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Abstract

Aim: The relationship between bronchiolitis and asthma is complex. We assessed
whether patients admitted to a paediatric intensive care unit (PICU) with bronchiolitis
had a greater risk of developing asthma than patients admitted to a paediatric ward.
Methods: We retrospectively included children under 1year of age, who were hospi-
talised for bronchiolitis for the first time at the University Hospital of Caen, France,
between 2010 and 2014. The children were divided into two groups: 89 were admit-
ted to the paediatric ward and 89 were admitted to the PICU. We wanted to assess
which group developed more asthma before 6years of age. The Global Initiative for
Asthma definition was used.

Results: The median age of the 178 children (55% boys) was 32 (interquartile range
19-56) days. We found that 35% of the PICU group and 19% of the ward group had
asthma at 6 years of age. The mean onset of symptoms was 3years earlier in the PICU
group than the ward group (p <0.01). Both these findings were significant.
Conclusion: The severity of the first episode of bronchiolitis increased the risk of
developing asthma symptoms. Regular follow-ups are suggested for infants admitted
to PICUs for bronchiolitis.
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1 | INTRODUCTION

The relationship between bronchiolitis and asthma is complex.
Bronchiolitis is sometimes considered a potential trigger for asthma but
has also been identified as an indicator of an underlying predisposition
to asthma development. Both hypotheses appear to be correct.! The
association between these two diseases can be explained by the inter-
action between predisposing factors to asthma and a trigger factor. The

major predisposing factors are a family history of asthma, bronchopul-
monary dysplasia, metabolites and genetic loci.?® A frequently reported
trigger factor is early exposure to the respiratory syncytial virus (RSV)
or rhinoviruses.*™® The functional characteristics of these trigger fac-
tors reveal the causative environments in which these predispositions
arise.” Predispositions to asthma become even more prevalent when
subjects are exposed to environments that foster vulnerability, such as
passive smoking, a mite-rich environment or obesity.®

Abbreviations: PICU, paediatric intensive care unit; RSV, respiratory syncytial virus.

The preliminary results of this study were presented during the French Paediatric Society Congress in May 2021.
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Studies have demonstrated that an early episode of bronchiolitis
increased the risk of developing asthmatic symptoms before é6years
of age, regardless of the specific virus that caused the infection.1°
The risk appeared to be greater in children who had bronchiolitis
that required hospitalisation.*

The severity of the disease is not the same among these hospital-
ised children. The less severely affected children go to conventional
wards, whereas the most severely affected children go to intensive
care units. Limited data exist on how this variation influenced the
risk of developing asthmatic symptoms.

Our main aim was to assess whether patients admitted to a PICU
faced a greater risk of developing asthma before 6years old than
patients admitted to a paediatric ward. The second aim was to eval-
uate the impact of the severity of the bronchiolitis on the timing of
the onset of asthma. We also assessed whether the possible risk of
developing asthma was related to the severity of the bronchiolitis
itself or to the care provided in the PICU.

2 | METHOD

2.1 | Design and settings

This 5-year retrospective study was carried out between 1 January
2010 and 31 December 2014 in the paediatric department of the
University Hospital of Caen, a tertiary care teaching hospital in
France. It was based on a telephone survey.

We included allinfants under 1 year of age who were hospitalised
in the paediatric department for their first episode of bronchiolitis
during the study period. Bronchiolitis was defined as the presence
of shortness of breath with cough, rapid breathing and either auscul-
tatory cracklings or wheezing.*?

Patients were retrospectively enrolled and their data were ob-
tained from the Department of Medical Information. Individuals
who met the inclusion criteria were allocated to the PICU group or
the ward group based on their hospitalisation unit.

Our paediatric department followed the guidelines outlined by the
French National Health Service.'? The indications for PICU manage-
ment were apnoea, a pH of less than 7.34, hypercapnia of more than
45 mmHg, respiratory exhaustion and a rapid increase in oxygen.

We did not include patients with an elevated risk of severe bron-
chiolitis. This was defined as haemodynamically significant or non-
haemodynamically significant congenital heart disease or those with
a history of birth before 37 weeks of gestation. Individuals with a his-
tory of bronchiolitis were also not included. Children whose parents

were unable to participate in our study were subsequently excluded.

2.2 | Ward group

The ward group was established through a 1:1 matching process with

patients from the PICU group. The matching criteria included the age

Key Notes

e This study assessed whether the severity of bronchi-
olitis influenced the development of asthma in 178
patients hospitalised between 2010 and 2014 for their
first episode of bronchiolitis.

e We found that 35% of the children admitted to the pae-
diatric intensive care unit (PICU), and 19% admitted to
the ward had asthma at 6 years of age.

e The mean onset of symptoms was 3years earlier in the

PICU group than in the ward group.

at admission, rounded to the two nearest weeks, sex, a family history
of atopy and the presence of the virus responsible for bronchiolitis.

Not all viruses were initially tested. Typically, infants who met
hospitalisation criteria in the emergency department underwent a
rapid diagnostic test for RSV. If the test was negative, the search was
expanded to other respiratory viruses using multiplex polymerase
chain reaction tests. We used three categories for virus pairing.
Patients with a single infection were paired with patients with the
same single infection. Those who were coinfected with the RSV/rhi-
novirus were paired with patients exhibiting the same coinfections
and categorised as RSV. Finally, those with a coinfection of RSV/
other or rhinovirus/other were paired with patients who also had an
RSV or rhinovirus, but the other virus was not considered.

We retrospectively extracted data from medical charts using a
predefined standardised form. The collected variables included age
and weight at admission, sex, personal history, a family history of
atopy and length of hospitalisation. We also recorded the need for
respiratory support, such as conventional oxygen therapy, a high-
flow nasal cannula, non-invasive ventilation or invasive ventilation.
The other variables were the need for enteral nutrition through a
nasogastric tube or intravenous hydration and exposure to tobacco
during and after pregnancy. Lastly, we recorded the respiratory vi-
ruses identified in the initial nasal virology.

We then contacted the parents and carried out a telephone
survey, to gather information on their child's respiratory status.
The objective was to determine whether an asthma diagnosis had
been between their hospital discharge and 6years of age. The
questionnaire (Appendix S1) was devised by two paediatric res-
pirologists (CA and JM) and the design and validity of the con-
tent were reviewed by experts in paediatric respiratory issues (BJ)
and paediatric intensive care (DB). The survey comprised eight
questions. Questions one, two and six were based on the asthma
screening questionnaire used by the French agency for the fight
against doping (Appendix S2). They are concerned with the search
for a diagnosis of asthma. Questions three, four and five came
from the questionnaire used by the International Study of Asthma
and Allergies in Childhood*® and related to respiratory symptoms

of asthma. We also included two questions about whether the
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children had responded to their treatment and exhibited asthma

symptoms before 6 years of age.

2.3 | Outcomes

The primary endpoint was parental reports of asthma diagnoses be-
fore 6years of age. Asthma was confirmed if it was diagnosed by a
doctor using The Global Initiative for Asthma definition. This was
recurrent episodes of wheezing, clinical improvement of shortness
of breath or repeated coughing following the use of a short-acting
bronchodilator.** The secondary endpoints were delays in the onset
of asthma symptoms and differences in patients who received PICU

care and then were, or were not, diagnosed with asthma.

2.4 | Statistical analysis

Since 2013, the prevalence of asthma in children under é years of age
in France has been approximately 11%.'> We needed 170 patients,
with 85 in each group, to detect at least a 17% difference between
them, with a power of 80% and an alpha risk of 5%. Descriptive data
were presented for all patients and compared between the groups.
In addition, we compared patients who were or were not diag-
nosed with asthma to identify differences in care. The quantitative
variables are presented as medians and interquartile range and the
qualitative variables as numbers and percentages. We compared the
PICU and ward groups using the Wilcoxon signed-rank test and the
McNemar's test. The Mann-Whitney U-test and Fisher's exact test
were used to compare those who were and were not diagnosed with
asthma.

Multivariable linear regressions were performed to determine
risk factors for 6-year-old children with asthma. According to the
literature, a family history of atopy, passive smoking and the severity
of bronchiolitis are clinically relevant variables in the development
of asthma in childhood. In the multivariable model, we followed a
backwards procedure with the qualified variables to determine the
independent risk factors associated with asthma.

We conducted a survival analysis with the Kaplan-Meier method
to assess the time to symptom onset by group. Survival analysis was
performed for the entire cohort and for three subgroups, based on
the subject's age at the time of their first hospital admission. These
comprised children under 1month, between 1 and 3months and
over 3months.

A significance level of p<0.05 was used. The statistical analy-
sis was conducted using RStudio software, version 2022.02.2+485
(RStudio Inc., Massachusetts, USA) and SAS software, version 9.4
(SAS Institute Inc., North Carolina, USA).

Ethical approval was granted by the local committee for ethics in
health research at the University Hospital of Caen (number 1521). A
letter was sent to the parents of the children who were eligible for
our study. They were informed of the use of anonymised data and of
their right to refuse to take part at any time.
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3 | RESULTS

During the study period, 1587 patients were hospitalised for acute
bronchiolitis, including 109 patients (7%) in the PICU. We excluded
20 patients from the PICU group, because we could not contact their
parents (Figure 1), and matched the remaining 89 patients with the
ward group. After matching, the median age of the 178 children (55%
boys) was 32 (interquartile range 19-56) days (Table 1). Significant
differences were found between the characteristics of the two
groups of 89 patients, as expected, such as the amount and duration
of care and how long they were hospitalised. Their weight at admis-
sion was also significantly different.

Table 2 shows that 35% of the PICU group and 19% of the ward
group had asthma at 6years of age (p=0.02). This difference was
significant. In Table 3, the multivariable linear regression analysis re-
vealed two significant risk factors for developing asthma following
the first occurrence of bronchiolitis before the age of one. One was
a family history of atopy, and the other was severe bronchiolitis re-
quiring admission to the PICU.

The survival analyses are presented in Figure 2. The log-rank test
showed that 65% of the PICU group experienced asthma symptoms
at éyears of age, compared with 52% of the ward group (p<0.01).
The mean time from the children's first hospitalisation to the onset
of symptoms was 2years in the PICU group and 5years in the ward
group, which was significant (p <0.01).

The subgroup analysis in Figure 3 revealed that the first and third
subgroups, under 1 month of age and over 3 months, were significantly
more likely to show asthma symptoms at 6 years of age if they were
admitted to the PICU rather than the ward. We found that 72% of
the PICU admissions under 1 month of age experienced asthma symp-
toms, compared with 50% admitted to the paediatric ward (p <0.01).
The mean time from the children's first hospitalisation to the onset of
symptoms was 2years for the PICU group and 5years for the ward
group (p<0.01). In the third subgroup, 82% of the PICU group over
3months of age developed asthma symptoms, compared with 40% of
the ward group (p <0.01). The mean time from the children's first hos-
pitalisation to the onset of symptoms was 1year for the PICU group
and more than 5years for the ward group (p <0.01). The second sub-
group, covering 1-3months of age, did not show any differences in
the rate of asthma symptoms between each unit or the mean time
from the children's first hospitalisation to the onset of symptoms.

Table 4 shows that 65% of patients with asthma have been
hospitalised in the PICU, compared with 45% of healthy patients
(p=0.03). There was a slightly greater rate of intubation in the asth-
matic patients, 15% versus 5% (p=0.02). However, the other types
and duration of respiratory support did not appear to impact the
development of asthma.

4 | DISCUSSION

This study showed that patients with severe bronchiolitis hospital-
ised in a PICU had a greater risk of developing preschool asthma
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FIGURE 1 Flowchart.
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than those with bronchiolitis hospitalised in a paediatric ward. The
increased risk of developing asthma before the age of 6 years ranged
from 4% to 27% after severe bronchiolitis. Our findings were con-
sistent with the literature despite the fact that most studies did not
distinguish between severe and moderate bronchiolitis. They re-
ported that 27-38% of children hospitalised for bronchiolitis before
1year of age developed asthma. '™’

Our multivariable linear regression included adjustments for the
three primary asthma risk factors outlined in the literature: family
history of atopy, passive smoking and the virus-causing bronchiol-
itis.'>*8-2! Other variables were excluded from the analysis. Foetal
exposure to tobacco is a risk factor for early bronchiolitis but is
not commonly associated with an increased risk of developing
asthma.?22% Age at onset of bronchiolitis was described as a risk
factor for asthma, but this was essentially linked to the presence of
familial atopy.?* Additionally, a child's weight and sex are highly vari-
able risk factors over time,” and their lack of linear evolution makes
them unreliable adjustment variables. Care-related variables, such
as the need for and duration of respiratory support, enteral nutrition
and intravenous hydration, are direct consequences of the severity
of bronchiolitis. Adjusting for these variables could obscure the ef-
fect of bronchiolitis severity on the risk of developing asthma.

We examined the potential influence of the care provided on the
development of asthma symptoms by comparing asthmatic and healthy
patients. While numerous studies have explored the short-?® and long-
term?® impact of neonatal ventilation on premature infants, there are

limited data on the impact of the ventilation of infants for acute respi-
ratory disease. We noticed no significant difference between the rates
of children who received supportive care and who did not. Our study
suggested that only the severity of bronchiolitis influenced the devel-
opment of asthmatic symptoms and not the care provided to manage
it. However, further studies are needed to verify this conclusion.

The onset of asthmatic symptoms occurred earlier in patients
with severe bronchiolitis than in those with moderate bronchiol-
itis. Our survival analyses revealed minimal variation in this median
within subgroups of the PICU group, while it tended to increase within
subgroups of the ward group. The association between the severity
of bronchiolitis and the risk of asthma aligned with findings from
Delacourt's systematic review. Children with severe bronchiolitis
who required hospitalisation had a greater risk of developing asthma
than did the general population, who were at least 10years old.?”” Our
study contributed to the understanding of this relationship between
age groups.

One notable finding was the substantial disparity between patients
diagnosed with asthma and those exhibiting symptoms. In the PICU
group, 35% of the children were diagnosed with asthma, whereas 64%
experienced asthma symptoms. In the ward group, 19% of patients
were diagnosed with asthma, whereas 52% had symptoms. These
differences may stem from the underdiagnosis of asthma before the
age of 6years. Which is attributed partly to the inherent challenges in
establishing the disease caused by the numerous potential differential

diagnoses for symptoms such as cough, dyspnoea and wheezing.28-%°
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TABLE 1 Patient characteristics. .
Paediatric ward group,

N=89 PICU group, N=89 p-value

Age at admission (d) 32 (19-57) 32 (19-54) 0.06
Male 49 (55) 49 (55) 1
Weight at admission (g) 4240 (3700-5050) 4020 (3470-4710) 0.03
Birth weight (g) 3280 (2920-3660) 3190 (2940-3580) 0.24
Prenatal smoking 15(17) 12 (14) 0.68
Passive smoking 33(37) 41 (46) 0.33
Family history of atopy 45 (51) 45 (51) 1
Respiratory virus

RVS 73(82) 73(82) 0.58

Rhinovirus 7 (8) 7 (8)

Other 9 (10) 9 (10)

Respiratory support 62 (70) 89 (100) <0.01

Invasive ventilation - 13 (15)

NIV - 49 (55)

HFNC - 13(15)

Conventional oxygen therapy 62 (70) 14 (16) <0.01
Respiratory support period (d) 4 (2-5) 7 (4-8) <0.01

Invasive ventilation - 5(4-6)

NIV - 4 (2-5)

HFNC - 3(1-4)

Conventional oxygen therapy 4 (2-5) 2 (1-3) <0.01
Nutrition by NGT 39 (44) 87 (97) <0.01
NGT period (d) 4 (3-6) 5(4-8) <0.01
Intravenous hydration 25(28) 68 (76) <0.01
Intravenous hydration period (d) 3(2-4) 4 (3-5) <0.01
Hospitalisation duration (d) 5(4-7) 8 (6-10) <0.01

Note: Variables are expressed as median (IQR) or as number (percentages).
Abbreviations: HFNC, high flow nasal cannula; NGT, nasogastric tube; NIV, non-invasive

ventilation.
TABLE 2 Questionnaire results. R PICU group,
group, N=89 N=89
N % N % p-valaues
Asthmatic patients 17 19 31 35 0.02
Patients with at least one symptom of asthma 46 52 57 64 0.13
1 symptom 24 27 24 27
2 symptoms 18 20 13 15
3 symptoms 4 5 20 22
Age at onset of symptomatology
0 to 1lyear 3 3 10 11 <0.01
1to 2vyears 5 6 27 30
2 to 3years 5 6 8 9
3 to4years 10 11 6 7
4 to 5years 9 10 3
5 to 6years 14 16 3 3
Treated patients 28 29 49 55 <0.01

Patients whose treatment has been effective 27 30 49 55 <0.01
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TABLE 3 Analysis of asthma risk factors.

Multivariate analysis

Absolute percentage

difference [95% Cl] p-value
Group

Paediatric ward - -

PICU +16% [+4% to +27%) <0.01
Passive smoking +6% [-9% to +22%] 0.43
Family history of +24% [+8 to +41%] <0.01
atopy
Virus at the PCR

RVS +14% [-3% to +22%] 0.10

Rhinovirus +6% [-8% to +17%] 0.36

Other +1% [-18% to +20%] 0.92

1.0
X?=9.11
08 - i =1 p<0.01
s
© 06 . 1 }
W ., [T f——— —
2 04 1 TR
z 1 P ——
A 02 ! !
b PICU group 1 1
s Ward group | i
0.0 - | |
T T T T 1 T
0 1 2 3 4 5 6

Time (years)

FIGURE 2 Survival analysis of asthma symptoms.

Our results indicated that the severity of bronchiolitis also impacted

these respiratory symptoms, whether related to asthma or not.

4.1 | Strengths and limitations
Our study was original, given the paucity of existing data on the dif-
ference between severe and moderate bronchiolitis.

Despite its monocentric design, compliance with French rec-
ommendations for the management of bronchiolitis means that our
results could be generalised to the whole of France. International
application would require evaluation of practices in other countries.

Through rigorous method and a large database on the main risk
factors for asthma, our results were strong and consistent with the
literature. They need to be confirmed given the lack of data on the
asthma phenotype of the children. A complete collection of data
from hospital discharge to the age of 6 years would enable us to bet-
ter characterise the difference between virus-induced asthma and
atopic asthma.

In addition to its retrospective design, this study had several lim-
itations. The diagnosis of asthma had been collected 6-10years after
the child's initial diagnosis of bronchiolitis, by a questionnaire. This
method introduced the risk of memory bias, and we lacked objective
results to validate parental statements.

[
o
©
—
T |
2 1 ‘
: = '
& 02 picu group ' '
—Ward group : :
00 1, T T T T i
0 1 2 3 4 5
Time (vears)
(A) Subgroup under one month
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08 p=0.34
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5 | i
» 02 __picu group 1 |
s Ward group . '
0.0 4 . '
T T T T T T
0 1 2 3 4 5
Time (vears)
(B) Subgroup one to three months
1.0 + X2=6.71
‘ p<0.01
0.8
[
o
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2 04
g
» 02 9 . PICU group L
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0.0 - !
T T T T T T
0 1 2 3 4 5

Time (vears)
(C) Subgroup over three months

FIGURE 3 Survival analysis of asthma symptoms (subgroups).

Lastly, our ward group was not completely representative of the
general population. Because we had filled in the necessary number
of subjects, only 10% of potentially eligible patients were included.
We chose four criteria for matching, the main risk factors for asthma,
which greatly reduced the number of possible matches. When a
PICU patient-matched several ward patients, the patient whose
date of hospitalisation was closest was selected. This was to ensure
that the care/environmental conditions were as similar as possible.
However, this method included a risk of selection bias. Matching the
patients based on the type of virus resulted in a significant imbal-
ance. As a result of this methodology and the diagnostic test used
in the emergency department, RSV was possibly overrepresented
(Appendix S3). However, it seems that rhinovirus is the main virus
responsible for the development of asthma following bronchiolitis.**

5 | CONCLUSION

This study assessed the impact of bronchiolitis severity on the de-
velopment of asthma symptoms before 6 years of age. It showed that
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TABLE 4 Asthmatic and non-asthmatic
patient characteristics.

Age at admission (d)
Male

Weight at admission (g)

Birth weight (g)
Prenatal smoking

Passive smoking

Family history of atopy

Respiratory virus
RSV
Rhinovirus

Other

Respiratory support

Invasive ventilation

NIV
HFNC

Conventional oxygen

therapy

Respiratory support period

(d)

Invasive ventilation

NIV
HENC

Conventional oxygen

therapy
Nutrition by NGT
NGT period (d)

Intravenous hydration

Intravenous hydration period

(d)

Hospitalisation duration (d)

Hospitalisation in PICU

ACTA PEDIATRICA RYVI e

Non-asthmatic patients, Asthmatic patients,

N=130 N=48 p-value
35 (19-54) 28 (19-63) 0.49
67 (52) 31 (65) <0.01

4105 (3605-4878)
3222 (2918-3608)

4210 (3565-5000) 0.23
3245 (2958-3665) 0.88

17 (13) 10 (21) <0.01
51(39) 23 (48) <0.01
57 (56) 33(69) <0.01
103 (79) 43 (90) 0.07
11(9) 3(6) <0.01
16 (12) 2 (4) <0.01
105 (81) 46 (96) 0.02
6(5) 7 (15) <0.01
34 (26) 15 (31) <0.01
9(7) 4(8) <0.01
56 (43) 20 (42) <0.01
4 (2-7) 5(3-7) 0.27
5(5-6) 6 (4-8) 0.61
3(2-5) 4 (2-4) 0.39
3(2-4) 1(1-2) 0.12
1(1-2) 2(1-4) 0.46
89 (69) 37(77) 0.73
4(0-6) 4(2-6) 0.80
66 (51) 27 (56) <0.01
2(0-3) 2(0-3) 0.41
6(5-9) 7 (5-8) 0.78
58 (45) 31 (65) <0.01

Note: Variables are expressed as median (IQR) or as number (percentages).

Abbreviations: HFNC, high flow nasal cannula; NGT, nasogastric tube; NIV, non-invasive

ventilation.

the more severe the bronchiolitis was, the more likely the child was
to develop asthmatic symptoms. In the asthmatic population, the
time lag between bronchiolitis and the onset of asthma symptoms
seemed to be shorter in those who had severe bronchiolitis.

Given the increased risk of developing asthma after severe bron-
chiolitis, regular follow-ups are suggested for infants hospitalised in
a PICU for bronchiolitis.

AUTHOR CONTRIBUTIONS

Cedric Agossah: Conceptualization; investigation; writing - origi-
nal draft; methodology; writing - review and editing; resources;
supervision; data curation; validation; visualization; project adminis-

tration; formal analysis; software. Julien Marie: Conceptualization;

writing - original draft; methodology; validation; resources. Yasmine
Bendoukha: Methodology; validation; software; formal analysis; data
curation. Cecile Vallet: Validation; writing - review and editing; re-
sources; methodology. Jacques Brouard: Conceptualization; method-
ology; validation; resources; writing - original draft. David Brossier:
Conceptualization; visualization; methodology; validation; writing - re-

view and editing; resources; supervision; writing - original draft.

FUNDING INFORMATION

This study did not receive any specific funding.

CONFLICT OF INTEREST STATEMENT
The authors have no conflicts of interest to declare.



ECBRYWARISE \C A P/EDIATRICA

AGOSSAH ET AL.

ORCID

Cedric Agossah
David Brossier

https://orcid.org/0000-0002-7190-2816
https://orcid.org/0000-0002-2059-9888

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

Jartti T, Mdkela MJ, Vanto T, Ruuskanen O. The link between bron-
chiolitis and asthma. Infect Dis Clin N Am. 2005;19:667-89.

Miller RL, Grayson MH, Strothman K. Advances in asthma: new
understandings of asthma's natural history, risk factors, underly-
ing mechanisms, and clinical management. J Allergy Clin Immunol.
2021;148:1430-41.

Ooka T, Zhu Z, Liang L, et al. Integrative genetics-metabolomics
analysis of infant bronchiolitis-childhood asthma link: a multicenter
prospective study. Front Immunol. 2023;13:1111723.

Makrinioti H, Hasegawa K, Lakoumentas J, et al. The role of respi-
ratory syncytial virus- and rhinovirus-induced bronchiolitis in re-
current wheeze and asthma-a systematic review and meta-analysis.
Pediatr Allergy Immunol. 2022;33:e13741.

Raita Y, Pérez-Losada M, Freishtat RJ, et al. Nasopharyngeal metatran-
scriptome profiles of infants with bronchiolitis and risk of childhood
asthma: a multicentre prospective study. Eur Respir J. 2022;60:2102293.
Orzotek |, Ambrozej D, Makrinioti H, Zhu Z, Jartti T, Feleszko W.
Severe bronchiolitis profiling as the first step towards prevention
of asthma. Allergol Immunopathol (Madr). 2023;51:99-107.
Beasley R, Semprini A, Mitchell EA. Risk factors for asthma: is pre-
vention possible? Lancet. 2015;386:1075-85.

Toskala E, Kennedy DW. Asthma risk factors. Int Forum Allergy
Rhinol. 2015;5(Suppl 1):511-S16.

Rinawi F, Kassis |, Tamir R, Kugelman A, Srugo |, Miron D.
Bronchiolitis in young infants: is it a risk factor for recurrent wheez-
ing in childhood? World J Pediatr. 2017;13:41-8.

Dutau G, Brémont F, Juchet A, Rancé F, Nouilhan P. De la bronchi-
olite a I'asthme (from bronchiolitis to asthma). Rev Fr d'allergologie
d'immunologie Clin. 1994;34:28-32.

Fujiogi M, Dumas O, Hasegawa K, Jartti T, Camargo CA. Identifying
and predicting severe bronchiolitis profiles at high risk for develop-
ing asthma: analysis of three prospective cohorts. eClinicalMedi-
cine. 2022;43:101257.

HAS. Prise en charge du premier épisode de bronchiolite aigue chez
le nourrisson de moins de 12 mois (management of the first episode
of acute bronchiolitis in infants under 12 months of age). https://
www.has-sante.fr/upload/docs/application/pdf/2019-11/hascn
pp__bronchiolite_argumentaire_2019_vd.pdf 2019.

Asher MI, Keil U, Anderson HR, et al. International study of asthma
and allergies in childhood (ISAAC): rationale and methods. Eur
Respir J. 1995;8:483-91.

Global Initiative for Asthma (GINA). Global strategy for asthma man-
agement and prevention. https://ginasthma.org/gina-reports/ 2022.
Santé publique France. Asthme (asthma). https://www.santepubli
quefrance.fr/maladies-et-traumatismes/maladies-et-infections-
respiratoires/asthme/donnees/#tabs 2020.

Carroll KN, Wu P, Gebretsadik T, et al. The severity-dependent re-
lationship of infant bronchiolitis on the risk and morbidity of early
childhood asthma. J Allergy Clin Immunol. 2009;123:1055-61.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Sznajder M, Stheneur C, Albonico V, et al. Respiratory development
of 5- to 6- year-old children experiencing a first bronchiolitis epi-
sode before age one. Allerg Immunol (Paris). 2005;37:392-6.
Sigurs N, Bjarnason R, Sigurbergsson F, Kjellman B. Respiratory
syncytial virus bronchiolitis in infancy is an important risk fac-
tor for asthma and allergy at age 7. Am J Respir Crit Care Med.
2000;161:1501-7.

Branddo HV, Vieira GO, Vieira TO, et al. Acute viral bronchiolitis
and risk of asthma in schoolchildren: analysis of a Brazilian newborn
cohort. J Pediatr. 2017;93:223-9.

Nenna R, Cutrera R, Frassanito A, et al. Modifiable risk factors as-
sociated with bronchiolitis. Ther Adv Respir Dis. 2017;11:393-401.
Kuruvilla ME, Vanijcharoenkarn K, Shih JA, Lee FEH. Epidemiology
and risk factors for asthma. Respir Med. 2019;149:16-22.

Balekian DS, Linnemann RW, Hasegawa K, Thadhani R, Camargo
CA. Cohort study of severe bronchiolitis during infancy and risk of
asthma by age 5years. J Allergy Clin Immunol Pract. 2017;5:92-6.
Pite H, Gaspar A, Morais-Almeida M. Preschool-age wheezing phe-
notypes and asthma persistence in adolescents. Allergy Asthma
Proc. 2016;37:231-41.

Clark AJ, Dong N, Roth T, Douglas LC. Factors associated with
asthma diagnosis within five years of a bronchiolitis hospitalization:
a retrospective cohort study in a high asthma prevalence popula-
tion. Hosp Pediatr. 2019;9:794-800.

Wang CM, Yang ST, Yang CC, et al. Maternal and neonatal risk
factors of asthma in children: Nationwide population based study.
Immunol Infect. 2023;56:182-91.

Di Filippo P, Dodi G, Di Pillo S, Chiarelli F, Attanasi M. Effect of
invasive mechanical ventilation at birth on lung function later in
childhood. Front Pediatr. 2022;10:1-8.

Delacourt C. De la bronchiolite a l'asthme (from bronchiolitis to
asthma). Arch Pediatr. 2002;9:372-6.

Aaron SD, Boulet LP, Reddel HK, Gershon AS. Underdiagnosis
and Overdiagnosis of asthma. Am J Respir Crit Care Med.
2018;198:1012-20.

Yang CL, Gaffin JM, Radhakrishnan D. Question 3: can we diagnose
asthma in children under the age of 5years? Paediatr Respir Rev.
2019;29:25-30.

Chou EY, Pelz BJ, Chiu AM, Soung PJ. All that wheezes is not asthma
or bronchiolitis. Crit Care Clin. 2022;38:213-29.

SUPPORTING INFORMATION
Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Agossah C, Marie J, Bendoukha Y,
Vallet C, Brouard J, Brossier D. The severity of the first
occurrence of bronchiolitis increased the risk of developing
asthma symptoms. Acta Paediatr. 2025;114:1283-1290.
https://doi.org/10.1111/apa.17565



https://orcid.org/0000-0002-7190-2816
https://orcid.org/0000-0002-7190-2816
https://orcid.org/0000-0002-2059-9888
https://orcid.org/0000-0002-2059-9888
https://www.has-sante.fr/upload/docs/application/pdf/2019-11/hascnpp__bronchiolite_argumentaire_2019_vd.pdf
https://www.has-sante.fr/upload/docs/application/pdf/2019-11/hascnpp__bronchiolite_argumentaire_2019_vd.pdf
https://www.has-sante.fr/upload/docs/application/pdf/2019-11/hascnpp__bronchiolite_argumentaire_2019_vd.pdf
https://ginasthma.org/gina-reports/
https://www.santepubliquefrance.fr/maladies-et-traumatismes/maladies-et-infections-respiratoires/asthme/donnees/#tabs
https://www.santepubliquefrance.fr/maladies-et-traumatismes/maladies-et-infections-respiratoires/asthme/donnees/#tabs
https://www.santepubliquefrance.fr/maladies-et-traumatismes/maladies-et-infections-respiratoires/asthme/donnees/#tabs
https://doi.org/10.1111/apa.17565

	The severity of the first occurrence of bronchiolitis increased the risk of developing asthma symptoms
	Abstract
	1  |  INTRODUCTION
	2  |  METHOD
	2.1  |  Design and settings
	2.2  |  Ward group
	2.3  |  Outcomes
	2.4  |  Statistical analysis

	3  |  RESULTS
	4  |  DISCUSSION
	4.1  |  Strengths and limitations

	5  |  CONCLUSION
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	ORCID
	REFERENCES


