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Abstract

Background. A better understanding of bronchiolitis hetercgign may help clarify its
relationship with the development of recurrent wetieg and asthma.

Objectives. To identify severe bronchiolitis profiles by aistering approach, and to investigate
for the first time their association with allergyflammatory biomarkers; nasopharyngeal
microbiota; and development of recurrent wheezingdpe 3 years.

Methods. We analyzed data from a prospective, 17-cent8r tbhort study of 921 infants (age
<1 year) hospitalized with bronchiolitis (2011-20d#hters) with post-hospitalization follow-up.
Severe bronchiolitis profiles at baseline (hospatdaion) were determined by latent class
analysis, based on clinical factors and viral etyygl Blood biomarkers and nasopharyngeal
microbiota profiles were determined using samplelected within 24h of hospitalization.
Recurrent wheezing by age 3 years was defined basqrhrental report of breathing problem
episodes post-discharge.

Results. Three severe bronchiolitis profiles were idegtifi profile A (15%), characterized by
history of breathing problems/eczema during infaremyd non-RSV (mostly rhinovirus)
infection; profile B (49%) with the largest probltyi of RSV infection and which resembled
classic RSV-bronchiolitis; and profile C (36%), tim@st severely ill group. Profile A infants had
higher eosinophil counts, higher cathelicidin lsyednd elevated proportions dhemophilus-
dominant orMoraxella-dominant microbiota profile. Compared to profile Be observed
significantly increased risk of developing recutrameezing in children with profile A (hazard

ratio 2.64; 95% CI 1.90-3.68), and, to a lesseemxtwith profile C (1.51; 1.14-2.01).



Conclusion. Although longer follow-up is needed, our resuatigy help identify, among children
hospitalized for bronchiolitis, subgroups with pautarly elevated risk of developing asthma.

Abstract word count: 253

Key messages

* In a large cohort of infants hospitalized for broinditis, the authors used a clustering
approach to identify three distinct clinical pre8lof severe bronchiolitis

» Significant differences across the profiles forealy and inflammatory markers and
nasopharyngeal microbiota were found, suggestinigiodogical basis for the observed
heterogeneity

» The severe bronchiolitis profiles were differerjiassociated with development of recurrent

wheezing by age 3 years

Capsule summary
Severe bronchiolitis profiles identified by a clershg approach were differentially associated
with allergy and inflammatory biomarkers, nasopinagaal microbiota profiles, and the risk of

developing recurrent wheezing by age 3 years.

Key words: Respiratory infections, Cluster Analysis, Regjoina Syncytial Virus, Rhinovirus,

Asthma
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Cl: confidence interval



ED: emergency department

ICS: inhaled corticosteroids

ICU: intensive care unit

IgE: Immonuglobulin E

HR: hazard ratio

MARC-35: 38" Multicenter Airway Research Collaboration
25(0OH)D: 25-Hydroxyvitamin D

OR: odds ratio

RSV: respiratory syncytial virus



INTRODUCTION

Early life viral respiratory infections are assdeth with increased risk of developing
recurrent wheezing and asthfa.Bronchiolitis is the most common acute lower resoiry
tract infection in infancy:> Although most children with bronchiolitis experén mild to
moderate illness, symptoms can be severe enoughedoire hospitalizatiof. Severe
bronchiolitis is a strong predictor of long-ternsp&atory morbidity; indeed, 30-40% of infants
hospitalized for bronchiolitis will develop recuntewheezing or asthnid However, the factors
predicting which infants will develop chronic resgory illness remain incompletely
characterized.

Bronchiolitis is generally considered a single d&s® however, recent studies have
underlined its heterogeneity’ Beyond variability in the clinical course of thisease, patients
with bronchiolitis are heterogeneous with regardviml etiology and clinical history**
Respiratory infections with RSV and rhinovirus, tst commonly identified pathogens in
bronchiolitis, have both been associated with latevelopment of recurrent wheezing and
asthma, although stronger associations have bemrted for those with rhinovirus’’ #1213
Moreover, among patients with bronchiolitis or gdife wheezing illnesses, rhinovirus infection
is most often seen in children with clinical hisésr suggesting susceptibility to asthma (eg,
history of wheezing, sensitizatiot)™

Using a statistical clustering approach in multteercohorts of US and Finnish children
hospitalized with bronchiolitis, we recently idéieil distinct severe bronchiolitis profil@sThe
profiles differed according to prior history of wemng/eczema, wheezing during acute infection,

levels of acute severity and viral etiology. Instnegly, the results suggested the existence of a



subgroup of children presenting with early signgsthma during a severe bronchiolitis episode.
However, respiratory outcomes after the severedbiotitis episode were not examined in this
previous cross-sectional analysis.

The observed bronchiolitis heterogeneity may réflbe existence of several disease
entities with specific pathobiology (endotypes),damarying propensity for later asthma
development® There is increasing evidence for a complex inrfdetween viral pathogens,
host immune response and respiratory microbiotéahé pathogenesis and severity of acute
respiratory infections, as well as their link widsthma-related outcom&s!® Examining the
heterogeneity of bronchiolitis in relation to afigr markers, immune response parameters,
nasopharyngeal microbiota, as well as long-termira®ry outcomes may thus provide insight
into asthma susceptibility pathways. However, tteedao study has investigated the association
of severe bronchiolitis profiles defined by a chrstg approach with objectively measured
biomarkers and long-term respiratory outcomes.

The MARC-35 study (38 Multicenter Airway Research Collaboration) is amyoing,
prospective multicenter cohort study of US infafatige <1 year) hospitalized with bronchiolitis
and followed-up after hospitalization. In the cutrestudy, we aimed to identify severe
bronchiolitis profiles by a clustering approach,dato investigate for the first time their
association witl{1) allergy, inflammatory and immune response biomaxK&) nasopharyngeal

microbiota profiles; an€) the risk of developing recurrent wheezing by age&s.



MATERIAL AND METHODS

Study design and data collection

The MARC-35 study is coordinated by the Emergencyedidine Network
(http://www.emnet-usa.orgff. During the 2011-2014 winter seasons (November-Rarc
investigators at 17 sites across 14 US statesledrd)016 infants hospitalized with bronchiolitis
(study baseline). Bronchiolitis was diagnosed heydttending physician, in accordance with the
American Academy of Pediatrics guidelif@sResearchers conducted a structured interview to
collect data on patients’ demographic charactesstmedical history and details of the acute
illness. Further clinical data were obtained fromeegency department (ED) and inpatient
medical records. Researchers collected blood samailel nasopharyngeal aspirates upon
hospitalization, using a standardized protocol.tihgswas performed for a large panel of
respiratory viruses using real-time polymerase rchmaaction assays, and microbiota using 16S
rRNA gene sequencing (see online repository).

Among the 921 children (91%) eligible for long-tefotiow-up — the chronic cohort — we
conducted telephone interviews with families ~1 kvedter hospital discharge and ~3 weeks
after hospital admission, and then every 6 montbs fage 6 months onwards. We collected
detailed data about any new breathing problem dpsoincluding date, duration, use of
medication and whether this problem affected th&l'shsleep. Written informed consent was
obtained from a parent or guardian of all patientduded in the study. The institutional review

board at each participating hospital approved theys

Severe bronchioalitis profiles at baseline (infancy)



Severe bronchiolitis profiles were determined kigné class analysis, based on medical
history, clinical course of bronchiolitis and viratiology. Selection of variables and number of
classes were performed as described edrligee online repository). Each child was assigoed t

the class for which he had the highest membergioipahility.

Biomar kersand nasopharyngeal microbiota profiles at baseline (infancy)

Complete blood count was performed locally at eaospital. Serum allergy (total and
allergen-specific IgE), vitamin D (25(OH)D), anchate immune response (cathelicidin [LL-37])
biomarkers were measured from the blood sarHplée dichotomized total IgE level, eosinophil
count and 25(OH)D level according to standard ¢ig-1.00 ku/L, 300 cells/uL and 30 ng/mL,
respectively) and LL-37 level according to mediafue (46 ng/mL).

To examine nasopharyngeal microbiota, we identifeaal distinct microbiota profiles
(Moraxella-dominant,Haemophilus-dominant, Streptococcus-dominant, and mixed profiles) as

previously describetf by using partitioning around medoids with weightémiFrac distance.

Respiratory outcomes by age 3 years

Recurrent wheezing by age 3 years was defined bgntd report of at least 2
corticosteroid-requiring breathing problems in énting or at least 4 breathing problem episodes
in one year that last at least one day and affeeepé" Parent-reported use of inhaled
corticosteroids (ICS) or montelukast by age 3 yeas also examined. Only breathing problem
episodes and medication use reported post-hogp#etharge were included in the outcome
definitions. Asthma by age 3 years was defineddaseparental report that child was diagnosed

with asthma by a doctor or other health professiona



Statistical analyses

Associations of severe bronchiolitis profiles withiomarkers and nasopharyngeal
microbiota profiles at baseline were evaluated byltinmomial logistic regressions. The
association between severe bronchiolitis profilesbaseline and development of recurrent
wheezing by age 3 years was evaluated using Kdgkiar survival curves and Cox models.
Multivariable models adjusted for age, sex and /edbaicity. Nasopharyngeal microbiota
models were further adjusted for antibiotic andticosteroid use. A two-sided P<0.05 was

considered statistically significant.

10



RESULTS

Follow-up data were available for >80% at eachof@tup interview from age 6 months
to age 3 years (range: 82% to 88%). The mean agigecthildren at baseline was 4.1 months

(SD: 3.0) and 40% were female; 50% of children wexe-Hispanic blacks or Hispanics.

Severe bronchialitis profiles

Three severe bronchiolitis profiles, labelled Avigre identified by latent class analysis.
The mean class membership probability range was-8% In Table 1, the profiles are
described based on the proportion of children prtasg with each characteristic (variables used
for classification), according to the class theyravassigned to by the latent class analysis. A
summary of the profiles is presented in Figure hene the profiles are displayed according to
their main distinctive characteristics. Furtheradate provided in online repository.

Profile A infants (15%) were characterized byighkr proportion of history of breathing
problems (44%) and history of eczema (23%); they differed from other profiles by the low
proportion of infants with RSV infection (5%) andgher proportion of rhinovirus infection
(54%). In contrast with profile A, profile B (49%pd the largest proportion of infants with RSV
infection (99%) and a low proportion of infants kihistory of breathing problems (12%) or
eczema (14%). Profile C (36%) was the most sevellejroup: 60% of profile C infants had
moderate-to-severe retractions at presentation 28s30% in other profiles), and 21% were
hospitalized 7 days or longer (vs. 0-1% in othefifgs); they also had a higher respiratory rate
during hospital stay. Most profile C infants (83%#gre infected with RSV.

The distribution of sociodemographic and additiomdihical characteristics across
profiles is presented in Table 2. Compared to ofitefiles, profile A infants were older and

11



more often Hispanic; they also more often had hystd antibiotics and corticosteroid use before
bronchiolitis hospitalization. The most severe grdprofile C) included younger infants, and a
higher proportion of infants with inadequate onmstiake at ED presentation and who required
ICU admission and mechanical ventilation. Regardiingl etiology, it was notable that a large
proportion (46%) of profile A infants were neithefected with RSV nor rhinovirus. Other
pathogens identified in >5% of profile A infants nee human metapneumovirus B (15%),
adenovirus (11%), human bocavirus type 1 (10%),mdinfluenza virus type 3 (6%). For 15%
of profile A infants, no pathogen was identifiededduse profile B was the largest group and
most resembled “classic” RSV bronchiolitis, it wased as the reference category in subsequent

analyses.

Severe bronchiolitis profiles and biomarkers

Overall, no significant difference was observediomarkers levels between profiles B
and C, but profile A differed for some biomarkeFsalfle 3). Total IgE level was not significantly
different in profile A compared to profile B. In wwast, profile A infants had significantly
higher eosinophil count than profile B infants. Niference was observed between profiles for
allergic sensitization as defined by any positiadue to allergen-specific IgE testing. When
examining mono-sensitization (only one allergerfoland multi-sensitization (two allergens or
more, 4%), results suggested that profile A infdrad lower odds of mono-sensitization (odds
ratio: 0.56, 0.30-1.03; P=0.06), and did not dignificantly for multi-sensitization (1.34, 0.54-
3.30; P=0.52) as compared to profile B infantsfiRr&€ infants did not differ significantly from

profile B infants for these specific IgE groupinggble E3, online repository).
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No difference in serum 25(OH)D level was observedoss the profiles. However,

profile A infants had significantly higher level s€rum LL-37 than infants in profiles B.

Severe bronchialitis profiles and nasopharyngeal microbiota

Nasopharyngeal microbiota composition differed ssr@evere bronchiolitis profiles
(Table 4). In adjusted analyses, when comparedrafile B, both profile A (P=0.004) and
profile C (P=0.001) children more often hadHaemophilus-dominant microbiota profile. In
addition, profile A was the group with the larggsbportion of children with aoraxella-
dominant microbiota profile, while the proportiorasvthe lowest in profile C children. This
difference was significant when comparing profileclildren to profile C children (odds ratio:

1.93, 1.08-3.45; P=0.03).

Severe bronchiolitis profiles and respiratory outcomes by age 3 years

By age 3 years, 251 children (27%) had developedrrent wheezing overall. In profile
A children, 43% had developed recurrent wheezingyrofile B, 21%; and in profile C, 29%.
The Kaplan-Meier plot (Figure 2) indicates increhsisk of developing recurrent wheezing by
age 3 years in profile A children, and to a loweteat, in profile C children, compared to profile
B. These results were confirmed in multivariablexQuoportional hazards models (Table 5):
compared to profile B, we observed significantlycreased risk of developing recurrent
wheezing associated with profile A (hazard rati642.95% confidence interval: 1.90-3.68,
P<0.001) and with profile C (1.51; 1.14-2.01, P93)0 We found similar associations with use
of inhaled corticosteroids/montelukast by age 3ryedVhen examining doctor-diagnosed

asthma, increased risk was also observed in prafdbildren compared to profile B; in contrast,

13



increased risk of asthma was not significantly eisged with profile C. Significant differences
for the risk of developing each outcome were alsseoved when comparing profile A children
to profile C children.

Results were unchanged in sensitivity analyses |€T&3, online repository) where
associations were further adjusted for daycarenddtiece, exposure to environmental tobacco
smoke, maternal smoking during pregnancy, numbesiblings at home, gestational age,
delivery mode (vaginals. caesarian section), breastfeeding (from birthge & months), and
annual household income; or when we used a modeluating for a potential center effect
(patient clustering at the hospital level) througlgeneralized estimating equations approach.
Moreover, the association between severe brontkigliofiles and recurrent wheezing was not

modified by age, sex, or race/ethnicity (aldRctionWere not statistically significant).
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DISCUSSION

Three distinct clinical profiles of severe brondhis were identified in a large sample of
infants hospitalized for bronchiolitis. Profile Aas characterized by history of breathing
problems/eczema during infancy and non-RSV (mastigovirus) infection; profile B had the
largest probability of RSV infection and resembtdalssic RSV-bronchiolitis; profile C was the
most severely ill group. Furthermore, we showedther first time significant differences across
the profiles for biological markers and nasophaealgmicrobiota at baseline, as well as
respiratory outcomes by age 3 years. Notably, coedpto profile B, profile A children had a
more than 2-fold increased risk of developing resnir wheezing by age 3 years; to a lesser

extent, the risk was also augmented in profile {@on.

The severe bronchiolitis profiles identified bydat class analysis are consistent with
earlier findings in similar US and Finnish cohoatfschildren hospitalized for bronchiolitis, in
which 3 to 4 profiles were identified using the saniustering method.A larger number of
profiles was found in the largest cohort (n=2,20@)which more heterogeneity may have been
observed. In all three cohorts - including the entrstudy - profile A, characterized by non-RSV
(mostly rhinovirus) infection and history of breeitp problems and eczema, was clearly
identified as a separate group. The other proidestified in the three cohorts all had a higher
probability of RSV infection than profile A, andfidired according to level of acute severity.
Besides similarity with previous studies, the vié§icbf the profiles is supported by the high

value of mean class membership probability.
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In the previous cross-sectional analysis of U.S1 &mnish children hospitalized for
bronchiolitis, we hypothesized that profile A wamnstituted by children presenting with early
signs of asthma during a severe bronchiolitis ef@sbut did not examine long-term respiratory
outcomes. Findings from the current study provide supporttfis hypothesis, especially the
clear, prospective association between profile Anbhiolitis and development of recurrent
wheezing by age 3 years. Not all children with resnt wheezing develop asthma. However,
early € age 3 years) recurrent wheezing is a strong pedaf later asthma developmétit.
Moreover, although a longer follow-up is neededutbmately confirm an association with
development of childhood asthma, a prospectivecetson between profile A bronchiolitis was
also observed with development of doctor-diagn@stdma by age 3 years.

Whether viral infections have a causal role indegelopment of recurrent wheezing and
asthma, are a sign of susceptibility to respiratdhyesses, or correspond to their first
manifestations, is a long-running debaté® The hypothesis that acute respiratory infections
consist of distinct endotypes with different roles the causal pathway to asthma may help
clarify this important question. Profile A infantsften had a clinical history suggestive of
susceptibility to asthma or atopic diseases, inomdistory of breathing problems or eczema, or
prior use of corticosteroids. The hypothesis thaine children with higher propensity to
rhinovirus infection also have increased asthmaeqitgility is consistent with a few earlier
reports® In particular, early signs of atopic condition kaveen found to precede rhinovirus-
induced infections in children at high risk forlasia or allergies® However, this susceptibility
hypothesis may not be restricted to rhinovirus.igereased risk of asthma associated with the
frequency of troublesome respiratory episodes énfitist 3 years of life (suggestive of potential

susceptibility or exaggerated response to infesjiamather than with the specific viral etiologies,
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was reported in a Danish birth cohort stddiyn addition, both RSV and rhinovirus illnesses
share important susceptibility genetic variantshwasthma:?* In the current study, although
rhinovirus infection was markedly more common iofpee A children, nearly half of them were
not infected with rhinovirus; they either had otlpathogens (e.g., human metapneumovirus B,
adenovirus, bocavirus) or no pathogen was idedtifie

Profile C infants, who also had higher risk of depéng recurrent wheezing (compared
to profile B), were younger at bronchiolitis hogtlitzation and did not have a distinctive clinical
history; however they were the most severely-ilugr. Bronchiolitis severity has been found to
increase asthma risk in a dose-response mé&nméthough severe RSV infections and related
inflammation have been suggested to cause long-teng damage, evidence for a causal
mechanism is lackinfjNonetheless, the differences in the features afilerA and C, and their
differential association with biomarkers and naswphgeal microbiota, suggest that they may

be associated with recurrent wheezing throughrdispathways.

Higher blood eosinophil counts were observed irfileré\ children compared to the two
other groups. Blood eosinophilia in childho8tor during bronchiolitis and early respiratory
infection episode§?’?® has been associated with later development ofrmeiuwheezing or
asthma. However, the exact role of eosinophilsh lolotring acute respiratory infections and in
chronic asthma, remains poorly understddt. During acute respiratory infection, a higher
number of eosinophils has been found in patientb wiinovirus infectior*? on the other
hand, in RSV-induced bronchiolitis, a potential iropenic response to infection has been
reported?’?®In older children and adults with asthma, higheot eosinophil counts have been

associated with disease severity/activity and ®peflammation®® Our results may thus reflect
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either a different immune response to infectiorpiafile A infants or higher eosinophil counts
independently from infection in this group compatedthers.

In contrast with the eosinophils findings, we diot mbserve a significant association
between severe bronchiolitis profiles and allergrkers, although higher total IgE levels on the
one hand and lower odds of mono-sensitization enother hand were suggested in profile A
infants. Eosinophilia and allergic sensitizationcimldhood both are associated with increased
asthma risk and have been suggested to have im miéeast some common causal pathwali(s).
However, they have been independently associatdtt asthma and may relate to its
development at different time window’Indeed, sensitization is highly dependent on agkis:
less common in infant&:its relevance as a predictor of wheezing outcoamesasthma at such
an early age is disputé@ In future work, we will study associations of sevé@ronchiolitis
profiles in infancy with phenotypes of allergic siization during childhooti*” and asthma to
provide further insight into potential causal paslys.

We also found higher cathelicidin levels in proféechildren compared to the other
groups. Human cathelicidin is an innate immunitgthdefense peptide with immunomodulatory
properties-*® Although vitamin D is one of the factors regulgticathelicidin production and
activation®® the profiles did not differ with regards to 25(@Mlevels. Direct antiviral activity of
cathelicidin against both RSV and rhinovirus hagrbeeported in experimental studis;
however, lower cathelicidin levels were found inldten with RSV infection compared to those
with rhinovirus or other non-RSV infection in twolworts of children hospitalized for severe
bronchiolitis, including MARC-3374%* This is consistent with the lower cathelicidin éév

found in profiles B and C compared to profile Aanfs. Although the exact mechanisms and
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features of profile A that are driving this asstioia are beyond the scope of our data, our results
may reflect a different immune response duringabubnchiolitis in profile A children.
Nasopharyngeal microbiota also differed accordingsevere bronchiolitis profiles.
Interestingly, while profile B and C did not diffésr the investigated biomarkers, we observed
distinct nasopharyngeal microbiota profiles in thegroups. TheHaemophilus-dominant
microbiota profile was more common in profile Crnha profile B infants, consistent with its
association with increased bronchiolitis severitgviously reported in MARC-3%2 and with
severity of RSV-induced infection in young childf@rProfile A was characterized by elevated
proportions of children with either thelaemophilus-dominant or theMoraxella-dominant
profile. High abundance dflaemophilus andMoraxella has been reported in MARC-35 infants
with rhinovirus infectiorf® Furthermore, in a Danish birth cohort, specifictbaal colonization
in the airways of neonates, includifitpemophilus influenza and Moraxella catarrhalis, was
associated with later development of pneumoniarondhiolitis** and persistent wheeze and
asthmd? In older childrenMoraxella abundance in nasal microbiota was also associited
asthma® The timing and mechanisms of the interplay betwe@al infections, airway
microbiota and host immune response, in relatiorregpiratory outcomes have yet to be
determined®*® While our findings are consistent with previousdsés reporting associations
between microbiota profiles and individual chardstees of bronchiolitis (severity, viral
etiology)®“?*? they question whether microbiota profiles areejmehdently associated with
each of these characteristics, or are part of #sufes of distinct bronchiolitis endotypes.

Overall, our findings add evidence to a contribotiof both virus and bacteria to the

pathogenesis of acute and chronic respiratorystiag®*2
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This study had potential limitations. First, re@nt wheezing was defined using parental
reports of breathing problems episodes. Althougkdthing problems” were clearly described to
parents during interviews with intent to identifyajor respiratory symptoms, such as wheezing,
cough, and shortness of breath (see details imemgpository), and only those episodes that
lasted at least one day and affected sféehe outcome was not confirmed by a physician.
However, our results were confirmed when examin@®§ or montelukast use by age 3 years, a
more objective outcome; and development of dociagitbsed asthma by age 3 yedrSecond,
the severe bronchiolitis profiles identified in tberrent study have been defined in a cohort of
hospitalized infants, which only represent a srpatiportion of all bronchiolitis patients. It is
likely that additional bronchiolitis profiles exjshcluding milder cases. However, it is relevant
from a public health point of view to study the msasvere bronchiolitis patients given that they
are at high-risk for asthma developméntand bronchiolitis is the most common reason for
hospitalization in U.S. infanfs.For a more complete understanding of bronchioplgisnilar
clustering approaches should be applied to othbort® with different designs, in particular
those including outpatient cases; indeed beyonthpalistinct clinical presentations, outpatient
cases may have differences in risk factors for dnalitis and socio-demographic
characteristics. Finally, the patients’ profiledefined based on a statistical clustering approach
cannot directly be assessed in clinical settingsvéVer, we have identified in Figure 1 the main
features of each profile to help the physicians anwdstigators identifying patients more likely
to belong to each group. Blood eosinophilia mayaheadditional relevant marker to identify
profile A children. Longer follow-up is needed tetter determine the clinical significance of our
results and before suggestions can be made abdiffeeential management of children with

severe bronchiolitis according to clinical histomtal etiology, and levels of acute severity.
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Nonetheless, our findings may help identify, amarldren hospitalized for bronchiolitis,

subgroups with particularly elevated risk of deyéhg recurrent wheezing and asthma.

In summary, our findings support the existence efesal entities under the clinical
diagnosis of bronchiolitis, differentially assoedt with long-term outcomes such as
development of recurrent wheezing. Moreover, tleaations between the severe bronchiolitis
profiles and several objectively measured biomarkeiggest a biological basis for the observed
heterogeneity. Further work aiming at phenotypind andotyping bronchiolitis through clinical,
epidemiological and molecular approaches (includidgmics” data, e.g., host genome,
transcriptome, epigenomé&) should help improve disease management and clééfyelation

of infant bronchiolitis with the development of lasta.
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Table 1. Description of the infants hospitalized for sevierenchiolitis (baseline), according to
the profiles (A to C) identified by latent classafysis

Profiles
All A 5 c

n (%) 921 136 (15%) 452 (49%) 333 (36%)
History of breathing problems, % 20 44 12 23
History of eczema, % 15 23 14 13
Wheeze at ED presentation, % 63 69 56 69
Cough at ED presentation, % 96 92 100 94
Retractions at ED presentation, %

None 19 25 22 12

Mild 44 45 55 28

Moderate to severe 37 30 23 60
Hospital length-of-stay (days), %

<3 60 89 85 14

3-6 32 10 15 65

>7 8 1 0 21
Highest respiratory rate during entire
hospital stay60 (breath per min), % 50 22 21 94
Viral etiology

RSV, % 82 5 99 83
Rhinovirus, % 20 54 13 17

Results presented as % (observed proportion istthey population and within profiles A to C).
ED, emergency department; RSV, respiratory synkytias. Latent class analysis was
performed based on the nine variables presentégtitable, selected from a larger set of
variables including many clinical factors (maintigas typically monitored in clinical practice,
including data from ED presentation to inpatiersictiarge).
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Table 2. Characteristics of the children according to sev®onchiolitis profiles

Profiles .
All A B C P
n (%) 921 136 (15%) 452 (49%) 333 (36%)
Socio-demographic characteristics
Age (months), %
<2 30 21 28 35 <0.001
2-5.9 46 37 49 45
6-11.9 25 43 23 20
Girls, % 40 37 41 39 0.64
Race/ethnicity, %
Non-Hispanic white 45 35 47 46 0.05
Non-Hispanic black 23 25 23 21
Hispanic 30 38 28 29
Other 2 1 2 4
Clinical history
Parental history of asthma, % 33 38 32 33 0.36
History of antibiotic use, % 32 40 32 29 0.04
History of corticosteroid use, % 15 26 13 14 <0.001
Characteristics of acute bronchiolitis
ED presentation
Fever, % 26 22 28 24 0.37
Inadequate oral intake, % 61 48 59 68 <0.001
ICU and intubation/CPAP, %
No ICU 85 96 96 65 <0.001
ICU without intubation/CPAP 10 2 4 21
ICU with intubation/CPAP 5 2 0 14
Viral etiology, %
RSV only 59 0 74 62 <0.001
Rhinovirus only 6 32 0 3
RSV and rhinovirus 12 5 13 14
RSV and other non-rhinovirus 11 0 12 13
Rhinovirus and other non-RSV 3 16 0 1
Non-RSV and non-rhinovirus 10 46 1 8
Number of pathogens, %
No pathogen identified 3 15 1 2 <0.001
1 70 57 74 69
2 22 24 22 22
>3 4 4 3 6

ED_, emergency department; RSV, respiratory synkcwtiais. Results in bold are statistically
significant. * Chi-square tests.
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Table 3. Association of severe bronchiolitis profiles wétopy/allergy markers, vitamin D status, and secathelicidin

All Profile A Profile B Profile C

Food or aero-allergen sensitization*

% 20 18 20 21

Adjustedt OR (95% CI) ) 0.68 (0.41-1.15) référence) 1.10 (0.76-1.57)
Total IgE, ku/L

GM (IQR) 5.8 (1.9-12.2) 8.7 (1.9-20.6) 5.4 (1.9400. 5.4 (1.9-12.2)

>100, % 3 8 2 2

Adjustedt OR (95% CI) . 2.13 (0.79-5.70) référence) 0.84 (0.27-2.63)
Blood eosinophil countt, cells/uL

Median (IQR) 114 (16 — 238) 167 (29-370) 123 (2821 152 (0-216)

>300, % 18 33 15 16

Adjustedt OR (95% CI) . 3.75 (2.03-6.93) 1 (reference) 1.03 (0.61-1.74)
Serum 25(OH)D, ng/mL

Median (IQR) 26 (18-33) 26 (19-35) 27 (19-33) 28-@R)

>30, % 37 40 38 34

Adjustedt OR (95% CI) . 1.00 (0.66-1.51) référence) 0.96 (0.70-1.31)
Serum LL-37, ng/mL

Median (IQR) 46 (34-62) 54 (40-71) 46 (34-58) 48-GD)

>46, % 49 62 a7 46

Adjustedt OR (95% CI) . 1.84 (1.23-2.75) 1 (reference) 1.10 (0.82-1.47)

* Defined as havingl positive value for allergen-specific IgE (171ants had1 positive value for food allergens, and 15 infants
had>1 positive value for aero-allergens). TAdjusteddge, sex and race/ethnicity. I Highest eosinaqhiht during inpatient stay,
available for 551 infants (60%); rate of missindueadid not differ according to profiles (P=0.8 Besults in bold are statistically
significant. OR, odds ratio; Cl, confidence intdn\'@R, interquartile range; GM, geometric meark Jgmmonuglobulin E.
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Table 4. Association of severe bronchiolitis profiles witasopharyngeal microbiota profiles

Severe bronchiolitis profiles

Profile A Profile B (eference) Profile C
i i i 0, 0, 0,
(Nna:séolpzr;aryngeal microbiota profile All. % % ORT (95% CI) % ORT (95% CI) % ORT (95% CiI)
Moraxella-dominant 22 29 1.44 (0.84-2.46)* 23 1 17 0.75(0.49-1.14)
Haemophilus-dominant 19 29 2.31(1.31-4.06) 13 1 24 2,04 (1.32-3.16)
Mixed profile (eference) 31 27 1 32 1 31 1
Sreptococcus-dominant 28 16 0.61 (0.34-1.11) 32 1 29 0.93 (0.:%)

tMultinomial logistic regression model adjusted &ge, sex, race/ethnicity, lifetime history of &rdtic use, history of corticosteroid
use, and use of antibiotics during the ED visitsies in bold are statistically significant for cparison of profile A or profile @s.
profile B. *Statistically significant difference f@omparison of profile As. C. OR, odds ratio; Cl, confidence interval. Fotibo
microbiota profiles and severe bronchiolitis predil the largest group was used as reference categadjusted analyses.
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Table 5. Associations between severe bronchiolitis pratibaseline and respiratory outcomes at age 3 year

n Recurrent wheezingt ICS or montelukast uset ddatthgnosed asthmas
n event HR (95% CI) n event HR (95% CI) nevent OR (95% CI)
Profile A 136 59 2.64 (1.90-3.68)* 64 2.55(1.85-3.51)* 49 2.79 (1.78-4.39)*
Profile B 452 97 1rieference) 109 1 (eference) 78 1 ¢eference)
Profile C 333 95 1.51(1.14-2.01) 123 1.84 (1.42-2.40) 72 1.38 (0.95-2.00)

Cox proportional hazard models (recurrent wheei@§, or montelukast use) or multinomial logistignession model (doctor-
diagnosed asthma), adjusted for age at baselir@rgkrace/ethnicity. T Having at least 2 cortieosid-requiring
exacerbations in 6 months, or having at least 4ezing episodes in one year that last at least ape@add affect sleep. $Parent-
reported use of ICS or montelukast. 8 Parentalrtegaloctor-diagnosed asthma, available for 83dn (91%). Results in
bold are statistically significant for comparisdrpoofile A or profile Cvs. profile B. *Statistically significant differencef

comparison of profile Ais. C. ICS, inhaled corticosteroids; HR, hazard rdD&, odds ratio; Cl, confidence interval.
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FIGURE LEGENDS

Figure 1. Graphical summary of the severe bronchiolitisfifge identified by latent class
analysis. Profiles are displayed according to th&hin distinctive characteristics (bronchiolitis
severity, viral etiology, history of breathing pteims / eczema).

Overlaps between the profiles are proportional l&ess membership probabilities (e.g., infants
assigned to profile B had 5% probability to beldagrofile A and 12% probability to belong to
profile C).

Figure 2. Kaplan-Meier survival curve for the risk of dewping recurrent wheezing by age 3
years, according to severe bronchiolitis profildaseline (severe bronchiolitis hospitalization).
Time in days since hospital discharge; “Survivaldicates absence of recurrent wheezing. Log-

rank test: p<0.001.
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