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Bronchiolitis

Age and Previous Wheezing Episodes Are Linked to Viral Etiology
and Atopic Characteristics

Tuomas Jartti, MD,* Pasi Lehtinen, MD,* Tytti Vuorinen, MD, 7 and Olli Ruuskanen, MD*

Background: Diagnostic criteria for bronchiolitis are variable.
Objective: To study how the risk factors for recurrent wheezing and
asthma vary by different definitions of bronchiolitis.

Methods: Viral etiology and atopic characteristics were studied in 259
hospitalized wheezing children (median age, 14 months; range, 0-36
months). The data were analyzed according to age (<6, <12, <24 and
<36 months) and whether they had a history or no history of a previous
wheezing episode. Sixteen viruses were detected by conventional and
molecular methods. Atopic characteristics included the presence of ec-
zema, specific and total IgE responses, blood eosinophil count, and mod-
ified asthma predictive index.

Results: Evidence of respiratory virus infection was found in 93% of the
cases and allergic sensitization in 26% of the cases. Rhinovirus infections
and atopic characteristics (sensitization, blood eosinophil count, and mod-
ified asthma predictive index) increased by age and were significantly more
common in children with recurrent wheezing episodes than in first-time
wheezers in age categories of <24 and <36 months (P < 0.05 for all).
Conclusions: In children with bronchiolitis, 2 clinical factors, age and
number of previous wheezing episodes, are linked to inflammatory (atopy-
related factors) and virologic risk factors of asthma (rhinovirus-associated
disease). According to current US and UK guidelines, bronchiolitis in-
cludes wheezing children <24 months of age. Our observations suggest
that the clinical definition should include only children with their first
episode of wheezing.
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ronchiolitis is a clinical diagnosis.'”” It has usually been
defined as an acute seasonal illness characterized by rhinitis,
dry wheezy cough, tachypnea, and hypoxia in young children.
Typical pulmonary findings on auscultation include fine inspira-
tory crackles and a high-pitched expiratory wheeze. Because of the
clinical nature of the diagnosis, the definitions and the treatment
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practices of bronchiolitis have been variable.®° In the 22 trials
during the last 3 years, the upper age limit ranged from 3 to 24
months; 50% of the studies focused solely on the first episode of
wheezing and 41% solely on respiratory syncytial virus (RSV)
infection (see Table 1, Supplemental Digital Content, http://links.
Iww.com/A751).

The diagnosis of bronchiolitis is likely to include different
disease entities with different immunopathogenesis according to
viral etiology, wheezing phenotype, and preceding inflammatory
state (atopy or no atopy).'®>' These factors might affect the
response to treatment and might confound clinical trials. The
long-term prognosis of bronchiolitis varies greatly,'®!3-17-18-22:23
Previous studies have not broken down the definition of bronchi-
olitis into the risk factor profile of recurrent wheezing, or later,
asthma, by upper age limit of the definition and number of
previous wheezing episodes.'>>* Therefore, our objective was to
define detailed viral etiology and atopic characteristics by different
clinical definitions of bronchiolitis.

METHODS

Subjects

The study was carried out in the Department of Pediatrics,
Turku University Hospital (Turku, Finland) between September
2000 and May 2002 (study breaks were June—July 2001 and
Christmas week 2001). Children aged 3 months to 16 years took
part in a clinical trial (VINKU-study) evaluating the efficacy of
systemic corticosteroids for the treatment of virus-induced wheez-
ing, which was the primary goal of the study.'®'” The viral
etiology of the illnesses was studied extensively, as previously
described.'®!" The predefined inclusion criterion was acute
wheezing necessitating hospitalization. The study was commenced
only after obtaining written informed consent from the parents.
The study population for the current secondary analysis was
completed retrospectively by including also <3-month-old hospi-
talized infants from the same time period (Fig. 1).Their predefined
inclusion criteria were presence of wheezing and hospitalization
for bronchiolitis. Predefined exclusion criteria included systemic
corticosteroid treatment in the preceding 4 weeks, chronic disease
(other than atopy-related disease), intensive care unit treatment, or
previous participation in this study. The study protocol was ap-
proved by the Ethics Committee of the Turku University Hospital.

Definitions

Atopy was defined as positive immunoglobulin (Ig) E anti-
bodies to any of the common allergens (cut-off level 0.35 kU/L for
codfish, cow’s milk, egg, peanut, soybean, wheat, cat, dog, horse,
birch, mugwort, timothy, Cladosporium herbarum, and Dermato-
phagoides pteronyssinus; fluoroenzyme immunoassay [CAP
FEIA, Phadiatop Combi Phadia, Uppsala, Sweden]).'®!” Aeroal-
lergen sensitization was defined as positive IgE antibodies to any
of the latter 8 allergens. Perennial aeroallergen sensitization was
defined as positive IgE antibodies to the dog, cat, or D. pteronys-
sinus. Birch, mugwort, timothy, and C. herbarum were considered
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FIGURE 1. Study flow chart. I3
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Definition of Bronchiolitis

predictors of outcome variables (viral etiology or atopic charac-
teristics) in the logistic regression analyses. Because the interac-
tion was not significant in any analysis, the interaction term was
dropped from the final analysis. Results of logistic regression
analyses are expressed as odds ratios (OR) with 95% confidence
intervals (CI) and predicted probabilities. Total serum IgE level
and blood eosinophil count were analyzed using generalized linear
model with negative binomial distribution. The analysis procedure
of these 2 variables was similar to dichotomous outcomes (first
only age was used as predictor, then age, previous episode and
interaction between them, and finally age and previous episodes),
and their results are expressed as relative risk. The statistical
analyses were carried out using SAS/STAT(r) software, Version
9.1.3 SP4 of the SAS System for Windows, SAS Institute Inc.,
Cary, NC.

RESULTS
Study Subjects

The formation of the data set for the analysis of viral
etiology is shown in Figure 1. The median age of the 259 children

P < 0.0001 for trend

in the study was 1 year 2 months (range, 0—36 months). Atopic
characteristics were available in 227 children. The median age of
these children was 1 year 3 months (range, 3—-36 months). About
half of all eligible hospitalized children throughout the study
period were included in the analysis (see Fig. 2, Supplemental
Digital Content, http://links.lww.com/A754). Four children in the
first-time wheezing group and 15 children in the recurrent wheez-
ing group had inhaled corticosteroid medication on arrival.

Viral Etiology According to the Definition of
Bronchiolitis

One or more viruses were found in 235 of 253 (93%)
children. The etiology of bronchiolitis according to different clin-
ical definitions (<6, <12, <24, and <36 months) is shown in
Table 2. RSV was the most common viral agent in children aged
<12 months, but rhinovirus was prominent in the age categories of
<24 months or older. Viral etiology was also analyzed with
consideration to whether children had a history or no history of a
previous wheezing episode (Table 2). No differences were found
in children aged <12 months. In children aged <24 months,
rhinovirus was a more common causative agent of bronchiolitis in

P < 0.0001 for trend

12/53

FIGURE 3. The percentage of children with
rhinovirus infection (A) respiratory syncytial
virus infection (B) any sensitization (C) and
aeroallergen sensitization (D) of all tested chil-
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dren in each age category. P values for overall
12/49 trends are presented. See Table 2 for more sta-
tistics.

TABLE 3. The Associations Between Viral and Atopic Characteristics and Age

Detection Rates With Increasing Age Years

Factor
Without Adjustments Adjusted to Previous Wheezing Episode
OR or RR (95% CI) P OR or RR (95% CI) P

Rhinovirus 1.43 (1.03-2.00) 0.035 1.26 (0.88-1.81) 0.20
Enterovirus 2.54 (1.65-3.90) <0.0001 2.52 (1.61-3.94) <0.0001
Respiratory syncytial virus 0.30 (0.20-0.46) 0.0001 0.34 (0.22-0.52) <0.0001
Metapneumovirus 0.24 (0.076-0.78) 0.018 0.28 (0.084-0.91) 0.035
Any sensitization 3.34 (2.08-5.36) <0.0001 3.22(1.98-5.23) <0.0001
Food sensitization 2.47 (1.56-3.90) 0.0001 2.44 (1.52-3.92) 0.0002
Aeroallergen sensitization 4.65 (2.32-9.31) <0.0001 4.38 (2.15-8.91) < 0.0001
Atopic eczema 2.35(1.33-4.16) 0.0034 2.30 (1.27-4.16) 0.0057
Positive modified API 3.65 (2.00-6.68) <0.0001 3.11 (1.62-5.97) 0.0006
B-Eos, X 109L 1.70 (1.26-2.29) 0.0004 1.67 (1.23-2.27) 0.0011
Total IgE level, kU/L 4.97 (3.62-6.81) <0.0001 4.17 (3.06-5.70) <0.0001

Analyzed using regression analysis. RR used only for B-Eos and total IgE Ievel.

B-Eos indicates blood eosinophil count.
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those with recurrent wheezing than in those experiencing their first
episode (47% vs. 30%, P = 0.018). In children aged <24 months,
RSV was less common in recurrent wheezers than in first-time
wheezers (25% vs. 50%, P = 0.0009). Similar findings were also
seen in the <36-month-old age group.

The associations between virus infection, age, and previous
wheezing episode were studied further using regression analysis.
Rhinovirus (P = 0.035, Fig. 3A) and enterovirus (P < 0.0001)
detection rates increased and RSV (P < 0.0001, Fig. 3B) and
hMPV (P = 0.018) detection rates decreased with increasing age
(years) in univariable models (Table 3; data according to age
categories of 0-5, 6-11, 12-23, and 2435 months are shown in
Table 4, Supplemental Digital Content, http://links.lww.com/
A752). No associations were found between age and total or mixed
virus detection rates. Previous wheezing episode had a stronger
influence for encountering rhinovirus than age (in the model
including the occurrence of previous wheezing episode and age,
respectively, OR: 1.83; 95% CI: 1.03-3.25; P = 0.040; and OR:
1.26; 95% CI: 0.88—1.81; P = 0.20). Otherwise, the adjustment to
previous wheezing episode did not modify viral detection rates
(Table 3). No interaction was found between age and the occur-
rence of previous wheezing episode. Thus, children with bronchi-
olitis had higher risk for rhinovirus infection regardless of age if
they had at least 1 previous wheezing episode. The predicted
probabilities for rhinovirus infection at ages 6, 12, 24, and 36
months are shown in Table 5 (eg, it was 0.50 for a 24-month-old
child with at least 1 previous wheezing episode).

Atopic Characteristics According to the Definition
of Bronchiolitis

Atopic characteristics according to different clinical defini-
tions of bronchiolitis are shown in Table 6. Eczema emerged first,
followed by food and aeroallergen sensitizations and increased
blood eosinophil count. Overall, 59% of children had parental
allergies and 22% had parental asthma. Atopic characteristics were
also analyzed with consideration of whether children had a history
or no history of a previous wheezing episode. In children aged
<12 months, the total serum IgE value was higher in recurrent
wheezers than in first-time wheezers (P = 0.016). In children <24
months of age, many atopic characteristics were more pronounced

in recurrent wheezers than in first-time wheezers as seen in
aeroallergen sensitization (13% vs. 4%, P = 0.050), positive
modified API (14% vs. 4%, P = 0.035), blood eosinophil count
(medians, 0.3 vs. 0.1 X 10°L, P = 0.044), and in total IgE
(medians, 23 vs. 9.0 kKU/L, P = 0.0016). Similar findings were also
seen in the age category of <36 months (Table 6).

The associations between atopic characteristics, age, and
previous wheezing episode were studied further using regression
analysis. The prevalence of many atopic characteristics increased
with increasing age years: any sensitization (P < 0.0001, Fig. 3C),
food sensitization (P = 0.0001), aeroallergen sensitization (P <
0.0001, Fig. 3D), atopic eczema (P = 0.0034), positive modified
API (P < 0.0001), blood eosinophil count (X 10°/L, P = 0.0004),
and total IgE (kU/L, P < 0.0001) in univariable models (Table 3,
data according to age categories of 0—5, 6—11, 12-23, and 24-35
months are shown in Table 7, Supplemental Digital Content,
http://links.lww.com/A753). These associations persisted after ad-
justing to the occurrence of previous wheezing episode (Table 3).
No interaction was found between age and the occurrence of
previous wheezing episode. The risk of atopy increased by age in
children with bronchiolitis, regardless of previous wheezing epi-
sodes. The predicted probabilities for various atopic characteristics
at ages 6, 12, 24, and 36 months are shown in Table 5 (eg, the
predicted probability for any sensitization was 0.42 for a 24-
month-old child with at least 1 previous wheezing episode).

Recurrent wheezers tended to have more often parental
asthma than first-time wheezers in the univariable model (OR:
1.88; 95% CI: 0.98-3.61; P = 0.057). This tendency did not
persist when adjusted for child’s age (P = 0.12). Similarly,
parental allergy tended to be associated with child’s previous
wheezing status in the univariable model (OR: 1.64; 95% CI:
0.93-2.87; P = 0.087). This tendency persisted when adjusted for
child’s age (OR: 1.64; 95% CI: 0.91-2.95; P = 0.098).

DISCUSSION
About half of the recent clinical trials have used 12 months
and half have used 24 months as an upper age limit of bronchi-
olitis, and half of the studies have focused on the first episode of
wheezing. We show here that the viral etiology and the atopic

TABLE 5. The Predicted Probabilities For Viral And Atopic Characteristics In Children Suspected For Bronchiolitis

At Exact Ages 6, 12, 24, and 36 Months

Predicted Probabilities at Different Ages

Factor Wheezing Episode
6 Months 12 Months 24 Months 36 Months
Rhinovirus 1st 0.28 0.30 0.36 0.41
=2nd 0.42 0.44 0.50 0.56
Respiratory syncytial virus 1st 0.50 0.47 0.23 0.09
=2nd 0.47 0.34 0.15 0.06
Any sensitization 1st 0.09 0.15 0.37 0.65
=2nd 0.11 0.18 0.42 0.70
Food sensitization 1st 0.11 0.16 0.32 0.53
=2nd 0.12 0.17 0.33 0.55
Aeroallergen sensitization 1st 0.02 0.03 0.13 0.40
=2nd 0.03 0.05 0.19 0.51
Eczema 1st 0.35 0.38 0.43 0.48
=2nd 0.32 0.34 0.39 0.45
Atopic eczema 1st 0.05 0.08 0.16 0.31
=2nd 0.06 0.09 0.18 0.34
Positive modified API 1st 0.01 0.03 0.08 0.20
=2nd 0.07 0.12 0.31 0.58
B-Eos =0.40 X 10%/L 1st 0.18 0.27 0.49 0.72
=2nd 0.14 0.21 0.42 0.65
Analyzed using logistic regression analysis.
4 © 2009 Lippincott Williams & Wilkins
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characteristics are highly affected by the definition of bronchiolitis
used. Upper age limits of 12 and 24 months differentiated whether
RSV dominated, or whether its prevalence was comparable to that
of rhinovirus. Together with the increased occurrence of rhinovi-
rus, the prevalence of many atopic characteristics increased with
age. Importantly, a history of previous wheezing influenced the
emergence of virus and of atopy-related risk factor profiles for
recurrent wheezing and asthma in the age categories of <24
months or older.

Early atopic sensitization, especially to perennial/aeroaller-
gens, is a well-documented risk factor for asthma, and the persis-
tent form of childhood asthma is mainly atopic.'>'®!92223 The
rate at which the infant immune system attains adult-equivalent
competence and capability to clear viral infections seem to be
inversely related to the risk of atopy.'®*® Depending on the age
cut-off for bronchiolitis, the overall prevalence of any sensitization
ranged between 0% and 26%, that of aeroallergen sensitization
ranged between 0% and 11%, and that of atopic eczema ranged
between 0% and 12%. Thus, the proportion of atopic, asthma-
prone children was dependent on the age criterion used. These
atopic characteristics were also slightly more pronounced in chil-
dren with at least 1 previous wheezing episode. Similar changes
were seen in other atopy-related factors such as blood eosinophil
count (predictor of reactive airway disease) and in modified API
(effective predictor of school-age asthma).'®2%27-*® Noteworthily,
revised algorithms to define young asthma prone children have
also been suggested.?*° We think that the diagnosis of bronchi-
olitis should include as homogenous patient population as possible
(ie, without any preexisting inflammatory state). Atopic inflamma-
tion in cases of bronchiolitis is likely to influence responses to
treatment and long-term prognosis, and thereby confound clinical
trials.

Long-term prospective studies have linked bronchiolitis to
development of physician-diagnosed asthma/abnormal pulmonary
function in children up to 19 years of age.'*'®*!"33 RSV-induced
bronchiolitis has been associated with current asthma in children
up to 13 years of age.>'*? Kotaniemi-Syrjinen et al were the first
to recognize rhinovirus-associated early wheezing as a risk factor
for school-age asthma.'* Three subsequent studies have confirmed
rhinovirus as an important risk factor for recurrent wheezing
among young wheezing children,'>'”-'® and the risk seems to be
higher than the risk associated with RSV infection.'*!>'7 Al-
though children susceptible to rhinovirus-associated early wheez-
ing have had pronounced atopic characteristics,'® they have been
recognized as an independent risk group.'*'>'”'® In contrast to
RSV,*73¢ initial data suggest that rhinovirus may be a potential
determinant for response to prednisolone treatment in young
wheezing children.'®!'” These findings emphasize the importance
of searching for rhinovirus in addition to RSV as a potential
etiologic agent of bronchiolitis. The predictive role of other respi-
ratory viruses, including recently found human metapneumovirus
and human bocavirus, has not yet been assessed.

The US and UK guidelines suggest that the diagnosis of
bronchiolitis in infants <24 months of age is a clinical diagnosis
and does not require diagnostic testing.®” The definition does not
include viral etiology, number of previous wheezing episodes, or
atopic status. For example, in young wheezing children, the risk
for asthma or recurrent wheezing is increased 4- to 26-fold by
rhinovirus infection (5-fold compared with RSV), 4-fold by ma-
ternal asthma, 3- to 4-fold by atopy, and 2- to 3-fold by the
presence of eczema.'®!%1722:31:33 Thys  bronchiolitis defined by
current guidelines may include several different diseases with
common clinical manifestations, but different responses to treat-
ment and different prognoses.®’-**
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Our data have limitations. We included only hospitalized
children. In infants <3 months of age (33 children), the data on
atopic characteristics were not systematically collected and viral
diagnostics focused only on RSV and rhinovirus, but allergies,
especially those to aeroallergens, and other viruses than RSV and
rhinovirus are very rare in this age group. Viral infections other
than RSV may be slightly underestimated. We studied only half of
the wheezing patients during the study period, but children were
steadily recruited over the study period, arguing against a selection
bias (see Fig. 2, Supplemental Digital Content, http://links.lww-
.com/A754).

We conclude that 2 clinical factors, age and the number of
previous wheezing episodes, are linked to inflammatory (atopy-
related factors) and virologic risk factors of asthma (rhinovirus-
associated disease) within a group of children suspected of having
bronchiolitis. Inclusion of asthma-prone children in bronchiolitis is
likely to confound clinical practice and trials. The clinical defini-
tion should include only children <24 months of age with the first
episode of wheezing. This definition characterizes bronchiolitis
better as a disease induced by respiratory viral infection without
prominent asthma-like airway inflammation. Another option
would be to limit the clinical definition of bronchiolitis to the first
year of life (without previous episodes), where rhinovirus-associ-
ated wheezing, atopy, and asthma are less likely. These definitions
(or stricter definitions; eg, excluding those with atopic eczema or
food allergy) should be put to the test of prospective follow-up to
determine the predictive value of identifying children who have a
low risk for developing asthma. The challenge for clinical trials,
however, is to identify young children with high risk for asthma
early and provide them with effective treatment. To accomplish
this, a subgroup of young wheezing children, even of first-time
wheezers, needs probably to be defined by viral etiology (namely,
rhinovirus) and/or atopic status.
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