: percentage; S. D.: standard deviation; EO: eosinophils; p-value: probability.
Correlations between IL-13 levels, total IgE and eosinophils count were measured in allergic
asthma patients using Pearson correlation, as shown in Table-7. Statistically, there was a positive
correlation between IL-13 and the total IgE levels in allergic asthma (p-value= 0.1 and r = 0.157). A
positive correlation between IL-13 levels and eosinophils count was also found (p-value= 0.001 and r
= 0.521). In addition, there was a positive correlation between eosinophils count and total IgE which is
positive correlation (p-value=0.001 and r = 0.453).
Table 7-Correlation Coefficient between IL-13 (ng/ml), eosinophils count (%) and total IgE (IU/ml).

Pearson Correlation IL-13 EO% Total IgE
IL-13 1 0.521 0.157
p value 0.001 0.154
EO% 0.521 1 0.453
p value 0.001 0.001
Total IgE 0.157 0.453 1
p value 0.154 0.001
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EO: Eosinophils; %: percentage; Sig.: Significant; IgE: Immunoglobulin (Ig) E; ng: Nan-gram; ml:
Milliliter; IL: Interleukin.
Discussion

According to gender, it is obvious that females are usually at higher risk for developing many
diseases, especially, the immunological diseases. This is attributed to different hormonal secretions
between males and female. Some of these hormones promote the Th2 cells. These cells encourage
auto-antibodies production and polyclonal B cell activation. Additionally, they promote the production
of many pro-inflammatory mediators which play a critical role in the inflammatory reactions, and
eventually increase the disorder development [17]. When it comes to age of patients in this study, the
results suggest that asthma occurrence in patients of the 10-25 years age group is higher than that in
patients of the 26-41 and >42 years age groups. The explanation for this variation of asthma
occurrence in different age groups is attributed to several factors. For example, in the age group of 10-
25 years, the allergic asthma was the highest among the other two age groups; the reason behind this is
that the allergic asthma has cumulative effects because of continuous exposure to different types of
allergens. In the age group of 10-25 years, the subjects are at higher risk of exposure to infectious
agents and their immune system is immature to some extent [18]. Obesity is a significant global health
issue for both adults and children. Obesity increases the spread and incidence of asthma and also
augments the risk of severe asthma. Epidemiological data elucidates that asthma is more widespread in
obese than lean individuals [19]. It was clear that the mean level of BMI of the allergic asthma group
was significantly higher than that of the control group (29.4 vs. 23.7 kg/m?2). The results of this study
are supported by another previously published report [20]. The test results in the present study showed
a significant increase (P = 0.02) in BMI value in patients with allergic asthma as compared to healthy
subjects (28.89 + 3.29 vs. 23.4 kg/m?).

IgE is an immunoglobulin that plays a significant role in chronic inflammatory allergic diseases
and acute allergic reactions [21]. Our study showed a significant increase in median serum level
of total IgE in patients with allergic asthma in comparison to the control (341.04 vs. 24.5 IU/ml). This
is due to the stimulated Th2 cells that are known to produce higher levels of s IL-4 and IL-13 which
mediate development of eosinophils and stimulate B-cells to secrete the specific immunoglobulin E.
The results of our study are supported by earlier published data [20], which showed that total IgE level
of the allergic asthma group (470.3 = 2.97 IU/ml) was significantly higher (P = 0.009) than that in the
control group (46.9 = 0.31U/ ml).

The function of specific cytokines in asthma became obvious; specific immunological biomarkers
(e.g. IL-13) of T helper type 2 airway inflammations were already identified. Biomarkers could aid to
stratify asthma into different subtypes, reflecting the prevalent pathophysiological mechanism [22].
This study showed that the median level of IL-13 in the allergic asthma group was 5.7 ng/ml which is
higher than the control group (2.9 ng/ml). This is probably due to the different stimuli (allergens, super
allergens and pollutants etc) promoting epithelial cells to release several types of cytokines such as IL-
25, IL-33, and thymic stromal lymphopoietin. These mediators promote a variety of immune cells (T
helper 2 cells, Group 2 innate lymphoid cells, macrophages, mast cells, eosinophils, basophils, and B
cells) which release several cytokines, including IL-13 [23]. In addition, the IL-13 is produced by a
variety of cell types, including both Thl and Th2, as well as CD4 T cells and CD8 T cells [11].
Elevations of I1L-13 levels have been detected in the airways of human asthmatic patients. However,
this increment is only observed in a subset of these patients [24]. IL-13 is a pleiotropic type 2 cytokine
that has been considered to be essential in the pathogenesis of allergic asthma and other eosinophilic
disease [25]. The results of this study are supported by data published in the United Arab Emirates
[26], which indicated that IL-13 level in asthma patients (6.67 pg/ml) was higher than that in controls
(3.09 pg/ml), with highly significant differences (p=0.001).

Allergic asthma patients in the three age groups considered in this study showed higher IL-13
levels than the controls. However, serum levels of IL-13 in the age group of > 42 years showed a
higher increase than the other two age groups of patients as compared to corresponding controls.
Allergic asthma patients of both genders appeared to have a significant increase of IL-13 in
comparison to their corresponding controls (p-value = 0.001). Allergic asthma in female patients
showed a remarkable increase in IL-13 levels as compared to that in males, as shown in (Table-4).
This is attributed to the hormonal differences among males and females, some of which is known to
stimulate T helper type 2 cells [17].
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The aim of asthma treatment is to control of symptoms of asthma. Combination therapy with
inhaled corticosteroid/a long-acting 3,-agonist (ICS/LABA) acts as a gold standard in curing asthma,
being an effective and safe treatment as approved by the GINA. ICS-LABA treatment is now approved
only in Step 5 (High dosage of ICS-LABA) of the steps of asthma control. This treatment is used in
high ICS doses and should be prescribed for only few months. The possibility for any adverse effects
should be taken into account [1]. In our study, interleukin-13 level was elevated in all patients before
the treatment with ICS/LABA and decreased in all patients after the treatment (9.1 vs. 3.6 ng/ml),
(p=0.001), (Table-5). The decreased values of IL-13 after treatment with ICS/LABA led to achieving a
good control and clinical improvement of the disease. This indicates that IL-13 is a significant marker
for monitoring the development of disease and the success of therapy in patients with asthma. The
results of this study are consistent with previously reported data [27]. In that study, the results of
serum levels of IL-13 were higher before the treatment with the combination of ICS/LABA in all
patients with uncontrolled severe persistent asthma, as compared to post-treatment levels (787.3 vs.
350.3 pg/ml), (p=0.0014).

Eosinophils are implicated in the pathogenesis of asthma disease. Eosinophils contribute to the
induction of airway hyperresponsiveness, the modulation of the immune response, and remodeling
characteristic features of asthma [28]. In this study, there is a significant increase (P<0.001) in
eosinophil percentage in the patients of allergic asthma compared with controls (6.5+3.1 vs.
2.1+1.0%). Several studies reported that higher count of eosinophils was present in patients with
allergic asthma. The results of this study are confirmed by earlier published data [29]. The results of
that study showed that the percentage of eosinophil in allergic asthma patients was higher in
comparison to the control (4.37 + 0.52 vs. 2.57 + 0.86%).

Conclusions

The present study suggests that the increase in the levels of interleukin-13 and total IgE and the
proportion of eosinophils in the blood of allergic asthma patients could be considered as a key element
in pathogenesis.
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