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ABSTRACT

Background: Asthma is a chronic inflammatory condition causes chest tightness,
wheezing, coughing, and shortness of breath. Objectives: To assess the levels of IL-9, IL-
13, and hs-C-reactive protein in asthmatic patients and controls and assessing level of
IgA in all studied cases to investigate presence of IgA deficiency if present.
Methodology: A case control study was carried out during (October-April 2024). Out of
380 randomly selected cases with age range (7-80 years), 250 were asthmatic patients
and 130 healthy controls. Immunological tests were done by using ELISA to measure
levels of IgA, IL-9, IL-13 and hs-CRP. Results: IgA, IL-9 and hs-CRP levels were
increased significantly in patients with recurrent respiratory tract infection (RTI) at p-
value<0.05. Levels of IgA, IL-9 and IL-13 were increased non-significantly in atopy
patient, except hs-CRP. Weak negative correlation between age group and both IL-9
and hs-CRP, IgA scored a moderate positive correlation with IL-9, and moderate
positive correlation with both IL-13 and hs-CRP. IL-9 scored moderate positive
correlation with 1L-13 and weak positive correlation with hs-CRP. IL-13 scored very
weak positive correlation with hs-CRP. Conclusion: Receiver Operating Characteristic
(ROC) test indicated that all patients have positive results compared with control group,
77% of patients with IgA level were more than or within average of control group, and
23% were less the average of control group. Regarding to IL-9 and IL-13, more than
60% of patients have cytokines mean more than or within the mean of control group.
Regarding hs-CRP, it was less specific indicator than other parameters.

INTRODUCTION

Asthma is considered a heterogeneous disease with
chronic airway, demographically distinct locations and
pathophysiological features*?. Asthma is classified
regarding to etiology and triggers to allergic, non-
allergic, occupational, exercise-induced
bronchoconstriction and aspirin-exacerbated respiratory
disease®. Additionally it can be classified regarding to
severity and control into intermittent, persistent, and
severe persistent?,

Moreover, it can be classified regarding to
inflammatory phenotype into type2 (T2) low, T2-high
allergic, and T2-high non allergic asthma®. Regarding to
Irag, numerous researches have been done to recognize
the prevalence of asthma®. Pandemic-related items may
for the time being a decrease asthma rate’. A meta-
analysis research through 2016 figured that the Eastern
Mediterranean regions have insufficient analysis and
details in the zones of asthma and chronic obstructive

pulmonary disease. Further attempts and proper work
are needed to recognize the prevalence and concern of
these diseases®.

Asthma is characterized by reversible, episodic
constriction of the airways and inflammation in reaction
to environmental allergens, irritants, and infections. It is
a multifaceted, immune-mediated, and intricate process
that manifests as a range of clinical manifestations®.
Coughing, wheezing, shortness of breath, and chest
tightness are signs of asthma, a chronic inflammatory
disease of the airways that is triggered by inflammation
of the airways, which causes mucus production,
remodeling of the airway wall, and bronchial hyper
responsiveness (BHR), which is the propensity of
smooth muscle cells to respond to non-specific stimuli
like cold air’®, Some asthmatic patients suffer from
respiratory tract infections, some are viral but most are
bacterial infections!'. Recent documentations exhibit
that wheezing episodes at the first years of life that
resulted from some viral infections give probability for
later asthma??,
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Many studies have been done to approximate the
connection between allergic respiratory diseases and the
development of repeated respiratory infection'®. The
risk items such as elevated body mass index, family
history of atopy, exposure to house mite, history of
allergic diseases, gastroesophageal reflex disease,
allergic sinusitis and allergic rhinitis are mostly
described by asthmatics'®. Extensive works looks over
the main role of cellular and humoral immunity that
conduct to customize treatment choice for asthma.
Humoral immunity set out twofold tasks of direct
pathogen neutralization and improvement of leukocytes
function. Production of antibody subclasses is turn on
by antigen and the evolved antibodies can come up with
disease pathogenesis and host defense!®. Humoral and
cellular immunity are considered as the players that
function in protection mechanisms against pathogens.
Immunoglobulins serve in defense mechanism by
neutralizing the pathogen, in addition to involvement of
interleukins in defense mechanisms during asthma?®.

Regarding to healthy individuals, humoral responses
comprise principally little amount of 1gG1, IgG4 and
secretory IgA antibodies to allergens in the presence or
absence of low levels of IgE!!8, Respiratory mucosa is
very important in keeping homeostasis and driving
disease, one of its main players is immunoglobulin A
(IgA)*. Allergic asthma, inflammation that results from
allergen is influenced by Th2 cells and IgE molecules,
also boost with Th17 cells in severe asthma®. A
reduced immature B-cell populations are shown in
patients with severe asthma while memory B-cells
significantly expand in contrast with both mild,
moderate asthmatic patients and healthy individuals.
Besides, rising of 1IgA* memory B-cells are related to
lessen lung role and particularly with variables
representative for elevation of resistance in the
peripheral airways?.,

Interleukine-9 (IL-9) is considered as a pleiotropic
cytokine in mucosal environment and it can inhibit
alveolar macrophage development and stimulates
recruitment of monocytes??. Many studies showed
increasing levels of IL-9 in asthma patients?®. IL-13 is
essential for IL-9 to increase expression of eotaxin
which attracts eosinophil in the lung. A study showed
that 1L-9 can boost asthma through IL-13 in an
independent pathway?*. C-reactive protein is considered
as a non-specific plasma protein indicator for
inflammation. Its level gives a clear picture for the
development of inflammatory process. It is an acute
phase protein produced by hepatocytes®. The aim of
our study assess the levels of IL-9, IL-13, and hs-C-
reactive protein in asthmatic patients and controls.
Assessing level of IgA in all studied cases to investigate
presence of IgA deficiency if present.
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METHODOLOGY

A case control study was carried out during the
period between October 2024 and April 2024. Out of
380 randomly selected cases with age range (7-80
years), 250 were asthmatic patients and 130 were
healthy controls. Among asthmatic patients, 126 have
recurrent respiratory tract infections (RTI). All patients
have been diagnosed by specialized clinician, patient’s
data were collected using specially designed
questionnaire. Immunological tests were done by using
ELISA to measure levels of IgA, IL-9, IL-13 and hs-
CRP.

Inclusion criteria

Diagnosed asthmatic patients, asthmatic patients
who have recurrent respiratory tract infections, in
addition to patients with any abnormal laboratory
parameters (severe lymphopenia, neutropenia, and
eosinophilia) were included in the current study.
Exclusion criteria

Patients under treatment with immunosuppressive
drugs, patients infected with HIV, in addition to patients
with immunodeficiency secondary to any disease
(nephrotic syndrome, protein losing enteropathy or
severe malnutrition) were excluded from the current
study.

Blood samples collection

Blood samples were collected from patients and
controls in the gel tube and left at room temperature for
about 30 minutes for clotting, then serum was isolated
by centrifugation at 3000 rpm for 5 minutes, and kept at
-20 °C for further use for immunological biomarkers
(IgA, IL-9, 1L13 and hs-CRP).

ELISA Kits

The ELISA Kits used in the current study were
Human IgA (SunLong Biotech Co., LTD/SL0912Hu),
Human IL-9 (SunLong Biotech Co., LTD/SL1005Hu),
Quick Step Human IL-13 (SunLong Biotech Co.,
LTD/CQS0974Hu) and Human high sensitivity hs-CRP
(SunLong Biotech Co., LTD/SL0881Hu).

ELISA procedure and standard curves

Procedures of ELISA and obtaining of standard
curves for all the four parameters were done according
to instruction of the kits, (Figures 1-4) indicated the
standard curves for IgA, 1L-9, IL-13 and hs-CRP.
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Fig. 1: Standard curve of IgA
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RESULTS

The current results indicated a significant difference
between asthmatic patients and controls at p-
value<0.05, in the levels of immune parameters, IgA,
IL-9, and IL-13 were increased significantly in patients
than controls (Table 1).

Table 1: Evaluation of immune parameters in
asthma patient compared to control group

Fig. 2: Standard curve of IL- 9

¥ = 0.0076x+ 0.0599
2 R:=0.8972

Immune Patients No. | Control No. -
Parameters 250 130 value
Mean = S. D
IgA g/L 2.92+0.77 2.19+0.65 | <0.01™
IL-9 pg/di 31.5+9.48 27.4+8.11 | <0.01™
IL-13 pg/dl | 30.2+7.57 27.0+6.18 | <0.01™
Hs-CRP 1.23+0.40 1.32+051 0.054
pa/di

The level of IgA was increased significantly in

Fig. 3: Standard curve of IL-13
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Fig. 4: Standard curve of hs-CRP

Statistical Analysis

The data of this study was statistically analyzed
using SPSS version 26, using chi-square and descriptive
statistic for mean and range, independent sample t test,
one way ANOVA for variance, person for correlation,
and ROC test analysis at p-value<0.05. Each p-value
has two stars that indicate a high significant at p-value
0.01, p-value has one star indicate significant at 0.05,
while p-value without star indicates a non-significant
difference. Similar small
indicate the non-significant differences, while different
letters indicate the significant differences. Sometimes
the ANOVA did not give a significant difference, but
the post hoc, such as LSD, showed that there were
differences.
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female group than male group at p-value <0.05 while
levels of IL-9 and hs-CRP were increased non-
significantly in female group, IL-13 level was increased
non-significantly in male group than female group

(Table 2).

Table 2: Immune parameters in asthma patient
according to sex

Immune Male No. Female No. -
Parameters 122 128 value
Mean +S. D
IgA g/L 2.77+0.82 3.06+0.70 | <0.01™
IL-9 pg/dl 31.2+9.60 31.7 +9.40 0.674
IL-13 pg/dl | 30.5+841 30.0 + 6.69 0.609
Hs-CRP 1.22+0.38 1.23+0.43 0.829
pg/dl

The IgA level was increased significantly in patients

with recurrent respiratory tract infection (RTI) at p-
value<0.05, increased levels of IL-9 and hs-CRP in
recurrent RTI patient group, and the level of IL-13 was
increased non-significantly in non-recurrent RTI patient
group (Table 3).

Table 3: Evaluation of immune parameters in
asthma patient according to disease recurrence

Non
Immune Recurrent recurrent p-
letters above the means Parameters RTI No. 126 No. 124 value
Mean+S. D

IgA g/L 3.07+0.74 2.77+0.78 | <0.01™

I1L-9 pg/dl 31.7+10.0 31.2+9.88 0.705

IL-13 pg/dl | 29.6+7.18 30.9+7.92 0.163

Hs-CRP 1.26 £0.49 1.19+0.30 0.168

pg/dl
417
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The result noted a non-significant difference in all
immune parameters according to the duration of disease
at p-value<0.05, the levels of IgA and hs-CRP were
increased non-significantly with increasing disease
duration, while other parameters were increased non-
significantly in patients who had disease < 1 year as in
(Table 4).

Table 4: Evaluation of immune parameters in
asthma patient according to duration of disease

while hs-CRP increased significantly in atopy patient as
in (Table 5).

Table 5: Evaluation of immune parameters
according to family history
Family ) i Hs-
History of 9A IL-9 IL-13 CRP
asthma Mean +£S.D
Asthma 2.84 320« 305+ 1.24
68 0.70 10.1 8.02 0.45
297+ 336+ 319+ 1.28
APYS3 | 996 | 105 | 7.93 | 0.42
Non-FH 291+ 313+ 299+ 115+
129 0.74 9.46 8.03 0.29
0.120
p-value 0.640 0.443 0.322 0.04023

Immune <1 year No. >1 years
Parameters 217 No. 33 p-value
Mean£S. D
IGAgIL | 291+077 | 302+079 | 0445
IL-9pg/dl | 31.8+106 | 29.4+883 | 0223
IL-13pg/dl | 305+7.49 | 283+7.93 | 0111
Hs-CRP 1 1914030 | 1.354047 | 0058
pg/dl

All the studied cases; asthmatic patients and controls did
not record a history of primary immune deficiency. The
result noted non-significant difference in all immune
parameters according to family history of asthma at p-
value <0.05 except hs-CRP, the levels of IgA, IL-9 and
IL-13 were increased non-significantly in atopy patient,

Evaluation of immune parameters in patients with
asthma according to their order between sibs noted a
non-significant difference in all immune parameters
according to order of sibs at p-value <0.05 except I1L-13
which indicated increased levels while IgA and hs-CRP
levels were high non-significantly in third sibs patient,
while IL-13 increased significantly in second sibs
patient (Table 6).

Table 6: Evaluation of immune parameters in asthma patient according to sibs orders

. IgA | | IL-13 | Hs-CRP
Order of sibs Mean +S.D
1t 44 2.86 £ 0.67 31.6 £9.97 28.0+£6.72 1.21+0.44
2nd 72 3.00+£0.80 31.1+£9.07 30.8+6.84 128+ 041
39 134 2.90+£0.79 31.6 £9.60 30.7+£8.10 1.21+0.33
p-value 0.558 0.951 0%2???2 0.422

Patients were divided according to five age groups.

The present study

recorded a weak negative

The result showed a significant difference in the level of
IL-9 and Hs-CRP at p-value<0.05, levels of IL-9 and hs-
CRP were increased significantly in age group (7-14),
and decreased in the age group (50-69) in IL-9 and (>
70) in hs-CRP, also, the level of IgA and IL-13 were
increased non-significantly in age group (7-14) (Table
7).

correlation between age group and both IL-9 and hs-
CRP, IgA scored a moderate positive correlation with
IL-9, and moderate positive correlation with both IL-13
and hs-CRP. IL-9 scored moderate positive correlation
with 1L-13 and weak positive correlation with hs-CRP.
In addition, IL-13 scored very weak positive correlation
with hs-CRP (Table 8).

Table 7: Evaluation of immune parameters in asthma patient according to age groups

IgA | IL-9 IL-13 | hs-CRP
Age Groups Mean £ S. D

7-9 years 14 3.15+0.96 40.5 +12.4 31.5+7.01 1.37+£0.27
10-29 years 77 3.01+0.81 32.1+10.3" 29.6 + 7.08 1.33+0.37%
30-49 years 63 2.89+0.76 30.8 + 9.80 30.3+7.68 1.23+0.39
50-69 years 70 2.78 £ 0.61 28.6 +7.28° 30.3+7.81 1.12 + 0.25°
> 70 years 24 3.06 + 0.66 33.8+9.34° 31.1+8.67 1.11 +0.25¢

p-value 0.200 <0.01™ 0.859 <0.01™
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Table 8: Person correlation between immune parameters

IgA 1L-9 IL-13 Hs-CRP

Age r. value -.059 -.148" .043 -.196™
p-value 351 .019 499 .002

IgA r. value 513" .320"" 223"
p-value .000 .000 .000

IL-9 r. value 452" 216"
p-value .000 .001

r. value 159"
IL-13 p-value 012

According to ROC test, it showed that all patients

have positive results compared with control group, the
study also recorded that 77% of patients with IgA level
more than or within average of control group, and 23%
were less than the average of control group. IL-9 and

Table 9: ROC Curve of immune parameters

IL-13, showed that more than 60% of patients have
cytokines mean more than or within the mean of the
control group. According to hs-CRP, it was less specific
indicator than other parameters (Table 9), and (Figure
1).

Asymptotic 95% CI
Variable | Cut point | Sensitivity | Specificity Area S.E p-value Lower Upper
Bound Bound
IgA 1.01 0.99 0.94 0.778 0.025 0.000 0.730 0.826
IL-9 15.6 0.99 0.98 0.627 0.030 0.000 0.568 0.686
IL-13 14.7 1.00 0.96 0.604 0.030 0.001 0.545 0.663
Hs-CRP 0.59 1.00 0.90 0.394 0.033 0.001 0.329 0.459
ROC Curve
e e J‘J_,ﬁ—"f Souéce of the
sl _/_r.’t _:Eg
°° i /_f?’ﬂ IL13
] ((_A;J - g:gi‘zce Line
:E-. 06 = r‘:r.r- -
5 — ;L
] 04 f T?nﬁ
Dz [_.«—“’r:r
. . 1 .- Speciﬁci;:y . .
Fig. 5: ROC Curve of immune parameters
DISCUSSION responses are generated in the course of the

Asthma is marked by reversible, serial tightness of
the airways and inflammation in reaction to
environmental allergens, irritants, and infections. It is a
sophisticated, immune-mediated and complex process
that displays a range of clinical signs®. A dominant
starting point of illness in adults affecting large number
of children and adults worldwide?®. The immune

Egyptian Journal of Medical Microbiology

pathogenesis of diseases such as asthma are complex
and assume the activation of several cells of immune
system and their mediators. Immunoglobulins that are
produced by; plasma cells that have been developed
from activated B-cells, antibodies secreted by plasma
cell take part in human health to attenuate infectious
microbes %

In the current study asthmatic patients and controls
indicated a significant difference regarding to immune
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parameters levels, including IgA that indicates the role
of humoral immunity as an important player in immune
response in asthma. A study done on Diyala patients
indicated a significant increased IgA levels in asthmatic
patients compared to controls?®. Interleukin-9 level was
increased in asthmatic patients when compared to
controls, it is expressed by many cells including mast
cell and T helper cell subsets. This interleukin has
twofold role as pro-inflammatory and anti-
inflammatory. IL-13 high levels in asthmatic patients
suggested its role in the pathogenesis of asthma. Many
works showed that it is an important cytokine in chronic
airway inflammation. It is implicated in Th2
inflammation and was spotted as achievable therapeutic
target for asthma. Blocking IL-13 signaling, seems to
enhance lung function?®. The correlation between IgA
and IL-9 was moderate positive as well as with IL-13
and hs-CRP. Correlation of 1L-9 and both IL-13 and hs-
CRP scored moderate positive correlation with IL-13
while it was weak positive with hs-CRP. IL-13 scored
very weak positive correlation with hs-CRP. IL-9
directly stimulates asthma via IL-13 independent
pathway by expansion of mast cells, eosinophils, and B-
cells, also through initiation of making IL-13 by
hemopoietic cells?*,

A study done by Obaidi et al.,® indicated that CRP
was significantly higher in asthmatic patients in
comparison to controls. High sensitive CRP is
correlated with asthma®. Level of IgA was increased
significantly in females than males at p-value<0.05. In a
comparison between asthmatic patients with recurrent
respiratory infections and those without recurrent
respiratory infections the levels of the studied
parameters were significantly high in asthmatic patients
who complained from recurrent respiratory infections.
Actually, recurrent infections lead to elevated levels of
immunoglobulins as a part of humoral defense
mechanism and increased amount of interleukins
secreted from immune cells that have been activated
through the course of repeated inflammation. Duration
of asthma did not indicate any differences in levels of
the studied parameters, although some of these
parameters as IgA and hs-CRP levels were increased
non-significantly.

Levels of IgA, IL-9 and IL-13 were increased non-
significantly in atopy patient, while hs-CRP increased
significantly in atopy patient. Evaluation of immune
parameters in patients with asthma according to order of
sibs noted a non-significant difference in all immune
parameters according to the order of asthmatic patient
between sibs at p-value<0.05 except IL-13 that
indicated increased levels while IgA and hs-CRP levels
were high non-significantly in third sibs patient, while
IL-13 increased significantly in second sibs patient. One
of the main goals behind the current study was to
investigate presence of IgA immunodeficiency, all the
studied cases did not record a family history of primary

immunodeficiency including IgA immunodeficiency. It
is possible to find at least one single case if the sample
size is more than one thousand. In addition there was no
differences in parameters levels regarding to family
history of asthma.

CONCLUSION

Receiver Operating Characteristic (ROC) test
indicated that all patients have positive results compared
with control group, 77% of patients with IgA level were
more than or within average of control group, and 23%
were less than the average of control group. Regarding
to IL-9 and IL-13, more than 60% of patients have
cytokines mean more than or within the mean of control
group and hs-CRP was less specific indicator than other
parameters.
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