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Abstract

The heterogeneous etiology of asthma makes its diagnosis complicated. Measurement of cytokine
levels could be relevant in determining the asthma phenotype, predicting severity, and identifying the
treatment type. Enzyme-linked immunosorbent assay (ELISA) is one of the most reliable methods, with
high sensitivity and specificity. This study aimed to determine the accuracy and utility of interleukin
(IL)-13 and IL-17 A in diagnosing children with asthma. A total of 74 asthmatic and 75 healthy children
were enrolled in this case-control study between 10/2019 and 3/2021. Sera were collected and analyzed
for IL-13 and IL-17A using ELISA. Diagnostic utility assessment was performed using receiver operating
characteristic (ROC) analysis. The results showed that both cytokines had a significant capacity to
differentiate patients with asthma from the control group. The sensitivity and specificity for IL-17A
were 97.3% and 52.0%, respectively, whereas for IL-13 it was 81.1% and 52.0%, respectively. Positive
predictive values (PPV) were 66.7% and 62.5% for IL-17A and IL-13, respectively. In conclusion, although
both biomarkers had low specificity, IL-17A was more sensitive in differentiating children with asthma
from those in the control group and had a higher sensitivity rate than IL-13.
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INTRODUCTION

Asthma is a chronic inflammatory
condition common in children. The underlying
pathophysiology is associated with airway
narrowing and inflammation that results in
common symptoms such as dyspnea, cough, and
wheezing.!

The mechanism or pathophysiological
background of asthma has been studied extensively
over the years, as they can affect disease prognosis
and management protocols. Cytokines could be
regarded as the core for the treatment like IL-5
and IL-13 antagonists.>® The cytokine pathways
may vary significantly among patients with asthma.
This cytokine variation can be used as a biomarker
for discriminating asthma phenotypes.

The T-helper (Th)-2 pathway plays a major
role in asthma by secreting cytokines, such as IL-4,
IL-5, and IL-13. These cytokines are responsible for
eosinophil and B-cell activation with subsequent
immunoglobulin E (IgE) secretion.* Another
prominent cytokine pathway in asthma is Th17.°
This pathway is associated with IL-17 secretion,
which is a proinflammatory cytokine that leads
to the production of IL-8 and tumor necrosis
factor alpha and could be associated with a more
severe form of asthma.® Both the aforementioned
pathways (Th17 and Th2) are reciprocally regulated
in asthma.” When Th2 pathway is downregulated
by corticosteroids, the Th17 pathway is activated.®®

Medical diagnostic tests should have
the ability to confirm the presence of a disease
and the capacity to discriminate between those
with disease and healthy individuals. Sensitivity
and specificity with a single cutoff point are
among the most widely used characteristics for
diagnostic accuracy.’® However, sensitivity and
specificity could be computed across different
cutoff points with inverse correlation of sensitivity
and specificity using the receiver operating
characteristic (ROC) curve, which is a more
comprehensive method.' The area under the
ROC curve (AUC) is a measure of specificity and
sensitivity that provides valid diagnostic accuracy.™
When the ROC curve approaches the top-left
corner of the graph, it indicates accurate and valid
discrimination between the groups. An AUC value
closer to 1 indicates a more accurate test that
maximizes discrimination; a value of 0.5 means

failure of the test in classifying the patient group.?

Different epidemiological studies have
assessed the diagnostic utility of serum markers
using ROC analysis.>!415

As aforementioned, the pathophysiology
of asthma depends on different immune pathways
with the participation of a wide range of cytokines;
therefore, the diagnosis of different phenotypes
is associated with the types of cytokines. The
diagnosis of asthma based on these phenotypes
remains controversial.

Measurement of serum cytokine
levels could indicate the phenotype of asthma,
highlighting the diagnostic utility of these cytokines
in the diagnosis of asthma. Therefore, the present
study aimed to determine the diagnostic utility
of both IL-13 and IL-17A in children with asthma,
using the ELISA technique and to compare the
diagnostic accuracy of both the cytokines.

MATERIALS AND METHODS

Study Design and Settings

This case-control study was conducted at
the Department of Medical Microbiology/Kerbala
College of Medicine between October 2019 and
March 2021.

Subjects

The patient group consisted of 74 children
who were diagnosed with asthma based on the
guidelines of the American Thoracic Society
(ATS) for asthma.!® The patients included 56
men and 18 women, with ages ranging from 1
to 15 years. The control group consisted of 75
healthy children with matching age to the patient
group (50 men and 25 women). National Asthma
Education and Prevention Program/Expert Panel
Report 3 (NAEPP/EPR 3) guidelines were used to
assess the severity of asthma.'” All patients were
selected using convenience sampling (no duplicate
sampling).

Inclusion and Exclusion Criteria

All patients who met the American
Thoracic Society criteria for asthma'® were
included in the study. The control group had no
medical history of asthma, allergy, or inflammatory
diseases.
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Table 1. Differences in the concentration of IL-13, and IL-17A according to age and clinical variables among

asthmatic group

Variable N Interleukin-13 Interleukin 17-A
Mean +SE P-value Mean #SE P-value
Gender Male 56 0.97+0.05 0.464 26.68+5.19 0.173
Female 18 1.08+0.12 19.68+8.54
History of Eczema Positive 8 0.95+0.22 0.296 1.85+0.14 0.007**
Negative 66 1.00+0.04 27.78+4.86
History of Allergic rhinitis Positive 40 0.93+0.05 0.328 31.04+7.29 0.152
Negative 34 1.07+0.08 17.84+4.20
History of Allergic Positive 20 0.92+0.06 0.349  44.92+13.61 0.025*
conjunctivitis Negative 54 1.02+0.06 17.59+2.94
Family history of eczema Positive 16 0.96+0.06 1 12.41+3.10 0.141
Negative 58 1.01+0.06 28.44+5.51
Family history of asthma Positive 50 1.05+0.06 0.101 25.05+5.71 0.764
Family history of Negative 24 0.87+0.07 24.82+6.87
allergic rhinitis Positive 58 1.00+0.05 0.979 22.65+3.68 0.141
Negative 16 0.99+0.11 33.40+15.78
Family history of smoking Positive 34 1.00+0.07 0.879 13.01+2.50 0.035*
Negative 40 0.99+0.06 35.15+7.59
Aggravation by flu Positive 50 1.00£0.06 0.781 29.2146.23 0.380
Negative 24 0.98+0.07 16.16+3.85
Aggravation by dust Positive 40 0.99+0.06 0.761 33.48+7.68 0.362
Negative 34 1.00£0.07 14.97+2.59
Type of treatment Montelukast 34 0.91+0.07 0.467 23.77+4.80 0.249
Corticosteroid# 4 0.96+0.14 2.00+0.00
Mixed 2 0.96+0.00 1.90+0.00
No treatment 38 1.07+0.43 29.56+7.63
Severity level Mild 62 0.98+0.05 0.639 26.15+5.21 0.681
Moderate 12 1.07£0.13 18.91+4.64

Mann Whitney U test, * significant p-value, ** highly significant p- value, SE=standard error, P=probability value, # inhaled

corticosteroid.

Collecting Blood Sample

In both the groups, 5 ml of venous blood
was first collected from each participant, and the
serum was then separated by centrifugation and
stored at -20 °C for further analysis.

Assays

ELISA kits for IL-13 and IL-17A (CUSABIO,
China) (Catalog number CSB-E04601h for IL-13 and
CSB-E12819h for IL-17) were used. The detection
range for IL-13 was 62.5—-4000 pg/ml and that for
IL-17A was 6.25-400 pg/ml.

The Ethical Approval

The ethical committee of Kerbala College
of Medicine, in addition to the Karbala Health
Directorate Committee, approved this study.
Furthermore, verbal and written consent was

obtained from each child’s parents before blood
sampling and consent was obtained through an
interview for data collection.

Statistical Analysis

The Statistical Package for the Social
Sciences, SPSS, version 20 (IBM, Chicago, lllinois,
USA) was used for statistical analysis. The data
are summarized in tables and figure. Frequencies
and percentages were used to describe the
demographic and clinical data of the patients. The
Shapiro-Wilk test (P < 0.05), visual appearance of
the histogram, normal Q-Q plots, and box plots
showed that the data were approximately non-
normally distributed for different variables of
cases and controls. For comparison of mean and
standard error of interleukins and demographic
variables, the Mann-Whitney U test was used.
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Diagnostic utility was evaluated using the receiver
operating characteristic (ROC) curve. In addition to
sensitivity and specificity, both positive predictive
value (PPV) and negative predictive value (NPV)
were calculated for the study groups. Statistical
significance was set at P < 0.05.

RESULTS

This study found a significant association
between a positive history of allergic conjunctivitis
and IL-17 A levels, and a significant association
between a negative history of eczema and family
history of smoking and IL-17 A levels as shown in
Table 1. No significant difference was observed
between the other variables and IL levels.

Evaluation of diagnostic accuracy for
both IL-13 and IL-17A using ROC curve analysis
revealed that the value of AUC was 0.697 and
0.936 for IL-13 and IL-17A, respectively, which are
statistically highly significant for the diagnosis of
asthma (shown in Table 2). In addition, the ROC
curve was shifted to the left side away from the
reference line, as shown in Figure, and the IL-17A

curve was deviated to the left more than the IL-13
curve. The cutoff points for IL-13 and IL-17A were
> 0.6400 and > 0.9435, respectively, as shown in
Table 3. The sensitivity and specificity for IL-17A
were 97.3% and 52.0%, respectively, while for IL-
13 the sensitivity and specificity were 81.1% and
52.0%, respectively. The accuracy was 63.4% and
68.04% for IL-13 and IL-17A, respectively.

DISCUSSION

Activation of both the Th2 and Th17
pathways in asthma represents an asthma
phenotype.'® The role of IL-13 in pediatric
asthma pathophysiology is very important and

Table 2. Diagnostic utility of area under the curve in
Figure

Test Result Area 95% Confidence P

Variable(s) (AUC) Interval value
IL-13 0.697 0.613-0.781 .0000
IL-17A 0.936 0.896-0.977 0.000

Mann Whitney U test, AUC: area under curve, P: probability.

Table 3. Sensitivity, specificity, positive, and negative predictive value for IL-13, and IL-17A

Variable Cut-off value  Sensitivity Specificity PPV NPV Accuracy%
IL-13 pg/ml > 0.6400 81.10% 52.00% 62.50% 73.60% 63.40%
IL-17A pg/ml >0.9435 97.30% 52.00% 66.70% 95.10% 68.04%
PPV: positive predictive value, NPV: negative predictive value.
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Figure. Receiver operating characteristic curves (ROC) of IL-13, IL-17A for diagnosis of asthma.
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is associated with concomitant activation of
other Th2 cytokines, such as IL-4 and IL-5 and the
activation of eosinophils and plasma cells.” In
addition, IL-17Ais a proinflammatory cytokine that
could be associated with the severity of asthma.®

The role of IL-17A in allergic and atopic
diseases is unclear. The current findings shown in
Table 1 are in accordance with those of a previous
study, which showed that activation of Th17
cells promoted Th2 activity and was associated
with symptoms of allergy,?®?' such as allergic
conjunctivitis and allergic rhinitis. This could be
explained by the common pathophysiology of
all atopic diseases such as asthma and allergic
conjunctivitis.

The lower levels of IL-17A in patients with
a family history of both smoking and a history of
eczema may be due to the effect of sample size
or because eczema was not in the active form.
Previous studies have indicated that the level of
IL-17 and infiltration of Th17 cells in eczematous
dermatitis is dependent on the state of severity;
therefore, in patients with no symptoms of
atopic dermatitis, no elevation in serum levels
is expected,?>?* which is in agreement with the
findings of the current study. Another explanation
for the unchanged level of IL-17A is that eczema is
not similar to other immunological skin diseases
such as psoriasis, which can affect serum levels of
IL-17A.%2 The effect of passive smoking is widely
dependent on the number of cigarettes smoked
and the proximity of smokers and children. Disease
activity and control were one of the confounder
limitations of the study because it required more
sessions with patients to collect data.

Clinical reports depend on ROC analysis
to assess the diagnostic utility of certain serum
markers.*>!*!> The current data revealed a higher
sensitivity for IL-17A than IL-13. In addition to low
specificity for both markers, the PPV was 66.7%
and 62.5% for IL-17A and IL-13, respectively.
A previous study concluded that IL-13 was a
relevant biomarker for the diagnosis of asthma
superimposed by rhinovirus infection in children.?
The study by Akiki et al. showed that IL-13 is a
serum cytokine that can be used as a predictor
to control asthma.”® The current findings are in
accordance with those of previous studies that
have recorded the role of elevated IL-17 in airway

inflammation in patients with asthma.?®?” In
addition, another study reported an increase in
IL-17 in pediatric asthma and concluded that this
increment is age- and phenotype-limited, that is,
the level of IL-17 differs according to the age of
the patient and phenotype of asthma.*® Shabana
et al. studied the diagnostic utility of baseline IL-
17A/IL-10 ratio using ROC analysis and concluded
that it can be regarded as a predictive biomarkerin
asthmatics with vitamin D deficiency with a cutoff
point 2 2.66, sensitivity of 72.2%, and specificity
of 83.3%.%° The lower specificity for both markers
in this study could be related to the sample size,
genetic background, or different ethnic groups
compared to other studies.

CONCLUSION

Although IL-13 and IL-17A serum markers
had low specificity, both showed a high sensitivity
rate in the diagnosis of pediatric asthma; however,
IL-17A was more sensitive than IL-13. Both the
markers could be used together to determine
the specific phenotype of asthma in children
(Th2/Th17 dominant), but confirmation of this
conclusion requires a larger study and inclusion
of more Th2 and Th17 cytokines, other than IL-13
and IL-17A.
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