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because they encode proteins that have structural and functional
similarities to filaggrin and are abundant in the upper epidermis.
We identified 3 nonsense variants in the EDC genes. Among
them, we observedFLG2 S2377X in 12 samples (10 heterozygous
and 2 homozygous samples), with a rather high MAF of 0.29 in
1000 Genomes Project African populations. It is already known
that S2377X is a very common variant, and according to HapMap
data, theMAF for T (giving the premature stop) is close to 50% in
Asian populations and 30% in those of African ancestry reported
from the United States. Alas, it is common to be a homozygous
carrier of the stop mutation in the general population, and there-
fore we find it unlikely that FLG2 variants are associated with IV/
AD. Furthermore, FLG2 variants have been tested and found not
to be associated with AD in Europe.4

We detected 2 other heterozygous nonsense SNVs in the EDC
genes TCHH (E207X) and TCHHL1 (Q294X; Table I). TCHH
E207X has not been reported before. TCHHL1 Q294X is a single
nucleotide polymorphism formerly reported in an African Amer-
ican AD cohort with an MAF of 0.017.5 Moreover, we detected
missense variants in previously described candidate genes, such
as cornulin (CRNN) and hornulin (HRNR; Table I). In total, we de-
tected 72 variants in EDC genes (see Table E1 in this article’s
Online Repository at www.jacionline.org).

Next, we extended our analysis beyond the EDC locus. In total,
we found 4 stopgain variants, 12 indels, and 236 nonsynonymous
SNVs (see Table E2 in this article’s Online Repository at www.
jacionline.org). In SPINK5 we found a known missense variant,
K420E, in 8 cases (5 heterozygous and 3 homozygous cases).
SPINK5 encodes the protein LEKTI, and 420K and 420E LEKTI
display different proteolytic activities, affecting downstream
profilaggrin processing.6 Although mutations of SPINK5 cause
Netherton disease, this variant has previously been reported as a
susceptibility factor forADinEuropeanand Japanesepopulations.7

However, its frequency is high in the general population (1000 Ge-
nomes Project: 0.43) and also in investigated African populations
(1000 Genomes Project African population: 0.19) and for that
reasonwas less likely to be important in the development of IV/AD.

We also detected novel missense variants in SPINK5 (T65M
and E187K; Table II) and GTF2H5 (M16R; Table II) genes.
GTF2H5 gene is associated with a rare autosomal recessive dis-
ease, trichothiodystrophy, characterized by ichthyotic skin and
asthma with many other clinical features. Their contribution to
the patient’s phenotype remains an interesting open question.
However, based on the present data, neither SPINK5 nor
GTF2H5 could be considered a recurrently hit gene generally ex-
plaining the incidence of IV/AD in Ethiopia but might support a
more heterogeneous genetic susceptibility pattern of IV/AD in
African populations. More such variants in candidate genes are
listed in Table II and Table E2.

A set of 7 SNVs was selected and tested with TaqMan assays.
No significant differences in allele frequencies between cases
and control subjects were detected (see Table E3 in this
article’s Online Repository at www.jacionline.org), indicating
population-specific variation rather than disease-associated
variants.

In conclusion, we present the first study that uses WES in
Ethiopian patients with IV/AD. It is important to remember that
mutations in regulatory or noncoding regions cannot be excluded
with this method and to remember the relatively small number of
patients analyzed. However, our data suggest, as is the case with
FLG mutations in IV/AD patients of European origin, there is no
single recurrent gene, which is likely to be causative for the disease
in the Ethiopian population. Instead, we revealed several rare var-
iants in both previously described and new candidate genes, sug-
gesting a heterogeneous disease pathogenesis among Ethiopian
patients.

Web resources for this work include http://github.com/
dnil/etiologica, http://mip-api.readthedocs.org, http://www.
openbioinformatics.org/annovar/, and http://exac.broadinstitute.org.
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Rhinovirus-induced bronchiolitis: Lack of
association between virus genomic load and
short-term outcomes

To the Editor:
Rhinovirus infection is a common trigger of bronchiolitis and

early wheezing in children.1 Its detection is clinically important
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FIG 1. The relation between rhinovirus CT value and hospital LOS overall (A) and by atopic status (B) in

children hospitalized for bronchiolitis.
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because rhinovirus-induced bronchiolitis/early wheezing probably
is an important risk factor for recurrent wheezing and childhood
asthma.1,2 The mechanisms behind the undesirable long-term
sequela remain poorly understood, but potential factors include
atopic inheritance, weak antiviral defense, and viral factors.3

Looking closely at previous reports on quantitative rhinovirus
detection, we did not find any on the rhinovirus genomic load in
bronchiolitis and short-term clinical outcomes, including the need
for intensive care treatment. In other conditions, however, higher
rhinovirus genomic load is related to the severity and/or duration
of acute lower respiratory tract illness, and 1 study reported that it
discriminated the response to systemic corticosteroids in terms of
less recurrent wheezing.1,4,5 Data on the link between rhinovirus
genomic load and clinical outcomes, however, are discordant
because studies in subjects with asthma have not shown any
clinical association.6 For these reasons and the relatively small
samples in earlier studies, we examined the clinical significance
of rhinovirus genomic load in bronchiolitis in 694 children with
severe bronchiolitis. Our aim was to prospectively investigate
whether rhinovirus genomic load in standardized nasopharyngeal
aspirate (NPA) samples is associated with short-term outcomes of
bronchiolitis. On the basis of previous literature, our hypothesis
was that higher rhinovirus genomic load in bronchiolitis is
associated with worse short-term outcomes.

For this analysis, we combined data from 2 multicenter
prospective cohort studies of children younger than 2 years
hospitalized for bronchiolitis; both studies used the same
protocol. The US study7 was carried out at 16 sites across 12
US states during the 2007-2010 winter seasons (Multicenter
Airway Research Collaboration [MARC]-30 USA) (see Table
E1 in this article’s Online Repository at www.jacionline.org),
whereas the Finnish counterpart study8 was carried out in 3
Finnish sites during the 2008-2010 winter seasons (MARC-30
Finland). See more details of the MARC-30 and recruitment in
this article’s Online Repository at www.jacionline.org. The study
protocol was approved by the ethics committees of participating
hospitals, and the study was commenced only after obtaining
written informed consent from the guardian.

Investigators interviewed a guardian using a standard
questionnaire and conducted a hospital chart review for further
clinical data. NPA sampling was performed using a standardized
protocol. Samples were stored at 2808C for later virus
diagnostics, which included real-time PCR for adenovirus,
coronaviruses NL-63, HKU1, OC43, and 229E, enterovirus,
human metapneumovirus, influenza virus types A and B, 2009
novel H1N1, parainfluenza virus types 1, 2, and 3, rhinovirus,
respiratory syncytial virus (RSV) A and B, Bordetella pertussis,
and Mycoplasma pneumonia, as previously described.7 Rhino-
virus genomic load was quantified by using real-time RT-PCR
as the number of amplification cycles needed for a positive
PCR test result (cycle threshold [CT]). CT values provide a
semi-quantitative measure of genomic load, with a highly
significant inverse linear relationship between genomic load
and CT values. See more details of the virus diagnostics in this
article’s Methods section in the Online Repository at www.
jacionline.org.

Our primary outcome measure was hospital length of stay
(LOS) of 3 days or more.7,8 The secondary outcome measure was
intensive care treatment, defined as use of mechanical ventilation
(continuous positive airway pressure and/or intubation during
inpatient stay regardless of location) and/or admission to
the intensive care unit.9 Tertiles of rhinovirus CT values
permitted classification into 3 rhinovirus genomic load groups:
low (CT >_ 32.7), intermediate (CT, 27.2-32.6), and high
(CT < 27.2). The association between rhinovirus genomic load
and the outcomes was analyzed using unadjusted and multi-
variable logistic regression models. Several sensitivity analyses
were performed to assess the robustness of the findings. All
analyses were performed using SAS 9.4 (SAS Institute, Cary,
NC). See more details of the outcomes and statistical methods
in the Online Repository at www.jacionline.org.

Of 2615 enrolled children with bronchiolitis from 19 sites, 694
children (27%) had rhinovirus and comprised the analytic cohort
(564 US children and 130 Finnish children). Among these
children, the median age was 6 months (interquartile range,
3-12 months), 63% were boys, and 46% were non-Hispanic
white. Two hundred sixty (37%) children had an LOS of 3 days or
more, and 102 (15%) required intensive care treatment. See more
details of demographics and clinical course in Tables E2 and E3 in
this article’s Online Repository at www.jacionline.org.
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Overall, there was no significant association between
rhinovirus genomic load (an inverse of the CT value) and risk
of LOS of 3 days or more or risk of intensive care treatment, either
in unadjusted analyses or in multivariable models adjusting for 8
patient-level variables and clustering of patients within sites (all
P >_.40, Fig 1,A; see Table E4 in this article’s Online Repository at
www.jacionline.org). Likewise, a sensitivity analysis focused on
the first episode in infants younger than 12 months showed no
significant associations (all P > .30; see Table E4). Similarly,
rhinovirus genomic load had no significant associations with
the outcomes, by country (see Fig E1, A and B, in this article’s
Online Repository at www.jacionline.org), coinfection (see
Table E5 in this article’s Online Repository at www.jacionline.
org), atopy status (Fig 1, B; see Tables E6 and E7 in this article’s
Online Repository at www.jacionline.org), comorbid status (see
Table E8 in this article’s Online Repository at www.jacionline.
org), or respiratory distress severity score (see Table E9 in this
article’s Online Repository at www.jacionline.org).

In summary, we found no association between rhinovirus
genomic load and short-term outcomes of bronchiolitis. Our
hypothesis was justified on the basis of previous clinical data,1,4,5

which were also supported by in vitro data.3 Although multiple
viral infections are relatively common in severe bronchiolitis
(15% to 30%),7,8 the interplay between viruses is poorly
understood. Coinfection with RSVand rhinovirus has been linked
to more severe short-term outcomes of bronchiolitis compared
with RSV alone,7 but we found no link between rhinovirus
genomic load, coinfections, and these same outcomes. Even
when examining the rhinovirus-only group, the association was
null. Moreover, investigation of the interaction between the
rhinovirus genomic load and atopic status was interesting because
atopic children appear to be more susceptible than nonatopic
children to rhinovirus-induced wheezing.2

Considering the large sample size, careful standardization of
NPA sampling, and virus diagnostics donewith the same protocol
in a single laboratory, our results truly suggest no significant
association between rhinovirus genomic load and an LOS of 3
days or more or need for intensive care treatment. Although 1
study suggested that rhinovirus genomic load has more clinical
relevance in children older than 12months,4 this association is not
supported by our data or other reports.5 Because our results
contrast the direct association between RSV genomic load and
short-term outcomes of bronchiolitis,10 we speculate that a host
response to infection may be more important than virus load
in determining the short-term clinical course of rhinovirus-
induced bronchiolitis.3

The study has potential limitations. First, bronchiolitis is a
clinical diagnosis without a common international definition,11 so
we included children up to age 2 years with recurrent wheezing.
Results, however, remained consistent when the analysis was
restricted to children experiencing their first episode of breathing
difficulty during infancy (age <12 months). Second, clinical
decisions (eg, hospital admission/discharge or intensive care
treatment) were not based on standardized criteria, which may
have caused further variability of care. However, the significant
association persisted after adjusting for clustering at the hospital
level. Third, one might argue that samples from the upper
respiratory tract do not reflect conditions in the lower respiratory
tract and that nasal airway epithelial cells may respond differently
than bronchial epithelial cells to rhinovirus infections.12 To our
knowledge, there are no data on the comparison of rhinovirus
genomic load between upper and lower airway samples and their
relation to symptoms. Fourth, one could also argue whether we
measured the peak of rhinovirus replication due to lack of
longitudinal sampling. A peak in virus concentration typically
occurs at 48 to 72 hours after infection in experimental models.13

Because the duration of prehospital symptoms is typically 1 to 3
days in rhinovirus-induced bronchiolitis,2 our timewindow of the
first 24 hours of the hospitalization may have been optimal. Fifth,
we did not sequence rhinoviruses.14,15 Last, the results may not be
generalizable to outpatient clinics because all our study subjects
were hospitalized.

Challenges in future studies include more careful standardiza-
tion of analysis (ie, standardization to housekeeping gene),
investigation of viremia (ie, links to more compromised clinical
outcome), virus genotyping (ie, rhinovirus species and rapid
evolution of the virus), and more careful analysis of the
replication/transcription status of the virus (ie, separate analysis
of positive- and negative-stranded virus RNA).5,6 Our findings
call attention to the need for more detailed analysis of virology,
along with host response and genetics, when investigating
predictors of short-term outcomes of severe rhinovirus-induced
bronchiolitis.
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TABLE I. Adolescents with symptoms of CRS compared with

those without symptoms of CRS regarding cofactors and HRQoL

CRS

symptoms

(n 5 22)

Without CRS

symptoms

(n 5 3090) P

valueNo. Percent No. Percent

Cofactors

Allergic rhinitis symptoms 12 57.1 815 28.1 .003

Asthma 5 25.0 332 11.0 .047

Cough >_12 wk 3 13.6 103 3.4 .008

Eczema 3 14.3 250 8.3 .324

Sensitization* 9 50.0 1093 43.5 .577

Current smoking 2 9.1 371 12.0 .673

Current passive smoking 3 13.6 358 12.1 .830

Girls� 15 68.2 1565 50.7 .101

Low socioeconomic status� 2 9.5 487 15.8 .431

HRQoL Mean Median Mean Median

EQ-VAS 77 80 85 90 .024

*Among the 2547 adolescents with results from Phadiatop (Pharmacia, Uppsala,

Sweden).

�Prevalence of CRS among girls versus boys was 1.0% versus 0.5% (P 5 .101).

�For the household according to dominance (blue collar worker).
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Chronic rhinosinusitis is rare but bothersome
in adolescents from a Swedish population-
based cohort

To the Editor:
Chronic rhinosinusitis (CRS) is common (around 10%) in

adults1 and has been shown to be associated with reduced
quality of life.2 No study has focused on adolescents specifically.
Therefore we wanted to estimate the prevalence of CRS in
adolescence and evaluate the burden of symptoms.

The Swedish population-based birth cohort Barn (Children),
Allergy, Milieu, Stockholm Epidemiological Study (BAMSE)
consists of 4089 children recruited at a mean age of 2 months, as
previously described in detail.3 This study is based on 3112
children (76% from baseline) who participated at the 16-year
follow-up (November 2010 to May 2013) and had completed the
questions on CRS (see Table E1 in this article’s Online Repository
at www.jacionline.org). Everyone who fulfilled the criteria for
CRS according to the European Position Paper on Rhinosinusitis
2007 (EP3OS)4 was contacted by telephone, and symptoms were
affirmed by a structured interview (n 5 48). The median time
between questionnaire and telephone interview was 16 months.

Adolescents with ongoing symptoms (n 5 27) were asked to
participate in a clinical follow-up with nasal endoscopy,5 an
olfactory threshold test (Sniffin’ Sticks; Burghart Messtechnik
GmbH, Wedel, Germany),6 and the Sino-Nasal Outcome Test
22 (SNOT-22), a disease-specific quality-of-life questionnaire.7

To compare their health-related quality-of-life (HRQoL) with
that of the remaining participants of the BAMSE 16-year
follow-up, the generic EQ-5D visual analog scale (VAS) was
used.8 A flow chart of the study (see Fig E1 in this article’s Online
Repository at www.jacionline.org), a table of outcome definitions
(see Table E2 in this article’s Online Repository at www.
jacionline.org), and descriptions of Sniffin’ Sticks, SNOT-22,
and the EQ-VAS are presented in the Methods section in this ar-
ticle’s Online Repository at www.jacionline.org.
Nasal endoscopy was performed by 2 specialists in ear, nose,
and throat diseases (M.W. andM.H.). Before application of topical
anesthesia (naphazoline-lidocaine spray), inspection by means of
anterior nasoscopywas performed, and afterward, endoscopywith
a 08 rigid endoscope and, in some cases, fiberoptic endoscopy was
performed. The estimate of the prevalence of CRS is presented in
the Methods section in this article’s Online Repository.

The x2 test of independence was used for comparison of
dichotomous variables. A P value of less than .050 was consid-
ered statistically significant. EQ-VAS scores are presented as
median values and 25th and 75th percentiles, and median values
were compared with quantile regression. All analyses were
conducted with STATA Statistical Software, version 13.1
(StataCorp, College Station, Tex).

Among the 3112 16-year-olds from the BAMSE birth cohort,
43.5% reported symptoms from the upper airways during the last
12 months, but only 1.5% (n 5 48) reported symptoms of CRS
(see Fig E2 in this article’s Online Repository at www.jacionline.
org).When the children’s criteria from EPOS 2012 were used, the
prevalence was 2.0% (n 5 62). Forty-two (87.5%) of the 48
adolescents fulfilled both the adult’s and children’s criteria. At
the time of the telephone interview, 27 of the 48 adolescents still
had ongoing symptoms of CRS (see Fig E1). After the clinical
examination of 23 of these 27 adolescents, 22 still fulfilled the
symptom criteria of CRS, corresponding to a prevalence of
0.8% (Table I). At clinical examination, endoscopic signs of
CRS were found in 9 of the 23 adolescents, corresponding to a
prevalence of 0.3%. None of the subjects had nasal polyps or
enlarged adenoids or had undergone sinus surgery.

The 22 adolescents with CRS more often had allergic rhinitis
symptoms (57.1% vs 28.1%, P5 .003), asthma (25.0% vs 11.0%,
P 5 .047), and cough for 3 months or longer (13.6% vs 3.4%,
P 5 .008) compared with those without CRS (Table I). The
median EQ-VAS score was lower compared with the rest of the
population (80 vs 90, P 5 .024 and P 5 .052 after adjustment
for sex; Table I and see Fig E3 in this article’s Online Repository
at www.jacionline.org). The mean SNOT-22 score was 38.2
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METHODS

Study design, setting, and subjects
The present analysis combines data from 2 multicenter prospective cohort

studies of children hospitalized for bronchiolitis. Using a similar protocol, one

study was from the United StatesE1 and the other was from Finland.E2 Both

studies were performed as part of MARC. MARC is a program of the

Emergency Medicine Network (www.emnet-usa.org), a collaboration with

more than 225 participating hospitals. The study design, setting, participants,

and methods of data collection used in the studies have been reported

previously.E1,E2 Using a standardized protocol, we enrolled children

younger than 2 years hospitalized for an attending physician’s diagnosis of

bronchiolitis. The exclusion criteria consisted of previous enrollment and

delay of more than 48 hours in transfer to a participating hospital after the

original hospitalization. All patients were treated at the discretion of the

treating physician. The institutional review board at each of the participating

hospitals approved the study.

NPA collection and virology testing
For the collection of NPAs, the child was placed supine, 1 mL of normal

salinewas instilled into 1 naris, and an 8-F suction catheter was used to remove

the mucus. This procedure was performed once on each nostril. After the

sample collection from both nares, 2 mL of normal saline was suctioned

through the catheter to clear the tubing and to ensure that a standard volume of

aspirate was obtained. Once collected, the NPA sample was added to the

transport medium. The samples were immediately placed on ice within 1 hour

of collection, and then stored at 2808C within 24 hours of collection.

PCR assay
Real-time RT-PCR was used for the detection of RNA respiratory viruses,

such as rhinovirus, RSV types A and B, parainfluenza virus types 1, 2, and 3,

influenza virus types A and B, 2009 novel H1N1, human metapneumovirus,

coronaviruses NL-63, HKU1, OC43, and 229E, and enterovirus. Real-time

PCR was used for the detection of DNA pathogens, which included

adenovirus, M pneumoniae, and B pertussis. These tests are routinely

conducted in Baylor College of Medicine, and details of the primers and

probes have been described previously.E3-E5 The upper and lower limits of

rhinovirus detection were 15 and 40 CT, respectively.E6

Statistical methods
For the purpose of our analyses, we focused on rhinovirus. We categorized

CT values into tertiles to classify patients into 3 rhinovirus genomic load status

groups: low (CT >_ 32.7), intermediate (CT, 27.2-32.6), and high (CT < 27.2).

We compared patients’ demographic characteristics, medical history, and

hospital course by rhinovirus genomic load status using chi-square or

Kruskal-Wallis tests as appropriate. To examine the association of genomic

load status with the outcomes, we constructed 2 logistic regression models.

First, we fitted an unadjusted model that included only genomic load status as

the independent variable. Second, we constructed a multivariable model

adjusting for 8 patient-level variables (ie, age, sex, race, gestational age,

history of wheezing, history of eczema, comorbid medical disorder, and viral

coinfection status [rhinovirus plus RSV and rhinovirus plus non-RSV

pathogens]). We chose these potential confounders on the basis of clinical

plausibility and a priori knowledge.E1,E2,E7 We did not adjust for markers for

acute severity (eg, vital signs and retractions) or duration of symptoms before

bronchiolitis hospitalization because these were considered as intermediate

factors in the association of interest. In both models, we used generalized

estimating equations to account for patient clustering at the hospital level.

We performed a series of sensitivity analyses to assess the robustness of our

findings. First, we examined the association of rhinovirus genomic load and

the primary outcome, modeling the CT value as a continuous variable, in the

US cohort and the Finnish cohort separately. Second, after confirming a

similar association in both the cohorts, we combined the US and Finnish data

set, and then repeated the analysis by using a more restrictive definition of

children with bronchiolitis—that is, those younger than 12 months and

without history of wheezing. Third, we stratified the analysis by coinfection

status (rhinovirus only, rhinovirus plus RSV, and rhinovirus plus non-RSV

pathogens). Last, we also stratified the analysis by children’s atopic status (ie,

history of eczema). All analyseswere performed using SAS 9.4 (SAS Institute,

Cary, NC). Results are presented as proportions with 95% CIs, medians with

interquartile ranges, and odds ratios with 95% CIs. All P values were 2-tailed,

with P < .05 considered statistically significant.

RESULTS

Patients’ characteristics
Among the analytic cohort of 694 children, 259 children (37%)

had bronchiolitis with rhinovirus only and 435 (63%) had
bronchiolitis with 2 or more viruses. More specifically, 297
(43%) had rhinovirus plus RSV and 138 (20%) had rhinovirus
plus non-RSV pathogens. The median hospital LOS was 2 days
(interquartile range, 1-4 days). Of the 694 children in the analytic
cohort, 234 children (34%) were categorized into the low
rhinovirus genomic load group, 230 children (33%) into the
intermediate load group, and 230 children (33%) into the high
load group.
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FIG E1. The relation between rhinovirus CT value and hospital LOS in US (A) and Finnish (B) cohorts of

children with bronchiolitis.
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TABLE E1. Principal investigators at the 19 participating sites in

MARC-30

MARC-30 US sites

Besh Barcega, MD Loma Linda University Children’s

Hospital, Loma Linda, Calif

John Cheng, MD, and

Carlos Delgado, MD

Children’s Healthcare of Atlanta at

Egleston, Atlanta, Ga

Dorothy Damore, MD,

and Nikhil Shah, MD

New York Presbyterian Hospital,

New York, NY

Haitham Haddad, MD Rainbow Babies & Children’s Hospital,

Cleveland, Ohio

Paul Hain, MD, and

Mark Riederer, MD

Monroe Carell Jr. Children’s Hospital

at Vanderbilt, Nashville, Tenn

Frank LoVecchio, DO Maricopa Medical Center, Phoenix, Ariz

Charles Macias, MD, MPH Texas Children’s Hospital, Houston, Tex

Jonathan Mansbach,

MD, MPH

Boston Children’s Hospital, Boston, Mass

Eugene Mowad, MD Akron Children’s Hospital, Akron, Ohio

Brian Pate, MD Children’s Mercy Hospital & Clinics,

Kansas City, Mo

M. Jason Sanders, MD Children’s Memorial Hermann Hospital,

Houston, Tex

Alan Schroeder, MD Santa Clara Valley Medical Center,

San Jose, Calif

Michelle Stevenson,

MD, MS

Kosair Children’s Hospital, Louisville, Ky

Erin Stucky Fisher, MD Rady Children’s Hospital, San Diego, Calif

Stephen Teach, MD, MPH Children’s National Medical Center,

Washington, DC

Lisa Zaoutis, MD Children’s Hospital of Philadelphia,

Philadelphia, Pa

MARC-30 Finland sites

Tuomas Jartti, MD Turku University Hospital, Turku, Finland

Matti Korppi, MD Tampere University Hospital, Tampere,

Finland

Sami Remes, MD Kuopio University Hospital, Kuopio,

Finland
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TABLE E2. Demographic characteristics and medical history of children hospitalized with rhinovirus bronchiolitis by genomic load

category

Characteristic

Virus genomic load*

Low (n 5 234) Intermediate (n 5 230) High (n 5 230) P value

Age (mo) .15

<2 35 (15) 45 (20) 42 (18)

2-5.9 79 (34) 66 (29) 66 (29)

6-11.9 73 (31) 54 (24) 71 (31)

12-23.9 47 (20) 65 (28) 51 (22)

Sex: male 144 (62) 158 (69) 136 (59) .09

Race/ethnicity <.001
Non-Hispanic white 80 (34) 124 (54) 118 (51)

Non-Hispanic black 71 (30) 42 (18) 38 (17)

Hispanic 72 (31) 58 (25) 70 (30)

Other 11 (5) 6 (3) 4 (2)

Insurance .52

Nonprivate 154 (66) 162 (70) 160 (70)

Private 80 (34) 68 (30) 70 (30)

Family history of asthma .36

Neither parent 152 (65) 153 (67) 166 (72)

Either mother or father 66 (28) 66 (29) 56 (24)

Both parents 10 (4) 8 (4) 4 (2)

Unknown/missing 6 (3) 3 (1) 4 (2)

Maternal smoking during pregnancy 41 (18) 38 (17) 37 (16) .91

Gestational age .84

<32 wk 16 (7) 21 (9) 16 (7)

32-36 wk 41 (18) 42 (18) 41 (18)
>_37 wk or ‘‘full term’’ 173 (74) 160 (70) 171 (74)

Is or was breast-fed 147 (63) 149 (65) 159 (69) .34

History of wheezing 74 (32) 82 (36) 77 (34) .66

History of eczema 62 (27) 34 (15) 52 (23) .006

History of intubation 24 (10) 22 (10) 28 (12) .64

Major, relevant, comorbid medical disorder� 65 (28) 48 (21) 48 (21) .12

Cohort <.001
United States 211 (90) 176 (77) 177 (77)

Finland 23 (10) 54 (23) 53 (23)

Data are expressed as n (%) unless otherwise indicated.

*Categorized CT values into tertiles to classify patients into 3 rhinovirus genomic load status groups: low (CT >_ 32.7), intermediate (CT, 27.2-32.6), and high (CT < 27.2).

�Defined by respiratory, cardiac, neurologic, gastrointestinal, and immunologic diseases.
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TABLE E3. Clinical course of children hospitalized with rhinovirus bronchiolitis by genomic load category

Characteristic

Virus genomic load*

P valueLow (n 5 234) Intermediate (n 5 230) High (n 5 230)

When difficulty breathing began (prehospitalization) .10
>_1 d 66 (28) 74 (32) 87 (38)

<1 d 160 (68) 153 (67) 135 (59)

No difficulty prehospitalization 8 (3) 3 (1) 8 (3)

Presence of apnea (chart) 14 (6) 13 (6) 15 (7) .92

Weight (kg), median (IQR) 7.3 (5.1-9.5) 7.0 (4.7-10.0) 7.3 (4.7-9.6) .92

Pulse (bpm), median (IQR) 160 (144-176) 160 (144-173) 160 (147-176) .94

Respiratory rate per minute, median (IQR) 48 (40-60) 50 (40-60) 48 (40-58) .86

Oxygen saturation by pulse oximetry or ABG .81

<90% 32 (14) 31 (13) 24 (10)

90% to 93.9% 40 (17) 39 (17) 41 (18)
>_94% 155 (66) 155 (68) 163 (71)

Retractions .68

None 33 (14) 44 (19) 36 (16)

Mild 94 (40) 83 (36) 85 (40)

Moderate or severe 88 (38) 91 (40) 85 (37)

Missing 19 (8) 12 (5) 24 (10)

Oral intake .01

Adequate 102 (44) 132 (57) 123 (53)

Inadequate 96 (41) 68 (30) 82 (36)

Missing 36 (15) 30 (13) 25 (11)

Coinfection <.001
Rhinovirus 1 RSV 131 (56) 97 (42) 69 (30)

Rhinovirus 1 non-RSV pathogens 36 (15) 47 (20) 55 (24)

Sole rhinovirus infection 67 (29) 86 (37) 106 (46)

Length of stay (d), median (IQR) 2 (1-4) 2 (1-4) 2 (1-3) .39
>_3 96 (41) 85 (37) 79 (34) .33

Intensive care treatment 39 (17) 30 (13) 33 (14) .71

Intubation and/or CPAP 20 (9) 12 (5) 11 (5) .20

Intensive care unit admission 37 (16) 29 (13) 30 (13) .65

Data are expressed as n (%) unless otherwise indicated.

ABG, Arterial blood gas; bpm, beats per minute; CPAP, continuous positive airway pressure; IQR, interquartile range.

*Categorized CT values into tertiles to classify patients into 3 rhinovirus genomic load status groups: low (CT >_ 32.7), intermediate (CT, 27.2-32.6), and high (CT < 27.2).
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TABLE E4. Unadjusted and multivariable associations of rhinovirus genomic load with bronchiolitis outcomes

Outcome and rhinovirus genomic load category

Unadjusted model* Adjusted modely Sensitivity analysisz
OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Length of stay >_3 d

Low Reference — Reference — Reference —

Intermediate 0.85 (0.56-1.29) .78 1.07 (0.75-1.54) .70 0.89 (0.58-1.37) .60

High 0.96 (0.73-1.27) .43 1.05 (0.65-1.68) .85 0.92 (0.63-1.34) .65

Intensive care treatment

Low Reference — Reference — Reference —

Intermediate 0.89 (0.58-1.37) .60 0.97 (0.67-1.40) .87 0.69 (0.30-1.54) .36

High 0.92 (0.63-1.34) .65 0.78 (0.43-1.40) .40 0.84 (0.45-1.55) .58

OR, Odds ratio.

*Unadjusted model adjusting for clustering of patients within the sites using the generalized estimating equations.

�Multivariable model adjusting for 8 patient-level variables (age, sex, race, gestational age, history of wheezing, history of eczema, comorbid medical disorder, and viral

coinfection status [rhinovirus plus RSV and rhinovirus plus non-RSV pathogens]) and clustering of patients within the sites.

�Multivariable model using a restrictive definition of children with bronchiolitis—ie, those younger than 12 months and without history of wheezing (n 5 389).
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TABLE E5. Unadjusted and multivariable associations of rhinovirus genomic load with bronchiolitis outcomes, according to the coinfection status

Outcome and

rhinovirus

genomic load

category

Rhinovirus only Rhinovirus plus RSV Rhinovirus plus non-RSV pathogens

Unadjusted model* Adjusted modely Unadjusted model* Adjusted modely Unadjusted model* Adjusted modely

OR (95% CI)

P

value OR (95% CI)

P

value OR (95% CI)

P

value OR (95% CI)

P

value OR (95% CI)

P

value OR (95% CI)

P

value

Length of stay >_3 d

Low Reference — Reference — Reference — Reference — Reference — Reference —

Intermediate 0.97 (0.52-1.82) .92 1.24 (0.50-3.06) .64 1.02 (0.68-1.52) .94 1.12 (0.79-1.59) .53 1.63 (0.80-3.33) .18 2.44 (1.06-5.63) .04

High 1.17 (0.61-2.25) .63 1.27 (0.62-2.59) .52 0.86 (0.52-1.43) .56 0.83 (0.45-1.55) .57 1.52 (0.54-4.26) .43 2.25 (0.86-5.90) .10

Intensive care treatment

Low Reference — Reference — Reference — Reference — Reference — Reference —

Intermediate 0.98 (0.28-3.44) .98 1.06 (0.22-5.12) .94 0.84 (0.50-1.44) .53 0.56 (0.32-0.98) .04 0.69 (0.21-2.29) .54 0.97 (0.40-2.43) .95

High 1.06 (0.52-2.16) .88 1.07 (0.37-3.07) .90 0.90 (0.59-1.37) .61 0.88 (0.54-1.43) .60 0.77 (0.21-2.83) .69 1.23 (0.43-3.51) .70

OR, Odds ratio.

*Unadjusted model adjusting for clustering of patients within the sites using the generalized estimating equations.

�Multivariable model adjusting for 7 patient-level variables (age, sex, race, gestational age, history of wheezing, history of eczema, and comorbid medical disorder) and clustering of patients within the sites.

J
A
L
L
E
R
G
Y
C
L
IN

IM
M
U
N
O
L

A
U
G
U
S
T
2
0
1
5

5
1
2
.e
7

L
E
T
T
E
R
S
T
O

T
H
E
E
D
IT
O
R



TABLE E6. Unadjusted and multivariable associations of

rhinovirus genomic load with bronchiolitis outcomes in atopic

children* (n 5 148)

Outcome and rhinovirus

genomic load category

Unadjusted modely Adjusted modelz

OR (95% CI)

P

value OR (95% CI)

P

value

Length of stay >_3 d (n 5 51 for outcome)

Low Reference — Reference —

Intermediate 0.50 (0.28-0.88) .02 0.35 (0.13-0.91) .03

High 0.57 (0.31-1.02) .06 0.61 (0.26-1.40) .24

Intensive care treatment (n 5 15 for outcome)

Low Reference — Reference —

Intermediate 0.39 (0.08-1.89) .24 0.12 (0.02-0.81) .03

High 0.67 (0.21-2.16) .51 0.55 (0.12-2.60) .45

OR, Odds ratio.

*Children with history of eczema.

�Unadjusted model adjusting for clustering of patients within the sites using the

generalized estimating equations.

�Multivariable model adjusting for 7 patient-level variables (age, sex, race, gestational

age, history of wheezing, comorbid medical disorder, and viral coinfection status

[rhinovirus plus RSV and rhinovirus plus non-RSV pathogens]) and clustering of

patients within the sites.
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TABLE E7. Unadjusted and multivariable associations of

rhinovirus genomic load with bronchiolitis outcomes in

nonatopic children* (n 5 546)

Outcome and rhinovirus

genomic load category

Unadjusted modely Adjusted modelz

OR (95% CI)

P

value OR (95% CI)

P

value

Length of stay >_3 d (n 5 209 for outcome)

Low Reference — Reference —

Intermediate 1.05 (0.74-1.50) .78 1.18 (0.81-1.71) .39

High 0.95 (0.56-1.60) .84 1.12 (0.62-2.04) .70

Intensive care treatment (n 5 87 for outcome)

Low Reference — Reference —

Intermediate 0.89 (0.53-1.50) .67 0.74 (0.39-1.41) .36

High 0.88 (0.60-1.29) .51 0.86 (0.59-1.27) .46

OR, Odds ratio.

*Children without history of eczema.

�Unadjusted model adjusting for clustering of patients within the sites using the

generalized estimating equations.

�Multivariable model adjusting for 7 patient-level variables (age, sex, race, gestational

age, history of wheezing, comorbid medical disorder, and viral coinfection status

[rhinovirus plus RSV and rhinovirus plus non-RSV pathogens]) and clustering of

patients within the sites.
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TABLE E8. Unadjusted and multivariable associations of

rhinovirus genomic load with bronchiolitis outcomes in

children without comorbid medical disorder (n 5 528)

Outcome and rhinovirus

genomic load category

Unadjusted model* Adjusted modely

OR (95% CI)

P

value OR (95% CI)

P

value

Length of stay >_3 d (n 5 198 for outcome)

Low Reference — Reference —

Intermediate 0.88 (0.64-1.22) .44 1.00 (0.69-1.44) .99

High 0.82 (0.52-1.30) .40 1.07 (0.68-1.70) .77

Intensive care treatment (n 5 81 for outcome)

Low Reference — Reference —

Intermediate 0.88 (0.52-1.49) .63 0.80 (0.37-1.73) .57

High 0.93 (0.69-1.26) .64 0.99 (0.60-1.63) .98

OR, Odds ratio.

*Unadjusted model adjusting for clustering of patients within the sites using the

generalized estimating equations.

�Multivariable model adjusting for 8 patient-level variables (age, sex, race, gestational

age, history of wheezing, comorbid medical disorder, and viral coinfection status

[rhinovirus plus RSV and rhinovirus plus non-RSV pathogens]) and clustering of

patients within the sites.
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TABLE E9. Unadjusted and multivariable associations of

rhinovirus genomic load with respiratory distress severity

score*y at presentation (n 5 694)

Rhinovirus genomic

load category

Unadjusted modely Adjusted modelz
b Coefficient

(95% CI)

P

value

b Coefficient

(95% CI)

P

value

Low Reference — Reference —

Intermediate 0.03 (0.47-0.40) .88 0.02 (0.42-0.45) .94

High 0.11 (0.55-0.34) .64 0.14 (0.31-0.59) .55

*Bajaj L, Turner CG, Bothner J. A randomized trial of home oxygen therapy from the

emergency department for acute bronchiolitis. Pediatrics 2006;117:633-40.

�Linear regression model with respiratory distress severity score as the dependent

variable.

�Multivariable linear regression model adjusting for 8 patient-level variables (age,

sex, race, gestational age, history of wheezing, history of eczema, comorbid medical

disorder, and viral coinfection status [rhinovirus plus RSV and rhinovirus plus

non-RSV pathogens]).
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