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FIG 2. Neutrophils aggravate T-cell–mediated allergic inflammation

in vivo. A, Experimental design. B, Airway resistance (RI, means 6 SEM)

in PBMC-engrafted mice (n 5 14-16 per group) without or with injection

of neutrophils and subsequent intranasal challenge with birch pollen

extract (BPE) or PBS. i.n., Intranasal; i.p., intraperitoneal. #P < .05 of BPE-

challenged mice with/without neutrophils; §P < .05 of BPE/PBS-

challenged mice. **P < .01 and ***P < .001 of BPE/PBS-challenged mice

with activated neutrophils, 2-way ANOVA.
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Complementing our previous introduction of human
neutrophils as APCs in allergic LPR, the results presented here
provide insights in their mechanisms of T-cell activation. Our
findings indicate that neutrophils fully activate T cells by
costimulation of CD2 with CD58 and promote T-cell–mediated
inflammation. We conclude that neutrophils, which are recruited
in high numbers to inflammatory sites, also contribute to allergic
inflammatory diseases through the activation of allergen-specific
T cells.
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Association between rhinovirus spe-
cies and nasopharyngeal microbiota
in infants with severe bronchiolitis
To the Editor:
Bronchiolitis is the leading cause of hospitalization in US

infants.1 Rhinovirus (RV) is the second most common cause of
severe bronchiolitis (ie, bronchiolitis requiring hospitalization)
following respiratory syncytial virus (RSV).1 RVs are RNA
viruses consisting of more than 160 genotypes that are classified
into 3 species (RV-A, RV-B, and RV-C).2 RV-A and RV-C are
more frequently found than RV-B in children with acute
respiratory infections (ARIs) and wheezing illnesses.3,4

Emerging evidence suggests a complex interplay between viral
infection, airway microbes, and host immune response in the
pathobiology of ARI. Studies have shown that RV infection in
children is associated with increased detection of pathogenic
bacteria in the airways.5,6 Furthermore, detection of RV together
with specific airway pathogens (eg, Moraxella catarrhalis) is
associated with increased ARI and asthma symptoms.6 Recently,
RV-A and RV-C were reported to differentially associate with
detection of pathogenic bacteria in school-age children.7

However, no study has investigated the relationships between
rhinovirus species and airway microbiota in infants, let alone
infants with bronchiolitis. To address the knowledge gap, we
examined the association between rhinovirus species and the
nasopharyngeal airway microbiota determined by 16S rRNA
gene sequencing in 774 infants with severe bronchiolitis.

This was a post hoc analysis of data from the 35th Multicenter
Airway Research Collaboration (MARC-35) cohort study—a
multicenter prospective cohort study of infants hospitalized for
bronchiolitis. The details of the study design, setting, virus and
microbiota measurements, and analysis are described in this
article’s Online Repository at www.jacionline.org. Briefly, 1016
infants (age <1 year) hospitalized for bronchiolitis were enrolled
in 17 sites across 14US states (see Table E1 in this article’s Online
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FIG 1. Between-virus difference in nasopharyngeal microbiota in infants hospitalized for bronchiolitis.

A, Between the 4 virus categories, the proportion of nasopharyngeal microbiota profiles differed. For

example, compared with infants with RSV-only bronchiolitis, those with RV-A infection were more likely

to have a Haemophilus-dominant, mixed, or Moraxella-dominant profile than a Streptococcus-dominant

profile. Infants with RV-C infection were more likely to have a Moraxella-dominant profile. P values were

derived from adjusted multinomial logistic regression model. Corresponding relative rate ratios are

presented in Table I. *P < .05. B, Between the 4 virus categories, the distribution of relative abundance of

3 most common genera in the nasopharyngeal microbiota differed. Data are presented using violin plots,

which are boxplots with a rotated kernel density plot on each side. P values adjusted for multiple

comparisons are presented in Table E3.
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Repository at www.jacionline.org). Bronchiolitis was defined ac-
cording to the American Academy of Pediatrics guidelines. The
institutional review boards at participating sites approved the
study. Informed consent was obtained from the infants’ parent
or legal guardian. Nasopharyngeal samples were collected within
24 hours of hospitalization and stored at 2808C locally. These
samples were processed and tested for 17 respiratory pathogens
by real-time PCR and for microbiota using 16S rRNA gene
sequencing at Baylor College of Medicine (Houston, Tex).
Singleplex real-time PCR was used to detect RV, and positive

http://www.jacionline.org


TABLE I. Unadjusted and adjusted associations of respiratory viruses (exposure) with nasopharyngeal microbiota profiles (outcome) in

infants hospitalized for bronchiolitis

Model and virus category

Microbiota profile

Haemophilus-dominant

(n 5 133)

P value

Moraxella-dominant

(n 5 167)

P value

Mixed profile (n 5 239)

P value

Streptococcus-dominant

(n 5 235)

RRR (95% CI) RRR (95% CI) RRR (95% CI) RRR (95% CI)

Unadjusted model

RSV-only (n 5 580) Reference Reference Reference Reference

RV-A (n 5 91) 5.62 (2.79-11.30) <.001 2.22 (1.04-4.73) .04 2.74 (1.39-5.39) .004 Reference

RV-B (n 5 12) 7.30 (0.75-71.21) .09 6.79 (0.75-61.46) .09 4.59 (0.51-41.50) .17 Reference

RV-C (n 5 91) 2.18 (1.08-4.40) .03 2.41 (1.29-4.53) .006 1.69 (0.91-3.13) .09 Reference

Adjusted model*

RSV-only (n 5 580) Reference Reference Reference Reference

RV-A (n 5 91) 5.67 (2.76-11.67) <.001 2.26 (1.05-4.89) .04 2.74 (1.38-5.44) .004 Reference

RV-B (n 5 12) 7.50 (0.74-76.08) .09 5.72 (0.62-52.71) .12 4.73 (0.52-43.04) .17 Reference

RV-C (n 5 91) 1.81 (0.86-3.81) .12 2.69 (1.39-5.20) .003 1.57 (0.83-2.96) .17 Reference

RRR, Relative rate ratio.

*Multinomial logistic regression model adjusting for 8 patient-level covariates (age, sex, race/ethnicity, gestational age, siblings in the household, breast-feeding, history of

breathing problems, and lifetime history of systemic antibiotic use). RSV-only infection was used as the reference of exposure (virus category), and Streptococcus-dominant

microbiota profile was used as the reference for the outcome (nasopharyngeal microbiota profile).
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specimens were further genotyped by using molecular typing
assay at the University of Wisconsin (Madison, Wis). By using
partitioning around medoids unsupervised clustering with the
use of weighted UniFrac distance, 4 distinct nasopharyngeal
microbiota profiles were derived as previously described.8 In
the current analysis, we grouped infants into 4 mutually exclusive
virus categories: solo RSV (reference), RV-A, RV-B, and RV-C.
We tested the association between these virus categories and
nasopharyngeal microbiota profiles by constructing multinomial
logistic regression model adjusting for 8 covariates. Data were
analyzed using R version 3.4.4.

Of 1016 enrolled infants, 774 were in 1 of the 4 prespecified
virus categories (580 RSV-only, 91 RV-A, 12 RV-B, and 91 RV-C)
and had high-quality microbiota data; they comprised the analytic
sample. Overall, the median age was 2.9 months (interquartile
range, 1.6-5.3), 60% were male, and 16% infants received
intensive care therapy. Compared with infants with RSV-only,
those with RV-A or RV-C were older and more likely to have
previous breathing problems (P < .001; see Table E2 in this
article’s Online Repository at www.jacionline.org).

Across the virus categories, there was a significant difference in
the likelihood of nasopharyngeal microbiota profiles (P< .001; see
TableE3 in this article’s Online Repository atwww.jacionline.org).
For example, while infants with RSV had the highest likelihood of
Streptococcus-dominant profile (the reference virus andmicrobiota
profile), those with RV-A had the highest likelihood of
Haemophilus-dominant profile (Fig 1, A), corresponding to an
adjusted relative rate ratio of 5.67 (95% CI, 2.76-11.67;
P < .001; Table I). In contrast, infants with RV-C were more likely
to have Moraxella-dominant profile than Streptococcus-dominant
profile (adjusted relative rate ratio, 2.69; 95% CI, 1.39-5.20;
P 5 .003). Similarly, at the genus-level (Fig 1, B; see Table E3 in
this article’s Online Repository at www.jacionline.org), compared
with infants with RSV-only, those with any RV species had lower
relative abundance of Streptococcus (P 5 .002) and those with
RV-A had a higher abundance of Haemophilus (P 5 .002).

Earlier studies reported that RV-C infection is associated with
higher risks of subsequent ARI in young children4 and that
enrichment of Moraxella abundance in the upper airways is
related to higher frequency of ARIs.9 Furthermore, a recent
analysis from RhinoGen study (310 children [aged 4-12 years]
with or without asthma, using quantitative PCR for 3 bacteria)
reported that RV-A and RV-C are differentially associated
with increased quantity of H influenzae, M catarrhalis, and
S pneumoniae.7 Our observations—for example, the association
between RV-C and higher likelihood of Moraxella-dominant
microbiota— corroborate these earlier findings, and extend
them by applying 16S rRNA gene sequencing to the airway
samples of a large multicenter prospective cohort of infants
with severe bronchiolitis.

The underlying mechanisms of the virus-microbiota
relationships are beyond the scope of our data. The observed
associations may be causal—that is, specific respiratory virus
species (eg, RV-C) alters the airway microbiota.6 Alternatively,
unique microbiota profiles in conjunction with airway immune
response might have contributed to susceptibility to specific virus
infection. These potential mechanisms are not mutually
exclusive. Despite this complexity, the identification of the
association between specific virus species and airway microbiota
in infants with bronchiolitis is important given their relation to
subsequent respiratory health in children.

Our study has potential limitations. First, the study design
precluded us from examining the relation between the temporal
pattern of airwaymicrobiota and respiratory health in children. To
address this question, the cohort is currently being followed
longitudinally for 61 years with serial examinations of
microbiota. Second, the current study did not have healthy
controls. However, the study aimwas to determine the association
of virus species with microbiota among infants with bronchiolitis.
Finally, although the study cohort comprised a racially/ethnically
diverse US sample of infants, we must generalize the inferences
cautiously beyond infants with severe bronchiolitis. Regardless,
our data are highly relevant for 130,000 US children hospitalized
with bronchiolitis each year.1

In summary, on the basis of this multicenter prospective cohort
study of infants with severe bronchiolitis, we observed that
compared with infants with RSV-only infection, infants with
RV-A or RV-C infection had distinct nasopharyngeal microbiota
profiles—for example, those with RV-C infection had a
higher likelihood of Moraxella-dominant microbiota profile,

http://www.jacionline.org
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whereas those with RV-A infection had a higher likelihood of
Haemophilus-dominant profile. Although causal inferences
remain premature, our data should advance research into delin-
eating the complex interrelations between respiratory viruses,
airway microbiome, and respiratory outcomes in children.
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Prevalence of eosinophilic colitis and
the diagnoses associated with colonic
eosinophilia
To the Editor:
Eosinophilic gastrointestinal disorders (EGIDs) are a set of

conditions characterized by eosinophil-rich inflammation in
various segments of the gastrointestinal tract in the absence of
known causes, such as infection and systemic diseases. Most
attention on EGID has focused on eosinophilic esophagitis (EoE).
This increased focus on EoE is, in part, related to the agreed-upon
diagnostic criteria for EoE. These consensus criteria are more
straightforward than the limited, nonconsensus criteria of other
EGIDs because the esophagus, unlike the rest of the gastrointes-
tinal mucosa, is devoid of eosinophils under healthy normal
conditions. Among EGIDs, there is relatively little information
concerning eosinophilic colitis (EC), currently defined as a
clinicopathologic disorder that primarily affects the colon with
eosinophil-rich inflammation in the absence of known causes of
eosinophilia.1-4 Even without agreed-upon diagnostic criteria for
EC, previous studies have estimated its prevalence in adult and
pediatric populations to be 1.5 to 2.4 per 100,000 individuals on
the basis of the International Classification of Diseases (ICD) or
Systematized Nomenclature of Medicine (SNOMED) coding.5,6

Herein, we aimed to (1) identify cases of colonic eosinophilia
in a tertiary pediatric medical center; (2) determine associated
diseases; and (3) estimate the prevalence of cases considered to
be EC in the hospital and geographic populations.

Retrospective analyses were performed using 2 independent
approaches at Cincinnati Children’s Hospital Medical Center
(CCHMC) by searching (1) the electronic medical record (EMR)
(Epic, Verona, Wis) and (2) CCHMC’s pathology database. In
both approaches, both local and referral patients were included. In
the EMR approach, a computer script was generated to identify all
records since 2009with ICD-9/10 codes for EC (558.42; K52.82),
whereas in the pathology database search, specimens (since 1982)
were queried for the word ‘‘eosinophil’’ in biopsy descriptions.
These samples were then limited to colonic biopsies by searching
for specimens with the following terms: ‘‘colon,’’ ‘‘sigmoid,’’
‘‘rectum/sigmoid,’’ ‘‘sigmoid/rectum,’’ ‘‘rectum,’’ ‘‘rectal,’’ or
‘‘recto.’’ Cases identified by either approach were narrowed
down to include patients who met criteria for colonic
eosinophilia. Colonic eosinophilia was defined as having an
eosinophil count greater than the upper limit of normal in at least
1 colonic site (>50 eosinophils/hpf in the ascending colon, >42
eosinophils/hpf in the transverse and descending colon, >32
eosinophils/hpf in the rectosigmoid colon).7,8 A chart review of
patients who met the criteria for colonic eosinophilia was
performed to identify patients with EC or associated diseases.
Patients identified from the pathology database were
cross-checked with the EMR results to prevent ‘‘double
counting’’ of individuals identified by both searches.

Patients were considered to have ‘‘definite’’ EC if they had
(1) an eosinophil count greater than the upper limit of normal
in at least 1 colonic site (thresholds as mentioned above);
(2) documentation of colonic symptoms; (3) no underlying
conditions known to be definitely associated with colonic
eosinophilia; and (4) a clinical diagnosis of EC by a gastroenter-
ologist at CCHMC as determined by manual chart review.
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METHODS

Study design, setting, and participants
This was a post hoc analysis of data from the 35th Multicenter Airway

Research Collaboration (MARC-35)E1—a multicenter prospective cohort

study of infants hospitalized with bronchiolitis (ie, severe bronchiolitis).

MARC-35 is coordinated by the Emergency Medicine Network (EMNet), a

collaboration of 245 participating hospitals.E2 Site investigators enrolled in-

fants (age <1 year) hospitalized with bronchiolitis at 17 sites across 14 US

states (Table E1) using a standardized protocol during 3 consecutive bronchio-

litis seasons (from November 1 through April 30) during the period 2011 to

2014. Bronchiolitis was defined by the American Academy of Pediatrics

guidelines as an acute respiratory illness with some combination of rhinitis,

cough, tachypnea, wheezing, crackles, and retractionsE3 and was diagnosed

by an attending physician. We excluded infants who were transferred to a

participating hospital more than 24 hours after the original hospitalization,

those for whom consent was provided more than 24 hours after hospitaliza-

tion, or those with known heart-lung disease, immunodeficiency, immunosup-

pression, or gestational age of less than 32 weeks. All patients were treated at

the discretion of the treating physicians. The institutional review board at each

of the participating hospitals approved the study. Written informed consent

was obtained from the parent or guardian.

Data collection
Clinical data (patients’ demographic characteristics and family, environ-

mental, andmedical history, and details of the acute illness) were collected via

structured interview and chart reviews.E1 All data were reviewed at the EMNet

Coordinating Center (Boston,Mass), and site investigators were queried about

missing data and discrepancies identified bymanual data checks. In addition to

the clinical data, blood and nasopharyngeal airway samples were collected

within 24 hours of hospitalization and stored at2808Cusing standardized pro-

tocols.E1 Nasopharyngeal samples were analyzed for 17 respiratory pathogens

using real-time PCR assaysE4 as well as for microbiota using 16S rRNA gene

sequencing at Baylor College of Medicine (Houston, Tex).

Identification of RV species
Singleplex real-time PCR was used to detect RV at Baylor College of

Medicine. Of RV-positive specimens, their species and genotypes were

identified by using molecular typing assay that targets a variable fragment

in 59 untranslated region of the viral genome flanked by highly conserved

motifs at the University of Wisconsin (Madison, Wis).E5

16S rRNA gene sequencing of nasopharyngeal

airway microbiota
16S rRNA gene sequencing methods were adapted from the methods

developed for the National Institutes of Health Human Microbiome Proj-

ect.E6,E7 All samples were processed with a low-biomass extraction protocol

to avoid sample loss and degradation and to maximize yield. Bacterial

genomic DNA was extracted using MO BIO PowerSoil DNA Isolation Kit

(Mo Bio Laboratories; Carlsbad, Calif). The 16S rDNAV4 region was ampli-

fied by PCR and sequenced in theMiSeq platform (Illumina; San Diego, Calif)

using the 23 250 bp paired-end protocol yielding pair-end reads that overlap

almost completely. The primers used for amplification contain adapters for

MiSeq sequencing and single-end barcodes allowing pooling and direct

sequencing of PCR products.E8,E9

Sequencing read pairs were demultiplexed on the basis of uniquemolecular

barcodes, and reads were merged using USEARCH v7.0.1090,E10 allowing

0 mismatches and a minimum overlap of 50 bases. Rarefaction curves of bac-

terial operational taxonomic units (OTUs) were constructed using sequence

data for each sample to ensure coverage of the bacterial diversity present.

Samples with suboptimal amounts of sequencing reads were resequenced to

ensure that most bacterial taxa were encompassed in our analyses. 16S

rRNA gene sequences were clustered into OTUs at a similarity cutoff value

of 97% using the UPARSE algorithm.E11 OTUs were determined by mapping

the centroids to the SILVA databaseE12 containing only the 16S V4 region to

determine taxonomies. A custom script constructed a rarefiedOTU table (rare-

faction was performed at only 1 sequence depth) from the output files gener-

ated in the previous 2 steps for downstream analyses of alpha-diversity (eg,

Shannon index) and beta-diversity (eg, weighted UniFrac).E13,E14

Quality control
The processes involving microbial DNA extraction, 16S rRNA gene

amplification, and amplicon sequencing included a set of controls that enabled

us to evaluate the potential introduction of contamination or off-target

amplification. Nontemplate controls (extraction chemistries) were included

in the microbial DNA extraction process and the resulting material was

subsequently used for PCR amplification. In addition, at the step of

amplification, another set of nontemplate controls (PCR-mix) was included

to evaluate the potential introduction of contamination at this step. Similarly, a

positive control composed of known and previously characterized microbial

DNAwas included at this step to evaluate the efficiency of the amplification

process. Before samples (unknowns) were pooled together, sequencing

controls were evaluated and the rejection criteria were the presence of

amplicons in any of the nontemplate controls or the absence of amplicons in

the positive control. In the present study, no amplicons were observed in the

nontemplate controls and a negligible amount of raw readswas recovered after

sequencing.

Outcome measure
16S rRNA gene sequencing of the nasopharyngeal airway samples from the

enrolled infants (n 5 1016) obtained 17,399,260 high-quality merged

sequences, of which 16,685,637 (95.9%) were mapped to the database. Of

1016 infant samples, 1005 (98.9%) had sufficient sequence depth (rarefaction

cutoff, 2128 reads per sample).

The primary outcome was nasopharyngeal microbiota profile. As previ-

ously described,E1 by using the partitioning around medoids methodE15 with

weighted UniFrac distance, an unsupervised clustering method, we derived

4 distinct microbiota profiles: (1) Haemophilus-dominant profile, (2) Morax-

ella-dominant profile, (3) mixed profile, and (4) Streptococcus-dominant pro-

file. The number of clusters was determined using the average silhouette

score.E16

Statistical analyses
To examine the association of respiratory viruses with nasopharyngeal

microbiota profiles, we first grouped infants into 4 mutually exclusive virus

categories: RSV-only (reference), RV-A, RV-B, and RV-C. Infections with

multiple RV species were excluded. We compared the patient characteristics

and clinical presentation between the virus categories, by using chi-square test

and Wilcoxon-Mann-Whitney test, as appropriate. We also compared the

relative abundances of 10 most abundant genera between the virus categories

by using 1-way ANOVA, adjusting for multiple comparisons with the use of

the Benjamini-Hochberg false- discovery rate method.E17 We then tested the

association of these virus categories with nasopharyngeal microbiota profiles

by constructing a multinomial logistic regression model adjusting for 8 poten-

tial confounders (ie, age, sex, race/ethnicity, gestational age, siblings in the

household, breast-feeding, history of breathing problems, and lifetime history

of systemic antibiotic use). These potential confounders were chosen on the

basis of clinical plausibility and a priori knowledge.E4,E18-E20 We reported

all P values as 2-tailed, with P < .05 considered statistically significant. The

data were analyzed with the use of R version 3.4.4 (R Foundation, Vienna,

Austria) with the phyloseq package for the microbiota analysis.
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TABLE E1. Principal investigators at the 17 participating sites in MARC-35

Amy D. Thompson, MD Alfred I. duPont Hospital for Children, Wilmington, Del

Federico R. Laham, MD, MS Arnold Palmer Hospital for Children, Orlando, Fla

Jonathan M. Mansbach, MD, MPH Boston Children’s Hospital, Boston, Mass

Vincent J. Wang, MD, MHA Children’s Hospital of Los Angeles, Los Angeles, Calif

Michelle B. Dunn, MD Children’s Hospital of Philadelphia, Philadelphia, Pa

Juan C. Celedon, MD, DrPH Children’s Hospital of Pittsburgh, Pittsburgh, Pa

Michael Gomez, MD, MS-HCA,

and Nancy Inhofe, MD

The Children’s Hospital at St Francis, Tulsa, Okla

Brian M. Pate, MD, and Henry T. Puls, MD The Children’s Mercy Hospital & Clinics, Kansas City, Mo

Stephen J. Teach, MD, MPH Children’s National Medical Center, Washington, DC

Richard T. Strait, MD Cincinnati Children’s Hospital and Medical Center, Cincinnati, Ohio

Ilana Waynik, MD Connecticut Children’s Medical Center, Hartford, Conn

Sujit Iyer, MD Dell Children’s Medical Center of Central Texas, Austin, Tex

Michelle D. Stevenson, MD, MS Kosair Children’s Hospital, Louisville, Ky

Wayne G. Schreffler, MD, PhD,

and Ari R. Cohen, MD

Massachusetts General Hospital, Boston, Mass

Anne K Beasley, MD Phoenix Children’s Hospital, Phoenix, Ariz

Thida Ong, MD Seattle Children’s Hospital, Seattle, Wash

Charles G. Macias, MD, MPH Texas Children’s Hospital, Houston, Tex
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TABLE E2. Characteristics of 774 infants hospitalized for bronchiolitis by RV category

Characteristic

RV

P valueRSV-only (n 5 580) RV-A (n 5 91) RV-B (n 5 12) RV-C (n 5 91)

Age (mo), median (IQR) 2.7 (1.5-4.8) 3.1 (1.9-5.7) 3.0 (2.1-4.7) 4.4 (2.3-7.4) <.001

Female sex 249 (42.9) 30 (33.0) 6 (50.0) 27 (29.7) .04

Race/ethnicity .38

Non-Hispanic white 267 (46.0) 33 (36.3) 5 (41.7) 36 (39.6)

Non-Hispanic black 126 (21.7) 20 (22.0) 4 (33.3) 26 (28.6)

Hispanic 162 (27.9) 36 (39.6) 3 (25.0) 25 (27.5)

Other 25 (4.3) 2 (2.2) 0 (0) 4 (4.4)

Parental history of asthma 190 (32.8) 35 (38.5) 4 (33.3) 35 (38.5) .54

Maternal smoking during pregnancy 84 (14.5) 14 (15.4) 1 (8.3) 13 (14.3) .48

C-section delivery 214 (36.9) 25 (27.5) 3 (25.0) 34 (37.4) .07

Prematurity (32-37 wk) 104 (17.9) 18 (19.8) 1 (8.3) 21 (23.1) .51

Low birth weight (<2.3 kg) 33 (5.7) 8 (8.8) 0 (0) 8 (8.8) .58

Sibling in the household 457 (78.8) 80 (87.9) 12 (100) 67 (73.6) .03

Mostly breast-fed during the first 3 mo of life 248 (42.8) 37 (40.7) 7 (58.3) 33 (36.3) .57

History of a breathing problem 76 (13.1) 21 (23.1) 2 (16.7) 31 (34.1) <.001
Lifetime history of systemic antibiotic use 153 (26.4) 27 (29.7) 3 (25.0) 32 (35.2) .36

Lifetime history of corticosteroid use 62 (10.7) 11 (12.1) 3 (25.0) 21 (23.1) .005

Detected pathogens

RSV 580 (100) 52 (57.1) 10 (83.3) 47 (51.6) <.001
RV 0 (0) 91 (100) 12 (100.0) 91 (100) <.001
Other pathogen* 0 (0) 22 (24.2) 2 (16.7) 24 (26.4) <.001

Clinical outcomes

Intensive care therapy� 93 (16.0) 13 (14.3) 3 (25.0) 13 (14.3) .78

Hospital length of stay (d), median (IQR) 2.0 (1.0-3.0) 2.0 (1.0-3.0) 1.5 (1.0-3.3) 2.0 (1.0-2.5) .09

IQR, Interquartile range.

Data are n (%) of infants unless otherwise indicated.

*Adenovirus, bocavirus, Bordetella pertussis, enterovirus, human coronavirus NL63, OC43, 229E, or HKU1, human metapneumovirus, influenza A or B virus, Mycoplasma

pneumoniae, parainfluenza virus 3.

�Defined as admission to intensive care unit or use of mechanical ventilation (continuous positive airway pressure or intubation).
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TABLE E3. Nasopharyngeal microbiota of infants hospitalized for bronchiolitis by respiratory virus category

Characteristic

RV

P valueRSV-only (n 5 580) RV-A (n 5 91) RV-B (n 5 12) RV-C (n 5 91)

Richness

No. of genera, median (IQR) 17 (10-25) 13 (7-23) 14 (7-24) 15 (8-22) .10

Alpha-diversity

Shannon index, median (IQR) 0.96 (0.58-1.49) 0.94 (0.41-1.39) 0.67 (0.14-1.34) 0.91 (0.57-1.28) .20

Microbiota profiles <.001
Haemophilus-dominant profile 83 (14.3) 30 (33.0) 3 (25.0) 17 (18.7)

Moraxella-dominant profile 119 (20.5) 17 (18.7) 4 (33.3) 27 (29.7)

Mixed profile 176 (30.3) 31 (34.1) 4 (33.3) 28 (30.8)

Streptococcus-dominant profile 202 (34.8) 13 (14.3) 1 (8.3) 19 (20.9)

Relative abundance of 10 most abundant genera, mean 6 SD

Streptococcus 0.35 6 0.31 0.23 6 0.26 0.17 6 0.25 0.29 6 0.30 .002*

Moraxella 0.27 6 0.33 0.31 6 0.33 0.42 6 0.42 0.36 6 0.36 .10*

Haemophilus 0.16 6 0.28 0.30 6 0.36 0.29 6 0.39 0.19 6 0.29 .002*

Prevotella 0.03 6 0.07 0.02 6 0.06 0.01 6 0.01 0.02 6 0.06 .77*

Neisseria 0.02 6 0.07 0.02 6 0.07 0.02 6 0.04 0.02 6 0.10 .99*

Staphylococcus 0.03 6 0.10 0.01 6 0.07 0.01 6 0.02 0.02 6 0.08 .72*

Corynebacterium 0.02 6 0.08 0.00 6 0.01 0.00 6 0.01 0.00 6 0.02 .10*

Alloprevotella 0.01 6 0.05 0.02 6 0.06 0.00 6 0.01 0.01 6 0.06 .75*

Veillonella 0.01 6 0.03 0.01 6 0.02 0.00 6 0.00 0.01 6 0.02 .17*

Gemella 0.01 6 0.04 0.01 6 0.02 0.00 6 0.00 0.01 6 0.02 .61*

IQR, Interquartile range.

*Benjamini-Hochberg false-discovery rate–adjusted P value accounting for multiple comparisons.
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TABLE E4. Characteristics of 774 infants hospitalized for bronchiolitis by nasopharyngeal microbiota profiles

Characteristic

Microbiota profile

P value

Haemophilus-dominant

(n 5 133)

Moraxella-dominant

(n 5 167)

Mixed profile

(n 5 239)

Streptococcus-dominant

(n 5 235)

Age (mo), median (IQR) 3.9 (2.1-7.6) 2.9 (1.5-5.4) 2.9 (1.7-4.8) 2.5 (1.3-4.3) <.001

Female sex 53 (39.8) 71 (42.5) 95 (39.7) 93 (39.6) .93

Race/ethnicity

Non-Hispanic white 49 (36.8) 70 (41.9) 100 (41.8) 122 (51.9) .20

Non-Hispanic black 29 (21.8) 42 (25.1) 60 (25.1) 45 (19.1)

Hispanic 49 (36.8) 48 (28.7) 68 (28.5) 61 (26.0)

Other 6 (4.5) 7 (4.2) 11 (4.6) 7 (3.0)

Parental history of asthma 44 (33.1) 49 (29.3) 80 (33.5) 91 (38.7) .18

Maternal smoking during pregnancy 17 (12.8) 21 (12.6) 38 (15.9) 36 (15.3) .43

C-section delivery 47 (35.3) 60 (35.9) 82 (34.3) 87 (37.0) .60

Prematurity (32-37 wk) 26 (19.5) 27 (16.2) 48 (20.1) 43 (18.3) .78

Low birth weight (<2.3 kg) 9 (6.8) 12 (7.2) 13 (5.4) 15 (6.4) .94

Sibling in the household 98 (73.7) 142 (85.0) 188 (78.7) 188 (80.0) .11

Mostly breast-fed during the first 3 mo of life 59 (44.4) 79 (47.3) 88 (36.8) 99 (42.1) .43

History of a breathing problem 27 (20.3) 22 (13.2) 44 (18.4) 37 (15.7) .34

Lifetime history of systemic antibiotic use 52 (39.1) 29 (17.4) 67 (28.0) 67 (28.5) .001

Lifetime history of corticosteroid use 20 (15.0) 19 (11.4) 30 (12.6) 28 (11.9) .79

Virus category*

RSV-only 83 (62.4) 119 (71.3) 176 (73.6) 202 (86.0) <.001

RV-A 30 (22.6) 17 (10.2) 31 (13.0) 13 (5.5)

RV-B 3 (2.3) 4 (2.4) 4 (1.7) 1 (0.4)

RV-C 17 (12.8) 27 (16.2) 28 (11.7) 19 (8.1)

IQR, Interquartile range.

Data are n (%) of infants unless otherwise indicated.

*Of these, 48 had coinfection with a non-RSV/non-RV, which did not have statistically significant association with the microbiota profiles (P 5 .06).
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TABLE E5. Full results of the multivariable analysis on associations of RVs (exposure) with nasopharyngeal microbiota profiles

(outcome) in infants hospitalized for bronchiolitis*

Variable

Microbiota profile

Haemophilus-dominant

(n 5 133)

Moraxella-dominant

(n 5 167)

Mixed profile

(n 5 239)

Streptococcus-dominant

(n 5 235)

RRR (95% CI) P value RRR (95% CI) P value RRR (95% CI) P value RRR (95% CI)

Virus category

RSV-only (n 5 580) Reference Reference Reference Reference

RV-A (n 5 91) 5.67 (2.76-11.67) <.001 2.26 (1.05-4.89) .04 2.74 (1.38-5.44) .004 Reference

RV-B (n 5 12) 7.50 (0.74-76.08) .09 5.72 (0.62-52.71) .12 4.73 (0.52-43.04) .17 Reference

RV-C (n 5 91) 1.81 (0.86-3.81) .12 2.69 (1.39-5.20) .003 1.57 (0.83-2.96) .17 Reference

Age >_ 6 mo 2.82 (1.58-5.02) <.001 2.09 (1.18-3.72) .01 1.34 (0.78-2.29) .29 Reference

Female (vs male) sex 1.08 (0.68-1.71) .74 1.11 (0.73-1.69) .63 1.01 (0.69-1.48) Reference

Race/ethnicity .95

Non-Hispanic white Reference Reference Reference Reference

Non-Hispanic black 1.75 (0.96-3.22) .07 1.58 (0.92-2.69) .10 1.56 (0.96-2.53) .07 Reference

Hispanic 1.94 (1.14-3.30) .01 1.41 (0.86-2.33) .17 1.28 (0.82-2.00) .28 Reference

Other 2.19 (0.67-7.11) .19 1.74 (0.57-5.31) .33 1.98 (0.73-5.34) .18 Reference

Prematurity (32-37 wk) 1.04 (0.59-1.83) .90 0.83 (0.48-1.43) .49 1.06 (0.67-1.70) .80 Reference

Sibling in the household 0.65 (0.38-1.11) .11 1.49 (0.86-2.58) .16 0.89 (0.56-1.40) .61 Reference

Breast-feeding during the first 3 mo of life 1.13 (0.70-1.84) .62 1.26 (0.81-1.97) .31 0.80 (0.53-1.20) .28 Reference

History of breathing problems before the

index hospitalization

0.80 (0.43-1.49) .49 0.65 (0.35-1.22) .18 1.05 (0.62-1.76) .86 Reference

Lifetime history of systemic antibiotic use 1.39 (0.86-2.27) .18 0.49 (0.29-0.82) .007 0.94 (0.62-1.44) .79 Reference

RRR, Relative rate ratio.

*Multinomial logistic regression model adjusting for 8 patient-level covariates. RSV-only infection was used as the reference of exposure (virus category), and Streptococcus-

dominant microbiota profile was used as the reference for the outcome (nasopharyngeal microbiota profile).
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