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To the Editor:

Severe asthma (SA) affects less than 5% of the pediatric asthma population but is considered to account for
approximately half of total pediatric asthma healthcare costs. Allergic comorbidities, including food allergies
(FA) and allergic rhinitis (AR), are frequent in children with SA (1). The presence of FA and AR increases
asthma severity (1-6) and medication use (4—6). Treating AR improves asthma symptoms (3). However, the
economic burden of allergic comorbidities in children with SA has been poorly studied. We aimed to quantify
the costs associated with management of allergic comorbidities in children with severe asthma, and to
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compare such costs in children with severe and non-severe asthma (NSA). Children with SA, defined as those
requiring step 4 or 5 of treatment of the Global Initiative for Asthma (GINA), regularly followed in the
Department of Pediatric Pulmonology of Necker Hospital were included as previously described (7).
Participants were consecutively recruited during outpatient visits between May 1, 2018 and October 30,
2018. The diagnosis of SA, FA, or AR was made by a physician according to guidelines (8-10). A physician-
guided questionnaire was completed with parents to assess individual expenditures related to asthma and
allergic comorbidities in the previous six months. Parental claims were confirmed by analysis of the medical
records. The methods are detailed elsewhere (7). First, we determined the direct, indirect, and global costs of
SA over a six-month period (7) (see Supplemental information and Supplemental Table 1) and then assessed
the allergy-related costs. This included anti-allergic medications (oral antihistamines, steroid nasal sprays,
anti-allergic eye drops, adrenaline autoinjectors, and allergen immunotherapy), anti-Igk treatment, scheduled
ambulatory or hospital outpatient visits to an allergist, pulmonologist, ophthalmologist, or dermatologist, skin
tests, blood tests for allergy-specific IgE, and day care unit (DCU) admissions for oral food challenge (OFC) (7).
Categorical variables are expressed as absolute and relative frequencies and continuous variables as means
and confidence intervals. The 95% confidence intervals (95%Cl) were estimated by the bootstrapping method.
Analyses were performed using R Statistical Software version 4.0.3 and the boot package (11). We computed
the mean for each variable and subgroup using the ordinary bootstrap method with 1,000 repetitions and its
bootstrapped 95%Cl using the percentile method (12). Parents were informed and accepted to participate in

the study. The local ethical committee confirmed that Institutional Review Board approval was not required.

Forty-eight children with SA and 26 with NSA were included. Their general characteristics are summarized in
Table 1. The mean overall cost of SA was €3,982.00 over the six-month study period (7). For children with
allergic SA, the mean cost attributed to allergic comorbidities was €2,803.00 representing 48.1% of the direct
SA costs and 45.8% of the global SA costs (Supplemental figure 1). The mean global and direct costs of SA
were higher for children with allergic comorbidities than for those without (€4,645.95 vs. €1,076.26, p = 0.02;
€4,477.08 vs. €944.71 p = 0.01; respectively) (Table 2). However, these figures partially reflect the actual
economic contribution of allergic comorbidities in children with allergic SA. For those requiring omalizumab,
the economic burden of allergic comorbidities was €5,057.00 representing 74.1% of direct SA costs and 71.6%
of global SA costs. In this group, omalizumab was the main driver of costs, representing 73.6% of direct SA
costs and 71.5% of global SA costs. For children with allergic SA not requiring omalizumab, the economic

burden of allergic comorbidities was €174.50 representing 17.8% of direct SA costs and 15.8% of global SA
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costs (Supplemental figure 1). When the cost of omalizumab was not taken into consideration, the economic
burden of allergic comorbidities was not significantly different between children with allergic SA requiring
omalizumab vs. those who did not (€153.30 vs. €174.50, p = 0.99). Moreover, when costs related to
omalizumab treatment were excluded, the mean global and direct costs of SA for children with allergic
comorbidities were not significantly different from those without (€2,006.00 vs. €950.70, p = 0.43 and
€1,837.00 vs. €819.10, p = 0.28, respectively). However, the burden of allergic comorbidities expressed as a
percentage of direct and global SA costs was lower for children with SA requiring omalizumab than those who

did not (3% vs. 17.8%, p < 0.01 and 2.9% vs. 15.8%, p < 0.01, respectively).

Global, direct, and indirect costs did not differ between children with NSA, with or without allergic
comorbidity (Table 3). For children with allergic NSA, the mean cost of allergic comorbidities was €139.57,
representing 40.8% of the asthma direct costs and 34.7 % of the asthma global costs (Supplemental figure 1).
Thus, regardless of omalizumab use, the difference between the mean cost of allergic comorbidities for
children with allergic SA and that for those with allergic NSA was not statistically significant (€163.11 vs.
€139.57, p = 0.19). However, the economic burden of allergic comorbidities was greater for children with NSA
than those with SA: 40.8% vs 9.8% of direct costs and 34.7% vs. 8.9% of global costs, respectively (both p <
0.01). Finally, the economic burden of allergic comorbidities was not significantly different between children

with allergic SA not requiring omalizumab and those with allergic NSA (€174.50 vs. €139.57, p = 0.29).

This study shows that the costs attributed to allergic comorbidities for children with SA are substantial and
mostly driven by omalizumab but are minor when omalizumab is not taken into account. The economic
burden of allergic comorbidities was not significantly different between children with allergic SA not requiring
omalizumab and those with allergic NSA. The global and direct costs of children with allergic SA were higher
than those of children with non-allergic SA. This finding confirms that the presence of allergic comorbidities
increases the costs of asthma management (13). Our study had several limitations. Only a small number of
children were included. However, we included children with well-defined doctor-confirmed SA, with and
without omalizumab, reflecting the heterogeneity of this population. The burden of allergic comorbidities
may be misestimated particularly in children with SA under omalizumab. This treatment may improve allergic
symptoms such as those of allergic rhinitis, and thus reduce the use of H1l-antihistamines or local
corticosteroids and affect the number of consultation to allergist or ENT. The cost of omalizumab is

substantial, thus omalizumab increases the economic burden of the treatment in children with SA. On the
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other hand, our results may provide a real-life picture of the economic burden of allergic comorbidities in this
heterogenous group. In addition, our study was performed in a tertiary-care center. Thus, the children with
NSA may not be representative of community children. This may bias the estimation because allergic
comorbidities may have been more frequently assessed in a tertiary center than in ambulatory settings, and
management may differ, including the prescription of allergen immunotherapy. Our estimation was based on
parental declarations, with a potential memory bias and a risk of misestimation of certain expenditures. We
limited this risk by analyzing the medical records, which confirmed the parental claims. The best design would
have been to obtain the data of children selected by a physician from the NHI. However, this approach is
rarely authorized in France. Moreover, the study covered a short period of time including winter and two
months of spring, which may lead to underestimation of costs related to seasonal allergy treatments. In
addition, the number of children under allergen immunotherapy was small (1 in the group of children with
allergic SA vs. 4 children with allergic NSA (p = 0.03)). Finally, one limitation of our study is that the

uncertainty associated with each item may induce misestimation of costs.

In summary, this study is the first to precisely analyze the proportion of costs attributed to allergic
comorbidities in pediatric SA. As expected, allergy-related costs are mainly driven by omalizumab. However,
for children with allergic SA who do not require omalizumab, the economic contribution of allergic

comorbidities to SA costs is relatively small.
The authors declare they have no conflicts of interest.
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Table 1. General characteristics of children with SA according to allergy status.

Characteristics SA Allergic SA Non allergic SA P
n 48 39 9
Gender
Male/female 30/18 25 5 0.65
Age (years) 13.4 [10.73 - 16.18] 14.30 [11.00 - 16.40] 11.30 [8.75 - 13.75] 0.03
BMI (kg/mz) 19.37 [17.14 - 21.91] 19.95[17.12 - 22.32] 18.08 [16.94 - 19.60] 0.16
Comorbid diseases
Atopic dermatitis 15 (31.2%) 15 (38.5%) 0 (0) 0.02
Food allergy 8 (16.6%) 8 (20.5%) 0(0) 0.14
Allergic rhinitis+/-conjonctivitis 37 (77%) 37 (95%) 0(0) <0.01
Nasal polyps 1(2.1%) 1(2.5%) 0(0) 0.67
Sinusitis 3 (6.3%) 3(7.7%) 0(0) 0.41
Gastroesophageal reflux disease 14 (29.1%) 13 (33.3%) 1(11.1%) 0.19
Obstructive sleep apnea syndrome 1(2.1%) 1(2.5%) 0(0) 0.67
1 allergic comorbidity 24 (50%) 24 (61.5%)
2 allergic comorbidities 11 (22.9%) 11 (28.2%)
3 allergic comorbidities 4 (8.3%) 4 (10.3%)
Influenza vaccination, n (%) 21 (43.7%) 18 (46.1%) 3 (33.3%) 0.49

Utilization of treatments
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Dose of ICS (ug/d flu eq.)

LABA, n (%)

Nebulization for maintenance treatment,
n (%)

Leukotriene antagonist, n (%)

Long term antibiotic treatment, n (%)

Anti-Ig E, n (%)

Allergen Immunotherapy, n (%)
Rehabilitation, n (%)
Patients having outpatient clinical and
laboratory tests, n (%)

Spirometry

At hospital

In ambulatory

skin test for allergy

blood test for allergy-specific IgE

chest X-ray

ENT endoscopy

pHmetry

Emergency department visit, n (%)

500 [500-500]

42 (87.5%)

7 (14.6%)

26 (54.1%)
3 (6.3%)
22 (45.8%)
1(2.1%)
2 (4.2%)

35 (72.9%)
35 (72.9%)
1(2.1%)
12 (25%)
15 (31.2%)
6 (12.5%)
4 (8.4%)
2 (4.2%)
11 (22.9%)
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500 [500-500]

34 (87.1%)

5(12.8%)

20 (51.3%)
2 (5.1%)
21 (53.8%)
1(2.5%)
1(2.5%)

28 (71.8%)
28 (71.8%)
1(2.5%)
10 (25.6%)
13 (33.3%)
5 (12.8%)
4(10.2%)
2 (5.1%)
10 (25.6%)

500 [450-500]

8 (88.8%)

2 (22.2%)

6 (66.6%)
1(11.1%)
1(11.1%)
0 (0)
1(11.1%)

7 (77.7%)
7 (77.7%)
0 (0)

2 (22.2%)
2 (22.2%)
1(11.1%)
0(0)
0(0)
1(11.1%)

0.54
0.91

0.49

0.41
0.53
0.02
0.66
0.27

0.73
0.73
0.67
0.85
0.53
0.90
0.33
0.51
0.36



Emergency department visit per patient
Day Care Unit admission, n (%)
Hospitalization, n (%)
in emergency unit
in pulmonology unit
Urgent (unscheduled) physician visit in
ambulatory, n (%)
Scheduled physician visit, n (%)
Hospital outpatient visit
To pulmonologist/allergist
To ENT specialist
To dermatologist
To ophtalmologist
Ambulatory visit
To general practitioner
To pediatrician
To pulmonologist
To allergist
To ENT specialist

To dermatologist

0.81 (39/48)
3 (6.3%)
4 (8.4%)
2 (4.2%)
2 (4.2%)

21 (43.7%)

43 (89.6%)
4 (8.4%)
2 (4.2%)
1(2.1%)

6 (12.5%)
4 (8.4%)
4 (8.4%)
1(2.1%)
5 (10.4%)
0(0)
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0.95 (37/39)
3(7.7%)
3(7.7%)
1(2.5%)

2 (5.1%)

18 (46.1%)

34 (87.1)
4 (10.2%)
2 (5.1%)
1(2.5%)

4 (10.2%)

3(7.7%)

4(10.2%)

1(2.5%)

4(10.2%)
0 (0)

0.22 (2/9)
0(0)
1(11.1%)
1(11.1%)
0(0)

3(33.3%)

9 (100%)
0 (0)
0 (0)
0 (0)

2 (22.2%)
1(11.1%)
0 (0)
0(0)
1(11.1%)
0 (0)

0.41
0.76
0.27
0.51

0.49

0.27
0.33
0.51
0.67

0.34
0.76
0.33
0.67
0.96



To ophtalmologist 1(2.1%) 1(2.5%) 0(0) 0.67

SA: severe asthma, NSA: non-severe asthma, BMI: body mass index, ICS: inhaled corticosteroids, pg/d flu eq: pg/day in fluticasone equivalent,

LABA: long-acting beta-2 agonist, ENT: ear nose throat

Categorical variables are expressed as absolute and relative frequencies and continuous variables as medians and quartiles. The 95%

confidence intervals (95%Cl) were estimated.
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Table 2. Estimated costs (€) for children with SA according to allergy status during the six-month study period

Allergic SA (n = 39) Non allergic SA (n =9) p*
Mean Mean
Direct costs
[95% CI] [95% ClI]

2,967.04 [1,877.92-

Medications 430.19 [208.93-758.51] 0.06
4,280.15]

46.15 [19.15-81.40]

Anti-allergic medications 0 [0-0] <0.01
Oral antihistamines 5.41 [4.18-6.68] 0 [0-0] <0.01
Steroid nasal sprays 5.10 [3.68-6.60] 0 [0-0] <0.01
Anti-allergic eye drops 1.00 [0.39-1.80] 0 [0-0] 0.056
Adrenaline autoinjectors 23.26 [3.55-49.82] 0 [0-0] 0.27
Allergen immunotherapy 11.52 [0.00-34.55] 0 [0-0] 0.67

Asthma Rescue treatment

SABA (MDI or DPI) 22.76 [17.29-28.70] 7.67 [6.06-9.20] <0.01
SABA (nebulizer solution) 18.66 [5.02-38.52] 8.09 [1.67-17.08] 0.91
Ipratropium bromide in nebulizer

4.65 [0.40-10.92] 6.14 [0.00-18.41] 0.83

solution
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Oral corticosteroids

Asthma Maintenance treatment
Inhaled corticosteroid (+LABA)
treatment (MDI, DPI)

Inhaled corticosteroid (nebulizer

solution)

Leukotriene modifiers

Long-term antibiotic treatment

Anti-Ig E

Influenza vaccination

Medical devices @

Urgent (unscheduled) physician visit in

ambulatory

Scheduled physician visits
Hospital outpatient visits

To pulmonologist/allergist

To ENT specialist

To dermatologist

5.48 [3.95-7.06]

127.48 [104.85-148.81]

34.40[10.32-63.55]

42.27 [28.56-56.36]
2.13 [0.00-5.81]
2,640.38 [1,582.43-
3,921.76]

4.67 [3.11-6.22]

58.87 [31.56-87.10]

39.74 [21.15-64.10]

82.67 [65.39-100.36]

58.00 [44.09-72.92]

52.26 [39.44-65.79]
2.87 [0.72-5.74]
1.44 [0.00-3.59]
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2.94 [2.14-3.74]

111.72 [76.54-146.46]

42.76 [0.00-112.72]

62.71 [31.36-92.42]
4.64 [0.00-13.91]

156.43 [0.00-469.29]

3.37 [0.00-6.74]

0 [0-0]

22.22 [0.00-44.44]

64.89 [37.00-92.99]
43.33 [28.00-58.67]
43.33 [28.00-58.67]
0 [0-0]
0 [0-0]

0.23

0.89

0.93

0.17
0.53

0.02

0.50

<0.01

0.49

0.41
0.48
0.76
0.33
0.52



To ophtalmologist
Ambulatory visits

To general practitioner

To pediatrician

To pulmonologist

To allergist

To ENT specialist

To dermatologist

To ophtalmologist

Outpatient Clinical and Laboratory

tests

spirometry

skin test for allergy

blood test for allergy-specific IgE

chest X-rays
ENT endoscopy
pHmetry

Day care unit admissions
Emergency department visits

Hospitalizations

0.72 [0.00-2.15]
24.67 [11.88-39.18]
7.05 [0.64-16.67]
4.72 [0.00-11.79]
5.51 [1.23-11.03]
1.23 [0.00-3.69]
4.92 [1.23-9.85]
0 [0-0]

1.23 [0.00-3.69]

119.87 [88.01-149.78

73.06 [55.20-90.92]
7.38 [2.95-11.82]
27.68 [14.90-40.45]
4.37[0.55-8.73]
2.95 [0.74-5.91]
4.43 [0.00-11.08]
126.18 [0.00-281.31]
621.41 [235.13-1,158.85]
73.58 [0.00-180.50]
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0 [0-0]
21.56 [5.33-40.56]
11.11 [0.00-27.78]
5.11 [0.00-15.33]

0 [0-0]

0 [0-0]

5.33 [0.00-16.00]
0 [0-0]
0 [0-0]

65.68 [37.54-100.86]

63.32 [35.18-98.50]
0 [0-0]
0 [0-0]
2.36 [0.00-7.09]
0 [0-0]
0 [0-0]
0 [0-0]
145.56 [0.00-436.67]
57.94 [0.00-173.82]

0.67
0.84
0.36
0.76
0.33
0.67
0.96

0.67

0.50

0.65
0.57
0.53
0.87
0.33
0.52
0.41
0.34
0.68



in emergency unit

in pulmonology unit
Rehabilitation
Management of

allergic comorbidities”

Total

13.37 [0.00-40.11]

60.21 [0.00-163.90]

387.72[0.00-1,163.17]

2,803.00 [146.3-5135]

4,477.08 [3,065.53-
5,978.44]

57.94 [0.00-173.82]

Indirect costs

Asthma-related School loss (days)

Asthma-related work loss of the father

(€)

Asthma-related work loss of the father

(days)

Asthma-related work loss of the

mother (€)

Asthma-related work loss of the

mother (days)

13.87 [7.49-22.33]

94.87 [39.85-165.08]

1.28 [0.54-2.23]

74.00 [41.74-117.64]

1.00 [0.56-1.59]
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0.27
0 [0-0] 0.52
158.23 [0.00-474.68] 0.29
0 [0-0] <0.01
944.71 [336.24-1,836.08] 0.01

3.67 [1.89-5.56]
0.29
41.11 [0.00-98.67] 0.56

0.56 [0.00-1.33]
0.56

90.44 [16.44-205.56]

0.99

1.22 [0.22-2.78]
0.99



Total 168.87 [92.97-267.54] 131.56 [16.44-312.44] 0.52

4,645.95 [3,169.12-
Global Costs = Direct + Indirect costs | 1,076.26 [481.97-1,888.65] 0.02
6,235.34

SA: severe asthma, DPI: dry powder inhaler, MDI: metered dose inhaler, SABA: short-acting beta-2 agonist, LABA: long-acting beta-2 agonist,
a inhalation chamber, peak flow meter and nebulizer, ENT: ear nose throat, ~: The costs resulting from the management of allergic comorbidities
include the costs related to anti-allergic medications (oral antihistamines, steroid nasal sprays, anti-allergic eye drops, adrenaline autoinjectors,
and allergen immunotherapy), anti-IgE treatment, scheduled ambulatory or hospital outpatient visits to an allergist, pulmonologist,
ophthalmologist, or dermatologist, skin tests, blood tests for allergy-specific IgE, and day care unit (DCU) admissions for oral food challenge
(OFC).

* Mann Whitney U

Categorical variables are expressed as absolute and relative frequencies and continuous variables as means and confidence intervals. The 95% confidence

intervals (95%Cl) were estimated by the bootstrapping method.
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Table 3. General characteristics and estimated costs (€) for children with NSA according to allergy status during the six-month study

period
Allergic NSA Non allergic NSA p*
Characteristics
n 14 12
Comorbid diseases
Atopic dermatitis 5(35.7%) 0 (0)
Food allergy 3(21.4%) 0(0)
Allergic rhinitis+/-conjonctivitis 13 (92.8%) 0(0)
1 allergic comorbidity 8 (57.1%)
2 allergic comorbidities 5(35.7%)
3 allergic comorbidities 1(7.1%)
Mean Mean
Direct costs
[95% CI] [95% ClI]
Medications 160.18 [74.67-276.59] 86.49 [48.86-132.97] 0.49
Anti-allergic medications 76.29 [6.85-178.68] 0 [0-0] <0.01
Oral antihistamines 4,11 [2.21-6.01] 0 [0-0] <0.01
Steroid nasal sprays 2.37 [0.83-4.22] 0 [0-0] <0.01
Anti-allergic eye drops 0.10[0.00-0.29] 0 [0-0] 0.36
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Adrenaline autoinjectors
Allergen immunotherapy
Asthma Rescue treatment
SABA (MDI or DPI)
SABA (nebulizer solution)

Ipratropium bromide in nebulizer

Oral corticosteroids
Asthma Maintenance treatment

Inhaled corticosteroid (+ LABA)

treatment (MDI, DPI)

Inhaled corticosteroid (nebulizer

solution)

Leukotriene modifiers

Long-term antibiotic treatment
Influenza vaccination

Medical devices @

Urgent (unscheduled) physician visit in

ambulatory
Scheduled physician visits
Hospital outpatient visits
To pulmonologist/allergist

To ENT specialist

10.65 [0.00-37.75]
59.85 [2.03-141.41]

6.93 [4.61-9.43]
0.83 [0.00-2.48]
0 [0-0]
2.01 [0.80-3.55]

67.26 [36.07-103.79]

0 [0-0]

0 [0-0]

0 [0-0]
4.33 [1.46-7.22]
1.89 [0.00-3.79]

0 [0-0]

52.00 [31.15-72.85]

27.86 [14.00-47.71]

25.86 [14.00-41.71]
0 [0-0]

This article is protected by copyright. All rights reserved

0 [0-0]
0 [0-0]

5.93 [4.27-7.73]
0 [0-0]
0 [0-0]
1.40 [0.60-2.20]

60.54 [35.96-86.46]

0 [0-0]

16.09 [0.00-39.61]
0 [0-0]

2.53 [0.00-5.05]

2.21[0.02-4.42]

4.17 [0.00-10.42]

29.42 [19.34-39.00]

23.33 [14.00-35.00]

23.33 [14.00-35.00]
0 [0-0]

0.38
0.054

0.79
0.37

0.87

0.92

0.13

0.37

0.86

0.13

0.14
0.98
0.98



To dermatologist
To ophtalmologist
Ambulatory visits
To general practitioner
To pediatrician
To pulmonologist
To allergist
To ENT specialist
To dermatologist
Outpatient Clinical and Laboratory
tests
spirometry
skin test for allergy
blood test for allergy-specific IgE
chest X-rays
ENT endoscopy
pHmetry
Day care unit admissions
Emergency department visits

Hospitalizations

2.00 [0.00-6.00]
0 [0-0]

24.14 [11.93-39.21]
5.36 [0.00-14.29]
0 [0-0]

0 [0-0]

11.93 [0.00-25.50]
6.86 [0.00-17.14]
0 [0-0]

54.46 [24.26-93.45]

36.18 [18.09-58.80]
12.34 [4.11-20.57]
5.93 [0.00-17.79]

0 [0-0]
0 [0-0]
0 [0-0]
0 [0-0]
0 [0-0]
37.25 [0.00-111.74]
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0 [0-0]
0 [0-0]

6.08 [0.00-14.25]
2.08 [0.00-6.25]
0 [0-0]

0 [0-0]

0 [0-0]

4.00 [0.00-12.00]
0 [0-0]

52.77 [26.38-79.15]

52.77 [26.38-79.15]
0 [0-0]
0 [0-0]
0 [0-0]
0 [0-0]
0 [0-0]
0 [0-0]

109.17 [0.00-327.50]

0 [0-0]

0.059
0.64

0.11

0.75

0.35
0.01
0.39

0.32
0.39



37.25[0.00-111.74]

in emergency unit 0 [0-0] 0.39
in pulmonology unit 0 [0-0] 0 [0-0]
Rehabilitation 0 [0-0] 0 [0-0]
Management of
139.57 [44.96-278.64] 0 [0-0] <0.01
allergic comorbidities”
284.22 [143.35-
Total 305.78 [163.16-471.01] 0.86
511.07]
Indirect costs
1.57 [0.71-2.64]
Asthma-related School loss (days) 1.58 [0.71-2.75] 0.61
Asthma-related work loss of the father 31.71 [0.00-74.00]
18.50 [0.00-37.00] 0.97
(€)
Asthma-related work loss of the father 0.43 [0.00-1.00] 0.25 [0.00-0.50]
0.97
(days)
Asthma-related work loss of the 31.71[5.29-63.43] 49.33 [18.50-80.17]
0.36
mother (€)
Asthma-related work loss of the 0.43 [0.07-0.86] 0.67 [0.25-1.08]
0.36
mother (days)
Total 63.43 [15.86-121.57] 67.83 [30.83-104.83] 0.86
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352.05 [195.74-
Global Costs = Direct + Indirect costs 369.21 [202.73-547.35] ] 0.98
577.62

NSA: non severe asthma, DPI: dry powder inhaler, MDI: metered dose inhaler, SABA: short-acting beta-2 agonist, LABA: long-acting beta-2
agonist, ¢ inhalation chamber, peak flow meter and nebulizer, ENT: ear nose throat, ~: The costs resulting from the management of allergic
comorbidities include the costs related to anti-allergic medications (oral antihistamines, steroid nasal sprays, anti-allergic eye drops, adrenaline
autoinjectors, and allergen immunotherapy), anti-IgE treatment, scheduled ambulatory or hospital outpatient visits to an allergist, pulmonologist,
ophthalmologist, or dermatologist, skin tests, blood tests for allergy-specific IgE, and day care unit (DCU) admissions for oral food challenge
(OFC).

* Mann Whitney U

Categorical variables are expressed as absolute and relative frequencies and continuous variables as means and confidence intervals. The 95% confidence

intervals (95%Cl) were estimated by the bootstrapping method.
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