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Abstract

Introduction: Asthma is a heterogenous disease with various phenotypes that is characterized by airway limita-
tion due to bronchospasm and airway inflammation associated with excessive mucus secretion. Eosinophilic asthma
subtype is described as a late onset asthma that presents with more severe respiratory symptoms, and with sputum
eosinophilia > 3%. In the current study, we aimed to identify the difference in the clinical and demographic charac-
teristics between eosinophilic and non-eosinophilic asthma subtypes and to determine predictors of eosinophilic
asthma.

Materials and methods: One hundred bronchial asthma patients with age > 18 years were divided into two groups
according to sputum eosinophilia. All patients were subjected to medical history, Asthma Control Test (ACT), spirom-
etry, serum IgE level, skin prick testing (SPT), and nasal endoscopy to detect nasal polyposis and allergic signs.

Results: No statistical difference was found between eosinophilic and non-eosinophilic asthma patients regarding
age, gender, and body mass index. Patients with sputum eosinophilia had more severe obstruction by spirometry, and
positive SPT to food allergens, pollens, and latex with statistical significance (p values 0.001, 0.016, and 0.017 respec-
tively). Additionally, patients with sputum eosinophilia had lower ACT score, higher serum IgE level and higher serum
eosinophil count. Total IgE had the highest diagnostic accuracy for discrimination of sputum eosinophilia among
asthma patients. Pollen allergy and the severity of airway obstruction by spirometry were independent predictors of
eosinophilic asthma.

Conclusion: Patients with eosinophilic asthma had more severe airway obstruction, lower ACT scores, higher serum
IgE level, and serum eosinophil count. Pollen allergy and obstructive pattern by spirometry were independent predic-
tors of eosinophilic asthma.
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Introduction

Asthma is a heterogeneous disease with various phe-
notypes. Recent literature has focused on the need for
unbiased multidimensional endotyping of asthma to
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both a severe and a difficult to treat phenotype of asthma
[2]. Although to date there is no exact definition of eosin-
ophilic asthma, patients with this asthma subtype have
late onset, more severe asthma, poor symptom control,
frequent exacerbations, and oral corticosteroid depend-
ence. It is estimated that around 25% of patients with
severe asthma have a late-onset eosinophilic asthma sub-
type [3].

Eosinophilic asthma subtype presents with atypical res-
piratory symptoms which may be misleading and falsely
diagnosed as chronic obstructive pulmonary disease
(COPD) due to the presence of fixed airway obstruction
[4] and frequent severe exacerbations [5]. Eosinophils
are recognized as a main factor contributing to airway
remodeling [6]. Eosinophilia in the sputum/blood that
is driven by type 2 immune responses account for severe
eosinophilic asthma subtype [7]. A cut-off of > 3% of
sputum eosinophils is well correlated with diagnosis of
eosinophilic asthma [8]. It is of particular importance
to identify the eosinophilic inflammation and to identify
distinct clinical characteristics of eosinophilic asthma
subtype in part due to the severity of attacks and sig-
nificant steroid non-responsiveness in those particular
patients. Additionally, the emergence of biological drugs,
such as omalizumab and newer biological agents as anti-
interleukin (IL)-5 are considered particularly effective in
this subtype of asthma, thus playing a role in reducing
exacerbations, significantly improving quality of life, and
positively affecting the ability to discontinue chronic ster-
oid dependence [9].

Diagnosing eosinophilic asthma subtype is challeng-
ing, and research has focused on the essential need for
early and correct diagnosis. Identifying asthma endo-
types is a pre-requisite to precise personalized manage-
ment of asthmatic patients [10]. To our knowledge, no
studies discuss asthma subtyping in Egyptian asthmatics.
Hence, the current study aimed to identify the difference
in the demographic and clinical characteristics between
eosinophilic and non-eosinophilic asthma subtypes and
to determine predictors of eosinophilic asthma.

Materials and methods

The current cross-sectional comparative study recruited
100 bronchial asthma patients diagnosed according to
GINA 2020 guidelines [11] with age > 18 years selected
by cluster randomization from the allergy outpatient
clinic of Ain Shams University Hospitals. All asthma
patients recruited were receiving regular treatment
with medium to high dose inhaled corticosteroids ther-
apy, with or without oral corticosteroids. Patients were
divided into two groups according to the results of spu-
tum eosinophilia into patients with sputum eosinophilia
(number = 49) and patients without sputum eosinophilia
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(number = 51). All patients gave informed written con-
sent for participating in the study, and the study was
carried in accordance with the Declarations of Helsinki.
Ethical approval was obtained from the Ethical Commit-
tee of Ain Shams University Hospitals.

Smokers, patients with COPD, patients with concomi-
tant infections or parasitic infestations, and those who
refused to give verbal consent, were excluded from the
study.

All patients were subjected to detailed history taking
including age, gender, occupation, age of onset of asthma,
documented allergy, and family history of allergic dis-
eases. Assessment of asthma severity was done according
to the Global Initiative for Asthma (GINA) criteria 2020
[11].

Asthma Control Test (ACT)

The ACT questionnaire is a validated self-administered
questionnaire including five questions related to the last
4 weeks: episodes of breathlessness, nocturnal awaken-
ings, limitations of daily activities, need for rescue medi-
cation, and patient’s self-rating of asthma control. Each
question includes five response modalities with a score
ranging from one to five by increasing level of asthma
control [12].

Skin prick test (SPT)

SPT was done according to Bernstein et al. 2008 [13].
Twenty six of the common locally encountered allergens
were used for SPT, as well as a positive histamine control
and a negative saline control on the forearm. The test was
considered positive if the wheal was greater than 3 mm in
diameter.

Allergens used for SPT were food allergens (milk, eggs,
fish, wheat, nuts, peanut, soya, and shellfish), pollens
(trees, grasses and weeds), animal allergens (cat dan-
der, dog hair, pigeon feather and rabbit hair), house dust
mites (Dermatophagodies pteronyssinus, Deramatopha-
goides farinae), cockroach, moulds (Aspergillus fumiga-
tus, Cladosporium, and Alternaria), and latex.

Sputum eosinophilia

Specimen collection

Patients were provided with an explanation of the speci-
men required, pointing out the difference between saliva
and sputum. They were instructed to sit up in an upright
position on a chair or on the edge of the bed (high Fowler
position) to ensure maximum lung expansion. The
patient’s mouth was rinsed with water before the sam-
ple was collected, to avoid contaminating the sample
with food residues. It was ensured that patients are well
hydrated to help increase sputum production. Ten min-
utes’ sodium chloride (0.9%) nebulizer was prescribed
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to help loosen secretions. The patient took several deep
breaths (breathing in through the nose and exhaling
though the mouth; to help loosen secretions) before giv-
ing a deep cough to release the sputum, then expecto-
ration into a sterile leak proof container was done. The
sample was transported to the microbiology lab of Ain
Shams University Hospitals for processing.

Sputum processing

The sputum sample was homogenized by adding equal
amount of phosphate-buffered saline (PBS) in a 10-ml
sterile test tube, and centrifuged for 10 min. 0.1% dithio-
threitol (Sigma Chemicals, UK) was added to the sample
in a ratio of 4:1, which was agitated for 20 min to break
up the disulfide bonds and disperse the cells. The sam-
ple was then placed in a shaking water bath at 37 °C for
15 min to ensure complete homogenization. To stop the
effect of DTT, the suspension was further diluted with
PBS to twice the volume equal to the sputum plus DTT.
The cell suspension was filtered through a 120-lm mesh
Nylon Net Filter (Filter NY: 2H00010-Millipore, France)
to remove debris and mucus. Supernatant was separated
from cell pellet. The sample was transferred to the slide
and was distributed thinly and evenly over the slide.

Sputum staining and eosinophil detection
Staining was done by leishmain stain and analyzed using
ordinary light microscopy (high power magnification)
starting at the top left corner in an undulating man-
ner from top to bottom while moving across the slide
to detect eosinophils. The eosinophil count was then
expressed as a percentage, i.e., four hundred non-squa-
mous cells were counted, and the results were expressed
as a percentage of the total non-squamous count. The
eosinophil count was then expressed as a percentage.
Sputum eosinophil count > 3% was considered abnor-
mal. Eosinophil count was expressed as a percentage as it
is more accurate than absolute count [14].

Total IgE
Serum IgE level was measured by ELISA using Elecsys
IgE II reagent kit in cobas e411 analyzers.

Spirometry

The degree of reversibility in forced expiratory volume in
one second (FEV;) of 12% or 200 ml from the pre-bron-
chodilator value was considered as diagnostic for asthma
as per GINA guideline.

Nasal endoscopy

The rigid endoscope allows for detailed examination of
the nasal cavity. The endoscope can be rotated laterally
under the middle turbinate into the posterior aspect of
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the middle meatus. An excellent view of the middle tur-
binate, uncinate process, and surrounding mucosa was
obtained to accurately detect allergic signs (violaceous
nasal mucosa and hypertrophied nasal turbinates) and
nasal polyposis.

Statistical methods
Data were analyzed using IBM®© SPSS®© Statistics version
23 (IBM®© Corp., Armonk, NY) and MedCalc® version
18.2.1 (MedCalc® Software bvba, Ostend, Belgium).
Discrete or skewed numerical data were presented as
median and interquartile range and between-group dif-
ferences were compared using the Mann-Whitney U test.
Categorical variables were presented as number and per-
centage and differences were compared using the Pearson
chi-squared test. Ordinal data were compared using the
chi-squared test for trend. Correlations were tested using
the Spearman rank correlation. Receiver operating char-
acteristic (ROC) curve analysis was used to examine the
diagnostic value of blood eosinophil count or total serum
IgE for diagnosis of eosinophilic asthma. Multivariable
binary logistic regression analysis was used to examine
predictors of eosinophilic asthma. Two-sided p values <
0.05 were considered statistically significant.

Results

Basic demographic and clinical characteristics of all
patients are displayed in Table 1. Mean =+ SD age of par-
ticipants was 35.4 + 12.8 years, and age of asthma onset
was 3.95 &£ 3.4 years.

Table 2 shows comparison of patients with or with-
out sputum eosinophilia. ACT denoted poorly- con-
trolled asthma in patients with sputum eosinophilia
with statistical significance. Additionally, patients
with sputum eosinophilia had positive SPT to food
allergens, pollens and latex at a higher frequency than
patients with negative sputum eosinophilia with sta-
tistical significance (p value = 0.001, 0.016, and 0.017,
respectively).

Regarding numerical variables, Table 3 shows that
patients with sputum eosinophilia had lower ACT scores,
higher absolute serum eosinophil count, and higher serum
IgE level with statistical significance (p value < 0.0001, 0001,
and < 00001 respectively).

Figure 1 displays receiver operating characteristic
(ROC) curve analysis for discrimination between patients
with eosinophilic and non-eosinophilic asthma using the
ACT score, blood eosinophil count, and total serum IgE
level.

Total serum IgE level has a good diagnostic value (area
under ROC curve = 0.816, P value < 0.001). The cut-off
criterion of total serum IgE level > 80 IU/ml (sensitivity
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Table 1 Basic demographic and clinical characteristics of patients
Variables Frequency (%)
Gender Female 39 (39%)
Male 61 (61%)
BMI (kg/m?) Overweight 75 (75%)
Normal 25 (25%)
Stage of asthma Intermittent 62 (62%)
Mild persistent 27 (27%)
Moderate persistent 9 (9%)
Severe persistent 2 (2%)
Nasal endoscopy Nasal polyposis +ve 19 (19%)
Allergic signs +ve 30 (30%)
ACT Well-controlled (> 19) 39 (39%)
Poorly controlled (ACT < 19) 61 (61%)

Data are mean =+ standard deviation (SD) or number (n) and percentage (%). ACT Asthma Control Test

= 71%, specificity = 84%) has a positive predictive
value and negative predictive value of 81.4% and 75.4%
respectively.

The ACT score has a fair diagnostic value for discrimi-
nation between patients with eosinophilic and non-
eosinophilic asthma (area under ROC curve = 0.779, P
value < 0.001). The best cut-off criterion for discrimina-
tion is ACT score < 18 (sensitivity = 67%, specificity =
78%), with a positive predictive value and negative pre-
dictive value of 75% and 71.4% respectively.

Serum eosinophil count has a poor diagnostic value
(area under ROC curve = 0.686, P value < 0.001). The
best cut-off criterion is serum eosinophil count > 0.12
x 10°/uL (sensitivity = 86%, specificity = 49%), with a
positive predictive value and negative predictive value of
61.8% and 78.1% respectively.

Table 4 shows the results of backward logistic regres-
sion analysis for predictors of eosinophilic asthma. Pollen
allergy (odds ratio = 5.399, 95% CI = 1.594 to 18.284, P
value = 0.007) and presence of a more severe obstruc-
tive pattern by spirometry (odds ratio = 8.807, 95% CI =
2.989 to 25.953, P value < 0.001) were independent pre-
dictors of eosinophilic asthma.

Discussion
To our knowledge, the current prospective study is
the first to compare eosinophilic and non-eosinophilic
asthma subtypes among Egyptian patients with bron-
chial asthma. In clinical practice, routine measurement of
sputum eosinophils is hindered by technical and practi-
cal considerations, however in research context, sputum
eosinophils of 3% or higher is used to identify eosino-
philic asthma subtype [15].

We found no statistically significant difference
between eosinophilic and non-eosinophilic asthma

patients regarding age, gender, body mass index (BMI)
and age of onset of asthma. Despite that eosinophilic
asthma is documented to present at a later stage of
life than non-eosinophilic asthma [16], some studies
have detected no significant difference in age [17] and
gender [18] between both asthma subtypes. Addition-
ally, authors have suggested that eosinophilia can be
detected in multiple asthma phenotypes, eosinophilic
inflammation is a characteristic of and a diagnostic bio-
marker for both childhood-onset allergic asthma and
later-onset asthma [19].

Eosinophilic asthma patients had statistically sig-
nificantly higher frequency of positive SPT to food
allergens, pollens, and latex allergens. Higher sputum
eosinophils were detected in children with asthma and
food allergies [20], which is in line with the results of
SPT performed in our study population.

Eosinophilic asthma patients showed more severe
airway obstruction by spirometry and positive aller-
gic signs by nasal endoscopy with statistical sig-
nificance. It is reported that late-onset eosinophilic
asthma is associated with chronic sinusitis and nasal
polyps [9]. Patients with eosinophilic asthma in the
current study showed a higher frequency of nasal
polyposis, yet the difference was non-significant
statistically.

Regarding asthma control, asthma was poorly con-
trolled in patients with positive sputum eosinophilia
with statistical significance. Additionally, serum eosin-
ophil absolute count and serum IgE level were statisti-
cally significantly higher in those patients. Lee et al.
found that eosinophilic asthmatics had moderate to
severe asthma, higher serum eosinophil count, and
lower forced expiratory volume in 1 s (FEV;), which is
in line with our findings despite their study enrolled
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Table 2 Comparison of patients with or without sputum eosinophilia: categorical variables

Variable Sputum eosinophilia P value*
Negative Positive
(n=>51) (n=49)
n % n % X2 (df1)
Gender
F 19 37.3% 20 40.8% 0.133 0.715
M 32 62.7% 29 59.2%
BMI (kg/m?)
Normal 10 19.6% 15 30.6% 1614 0.204
Overweight 41 80.4% 34 69.4%
ACT
Poorly controlled (ACT < 19) 21 41.2% 40 81.6% 17.193 <0.001
Well-controlled (ACT > 19) 30 58.8% 9 18.4%
Food allergens
Negative 44 86.3% 27 55.1% 11.794 0.001
Positive 7 13.7% 22 44.9%
Pollen allergen
Negative 43 84.3% 31 63.3% 5.754 0.016
Positive 8 15.7% 18 36.7%
Animal allergens
Negative 38 74.5% 28 57.1% 3359 0.067
Positive 13 25.5% 21 42.9%
House dust mites and cockroach allergens
Negative 36 70.6% 29 59.2% 1.429 0.232
Positive 15 29.4% 20 40.8%
Moulds
Negative 38 74.5% 34 69.4% 0325 0.568
Positive 13 25.5% 15 30.6%
Latex allergen
Negative 48 94.1% 38 77.6% 5.696 0.017
Positive 3 5.9% 1 22.4%
Spirometry
Normal 43 84.3% 18 36.7% 18.957 <0.0014#
Mild obstructive pattern 5 9.8% 20 40.8%
Moderate obstructive pattern 3 5.9% 9 18.4%
Severe obstructive pattern 0 0.0% 2 4.1%
Nasal polyposis by nasal endoscopy
Negative 44 86.3% 37 75.5% 1.881 0.170
Positive 7 13.7% 12 24.5%
Allergic signs by nasal endoscopy
Negative 41 80.4% 29 59.2% 5353 0.021
Positive 10 19.6% 20 40.8%

Data are number (n) and percentage (%)

X* = chi-squared statistics, df = degree of freedom
*Pearson chi-squared test unless otherwise indicated
# Chi-squared test for trend

children not adults [17]. There was significant correla- In the current study, serum IgE level at a cut-off > 80
tion between serum IgE level and eosinophil count in  IU/ml showed 71% sensitivity and 84% specificity for dis-
another study in children [21]. criminating between eosinophilic and non-eosinophilic
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Table 3 Comparison of patients with or without sputum eosinophilia: numerical variables
Variable Sputum eosinophilia P value*
Negative (n =51) Positive (n = 49)
Median IQR Averagerank  Median IQR Average rank
Age (years) 30 24310443 484 35 250t046.3 52.7 0.466
Age at onset (years) 3 0331050 48.0 3 1.6105.5 53.1 0.370
Asthma Control Test (ACT) score 20 19.0t0 208  64.1 17 16.0t0 19.0 36.3 <0.0001
Absolute serum eosinophil count (x 103/pL) 0.20 008t0096 414 0.50 0.26t0 2.00 60.0 0.001
Serum IgE level (IU/ml) 27 200to 715 350 125 67.51t0206.5 66.6 < 0.0001

Data are median and interquartile range (IQR)
*Mann-Whitney test
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Fig. 1 Comparison of receiver-operating characteristic (ROC) curves for discrimination between patients with eosinophilic or non-eosinophilic
asthma using the ACT score, blood eosinophil count or total serum IgE level

Table 4 Backward logistic regression analysis for predictors of eosinophilc asthma

Variable B SE Wald Pvalue Odds ratio 95% Cl

Food allergy 1.075 0610 3112 0.078 2931 0.888 t0 9.681
Pollen allergy 1.686 0.622 7.341 0.007 5399 1.594 10 18.284
Latex allergy 1.555 0.855 3.306 0.069 4735 0.886 to 25.304
Obstructive pattern by spirometry 2.176 0.551 15.568 <0.001 8.807 2.989 t0 25.953
Allergic signs by nasal endoscopy 1.130 0.593 3.624 0.057 3.095 0.967 t0 9.903
Constant 2113 0.480 19.383 < 0.0001

B Regression coefficient, SE Standard error, 95% Cl 95% confidence interval
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asthma patients, representing a good diagnostic value in
comparison to ACT score and serum eosinophil count
which had fair and poor diagnostic values respectively.
Additionally, positive predictive value and negative pre-
dictive value of total IgE in discriminating eosinophilic
from non-eosinophilic asthma was 81.4% and 75.4%
respectively.

Although total IgE has long been described as the clas-
sical biomarker in asthma [22], some authors conversely
found serum eosinophils had a superior diagnostic accu-
racy in diagnosing patients with airway eosinophilia, and
combining fractional exhaled nitric oxide (FeNO) and
serum eosinophils further improved the overall diagnos-
tic accuracy [23].

Nonetheless, in the present study, a cut-off serum
eosinophil count > 0.12 x 10%/uL discriminated eosino-
philic and non-eosinophilic asthma with poor diagnostic
accuracy. There is conflicting data regarding serum eosin-
ophil count. Normal peripheral eosinophil count did
not exclude airway eosinophilic asthma in children with
severe therapy resistant asthma [24]. Nonetheless, it is
hypothesized that blood eosinophil count of less than 90
eosinophils per microliter are highly unlikely to have air-
way eosinophilia. A higher cut-off value of > 0.41 x 10%/
pL (absolute count) was associated with sputum eosino-
phils > 3% in 95% of patients [23]. Additionally, baseline
blood eosinophils > 0.15 x 10°/uL was selected by the
DREAM study as a predictive biomarker for response
to Mepolizumab in patients with severe asthma and
eosinophilic inflammation [25]. However, blood eosino-
phil count as a predictive biomarker does not necessarily
reflect levels if used as a diagnostic biomarker. Addition-
ally, the use of biologics does not require investigation for
sputum eosinophilic inflammation [23].

Regarding the results of SPT in patients with eosino-
philic asthma, we found that pollen allergy by SPT and
the severity of obstruction by spirometry both repre-
sented independent predictors of eosinophilic asthma.

Conclusion
To conclude, we found no difference in age and gen-
der between eosinophilic and non-eosinophilic asthma
patients. Eosinophilic asthma patients had poorly con-
trolled asthma and positive allergic signs by nasal endos-
copy. Serum IgE with a cut-off > 80 IU/ml showed 71%
sensitivity and 84% specificity for discriminating between
eosinophilic and non-eosinophilic asthma patients, with
a better diagnostic value than ACT score and serum
eosinophil count. Independent predictors of asthma were
positive SPT to pollen allergens and more sever obstruc-
tion by spirometry.

Among the limitations of the current study is
being a single center study with a small sample size.
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Documenting serum markers of eosinophil degranula-
tion as eosinophilic cationic protein [25] could further
validate the current study’s results. We also recommend
objective evaluation of airway obstruction using bio-
markers such as serum periostin and FeNO to iden-
tify patients with eosinophilic asthma in future studies.
Eosinophilic asthma patients should be referred to an
ENT specialist for evaluation of allergic signs and nasal
polyposis that may contribute to asthma severity and
poor disease control, and future studies should focus
on treatment options for this relatively severe asthma
subtype.

Abbreviations
ACT: Asthma Control Test; SPT: Skin prick test; BMI: Body mass index; ECP:
Eosinophilic cationic protein.
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