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Key messages:

e In a cohort of children (age <2 years) hospitalized for bronchiolitis in Finland, severe
bronchiolitis profiles identified by a clustering approach were differentially associated with
childhood asthma evaluated both 4 and 7 years later.

e The highest risk of childhood asthma was observed in children with ‘profile A’
bronchiolitis, characterized by history of wheezing and eczema; wheezing during acute

illness; and rhinovirus infection.

Capsule summary:
A bronchiolitis profile characterized by history of wheezing and eczema, wheezing during acute

illness, and rhinovirus infection had highest risk of childhood asthma.
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ABSTRACT

Background: Recent studies support the existence of several entities under the clinical
diagnosis of “bronchiolitis”. Among infants with severe bronchiolitis, distinct profiles have
been differentially associated with development of recurrent wheezing by age 3 years.
However, their associations with actual asthma remain unclear.

Objectives: To study the association between severe bronchiolitis profiles identified by a
clustering approach and childhood asthma.

Methods: Among 408 children (age <2 years) hospitalized with bronchiolitis in Finland (2008-
2010), latent class analysis identified three severe bronchiolitis profiles: profile A (47%),
characterized by history of wheezing/eczema, wheezing during acute illness and rhinovirus
infection; profile BC (38%), characterized by severe illness and RSV infection; and profile D
(15%), the least severely ill group including mostly children without wheezing and with
rhinovirus infection. Children were followed by questionnaire 4 years later (86%, n=348) and
through a nationwide social insurance database 7 years later (99%, n=403). Current asthma at
4- and 7-year follow-ups was defined by regular use (parental report and medical records) or
purchase (social insurance database) of asthma control medication.

Results: Compared with profile BC, we observed increased risk of current asthma associated
with profile A both at 4-year follow-up (age- and sex-adjusted odds ratio, 2.42; 95%CI: 1.23-
4.75) and at 7-year follow-up (3.14; 1.33-7.42). No significant difference in asthma risk was
observed between profile D and profile BC.

Conclusion: These longitudinal results provide further support for an association between a
distinct severe bronchiolitis profile (characterized by history of wheezing/eczema and
rhinovirus infection) and risk of developing childhood asthma.
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INTRODUCTION

Severe bronchiolitis, most commonly caused by respiratory syncytial virus (RSV) or rhinovirus,
is a leading cause of hospitalization in the first years of life.? Besides its considerable acute
burden, severe bronchiolitis is a risk factor for development of respiratory diseases in childhood
such as recurrent wheezing and/or asthma.? Studies in various countries have reported that 20%
to 30% of infants hospitalized for bronchiolitis (severe bronchiolitis) later develop wheezing or
asthma, with higher proportion among those with rhinovirus or non-RSV bronchiolitis.®™
However, among children with severe bronchiolitis, those with increased risk of asthma
development remain incompletely characterized.

Recent studies support the existence of several entities under the clinical diagnosis of
“pronchiolitis”, which may be differentially associated with long-term respiratory outcomes.®-
% Hypothesis-free statistical clustering approaches, such as latent class analysis (LCA), are
increasingly used to address phenotypic heterogeneity in respiratory research!®-12 and have been
applied recently to characterize distinct clinical profiles of severe bronchiolitis.”**%° In a
prospective, multicenter cohort study of 408 children hospitalized with bronchiolitis in Finland
(30" Multicenter Airway Research Collaboration [MARC-30] Finland), we previously
identified three severe bronchiolitis profiles using LCA. The profiles were labelled ‘A, ‘BC’
and ‘D’, to match with profiles identified in a similar cohort in the US (MARC-30 US, four
profiles identified: ‘A’, ‘B’, ‘C’ and ‘D’). Briefly, profile A was characterized by history of
wheezing, history of eczema, wheezing at the emergency department (ED) presentation, and
rhinovirus infection. Profile BC was characterized by more severe illness (as measured by
inadequate oral intake, hospital length of stay >3 days) and RSV infection. Profile D was the
least severely ill group and included mostly children without wheezing at ED presentation and

who tended to have rhinovirus infection.



The viral etiology, an important component of the profiles and strong determinant of risk of
developing asthma, differs by geographic region, with a higher prevalence of rhinovirus
infection in Finland than in the US.**1%17 Despite these differences, similar severe bronchiolitis
profiles were identified in the Finnish study and in two multicenter studies of children
hospitalized for bronchiolitis in the US (MARC-30 and MARC-35).”13 Among US infants, the
distinct bronchiolitis profiles were differentially associated with development of recurrent
wheezing by age 3 years.” However, their associations with actual asthma require further
investigation.

In the current study, we investigate for the first time the association between severe
bronchiolitis profiles identified by a clustering approach and childhood asthma at 4 and 7 years

after bronchiolitis hospitalization.

RESULTS AND DISCUSSION

A total of 408 children younger than 24 months hospitalized with severe bronchiolitis were
recruited from three University Hospitals in Finland during the winter seasons 2008 to 2010.
The mean age at baseline was 9.3 months (standard deviation [SD]: 6.7) and 38% of the children
were female. Four to five years after hospitalization (4-year follow-up), data on asthma
medication were collected by questionnaire or interviews in 349 (86%) children (mean age 5.4
years, SD: 0.94), and for those who reported regular use of asthma medication, medical records
were reviewed.® Seven to nine years after hospitalization (7-year follow-up), data of 403 (99%)
children were linked to the Finnish Social Insurance Institution of Finland (Kela) nationwide
database,'® which records asthma-related benefits, including discount from drug purchase.
Asthma-related benefits and drug purchase were evaluated at the time of the child's 7th birthday.
Table 1 describes the three severe bronchiolitis profiles at baseline among children with 7-year

follow-up data. Profile A was the most prevalent (47%), while 38% of the children were profile



BC and 15% profile D. The distribution of the profiles did not differ between children with and
without 4-year follow-up data (p=0.45).

At 4-year follow-up, 38% of profile A children, 14% of profile BC children, and 28% of profile
D children had current asthma, defined as the prescription of regular asthma control medication
(inhaled corticosteroids or leukotriene receptor antagonists) in the past 12 months. At 7-year
follow-up, 24% of profile A children, 6% of profile BC children and 10% of profile D children
had current asthma, defined as current asthma benefit recorded in Kela social insurance
database with repeated purchase of asthma control medication in the past 12 months.

In age- and sex-adjusted models (Table 2), increased risk of current asthma was observed in
profile A children compared with profile BC children at 4-year (odds ratio, 2.42; 95%Cl: 1.23-
4.75) and at 7-year (3.14; 1.33-7.42) follow-up. An association between profile D and current
asthma was suggested at 4-year follow-up but was not significant (1.77; 0.79-3.98), and the OR
value was lower at 7-year follow-up (1.27; 0.41-3.90). Associations between profile A and
current asthma remained strong and significant in analyses with adjustment for five additional
factors (number of siblings at home, exposure to environmental tobacco smoke, maternal
smoking during pregnancy, gestational age and breastfeeding) and accounting for a potential
center effect. In sensitivity analyses restricted, respectively, to children aged <12 months and
to children without history of wheezing at baseline (stricter definition of bronchiolitis), results
were consistent with a similarly increased risk of current asthma in profile A children compared
with profile BC children: the risk was elevated but non-significant at 4-year follow-up (age <12
months: 1.60; 0.70-3.71, n=226, with 22 asthma cases in profile A; without history of wheezing:
2.04, 0.86-4.83, n=221, with 22 cases in profile A) and significant at 7-year follow-up (age <12
months: 3.15; 1.06-9.35, n=261, with 16 asthma cases in profile A; without history of wheezing:

5.51, 1.71-17.8, n=254, with 17 asthma cases in profile A).



Our results confirm and extend previous findings from a similar US cohorts, where multiple
profiles were identified”'® and the highest risk of recurrent wheezing by age 3 years was
observed in a similar group of ‘profile A’ children.” Profile A was characterized by a history of
breathing problems and eczema during infancy and non-RSV (mostly rhinovirus) infection. The
current study makes an important addition by replicating these results in a different cohort with
longer follow-up (4-5 and 7-9 years after hospitalization), providing the opportunity to study
actual asthma rather than wheezing phenotypes which may be transient in early childhood.*®

Profile A was the most consistent profile between the US and Finnish cohorts.”** Probably
because of differences in the distribution of viral etiology in US and Finland and age
distribution of the cohorts, the other profiles were slightly different. Interestingly, in US
cohorts, we identified two distinct profiles of children predominantly with RSV infection,
labelled ‘B’ and ‘C’, which differed in the severity of the acute illness. Profile C, which included
the most severely ill children, also had a higher risk of developing recurrent wheezing compared
to profile B, although to a lesser extent than profile A. In the current Finnish cohort, only one
RSV-predominant profile (BC) was identified. Children in this profile had characteristics of
profiles B and/or C identified in the US cohorts, including some indicators of more severe
illness (longer hospital stay, inadequate oral intake), although moderate-to-severe retractions
were less prevalent than in profile A. It is notable that a more than 2-fold increased risk of
childhood asthma was observed in profile A children even when compared to profile BC,
suggesting that among children hospitalized with bronchiolitis (i.e., already with a severe
disease), profile A characteristics (history of wheezing and eczema, wheezing during acute
illness, and rhinovirus infection) are stronger predictors of childhood asthma than further
indicators of acute severity. The current study is limited to bronchiolitis cases severe enough to
require hospitalization, although profile D children may resemble milder (outpatient) cases.

Similar work in different cohorts, including outpatient cases, are needed to determine whether



profile A characteristics are also associated with increased asthma risk among children with
milder bronchiolitis.

In the current Finnish cohort with high prevalence of rhinovirus infection, two profiles of
children predominantly with rhinovirus bronchiolitis were identified (A and D). However, a
significantly increased risk of childhood asthma was only observed among profile A children.
Profile D was the smallest group of children and had limited statistical power to detect modest
associations. Nonetheless, the pattern of associations (>2-fold increased risk in profile A only)
suggests that the elevated risk of childhood asthma in profile A is not only driven by rhinovirus
etiology, and that other characteristics (history of wheezing and eczema, and wheezing during
acute illness) may be important to identify children with higher risk of asthma. Although no
IgE or allergen testing was performed in the current study, we have previously showed in a US
cohort that profile A infants tended to have greater IgE level and had significantly higher
eosinophil counts than other profiles. Evidence exists for an interaction between viral infections
— especially rhinovirus — and early-life sensitization to multiple allergens and asthma risk, and
this hypothesis needs to be further explored in the context of severe bronchiolitis.?°

A strength of our study was to observe consistent results when restricting analyses to stricter
definitions of bronchiolitis.® Results were also similar at 4-year and at 7-year follow-up and
with different sources of data to define asthma — i.e., parent questionnaire/interviews combined
with review of medical records vs. an almost exhaustive linkage to a national social insurance
database (Kela). Both definitions were based on regular use of asthma control medication, in
order to favor specificity, which is recommended when studying asthma risk factors.?! Kela
benefits can only be applied to children who have had continuous asthma medication for 6
months and need to continue treatment, and thus is a relatively strict criteria to define asthma.?

However, because different data sources and asthma definitions were used at 4-year and 7-year



follow-ups, we could not evaluate asthma/wheezing trajectories in childhood (e.g., transient vs.
persistent symptoms), which would deserve further investigation.

Because profile A comprises children with history of wheezing and eczema before the severe
bronchiolitis episode and with wheezing during the acute illness, we earlier hypothesized that
profile A was composed of children presenting with early signs of asthma during a severe, often
rhinovirus-/non-RSV bronchiolitis episode.'® The current findings provide further support for
this hypothesis and suggest that some groups of children may benefit from asthma-related
treatments, 2222 both for short-term and long-term clinical outcomes. The current study focuses
on observable characteristics (phenotypes) that may help clinicians identify such patients and
did not aim at identifying the mechanisms underlying the observed association. A
complementary endotyping work®2?* with more integrative approaches using simultaneously
clinical, biological and -omics data would provide insight on the different pathways linking

infant bronchiolitis profiles to childhood asthma.

10



Acknowledgements

- Sami Remes, MD, and Matti Korppi, MD, (MARC-30 site PIs) — leading data collection
in Kuopio and Tampere

- Matilda Aakula, MD, helped in collecting the questionnaire data

- Ashley F Sullivan, MS MPH

- Janice A Espinola, MPH (for data management)

11



References

1.

Fujiogi M, Goto T, Yasunaga H, Fujishiro J, Mansbach JM, Camargo CA Jr, et al.
Trends in bronchiolitis hospitalizations in the United States: 2000-2016. Pediatrics.
2019;144.

Altman MC, Beigelman A, Ciaccio C, Gern JE, Heymann PW, Jackson DJ, et al.
Evolving concepts in how viruses impact asthma: A Work Group Report of the
Microbes in Allergy Committee of the American Academy of Allergy, Asthma &
Immunology. J Allergy Clin Immunol. 2020;145:1332—44.

Bergroth E, Aakula M, Elenius V, Remes S, Piippo-Savolainen E, Korppi M, et al.
Rhinovirus Type in Severe Bronchiolitis and the Development of Asthma. J Allergy
Clin Immunol Pract. 2020;8:588-595.e4.

Marlow R, Finn A, Henderson J. Assessing the association between bronchiolitis in
infancy and recurrent wheeze: A whole English birth cohort case-control study.
Thorax. 2019;74:503-5.

Midulla F, Nicolai A, Ferrara M, Gentile F, Pierangeli A, Bonci E, et al. Recurrent
wheezing 36 months after bronchiolitis is associated with rhinovirus infections and
blood eosinophilia. Acta Paediatr Int J Paediatr. 2014;103:1094-9.

Hasegawa K, Dumas O, Hartert T V, Camargo CA Jr. Advancing our understanding of
infant bronchiolitis through phenotyping and endotyping: Clinical and molecular
approaches. Expert Rev Respir Med. 2016;10:891-9.

Dumas O, Hasegawa K, Mansbach JM, Sullivan AF, Piedra PA, Camargo CA Jr.
Severe bronchiolitis profiles and risk of recurrent wheeze by age 3 years. J Allergy Clin
Immunol. 2019;143:1371-1379.e7.

Polack FP, Stein RT, Custovic A. The Syndrome We Agreed to Call Bronchiolitis. J

Infect Dis. 2019;220:184-6.

12



10.

11.

12.

13.

14.

15.

16.

17.

Hancock DG, Charles-Britton B, Dixon DL, Forsyth KD. The heterogeneity of viral
bronchiolitis: A lack of universal consensus definitions. Pediatr Pulmonol.
2017;52:1234-40.

Garcia-Aymerich J, Benet M, Saeys Y, Pinart M, Basagafia X, Smit HA, et al.
Phenotyping asthma, rhinitis and eczema in MeDALL population-based birth cohorts:
An allergic comorbidity cluster. Allergy Eur J Allergy Clin Immunol. 2015;70:973-84.
Hose AJ, Depner M, 1lli S, Lau S, Keil T, Wahn U, et al. Latent class analysis reveals
clinically relevant atopy phenotypes in two birth cohorts. J Allergy Clin Immunol.
2017;139:1935-45.

Licari A, Castagnoli R, Brambilla I, Marseglia A, Tosca MA, Marseglia GL, et al.
Asthma endotyping and biomarkers in childhood asthma. Pediatr Allergy, Immunol
Pulmonol. 2018;31:44-55.

Dumas O, Hasegawa K, Sullivan AF, Piedra PA, Camargo CA Jr. A clustering
approach to identify bronchiolitis profiles among children hospitalized with
bronchiolitis. Thorax. 2016;71:712-8.

Niu H, Chang AB, Oguoma VM, Wang Z, McCallum GB. Latent class analysis to
identify clinical profiles among indigenous infants with bronchiolitis. Pediatr
Pulmonol. 2020;55:3096-103.

Ferrante G, Fondacaro C, Cilluffo G, Dones P, Cardella F, Corsello G. Identification of
bronchiolitis profiles in Italian children through the application of latent class analysis.
Ital J Pediatr. 2020;46:1-8.

Mansbach JM, Piedra PA, Teach SJ, Sullivan AF, Forgey T, Clark S, et al. Prospective
multicenter study of viral etiology and hospital length of stay in children with severe
bronchiolitis. Arch Pediatr Adolesc Med. 2012;166:700-6.

Jartti T, Aakula M, Mansbach JM, Piedra PA, Bergroth E, Koponen P, et al. Hospital

13



18.

19.

20.

21.

22.

23.

24,

length-of-stay is associated with rhinovirus etiology of bronchiolitis. Pediatr Infect Dis
J. 2014;33:829-34.

Sonninen K, Jyrkka J, Martikainen JE, Malmstrom K, Mékela MJ, Sepponen K. Age-
related off-label use of nasal corticosteroids for allergies is relatively common in
Finnish children with asthma. Acta Paediatr Int J Paediatr. 2017;106:1830-6.
Ducharme FM, Tse SM, Chauhan B. Diagnosis, management, and prognosis of
preschool wheeze. Lancet. 2014;383:1593-604.

Jackson DJ, Gern JE, Lemanske RF. The contributions of allergic sensitization and
respiratory pathogens to asthma inception. J Allergy Clin Immunol. 2016;137:659-65.
Geller RJ, Espinola JA, Fabiano Filho RC, Hasegawa K, Mansbach JM, Sullivan AF,
et al. A comparison of childhood asthma case definitions based on parent-reported data.
Ann Epidemiol. 2021;55:64-68.e4.

Espafiola S, Clinica DI, Rodriguez-martinez CE, Nino G, Castro-rodriguez JA.
Allergologia et immunopathologia For which infants with viral bronchiolitis could it be
deemed appropriate to use albuterol , at least on a therapeutic trial basis ? Allergol
Immunopathol. 2021;00:153-8.

Paggi DA, Polack FP. Toward personalized medicine in bronchiolitis. Am J Respir Crit
Care Med. 2019;199:1456-8.

Raita Y, Camargo CA Jr, Bochkov YA, Celeddén JC, Gern JE, Mansbach JM, et al.
Integrated-omics endotyping of infants with rhinovirus bronchiolitis and risk of

childhood asthma. J Allergy Clin Immunol. 2020;1-10.

14



Table 1. Description of the children hospitalized for severe bronchiolitis (baseline) according
to the profiles (A, BC and D) among children with 7-year follow-up (n=403)

Al Profiles
(n=403) A (47%, BC(38%, D (15%,
n=190) n=153) n=60)
Percent (n)* Percent*

Age (months)

<2 15 (62) 3 30 18

2-5.9 26 (104) 15 42 20

6-11.9 24 (95) 31 14 25

>12 35 (142) 52 14 37
Age (months), mean 9.3 12.3 5.5 9.5
Girls 38 (155) 32 45 42
Parental history of asthma 24 (97) 25 27 15
History of wheezing 37 (149) 55 16 35
History of eczema 29 (117) 41 18 20
Wheeze at ED presentation 69 (277) 94 62 10
Cough at ED presentation 65 (244) 78 68 14
Inadequa_te oral intake at ED 21 (82) 10 38 19
presentation
Retractions at ED presentation

None 16 (60) 5 13 54

Mild 41 (152) 30 55 36

Moderate to severe 43 (161) 65 32 10
Hospital length-of-stay >3 days 32 (127) 25 45 22
Viral etiology

RSV 42 (171) 5 100 13

Rhinovirus 32 (129) 54 0 43
Viral etiology (mutually exclusive
categories)

RSV only 35 (141) 1 89 5

Rhinovirus only 23 (92) 39 0 30

RSV and rhinovirus 2(9) 3 0 5

RSV and other non-rhinovirus 5(21) 1 11 3

Rhinovirus and other non-RSV 7 (28) 12 0 8

Non-RSV and non-rhinovirus 28 (112) 44 0 48
Number of pathogens

No pathogen identified 14 (57) 22 0 25

1 70 (284) 60 89 57

2 14 (55) 15 10 18

>3 2 (7) 3 1 0

*Results are expressed as % (n) or % (observed proportion in the study population [“All”], and
probability of individuals presenting the characteristics within profiles A, BC and D), unless otherwise
specified. Variables in bold were included in the latent class analysis to identify the profiles.
Abbreviations: ED, emergency department; RSV, respiratory syncytial virus.

Profile A: history of wheezing and eczema, wheezing at ED presentation, more often rhinovirus.
Profile BC: wheezing at ED presentation, more often RSV only, most severe. Profile D: non-wheezing
at ED presentation, least severe, more often rhinovirus.
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Table 2. Association between severe bronchiolitis profile at baseline and asthma at 4-year and 7-year follow-up

Current asthma at 4-year follow-up (n=348) Current asthma at 7-year follow-up (n=403)
n n current OR* (95% CI) ORT (95% CI) ntotal ncurrent OR™* (95%Cl) ORT (95% CI)
total asthma asthma
Profile A 158 60 2.42 (1.23-4.75) 2.01 (1.01-4.02) 190 45 3.14 (1.33-7.42)t 293 (1.21-7.11)%
Profile BC 136 19 1 1 153 9 1 1
Profile D 54 15 1.77 (0.79-3.98) 1.47 (0.64-3.40) 60 6 1.27 (0.41-3.90)  1.17 (0.37-3.67)

Logistic regression models *adjusted for age at baseline and sex; T with further adjustment for number of siblings at home, exposure to
environmental tobacco smoke, maternal smoking during pregnancy, gestational age and breastfeeding, and accounting for a potential center effect
(patient clustering at the hospital level), n=338 at 4 years, n=392 at 7 years. { p=0.06 for comparison of profile A vs. profile D. Results in
boldface are statistically significant.

Abbreviations: OR, odds ratio; CI, confidence interval.
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