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Abstract

Objective: To evaluate the viability of sputum cytology in asthmatic children, recognizing inflammatory patterns and correlating

them with clinical, epidemiological and functional variables of the disease. Methods: This was a cross-sectional and observational

study of children with asthma who underwent sputum induction through increasing concentrations of nebulized hypertonic

saline solution from 3% to 7%. The samples were processed according to the technique developed by Pizzichini et al. and

the cytological pattern classified as pauci-granulocytic, neutrophilic, eosinophilic and mixed. Samples with cell viability> 50%

were considered adequate. Asthma control was assessed using the asthma control test (ACT). Results: Seventy-nine children

performed sputum induction. Thirty-three samples were excluded because they were not viable for analysis, resulting in 46

samples. The children’s average age was 9.4 (± 3) years. There was a predominance of eosinophilic (25/46, 54.3%), followed

by mixed (13/46, 28.3%), pauci-granulocytic (7/46, 15.2%) and neutrophilic (1/46, 2.2%) pattern. Sixty-three percent of the

children had severe asthma and 84.7% were treated with inhaled corticosteroids. The ACT showed that 25 (56.8%) patients had

the disease under control. Forty-five children (97.8%) underwent pulmonary function tests (spirometry) and in 13 cases (28.9%)

an obstructive ventilatory defect was found. Conclusions: The eosinophilic profile was predominant in the assessed asthmatic

children. Non-eosinophilic phenotypes were found, but less frequently. There was no difference between the clinical variables

and the sputum profile in this study group. Sputum induction in children with asthma is feasible and safe and can contribute

to a specific and personalized approach to the disease.

INTRODUCTION

Asthma is a heterogeneous disease that affects both children and adults, with children prevalence that
ranges from 4% to 30% in Latin America1. Despite little information on the impact of asthma in developing
countries, approximately 130,000 asthma-related hospitalizations and a rate of 5 deaths/day were estimated
in Brazil in 20131.

The clinical presentation is characterized by common symptoms such as cough and wheezing, and phy-
siologically with varying degrees of airflow limitation. Typically, these changes occur in association with
airway inflammation and remodeling. In children, the mechanisms involved in wheezing are distinct, and
some phenotypes may be established from age at onset, presence of atopy, and triggered by viral infections.
Approximately one-third of wheezing children will remain symptomatic in adulthood, and factors such as
allergic sensitization and smoking increase the chance of its persistence2.

In recent decades, precision medicine has been used to better characterize asthma phenotypes, thus esta-
blishing treatment alternatives for patients with severe refractory asthma, which is the real challenge for
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pulmonologists. Clustering is based on clinical characteristics associated with complementary research, re-
sulting in phenotypes such as early onset allergic asthma or late onset asthma3. However, within a given
phenotype, distinct pathophysiological mechanisms may be involved, even in a group of patients with similar
clinical presentation. This last concept brings what is now understood as endotype, meaning knowledge at
a more specific cellular and immunological level3.

Sputum cytological analysis is cited as a safe and promising technique that evaluates the cellularity present
in the lower airway mucosa and can be classified into four main cellular patterns: eosinophilic, neutrophilic,
mixed, and pauci-granulocytic. However, there is some heterogeneity of these patterns among patients and
their correlation with clinical progression and inhaled corticosteroid treatment response is still a challenge4.

Thus, the objective of this study was to evaluate the feasibility of sputum cytology in children with asthma
by recognizing inflammatory patterns. The secondary objectives were to correlate cytological patterns with
clinical, epidemiological, and functional disease variables.

METHODS

This was a cross-sectional observational study through the analysis of a spreadsheet containing data collected
from asthma outpatient charts in a tertiary hospital. Stable asthmatics collected sputum from March 2018
to April 2020, once they met the sample viability criteria for analysis. The sociodemographic data, past
and family history, skin allergy test (prick test), total serum IgE levels, blood eosinophil count, spirometry
values and induced-sputum cytology of these patients were analyzed. The laboratory results used were those
collected closest to the sputum collection date.

Asthma severity was classified according to the National Asthma Education and Prevention Program (NAEP)
as mild, moderate, or severe5. Peripheral blood eosinophilia were considered when eosinophils count were
above 400 × 10³/uL and total serum IgE was above 100 IU/mL6. Prick test was routinely performed in
asthmatics. The tested allergens were Dermatophagoides pteronyssinus, Blomia tropicalis, Blatella germa-
nica, Canis familiaris, Felis domesticus, Lolium multiflorum , in addition to a positive control (histamine
10mg/mL), and negative control (saline 0.9%). Tests were considered positive in the presence of a wheal with
diameter [?]3 mm and a negative control (normal saline). Sputum collection and examination were performed
as previously described by Pizzichini et al.7. Briefly, the sputum was separated from contaminating saliva.
A mixture of sputum and dithiothreitol solution was vortexed for 15 min, and four volumes of Dulbecco’s
PBS were added. The suspension was then filtered through 48-mm nylon gauze (Millipore Corporate Head-
quarters, Billerica, MA, USA) and centrifuged at 314xg for 10 min. Cell viability was determined by trypan
blue exclusion. The cytospin slides prepared after cytocentrifugation were stained with

May–Grunwald–Giemsa to determine the differential cell count. Samples with up to 20% epithelial cells
and more than 50% viability were considered adequate for analysis7. The differential counts in sputum
were classified into one of the following standards: eosinophilic (eosinophils >2.5% and neutrophils [?]54%),
neutrophilic (eosinophils [?]2.5% and neutrophils >54%), mixed (eosinophils >2.5% and neutrophils >54%),
and pauci-granulocytic (eosinophils <2.5% and neutrophils <54%)8.

From spirometry results, forced expiratory volume value in the first second (FEV1) was considered normal if
>80% predicted for age. In addition, patients with a ratio of forced expiratory volume in the first second to
forced vital capacity (FEV1/FVC) <0.9 were diagnosed with obstructive ventilatory defect. The response to
inhaled salbutamol (400mcg) was considered positive when FEV1 increased more than 12% of the baseline
value9.

Patients responded to the asthma control test (ACT) questionnaire, and a score of [?]20 characterized
controlled asthma10,11.

Continuous variables are expressed as means, standard deviation, median, and maximum and minimum
values. The categorical variables (comparisons of cytological profiles with clinical, epidemiological, and
functional variables) were analyzed using the Fisher’s exact test and considered significant when p-value
<0.05.

2



P
os

te
d

on
A

u
th

or
ea

3
F

eb
20

21
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

g
h
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
61

23
11

91
.1

97
31

14
3/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

The study protocol was approved by the Ethics and Research Committee of Hospital de Clinicas, Federal
University of Parana (CAAE: 29628220.4.0000.0096).

RESULTS

From April 2018 to March 2020, seventy-nine asthmatic patients underwent the induction of sputum. No
patient had to interrupt the collection due to adverse events (dyspnea, wheezing, or change in peak expiratory
flow rate). Thirty-three cases were excluded due to sputum sample inadequacy that resulted in 46 patients
completely studied of whom 27/46 (58.7%) were male and 19 (41.3%) were female. The mean age was 9.4
(+-3) years.

Asthma was severe in 29 (63.1%) and moderate in 17 (36.9%) patients. No patient was classified as having
mild asthma. Thirty-nine (84.7%) patients were on regular inhaled steroids. ACT showed that 25 (56.8%)
children had controlled disease.

The mean age at the first asthma attack was 3.2 (+- 3.3) years, and 12 (26%) children presented the crisis
before the first year of life. In addition, 44 (95.6%) patients had already needed emergency department
visit at least once, 17 (36.9%) needed hospitalization and five (10.8%) needed admission to intensive care
unit. The most common allergic comorbidity was rhinitis, observed in 44 (95.6%) patients, followed by
conjunctivitis in 13 (28.2%) and atopic dermatitis in 11 (23.9%) patients. Family history of asthma was
present in 30 (65.7%) patients, and 16 (34.7%) lived with smoker at home.

Allergy skin tests performed in 41 (89.1%) patients were positive in 35 (85.4%), in 24 (68.5%) for only one
inhalant allergen (mono-sensitization). Sensitization to mites predominated and was present in all tested
patients.

The median total serum IgE levels was 797 IU/mL (0–9,411) and considered elevated in 29/35 (82.8%)
patients. The median blood eosinophil count was 505 x 103/uL (0–2,094) and abnormally elevated in 24/36
(66.6%).

Spirometry was performed in 45 children (97.8%), and 13 (28.9%) showed obstructive ventilatory defect.
The bronchodilator response was positive in 19 (42.2%) patients. Table 1 shows the characteristics of the
study sample.

A predominance of eosinophilic pattern has been found in induced-sputum (25/46, 54.3%), followed by mixed
(13/46 - 28.3%), pauci-granulocytic (7/46 - 15.2%), and neutrophilic (1/46, 2.2%) patterns.

There was no statistically significant correlation between the four cytological profiles and clinical, laboratory,
and functional variables. However, if samples were sub-grouped in eosinophilic (eosinophilic and mixed) and
non-eosinophilic (neutrophilic and pauci-granulocytic) patterns, there was an association between elevated
blood eosinophils and the sputum eosinophilic pattern (p = 0.02). Table 2.

DISCUSSION

The present study expands the perspectives in the therapeutic follow-up of children with asthma, mainly in
reference centers. Few studies have been published on the subject in in children in this age group.

. The sample size was adequate and the success rate was 58%, comparable to that of similar studies, since
it is a specific population, reflecting a good applicability of the method to the pediatric population12. In
addition, the method proved to be safe. No patient had adverse events or had to interrupt the procedure.
Bronchospasm was not observed during the procedure, even in the case of an asthmatic population. Proven
safety of the procedure and the incorporation into the routine of the investigation of children with asthma
in our center, there was an increase in the number of viable samples, when compared to the beginning of the
study execution.

There was a predominance of children with severe asthma in the study population. Justified by the fact that
the study was conducted in a tertiary hospital that serves patients of greater complexity and is a reference
for primary health care services in the region.

3



P
os

te
d

on
A

u
th

or
ea

3
F

eb
20

21
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

g
h
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
61

23
11

91
.1

97
31

14
3/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

The predominance of the eosinophilic pattern in the sputum pattern (54%) was expected and has already been
described in other studies, mainly in children, who frequently present the allergic phenotype. Eosinophils
are the main inflammatory cells in the pathogenesis of asthma, especially in atopic patients, who generally
have a profile of Th2 cytokines, represented by IL-4, IL-5 and IL-13, blood eosinophilia and increased total
IgE 13,14.

Another important finding in this study was the positive correlation between sputum and blood eosinophil
counts. Although some studies do not show this correlation, this correspondence is interesting since the
collection of peripheral blood is easier and more accessible when compared to sputum induction and could
be used to guide and monitor the treatment of childhood asthma. Further studies are needed to clarify this
association15,16,17.

The considerable frequency of non-eosinophilic phenotypes (neutrophilic and pauci-granulocytic) is notewor-
thy in these asthmatic patients (43.5% of the sample).

Sputum neutrophilia is related to severe asthma in adults, resistant to treatment with inhaled corticosteroids
and less related to atopy4. In pediatrics, several hypotheses about the presence of neutrophils in sputum
have been formulated, including the greater occurrence of viral infections, which are known to generate
neutrophilic inflammation. Sputum is not routinely analyzed in children with acute respiratory symptoms,
which could elucidate the finding and to avoid bias. Another hypothesis suggested would be that there would
be an increase in neutrophils in the bronchial mucosa in response to treatment with corticosteroids inhaled
by chemotaxis and inhibition of apoptosis of these cells in sputum 18,19. In view of this, an initial eosinophilic
pattern could hypothetically become mixed with treatment with inhaled corticosteroids. In this study, there
was no significant difference between sputum cytological profiles and children’s inhalation treatment, but
the cross-sectional character of the study is a limitation. In a longitudinal study evaluating treatment-
resistant pediatric patients with severe asthma, Eller et al. reported a greater number of eosinophils in
the initial induced sputum of patients who obtained better control of asthma, with a tendency to become
pauci-granulocytic in the final sample20. The authors showed that the presence of neutrophils was higher in
the sputum of children with uncontrolled asthma20. In this study group there was a predominance of the
eosinophilic pattern even in children using inhaled corticosteroids as well as children with non-eosinophilic
sputum pattern were not all in the uncontrolled asthma group. The follow-up, with serial sputum evaluations
of the same patient, may clarify this question.

Allergic comorbidities were prevalent in the studied group, with percentages of rhinitis and atopic dermatitis
similar to those of two other studies developed in Brazil21,22,23. Almost all asthmatics evaluated had aller-
gic rhinitis, drawing attention to this frequent association23. This atopic profile was confirmed by a high
frequency of total IgE above normal and peripheral eosinophilia in the study population.

Most patients (85%) were sensitized, especially to household dust mites, again confirming the atopic profile
of the population and according to data published from other Brazilian cities24,25,26. In the case of children
with moderate to severe illness, recommendations to avoid exposure to these allergens should be emphasized
at each visit.

Lung function was normal in most patients, despite having clinically moderate or severe asthma, uncontrolled
in 43.2% of cases. Previous studies have already pointed out that the findings of spirometry may not be
faithfully related to the severity of childhood illness and that clinical parameters are the most useful for con-
ducting treatment in this age group27. However, the role of spirometry in the management of asthma is well
established, since it is useful to identify patients at higher risk due to the presence of obstructive ventilation
defect and a positive response to bronchodilator28. This response in patients with normal spirometry is an
alert to specialists and may represent an objective parameter of uncontrolled disease28. In this study, 22.2%
of children had positive responses after using 400 mcg of salbutamol.

This study has some limitations, such as the cross-sectional design, the difficulty in correlating the sputum
pattern with other variables, especially with the use of drugs such as inhaled or systemic corticosteroids.
The collection of more than one sputum sample from the same patient, at different times, could confirm the

4
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predominant pattern and possible interferences of the medication.

In conclusion, this study found a predominance of eosinophilic profile in the sputum of stable asthmatic
children, but it also showed that other cytological patterns may be present, especially in a population of
severe asthmatics.

The study also proved the viability of sputum induction in children with asthma, representing a safe, ef-
fective and tolerant technique that would be valuable in investigating patients who require specialized care,
contributing to the perspective of individualization. treatment.
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