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Summary. Background: We sought to identify predictors of asthma development following

severe early childhood RSV bronchiolitis. Different definitions of asthma were also compared.

Methods: This longitudinal, observational study (N¼343) followed patients (<2 years old) from a

placebo-controlled trial (N¼979) of montelukast after RSV bronchiolitis to identify clinical,

demographic, or biochemical predictors of asthma, atopic disorders, and chronic asthma therapy

use at 6 years of age (Clinical TrialsRegistry Number:NCT01140048). Asthma (primary definition)

was based on parental identification of wheeze at 6 AND 12 months before 6 years of age;

definitions based on physician diagnosis as well as parental identification of wheeze at 6 OR 12

months (to consider seasonal effect) were also assessed. Post-hoc analyses evaluated

agreement among asthma diagnosis criteria. Results: Prevalence of asthma (primary definition

by parental identification), asthma (physician diagnosis), atopic disorders, and chronic asthma

therapy use (parental identification) was 6.1%, 22.4%, 36.2%, and 14.5%, respectively. Predictors

for asthma (primary definition) includedmale gender, a relative with asthma, andRASTpositive for

dog dander; for physician diagnosis of asthma, high severity score for RSV bronchiolitis, high

respiratory rate, and asthma diagnosis before enrollment. Predictors of atopic disorders included

allergic rhinitis before enrollment, a relative with asthma, and the plasma biomarkers IL-5, IL-16,

and IL-18. Predictors of chronic asthma therapy use included asthma diagnosis before enrollment

and geographic region (Europe and Africa). Only 42% of patients with asthma (primary definition)

also met the asthma definition by physician diagnosis and chronic asthma therapy use.

Conclusion: Among children with early RSV bronchiolitis, hereditary factors (i.e., having a relative

with asthma) and RSV bronchiolitis severity were predictors of asthma and atopic disorders at 6

years of age. Of interest, there was poor agreement among the asthma definitions evaluated.
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INTRODUCTION

Respiratory syncytial virus (RSV) infection is a common
cause of lower respiratory tract illness in infants and young
children.1 Recurrent wheezing and asthma-like symptoms
after more severe bronchiolitis have been reported,2 although
it is uncertain whether RSV bronchiolitis causes damage to
developing lungs or severe symptoms are an indication of
inherently diminished lung function and increased bronchial
reactivity, or both.3,4

Recurrent episodes of lower airway obstruction may
persist formonths and sometimes years after the acuteRSV
infection has resolved.5,6 Previous research demonstrated
that treatmentwith the Cys LT inhibitor, montelukast, after
acute RSV bronchiolitis may alleviate reactive airway
disease symptoms.7 A subsequent 24-week study in 979
pediatric patients (3–24 months old) with severe RSV
bronchiolitis, however, found no overall differences for
montelukast versus placebo in the percentage of
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symptom-free days, although an effect with montelukast
on symptom-free days was observed among patients with
more persistent symptoms.8

Early identification of respiratory disorders can
improve health outcomes in children.9 Therefore, the
identification of at-risk patients may be clinically
important. Clinical, immunologic, and genetic factors
have previously been associated with asthma or reactive
airway disease subsequent to viral infection early in life;
clinical and demographic risk factors include severe
RSV-induced bronchiolitis, recurrent postbronchiolitis
wheeze, no breast feeding, and airflow limitation during
the initial RSV-induced bronchiolitis episode.10–13

Biomarkers have also been associated with asthma and
include inflammatory mediators (such as urinary LTE4,
serum eosinophil count, and exhaled nitric oxide) and
sputum composition (such as sputum eosinophils).14

In this observational study, we sought to identify
predictors of asthma development following severe RSV
infection. The study cohort is a clinical trial population
who were followed longitudinally after completion
of the 24-week trial (N¼ 343 children) until they
reached 6 years of age.8 We evaluated factors such as
demographics and the nature of patients’ RSV bronchiol-
itis (e.g., severity of symptoms and length of hospital stay)
in order to assess their predictive value for asthma
and atopic disorders later in childhood (i.e., 6 years of
age). Previous research has identified pro-inflammatory
cytokines such as Interleukin (IL)-13 as being associated
with asthma15 and cytokines such as IL-8, IL-10,
and TNF-a have been associated with severe RSV
bronchiolitis.16–18 In this study, we collected samples to
test for a large number of biomarkers, selected on the
basis of potential markers identified from a review of the
literature,19 which provided an opportunity to assess
cytokines previously associated with asthma or RSV
infection or to assess other cytokines and markers of
eosinophilic inflammation that could have predictive
value for asthma and atopic disorders later in child-
hood. Additional analyses compared the agreement of
the diagnostic criteria used to identify asthma in this
study.

MATERIALS AND METHODS

This prospective, observational, longitudinal follow-up
study (Sponsor Protocol MK-0476-374, Clinical Trials
Registry # NCT01140048) enrolled patients who
completed a 24-week, placebo-controlled study of
montelukast in the treatment of respiratory symptoms
following RSV bronchiolitis.8 It was conducted at 38
sites in Africa (5), Asia (7), Australia (1), Europe (11),
North America (6), and South America (8) between
December 2007 and October 2011. The study was
approved by local independent ethics committees and

principles of Good Clinical Practice were followed.
Before enrollment, parents/legal guardians of patients
provided written informed consent.

Patients

Patient inclusion criteria for the 24-week study were
previously published8 and are briefly summarized here.
Patients were 3- to 24-month-old children with their first or
second episode of “severe” RSV bronchiolitis (i.e.,
hospitalized for �24 hr, or requiring urgent medical care
with a respiratory severity score similar to those hospitalized
for �24hr).8 Patients were to exhibit two of the following
symptoms: respiratory rate �40 breaths/minute; cough;
wheezing; audible rales; crackles; and/or rhonchi; and/or
paradoxical chest movements (retractions). Prescribed
medications were allowed as needed.

Study Design

Asthma at 6 years of age was defined by responses to a
standardized questionnaire consistent with the International
Study of Asthma and Allergies in Childhood (ISAAC)
questionnaire.20 This study was initiated 14 months after
completion of the 24-week study. The standardized
questionnaire was interviewer-administered by the study
coordinator to parents/legal guardians every 6 months
following enrollment (during clinic visits or via telephone)
until 6 years of age. Blood samples were collected for
biomarker evaluation, both at baseline (of the present study)
andat thefinal clinic visit at 6years of age.Studymedication
was not provided for this observational study. The sample
size of the study was driven primarily by the original
24-week study and was expected to be approximately
400 patients.

Asthma and Atopic Disease Outcomes

Questionnaires were administered every 6 months
during the study. For the primary definition of asthma,
“YES” was given as the response to the question “Has
your child had wheezing or whistling in the chest in the
past 6 AND 12months?” prior to the age of 6 years (i.e., a
positive response was given to this question when
questionnaires were administered at the time points of
6 and 12months prior to the child reaching 6 years of age).
Atopic disorders were defined as a “YES” to the

following questions: “In the past 6/12 months, has your
child had a problem with sneezing or a runny or blocked
nose when he/she did not have a cold or the flu?” and/or a
“YES” to the questions “Has your child had an itchy rash
which was coming and going at any time in the past 6/12
months?” and “Has this itchy rash at any time affected any
of the following places: the folds of the elbows, behind the
knees, in front of the ankles, under the buttocks, or around
the neck, ears, or eyes?” Use of chronic asthma therapy
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was defined as controller therapy used to treat asthma for
at least 1 day in the period of 12 months prior to reaching
the age of 6 years; this included inhaled corticosteroids
(ICS), long-acting beta2-agonists (LABAs), leukotriene
modifiers, and methylxanthines.
A post-hoc analysis of the Physician’s Clinical

Diagnosis of Asthma and Atopic Disorders (allergic
rhinitis and/or atopic dermatitis) was also performed.
Physician’s Clinical Diagnosis of Asthma and Atopic
Disorders were assessed at each clinic visit during the
study; physicians had access to patient history, symptoms,
medication use, physical examination, and spirometry
measurements for assessment of asthma, allergic rhinitis,
and atopic dermatitis. For asthma, physicians completed a
questionnaire that asked if, in their opinion based on
international guidelines for the diagnosis of asthma,
patients had asthma (i.e., definitely does not have,
possibly has, probably has, or definitely has asthma).
For allergic rhinitis and atopic dermatitis, physicians
completed a questionnaire that asked if, in their opinion,
patients had either of these conditions (i.e., does not
have, has).
Blood and urinewere collected at baseline (Visit 1) and

final visit (Visit 10) at 6 years of age. Potential biomarkers
(including RAST) were measured at the beginning of the
present follow-up study, when patients were at varying
ages (ranges from 2 to 5.5 years old) and at 6 years of age.
Supplement 1 includes the list of analytes that were
evaluated.
The peripheral blood eosinophil count and RASTwere

analyzed using routine clinical assays, while the plasma
analytes were analyzed by a specialized biomarker testing
laboratory (Rules-Based Medicine, Inc., Austin, TX)
using research-use-only protein immunoassays. The
peripheral blood eosinophil count was analyzed by the
central laboratory for the study (Covance Central
Laboratory Services, Indianapolis, IN) using the Siemens
Advia 2120i automated hematology system and Perox
reaction chamber. The RASTwere analyzed by a referral
laboratory (Viracor-IBT Laboratories, Lee’s Summit,
MO) using the ImmunoCap by Phadia.

Comparison of Asthma and Atopic Disorders
Among Placebo Patients With an External
Pediatric Cohort

The incidence of asthma, allergic rhinitis, and atopic
dermatitis in this study in patients who were on placebo
in the original 24-week study was compared to an
external pediatric cohort studied in the ISAAC Phase 3
survey by Asher et al.21 This external cohort, whose
parents were surveyed to assess the worldwide
prevalence of asthma, allergic rhinoconjunctivitis,
and eczema, consisted of 6–7-year-old children from
either new random samples of schools in defined

geographic areas in Africa, the Asia-Pacific region,
Eastern Mediterranean, the Indian subcontinent, Latin
America, North America, Europe, and Oceania (i.e.,
Australia and New Zealand) or the same schools chosen
at random in the ISAAC Phase One baseline survey.

Post-Hoc Analyses of Diagnostic Asthma
Outcome Criteria

A post-hoc analysis was done to compare asthma
diagnosis at 6 years of age by: (i) the primary definition of
asthma (by parental identification) in this study based on
the question assessing presence of wheeze or whistling in
the chest in the past 6 AND 12 months; (ii) study
physician-based diagnosis (based on the Physician’s
Clinical Asthma Diagnosis); and (iii) diagnosis defined
from current use of chronic controller asthma treatment.
Comparisons were alsomade using a sensitivity definition
of asthma (i.e., has your child had wheezing or whistling
in the chest in the past 6 OR 12 months).
A combined endpoint was evaluated that required a

“YES” to �1 of the following criteria: (i) Primary
definition of asthma; (ii) Physician’s Clinical Asthma
Diagnosis; (iii) Use of Chronic Asthma Therapy.
Additionally, the percentage of patients who had a parent
report of an asthma diagnosis by a physician was
collected.

Statistical Methodology

All analyses were exploratory and focused on
estimation. A forward stepwise logistic regression was
applied to identify baseline characteristics that were
predictors of asthma, atopic disorders, and use of
chronic asthma therapy at 6 years of age. A significance
level of 0.15 was required for entering an explanatory
variable into (and staying in) the model. For each of the
prognostic factors identified, an odds ratio relative to the
outcomes of asthma, atopic disorders, and use of chronic
asthma therapy, as well as their 95% confidence interval
(CI), were presented by a univariate logistic regression
model. A similar stepwise logistic regression model
was applied for the post-hoc analysis of asthma
outcome determined by the Physician’s Clinical Asthma
Diagnosis. All analyses were adjusted for age.
A similar approachwas used for identifying biomarkers,

as collected at baseline of the present study, associatedwith
the incidence of asthma and atopic disorder at 6 years of
age. The stepwise forward regression analysis considered
49 biomarkers (listed in Supplement 1). Biomarkers with
skewed distribution were normalized (by log transforma-
tion) before entering the logistic regression as a covariate.
Some biomarkers were analyzed as binary parameters
(e.g., RAST parameters) due to their distribution. A final
logistic regression model included biomarkers selected by
the forward stepwise regression approach (multivariate
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model). Adjusted odds ratios with 95%CI from the final
logistic regression model for selected biomarkers relative
to the incidence of asthma and atopic disorders were
provided. Biomarkers significant at 0.05, after applying
False Discovery Rate to adjust for multiplicity, were
identified. Biomarker predictors were also identified for
thePhysician’sClinicalAsthmaDiagnosis at 6 years of age
(post-hoc analysis).
Interpretation of the selected prognostic parameters by

the forward stepwise regression approach should be made
with caution as confounding may play a role.
Odds ratios (95%CI) for the effect of montelukast

versus placebo during the 24-week study on asthma or
atopic disorder development were estimated by a
logistic regression model, including region, persistence
of symptoms, interruption length between end of the
24-week study and start of the current study, and the
significant prognostic variables as identified from
the forward regression analysis in the evaluation of
baseline characteristics as factors.
Finally, the difference in the percentage of patients with

asthma and atopic disorders was estimated between the
24-week study placebo group and appropriate external
pediatric cohorts. For the comparison with the external
cohort, 95%CIs for the difference in proportions were
estimated by exact method derived from the binomial
distribution.

RESULTS

Patient Characteristics

There were 343 patients participating in this study
(Fig. 1). Of these, 309 patients had questionnaire data and

were included in the primary analysis; 298 patients
completed the study. Baseline patient characteristics are
presented in Table 1. The population participating in
this trial was proportionally similar with regard to
demographics to the population included in the original
24-week clinical trial (Supplement 2).

Prevalence of Asthma, Atopic Disorders, and Use
of Chronic Asthma Therapy

The overall prevalence of asthma (primary definition)
in children at 6 years of age was 6.1% (n¼ 19). The
prevalence of atopic disorders and use of chronic asthma
therapy in children at 6 years of age was 36.2% and
14.5%, respectively. The Physician’s Clinical Asthma
Diagnosis identified 22.4% of patients as having asthma
(response of “probably has asthma” [6.7%] or “definitely
has asthma” [15.7%]) at 6 years of age.

Factors Identified as Predictors of Asthma
(Primary Definition), Atopic Disorders, and Use
of Chronic Asthma Therapy

Predictors for asthma at 6 years of age (P< 0.05) were
gender (male vs. female) and having a relative (i.e.,
parents, grandparents, or siblings) with asthma (yes).
Predictors for current atopic disorders (P< 0.05) were
patient history of allergic rhinitis (yes) and having a
relative with asthma (yes). Predictors for use of chronic
asthma therapy (P< 0.05) included patient history of
asthma (yes) and geographic region (Europe and Africa
vs. South America). Odds ratios (95%CI) for demo-
graphic predictors are shown in Figure 2.

Fig. 1. Accounting of patients included in follow-up study. Study sites with �3 children

completing the 24-week clinical trial were invited to participate in the follow-up study.
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For binary biomarkers, dog dander allergen RAST (out of
the tenallergens tested, seeSupplement1)was selectedby the
stepwise regression as a predictive factor for asthma; a higher
prevalence of asthma was observed for positive RAST
(>0.1kIU/L (6/37 [16.2%]) versus negative RAST
(�0.1kIU/L (11/246 [4.5%]), with an adjusted odds ratio
of4.13 (1.43,11.97).Biomarkerpredictorsof atopicdisorders
(P< 0.05) included interleukin (IL)-18, IL-16, and IL-5. For
IL-16 and IL-5, patients with asthma had a somewhat higher
average value compared to patients without asthma (adjusted
odds ratioswere 1.67 [1.27, 2.19] and1.62 [1.22, 2.14] for IL-
16 and IL-5, respectively). For IL-18, patients with asthma
had a somewhat lower average value compared to patients
without asthma (adjusted odds ratio was 0.62 [0.46, 0.83]).

Factors Identified as Predictors of Asthma
(Per Physician’s Clinical Assessment)

Parameters identified as demographic predictors
(P< 0.05) for asthma (Physician’s Clinical Asthma

Diagnosis) included RSV bronchiolitis severity score at
first measurement (symptoms at baseline hospitalization
assessment during the 24-week study), respiratory
rate >40 breaths/min (during the 24-week study), length
of hospitalization (during the 24-week study), and
previous history of asthma (i.e., patient was diagnosed
after the 24week study, but before inclusion in the present
follow-up study). Odds ratios (95%CI) for demographic
factors found to be predictors of asthma according to the
Physician0s Clinical Asthma Diagnosis are in Figure 3.

Biomarker predictors of Physician’s Clinical Asthma
Diagnosis (P< 0.05) included the continuous parameters
IL-3, IL-13, and pregnancy-associated plasma protein
(PAPP-A), and the binary biomarker granulocyte
macrophage colony-stimulating factor (GM-CSF). For IL-3
and PAPP-A, patients with asthma had a somewhat higher
average value compared to patients without asthma (adjusted
odds ratios were 3.22 [1.71, 6.05] and 1.84 [1.22, 2.78] for
IL-3 and PAPP-A, respectively). For IL-13, patients with

TABLE 1—Baseline Patient Characteristics

Placebo n (%) Montelukast n (%) Total n (%)

Patients in population 117 226 343

Gender

Male 67 (57.3) 133 (58.8) 200 (58.3)

Female 50 (42.7) 93 (41.2) 143 (41.7)

Age at entry into original 24-week study (in months)

3 to �6 69 (59.0) 113 (50.0) 182 (53.1)

7 to �12 29 (24.8) 80 (35.4) 109 (31.8)

13 to �24 19 (16.2) 33 (14.6) 52 (15.2)

Mean 7.5 8.0 7.8

SD 4.9 4.6 4.7

Median 6 6.5 6

Range 3–23 3–23 3–23

Either parent smoked in presence of the child1

No 101 (86.3) 194 (86.2) 295 (86.3)

Yes 16 (13.7) 31 (13.8) 47 (13.7)

Age (in months)

24 to <36 24 (20.5) 41 (18.1) 65 (19.0)

36 to <48 47 (40.2) 81 (35.8) 128 (37.3)

48 to <60 34 (29.1) 79 (35.0) 113 (32.9)

60 to <72 12 (10.3) 25 (11.1) 37 (10.8)

Mean 45.4 45.9 45.7

SD 9.7 10.1 10.0

Median 45.0 45.0 45.0

Range 27–68 26–67 26–68

Race

American Indian or Alaska native 0 (0.0) 1 (0.4) 1 (0.3)

Asian 17 (14.5) 38 (16.8) 55 (16.0)

Black or African American 2 (1.7) 6 (2.7) 8 (2.3)

Multi-racial 15 (12.8) 14 (6.2) 29 (8.5)

White 83 (70.9) 167 (73.9) 250 (72.9)

Ethnicity

Hispanic or Latino 55 (47.0) 100 (44.2) 155 (45.2)

Not Hispanic or Latino 62 (53.0) 126 (55.8) 188 (54.8)

Treatment groups presented refer to study drug taken in original 24-week study; Montelukast 4mg and 8mg treatment groups are combined into

one treatment group (Montelukast). There was no study drug in this study.
1At entry into original 24-week study.
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asthma had a somewhat lower average value compared to
patients without asthma (adjusted odds ratio was 0.26 [0.10,
0.65]). For the binary biomarker, a lower GM-CSF showed a
higher likelihood of asthma with odds ratio of 0.45 (0.22,
0.92) for the comparison of the binary classes �5.7 pg/ml
(prevalence of asthma of 46/182 [25.3%]) and>5.7 pg/ml
(prevalence of asthma of 16/90 [17.8%]).

Evaluation of the Effect of Montelukast Treatment

The prevalence of asthma during this follow-up period
was 5.7% for patients who had received placebo and 6.4%

for patients who had received montelukast during the
24-week study (odds ratio of 0.90 [0.31, 2.57]). For the
subgroup of patients with persistent symptoms, the odds
ratio for the treatment effect was 0.21 (0.04, 1.03). For
the subgroup of patients without persistent symptoms, the
odds ratio of the treatment effect was 4.14 (0.49, 35.23).
Due to the low observed incidence of asthma using the
primary definition, the reported results should be
interpreted with caution.

In the post-hoc analysis of patients with asthma using a
definition based on the Physician’s Clinical Asthma

Fig. 2. Odds ratios (95%CI) for pairwise comparisons of demographic factors predictive of

asthma (primary definition), atopic disorders (primary definition), and use of chronic asthma

therapy. An odds ratio between 0 and 1 indicates a lower incidence in the first class listed

compared to the second class listed. An odds ratio of 1 indicates no difference and an odds ratio

between 1 and infinity indicates a higher incidence of the first class mentioned compared to the

second one. �P-value <0.05 from logistic regression with specified factors in model.

Fig. 3. Odds ratios (95%CI) for pairwise comparisons of demographic factors predictive of

Asthma (Physician’s Clinical AsthmaDiagnosis). An odds ratio between0 and 1 indicates a lower

incidence in the first class listed compared to the secondclass listed. Anodds ratio of 1 indicates

no difference and an odds ratio between 1 and infinity indicates a higher incidence of the first

class mentioned compared to the second one. �P-value <0.05 from logistic regression model.
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Diagnosis, the proportion of patients with asthma was
24.3% for patients who had received placebo and 21.4%
for patients who had received montelukast in the 24-week
study (odds ratio of 1.04 [0.54, 2.01]). For the subgroup of
patients with persistent symptoms in this longitudinal
follow-up study, the odds ratio for the treatment effect was
0.70 (0.30, 1.63). For the subgroup of patients without
persistent symptoms, the odds ratio of the treatment effect
was 3.31 (0.89, 12.27). No relationship between asthma
at age 6 years and treatment from the original study was
observed.
At 6 years of age, the proportion of patients with atopic

disorders (allergic rhinitis and/or atopic dermatitis) was
39.6% for patients who had received placebo and 34.5%
for patients who had received montelukast in the 24-week
study (odds ratio of 0.69 [0.39, 1.21]). For the subgroup of
patients with persistent symptoms, the odds ratio for the
treatment effect was 0.44 (0.20, 0.94). For the subgroup of
patients without persistent symptoms, the odds ratio of the
treatment effect was 1.30 (0.53, 3.19). No relationship
between atopic disorders at 6 years of age and treatment
from the original study was observed.

Comparison of Asthma and Atopic Disorders
Among Placebo Patients With an External
Pediatric Cohort

In the external pediatric cohort (ISAAC Phase 3) by
Asher et al.21 the prevalence of asthma (9.8%), allergic
rhinitis (6.3%), and atopic dermatitis (5.2%) were
reported for children 6 to 7 years of age. In comparison,
the subgroup of patients in this study who were in the
placebo group of the 24-week study had a lower
prevalence of asthma (5.7%) and a higher prevalence of
allergic rhinitis (34.9%) and atopic dermatitis (14.1%) at
6 years of age.

Evaluation of Asthma Diagnostic Criteria

Our primary definition of asthma (parent-reported
wheeze at 6 AND 12months prior to 6 years of age) led to
the lowest proportion of patients as being diagnosed with
asthma at 6 years of age (6.1%) compared with other
diagnostic criteria that were considered (Table 2). The
sensitivity definition (i.e., parent-reported wheeze at 6 OR
12 months) resulted in a prevalence of 23.2%, which was
comparable to the Physician’s Clinical Asthma Diagnosis
(22.4%). Use of Chronic Asthma Therapy and Parent
Report of Physician-Diagnosed Asthma resulted in
asthma prevalence of 14.5% and 15.5%, respectively.
The Combined Endpoint led to a 30% asthma prevalence.
There was little agreement among the different

definitions of asthma (Fig. 4). Among patients who
were identified as having asthma using the primary
definition (N¼ 19), only eight of these patients were also
identified as having asthma according to the Physician’s

Clinical Asthma Diagnosis and Use of Chronic Asthma
Therapy. Although the sensitivity definition increased the
number of patients diagnosedwith asthma from 19 (6.1%)
to 72 (23.2%), the correlation with other diagnostic
methods was not substantially improved (Fig. 4). The
Physician’s Clinical Asthma Diagnosis and Use of
Chronic Asthma Therapy also had poor agreement with
the other definitions evaluated.

DISCUSSION

Our study was conducted in order to take advantage of
an opportunity to longitudinally follow up, until 6 years of
age, a clinical trial population who had RSV bronchiolitis
in the first 2 years of life and were treated with an
intervention that had been hypothesized to decrease RSV-
mediated wheezing. In particular, we were interested in
predictors of asthma development (primarily defined as
“wheezing at 6 AND 12 months prior to 6 years of age),
atopic disorders, and the use of chronic asthma therapy.
Predictive factors for asthma according to our primary

definition included having a relative with asthma, RAST
positivity for dog dander, and male gender. However, the
overall incidence of asthma according to the primary
definition was very low. The Physician’s Clinical Asthma
Diagnosis was associated with a prevalence more
consistent with an external pediatric cohort21 and
previous research in patients who had RSV bronchiolitis
early in life that shows a prevalence of approximately
20%.22,23 Predictive factors for diagnosis according to
this second definition included those related to more
severe manifestations observable by the physician during
the initial bout with RSV bronchiolitis (i.e., high RSV
bronchiolitis severity score at the time of hospitalization,
high respiratory rate, length of hospital stay), and a
diagnosis of asthma that was made after the original study
ended but before this follow-up study was initiated.
The following biomarkers were also predictive factors
associated with the Physician’s Clinical Asthma
Diagnosis: IL-3, IL-13, PAPP-A, and GS-CSF, which
have previously been shown to be related to lung function,
development of asthma, and asthma severity.15,24–28

Predictive factors for Chronic Asthma Therapy Use
included asthma diagnosis made between the 24-week
study and this follow-up study, and geographic location
(Europe and Africa). Geographic location as a predictor
may reflect local prescribing behavior, but diagnosis of
asthma after the 24-week study likely reflects continuing
respiratory symptoms following RSV bronchiolitis.
Further, we examined atopic disorders at 6 years of
age, predictors for which included diagnosis of allergic
rhinitis between the 24-week study and this follow-up
study, having a relative with asthma, IL-18, IL-16, and
IL-5, which are biomarkers associated with asthma and
allergic rhinitis.29,30
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We sought to identify predictors that may contribute to
a better understanding of the mechanisms of asthma
development, and the identification of high-risk infants,
either for targeted follow-up, or enrollment in primary
prevention trials. Demographic and clinical observations
in this study point to both familial history and the severity
of bronchiolitis as factors that may contribute to asthma
development. With regard to the secondary definition
according to a physician’s diagnosis of asthma, clinical
observations of greater RSV bronchiolitis severity do,
indeed, indicate that this is a factor that may lead to a
greater likelihood for asthma later in childhood. However,
whether RSV is a causal factor for asthma or it is an
exaggerated response to RSV that reflects an individual’s
predisposition for asthma, or both, remains controver-
sial.31 Previous research asserts that inherent bronchial
hyper-responsiveness precedes severe bronchiolitis from
respiratory infections.31,32 Further, corticosteroid use in
RSV bronchiolitis has demonstrated a lack of long-term
benefit from anti-inflammatory treatment.33 Similarly,
our results showed no benefit frommontelukast treatment
following RSV bronchiolitis on the outcome of asthma or
atopic disorders. Thus, these results suggest that reducing
inflammatory processes, at least with leukotriene
modifying drugs following RSV bronchiolitis, is unlikely
to have an impact on the development of asthma and
atopic diseases later in childhood.
Our analysis of biomarkers showed that IL-3, IL-13,

PAPP-A, and GS-CSF were predictive of a Physician’s
Clinical Asthma Diagnosis. Previous studies have sought
to determine biomarkers that can predict severity of RSV
bronchiolitis.16,18 These studies found that high levels of

IL-6, IL-1b, and IL-8 detected in nasopharyngeal
aspirates (NPA) of patients infected with RSV was
positively correlated with high RSV disease severity. In
this study, IL-6 and IL-8 were evaluated, but were not
found to be predictors for the primary or secondary
definitions of asthma. It should be noted, however, that
one of the factors that were predictive of the Physician’s
Clinical Asthma Diagnosis in this study was elevated
levels of IL-3. A recent small study that analyzed cytokine
and chemokine profiles of the upper and lower airways
during RSV bronchiolitis in infants (0–9 months of age)
found that elevated IL-3 levels were positively correlated
with a greater risk for increased recurrent wheezing
subsequent to RSV infection.34

Our data should be interpreted as hypothesis generating
and the results of this study should be viewed with caution
due to the large number of comparisons that were made.
Although a multiplicity adjustment was used for the
biomarker analyses, there is a potential for a false-positive
finding with regard to the biomarker evaluation due to
the large number of biomarkers that were evaluated.
Additionally, we used False Discovery Rate (FDR)
controlling procedures for statistical correction of
multiple comparisons. This method was selected due to
the large number of biomarkers analyzed and the
observational character of this study; however, it should
be noted that the FDR provides a weaker control of the
type I error compared to the conventional more
conservative familywise error rate (FWER) procedures.
There were other limitations associated with the
observational character of the study. The nonrandom
nature of the initial cohort may have introduced selection

TABLE 2—Operational Definition of Six Asthma Outcomes and Study Population Prevalence of Each

Outcome Operational definition n/N %

1. Primary asthma trial

definition of

wheezing in the last 6

and 12 months

“YES” to the questionnaire item “Has your child had

wheezing or whistling in the chest in the past 6/12

months?”

(YES at both timepoints prior to 6 years of age)

19/309 6.1

2. Wheezing in last

12 months (sensitivity

definition)

“YES” to the questionnaire item “Has your child had

wheezing or whistling in the chest in the past 6/12

months?”

(YES to at least one of last 2 timepoints prior to

6 years of age)—sensitivity analysis

72/310 23.2

3. Physician’s clinical

asthma diagnosis

Response of “patient probably or definitely had

asthma” on Physician’s clinical assessment

67/299 22.4

4. Use of chronic asthma

therapy

Any use of controller therapy for asthma (e.g., inhaled

corticosteroids, leukotriene modifiers, long-acting

beta-agonists, theophylline, cromones)

45/310 14.5

5. Parent report of

physician-diagnosed

asthma

Confirmatory response to the questionnaire item “Has

a doctor ever told you your child had asthma in the

past 6/12 months?”

(YES on at least one of last 2 timepoints prior to

6 years of age)

48/310 15.5

6. Combined asthma

endpoint

YES if response was “yes” on items 1, 3, and/or 4 93/310 30.0
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bias. Additionally, subjects in this study were not
excluded for long-term treatment with montelukast and/
or ICS therapy, and, although some of these medications
were used by only a small proportion of the children in
this study, they could have had an impact on the measured
cytokines (4.7% of patients used montelukast; 14.3% of
patients used inhaled budesonide, 3.8% of patients used
inhaled fluticasone propionate, 3.2% of patients used

inhaled fluticasone propionateþ salmeterol xinafoate,
and 14.6% of patients used systemic corticosteroids).
An important observation made in this study that was

an additional limitation was that our primary definition of
asthma resulted in an unexpectedly low incidence of
asthma. The definition of wheezing at both time points
was highly specific but lacked sensitivity and may have
discounted those whose asthma symptoms are seasonal.
Also, the predictive factors detected in this study did
not overlap between the primary definition and the
Physician’s Clinical Asthma Diagnosis due to the
different populations who were identified as having
asthma by the different criteria. We observed very little
agreement among the different diagnostic criteria for
asthma considered in this study. This was the case even
when we considered a sensitivity definition of asthma
where wheeze was to be observed at either 6 OR
12months prior to the patient reaching 6 years of age. Our
primary definition was based on parental identification
of wheeze, which has previously been characterized as
being problematic due to the likelihood that healthcare
professionals and parents may misidentify respiratory
sounds in children.35 Therefore, this study likely would
have benefited from diagnostic criteria that were not
based on the identification of wheeze.
With regard to the evaluation of agreement among

diagnostic criteria, it should be noted that we did not have
a gold standard definition by which to compare
the sensitivity and specificity of these various outcome
definitions, which had been done in previous evaluations
that sought to validate epidemiological question-
naires.36–39 However, similar results were reported in a
large study of the Danish national birth cohort where poor
agreement was observed among parental reports of doctor
diagnoses, diagnoses from a hospitalization registry, and
use of asthma medication recorded by a prescription
registry.40 These data and the inconsistencies observed in
the predictors identified by the two different criteria used
in this study suggest the need for improved standardized
diagnostic methods to yield more generalizable outcomes
for researchers.
Another limitation is that this was a follow-up to a

previous clinical trial, and, although demographics were
similar in this study to those from the original study,
biases may have been introduced in how patients were
recruited for this study. An aspect of the follow-up study
that should be considered is that children began the
follow-up study at different ages and the period of time
that children were not participating in either trial varied.
In summary, our study found factors related to both

inherent risk of asthma as well as high RSV bronchiolitis
severity to be predictive of asthma (according to parental
identification of wheeze and physician diagnosis) and
atopic disorders at the age of 6 years in children who had
severe RSV bronchiolitis in early childhood. Factors

Fig. 4. Venn diagrams demonstrating weak correlation of

asthma diagnoses according to different definitions of

asthma. (A) Number (%) of patients with asthma according

to questionnaire (primary definition), Physician’s clinical

asthma diagnosis, or use of chronic asthma therapy; (B)

Number (%) of patients with asthma according to question-

naire (wheezing in last 12 months), Physician’s clinical

asthma diagnosis, or use of chronic asthma therapy. Circles

are drawn to approximate scale.
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predictive of asthma later in life that were associated with
severe RSVbronchiolitis included highRSVbronchiolitis
severity score at the time of hospitalization, high
respiratory rate, and length of hospital stay, as well as
elevated IL-3 levels. Factors associated with inherent risk
that were predictive of asthma in this study included
having a relative with asthma and biomarkers associated
with asthma development such as IL-13, PAPP-A,
and GS-CSF, as well as IL-18, IL-16, and IL-5 in patients
with allergic rhinitis. More research is needed to better
answer the question of whether these patients have an
inherent predisposition for respiratory distress leading to
both asthma and high RSV bronchiolitis severity (as well
as the predictors identified in this study related to high
RSV bronchiolitis severity) or if the RSV infection causes
physical changes to children who would otherwise not
have respiratory distress or asthma later in life. While
there is likely a shared genetic predisposition to both
asthma and the severity of their bronchiolitis, this study
cannot determine whether there is a causal relationship
between RSVand asthma.We also had several limitations
in our study that led us to observe that our primary asthma
diagnostic criterion, which was based on parental
reporting of wheeze, lacked sensitivity and had poor
agreement with other diagnostic criteria that were
considered. These data indicate a need for further
research to improve the ability of researchers to
appropriately generalize the results of their clinical
studies to a real-world setting.
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