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 Respiratory syncytial virus bronchiolitis is the most frequent cause of infant hospitalization. RSV bronchiolitis
is often followed by recurrent episodes of wheeze. Pathogenesis of RSV bronchiolitis as well as post-
bronchiolitis wheeze are incompletely understood. The aim of this review is to provide a brief overview of our
current understanding of the complex pathogenesis of RSV bronchiolitis and post-bronchiolitis wheeze. Two
non-exclusive hypotheses exist, which are paraphrased for this review as “the chicken and the egg”. First, we
reviewed the pre-existent genetic, pulmonary and immunological mechanisms of RSV bronchiolitis and post-
bronchiolitis wheeze. Second, RSV as the causative virus of long-term airway morbidiy is reviewed. Clearly,
RSV infection is capable of causing direct damage to the airways and/or inducing long-term inappropriate
immune responses to respiratory viruses or aero-allergens. It is concluded that intervention trials aimed at
preventing RSV infections are required to establish the relative contribution of both RSV-induced and pre-
existent mechanisms to the development of long-term airway disease following RSV bronchiolitis.
Ltd. All rights reserved.
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1. Introduction

Respiratory syncytial virus bronchiolitis is themost common cause
of hospitalization during infancy. In the general population 2% of all
children are admitted for RSV bronchiolitis during the first year of life
[1]. In preterm children with chronic lung disease, the risk of
hospitalization for RSV infection may be as high as 33% [2]. Disease
during RSV bronchiolitis is caused by complex mechanisms. Virus-
induced cytopathology, virus-induced immunopathology and pre-
existent susceptibility factors all contribute to symptoms observed
during RSV bronchiolitis. RSV bronchiolitis is often followed by
recurrent episodes of wheeze or post-bronchiolitis wheeze (PBW) [3].
The possible relationship between RSV and post-bronchiolitis wheeze
is often described as a “chicken or egg” phenomenon. On one hand,
RSV infection could be the cause of PBW by affecting airway structure
and function or by inducing a long-term aberrant immune response
to common respiratory viruses or aero-allergens. On the other hand,
RSV bronchiolitis may be the first indication of long-term airway
morbidity in which host susceptibility factors determine the risk
of both RSV bronchiolitis and recurrent wheeze. The aim of this
review is to provide a brief overview of our current understanding of
the complex pathogenesis of RSV bronchiolitis and PBW.

2. Epidemiologic studies

A number of retrospective studies since the 1970s have described a
clear association between RSV bronchiolitis and increased risk for
subsequent wheezing [4,5]. Because of the retrospective methodology
of those initial studies, several authors raised questions about the
significance of this association. However, in the last two decades a
number of prospective studies conducted in different parts of theworld
and including children with different genetic backgrounds have
confirmed a strong association between acute RSV bronchiolitis and
PBW. Investigators in Arizona demonstrated that children with RSV
bronchiolitis early in life had a significantly higher risk ofwheezinguntil
6 years of age. It is important to mention that the majority of these
childrenwere not hospitalized during the acute episode of bronchiolitis,
and yet developed subsequent PBW. Likewise, studies conducted in
Sweden showed that children hospitalized for RSV bronchiolitis had
d recurrent wheeze: The chicken and the egg, Early
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increased risk of wheezing and asthma up until 18 years of age
compared with age-matched controls [6–8]. In this particular cohort,
in addition to PBW, patients had an increased risk for atopy, which has
not been observed in other post-bronchiolitis study cohorts. More
recently, studies conducted in Finland [9–11] also showed very similar
and consistent results and further demonstrated the impact of PBW in
quality of life [12].

3. Pre-existent mechanisms of RSV bronchiolitis and
long-term wheeze

3.1. Genetic susceptibility

The Danish national birth cohort study has attempted to define to
what extent the risk of hospitalization for RSV bronchiolitis during the
first year of life is as explained by genetic variation [13]. In 12,346
homozygous and heterozygous twins, the concordance rate for
hospitalization for RSV infection was 0.66 and 0.53, respectively. It
was calculated that the heritability of RSV bronchiolitis is 16%. During
the last decade genetic studies have evolved and demonstrated the
existence of various susceptibility genes associated with bronchiolitis.
Initially, one single nucleotide polymorphism (SNP) of one candidate
gene, for example the IL-4-589T promoter SNP, was studied in relation
to the risk of severe RSV bronchiolitis [14]. Although in many
occasions, the functionality of these SNP was unknown. Later,
complex genetic studies were performed in which several hundred
SNPs were studied [15]. Forton et al. studied 113 single SNPs in 11
genes at 5q31 cytokine cluster demonstrating an association between
the IL13 and the SLC22A5 gene and a risk of severe RSV infection. [16].
Recently, genetic mechanisms of disease were specifically studied in
preterm infants showing specific associations between airway
remodelling genes and risk of severe RSV infection in preterms [17].
These genetic studies have provided basic insight into RSV pathogen-
esis as recently reviewed [3,18]. Specific genes that have been
associated with the risk of RSV bronchiolitis can arbitrarily be divided
into the following categories: 1) airway mucosal responses, 2) innate
immune responses, 3) adaptive immune responses, 4) chemotaxis
and 5) allergic responses. Global genetic analyses suggested that
variation in innate immunity genes has the biggest impact on the risk
of severe RSV infection [15]. A major concern of the SNP studies
related to RSV bronchiolitis is that most genetic associations have not
yet been confirmed. This is a critical issue, because this is required
before any genetic association can be considered true. Confirmation of
an association with RSV bronchiolitis was achieved for a few
polymorphisms, including the TLR-4 Asp299Gly or Thr399Ile poly-
morphisms [19–22], the IL4 rs2243250 SNP [14,23] and a specific IL4/
IL13 haplotype [16,24]. Future studies should not only aim at
discovering new genes associated with RSV pathogenesis, but also
at confirming previously reported associations. Finally, large genetic
cohorts are required to perform genome wide association studies.
Genome wide association studies are unbiased and will lead to the
next level of understanding of the complex genetic mechanisms
underlying RSV bronchiolitis.

3.2. Pulmonary susceptibility

Pulmonary function abnormalities may underlie both the risk of
RSV bronchiolitis and recurrent wheeze. The population at the highest
risk of RSV bronchiolitis are severely preterm infants with chronic
lung disease [2]. In these children, severity of lung function
abnormalities is associated with risk of severe RSV bronchiolitis
[25]. Late preterms are also born with abnormal lung function, which
is not always clinically manifest [26]. Probably, risk of RSV
bronchiolitis in late preterms is dictated by the infant's lung function.
Another population at risk of severe RSV bronchiolitis is infants with
cystic fibrosis, although the absolute risk of RSV bronchiolitis has not
Please cite this article as: Bont L, Ramilo O, The relationship between RSV
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been studied in this population [27]. RSV infection in this population
may even be more relevant, because it might be associated with long-
term deterioration of lung function. In vitro and in vivo studies show
that RSV facilitates Pseudomonas infection of airway epithelium
[28,29]. In healthy term infants, lung function at birth is associated
with the risk of wheezing illness during pre-school years [30]. Airway
compliance was recently shown to be associated with the risk of
rhinovirus-associated wheezing illness [31]. It is hypothesized that
abnormal lung function at birth predisposes not only to severe
rhinovirus infection, but also severe RSV infection.

3.3. Cardiovascular susceptibility

It has long been known that congenital heart anomalies are
associated with the risk of RSV bronchiolitis. The risk appears highest
in children with increased pulmonary flow. Surgical intervention may
correct the anatomy of the heart, although it is not known how long it
takes before the risk of RSV bronchiolitis becomes normal in this
population. It is conceivable that this may take several weeks or even
months before the vascular functions pulmonary and systemic have
normalized. Down Syndrome is an independent risk factor of RSV
bronchiolitis [32]. Pulmonary hypertension is strongly associatedwith
Down Syndrome, which suggests that abnormal pulmonary vascular
function plays a role in the susceptibility of this specific high-risk
population [33]. However, other mechanisms may also be relevant in
the pathogenesis of RSV bronchiolitis in children with Down
Syndrome, such as abnormal upper airway anatomy [34] or abnormal
adaptive and innate immune responses [35].

3.4. Immunological susceptibility

Immature innate and adaptive immune responses have been
suggested to play an important role in susceptibility to RSV
bronchiolitis [36]. Children are born with immature production of
Th1 cytokines, which is probably required to sustain intra-uterine life,
but a risk factor for infection with intracellular pathogens during
infancy [37]. It was shown that cord blood low Th1 interferon (IFN)-γ
predisposes children to wheezing illness during the first years of life
[38]. Antigen-presenting cell (APC) production of the Th1 directing
cytokine IL-12 is also immature at birth [39], which further stresses
the relative immature immune status of the neonate. A recent study
specifically compared characteristics of cord blood transcripts in
children who would later develop RSV bronchiolitis and those who
would not [40]. Interestingly, it was shown that not only genes
involved in innate and adaptive immune responses, but also genes
regulating actin cytoskeleton formation were associated with risk of
RSV bronchiolitis.

4. RSV as the cause of long-term airway morbidity

In addition to all the different factors (genetic, pulmonary, cardiac
and immunologic) that are associated with increased susceptibility to
develop severe RSV bronchiolitis, it is thought that the virus itself has
unique characteristics that play a significant role in its ability to cause
(or to be associated with) long-term pulmonary sequelae. Although
the epidemiologic studies demonstrated a strong association between
RSV bronchiolitis and PBW, those observational studies do not allow
dissecting the many factors involved. To better define the role of the
virus itself and to separate it from other factors, it is necessary to take
other approaches.

The mouse model of RSV has been adapted to study the role of the
virus in the long-term pulmonary sequelae. Mice are inoculated
intranasally with RSV and using a non-invasive plethysmograph, they
can be followed and their pulmonary function monitored for weeks
after the acute infection. Using this approach there is clear evidence
that RSV alone – and without any added factor – causes airway
bronchiolitis and recurrent wheeze: The chicken and the egg, Early
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hyperreactivity and chronic airway inflammation for months after the
initial RSV infection [41]. These long-term pulmonary sequelae
induced by RSV are independent of the mouse strain [42]. More
recent studies in this model have demonstrated that airway
hyperreactivity and chronic inflammation are associated with
detection of persistent RSV RNA in the lung, thus suggesting a
potential novel virus-dependent mechanism for PBW [43]. The
establishment of a model of RSV-induced hyperreactivity and chronic
airway inflammation provided experimental evidence of the link
between RSV bronchiolitis and PBW and simultaneously allowed the
implementation of therapeutic interventions to further assess the role
of the virus itself. The administration of a single dose of anti-RSV
neutralizing monoclonal antibodies (palivizumab or motavizumab)
was associated with significant reductions in long-term airway
hyperreactivity and pulmonary inflammation [42,44], indicating that
therapeutic and/or preventing interventions directed against the
virus in the acute phase can provide long term benefit. Indeed, a
recent double cohort study conducted in Europe demonstrated that
premature infants with no CLD who received prophylaxis with
palivizumab had a significant reduction in wheezing episodes
compared with control premature infants who did not receive
prophylaxis [45].

This study further confirms the overall hypothesis that RSV –the
virus itself – plays a significant role in the origin of PBW, and more
importantly establishes the proof of principle that interventions
directed to prevent or modify acute RSV bronchiolitis can provide a
long-term benefit reducing recurrent wheezing episodes in childhood.
5. Conclusion

Numerous epidemiologic studies have demonstrated a strong
association between RSV bronchiolitis early in life and the development
of post-bronchiolitis wheeze (PBW). The mechanisms responsible for
increased susceptibility to develop severe RSVbronchiolitis are complex
and multifactorial. Studies have confirmed that different genetic,
pulmonary, cardiac and immunological factors influence the risk for
severe bronchiolitis and PBW. In addition, experimental studies showed
that the virus itself plays a major role in the development of airway
hyperactivity and chronic inflammation. Further support for the critical
role of RSV itself in the development of PBW is derived from a recent
parallel cohort study that demonstrated that premature children
who received prophylaxis with an anti-RSV monoclonal antibody
had significantly less frequent wheezing episodes than untreated age-
matched controls.
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