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Abstract

Objective: To describe the clinical characteristics, lung function, radiological findings, and the inflammatory cell
profile in induced sputum in children and adolescents with severe therapy-resistant asthma (STRA) treated at a
referral center in southern Brazil. Methods: We retrospectively analyzed children and adolescents (3-18 years
of age) with uncontrolled STRA treated with high-dose inhaled corticosteroids and long-acting B, agonists. We
prospectively collected data on disease control, lung function, skin test reactivity to allergens, the inflammatory
cell profile in induced sputum, chest CT findings, and esophageal pH monitoring results. Results: We analyzed
21 patients (mean age, 9.2 £ 2.98 years). Of those, 18 (86%) were atopic. Most had uncontrolled asthma and
near-normal baseline lung function. In 4 and 7, induced sputum was found to be eosinophilic and neutrophilic,
respectively; the inflammatory cell profile in induced sputum having changed in 67% of those in whom induced
sputum analysis was repeated. Of the 8 patients receiving treatment with omalizumab (an anti-1gE antibody), 7
(87.5%) showed significant improvement in quality of life, as well as significant reductions in the numbers of
exacerbations and hospitalizations. Conclusions: Children with STRA present with near-normal lung function
and a variable airway inflammatory pattern during clinical follow-up, showing a significant clinical response to
omalizumab. In children, STRA differs from that seen in adults, further studies being required in order to gain
a better understanding of the disease mechanisms.
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Introduction

Asthma is a chronic lower airway disease
that affects approximately 300 million people
worldwide—children accounting for 60% of all
cases—resulting in more than 250,000 deaths per
year." In some developing countries, particularly
in Latin America, the prevalence of asthma in
children is high.”’ Currently, one of the most
important aspects of asthma is how it affects the
quality of life of patients. This occurs specifically
in individuals with uncontrolled asthma and
is more closely related to cases that are more
severe, resulting in substantial costs to society.”

In children, difficult-to-control asthma is
the greatest clinical challenge, its estimated
prevalence being 0.5% in school-age children
and approximately 5% among children with
asthma.” Children with difficult-to-control asthma
have frequent exacerbations, daily symptoms,
and impaired quality of life, all of which have
a major impact on medical care. In addition,
difficult-to-control asthma results in school
absenteeism, hospitalizations, and financial costs
to families and society. Children with difficult-
to-control asthma are defined as those in whom
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the disease remains uncontrolled despite the use
of high-dose inhaled corticosteroids and other
control drugs.®

In such patients, the most complex and
difficult-to-treat clinical presentation is severe
therapy-resistant asthma (STRA), which requires
a thorough approach. Children with STRA require
systematic evaluation to rule out other chronic
lung diseases, correct the inhalation technique,
evaluate adherence to treatment, and manage
comorbidities and important environmental factors.
The only treatment options for such patients are
omalizumab (an anti-1gE antibody) and continuous
oral corticosteroid use.© Unfortunately, STRA
in children has yet to be fully understood, and
it appears to be different from STRA in adults.
7 Few studies have specifically described the
clinical characteristics of children with STRA®?
and analyzed in detail the mechanisms responsible
for this severe presentation of asthma.!'>'? In
addition, no studies have described STRA in
children from developing countries, and it should
be taken into account that the prevalence of
severe asthma is high in continent-sized countries,
such as Brazil.!" Therefore, the objective of the
present retrospective study was to describe patient
clinical characteristics, lung function, radiological
findings, and airway inflammation in children
and adolescents with STRA treated at a referral
center in southern Brazil.

Methods

We retrospectively analyzed children and
adolescents followed for at least 6 months at
monthly visits to a referral center in a tertiary
care hospital in southern Brazil; all of the
patients had been diagnosed with STRA.” The
inclusion criteria were as follows: 1) children and
adolescents 3-18 years of age diagnosed with
asthma; 2) use of at least 800 pg of budesonide or
equivalent in combination with a long-acting 3,
agonist; 3) appropriate management of treatable
comorbidities (particularly chronic rhinosinusitis
and gastroesophageal reflux); 4) correct inhalation
technique, as determined at each visit during the
initial 6 months of follow-up; 5) good adherence
to treatment, as determined by the treatment
team; and, finally, 6) meeting at least one of
the following criteria for uncontrolled asthma:
a) chronic symptoms (cough, wheezing, and
dyspnea); b) three or more exacerbations in
recent months; c) frequent need for short-acting
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B, agonist use; d) reduced lung function that
cannot be reversed with treatment; and e) need
for continuous oral corticosteroid use. Children
and adolescents diagnosed with other diseases
(cystic fibrosis, post-infectious bronchiolitis
obliterans, immunodeficiency, and congenital
heart disease, among others) and those with
significant cognitive impairment were excluded.
Sweat tests were performed, and blood samples
were collected for blood workup, platelet counts,
determination of immunoglobulin levels, and
HIV testing. Patients with a body mass index
above the 95th percentile on the US Centers for
Disease Control and Prevention clinical growth
charts were considered obese."?

Spirometry was performed at all visits, provided
that the patients had no symptoms of exacerbation
or viral respiratory infection. The first spirometry
performed at the referral center and another,
performed 6 months after treatment optimization,
were chosen, provided that the patients had no
symptoms of viral respiratory infection. All tests
were performed in accordance with the American
Thoracic Society/European Respiratory Society
technical standards and acceptability/reproducibility
criteria for children." A Koko spirometer (Ferraris
Respiratory, Louisville, CO, USA) was used. FVC,
FEV,, FEV, /FVC, and FEF,, .., were presented as Z
scores, the reference values being those proposed
by the Global Lung Initiative.'® Bronchodilator
response was defined as an increase in FEV, of
at least 100%.

At baseline, all patients underwent skin
prick tests for sensitivity to aeroallergens (1Pl
ASAC Brasil®, Sdo Paulo, Brazil). The tests were
performed on the forearm, with single drops of
saline and histamine, as well as of dilutions of
Dermatophagoides pteronyssinus, D. farinae,
Blomia tropicalis, cockroach allergens, dog
dander, cat dander, fungi, and grass, all of which
were placed 2 cm apart. Aspergillus fumigatus
extract was included in cases of total 1gE > 2,000
1U/mL or total 1gE = 1,000-2,000 1U/mL and
bronchiectasis on chest CT scans. Subsequently,
for each allergen, a skin prick test was performed
with a device that limits skin penetration. The
reading was performed 15-20 min later. The
absence of papules indicated that the test was
negative; the presence of papules > 3 mm in
diameter indicated that the test was positive.
Atopic patients were defined as those with a
positive response to at least one allergen.

http://dx.doi.org/10.1590/S1806-37132015000004462



Clinical characteristics of children and adolescents with severe therapy-resistant asthma in Brazil

Sputum induction was performed at baseline
and at 3-6 months of follow-up. The procedure
was controlled by spirometry. Nebulization with
hypertonic saline (4.5%) was performed four times,
each lasting 5 min. The procedure was terminated
at 20 min or if FEV, fell by 20% or more. Patients
were instructed to cough and expectorate the
sputum into a container after each nebulization.
Clumps of sputum were immediately separated and
diluted in Dulbecco’s PBS and DTT and filtered
with a 60-pm filter. After centrifugation at 2,000
rpm for 2 min, the supernatant was removed
and the precipitate was resuspended in 1 mL
of Dulbecco’s PBS. Differential cell counts were
performed on slides stained with May-Griinwald-
Giemsa after cytocentrifugation of the suspension
(at 500 rpm for 5 min). A total of 400 cells
were counted, and the results were expressed as
percentages. Samples in which the proportion
of squamous epithelial cells was > 20% were
considered to have originated from the upper
airways and were discarded. Sputum samples in
which the proportion of squamous epithelial cells
was < 20% were classified as paucigranulocytic
(< 2% of eosinophils and < 54% of neutrophils),
eosinophilic (> 2% of eosinophils and < 54% of
neutrophils), neutrophilic (< 2% of eosinophils
and > 54% of neutrophils), or mixed (> 2% of
eosinophils and > 54% of neutrophils).!"”

During clinical follow-up, all patients
underwent chest CT (as recommended by the
medical treatment team) and were evaluated
by a radiologist. Esophageal pH monitoring
was requested by the treatment team, and all
results were interpreted by the same pediatric
gastroenterologist. Gastroesophageal reflux disease
(GERD) was defined as the presence of at least
one of the following: 1) at least one reflux
episode lasting > 20 min; 2) temporal association
of more than 50% of signs and symptoms with
episodes of acid reflux; 3) reflux index > 100%;
and 4) mean duration of reflux episodes during
sleep (ZMD index) > 3.8 min/episode.

At the monthly visits, the Asthma Control
Test (ACT) was applied for the patients who
were over 12 years of age. The ACT is a five-
item questionnaire addressing symptoms, rescue
medication use, and the effect of asthma on
activities of daily living; an ACT score of < 20
indicates uncontrolled asthma." The only ACT
scores that were included in the present study
were those of the patients to whom the ACT
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was administered more than five consecutive
times (once at each clinical visit).

Categorical variables were presented as absolute
and relative frequencies. Continuous variables
were presented as mean and standard deviation
or as median and interquartile range, depending
on the distribution of the variable of interest.
A Student’s t-test for dependent samples was
used in order to compare lung function variables,
according to the distribution of the variable of
interest. The level of significance was set at p
< 0.05.

The objectives of the study were explained to
the patients and their parents or legal guardians,
and written informed consent was obtained from
all participants. The study was approved by the
local research ethics committee.

Results

A total of 21 children and adolescents with
STRA were selected. Of those, 10 (47.6%) were
male. The mean age was 9.2 + 2.98 years. The
characteristics of the patients are presented in
Table 1. Of the 21 patients, 2 (9.5%) were using
continuous oral corticosteroids. All participants
had asthma symptoms nearly every day (including
nocturnal symptoms and symptoms during
exercise), as well as frequent exacerbations. Half
of the participants had a history of more than
one hospitalization for asthma, their quality
of life and that of their family members being
severely impaired. Total serum 1gE levels varied
widely; 12 (63.2%) of 19 participants had values
> 500 1U/mL.

Omalizumab was used in 8 patients (38.1%)
and was discontinued more than 12 months later
in only 1, who had no clinical response to the drug.
The remaining patients showed significant clinical
improvement, with no further hospitalizations
or frequent exacerbations. Of the 8 patients
who received omalizumab, 3 (37.5%) became
asymptomatic. There were no reports of adverse
events in those patients. Because they were not
atopic, because they were under 6 years of age, or
because their total serum 1gE levels were outside
the recommended range, 13 of the 21 participants
did not receive omalizumab. Only 1 participant
was receiving continuous macrolide antibiotic
therapy. That participant was under 6 years of
age and therefore did not receive omalizumab.
Nevertheless, despite being atopic, the participant
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Table 1 - Characteristics of the children and adolescents
with severe therapy-resistant asthma.?

Variables Patients
(N =21)
Male gender, n (%) 10 (47.6)
Age, years 9.20 £ 2.98
Family history of asthma 21 (100.0)
Household smoking 8 (38.0)
Allergic rhinitis 21 (100.0)
Atopic dermatitis 4 (19.0)
Obesity 5(23.8)
Age at symptom onset, years 1.14 £ 0.95
GERD symptoms 3 (14.3)
Continuous oral corticosteroid use 5(23.8)
Montelukast use 6 (25.6)
History of hospitalization 11 (52.4)
Serum IgE, 1U/mL?
<30 0 (0.0)
30-500 7 (36.8)
> 500 12 (63.2)
Bronchodilator response 6 (25.6)
Abnormal pH monitoring resultst 6 (60.0)

GERD: gastroesophageal reflux disease. “Values expressed
as n (%) or mean £ SD. "n = 19. n = 10.

showed clinical improvement with the use of
continuous azithromycin (three times a week).

In 17 (85%) of 20 participants, skin prick test
results were positive. The most common allergens
were house dust mite and cockroach allergens.
Cat and dog allergens were uncommon. The skin
prick test for sensitivity to A. fumigatus was
performed in 5 patients, and all had negative
results (Figure 1).

With regard to lung function, all patients had
flow-volume curves within normal limits or mild
obstructive lung disease. This variation was found
in the same patients in the second spirometry,
performed approximately 6 months after the first,
when pre-bronchodilator curves were evaluated.
Among lung function variables, FVC was found
to be lower after treatment optimization. There
was no significant difference between the two
measurements regarding the variables most closely
related to bronchial obstructive disease (Figure 2).

Esophageal pH monitoring was performed in
10 patients. In 6 (60%), esophageal pH monitoring
revealed GERD, but only 1 patient appeared to
show clinical improvement of asthma after the
initiation of treatment with omeprazole, which
was preceded by the optimization of inhaled
asthma therapy.
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Figure 1 - Proportion of severe therapy-resistant
asthma patients (n = 20) with positive skin prick
test results (first black column) and proportions of
specific allergens in those patients (n = 17). The test
for sensitivity to Aspergillus fumigatus was performed
in only 5 patients.

Sputum induction was performed in 18 patients
but was successful in only 13 (73%). In the
remaining patients, the sample was insufficient
or originated from the upper airways. Of the
13 patients in whom sputum induction was
successful, 2 had a paucigranulocytic inflammatory
phenotype, 4 had an eosinophilic inflammatory
phenotype, and 7 had a neutrophilic inflammatory
phenotype (Figure 3). The inflammatory cell profile
changed in 4 (67%) of the 6 patients in whom
sputum examination was successfully repeated,
having changed from an eosinophilic profile to
a neutrophilic profile in 1, from a neutrophilic
profile to a paucigranulocytic profile in 1, from
a paucigranulocytic profile to a neutrophilic
profile in 1, and from an eosinophilic profile
to a mixed profile in 1. Sputum induction did
not result in significant adverse events in any
of the patients.

Chest CT scans were performed in 16 patients.
Mild bronchiectasis was found in only 1 patient. Air
trapping, atelectasis, and bronchial wall thickening
were found in 10. Ground-glass opacities were
found in 2 patients, and hiatal hernia was an
incidental finding in 1 patient. Chest CT scans
were normal in 3 (18.8%) of the 16 patients.

With regard to the ACT, 6 patients were
over 12 years of age and were administered
the questionnaire more than five consecutive
times. Figure 4 shows that uncontrolled asthma
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Figure 2 - Lung function in children and adolescents with severe therapy-resistant asthma (n = 21)
at baseline and at 6 months after treatment optimization. The variables are from pre-bronchodilator
curves and are expressed as Z scores for the Global Lung Initiative reference values. *p = 0.015

(an ACT score of < 20) predominated despite
treatment optimization during follow-up.

Discussion

In the last decade, many studies have focused
on severe asthma in adults, describing multiple
phenotypes/endotypes and complex, difficult-to-
treat clinical presentations.”'**” Few studies have
described the clinical characteristics of children
with STRA,® and none have involved populations
of children in developing countries. Chief among
the few mechanisms of STRA investigated in
children are reduced Th2 response, increased 1.-33
expression, and reduced 1L-10 expression. (%12
1t is of note that, although STRA accounts for
only a small proportion of all cases of asthma
in children, the fact that the quality of life of
children with STRA is significantly impaired results
in high (direct and indirect) costs to society and
warrants future investment in research into STRA
in children. Qurs is the first study to describe
the clinical phenotype of STRA in children and
adolescents in urban areas of a large city in
southern Brazil.

In the present study, most (85%) of the
children had atopic asthma, with early disease
onset, and a significant proportion (nearly 25%)
was obese, findings that are similar to those in
children with STRA in developed countries.®?
The number of phenotypes appears to be greater
in adults with severe asthma than in children
with severe asthma, as does the complexity of
phenotype combinations.®*29 In our study, the
most common allergens were house dust mite
and cockroach allergens. Cat, dog, and fungal
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Figure 3 - Success rate in the 18 patients who
underwent sputum induction and proportions of
inflammatory cell profiles in the patients in whom
sputum induction was successful (n = 13).

allergens were uncommon, a finding that was
reported by our research group in a previous study
of children with asthma in the same region.®" The
chest CT findings were consistent with chronic
inflammatory bronchial obstructive disease,
consistent with severe asthma, and did not greatly
contribute to the diagnosis. Although chest CT is
formally recommended for all asthma patients,
this recommendation has been questioned in
children with STRA.?

The most interesting findings of our study
were those related to the lung function of the
patients and the airway inflammatory profile. The
spirometry tests performed when the patients had
no exacerbations showed mild obstructive changes
in most cases. In adults, severe asthma is closely
associated with major lung function changes,
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Figure 4 - In A, median Asthma Control Test (ACT) scores (solid horizontal bars) for the patients to whom
the ACT was administered at consecutive medical visits. In B, frequency of events in which patients were
considered to have controlled asthma (an ACT score > 20) or uncontrolled asthma (an ACT score of < 20)
at consecutive visits during which the ACT was administered (n = 6).

which are not observed in children, as previously
described.®>?» With regard to the natural history
of the disease, lung function impairment appears
to become more severe in early adulthood. This
does not mean that histopathological changes,
such as bronchial remodeling, do not appear early
in life, particularly in preschool-age children,
and are already present in school-age children
and adolescents, as demonstrated in previous
studies involving transbronchial biopsies.?42°)
Given the near-normal baseline lung function
and the lack of disease control in such patients,
it is necessary to gain a better understanding
of the obstructive mechanisms in order to use
new therapies. One hypothesis to explain this
finding is that children with STRA have excessively
labile bronchomotor tone, which might explain
the lack of significant spirometric changes in
patients with frequent symptoms.

Induced sputum allows noninvasive evaluation
of lower airway inflammation in asthma patients
and has been used in studies of children with
asthma.?*?” We obtained samples that were
adequate for analysis in 72% of the cases; the
inflammatory cell profile varied widely, with
neutrophilic airway inflammation predominating.
In addition, unlike what is commonly observed in
adults, our results, together with the findings of
another study,""” suggest that the inflammatory
cell profile of children with severe asthma varies
over time. This can be explained by the neutrophil
component, which is possibly secondary to frequent
(often subclinical) viral respiratory infections in
this age group. Given that the characteristics of
induced sputum are more stable in adults than in
children, sputum induction is rarely indicated in
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the management of severe asthma in children.”)
However, it can be a useful clinical tool in specific
patients, particularly those with a nonatopic
neutrophilic phenotype.

One comorbidity that is widely studied in
children with severe asthma is GERD. Severe
asthma and GERD often coexist.®?® Few (140)
of our patients had GERD-specific complaints.
However, esophageal pH monitoring revealed that
a larger number of patients appeared to have
GERD. The results of esophageal pH monitoring
should always be interpreted with caution, and
clinical correlations should be established. 1t
remains unclear whether such patients should
receive pharmacological treatment for GERD.
However, in children with severe asthma, the
treatment of GERD does not appear to result
in clinical improvement in respiratory symptoms
and is not commonly indicated.® At our referral
center, esophageal pH monitoring in children with
severe asthma is currently reserved for those with
high clinical suspicion and symptoms suggestive
of GERD.

Children with STRA are a major clinical
challenge because the proportion of patients
with uncontrolled disease is high despite the use
of high-dose corticosteroids. In such individuals,
the goal is to achieve the best possible degree
of asthma control and to minimize the potential
adverse effects of corticosteroids; however,
it should be borne in mind that, given the
heterogeneous characteristics of the disease,
treatment success rates generally vary."! Children
with STRA frequently do not respond well to
corticosteroid therapy and therefore require
high-dose corticosteroids. One alternative that
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has emerged in the last decade is omalizumab,
a humanized monoclonal anti-1gE antibody that
blocks one of the domains of the heavy chain of
the Fc portion of free 1gE. This high affinity for
the Fc portion of IgE competes with mast cell and
basophil receptors, inhibiting the inflammatory
response.®2? In children with STRA, including
inner-city residents in the USA, omalizumab
reduces corticosteroid doses, exacerbations, and
hospitalizations.?*3% In our study, 7 (88%) of 8
children responded clinically to omalizumab, as
determined by the medical team, with omalizumab
treatment reducing the number of exacerbations
and preventing further hospitalizations. There
were no adverse events related to the use of
omalizumab in those patients during the study
period. A recent multicenter real-life study
conducted in France showed a 72% reduction
in exacerbations in children with severe asthma
treated with omalizumab.®"

In our study, the patients in whom omalizumab
was contraindicated (because of their age, 1gE
levels, or lack of allergen sensitization) were
started on empirical treatment with continuous
macrolide antibiotic therapy (azithromycin), and
only 1 patient had a clinical response. No other
therapeutic alternatives, such as antifungal agents,
immunomodulators, and cytotoxic drugs, were
used at our referral center. The most recent
international guidelines for severe asthma in
adults and children do not recommend the use
of macrolides or other alternative drugs.”

The major limitation of our study is its
descriptive and retrospective nature. However,
given that our objective was to describe for
the first time a sample of children with STRA
from a developing country, we believe that
this limitation is of minor concern, particularly
because all data and variables were prospectively
collected in a database by the authors during
medical visits.

In conclusion, the present study is the first
to describe a sample of children and adolescents
with STRA from an urban area of a developing
country. Although the clinical characteristics of
these children and adolescents are similar to the
characteristics of those from developed countries,
the mechanisms of and risk factors for severe
asthma, particularly lung function, bronchial
inflammation, and the immune response, should
be further investigated in larger multicenter
longitudinal studies.
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