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Highlight Box

1. What is already known about this topic? Environmental factors and allergic disorders are
associated with the severity of pediatric severe asthma.

2. What does this article add to our knowledge? We found that factors associated with
asthma severity in children may differ according to age. In preschoolers, environmental
factors are predominant, whereas allergic disorders are mainly involved at school age.

3. How does this study impact current management guidelines? Our results highlight the
need to explore household exposure at least in preschoolers, and confirm the importance of

controlling associated allergic disorders.

Key words: Severe asthma, preschool, school-age, phenotype
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Number of tables: 6
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Abstract

Background: Severe asthma (SA) in children is a complex, heterogeneous disease, associated
with a considerable burden in children. However, factors influencing asthma severity are
poorly described and may differ according to age.

Objective: To determine whether factors associated with asthma severity differ between
preschoolers with severe recurrent wheeze (SRW) and school-age children with SA.

Patients and methods: Data from the French multicenter prospective observational cohort
of preschool (3-6 years) children with SRW and non-severe recurrent wheeze (NSRW) and
school-age (7-11 years) children with SA and non-severe asthma (NSA) (COBRAPed) were
analyzed.

Results: 131 preschool children (92 SRW and 49 NSRW) and 207 school-age children (92 SA
and 115 NSA) were included. In both univariable and multi-variable analysis, SRW was
associated with SHS exposure (multi-variable analysis, OR [95%Cl], 29.8 [3.57-3910]), and
exposure to mold/dampness at home (multi-variable analysis: OR [95%Cl], 4.22 [1.25-18.2])
compared with NSRW. At school-age, history of atopic dermatitis and food allergy were
more frequent in children with SA than in those with NSA. Multi-variable analysis confirmed
that SA was associated with a history of food allergy (OR: 5.01 [2.23-11.9]).

Conclusion: Our data suggest that factors influencing asthma severity may differ according
to age. In preschool children with SRW, second-hand smoke and exposure to mold are

predominant, whereas associated allergic disorders are mainly involved in SA at school age.
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Introduction

Pediatric asthma is a heterogeneous condition with multiple phenotypes associated with
different mechanisms or endotypes, both in preschool [1-4] and at school-age [5-8]. Asthma
is well controlled for most children with low-to-medium doses of inhaled corticosteroids
(1CS) and when modifiable factors are addressed. Severe asthma (SA) and severe recurrent
wheeze (SRW) [9, 10], were defined by the need for high doses of ICS and an additional
controller medication to maintain control or persistent poor control despite appropriate
treatment [11]. Although those entities affect less than 5% of children with asthma, their
burden in terms of symptoms, alteration of quality of life, and economic costs is
disproportionately high [12—-14]. Recent studies have described multiple phenotypes of SA
and SRW, with variable degrees of allergic sensitization and different patterns of airway
inflammation [15—-17]. Factors influencing asthma severity throughout childhood are poorly
understood [18], and it remains unclear whether SA and SRW are driven by common
pathological processes.

Better characterization of the factors associated with asthma severity is crucial to improve
the management of patients and move forward in precision medicine. The Pediatric Cohort
of Bronchial Obstruction and Asthma (COBRAPed) is a French multicenter prospective
observational cohort of preschool (3-6 years) and school-age children (7-12 years) with
asthma, providing clinical, biological, and functional data with longitudinal follow-up. Design
and inclusions were conducted in parallel with the adult COBRA cohort [19].

The main objectives of this cross-sectional exploratory analysis were to describe the baseline
characteristics of the population and to identify factors associated with asthma severity in

preschool and school-age children.
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Patients and methods

COBRAPed is a prospective, observational cohort study initiated in France, between April
2014 and November 2017 (Figure 1). Institutional ethical approval (CPP lle de France 1) and
written informed consent from parents / caregivers of all participants were obtained. The
study is registered in ClinicalTrial.gov (NCT02114034). Data presented in this article are
those obtained at inclusion.

Cohorts

Two cohorts of preschool (3-6 years) and school-aged children (7-12 years) were enrolled in
12 pediatric tertiary care centers across France. Children were included consecutively during
their follow-up. The diagnosis of asthma was made according to the GINA guidelines by
specialized pediatric asthma physicians[ 20].

Preschool children with SRW and school-age children with SA were defined as those with
persistent symptoms or requiring a short-acting B-agonist (SABA) >3 days a week for >3
months AND/OR frequent or severe exacerbations in the previous year (1 severe
exacerbation requiring admission to an intensive care unit (ICU); > 2 exacerbations requiring
hospital admissions and intravenous medications, and/or a >3-day course of oral steroids)
AND/OR persistent airflow obstruction in school-age children (Forced Expiratory Volume in
the first second (FEV1) <80% and/or airway resistance >150% of predicted values), despite
being prescribed high doses of inhaled corticosteroids (ICS) (=800 pg/day budesonide or
equivalent) and another controller therapy (long-acting B-agonist (LABA) or leukotriene
receptor antagonist (LRTA)) [11]. Children under medium-to-high doses of ICS and
omalizumab were also included in the SRW or SA groups. Preschool children with NSRW and
school-age children with NSA were defined as children with <1 severe exacerbation

(requiring a course of steroids) in the past year AND no hospital admission during the
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previous year AND no recurrent chronic symptoms AND normal lung function, with no more
than low-medium doses of ICS (<500 pg/day budesonide or equivalent), with or without
other controller medication.

All children with SRW and SA were followed for at least three months before inclusion to
exclude other diagnoses, treat comorbidities, reduce environmental exposure, optimize
asthma control, and assess medication adherence and inhalation technique.

Non-inclusion criteria were: asthma exacerbation within the previous four weeks, history of
bronchopulmonary dysplasia, post-infection chronic lung disease, vocal cord dysfunction,
lung malformation, tracheomalacia, cystic fibrosis, primary ciliary dyskinesia, immune
deficiency, foreign body inhalation, or congenital cardiac disease. Children were not
included if the physician-based assessment showed poor adherence and/or technique
based on asthma history and demonstration of inhaler use.

Study assessments

Baseline data collected by physicians included: i) demographics and anthropometrics; ii)
family history of allergic disorders, including atopic dermatitis (AD), asthma, food allergy
(FA), allergic rhinitis (AR); iii) past medical history, including associated allergic disorders (AD,
AR, FA), comorbidities (symptomatic gastro-oesophageal reflux), and history of
hospitalization for at least one episode of bronchiolitis before the age of 2 years; iv)
parental-repored environmental exposure, including pre and post-natal smoke exposure,
carpet, visible mold/dampness at home [21], pet ownership, fuel heat; v) current asthma
history, including symptoms and medications. For asthma control, the Childhood Asthma
Control Test (ACT) for children <12 years [22, 23] and Global Initiative for Asthma (GINA)
criteria [24] were used. Assessment of quality of life for school-age children aged 7-12 years

was performed with the specific Pediatric Asthma Quality-of-Life Questionnaire (PAQLQ)
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[25]. Adherence and inhalation techniques were assessed by physicians in charge of the
child. Symptomatic gastroesophageal reflux (GER) was diagnosed on the basis of suggestive
symptoms, AND/OR positive pH monitoring AND/OR endoscopy AND/OR positive response
to anti-acid therapy.

Atopy was defined by the presence of at least one positive skin-prick test (SPT) (wheal
diameter 23 mm) and/or specific IgE levels (20.35 Ku/l) against common airborne and/or
food allergens.

Lung function was assessed in children aged 24 years. Measures were performed in
accordance with ATS/ERS guidelines [26, 27]. The predicted values and Z-scores were
calculated from the Global Lung function Initiative predictive equations [28]. Reversibility
was assessed after administration of short acting bronchodilator (BD) (400 ug Salbutamol)
and defined as an increase in FEV1 > 12% between pre and post bronchodilator values.
Fractional exhaled nitric oxid (FeNO) was measured in school-age children, and a minimum
of two measurements were performed. Data were expressed as parts per billion (ppb).
Statistical analysis

R version 3.3.1 statistical software was used for statistical analysis (R Core Team (2016)
Vienna, Austria). Continuous variables are presented as medians [interquartile range], and
categorical variables as numbers (%). Comparisons of quantitative data were performed
using Wilcoxon-Mann-Whitney tests. Categorical variables were analysed using the chi-
square test or Fisher exact test as appropriate. No imputation of missing data was
performed. Multivariable logistic regression analyses were performed to assess risk factors
for SRW and SA. Multi-variable models were first built with the inclusion of all variables not
involved in the definition of SRW or SA (Asthma history in Table 1 and Table 2) with

univariate p-values < 0.1 (See Table 1, 3 and 4). Then, selection of the final variables with the



259  best fit for each multi-variable model (i.e., for preschool and school-age children) was
260  achieved by backward stepwise elimination using Aikaiki’s information criterion. A p-value <

261  0.05 was considered statistically significant.
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Results

Subjects

Overall, 348 patients were recruited (male: 68%), including 141 (40.5%) preschool and 207
(59.5%) school-age children (Figure 2). Among preschool children, 92 (65.2%) had SRW and
49 (34.8%) had NSRW. Among school-age children, 92 (44.4%) had SA and 115 (56.6%) had
NSA. Six pairs of siblings were included, amongst which three were included in the same age-
matched and severity-matched cohort. Overall, baseline demographic characteristics were
comparable between children with SRW and SA and those with milder disease (Table 1),
except that school-age children with SA were slightly older at inclusion than those with NSA
(10.0 [9.0-11.0] vs 9.0 [8.0-11.0] years, p=0.017) and breastfeeding during infancy was less
frequent in SA than in NSA (61.1% vs 77.9%, p=0.014). The general characteristics of the

children are summarized in Table 2.

Factors associated with severe recurrent wheeze in preschool children

Birth weight was lower in preschool children with SRW than in those with NSRW (3100 g
[2685-3467] vs 3370 g [3100-3520], p=0.011) (Table 1). Prenatal smoke exposure did not
differ between children with SRW and NSRW.

Exposure to second hand smoke (SHS) and visible mold/dampness was more frequent in
preschool children with SRW than in those with NSRW (25.8% vs 2.0%, p<0.001; 28.3% vs
8.3%, p=0.012, respectively) (Table 3).

A family history of atopy was present in 85.3% of preschoolers. The family atopy status was
not associated with severity, except for AD in siblings, which was more frequent in preschool

children with SRW than in those with NSRW (41.0% vs 18.6%, p=0.021).
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Atopy was common in preschool children (64.3%), and there was no difference in associated
atopic disorders between SRW and NSRW (Table 4). No difference was observed in the
frequency of symptomatic GER among preschoolers.

Multivariable logistic regression analysis showed an association between SRW and birth
weight (OR [95%Cl]: 0.34 [0.14-0.75] per unit, kg, increase), second-hand smoke exposure
(OR [95%Cl]: 29.8 [3.57-3910]), the presence of visible mold/dampness at home (OR [95%Cl]:

4.22 [1.25-18.2]), and atopic dermatitis in siblings (OR [95%Cl]: 3.02 [1.19-8.29]) (Table 5).

Factors associated with severe asthma in school-age children

No difference in prenatal environment and birth weight (Table 1), as well as postnatal
environment (Table 3) was observed between SA and NSA.

A family history of atopy was also frequent in school-age children: 84.8%. The family atopy
status was not associated with SA. The number of resident at home was higher in children
with SA than in those with NSA (5 [4-6] vs 4 [4-5], p<0.01].

Atopy was present in 83.0% of school-age children, and history of AD and FA were more
frequent in SA than in those with NSA (48.9% vs 26.1%, p<0.01; 31.1% vs 13.5%, p<0.01,
respectively). Symptomatic GER was more frequent in school-age children with SA than in
NSA (21.7% vs 8.7%, p=0.014) (Table 4).

Multivariable logistic regression analysis of school-age children showed an association
between the number of residents at home (OR [95%Cl]: 1.54 [1.18-2.06]), fuel-based heating
(OR [95%Cl]: 16.7 [2.76-322]), and history of food allergies (OR [95%Cl]: 5.01 [2.23-11.9])

(Table 6).
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Discussion

We initiated the first prospective French cohort of asthmatic children including preschoolers
with SRW and school-age children with SA to identify factors associated with asthma severity
in these two groups. We observed that factors influencing severity differed between
preschoolers and school-age children. In preschoolers, SRW was preferentially associated
with pejorative environmental factors, such as SHS exposure and mold/dampness at home,
whereas at school age, SA was preferentially associated with allergic sensitization and
comorbidities.

We observed that preschoolers with SRW were more frequently exposed to visible
mold/dampness at home than those with NSRW, as supported by previous studies, showing
that preschoolers exposed to dampness at home were at high risk of developping asthma
symptoms, regardless of their atopy status [29]. Regarding SHS, several studies, among
which a survey conducted in over 20,000 children (median age 4.4 years) have also shown
that maternal smoking increased the risk of emergency-department visits for asthma [30].
Overall, our results highlight the potential effects of indoor factors and pollutants in the
severity of preschool asthma and the need to explore household exposure in this population.
Furthermore, preschoolers with SRW had lower birth weights than those with a milder
disease, as opposed to comparable Z-scores for body mass index (BMlI) at inclusion. Prenatal
smoke exposure has previously been associated with increased airway responsiveness and
reduced lung function in childhood [31, 32]. More experimental and epidemiologic studies
are needed to determine the mechanisms underlying the influence of antenatal exposure,
growth, and birth weight on the subsequent development of asthma and development of

lung function.
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Despite stringent inclusion criteria, preschoolers with SRW may be a heterogeneous group.
Various evolution phenotypes of preschoolers with SRW may emerge during the prospective
follow-up of the cohort. Preschoolers with a multiple and early sensitization phenotype have
been previously identified to have a high-risk evolution profile, including severe
exacerbations and hospital admissions for exacerbations [33]. Our results raise the
hypothesis that this trajectory may also be influenced by early harmful environmental
exposures.

At school-age, the magnitude of allergic sensitization against food or airborne allergens has
been associated with asthma severity in previous studies [6, 34-36]. Furthermore, the
association of allergic disorders, such as AR [37], IgE-mediated FA [38, 39], and AD [40],
appears to increase asthma severity. Although our study was cross-sectionnal, our results
also suggest that allergic mechanisms may worsen the clinical expression of asthma in
school-age children with allergic disorders. Allergic rhinitis is a classical factor associated
with asthma severity [12]. However, this was not the case in our study, possibly due to the
high prevalence of AR in both SA and NSA. One could also hypothesize that the severity of
AR, rather than its presence, may affect asthma severity [34, 37]. Although frequently
observed in preschoolers with SRW, allergic disorders and sensitization were only associated
with asthma severity at school age.

Our data support the hypothesis that factors associated with severity may differ between
preschoolers and school-age children, or have a different impact depending on the age of
children and the duration of the disease. Here, we described patients based on data
collection at inclusion. The impact of an environmental risk factor and the phenotypic
features may change over time [41]. New sensitizations and comorbidities may develop in

certain children. These distinct phenotypes may be associated with different baseline
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endotypes leading to varying severity between preschool and school-age children. The
prospective follow-up that we initiated will provide further insights into the disease
trajectory of these children and the evolution of allergic disorders, lung function, and
asthma severity.

The burden of SRW and SA has been demonstrated in previous studies to be high in terms of
symptoms and medication requirement [6, 12, 42]. Although children with SA were slightly
older than those with NSA in our study, they had a more severe asthma trajectory, with
more admissions for severe exacerbations or ICU admissions in childhood, and had worse
lung function. It is therefore unlikely that this age difference affected the results. Hence, our
data suggest that children with SRW/SA may display a more severe course of the disease
than their counterparts throughout childhood. These findings are supported by observations
from the SARP cohort, showing that a history of ICU admission or intubation was associated
with SA at school-age [6], although not observed in the U-Biopred cohort [12]. Furthermore,
it has been shown that asthmatic children with severe exacerbations in infancy display
poorer lung function, not only in the preschool years but also later [43].

Our study had several limitations. First, we did not include healthy control subjects.
However, we aimed to determine factors associated with severity. Thus, children with milder
disease were appropriate controls. Because the recruitment was conducted in tertiary-care
centers, the children with NSW and NSA in our study may not be representative of all
children with mild/moderate recurrent asthma or wheeze followed in primary care.
However, children with SRW and SA constituted a representative sample of French children
with SRW/SA. We cannot exclude that certain preschool wheezers had transient symptoms
and that certain patients with recurrent wheeze may outgrow their condition, in particular

among those with low exposure to environmental triggers and low sensitization rates.
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Transient wheeze is generally defined as beginning and ending before the age of three years
[24, 44, 45]. The inclusion of children older than three years limited this potential bias.
Moreover, the high proportion of sensitization observed in preschoolers with SRW increased
their likelihood of having persistent symptoms [24, 46, 47]. SRW in preschoolers may not
progress to SA in school-age children. In a previous study, we reported that preschoolers
with SRW displayed persistent asthma at school-age in 72% of cases, but that asthma
severity decreased over time [16]. Preschoolers with SRW and school-age children with SA
may display distinct phenotypes and endotypes, as suggested by studies showing specific
features in bronchial biopsies, such as the predominance of neutrophils in preschoolers with
SRW [4]. Our findings that factors associated with SRW in preschoolers and SA in children
may differ support this hypothesis. Furthermore, the definition of severity in the preschool
years, based on the persistence of symptoms and/or exacerbations despite high doses of ICS
and a second controller therapy, was chosen in accordance with the stepwise-approach
guidelines. High-dose treatment was used as a feature to define SRW by extension of the the
definition of the SA guidelines [11]. Although there is little evidence of a beneficial effect of
medium-to-high doses of ICS in the preschool age, ICS dose escalation is still the
recommended approach in asthma guidelines, including the possibility of a high-dose trials
[11, 20, 24, 48].

Second, no objective measurements of indoor allergen, mold/dampness or outdoor
pollution levels were performed during home visits. Our results were based on parental
descriptions of exposure, which may not be accurate [11]. The impact of pollutants and their
differential effects in subgroups of patients may have therefore been misestimated.
Furthermore, the number of children included varied among centers and there may have

been a geographical bias for the assessment of air pollution, which differed between cities.
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In addition, adherence was not assessed with objective measures, which may have
overestimated the frequency of SRW and SA. We limited this bias by not including cases with
confirmed poor adherence / inhaler technique in those groups and by applying a strict
definition for SRW and SA. Finally, we did not classify preschoolers according to previous
classifications of wheezing phenotypes, such as early transient wheeze, persistent wheeze,
late-onset wheeze, or episodic or multiple-trigger wheeze. Early transient wheeze was not
adapted to our population consisting of children of > 3 years of age. It has been reported
that the episodic and multiple-trigger wheeze phenotypes may not be stable over time [20,
49]. Finally, it has been shown that viral wheezers and multiple-trigger wheezers display the
same pattern of remodeling and airway inflammation and that multiple-trigger wheezers
and severe intermittent wheezers have similar inflammatory profiles during acute
exacerbations and eight weeks later [4, 50].

The COBRAPed study describes a subsequent and well-characterised sample of 2 clinical
entities: preschool recurrent wheezing and school-age children with asthma in France. Our
analysis of baseline characteristics suggests that factors influencing asthma severity may
differ between preschoolers and school-age children. Some of them may be targets for
prevention. Improving environmental factors, especially in the preschool years, and
preventing the development of allergic disorders may therefore prevent or improve the

prognosis of SRW and SA.
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Figure legends

Figure 1. Prospective follow-up of the children included in the COBRAPed study

SA: severe asthma, SRW: Severe recurrent wheeze, NSA: Non-severe asthma, NSRW: Non-severe
recurrent wheeze, ACT: Asthma control test, PAQLQ: Pediatric Asthma Quality of Life, FeNO:
fractional exhaled nitric oxide, SPT: skin prick tests. Data were collected if the exams were performed
within the 3 months prior to inclusion.

Figure 2. Flow-chart of the population
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Preschool children

School-Age children

Total population Severe Recurrent Non-severe p-value Total population Severe Asthma Non-severe Asthma p-value
141 Wheeze92 Recurrent Wheeze 207 92 115
49
Demographics
Age, y 5.0 [4.0, 6.0] 5.0 [4.0, 6.0] 5.0 [4.0, 6.0] 0.25 9.0[8.0, 11.0] 10.0[9.0, 11.0] 9.0[8.0,11.0] 0.017
Male gender 96 (68.1) 63 (68.5) 33(67.3) 0.99 138/207 (66.7) 65/92 (70.7) 73/115 (63.5) 0.35
Caucasian 100/134 (74.6) 64/90 (71.1) 36/44 (81.8) 0.26 124/192 (64.6) 52/84 (61.9) 72/108 (66.7) 0.59
Anthropometrics n =140 n=91 n=49 n =207 n=92 n=115
7 score for BMI 0.3[-0.5, 1.1] 0.4[-0.6, 1.3] 0.3[-0.3,0.8] 0.37 0.7 [-0.5, 1.9] 0.6[-0.5,1.7] 0.8[-0.4,2.1] 0.26
Past medical history
Gestational age at birth, wa 39.0 [38.0, 40.0] 38.0[37.8, 40.0] 39.0 [38.0, 40.0] 0.48 39.0 [37.5, 40.0] 39.0[37.0, 40.0] 39.0 [38.0, 40.0] 0.45
Birth weight, g n=136 n =88 n=48 n=195 n=90 n =105
3180 [2800, 3505] 3100 [2685, 3467] 3370 [3100, 3520] 0.011 3252.5[2880.0, 3667.5] 3200.0 [2872.5, 3600.0] 3300.0 [2890.0, 3700.0] 0.17
Breastfeeding n=139 n=90 n=49 n =200 n=91 n=109
Mother smoke during pregnancy 77/138 (55.8) 45/89 (50.6) 32/49 (65.3) 0.14 143/203 (70.4) 55/90 (61.1) 88/113 (77.9) 0.014
22/141 (15.6) 18/92 (19.6) 4/49 (8.2) 0.13 21/205 (10.2) 11/92 (12.0) 10/113 (8.8) 0.62
Asthma history
Age at first wheeze (months) 5.0[2.0, 8.0] 4.0[2.0,7.2] 6.0[3.0, 8.0] 0.082 5.0[2.0, 10.0] 4.0[3.0,9.0] 6.0 [2.0-11.2] 0.37
n=117 n =380 n =37 n =145 n=69 n=76
At least one admission for 43/122 (35.2) 38/83 (45.8) 5/39 (12.8) 0.00081 50/149 (33.6) 31/72 (43.1) 19/77 (24.7) 0.028
bronchiolitis
No. of admissions for asthma 1.0[0.0, 4.0] 3.0[0.0, 5.0] 0.0[0.0, 1.0] <0.0001 1.0[0.0-3.0] 2.5[1.0,5.0] 0.0 [0.0-1.0] <0.001
exacerbation in childhood n =140 n=91 n=49 n =203 n=90 n=113
At least one ICU admission 26/140 (18.6) 25/91 (27.5) 1/49 (2) 0.00053 53/206 (25.7) 35/91 (38.5) 18/115 (15.7) <0.001
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Table 1. Baseline characteristics of the population
Data are expressed as mediang [IQR] or frequencies (%). Comparisons of quantitative data were performed using Wilcoxon-Mann-Whitney tests. Categorical variables were
analysed using the chi-square test or Fisher exact test, as appropriate.

BMI: body mass index, WA: weeks of amenorrhea, ICU: intensive care unit.



Preschool children

School-Age children

Total population Severe Recurrent Non-severe p-value Total population Severe Asthma Non-severe Asthma p-value
141 Wheeze 92 Recurrent Wheeze 207 92 115
49

Asthma history in the past year
> 3 exacerbations 82/137 (59.9) 79/89 (88.8) 3/48 (6.2) <0.0001 68/204 (33.3) 60/90 (66.7) 8/114 (7.0) <0.001
No. of cumulated days of oral 18.0[10.0, 30.0] 20.0 [12.0, 30.5] 5.5[4.2,9.5] <0.0001 10.0 [4.0, 20.0] 15.0[10.0, 25.0] 4.0[3.0,5.0] <0.001
steroids n=106 n=88 n=18 n=106 n=70 n=36
No. of emergency visits for acute 1[0, 3] n=138 1[0, 4] n=90 0 [0, 1] n=48 <0.0001 0 [0, 1] n=206 0[O0, 2] n=91 0[0,0] n=115 <0.001
asthma
Asthma control n=135 n=90 n=45 n=207 n=92 n=115
ACT score 20.0 [16.0, 23.0] 18.0[14.0, 20.0] 23.0 [22.0, 25.0] <0.0001 21.0[16.0, 24.0] 18.0[13.8, 22.0] 23.0[20.0, 24.5] <0.001
PAQLQ n=203 n=91 n=112
Total NA NA NA - 6.0 [4.8, 6.7] 5.2[3.7, 6.5] 6.3 [5.5, 6.8] <0.001
Activity limitation NA NA NA - 5.2 [3.6, 6.6] 4.5[3.0,6.3] 5.7 (4.0, 6.7] 0.007
Emotion NA NA NA - 6.4[5.2,7.0] 5.5[4.3,6.6] 6.7 [6.0, 7.0] <0.001
Symptoms NA NA NA - 6.0 [4.8, 6.9] 5.4[3.4, 6.6] 6.5 [5.5, 7.0] <0.001
Lung function
FEV1 pre-BD (% predicted) 105 [93, 119] n=86 101 [91, 119] n=48 109 [98, 116] n=38 0.29 97 [88, 106] n=203 93 [80, 103] n=90 99 [90, 107] n=113 0.002
FEV1 post-BD (% predicted) 113 [90, 123] n=66 110 [94, 123] n=33 113 [103, 124] n=33 0.23 102 [94, 113] n=167 98 [87, 113] n=75 103 [96, 112] n=92 0.054
FEV1 pre-BD (Zscore) -0.1[-0.9, 0.9] n=87 -0.3[-1.3, 0.8] n=48 0.0 [-0.5, 0.9] n=39 0.16 -0.3[-1.2,0.5] n=196 0.7 [-1.9, 0.2] n=86 0.1[-0.8,0.7] n=110 <0.001
FEV1 post-BD (Zscore) 0.4[-0.6, 1.3] n=68 0.4[-0.8, 1.1] n=34 0.3 [-0.2, 1.4] n=34 0.31 0.2 [-0.7, 0.9] n=162 -0.1[-1.1,0.8] n=72 0.4 [-0.3, 1.0] n=90 0.037
FEV1/FVC pre-BD (%) 91 [84, 95] n=84 92 [83, 96] n=47 90 [85, 94] n=37 0.61 85 [78, 90] n=200 82 [75, 91] n=89 86 [81, 90] n=111 0.011
FEV1/FVC post-BD (%) 91 [87, 97] n=62 91 [87, 98] n=29 91 [88, 95] n=33 0.71 89 [84, 93] n=155 88 [81, 91] n=69 89 [86, 94] n=86 0.022
FEV1/FVC pre-BD (Zscore) 0.0 [-1.0, 0.7) n=87 0.0 [-1.2, 1.1] n=48 -0.1[-0.9, 0.4] n=39 0.61 -0.7 [-1.5,0.2] n=191 -1.0[-1.9, 0.0] n=83 -0.6 [-1.2, 0.2] n=108 0.001
FEV1/FVC post-BD (Zscore) 0.1[-0.7, 0.6] n=67 -0.3[-0.8, 0.6] n=33 0.2 [-0.7, 0.6] n=34 0.77 -0.1[-0.7,0.6] n=161 -0.5[-1.3,0.4] n=71 0.2 [-0.6, 0.8] n=90 0.002
Post-BD FEV1 reversibility 12/67 (17.9) 8/33 (24.2) 4/34 (11.8) 0.31 40/167 (24) 25/75 (33.3) 15/92 (16.3) 0.017
FeNO (ppb) NA NA NA 14.1[7.0, 29.5] n=90 12.0[6.3, 35.5] n=39 16.9 [7.0, 28.1] n=51 0.64
Asthma therapy
ICS 131/141 (92.9) 92/92 (100) 39/49 (79.6) 0.00050 168/207 (81.2) 92/92 (100)1000 76/115 (66.1) <0.001
ICS doses, 1000 [500, 1600] 1000 [950, 2000] 400 [400, 450] <0.0001 800 [400, 1000] [800, 1213] 400 [250, 500] <0.001
ug/day. eq Budesonide n=131 n=92 n=39 n=168 n=92 n=76
ICS + LABA 56/140 (40.0) 41/91 (45.1) 15/49 (30.6) 0.14 124/207 (59.9) 75/92 (81.5) 49/115 (42.6) <0.001
Leukotriene modifier 77/141 (54.6) 68/92 (73.9) 9/49 (18.4) <0.0001 79/207 (38.2) 59/92 (64.1) 20/115 (17.4) <0.001
Maintenance oral corticosteroids 5/141 (3.5) 5/92 (5.4) 0/49 (0.0) 0.16 0/207 (0.0) 0/92 (0.0) 0/115 (0.0) NA




Immunotherapy 3/141 (2.1) 1/92 (1.1) 2/49 (4.1) 0.28 16/207 (7.7) 6/92 (6.5) 10/115 (8.7) 0.75
Omalizumab 6/141 (4.3) 6/92 (6.5) 0/49 (0.0) 0.093 29/207 (14.0) 29/92 (31.5) 0/115 (0.0) <0.001

1  Table 2. General characteristics of the population at inclusion.

Data are expressed as medians [IQR] or frequencies (%).

Comparisons were not performed for criteria that were included in the definition.

Comparisons of quantitative data were performed using Wilcoxon-Mann-Whitney tests. Categorical variables were analysed using the chi-square test or Fisher exact test, as
appropriate.

ACT: asthma control test, PAQLQ: pediatric asthma quality of life questionnaire, NA: Not available, FEV1: forced expiratory volume in 1 s, BD: bronchodilator, FVC: forced
vital capacity, FeNO: fractional exhaled nitric oxide, ICS: inhaled corticosteroids, LABA: long-acting 8-agonist.
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Preschool children

School-Age children

Total population

Severe Recurrent

Non-severe

p-value Total population Severe Asthma Non-severe Asthma  p-value
141 Wheeze 92 Recurrent Wheeze 207 92 115
49

Type of child care
Community childcare before the age 57/141 (59.6) 42/92 (45.7) 15/49 (30.6) 0.12 63/203 (31.0) 25/91 (27.5) 38/112 (33.9) 0.40
of3y
Environment
Home:

Rural 37/141 (26.9) 24/92 (26.1) 13/49 (26.5) 0.81 51/206 (24.8) 24/92 (26.1) 27/114 (23.7) 0.49

Semi-rural 25/141 (17.7) 15/92 (16.3) 10/49 (20.4) 43/206 (20.9) 22/92 (23.9) 21/114 (18.4)

Urban 79/141 (56.0) 53/92 (57.6) 26/49 (53.1) 112/206 (54.4) 46/92 (50.0) 66/114 (57.9)
No. of residents at home 4 [4-5] n=140 4 [4-5] n=91 4 [4-5] n=49 0.46 4[4, 5] n=206 5 [4-6] n=92 4 [4-5] n=114 0.004
Smoker NA NA NA NA 0/201 (0.0) 0/90 (0.0) 0/111 (0.0) NA
Second-hand smoke exposure 24/138 (17.4) 23/89 (25.8) 1/49 (2.0) 0.00098 14/201 (7.0) 9/90 (10.0) 5/111 (4.5) 0.21
Carpet at home 26/141 (18.4) 13/92 (14.1) 13/49 (26.5) 0.11 38/206 (18.4) 16/92 (17.4) 22/114 (19.3) 0.86
Visible mold/dampness at home 30/140 (21.4) 26/92 (28.3) 4/48 (8.3) 0.012 36/205 (17.6) 17/92 (18.5) 19/113 (17.0) 0.90
Pet ownership 62/141 (44.0) 43/92 (46.7) 19/49 (38.8) 0.47 114/206 (55.3) 54/92 (58.7) 60/114 (52.6) 0.47
Fuel heat 11/140 (7.9) 9/91 (9.9) 2/49 (4.1) 0.33 11/206 (5.3) 9/92 (9.8) 2/114 (1.8) 0.015

Table 3. Impact of environmental factors

Data are expressed as medians [IQR] or frequencies (%). Comparisons of quantitative data were performed using Wilcoxon-Mann-Whitney tests. Categorical variables were
analysed using the chi-square test or Fisher exact test, as appropriate.
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Preschool children

School-Age children

Total population Severe Recurrent Non-severe Recurrent  p-value Total population Severe Asthma Non-severe Asthma  p-value
141 Wheeze Wheeze 207 92 115
92 49
Family atopy status
Atopy in 1 or 2 parents or siblings 116/136 (85.3) 75/88 (85.2) 41/48 (85.4) 0.99 167/197 (84.8) 75/88 (85.2) 92/109 (84.4) 0.99
Parental asthma 71/136 (52.2) 44/88 (50.0) 27/48 (56.2) 0.60 80/200 (40.0) 43/91 (47.3) 37/109 (33.9) 0.077
Parental atopic dermatitis 42/140 (30.0) 25/91 (27.5) 17/49 (34.7) 0.49 70/204 (34.3) 32/92 (34.8) 38/112 (33.9) 0.99
Parental immediate food allergy 14/140 (10.0) 10/91 (11.0) 4/49 (8.2) 0.77 17/204 (8.3) 6/92 (6.5) 11/112 (9.8) 0.55
Parental allergic rhinitis 69/139 (49.6) 47/91 (51.6) 22/48 (45.8) 0.64 101/204 (49.5) 43/92 (46.7) 58/112 (51.8) 0.56
Asthma in siblings 53/122 (43.4) 41/81 (50.6) 12/41 (29.3) 0.040 77/182 (42.3) 37/85 (43.5) 40/97 (41.2) 0.87
Atopic dermatitis in siblings 40/121 (33.1) 32/78 (41.0) 8/43 (18.6) 0.021 67/183 (36.6) 35/84 (41.7) 32/99 (32.3) 0.25
Immediate food allergy in siblings 20/124 (16.1) 15/82 (18.3) 5/42 (11.9) 0.51 21/182 (11.5) 14/84 (16.7) 7/98 (7.1) 0.076
Allergic rhinitis in siblings 35/119 (29.4) 27/79 (34.2) 8/40 (20.0) 0.16 54/175 (30.9) 24/79 (30.4) 30/96 (31.2) 0.99
Allergic sensitization
Atopy 74/115 (64.3) 44/72 (61.1) 30/43 (69.8) 0.46 151/182 (83.0) 70/82 (85.4) 81/100 (81.0) 0.56
> 1 positive SPT or sp IgE to airborne 68/114 (59.6) 39/71 (54.9) 29/43 (67.4) 0.26 143/179 (79.9) 67/80 (83.8) 76/99 (76.8) 0.33
allergen
> 1 positive SPT or sp IgE to food 13/97 (13.4) 8/59 (13.6) 5/38 (13.2) 0.99 32/147 (21.8) 20/69 (29.0) 12/78 (15.4) 0.072
allergen
Total IgE (Ku/L) 101 [29, 347] n=124 89 [26, 300] n=84 129 [42, 428] n=40 0.37 369 [126, 7741 n=190 443 [141,982] n=87 311 [108, 666] n=103 0.053
Blood eosinophils count (n/mm3) 220[120-500] n=111 215 [115-425] n=72 300 [135-600] n=39 0.31 400 [200, 700] n=149 400 [200, 770] n=69 390 [200, 600] n=80 0.40
Associated allergic disorders
History of food allergy 20/136 (14.7) 13/88 (14.8) 7/48(14.6) 0.99 43/201 (21.4) 28/90 (31.1) 15/111 (13.5) 0.004
History of allergic rhinitis 70/140 (50.0) 43/92 (46.7) 27/48 (56.2) 0.37 152/207 (73.4) 71/92 (77.2) 81/115 (70.4) 0.35
History of atopic dermatitis 49/141 (34.8) 33/92 (35.9) 16/49 (32.7) 0.84 75/207 (36.2) 45/92 (48.9) 30/115 (26.1) 0.001
Comorbidities
Symptomatic gastro-oesophageal 31/141 (22.0) 24/92 (26.1) 7/49 (14.3) 0.16 30/207 (14.5) 20/92 (21.7) 10/115 (8.7) 0.014

reflux
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Table 4. Atopy and associated disorders
Data are expressed as medians [IQR] or frequencies (%). Comparisons of quantitative data were performed using Wilcoxon-Mann-Whitney tests. Categorical variables were
analysed using the chi-square test or Fisher exact test, as appropriate.



Adjusted OR (95% Cl) p-value
Birth weight (per unit, kg, increase) 0.34(0.14-0.75) 0.007
Second-hand smoke exposure: yes vs. no 29.8 (3.57 - 3910) <0.001
Visible mold/dampness at home: yes vs. no 422 (1.25-18.2) 0.019
Atopic dermatitis in siblings: yes vs. no 3.02(1.19-8.29) 0.02

Table 5. Multi-variable analysis to assess risk factors for severe recurrent wheeze in preschool children

OR: Odds Ratio, ICU: intensive care unit.

Variables considered before the backward elimination procedure: birth weight, second-hand smoke exposure, visible mold/dampness at home, asthma in siblings, atopic

dermatitis in siblings.
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Adjusted OR (95% Cl) p-value
Age (per unit, year, increase) 1.22 (1.00-1.49) 0.045
Breastfeeding: yes vs. no 0.33(0.16 —0.67) 0.002
N° of residents at home: (per unit increase) 1.54 (1.18 - 2.06) 0.002
Fuel heat: yes vs. no 16.7 (2.76 - 322) 0.011
Parental asthma: yes vs. no 1.56 (0.80 —3.05) 0.19
History of food allergy: yes vs. no 5.01(2.23-11.9) <0.001

Table 6. Multi-variable analysis to assess risk factors for severe asthma in school-age children

OR: Odds Ratio, SPT: skin-prick test.

Variables considered before the backward elimination procedure: age, breastfeeding, number of residents at home, fuel heat, parental asthma, immediate food allergy in

siblings, 2 1 positive SPT or specific IgE to food allergen, total IgE (Ku/L), history of food allergy, diagnosed atopic dermatitis, symptomatic gastro-esophageal reflux.



All children

Clinical assessment

ACT Questionnaire

PAQL Questionnaire

Lung function +- FeNO

xX | X | X

X | X | X | X

SPT

Eosinophil count, vitamin D, total and specific IgE

ISAC® chip

Genomic DNA extraction

X | X | X | X | X | X | X | X

X | X | X [ X | X | X | X | X

X | X | X [ X | X[ X | X | X

X | X | X | X | X | X | X | X

Children with SRW and SA

Humoral immune status

Thoracic computerized tomography scan

Ear, Nose and Throat Examination

Sinus computerized tomography scan (after the age
of 7 years)

X | X | X | X

Intraesophageal pH measurement

x

Bronchoscopy and bronchoalveolar lavage
+- bronchial brushing

Induced sputum

According to: history,
hospital center protocols
and evolution




369 children screened

- 7 patients : no consent
- 14 patients : inclusion criteria not met

348 children included

| |

141 preschool children 207 school-age children
(3 - 6 years old) (7 - 12 years old)
l Y l L4
Severe recurrent wheeze Non-severe recurrent wheeze Severe asthma Non-severe asthma
(SRW) (NSRW) (SA) NSA

92 patients 49 patients 92 patients 115 patients






