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INTRODUCTION

Early life viral respiratory infections are associated with increased risk of developing recurrent wheezing and asthma. [START_REF] Feldman | Toward Primary Prevention of Asthma: Reviewing the Evidence for Early-Life Respiratory Viral Infections as Modifiable Risk Factors to Prevent Childhood Asthma[END_REF][START_REF] Jackson | Lessons learned from birth cohort studies conducted in diverse environments[END_REF][START_REF] Jartti | Role of viral infections in the development and exacerbation of asthma in children[END_REF] Bronchiolitis is the most common acute lower respiratory tract infection in infancy. [START_REF] Ducharme | Diagnosis, management, and prognosis of preschool wheeze[END_REF][START_REF] Florin | Viral bronchiolitis[END_REF] Although most children with bronchiolitis experience mild to moderate illness, symptoms can be severe enough to require hospitalization. [START_REF] Hasegawa | Trends in bronchiolitis hospitalizations in the United States, 2000-2009[END_REF] Severe bronchiolitis is a strong predictor of long-term respiratory morbidity; indeed, 30-40% of infants hospitalized for bronchiolitis will develop recurrent wheezing or asthma. [START_REF] Bacharier | Determinants of asthma after severe respiratory syncytial virus bronchiolitis[END_REF][START_REF] Midulla | Recurrent wheezing 36 months after bronchiolitis is associated with rhinovirus infections and blood eosinophilia[END_REF] However, the factors predicting which infants will develop chronic respiratory illness remain incompletely characterized.

Bronchiolitis is generally considered a single disease, however, recent studies have underlined its heterogeneity. [START_REF] Dumas | A clustering approach to identify bronchiolitis profiles among children hospitalized with bronchiolitis[END_REF][START_REF] Hasegawa | Advancing our understanding of infant bronchiolitis through phenotyping and endotyping: Clinical and molecular approaches[END_REF] Beyond variability in the clinical course of the disease, patients with bronchiolitis are heterogeneous with regard to viral etiology and clinical history. [START_REF] Dumas | A clustering approach to identify bronchiolitis profiles among children hospitalized with bronchiolitis[END_REF][START_REF] Mansbach | Prospective multicenter study of viral etiology and hospital length of stay in children with severe bronchiolitis[END_REF] Respiratory infections with RSV and rhinovirus, the most commonly identified pathogens in bronchiolitis, have both been associated with later development of recurrent wheezing and asthma, although stronger associations have been reported for those with rhinovirus. [START_REF] Feldman | Toward Primary Prevention of Asthma: Reviewing the Evidence for Early-Life Respiratory Viral Infections as Modifiable Risk Factors to Prevent Childhood Asthma[END_REF][START_REF] Jackson | Lessons learned from birth cohort studies conducted in diverse environments[END_REF][START_REF] Bacharier | Determinants of asthma after severe respiratory syncytial virus bronchiolitis[END_REF][START_REF] Midulla | Recurrent wheezing 36 months after bronchiolitis is associated with rhinovirus infections and blood eosinophilia[END_REF][START_REF] Rubner | Early life rhinovirus wheezing, allergic sensitization, and asthma risk at adolescence[END_REF][START_REF] Bergroth | Post-Bronchiolitis Use of Asthma Medication[END_REF] Moreover, among patients with bronchiolitis or early life wheezing illnesses, rhinovirus infection is most often seen in children with clinical histories suggesting susceptibility to asthma (eg, history of wheezing, sensitization). [START_REF] Jackson | Evidence for a causal relationship between allergic sensitization and rhinovirus wheezing in early life[END_REF][START_REF] Mansbach | Children hospitalized with rhinovirus bronchiolitis have asthma-like characteristics[END_REF] Using a statistical clustering approach in multicenter cohorts of US and Finnish children hospitalized with bronchiolitis, we recently identified distinct severe bronchiolitis profiles. [START_REF] Dumas | A clustering approach to identify bronchiolitis profiles among children hospitalized with bronchiolitis[END_REF] The profiles differed according to prior history of wheezing/eczema, wheezing during acute infection, levels of acute severity and viral etiology. Interestingly, the results suggested the existence of a subgroup of children presenting with early signs of asthma during a severe bronchiolitis episode.

However, respiratory outcomes after the severe bronchiolitis episode were not examined in this previous cross-sectional analysis.

The observed bronchiolitis heterogeneity may reflect the existence of several disease entities with specific pathobiology (endotypes), and varying propensity for later asthma development. [START_REF] Hasegawa | Advancing our understanding of infant bronchiolitis through phenotyping and endotyping: Clinical and molecular approaches[END_REF] There is increasing evidence for a complex interplay between viral pathogens, host immune response and respiratory microbiota in the pathogenesis and severity of acute respiratory infections, as well as their link with asthma-related outcomes. [START_REF] Gern | Respiratory syncytial virus bronchiolitis: Enter the microbiome[END_REF][START_REF] Hasegawa | Serum cathelicidin, nasopharyngeal microbiota, and disease severity in infants hospitalized with bronchiolitis[END_REF][START_REF] Hasegawa | Association of nasopharyngeal microbiota profiles with bronchiolitis severity in infants hospitalised for bronchiolitis[END_REF][START_REF] Depner | Bacterial microbiota of the upper respiratory tract and childhood asthma[END_REF] Examining the heterogeneity of bronchiolitis in relation to allergy markers, immune response parameters, nasopharyngeal microbiota, as well as long-term respiratory outcomes may thus provide insight into asthma susceptibility pathways. However, to date, no study has investigated the association of severe bronchiolitis profiles defined by a clustering approach with objectively measured biomarkers and long-term respiratory outcomes.

The MARC-35 study (35 th Multicenter Airway Research Collaboration) is an ongoing, prospective multicenter cohort study of US infants (age <1 year) hospitalized with bronchiolitis and followed-up after hospitalization. In the current study, we aimed to identify severe bronchiolitis profiles by a clustering approach, and to investigate for the first time their association with (1) allergy, inflammatory and immune response biomarkers; (2) nasopharyngeal microbiota profiles; and (3) the risk of developing recurrent wheezing by age 3 years.

MATERIAL AND METHODS

Study design and data collection

The MARC-35 study is coordinated by the Emergency Medicine Network (http://www.emnet-usa.org/). [START_REF] Hasegawa | Association of nasopharyngeal microbiota profiles with bronchiolitis severity in infants hospitalised for bronchiolitis[END_REF] During the 2011-2014 winter seasons (November-March), investigators at 17 sites across 14 US states enrolled 1,016 infants hospitalized with bronchiolitis (study baseline). Bronchiolitis was diagnosed by the attending physician, in accordance with the American Academy of Pediatrics guidelines. [START_REF] Ralston | Clinical Practice Guideline: The Diagnosis, Management, and Prevention of Bronchiolitis[END_REF] Researchers conducted a structured interview to collect data on patients' demographic characteristics, medical history and details of the acute illness. Further clinical data were obtained from emergency department (ED) and inpatient medical records. Researchers collected blood samples and nasopharyngeal aspirates upon hospitalization, using a standardized protocol. Testing was performed for a large panel of respiratory viruses using real-time polymerase chain reaction assays, and microbiota using 16S rRNA gene sequencing (see online repository).

Among the 921 children (91%) eligible for long-term follow-up -the chronic cohort -we conducted telephone interviews with families ~1 week after hospital discharge and ~3 weeks after hospital admission, and then every 6 months from age 6 months onwards. We collected detailed data about any new breathing problem episodes, including date, duration, use of medication and whether this problem affected the child's sleep. Written informed consent was obtained from a parent or guardian of all patients included in the study. The institutional review board at each participating hospital approved the study.

Severe bronchiolitis profiles at baseline (infancy)

Severe bronchiolitis profiles were determined by latent class analysis, based on medical history, clinical course of bronchiolitis and viral etiology. Selection of variables and number of classes were performed as described earlier [START_REF] Dumas | A clustering approach to identify bronchiolitis profiles among children hospitalized with bronchiolitis[END_REF] (see online repository). Each child was assigned to the class for which he had the highest membership probability.

Biomarkers and nasopharyngeal microbiota profiles at baseline (infancy)

Complete blood count was performed locally at each hospital. Serum allergy (total and allergen-specific IgE), vitamin D (25(OH)D), and innate immune response (cathelicidin [LL-37]) biomarkers were measured from the blood sample. [START_REF] Hasegawa | Serum cathelicidin, nasopharyngeal microbiota, and disease severity in infants hospitalized with bronchiolitis[END_REF] We dichotomized total IgE level, eosinophil count and 25(OH)D level according to standard cut-offs (100 ku/L, 300 cells/µL and 30 ng/mL, respectively) and LL-37 level according to median value (46 ng/mL). [START_REF] Hasegawa | Serum cathelicidin, nasopharyngeal microbiota, and disease severity in infants hospitalized with bronchiolitis[END_REF] To examine nasopharyngeal microbiota, we identified four distinct microbiota profiles (Moraxella-dominant, Haemophilus-dominant, Streptococcus-dominant, and mixed profiles) as previously described, [START_REF] Hasegawa | Association of nasopharyngeal microbiota profiles with bronchiolitis severity in infants hospitalised for bronchiolitis[END_REF] by using partitioning around medoids with weighted UniFrac distance.

Respiratory outcomes by age 3 years

Recurrent wheezing by age 3 years was defined by parental report of at least 2 corticosteroid-requiring breathing problems in 6 months or at least 4 breathing problem episodes in one year that last at least one day and affect sleep. [START_REF]Expert Panel Report 3 (EPR-3): Guidelines for the Diagnosis and Management of Asthma-Summary Report 2007[END_REF] Parent-reported use of inhaled corticosteroids (ICS) or montelukast by age 3 years was also examined. Only breathing problem episodes and medication use reported post-hospital-discharge were included in the outcome definitions. Asthma by age 3 years was defined based on parental report that child was diagnosed with asthma by a doctor or other health professional.

Statistical analyses

Associations of severe bronchiolitis profiles with biomarkers and nasopharyngeal microbiota profiles at baseline were evaluated by multinomial logistic regressions. The association between severe bronchiolitis profiles at baseline and development of recurrent wheezing by age 3 years was evaluated using Kaplan-Meier survival curves and Cox models.

Multivariable models adjusted for age, sex and race/ethnicity. Nasopharyngeal microbiota models were further adjusted for antibiotic and corticosteroid use. A two-sided P<0.05 was considered statistically significant.

RESULTS

Follow-up data were available for >80% at each follow-up interview from age 6 months to age 3 years (range: 82% to 88%). The mean age of the children at baseline was 4.1 months (SD: 3.0) and 40% were female; 50% of children were non-Hispanic blacks or Hispanics.

Severe bronchiolitis profiles

Three severe bronchiolitis profiles, labelled A-C, were identified by latent class analysis.

The mean class membership probability range was 81%-84%. In Table 1, the profiles are described based on the proportion of children presenting with each characteristic (variables used for classification), according to the class they were assigned to by the latent class analysis. A summary of the profiles is presented in Figure 1, where the profiles are displayed according to their main distinctive characteristics. Further data are provided in online repository.

Profile A infants (15%) were characterized by a higher proportion of history of breathing problems (44%) and history of eczema (23%); they also differed from other profiles by the low proportion of infants with RSV infection (5%) and higher proportion of rhinovirus infection (54%). In contrast with profile A, profile B (49%) had the largest proportion of infants with RSV infection (99%) and a low proportion of infants with history of breathing problems (12%) or eczema (14%). Profile C (36%) was the most severely ill group: 60% of profile C infants had moderate-to-severe retractions at presentation (vs. 23-30% in other profiles), and 21% were hospitalized 7 days or longer (vs. 0-1% in other profiles); they also had a higher respiratory rate during hospital stay. Most profile C infants (83%) were infected with RSV.

The distribution of sociodemographic and additional clinical characteristics across

profiles is presented in Table 2. Compared to other profiles, profile A infants were older and more often Hispanic; they also more often had history of antibiotics and corticosteroid use before bronchiolitis hospitalization. The most severe group (profile C) included younger infants, and a higher proportion of infants with inadequate oral intake at ED presentation and who required ICU admission and mechanical ventilation. Regarding viral etiology, it was notable that a large proportion (46%) of profile A infants were neither infected with RSV nor rhinovirus. Other pathogens identified in >5% of profile A infants were: human metapneumovirus B (15%), adenovirus (11%), human bocavirus type 1 (10%), and parainfluenza virus type 3 (6%). For 15% of profile A infants, no pathogen was identified. Because profile B was the largest group and most resembled "classic" RSV bronchiolitis, it was used as the reference category in subsequent analyses.

Severe bronchiolitis profiles and biomarkers

Overall, no significant difference was observed in biomarkers levels between profiles B and C, but profile A differed for some biomarkers (Table 3). Total IgE level was not significantly different in profile A compared to profile B. In contrast, profile A infants had significantly higher eosinophil count than profile B infants. No difference was observed between profiles for allergic sensitization as defined by any positive value to allergen-specific IgE testing. When examining mono-sensitization (only one allergen, 15%) and multi-sensitization (two allergens or more, 4%), results suggested that profile A infants had lower odds of mono-sensitization (odds ratio: 0.56, 0.30-1.03; P=0.06), and did not differ significantly for multi-sensitization (1.34, 0.54-3.30; P=0.52) as compared to profile B infants. Profile C infants did not differ significantly from profile B infants for these specific IgE groupings (table E3, online repository).

No difference in serum 25(OH)D level was observed across the profiles. However, profile A infants had significantly higher level of serum LL-37 than infants in profiles B.

Severe bronchiolitis profiles and nasopharyngeal microbiota

Nasopharyngeal microbiota composition differed across severe bronchiolitis profiles (Table 4). In adjusted analyses, when compared to profile B, both profile A (P=0.004) and profile C (P=0.001) children more often had a Haemophilus-dominant microbiota profile. In addition, profile A was the group with the largest proportion of children with a Moraxelladominant microbiota profile, while the proportion was the lowest in profile C children. This difference was significant when comparing profile A children 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 developed recurrent wheezing overall. In profile A children, 43% had developed recurrent wheezing; in profile B, 21%; and in profile C, 29%.

The Kaplan-Meier plot (Figure 2) indicates increased risk of developing recurrent wheezing by age 3 years in profile A children, and to a lower extent, in profile C children, compared to profile B. These results were confirmed in multivariable Cox proportional hazards models (Table 5): compared to profile B, we observed significantly increased risk of developing recurrent wheezing associated with profile A (hazard ratio 2.64; 95% confidence interval: 1.90-3.68, P<0.001) and with profile C (1.51; 1.14-2.01, P=0.004). We found similar associations with use of inhaled corticosteroids/montelukast by age 3 years. When examining doctor-diagnosed asthma, increased risk was also observed in profile A children compared to profile B; in contrast, increased risk of asthma was not significantly associated with profile C. Significant differences for the risk of developing each outcome were also observed when comparing profile A children to profile C children.

Results were unchanged in sensitivity analyses (Table E4, online repository) where associations were further adjusted for daycare attendance, exposure to environmental tobacco smoke, maternal smoking during pregnancy, number of siblings at home, gestational age, delivery mode (vaginal vs. caesarian section), breastfeeding (from birth to age 3 months), and annual household income; or when we used a model accounting for a potential center effect (patient clustering at the hospital level) through a generalized estimating equations approach.

Moreover, the association between severe bronchiolitis profiles and recurrent wheezing was not modified by age, sex, or race/ethnicity (all P interaction were not statistically significant).

DISCUSSION

Three distinct clinical profiles of severe bronchiolitis were identified in a large sample of infants hospitalized for bronchiolitis. Profile A was characterized by history of breathing problems/eczema during infancy and non-RSV (mostly rhinovirus) infection; profile B had the largest probability of RSV infection and resembled classic RSV-bronchiolitis; profile C was the most severely ill group. Furthermore, we showed for the first time significant differences across the profiles for biological markers and nasopharyngeal microbiota at baseline, as well as respiratory outcomes by age 3 years. Notably, compared to profile B, profile A children had a more than 2-fold increased risk of developing recurrent wheezing by age 3 years; to a lesser extent, the risk was also augmented in profile C children.

The severe bronchiolitis profiles identified by latent class analysis are consistent with earlier findings in similar US and Finnish cohorts of children hospitalized for bronchiolitis, in which 3 to 4 profiles were identified using the same clustering method. [START_REF] Dumas | A clustering approach to identify bronchiolitis profiles among children hospitalized with bronchiolitis[END_REF] A larger number of profiles was found in the largest cohort (n=2,207), in which more heterogeneity may have been observed. In all three cohorts -including the current study -profile A, characterized by non-RSV (mostly rhinovirus) infection and history of breathing problems and eczema, was clearly identified as a separate group. The other profiles identified in the three cohorts all had a higher probability of RSV infection than profile A, and differed according to level of acute severity.

Besides similarity with previous studies, the validity of the profiles is supported by the high value of mean class membership probability.

In the previous cross-sectional analysis of U.S. and Finnish children hospitalized for bronchiolitis, we hypothesized that profile A was constituted by children presenting with early signs of asthma during a severe bronchiolitis episode, but did not examine long-term respiratory outcomes. [START_REF] Dumas | A clustering approach to identify bronchiolitis profiles among children hospitalized with bronchiolitis[END_REF] Findings from the current study provide support for this hypothesis, especially the clear, prospective association between profile A bronchiolitis and development of recurrent wheezing by age 3 years. Not all children with recurrent wheezing develop asthma. However, early (≤ age 3 years) recurrent wheezing is a strong predictor of later asthma development. [START_REF] Burbank | Current and future management of the young child with early onset wheezing[END_REF] Moreover, although a longer follow-up is needed to ultimately confirm an association with development of childhood asthma, a prospective association between profile A bronchiolitis was also observed with development of doctor-diagnosed asthma by age 3 years.

Whether viral infections have a causal role in the development of recurrent wheezing and asthma, are a sign of susceptibility to respiratory illnesses, or correspond to their first manifestations, is a long-running debate. [START_REF] Feldman | Toward Primary Prevention of Asthma: Reviewing the Evidence for Early-Life Respiratory Viral Infections as Modifiable Risk Factors to Prevent Childhood Asthma[END_REF][START_REF] Jackson | Lessons learned from birth cohort studies conducted in diverse environments[END_REF][START_REF] Bønnelykke | Association between respiratory infections in early life and later asthma is independent of virus type[END_REF] The hypothesis that acute respiratory infections consist of distinct endotypes with different roles on the causal pathway to asthma may help clarify this important question. Profile A infants often had a clinical history suggestive of susceptibility to asthma or atopic diseases, including history of breathing problems or eczema, or prior use of corticosteroids. The hypothesis that some children with higher propensity to rhinovirus infection also have increased asthma susceptibility is consistent with a few earlier reports. [START_REF] Feldman | Toward Primary Prevention of Asthma: Reviewing the Evidence for Early-Life Respiratory Viral Infections as Modifiable Risk Factors to Prevent Childhood Asthma[END_REF] In particular, early signs of atopic condition have been found to precede rhinovirusinduced infections in children at high risk for asthma or allergies. [START_REF] Jackson | Evidence for a causal relationship between allergic sensitization and rhinovirus wheezing in early life[END_REF] However, this susceptibility hypothesis may not be restricted to rhinovirus. An increased risk of asthma associated with the frequency of troublesome respiratory episodes in the first 3 years of life (suggestive of potential susceptibility or exaggerated response to infections), rather than with the specific viral etiologies, was reported in a Danish birth cohort study. [START_REF] Bønnelykke | Association between respiratory infections in early life and later asthma is independent of virus type[END_REF] In addition, both RSV and rhinovirus illnesses share important susceptibility genetic variants with asthma. [START_REF] Feldman | Toward Primary Prevention of Asthma: Reviewing the Evidence for Early-Life Respiratory Viral Infections as Modifiable Risk Factors to Prevent Childhood Asthma[END_REF][START_REF] Calışkan | Rhinovirus wheezing illness and genetic risk of childhood-onset asthma[END_REF] In the current study, although rhinovirus infection was markedly more common in profile A children, nearly half of them were not infected with rhinovirus; they either had other pathogens (e.g., human metapneumovirus B, adenovirus, bocavirus) or no pathogen was identified.

Profile C infants, who also had higher risk of developing recurrent wheezing (compared to profile B), were younger at bronchiolitis hospitalization and did not have a distinctive clinical history; however they were the most severely-ill group. Bronchiolitis severity has been found to increase asthma risk in a dose-response manner. [START_REF] Carroll | The Severity-Dependent Relationship of Infant Bronchiolitis on the Risk and Morbidity of Early Childhood Asthma[END_REF] Although severe RSV infections and related inflammation have been suggested to cause long-term lung damage, evidence for a causal mechanism is lacking. [START_REF] Jackson | Lessons learned from birth cohort studies conducted in diverse environments[END_REF] Nonetheless, the differences in the features of profile A and C, and their differential association with biomarkers and nasopharyngeal microbiota, suggest that they may be associated with recurrent wheezing through distinct pathways.

Higher blood eosinophil counts were observed in profile A children compared to the two other groups. Blood eosinophilia in childhood [START_REF] Karakoc | The association between persistent eosinophilia and asthma in childhood is independent of atopic status[END_REF] or during bronchiolitis and early respiratory infection episodes [START_REF] Midulla | Recurrent wheezing 36 months after bronchiolitis is associated with rhinovirus infections and blood eosinophilia[END_REF][START_REF] Mikalsen | Blood eosinophil counts during bronchiolitis are related to bronchial hyper-responsiveness and lung function in early adolescence[END_REF][START_REF] Backman | Low eosinophils during bronchiolitis in infancy are associated with lower risk of adulthood asthma[END_REF] has been associated with later development of recurrent wheezing or asthma. However, the exact role of eosinophils, both during acute respiratory infections and in chronic asthma, remains poorly understood. [START_REF] Yoo | Viral infection of the lung: Host response and sequelae[END_REF][START_REF] Szefler | Asthma outcomes: biomarkers[END_REF] During acute respiratory infection, a higher number of eosinophils has been found in patients with rhinovirus infection; [START_REF] Turunen | The first wheezing episode: Respiratory virus etiology, atopic characteristics, and illness severity[END_REF][START_REF] Cangiano | Bronchiolitis: Analysis of 10 consecutive epidemic seasons[END_REF] on the other hand, in RSV-induced bronchiolitis, a potential eosinopenic response to infection has been reported. [START_REF] Mikalsen | Blood eosinophil counts during bronchiolitis are related to bronchial hyper-responsiveness and lung function in early adolescence[END_REF][START_REF] Backman | Low eosinophils during bronchiolitis in infancy are associated with lower risk of adulthood asthma[END_REF] In older children and adults with asthma, higher blood eosinophil counts have been associated with disease severity/activity and type 2 inflammation. [START_REF] Szefler | Asthma outcomes: biomarkers[END_REF] Our results may thus reflect either a different immune response to infection in profile A infants or higher eosinophil counts independently from infection in this group compared to others.

In contrast with the eosinophils findings, we did not observe a significant association between severe bronchiolitis profiles and allergy markers, although higher total IgE levels on the one hand and lower odds of mono-sensitization on the other hand were suggested in profile A infants. Eosinophilia and allergic sensitization in childhood both are associated with increased asthma risk and have been suggested to have a role in at least some common causal pathway(s). [START_REF] Genuneit | Interaction between atopy and blood eosinophils in the development of childhood wheeze[END_REF] However, they have been independently associated with asthma and may relate to its development at different time windows. [START_REF] Karakoc | The association between persistent eosinophilia and asthma in childhood is independent of atopic status[END_REF] Indeed, sensitization is highly dependent on age and is less common in infants; [START_REF] Schoos | Atopic endotype in childhood[END_REF] its relevance as a predictor of wheezing outcomes and asthma at such an early age is disputed. [START_REF] Schoos | Atopic endotype in childhood[END_REF][START_REF] Belgrave | Developmental Profiles of Eczema, Wheeze, and Rhinitis: Two Population-Based Birth Cohort Studies[END_REF] In future work, we will study associations of severe bronchiolitis profiles in infancy with phenotypes of allergic sensitization during childhood [START_REF] Hose | Latent class analysis reveals clinically relevant atopy phenotypes in two birth cohorts[END_REF][START_REF] Lazic | Multiple atopy phenotypes and their associations with asthma: Similar findings from two birth cohorts[END_REF] and asthma to provide further insight into potential causal pathways.

We also found higher cathelicidin levels in profile A children compared to the other groups. Human cathelicidin is an innate immunity host defense peptide with immunomodulatory properties. [START_REF] Hasegawa | Serum cathelicidin, nasopharyngeal microbiota, and disease severity in infants hospitalized with bronchiolitis[END_REF][START_REF] Vandamme | A comprehensive summary of LL-37, the factoctum human cathelicidin peptide[END_REF] Although vitamin D is one of the factors regulating cathelicidin production and activation, [START_REF] Vandamme | A comprehensive summary of LL-37, the factoctum human cathelicidin peptide[END_REF] the profiles did not differ with regards to 25(OH)D levels. Direct antiviral activity of cathelicidin against both RSV and rhinovirus has been reported in experimental studies; [START_REF] Telcian | Vitamin D increases the antiviral activity of bronchial epithelial cells in vitro[END_REF] however, lower cathelicidin levels were found in children with RSV infection compared to those with rhinovirus or other non-RSV infection in two cohorts of children hospitalized for severe bronchiolitis, including MARC-35. [START_REF] Hasegawa | Serum cathelicidin, nasopharyngeal microbiota, and disease severity in infants hospitalized with bronchiolitis[END_REF][START_REF] Mansbach | Serum cathelicidin level is associated with viral etiology and severity of bronchiolitis[END_REF][START_REF] Mansbach | Serum LL-37 level is associated with severity of bronchiolitis and viral etiology[END_REF] This is consistent with the lower cathelicidin levels found in profiles B and C compared to profile A infants. Although the exact mechanisms and features of profile A that are driving this association are beyond the scope of our data, our results may reflect a different immune response during acute bronchiolitis in profile A children.

Nasopharyngeal microbiota also differed according to severe bronchiolitis profiles. Interestingly, while profile B and C did not differ for the investigated biomarkers, we observed distinct nasopharyngeal microbiota profiles in these groups. The Haemophilus-dominant microbiota profile was more common in profile C than in profile B infants, consistent with its association with increased bronchiolitis severity previously reported in MARC-35 [START_REF] Hasegawa | Association of nasopharyngeal microbiota profiles with bronchiolitis severity in infants hospitalised for bronchiolitis[END_REF] and with severity of RSV-induced infection in young children. [START_REF] De Steenhuijsen Piters | Nasopharyngeal microbiota, host transcriptome, and disease severity in children with respiratory syncytial virus infection[END_REF] Profile A was characterized by elevated proportions of children with either the Haemophilus-dominant or the Moraxella-dominant profile. High abundance of Haemophilus and Moraxella has been reported in MARC-35 infants with rhinovirus infection. [START_REF] Mansbach | Respiratory syncytial virus and rhinovirus severe bronchiolitis are associated with distinct nasopharyngeal microbiota[END_REF] Furthermore, in a Danish birth cohort, specific bacterial colonization in the airways of neonates, including Haemophilus influenza and Moraxella catarrhalis, was associated with later development of pneumonia or bronchiolitis, [START_REF] Vissing | Increased risk of pneumonia and bronchiolitis after bacterial colonization of the airways as neonates[END_REF] and persistent wheeze and asthma. [START_REF] Bisgaard | Childhood Asthma after Bacterial Colonization of the Airway in Neonates[END_REF] In older children, Moraxella abundance in nasal microbiota was also associated with asthma. [START_REF] Depner | Bacterial microbiota of the upper respiratory tract and childhood asthma[END_REF] The timing and mechanisms of the interplay between viral infections, airway microbiota and host immune response, in relation to respiratory outcomes have yet to be determined. [START_REF] Gern | Respiratory syncytial virus bronchiolitis: Enter the microbiome[END_REF][START_REF] Depner | Bacterial microbiota of the upper respiratory tract and childhood asthma[END_REF] While our findings are consistent with previous studies reporting associations between microbiota profiles and individual characteristics of bronchiolitis (severity, viral etiology) [START_REF] Hasegawa | Association of nasopharyngeal microbiota profiles with bronchiolitis severity in infants hospitalised for bronchiolitis[END_REF][START_REF] De Steenhuijsen Piters | Nasopharyngeal microbiota, host transcriptome, and disease severity in children with respiratory syncytial virus infection[END_REF][START_REF] Mansbach | Respiratory syncytial virus and rhinovirus severe bronchiolitis are associated with distinct nasopharyngeal microbiota[END_REF] , they question whether microbiota profiles are independently associated with each of these characteristics, or are part of the features of distinct bronchiolitis endotypes.

Overall, our findings add evidence to a contribution of both virus and bacteria to the pathogenesis of acute and chronic respiratory illnesses. [START_REF] Gern | Respiratory syncytial virus bronchiolitis: Enter the microbiome[END_REF][START_REF] De Steenhuijsen Piters | Nasopharyngeal microbiota, host transcriptome, and disease severity in children with respiratory syncytial virus infection[END_REF] This study had potential limitations. First, recurrent wheezing was defined using parental reports of breathing problems episodes. Although "breathing problems" were clearly described to parents during interviews with intent to identify major respiratory symptoms, such as wheezing, cough, and shortness of breath (see details in online repository), and only those episodes that lasted at least one day and affected sleep, [START_REF]Expert Panel Report 3 (EPR-3): Guidelines for the Diagnosis and Management of Asthma-Summary Report 2007[END_REF] the outcome was not confirmed by a physician. However, our results were confirmed when examining ICS or montelukast use by age 3 years, a more objective outcome; and development of doctor-diagnosed asthma by age 3 years. [START_REF] Bergroth | Post-Bronchiolitis Use of Asthma Medication[END_REF] Second, the severe bronchiolitis profiles identified in the current study have been defined in a cohort of hospitalized infants, which only represent a small proportion of all bronchiolitis patients. It is likely that additional bronchiolitis profiles exist, including milder cases. However, it is relevant from a public health point of view to study the most severe bronchiolitis patients given that they are at high-risk for asthma development [START_REF] Carroll | The Severity-Dependent Relationship of Infant Bronchiolitis on the Risk and Morbidity of Early Childhood Asthma[END_REF] and bronchiolitis is the most common reason for hospitalization in U.S. infants. [START_REF] Hasegawa | Trends in bronchiolitis hospitalizations in the United States, 2000-2009[END_REF] For a more complete understanding of bronchiolitis, similar clustering approaches should be applied to other cohorts with different designs, in particular those including outpatient cases; indeed beyond having distinct clinical presentations, outpatient cases may have differences in risk factors for bronchiolitis and socio-demographic characteristics. Finally, the patients' profile as defined based on a statistical clustering approach cannot directly be assessed in clinical settings. However, we have identified in Figure 1 the main features of each profile to help the physicians and investigators identifying patients more likely to belong to each group. Blood eosinophilia may be an additional relevant marker to identify profile A children. Longer follow-up is needed to better determine the clinical significance of our results and before suggestions can be made about a differential management of children with severe bronchiolitis according to clinical history, viral etiology, and levels of acute severity. Nonetheless, our findings may help identify, among children hospitalized for bronchiolitis, subgroups with particularly elevated risk of developing recurrent wheezing and asthma.

In summary, our findings support the existence of several entities under the clinical diagnosis of bronchiolitis, differentially associated with long-term outcomes such as development of recurrent wheezing. Moreover, the associations between the severe bronchiolitis profiles and several objectively measured biomarkers suggest a biological basis for the observed heterogeneity. Further work aiming at phenotyping and endotyping bronchiolitis through clinical, epidemiological and molecular approaches (including -"omics" data, e.g., host genome, transcriptome, epigenome) 10 should help improve disease management and clarify the relation of infant bronchiolitis with the development of asthma. Overlaps between the profiles are proportional to class membership probabilities (e.g., infants assigned to profile B had 5% probability to belong to profile A and 12% probability to belong to profile C). 
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Figure 1 .

 1 Figure 1. Graphical summary of the severe bronchiolitis profiles identified by latent class analysis. Profiles are displayed according to their main distinctive characteristics (bronchiolitis severity, viral etiology, history of breathing problems / eczema).

Figure 2 .

 2 Figure 2. Kaplan-Meier survival curve for the risk of developing recurrent wheezing by age 3 years, according to severe bronchiolitis profile at baseline (severe bronchiolitis hospitalization). Time in days since hospital discharge; "Survival" indicates absence of recurrent wheezing. Logrank test: p<0.001.

Table 1 .

 1 Description of the infants hospitalized for severe bronchiolitis (baseline), according to the profiles (A to C) identified by latent class analysis RSV, respiratory syncytial virus. Latent class analysis was performed based on the nine variables presented in the table, selected from a larger set of variables including many clinical factors (main features typically monitored in clinical practice, including data from ED presentation to inpatient discharge).

	All	A	Profiles B	C

Table 2 .

 2 Characteristics of the children according to severe bronchiolitis profiles RSV, respiratory syncytial virus. Results in bold are statistically significant. * Chi-square tests.

	All	A	Profiles B	C	P*

Table 4 .

 4 Association of severe bronchiolitis profiles with nasopharyngeal microbiota profiles model adjusted for age, sex, race/ethnicity, lifetime history of antibiotic use, history of corticosteroid use, and use of antibiotics during the ED visit. Results in bold are statistically significant for comparison of profile A or profile C vs. profile B. *Statistically significant difference for comparison of profile A vs. C. OR, odds ratio; CI, confidence interval. For both microbiota profiles and severe bronchiolitis profiles, the largest group was used as reference category in adjusted analyses.

		Severe bronchiolitis profiles	
	Profile A	Profile B (reference)	Profile C
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