


Bronchiolitis in infants and
wheeze in preschool children

Introduction
Bronchiolitis (table 1) is one of the main
causes of hospitalisation in infants aged,1 yr
[1]. Approximately 2–3%, without underlying
diseases, are hospitalised for bronchiolitis
during epidemics. Recently the number of
the hospital admission has increased, with the
use of pulse oximetry possibly contributing to
the higher admission rate [2]. Respiratory
syncytial virus (RSV) infection is the most
common cause of severe bronchiolitis [3]. The
incidence peaks in December–March. Nearly
all children are infected by RSV before the age
of 2 [1], usually reporting only a mild upper
respiratory tract infection. In some cases, lower
respiratory symptoms leading to respiratory
failure characterise the clinical course of
bronchiolitis. Many risk factors have been
found to be associated with the severity of the
disease, but the reason why viruses cause lower
respiratory infection and consolidation only in
some children is still unknown.

Recently, respiratory viruses other than
RSV have been detected in infants with
bronchiolitis. Rhinovirus (RV), the major cause
of the common cold, was considered to
be confined in the upper respiratory tract.
Nowadays, RV seems to be as common as
RSV, often affecting older children, and those
with atopic dermatitis and eosinophilia [4].

The treatment is mainly supportive [5], with
supplemental oxygen, nasal washing, i.v. fluids
and, in some cases, mechanical ventilation.

Clinical trials, testing b2-agonists [6, 7], gluco-
corticoids [8], epinephrine [9], recombinant
human DNase [10, 11] and hypertonic saline
[12] inbronchiolitishavebeenverycontroversial.
Routine use of those different therapies is not
recommended. On the contrary, a personalised
strategy for each infant is to be performed, in
order to reduce hospital stay and health-care
expenditures associated with this disease.

Diagnosis
Bronchiolitis is a clinical diagnosis requiring
epidemiologic data, such as the epidemic
period (December–March), the age of infants
(age ,12 months) and the specific clinical
appearance. It is usually characterised by
runny nose, fever and cough, preceding res-
piratory distress, with possible tachypnoea and
retractions.

The various auscultatory findings required
for diagnosis have complicated the interpre-
tation of clinical, therapeutic and epidemi-
ological studies on bronchiolitis. In fact, the
inclusion of wheeze in the diagnostic criteria
by North American physicians can overlap the
bronchiolitis with early presentation of asthma.
Otherwise, the presence of respiratory crackles,
as the most important clinical finding, permits
a correct diagnosis of bronchiolitis.

Most infants with bronchiolitis present a
mild clinical form and can be safely managed
at home by compliant parents, if adequately
informed on the signs of deterioration of the
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Table 1 Definition of bronchiolitis

First acute lower respiratory tract infection

Age ,12 months

Epidemic period December–March

Clinical examination Tachypnoea, respiratory crackles, retractions
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clinical status. On the contrary, infants with risk
factors, such as prematurity, young age, small
weight, male sex, underlying medical conditions,
more frequently need the hospitalisation. Usually
the disease is characterised by a worsening over
the first 72 h. This factor must be considered in
the management of infants with bronchiolitis.
Only 1–3% of infants require the admission to
intensive care, particularly when risk factors are
present [13].

Virus and
bronchiolitis
Normally affecting f75% of infants with
bronchiolitis, RSV remains the most common
isolated virus. Moreover, cases of bronchiolitis
increase during RSV peak [14].

RV follows RSV in incidence, with also other
viruses involved in bronchiolitis, such as hu-
man metapneumovirus (hMPV) [15], human
bocavirus [16], enterovirus, adenovirus, influenza
virus, human coronavirus and parainfluenza
virus. Sometimes these viruses are found in co-
infection with RSV or RV. The incidence of RV
peaks in spring and autumn.

Even though the association between virus
involved and clinical severity is still debated
[17–22], RSV seems to cause a more severe
disease [21], particularly when the dual infection
RSV+hBoV is present [22]. Also, the viral load
could influence the severity of bronchiolitis
[23, 24]. Instead, RVs cause a milder form of
bronchiolitis than RSV [22]. Bacterial co-infection
is rarely described in infants with bronchiolitis,
often reported in more severe diseases [13, 25].

From bronchiolitis to
wheezing bronchitis
Infants aged ,6 months at the beginning of
the winter season are at high risk for recurrent
wheeze. Furthermore, infants with early and
severe bronchiolitis, who have required hospital
admission, are at significantly higher risk for both
recurrent wheeze and subsequent asthma [26].
This association, which has been known for more
than 50 years [27], is well documented in RSV
bronchiolitis [26] but, recently, the role of other
viruses, particularly RV, was demonstrated [22].

The association between bronchiolitis and
wheeze is not surprising, considering the crucial
role of viral infections in asthma exacerbations
and in altering the pattern of T-helper cell (Th)
type 1/ type 2 response, although the underlying

factors that could explain this association are not
yet understood. In particular, it is not clear which
viral infections predispose to asthma, possibly by
modifying the host, or when respiratory viruses
identify infants who are themselves predisposed
to develop asthma.

Some studies have demonstrated that infants
with early alteration of lung function more likely
develop bronchiolitis [28, 29]. Otherwise, in
animal models, changing in neurogenic control
of the airway, mainly mediated by an upregula-
tion of the substance P, was demonstrated after
RSV infection [30, 31]. Bronchial hyperrespon-
siveness lasts long and could explain the
occurrence of wheezing later in life. Moreover,
the chronic inflammation could cause the
shrinkage of the airway in children, also many
years after RSV infection. On the other hand,
VRS-specific immunoglobulin (Ig)E has been
found in infants with bronchiolitis, and experi-
mental evidence shows that early RSV infection
may result, in selected individuals, in a Th-2
immune response, thus predisposing these chil-
dren to asthma [32, 33]. In conclusion, infants in
the first months of life, with severe bronchiolitis
and a Th-2 immune response, will possibly
develop wheeze or asthma [33] (fig. 1). Unfor-
tunately, according to this hypothesis, it is not
clear whether the virus predisposes to this
immune response or the virus infects children
already destined for a Th-2 response.

Nowadays, a cytokine dysregulation has
been widely demonstrated [34–37], but the
specific biological, therapeutic and prognostic
significance in infants with bronchiolitis is not
completely understood and it could probably
explain the link between viral infection and
childhood asthma. Almost all elements of the
immune system are involved in the immuno-
pathogenesis of bronchiolitis. In particular,
alveolar macrophages play a crucial role in
RSV infection, by replicating the virus but, at
the same time, they are activated by virus
infection, thus triggering the immune response
[35]. During infection, the epithelium and
leukocytes release cytokines that amplify the
inflammation (fig. 2).

Many retrospective studies [38–44] have
demonstrated that severe bronchiolitis, requiring
hospitalisation, is an independent risk factor for
subsequent wheeze, in terms of parent-reported
wheeze [38], use of bronchodilators [39] and
doctor-diagnosed asthma [40]. A recent paper,
performed in a small series of infants with early
severe RSV bronchiolitis (46 children), showed
that RSV infection was an important risk factor
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for the development of asthma, clinical allergy
and sensitisation to common allergens at the
age of 18 yrs [41]. In long-term follow-up studies
[43, 44], a higher asthma prevalence at late
teenage in both RSV and non-RSV bronchiolitis
infants was found, thus suggesting a possi-
ble host factor in developing future asthma.
Moreover, the findings that reduced interferon
production in early life predicts later recurrent
wheezing [45, 46], seems to confirm the role of
host factor.

According to some studies, RV is the most
frequent virological agent in infants with both
upper and lower respiratory infections. This
observation was confirmed in two birth cohort
studies, both in 197 unselected infants [47]
and in 263 infants with risk factors for atopic
sensitisation [48]. JACKSON et al. [49] evaluating
289 newborns at risk for atopy up to the age of
6 yrs, found that moderate-to-severe RV wheez-
ing illness was the most significant risk factor not
only for the development of preschool wheezing
at the age of 3 yrs, but also for the development
of asthma at the age of 6 yrs. Similar results
were found in 82 infants below the age of 2 yrs,
hospitalised for wheezing and followed for 6 yrs.
This study confirmed that RV- induced wheezing
during infancy was an early predictor of the
subsequent development of asthma [50].

In a 3-yr follow-up retrospective study on 144
infants (aged 4–6 months) with bronchiolitis,
VALKONEN et al. [51] showed that recurrent
wheezing develops at substantially higher rates
in children hospitalised with bronchiolitis caused
by viruses other than RSV with respect to
children with RSV-induced bronchiolitis. In that
study, the non-RSV bronchiolitis infants were
not characterised further, but possibly RV, which
remains the most important viral agent following
RSV [22], played an important role.

In a recent paper, 182 infants with
bronchiolitis were tested for 14 respiratory
viruses on pharyngeal swabs or nasal aspi-
rates, using a panel of real-time reverse-
transcriptase-polymerase-chain-reaction (RT-PCR)
or nested PCR assays. A virus was identified
in only 57.2% of patients, while most of the
remaining negative infants were possibly
infected by undetected pathogens. In that
study, three groups of infants were individ-
uated, according to the viral agent, which
reflects different demographic characteris-
tics. In fact, infants with RSV bronchiolitis
(41.2%) were younger, had been breast fed
for a shorter time and developed a more
severe form of the disease with prevalent

diffuse air trapping on the chest radiograph.
Conversely, infants with hBoV bronchiolitis
(12.2%) were the oldest, had been breast
fed for longer and had the mildest clinical
form, with patchy infiltrates on the chest
radiograph. Instead, RV bronchiolitis (8.8%)
showed an intermediate form of bronchioli-
tis. It is worth noting that the latter group of
infants had a more frequent family history
for atopy and higher blood eosinophil counts
than others. These findings seem to suggest
that RV preferentially infects infants who are
predisposed to asthma [22].

A recent paper evaluated ‘‘recurrent wheez-
ing’’, defined as two or more physician-verified
episodes of wheezing during a 1-yr follow-up,
at 12 months after discharge, in 262 infants
hospitalised for bronchiolitis in the first year
of life. It was demonstrated that the major
risk factors for wheezing episodes after acute
bronchiolitis were RV infection and a posi-
tive heredity for asthma. Moreover, a higher
number of blood eosinophils, a lower blood
CRP concentration and fewer radiologically
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Figure 1
Factors influencing wheeze development in infants with bronchiolitis.
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Figure 2
Immunological mechanisms involved in lung injury by viruses.
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documented lung consolidations in infants
with recurrent wheezing than non-wheezing
infants were found [52]. Finally, a slightly
higher frequency of wheezing in boys was
demonstrated and could be partially explained
by the knowledge of high airway resistance in
male infants and low functional residual
capacity in female infants [28].

According to LEHTINEN et al. [53], RV infants
who received oral corticosteroid therapy
during the acute severe viral episode, are less
likely to develop recurrent wheezing over the
following year. This finding could suggest a
distinct pathogenesis and consequently a
distinct therapeutic approach for wheezing
RV-positive infants.

Current knowledge therefore clearly links RV
bronchiolitis and recurrent wheezing during the
first year of life. It therefore raises the question of
whether RVbronchiolitis actually causes recurrent
wheezing. Alternately, RV bronchiolitis might
instead serve to disclose infants, who are already
predisposed to this disease owing to abnormal
lung physiology or immune response, or both. In
vitro findings seem to confirm that RV preferen-
tially affects the lower airways causing bronchio-
litis in atopic childrenprone towheeze [54–56]. In
a study designed to investigate the balance
between type 1 and type 2 immune response to

RV, PAPADOPOULOS et al. [57] found that periph-
eral blood mononuclear cells (PBMCs) incu-
bated with RV from atopic subjects produced
interleukin-10 whereas PBMCs from nonatopic
subjects produced interferon-c and interleukin-
12. This defective type 1 immune response to RV
in predisposed patients with asthma may con-
tribute to the development of acute asthma
exacerbation by promoting type 2 inflammation
and diminishing viral clearance through defi-
cient type 1 antiviral immune response [57].

In conclusion, although the association
between bronchiolitis and subsequent asthma
has long been known, it is still unclear whether
viral infection directly contributes for those
children who are at risk for wheeze. RSV remains
the most common pathogen associated with
bronchiolitis, but other viruses have been linked
to bronchiolitis, including rhinovirus, human
metapneumovirus, influenza A/B, parainfluenza
and human bocavirus. The most important
aetiological agent in children with acute
respiratory infections is RV in wheezing infants
in the first years of life, which is an important risk
factor for the development of asthma. Moreover,
RV is an important risk factor for recurrent
wheezing in infants hospitalised for bronchiolitis.
These findings seem to confirm thatwenowneed
to switch our research efforts from RSV to RV.
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