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Clinical Risk Factors Are More Relevant Than
Respiratory Viruses in Predicting Bronchiolitis Severity
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Summary. Background: The role of respiratory viruses in the pathogenesis of bronchiolitis

was re-evaluated with the use of molecular methods such as PCR for virus detection. Whether

specific viruses or the classical clinical risk factors are more important in determining severe

bronchiolitis is not well established. Aim: To analyze the specific viruses and clinical variables

that can predict severe bronchiolitis at admission. Methods: Nasopharyngeal aspirates were

prospectively collected from 484 children <12 months admitted to the pediatrics ward or PICU

at Universitary Hospital Sant Joan de Déu (Barcelona, Spain) for bronchiolitis from

October 2007 to October 2008. Clinical and demographic data were collected. Sixteen respira-

tory viruses were studied using PCR. Severity was assessed with a bronchiolitis clinical score

(BCS). Results: Four hundred ten infants that tested positive for respiratory viruses were ana-

lyzed. Mixed viral infections did not increase the severity of the disease. Rhinovirus was associ-

ated with severe BCS in univariate analysis (P ¼ 0.041), but in the multivariate logistic

regression including viruses and clinical data only bronchopulmonary dysplasia (OR 7.2; 95%

CI 1.2–43.3), congenital heart disease (OR 4.7; 95% CI 1.1–19.9), prematurity (OR 2.6; 95%

CI 1.3–5.1), and fever (OR 1.8, 95% CI 1.1–3.1) showed statistical significance for predicting

severe BCS. Conclusions: Classical clinical risk factors have more weight in predicting a severe

BCS in infants with acute bronchiolitis than the involved viruses. Pediatr Pulmonol. 2013;

48:456–463. � 2012 Wiley Periodicals, Inc.
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INTRODUCTION

Acute respiratory infections are a major cause of
hospitalization in pediatric populations, especially in
the early years of life.1 Acute bronchiolitis is one of
the best-characterized respiratory diseases in infants;
around 2–3% of children younger than 1 year of age
are admitted to hospital with bronchiolitis,2 and up to
14% of these patients require admission to pediatric
intensive care units (PICU).3,4 Human respiratory syn-
cytial virus (HRSV) is the most commonly identified
virus, detected in up to 60–70% of hospitalized
infants.5,6 Other respiratory viruses, including parain-
fluenza virus, coronavirus, adenovirus, rhinovirus (HRV),
and, recently, human metapneumovirus (HMPV)7,8 and
human bocavirus (HBoV),9 have been described as sig-
nificant causes of acute bronchiolitis.

High-risk groups for severe bronchiolitis are infants
younger than 6 weeks old with predisposing conditions
such as prematurity and congenital heart disease
(CHD).10,11 Over the past decade, with the development
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of new molecular techniques for virus detection, the
role of various respiratory viruses in the pathogenesis
of acute bronchiolitis has been re-evaluated. HRV, the
most prevalent cause of upper respiratory infection in
older children and adults, is increasingly recognized as
an important agent causing acute bronchiolitis. Its role
in the development of acute respiratory tract infection
is controversial because it can be detected in up to 15%
of asymptomatic individuals.12 Moreover, it is associat-
ed with a more severe course of the disease.13 In addi-
tion, viral coinfections have also been related with
severe bronchiolitis.9,14,15

Whether the traditional clinical risk factors or data
concerning infection by specific viruses have more
weight in the development of a severe course in infants
affected by acute bronchiolitis remains unknown. The
aim of this study was to assess the clinical factors and
the viruses involved in cases of severe bronchiolitis,
defining severity according to the respiratory burden
using a bronchiolitis clinical score (BCS). Secondly, we
aimed to investigate the clinical factors and specific
respiratory viruses that can be used to predict a severe
outcome of the disease at admission.

MATERIALS AND METHODS

Study Population

Prospective study in infants <12 months with
acute bronchiolitis hospitalized from October 2007
to October 2008 in the pediatric ward or the PICU of
Hospital Sant Joan de Deu, a tertiary university hospital
located in Barcelona, Spain. Bronchiolitis was diag-
nosed according to the presence of the first acute respi-
ratory tract infection characterized by respiratory
distress (tachypnea, use of accessory muscles), cough,
widespread crackles, wheezing or both, associated with
signs of viral infection (coryza).2 Exclusion criteria
were underlying chronic pulmonary disease other than
pulmonary bronchodysplasia (BPD) (in order not to ex-
clude patients born prematurely, who are known to be
at risk for severe bronchiolitis); recurrent (more than
one) wheezing episodes; apnea secondary to a known
disease (gastroesophageal reflux demonstrated by pH-
metry or esophago-gastroduodenal transit, metabolic or
neurologic disease); and respiratory symptoms due to
bronchoaspiration.

Patients were admitted to the hospital if one of the
following criteria was present: pulse oximetry less than
92% on room air persistently during the stay in emer-
gency room (minimum 1 hr), poor feeding with risk of
dehydration, apnea, moderate bronchiolitis defined as
a BCS16,17 equal to or greater than six points, known
cardiorespiratory disease (CHD or BPD) or young age
of the child (less than 4 weeks). The BCS is a modified
Wood–Downes score that assesses auscultation,

transcutaneous hemoglobin saturation, respiratory effort,
and heart rate and respiratory rate according to age,
with a score ranging between 0 and 16 points (E-Fig. 1).
Criteria for PICU admission were acute respiratory
failure with severe hypoxemia (pulse oximetry <90%
with oxygen supplementation greater than 40%), sepsis
(defined according to International Consensus Confer-
ence on Pediatric Sepsis, 200518), frequent apnea
requiring vigorous stimulation, severe bronchiolitis
or pneumonia, acidosis (pH less than 7.1), or rapidly
progressing disease. Severe bronchiolitis was defined by
a maximum BCS equal to or greater than 11 points dur-
ing the illness according to our hospital bronchiolitis
clinical practice guidelines.
Informed consent was obtained from the patients’

parents. The ethics committees of both the Hospital
Clinic and Hospital Sant Joan de Déu approved the
study protocol.

Recorded Data

Demographic, epidemiologic, clinical and laboratory
data were obtained using a standardized questionnaire.
Recorded variables included age, sex, birth history (ges-
tational age and birth weight), need for neonatal admis-
sion, use of palivizumab prophylaxis (which was
prescribed according to American Academy of Pediat-
rics recommendations 200319), personal history of ato-
py, family history of asthma or atopy in first-degree
relatives, and presence of underlying chronic condi-
tions. Hemodynamically significant CHD (defined
either by the use of medication to control congestive
heart failure, infants with moderate to severe pulmonary
hypertension or with cyanotic heart disease),19 BPD
defined by Jobe and Bancalari,20 polymalformative
syndrome or chromosomopathy, or severe neurologic
impairment were considered significant chronic condi-
tions. In the emergency room weight, vital signs (heart
rate, respiratory rate, axillary temperature, transcutane-
ous hemoglobin saturation), severity (according to BCS,
E-Fig. 1), days of coryza and days of respiratory effort
prior to admission and history of fever registered by the
caretakers 48 hr prior to admission were recorded.
In case of septic-appearance infants without fever
in axillary measurement, rectal temperature was taken
and registered in case of discrepancy. During inpatient
management the following data were recorded: days of
oxygen therapy, maximum fraction of inspired oxygen
(FiO2) needed, tests performed and their results (chest
X-ray, laboratory and microbiological data), days of
nasogastric feeding tube, need for and length of respira-
tory support (either by mechanical ventilation or non-
invasive ventilation), need for and length of stay in the
PICU, diagnosis at discharge and length of hospitaliza-
tion. The radiological findings were reviewed by

Risk Factors and Viruses in Severe Bronchiolitis 457

Pediatric Pulmonology



radiologists and classified according to the severity
into: peribronchial infiltrates and hyperinflation without
consolidation or atelectasis, peribronchial infiltrates and
hyperinflation with mild-to-moderate consolidation or
atelectasis, extensive consolidation or atelectasis with
or without hyperinflation.21 Because the disease could
worsen after admission, the BCS was assessed daily
and the highest score observed during the hospitaliza-
tion was retained for determination of the severity of
the disease (maximum BCS).

Detection of Respiratory Viruses

Direct Antigen Detection

A nasopharyngeal aspirate to study respiratory viruses
was collected in the emergency room or within the
first 24 hr of admission. An aliquot of the sample was
used to perform a rapid immunochromatography test to
detect HRSV (Clearview RSV, Unipath) in the emer-
gency lab, and afterwards the sample was delivered to
the Laboratory of Microbiology in the Hospital Clinic
of Barcelona, where it was processed for PCR virus
detection.

Detection of Viral RNA/DNAbyMolecularMethods

Total nucleic acids were extracted from 200 ml of
fresh specimen and eluted in 25 ml of RNase-free elu-
tion buffer using NucliSense easyMAG (bioMérieux,
Marcy ĺEtoile, France) according to the manufacturer’s
instructions. The lysis buffer included 500 molecules of
the cloned amplified product used as internal control in
each reaction tube and excluded false-negative results
due to non-specific inhibitors or extraction failure. Two
independent multiplex nested RT-PCR assays were per-
formed as described by Coiras et al.22,23 A first multi-
plex RT-PCR assay detected influenza A, B, and C
viruses, human adenovirus, and HRSV A and B sub-
types. Another RT-PCR assay studied human parain-
fluenza viruses 1, 2, 3, 4, human coronavirus 229E and
OC43, HRV, and human enterovirus. In order to detect
HBoV and HMPV subtypes A and B a real-time multi-
plex RT-PCR was used. A set of primers and probe
for HBoV specific to the NS-1 gene (forward primer:
50-TGCACTGATTGCGGTGGTT-30; reverse primer:
50-TGCGCGATCAGTGTACATAGAA-30; probe: 50-(VIC)-
CCTTCCTCATAGTGCTGAC-(MGB)-30) was designed
using Primer Express software (Applied Biosystems,
Foster City, CA). The sets of primers and probes specif-
ic to the fusion gene of both subtypes of HPMV previ-
ously described24 were used, labeled with 50-(6-FAM)
and 30-MGB. The real-time RT-PCR reactions were
carried out using the Mx3000P (Stratagene, La Jolla,
CA).

Study of Bacterial Infection

Urine cultures and blood cultures were taken in cases
of infants less than 3 months old with fever (axillary or
rectal temperature �388C), or infants of any age with
temperature equal to or greater than 398C or with septic
appearance. Lumbar puncture was done in febrile
infants <1 month or older with suspected sepsis. In the
PICU setting broncho-alveolar lavage and culture was
done in cases of suspicion of bacterial coinfection, and
central line catheters were cultured in patients with sus-
pected nosocomial infection. Bacterial/yeast coinfection
was defined as the growing of a pathogenic microorgan-
ism in blood, urine, cerebrospinal fluid, or broncho-
alveolar lavage fluid.

Study Groups

In order to assess the variables related to a severe
disease in terms of respiratory symptoms, patients were
divided into two groups for comparison: children who
reached a maximum BCS equal to or greater than
11 points at admission or during hospital stay were
classified as severe. Children with maximum BCS less
than 11 points were classified into the non-severe
group.

Statistical Analysis

Descriptive statistics for discrete variables were
reported in terms of absolute frequencies and percen-
tages, and data comparison was made using Chi-square
test or Fisher exact test when appropriate. Continuous
non-normal distributed variables were described as me-
dian, first and third quartile. Bivariate associations were
assessed with Student’s t-tests for normally distributed
variables and Mann–Whitney U-test for non-normally
distributions. P-values <0.05 were considered significant.
Multivariate logistic regression analyses were used to

evaluate the risk factors for severe disease. Initially,
univariate models were performed introducing as inde-
pendent variables age, gestational age, weight, personal
and family history of atopy, presence of underlying
chronic condition (BPD, CHD, significant chromosom-
opathy or polymalformative syndrome, or severe neuro-
logic disability), presence of fever at admission or the
previous 48 hr, days of coryza and days of respiratory
effort prior to admission, and all the 16 respiratory
viruses tested. Subsequently, the variables with a signif-
icant association (P < 0.1) in the univariate models and
variables known as potential confounders (palivizumab
immunoprophylaxis and HRSV infection) were intro-
duced in multivariate models with a step-wise approach
to eliminate the possibility of mutual confounding and
interaction. The risk was expressed as odds ratio (OR)
with 95% confidence intervals (95% CI). Multivariate
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odds ratios and 95% CIs that did not include 1 were
considered significant. All the analyses were performed
using PASW Statistical 17.0.2 software.

RESULTS

Total Sample

Five-hundred sixty-three patients were admitted for
bronchiolitis during the study period; 53 of them were
excluded for meeting at least one of the exclusion crite-
ria, 23 because of insufficient nasopharyngeal aspirate
sample and 3 for not meeting the standardized admis-
sion criteria (admitted for parental discomfort or lack
of follow-up). Four hundred eighty-four hospitalized
infants with bronchiolitis were included. Four hundred
ten (84.7%) of the infants tested positive for virus de-
tection, 221 (53.9%) for a single virus and 189 (46.1%)
for more than one virus (E-Fig. 2).

Characteristics of the Patients in the Study Group
and Virus Distribution

In order to investigate the role of the respiratory
viruses in the clinical course of the patients with bron-
chiolitis, only the infants with a positive result for virus
detection were included in the analysis (total n ¼ 410).
Patient demographics and disease characteristics are
shown in Table 1. When the viruses in coinfection were
assessed separately (Table 2), a total of 666 viruses
were detected in the 410 positive samples. The most
common pathogen was HRSV (287 virus detected;
43.1%), followed by HRV (125; 18.8%), HBoV (119;
17.9%), and human adenovirus (52; 7.8%). Among
infants with HRSV bronchiolitis, 2.5% had an underly-
ing chronic illness and 12.1% had a gestational age
<37 weeks, contrasting with infants with non-HRSV
bronchiolitis whose proportions where 20.8% (P ¼ 0.001)
and 25.4% (P < 0.0005), respectively. Palivizumab

TABLE 1—Demographic Characteristics, Clinical Course, and Virus Detection in the
Infants Included With Bronchiolitis (n ¼ 410)

Demographic characteristics

Gender, n (%)

Male 237 (57.8%)

Females 173 (42.2%)

Age, median (IQR), months 1.9 (1.1–3.9)

Weight at admission, median (IQR), kg 4.8 (3.9–6.2)

Prematurity (gestational age <37 weeks), n (%) 67 (16.3%)

Underlying chronic conditions, n (%) 34 (8.3%)

CHD, n (%)1 12 (35.3%)

BPD, n (%)1 10 (29.4%)

Polymalformative syndrome or chromosomopathy,2 n (%)1 8 (23.5%)

Severe neurologic impairment, n (%)1 4 (11.8%)

Disease characteristics

Admission

PICU, n (%) 58 (14.1%)

Pediatric ward, n (%) 352 (85.9%)

Length of stay, median (IQR), days 4.0 (3.0–7.0)

Supplemental oxygen, n (%) 327 (79.8%)

Days of oxygen use, median (IQR), days 3 (1–5)

Apnea, n (%) 24 (5.9%)

Fever,3 n (%) 168 (41%)

Radiologic evaluation, n (%)

No performed 221 (53.9%)

No pathologic findings or peribronquial infiltrates without consolidation or atelectasis 79 (19.3%)

Peribronquial infiltrates with mild-to-moderate consolidation or atelectasis 76 (18.5%)

Extensive consolidation or atelectasis 34 (8.3%)

BCS at admission, median (IQR), points 7 (5–9)

Highest BCS during the inpatient management, median (IQR), points 8 (6–10)

IQR, interquartile range; BPD, bronchopulmonary dysplasia; CHD, congenital heart disease; PICU, pediat-

ric intensive care unit; BCS, bronchiolitis clinical score.
1Numbers in parentheses represent the percentage calculated for patients with an underlying chronic

illness.
2Two patients with Down syndrome (sd), craneofacial malformation with facial and subglotic angioma,

polymalformative sd without specific diagnosis (Pierre–Robin sequence, arthrogryposis, trombocytopenia,

interventricular defect, ventriculomegaly), CHARGE sd, Branchio-otic (BO) sd, Rubinstein–Taybi sd, and

polymalformative sd without specific diagnosis (anorectal malformation, congenital diaphragmatic hernia,

aortic arch hypoplasia).
3Temperature �388C at admission or the 48 hr before.
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immunoprophylaxis was up to date in 96.6% of the
patients in whom it was indicated.

The presence of fever at admission or the 48 hr
before showed a statistically significant association with
finding X-ray consolidation or atelectasis (P < 0.0005):
of 168 infants with fever, 76 (45.2%) had mild-to-
moderate X-Ray opacities and 34 (20.2%) extensive
consolidation or atelectasis.

Bacterial Coinfection

Concomitantly with the viral respiratory infection,
14 patients had bacterial/yeast infections (3.4% of
the patients): 7 patients with urinary tract infections
(2 Escherichia coli, 3 Klebsiella oxytoca, 1 Streptococcus
faecalis, and 1 Candida albicans), 2 patients with positive
blood culture (Streptococcus pneumoniae and Neisseria
meningitidis), and 5 patients with positive culture of the
protected broncho-alveolar lavage (3 S. pneumoniae, 1
Pseudomonas aeruginosa, 1 Enterobacter cloacae). In 11
infants the bacterial coinfection was detected in the PICU
(only 4 of them were nosocomial infections), while the
other 3 patients remained in the pediatric ward.

Analysis of the Factors Related to Severe
Bronchiolitis

Eighty-two (20%) of the 410 patients experienced se-
vere BCS during the hospital stay. Patients in the severe
group had an increased mean length of stay compared
with the non-severe group (11.2 days (standard devia-
tion 10.4) vs. 4.3 days (SD 3.1), P < 0.005), increased
days of oxygen therapy (9.0 days (SD 8.2) vs. 2.6 days
(SD 2.5), P < 0.005), increased maximum FiO2 re-
quired (mean FiO2 43% (SD 18.4) vs. 26% (SD 7.1),
P < 0.005), increased days with naso-gastric feeding
tub (6.7 (range 0–58) vs. 0.7 (range 0–17) days,

P < 0.005), greater PICU admission (50% vs. 3.4%,
P < 0.005), and greater need for respiratory support,
either by non-invasive ventilation (43.9% vs. 2.5%,
P < 0.005) or mechanical ventilation (32.9% vs. 0.6%,
P < 0.005). For patients in the non-severe group who
required PICU admission and respiratory support this
was due to the development of apnea. Twenty-one
infants went into the PICU for apnea, 11 from non-
severe and 10 from severe group.
The presence of bacterial coinfection also correlated

with severity: 66.7% of the infants coinfected by bacte-
ria had a severe BCS (P < 0.005).

Univariate Analysis

Univariate analysis with all the variables recorded
at admission revealed that age (P ¼ 0.037), fever
(P ¼ 0.012), premature birth (P ¼ 0.009), BPD
(P ¼ 0.006), CHD (P ¼ 0.05), and severe neurologic
impairment (P ¼ 0.002) were associated with severe
BCS. In the univariate analyses of the main viruses
(HRSV, HMPV, HBoV, HRV) and viral coinfections,
only HRV infection was associated with a severe BCS
(P ¼ 0.041). Dual infection by HRV and HRSV and
other viral coinfections did not reach statistical signifi-
cance. Table 3 shows the results of the univariate analy-
sis. Bacterial coinfection was not introduced into
univariate analysis because these data are not available
at patient admission.

Multivariate Logistic Regression Analysis

After introducing the significant variables and the
potential confounders into univariate analysis, the ad-
justed final model for severe disease according to BCS
included BPD (OR 7.2; 95% CI 1.2–43.3; P ¼ 0.031),
hemodynamically significant CHD (OR 4.7; 95% CI
1.1–19.9; P ¼ 0.038), gestational age <37 weeks (OR
2.6; 95% CI 1.3–5.1; P ¼ 0.005), and temperature
>388C (OR 1.8; 95% CI 1.1–3.1; P ¼ 0.027). HRV,
HRSV, and age (with a P ¼ 0.055) were excluded from
the final model. E-Table 1 shows the results of the
multivariate logistic regression model with the confi-
dence intervals.

DISCUSSION

The development of the molecular techniques for
virus detection has shown the importance of other
viruses in addition to HRSV in the pathogenesis of
acute bronchiolitis. This study analyses, for the first
time, the relative importance of clinical and virological
data in predicting bronchiolitis outcome. Our results
show that, in our environment, the clinical data
obtained at admission are more relevant than the specif-
ic infecting virus in determining the risk of severe

TABLE 2—Virus Detected (n ¼ 666 Viruses) in the 410
Nasopharyngeal Aspirates Positive for Virus Detection

Virus n (%)

HRSV subtype A 233 (35.0)

HRSV subtype B 54 (8.1)

Rhinovirus 125 (18.8)

Human bocavirus 119 (17.9)

Adenovirus 52 (7.8)

Human metapneumovirus 26 (3.9)

Influenza A virus 14 (2.1)

Enterovirus 9 (1.4)

Coronavirus 229E 8 (1.2)

Coronavirus OC43 6 (0.9)

Parainfluenza 2 6 (0.9)

Parainfluenza 4 6 (0.9)

Parainfluenza 3 5 (0.7)

Parainfluenza 1 3 (0.4)

Influenza B virus 0
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disease. The strength of this study is that we prospec-
tively enrolled only hospitalized infants less than
12 months of age with a first acute episode of bronchi-
olitis, excluding all the patients with recurrent wheez-
ing, whereas other studies retrospectively investigated
the results of virological examinations in patients of
different ages and with various respiratory diseases.25

We also studied all the significant respiratory viruses
that are currently associated with bronchiolitis. As a re-
sult, our study offers a homogeneous and well-charac-
terized cohort to examine the natural history and risk
factors of acute bronchiolitis.

Some studies have defined severity according to the
need for PICU admission.9,14,15 Because PICU admis-
sion criteria can differ between centers (according indi-
vidual practice guidelines or PICU availability), we
analyzed severity based on BCS, a reproducible clinical
score which allows classification of the patients accord-
ing to the respiratory findings on physical examination
and oxygen saturation, reflecting the severity in terms
of respiratory burden. This BCS correlates with other
variables involved with severity such as the length of
stay, need for supplementary oxygen, and need for
PICU admission and respiratory support. In the univari-
ate logistic regression analysis, HRV was the only virus
found to be a risk factor for severe BCS in acute bron-
chiolitis. This finding is in accordance with the report
of Papadopoulos et al.,13 in which the presence of HRV
in infants with bronchiolitis was found to increase by
5.6-fold the risk for severe disease (defined by a clinical
score at admission above the 50th percentile). Other

reports have also described HRV as an important patho-
gen in the lower respiratory tract, implicated in severe
respiratory distress in children with underlying chronic
conditions26 and significantly associated with an increase
in the rate of hospitalizations, especially in patients
with a history of wheezing or asthma.27

In our series the proportion of ex-preterm and infants
with underlying chronic illness is lower in HRSV bron-
chiolitis than in bronchiolitis caused by other viruses,
which is in accordance with previous studies that
described how the majority of children with HRSV
infection in developed countries had no underlying
medical conditions.28,29 The high palivizumab prophy-
laxis rate in our environment could play a role in the
lower hospitalization rate for HRSV bronchiolitis in
high-risk infants.30 Some studies have reported an
increased risk for severe bronchiolitis in dual viral
infection,9,14,15 or even in some specific viral infections
such as HRSV–HMPV coinfection.31–33 Our results are
in accordance with other series that did not find an in-
crease in severity in patients with viral coinfections.34–37

Moreover, the high frequency of viral coinfections in
our study, as also found in previous works, indicates
that infection with multiple viruses in infants is a com-
mon situation that does not change the clinical course
of bronchiolitis.
The multivariate logistic regression model showed

that BPD was the strongest predictor of severe score,
followed by hemodynamically significant CHD and pre-
maturity, all well-known risk factors for severe HRSV
bronchiolitis according to previous reports.3,10,38,39 The

TABLE 3—Univariate Analysis Assessing Risk Factors for Severe Bronchiolitis (According to BCS �11 Points) and
Differences Among Severe and Non-Severe Group

Non-severe group (n ¼ 328) Severe group (n ¼ 82) P-value

Rhinovirus, n (%) 91 (27.7) 32 (39.0) 0.041�
Age (months), median (IQR) 1.8 (1.0–3.5) 2.7 (1.1–5.0) 0.037�
Temperature �388C1, n (%) 123 (37.5) 44 (53.7) 0.012�
Premature birth, n (%) 41 (12.5) 21 (25.6) 0.009�
BPD, n (%) 4 (1.2) 6 (7.3) 0.006�
CHD, n (%) 7 (2.1) 5 (6.1) 0.050�
Severe neurologic impairment, n (%) 0 4 (4.9) 0.002�
HRSV, n (%) 228 (69.5) 52 (63.4) 0.147

HMPV, n (%) 19 (5.8) 7 (8.5) 0.269

HBoV, n (%) 97 (29.6) 22 (26.8) 0.291

Viral coinfection, n (%) 155 (47.3) 34 (41.5) 0.414

Dual infection HRSV–HRV, n (%) 44 (13.4) 12 (14.6) 0.860

Dual infection HRSV–HMPV, n (%) 3 (0.9) 1 (1.2) 1.0

Atopy, n (%) 59 (18.0) 18 (22.0) 0.139

Chromosomopathy, n (%) 5 (1.5) 3 (3.7) 0.208

Weight (kg), mean (IQR) 4.7 (3.9–6.0) 5.0 (3.8–6.7) 0.395

Days of coryza prior to admission, mean (IQR) 3.5 (2.0–5.0) 3.0 (2.0–5.0) 0.515

BCS, bronchiolitis clinical score; IQR, interquartile range; BPD, bronchopulmonary dysplasia; CHD, congenital heart disease; HRSV, human

respiratory syncytial virus; HMPV, human metapneumovirus; HBoV, human bocavirus.

Percentages refer to the column group.
1At admission or the 48 hr before.�Statistical significant results.
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last predictor in our analysis was fever at admission,
which was significantly associated with X-ray infiltrates
in our series. This finding has also been described in
previous works, where pulmonary consolidation on
chest X-ray was associated with severe disease and
need for respiratory support,3 even in previously healthy
infants.40

Most of the studies regarding risk factors for severe
bronchiolitis have been conducted in children infected
by HRSV, but to our knowledge no studies have ana-
lyzed the risk factors for all patients with bronchiolitis
and the relative importance of viruses and traditional
risk factors. With our results an interesting conclusion
can be drawn, which is that, beside the implicated virus,
the classical risk factors for HRSV bronchiolitis can be
extended to include bronchiolitis caused by other viruses.
This observation is important in planning protocols for
bronchiolitis management; although palivizumab pro-
phylaxis is administered to high-risk patients for
severe HRSV bronchiolitis, most of them continue to
be at risk for severe bronchiolitis from other viruses.
Efforts to educate caretakers on how to prevent viral
infections in high-risk patients should continue, espe-
cially where moderate preterms, infants with BPD and
CHD are concerned. Additionally, HRV should be taken
into account. In our area, where universal HRSV pro-
phylaxis for high-risk patients HRV is associated with
severe cases when clinical factors are not considered,
routine screening for HRV at admission may be
proposed in order to identify infants at risk for severe
disease and to separate the hospitalized patients into
cohorts so as to avoid nosocomial infection.

In evaluating the findings of the present study, some
limitations must be highlighted. First, this study was
conducted only during one season. Severity of infection
by a virus can fluctuate in different seasons, as can the
pattern of circulating viruses in the community, which
may explain the differences in severity by specific
viruses found in this and other reports. Also, the high
palivizumab prophylaxis rate in our population proba-
bly leads to underestimation of the role of HRSV in
high-risk infants. Another limitation is that BCS is not
yet a validated instrument for bronchiolitis scoring.
Nevertheless, none of the available scoring systems for
bronchiolitis has been validated neither has all tests
characteristics studied (reliability, responsiveness, re-
producibility). BCS is implemented in the daily clinical
practice in our institution for 15 years and shows good
correlation with other outcomes of severity (length of
hospital stay, days of oxygen therapy and of naso-
gastric feeding tub, FiO2, greater PICU admission and
need for respiratory support). The use of different bron-
chiolitis scoring systems is a common limitation of
most articles in this field because it difficults to com-
pare with other studies.

Finally, pathogen detection in nasopharynx may not
accurately correlate with infection of the lower respira-
tory tract, and in addition some detected viruses might
reflect late shedding after a past infection. Nevertheless,
this limitation is common to other similar reports. The
use of real-time PCR for viral load quantification41 may
annul this limitation in upcoming projects.
In summary, we analyzed the relative importance of

clinical factors and specific viruses in predicting severe
bronchiolitis. Our data suggest that, although HRV
seems to be related to increased risk of severe disease
in univariate analysis, traditional clinical risk factors
have more specific weight in predicting bronchiolitis
outcome.
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