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ABSTRACT

Respiratory syncytial virus (RSV) infection is the most common respiratory infec-
tion in children and the primary cause of hospital admission in infancy. Also, mul-
tiple prospective epidemiologic studies have shown that early infection with this
virus is a significant risk factor for wheezing and asthma in childhood and adoles-
cence, even in subjects without atopic predisposition. Indeed, following RSV in-
fection, the release of local pro-inflammatory molecules, the dysfunction of neural
pathways, and the compromised epithelial integrity can lead to persistent hyperre-
activity and inflammation that manifest clinically with recurrent episodes of airway
obstruction. While most research work has been focusing on immune and inflam-
matory mechanisms, recent evidence has shown changes in the molecular struc-
ture of the epithelial and muscular airway cells that can drive airway dysfunction
independently from canonic immune-inflammatory mechanisms and pathways.
This article summarizes the most recent studies on some of the novel molecular
mechanisms involved in the pathophysiology of RSV infection and the consequent
predisposition to chronic airway dysfunction and asthma development, with some
closing considerations on current and future treatment strategies.

IMPACT STATEMENT

RSV remains the most common respiratory pathogen in infants and young children
and the most common cause of hospitalization in early life. Yet, no safe and effec-
tive therapy is available. A better understanding of the molecular pathophysiologic
mechanisms outlined in this article might open the way to new preventative and
therapeutic strategies able to reduce the morbidity and mortality caused by this virus.

INTRODUCTION

Respiratory syncytial virus (RSV) is the most common respiratory pathogen in in-
fants and young children worldwide (1). Prospective epidemiologic studies support
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a strong association between RSV infection and acute
pulmonary morbidity, such as lower respiratory tract in-
fections (LRTIs), during infancy and long-term morbidity
during childhood, such as airway hyperresponsiveness,
recurrent wheezing, and asthma (2). The latter is believed
to be closely related to a preexistent atopic predisposition
with a T helper (Th)2-biased phenotype. This hypothesis
implies the RSV- induced potentiation of T-cell respons-
es to inhalant allergens mediated by local Th2 cytokines
synthesis, eosinophils recruitment at inflammatory sites,
and Th2-polarized RSV-specific immunological memory,
which, following reinfection, leads to dense infiltrates of
effector cells secreting interleukin (IL)-4, IL-5, IL-13, and
other Th2-type cytokines and chemokines (3).

While the role of RSV as an independent factor favoring
atopic asthma is widely recognized, its impact on the
onset of non-atopic asthma, mediated via non-canoni-
cal pathways, has been more controversial. However,
growing scientific evidence suggests that RSV-mediat-
ed persistent inflammation and airway hyperreactivity
can result from alterations of the neural pathways and
molecular changes in airway substructures that can oc-
cur in parallel and at different times of local and system-
icimmune responses (4). In the case of non-atopic asth-
ma, such changes appear reversible after adolescence,
suggesting a transient respiratory dysfunction rather
than the progressive and irreversible damage common-
ly featuring atopic asthma (5). This review summarizes
the most recent evidence about the molecular mecha-
nisms involved in airway dysfunction and non-allergic
asthma development following early infection with RSV.

RSV EFFECTS ON THE AIRWAY
SUBSTRUCTURES

Epithelium

RSV enters the body primarily by direct contact with the
nasal or conjunctival mucosa and then spreads from
the upper respiratory tract to the lower airways, mainly
targeting ciliated cells. In response to RSV infection,
several changes occur in the airway epithelium, such
as synthesis and release of inflammatory cytokines
and chemokines that modulate the recruitment of in-
flammatory cells from the bloodstream into infected tis-
sues and whose respiratory secretions concentrations
usually correlate with infection severity. Concomitantly,

the viral NS2 protein promotes epithelial cell shedding,
which accelerates the clearance of virus-infected cells
but, on the other hand, allows the accumulation of
cell debris and mucus secretions that form myriads of
plugs obstructing the distal airways (6).

Basal epithelial cells of the bronchial epithelium, in-
traepithelial dendritic cells (DCs), and alveolar type-I
cells can also be infected by the virus (7) and release
pro-inflammatory cytokines such as TNF-qa, IL-33, and
thymic stromal lymphopoietin (TSLP), which, in turn,
promote Th2- type inflammatory responses and the re-
cruitment of neutrophils and eosinophils (8). In neutro-
phils, RSV infection induces the expression of specific
activation markers, such as CD11b, CD18, and CD54,
and causes the release of neutrophil elastase. More-
over, neutrophil apoptosis and neutrophil extracellular
trap (NET) are active during infection, and the peak of
these activities coincides with maximum viral load and
clinical severity (9). In eosinophils, RSV induces high
levels of leukotriene C4, eosinophil-derived neurotoxin
(EDN), and eosinophil cationic protein (ECP). The early
detection of such inflammatory mediators in the respi-
ratory secretions of patients with RSV bronchiolitis sup-
ports their role during the acute phase of infection (10).
Recently, the transient receptor potential vanilloid type
(TRPV) family of non-selective cation channels has
gained substantial interest from pulmonary scientists,
especially TRPV, and TRPV, that are prominently ex-
pressed in the respiratory tract (11). Originally these
channels were believed to be exclusively associated
with nociceptive peripheral nerve fibers, where they
trigger the release of sensory neuropeptides like the
calcitonin gene-related peptide (CGRP) and tachyki-
nins. Hence, their activation in response to chemical
and physical irritants leads to “neurogenic” inflammato-
ry reactions featuring bronchoconstriction, inflammato-
ry cell chemotaxis, and mucosal edema (12). Surpris-
ingly, the same channels were later found in a variety of
mammalian tissues, including lung (bronchial epithelial
and alveolar cells, smooth muscle), central nervous
system, salivary and sweat glands, inner ear, heart,
kidney, intestine, skin, endothelium, and fat tissue (13).
Considering the mode of activation and the functions, it
appears reasonable that prolonged and intense stimu-
lation of TRPV, and TRPV, could play a crucial role in
the pathogenesis of obstructive airway diseases, such



as asthma, bronchiolitis, and COPD. Also, because
TRPV, and TRPV, are both involved into host-patho-
gen interactions including the binding, entry, and rep-
lication of viruses, these molecules might modulate
viral-mediated airway damage. In this context, we first
reported in an in vivo rodent model that RSV poten-
tiates TRPV,-mediated neurogenic inflammation (14).
Similarly, another group reported upregulation in vitro
of TRPV, expression 12 hours post-RSV infection. In-
terestingly, this effect was independent of virus repli-
cation, as virus-induced soluble factors were sufficient
to increase channel expression. Moreover, capsaze-
pine treatment inhibited virus-induced upregulation of
TRPV,, suggesting that these channels have an im-
portant role in virus-induced airway disease and cough,
and hold promise as druggable targets for therapy (15).
More recently, the pro-inflammatory functions of
TRPV, were confirmed in human bronchial epitheli-
um from children with asthma, both at baseline and
after RSV infection (16). As illustrated in Figure 1, our
studies showed for the first time that the lower airways
epithelium from asthmatic children displays elevated
basal and RSV-induced TRPV1 expression compared
to non-asthmatic controls. This increase was mea-
sured both in total as well as plasma membrane bound
TRPV,. We also showed that RSV-mediated increased
TRPV1 expression and activation is a consequence
of increased signaling through the NGF-TrkA axis. Fi-
nally, we showed that TRPV1- mediated increase in
[Ca*], can originate from either the extracellular pool or
intracellular storage sites within the endoplasmic retic-

Table 1. Effects of RSV on TRPV, channels.
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ulum, depending on asthma status and RSV infection.
Based on these data, we speculate the virus-induced
increase in [Ca?"] mediated by TRPV1 activation may
contribute to the clinical manifestations of asthma, in-
cluding the increased synthesis and release of Th2 cy-
tokines, mucus overproduction, breakdown in barrier
permeability, and increased bronchoconstriction (see
Table 1 for summary of RSV effects on B,AR).

In addition to the asthma status, the patient’s age also
affected TRVP1 expression during RSV infection (17).
In fact, by comparing the TRPV1-mediated Ca?" influx in
human bronchial epithelial cells from children and adults,
we noted that expression, localization, and activity of this
channel were increased during RSV infection of cells
harvested from children but not adults, suggesting that
RSV entry and replication is more efficient in the bron-
chial epithelium early in life. The data summarized in the
previous paragraphs are timely and important because
of the increased morbidity for RSV bronchiolitis and
asthma among pediatric patients (18). In addition, this
study can shed light into the limited efficacy of current-
ly available therapies (19). More importantly, pharma-
cological inhibition of the NGF-TrkA-TRPV, axis shows
promise as a novel strategy to limit the impact of RSV
infections in both asthmatic and non-asthmatic children.

Smooth muscle

Recent evidence shows that RSV can infect and al-
ter the structure and function of human airway smooth
muscle (ASM) cells, in particular by disrupting the
structure, distribution, and function of B, adrenergic

RSV EFFECTS ON TRPV1 CHANNELS

1 The lower airway epithelium and smooth muscle from children with asthma displays elevated basal and
RSV-induced TRPV, expression compared with nonasthmatic controls.

2 RSV increases TRPV, expression and activation as a consequence of increased NGF-TrkA signaling.

TRPV1- mediated increase in [Ca?'], can originate from either the extra-cellular pool or intracellular stores

depending on asthma status and RSV infection.

4 RSV-induced increase in [Ca?*], mediated by TRPV, activation contributes to the clinical manifestations of

asthma, including:

- increased synthesis and release of TH, cytokines;

- mucus overproduction;
- breakdown in barrier permeabilit;
- increased bronchoconstriction.

Adapted from: Harford TJ et al. Asthma predisposition and respiratory syncytial virus infection modulate transient receptor potential vanilloid 1
function in children’s airways. J Allergy Clin Immunol. 2018;141(1):414-6.e4 and Harford TJ et al. RSV infection potentiates TRPV1-mediated
calcium transport in bronchial epithelium of asthmatic children. Am J Physiol Lung Cell Mol Physiol. 2021;320(6):L1074-L1084.
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Figure 1. Modulation of TRPV,-mediated Ca** influx in Human Bronchial Epithelial (HBE) cells. RSV infection of non-asthmatic airway epithelial cells
in HBE cells activates NGF protein expression. Increased NGF expression results in a signaling cascade that leads to increased TRPV, expression
and TRPV, translocation to the plasma membrane, where it can be stimulated by multiple physical or chemical irritants and initiate inward transfer
of Ca?* from the extracellular compartment to the cytosol. In contrast, basal expression of NGF is already increased at rest in airway epithelial cells
from asthmatic children, which results in more TRPV, channels at the plasma membranes and lower threshold of activation. Additionally, there is
increased expression of intracellular TRPV/ localized to the ER, where it can release Ca** from the intracellular storage sites into the cytosol and lead
to higher cytosolic Ca®* at rest. During RSV infection there is a shift of Ca?* influx from both intracellular stores and extracellular sources to primarily
from extracellular sources. Increased intracellular calcium leads to increased mucus production, bronchoconstriction, airway barrier permeability,

and increased cytokine production resulting in the asthma phenotype.

(Adapted from: Harford et al., Am J Physiol Lung Cell Mol Physiol. 2021;320(6):L1074-L1084).

receptors (B,AR) (20). B,AR are transmembrane gly-
coprotein receptors coupled with guanine nucleotide
(GTP) binding proteins (G proteins) and classified into
three subtypes B,, B,, B, [51]. B,AR is composed of
8 alpha helices (3 extracellular and 5 intracellular), is
bound to cellular membranes, and signals intracellu-
larly through heterotrimeric GS proteins consisting of
alpha, beta, and gamma subunits (21) (Figure 2). This
receptor is encoded on chromosome 5 and expressed
on various cell types, including epithelial and endothe-
lial cells, eosinophils, lymphocytes, mast cells, mucous
glands, and especially skeletal and smooth muscle.

Because of the sparse sympathetic innervation of
human airways, endogenous catecholamines secret-
ed from the adrenal medulla (e.g., epinephrine and
norepinephrine) are primarily responsible for B,AR
stimulation. However, the same pathway has been ex-
tensively targeted for therapeutic purposes using syn-
thetic compounds able to bind the receptor with higher
selectivity, and usually classified according to the dura-

tion of their bronchodilator activity into short-acting and
long-acting (22). Following binding of agonist ligands
to the B,AR, the alpha subunit of coupled GS proteins
promotes the conversion of adenosine triphosphate
(ATP) into cAMP, which through the catalytic subunit of
protein kinase-A (PKA) reduces the intracellular Ca?*
concentration, promotes smooth muscle relaxation,
and prevents muscle contraction. Hence, short acting
B2AR agonists (e.g., albuterol) have been for decades
the most effective and widely used medicines to relieve
acute airway obstruction during an asthma exacerba-
tion, whereas long- acting agonists (e.g., salmeterol,
formoterol) have been widely used as controller agents
to prevent bronchospasm in chronic asthma patients.

The clinical manifestations of viral bronchiolitis in in-
fants and young children are virtually identical to those
of an asthma attack (i.e., wheezing, cough, and in-
creased work of breathing), and fully developed ASM
(23) expressing of fully functional B,AR receptors has
been demonstrated from the first years of life (24). Yet,
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Figure 2. The Beta2-adrenergic Receptor (82AR) Pathway. B2AR is a prototypical member of the heptahelical transmembrane family of G pro-
tein-coupled receptors (GPCRs). This family includes three receptor subtypes, B1, 82, and 83, with B2AR having predominant expression in the
respiratory tract. Activation of BARs by binding to b-agonists results in the activation of a heterotrimeric stimulatory G protein (GS) and release of
its alpha and beta-gamma subunits. The alpha subunit then activates the enzyme adenylyl cyclase (AC), which generates the second messenger
cyclic adenosine monophosphate (cCAMP), which, in turn, mediates the activation of protein kinase A (PKA). Activated B2ARs are phosphorylated and
desensitized by GPCR kinases (GRKs) and PKA. When activated by cAMP, PKA stimulates downstream signaling events that mediate the relaxation
of airway smooth muscle cells in the respiratory tract by inhibition of calcium-activated contraction. PKA also phosphorylates the cAMP response
element (CRE) binding protein (CREB), which results in its binding to CREB binding protein (CBP). CBP binding leads to recruitment of the basal

transcriptional apparatus resulting in gene transcription.

multiple clinical trials have failed to demonstrate any
clinical benefit of B2AR agonists in infants with RSV
bronchiolitis (25), and systematic metanalysis has
concluded that B,AR agonists are clearly less effective
in the setting of viral respiratory infections, especial-
ly when airway obstruction is caused by RSV infec-
tion (26). Furthermore, a recent report indicates that
virus-infected asthmatic children have higher risk of
treatment failure during acute exacerbations (27).
Moore et al. investigated the effect of RSV on B,AR re-
sponsiveness by measuring isoproterenol (ISO)-mediated
CcAMP synthesis, B,AR density, and Gl protein expression
in human ASM cells incubated with RSV (20). This study
showed that RSV infection of human ASM cells inhibits
ISO-induced cAMP synthesis in a time- and dose-de-
pendent manner and reduces 3,AR density on cell mem-
branes. Consistently, RSV reduced airway responses to
B,AR-agonists, both directly and indirectly by inducing
heterologous keratinocyte cytokine (KC)/CXCR2-mediat-
ed desensitization (28). Interestingly, in this study B,AR
desensitization occurred in the absence of receptor inter-
nalization or degradation; rather, it resulted from receptor
uncoupling due to phosphorylation by GRK-2.

More recently, Harford et al. investigated the expres-
sion, structure, and activity of B,AR in primary human
ASM cells derived from children’s lung tissues and in-
fected ex vivo with RSV (29). This study showed conclu-
sively that RSV infection triggers proteolytic cleavage of
B,AR, which is mediated by the intracellular proteasome
and results in net loss of functional receptors on ASM

membranes, consequently reducing ASM relaxation in
response to exogenous B,AR agonists like albuterol (Fig-
ure 3). Simultaneously, RSV activates multiple pathways
favoring airway obstruction, such as non-canonical acti-
vation of adenylyl cyclase resulting in less robust cAMP
synthesis and increased cytosolic calcium concentration
initiating smooth muscle contraction (see Table 2 for sum-
mary of RSV effects on B,AR). Collectively, these findings
not only provide a suitable mechanism for the reported
lack of clinical efficacy of B,AR agonists in the setting of
virus-induced wheezing, but also open the path to devel-
oping more precise therapeutic strategies in the future.

Peripheral nerves
Several prospective epidemiologic studies have linked
RSV infection in early life to persistent airway hyper-
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reactivity and inflammation, which is likely to involve
a complex dysregulation of peripheral neural control
(4). Airway patency depends on the activity and inter-
action between adrenergic, cholinergic, and nonadren-
ergic—noncholinergic (NANC) pathways primarily bun-
dled within the vagus nerve. Albeit adrenergic fibers
are remarkably sparse in the human smooth muscle,
these nerves release catecholamines and promote
bronchorelaxation. Cholinergic fibers release acetyl-
choline and are a primary effector of bronchoconstric-
tion in response to chemical, physical, and pharmaco-
logic stimulation. NANC pathways comprise inhibitory
(NANCI) and excitatory (NANCe) sub-systems. The
former promotes ASM relaxation, which is mediated by
the release of vasoactive intestinal peptide (VIP) and
nitric oxide (NO). The latter is primarily constituted by
unmyelinated (C-type) sensory nerve fibers and caus-
es bronchoconstriction via release of tachykinins like
substance P, neurokinin A, and neurokinin B.

Neurokinins selectively bind 3 receptors with a rho-
dopsin-like structure, NK-1, NK-2, and NK-3, also
expressed on epithelial and immune cells. More spe-

cifically, NK-1 has high affinity for substance P and
mediates its pro-inflammatory and immunomodulatory
effects, including increased endothelial permeability;
proliferation and activation of T cells, B lymphocytes,
monocytes, and macrophages; and mast cells degran-
ulation. The same cell types expressing NK-1 receptors
also support the enzymatic activities of neutral endo-
peptidase (NEP) and angiotensin converting enzyme
(ACE), two surface-bound peptidases that cleave the
carboxyl-terminal dipeptide of substance P, thereby in-
hibiting its actions. Among many other studies explor-
ing neurogenic-mediated inflammation, my lab showed
that corticosteroids prevent airway edema by upregu-
lating peptidase activity, a potent anti-inflammatory ef-
fect that was completely reversed only when both NEP
and ACE were simultaneously inhibited (30, 31).

Upstream from the NANCe system, we also report-
ed that RSV upregulates the expression and activa-
tion of nerve growth factor (NGF) and its TrkA and
p75NTR receptors both in vitro, in vivo animal models,
and, most importantly, in the lower airways of human
infants with RSV- positive bronchiolitis (32). Together
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Figure 3. Loss of Response to f2AR Agonist in RSV infection. Human airway smooth muscle cells (HASMCs) embedded in a 1.5% collagen matrix
were incubated with sterile medium or RSV for 48 hours before being subjected to a 30-min treatment with vehicle or 200 uM albuterol followed by
200 uM methacholine. Methacholine induced a 20% contraction in RSV-infected cells, as compared to 15% contraction in uninfected cells. Pretreat-
ment with albuterol led to a 50% reduction in the methacholine-induced contraction of uninfected cells (8% contraction), whereas methacholine-in-
duced contraction was reduced by 25% (15% contraction) in RSV-infected cells pretreated with albuterol.

(Adapted from: Harford TJ et al. Respiratory syncytial virus induces $2-adrenergic receptor dysfunction in human airway smooth muscle cells. Sci

Signal. 2021;14(685):eabc1983).



with brain-derived neurotrophic factor (BDNF), neu-
rotrophin 3 (NT-3), and neurotrophin 4/5 (NT-4/5),
NGF is a prototypical neurotrophin critically involved
in the modulation of neuronal development, survival,
and function, including synapse formation and plas-
ticity (33). NGF-mediated biological activities result
from differential activation of its putative high-affinity
receptor TrkA of the tropomyosin-related kinase (Trk)
family, as well as the p75 pan-neurotrophin receptor
(p75NTR), a member of the TNF receptor superfamily
that binds with low-affinity the mature form of NGF and
much higher affinity its precursor proNGF. Depending
on the relative abundance and distribution of receptors
and associated co-factors, NGF can mediate neurite
outgrowth, migration, survival, cell cycle arrest, and
apoptosis. The other Trk receptors, TrkB and TrkC,
bind with high affinity BDNF and NT3/4 respectively
and lead to activation of several downstream signal-
ing cascades, including the PI3K/Akt (protein kinase
B, PKB) and phospholipase Cy (PLC) pathways, which
in turn promote neuronal development, axon and den-
drite outgrowth, membrane trafficking, glial differentia-
tion, and interactions with adjacent neurons.

The crucial role of neurotrophic proteins and their spe-
cific receptors in the pathophysiology of RSV-mediat-
ed airway inflammation and hyperreactivity has been
demonstrated by my lab and others in several publica-
tions. For instance, increased NGF protein levels and
TrkA expression were detected in macrophages and
airway epithelial cells in the BAL of infants with acute
RSV infection requiring ventilatory support (32). In ad-
dition, after RSV infection NGF promoted overgrowth

Table 2. Effects of RSV on B AR receptors.
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of neurites with higher substance P content, height-
ened nociceptive sensory fibers’ responsiveness, ac-
tivated release of acetylcholine and pro-inflammatory
peptides, and induced long-term remodeling of NANC
in the airway (4). Finally, NGF over-expression might
further affect ASM tone dysregulation via a decrease
in catecholamine production, resulting from differenti-
ation of adrenal medulla cells into neuronal cells (34).
Slow-conducting non-myelinated C-fibers represent up
to 75% of vagal bronchopulmonary afferents. They inner-
vate the airways from the upper (nose, larynx, trachea)
to the lower tract, including the parenchyma and alveolar
wall. Critical to their function is the expression of TRP
ion channels (discussed also in the section dedicated
to the epithelium), consisting of 28 members classified
based on their structure and activation mechanism into
six subgroups: ankyrin (TRPA), canonical (TRPC), me-
lastatin (TRPM), mucolipin (PRTML), polycystin (TRPP),
and vanilloid (TRPV) (35). In particular, the six members
of the TRPV subfamily (TRPV1-6) are nonselective
cationic ligand-gated channels with high permeability to
Ca?*. In addition to nociceptive C-fibers, these channels
are commonly expressed by a variety of non-neuronal
cells, including airway epithelial and immune cells (36).
TRPV channels activation is triggered by physical and
chemical stimuli, both exogenous (temperature, osmo-
larity, airborne pollutants, cigarette smoke, allergens,
alkaloids) and endogenous (thromboxanes, prostaglan-
dins, leukotrienes, and other arachidonic acid deriva-
tives). Following exogenous or endogenous stimulation,
TRPVs allow extracellular Ca?* entrance into neuronal
and non-neuronal target cells, which, in turn, leads to the

RSV EFFECTS ON B2AR RECEPTORS

1 RSV infection of human airway smooth muscle cells in children results in:

- phosphorylation of B,Ars;
- loss of B,ARs from the plasma membrane;
- proteasomal cleavage of B,Ars;

- increased Ca? signaling promoting contractility.

2 RSV infection also leads to non-canonical AC activation leading to cAMP production and CREB
phosphorylation independent of B,AR stimulation and without causing ASM relaxation.

3 The B,AR pathway may be required for sustenance of RSV infection, as selective blockers inhibit viral
replication.

4 Dysregulation of the location, abundance, and function of the B,AR by RSV underlie the ineffectiveness of

B,AR agonists in relieving airway obstruction in infected patients.

Harford TJ et al. Respiratory syncytial virus induces B,-adrenergic receptor dysfunction in human airway smooth muscle cells. Sci Signal.

2021;14(685):eabc1983.
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activation of a number of proinflammatory and defense
mechanisms (37). Moreover, TRPVs act as receptors for
“damage signals” able to transfer the signal from neuro-
nal fibers to the immune cells, thus inducing and perpet-
uating a pro-inflammatory status (38).

FUTURE PROSPECTIVE

RSV infection remains the leading cause of lower respira-
tory tract infections in infants and young children. Despite
strong epidemiologic evidence showing a close relation-
ship between RSV infection and the subsequent develop-
ment of recurrent wheezing and asthma, the exact molec-
ular mechanisms underlying the chronic sequelae of the
infection remain to be fully elucidated. There is no doubt
that RSV drives complex modifications of the host'’s local
and systemic immune response. In particular, it has been
proposed that post-RSV asthma is associated with an
atopic phenotype because Th2-biased immune respons-
es have been reported. However, RSV also interacts with
a number of non-immune systems and mechanisms,
such as the airways’ neural networks. Specifically, RSV
makes the airways abnormally susceptible to neurogenic
inflammation by upregulating the NGF-TrkA axis, which in
turn increases the expression of substance P and its cog-
nate NK1 receptor density on target cells, including lym-
phocytes, macrophages, mast cells, and endothelial cells.
NGF also modulates the expression of TRPV, channels
on sensory nerves, airway epithelial and smooth muscle
cells, thereby heightening the inflammatory and broncho-
spastic response of the airways to chemical (e.g., lower
pH caused by gastroesophageal reflux), physical (e.g.,
cooling of the airway mucosa caused by hyperventilation
during exercise), and other inflammatory stimuli.

In summary, RSV can establish crucial interactions be-
tween the airway’s neural network and the immune
system that result in long-term airway dysfunction and
predispose to the onset and maintenance of persistent
airway inflammation and hyperreactivity. These interac-
tions are influenced not only by the viral pathogens and
other environmental agents but also by a constellation of
host factors, such as genetic susceptibility that can affect
the efficiency of antiviral defenses, viral replication, and
virus-mediated injury to the airways. All these variables
justify the individual variability in the severity of infection,
damage extension, duration, and magnitude of RSV ef-

fects in the pediatric population. Due to the complexity of
pathophysiologic mechanisms involved in the RSV infec-
tion, it is reasonable for future management strategies to
be focused on modulating the interactions between the
virus, host immune response, and neuronal pathways.
Currently, the treatment of RSV disease is limited to
supportive care, and the only prevention strategy is pas-
sive prophylaxis with a humanized monoclonal antibody
(palivizumab) indicated only in early preterm newborns
and those with underlying cardio-pulmonary conditions. A
vaccine for active immunization is not currently available
because its development has been stifled by several chal-
lenges, particularly the immaturity of the host immune re-
sponse during the first 3 months of life, when the infection
peaks. The two most promising strategies being pursued
for the immediate future are maternal immunization and
new long-active monoclonal antibodies (mAbs). Maternal
immunization offers the advantage of being completely
safe for the offspring and allow the passage of protective
IgG into the fetus, able to protect already at birth and for
the very first months of life when the risk of severe infec-
tions is especially high. The main disadvantage is that
maternal IgG cannot cross the placenta efficiently before
the last trimester of gestation, and therefore infants born
prematurely, who are at very high risk for severe infection,
will not be protected by maternal vaccination.
Long-acting monoclonal antibodies are currently being
reviewed by the U.S. Federal Drug Administration (FDA)
and seems to provide consistent protection against RSV
for at least five months, thus covering the entire duration
of the RSV season and offering greater flexibility in the
timing of administration. It is reasonable to predict that
this new generation of monoclonals will be available to
all infants regardless of gestational age, presence of co-
morbidities, and maturity of the immune system. If so, we
should see a dramatic decline of the frequency, morbidi-
ty, and mortality related to this infection, which is still the
most common cause of hospitalization for infants in the
developed countries, as well as an important cause of
infant mortality in developing countries. In addition, be-
cause of the well-established epidemiologic link between
early-life RSV bronchiolitis, airway modeling, and asthma
pathogenesis in later childhood, we would expect to wit-
ness significant reduction in the prevalence of childhood
asthma, which is currently the most common chronic pe-
diatric disease worldwide.
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