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ABSTRACT

Early-life viral lower respiratory tract infections (LRTIs), particularly those due to
rhinovirus (RV) and respiratory syncytial virus (RSV), play a pivotal role in the
developmental origins of pediatric respiratory disease. RV and RSV are among
the most prevalent causes of bronchiolitis and early wheezing globally. Longi-
tudinal evidence and mechanistic studies have increasingly shown that these
infections do not merely cause acute morbidity but also set the stage for chronic
airway inflammation, wheeze, and asthma. Notably, new cohort data (INSPIRE
study, and other European birth cohorts) (1) and reviews from 2025 by Hartert and
Zar (2, 3) build on this paradigm and reinforce the need to understand early viral
exposures as critical modifiers of airway trajectory. This narrative review draws
on recent epidemiologic, mechanistic, and interventional evidence, supplemented
with recent findings, to detail how RV and RSV exposures in infancy contribute to
lasting respiratory morbidity.

EPIDEMIOLOGY: RISK OF RECURRENT WHEEZE AND ASTHMA

A growing evidence base confirms that early-life RV wheezing episodes are strong
predictors of later asthma. Initial risk estimates from landmark birth cohorts report
odds ratios (ORs) of approximately 3.3 for asthma after RV bronchiolitis, increas-
ing to OR >7 when early allergic sensitization is present (4). A Swedish cohort
found that 63% of toddlers hospitalized with RV bronchiolitis were diagnosed with
asthma by age 11 (5). On the RSV front, multiple longitudinal studies underscore
a similar, albeit slightly less strong, association. A U.S. birth cohort reported that
infants who evaded RSV infection in the first year had a 26% lower risk of develop-
ing asthma by age five (6), translating to preventable 15% of early asthma cases
according to ARDS estimates (3). Reinforcing this, a 2024 meta-analysis found a
two- to twelve-fold increase in asthma risk following RSV bronchiolitis (7). A 2025
systematic review focused on early viral LRTIs echoed this, reporting a moder-
ate (OR 3.02) increased asthma risk after RSV infection and a higher but more
variable risk after RV infection (2). These and other data (8) firmly establish RSV
and RV as significant moderators of long-term respiratory health.
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MECHANISTIC PATHWAYS

1) Antiviral Innate Imnmunity and Interferon Pathways
Proper functioning of type | and Il interferon (IFN)
pathways is critical for viral clearance. RV and RSV
both suppress IFN-B and IFN-A responses, prolong-
ing viral replication and epithelial injury. Contoli et al.
reported impaired IFN responses in children with RV
wheezing, while RSV-induced suppression is simi-
larly demonstrated in both mechanistic models and
human specimens (9, 10). The resultant epithelial
damage triggers alarmins (TSLP, IL-25, IL-33) that
activate antigen-presenting cells and group 2 innate
lymphoid cells, shifting immunity toward a Th2 phe-
notype—uwith elevated IL-4, IL-5, and IL-13—hall-
marks of allergic airway disease.

2) Allergen—Virus Synergy
Infancy is a time of allergen sensitization and immune
imprinting. RV wheezing in infants with eczema or
early atopy is particularly predictive of asthma, with
ORs exceeding 7 in some studies (11). Cohort data
demonstrate that RV and allergen exposures work
synergistically, driven by persistent Th2 inflamma-
tion, mucus hypersecretion, and airway hyperres-
ponsiveness.

3) Airway Structural Remodeling
Early infection interferes with lung development. Ani-
mal studies revealed that neonatal viral infection
causes persistent structural abnormalities—includ-
ing increased airway smooth muscle, subepithelial
fibrosis, and reduced alveolarization, changes that
echo human asthmatic airway pathology (10). These
structural deficits often persist long after viral clear-
ance and are reflected in sustained reductions in lung
function and airway hyperreactivity.

4) Longitudinal Trajectory
Arecent review by Zar et al. discusses the long-term
consequences of RSV infection in infancy, document-
ing persistent lung function deficits into adolescence,
including lowered FEV,/FVC ratios and increased air-
way hyperresponsiveness (3). Notably, some chil-
dren develop spirometric profiles akin to early chronic
obstructive pulmonary disease, indicating a far broader
impact of early airway injury. Many researchers have
been extensively discussing the concept of “develop-
mental plasticity” indicating that infancy (when alveo-
larization, immune education, and epithelial matura-
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tion are occurring) represents a vulnerable window
during which environmental exposures “program” the
airway’s structural and immune milieu (2).

GENETIC AND ENVIRONMENTAL MODIFIERS

Genetic Polymorphisms

CDHR3 variants, which serve as receptors for RSV, are

linked to increased viral binding, replication, and wheez-
ing severity (12). Similarly, the 17921 locus (one of the

most robust asthma-associated genetic markers), inter-
acts with viral exposures to heighten asthma risk (13).

Environmental Risk Factors

Early-life exposures significantly impact on disease risk.
Tobacco smoke, indoor biomass exposure, and air pollut-
ants increase susceptibility to severe viral LRTI, magnify-
ing both acute severity and chronic sequelae. A meta-anal-
ysis showed that these exposures also reduce the protec-
tive effect of breastfeeding against viral-induced wheeze

(14). Conversely, exclusive breastfeeding enhances

mucosal immunity and supports microbiome resilience,
helping mitigate viral and allergic responses (15).

CLINICAL AND PUBLIC HEALTH IMPLICATIONS

Immunoprophylaxis with Nirsevimab

Nirsevimab, a long-acting monoclonal antibody target-
ing the RSV F protein, achieves approximately 70% pro-
tection against RSV LRTIs during the first RSV season
(including both term and preterm infants) (16). Wide-
spread deployment is linked to reductions in RSV hos-
pitalizations; recent CDC data show up to a 71% decline
in infants under six months (17). While long-term asthma
outcomes remain under investigation, early reductions
in severe RSV illness suggest promising asthma pre-
vention potential.

Maternal Vaccination

Maternal RSVpreF vaccines (e.g., Abrysvo) confer pas-
sive immunity to neonates, reducing RSV-related hos-
pitalizations by ~80% through six months (18). While
long-term benefits for asthma prevention are still being
assessed, modeling based on current epidemiologic
data supports a preventive effect®.

Therapeutic Immune Modulation
Inhaled IFN-B has shown efficacy in restoring antivi-
ral immune responses in children with virus-induced
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wheeze. Phase Il trials confirm safety and decreased
wheeze exacerbations, though extended follow-up is
needed to determine impacts on asthma incidence (19).

Microbiome and Allergy Modulation

Emerging data suggest that early-life modulation of the
airway and gut microbiome—through probiotics, reduced
antibiotic use, and breastfeeding—can attenuate Th2
bias and diminish virus-allergy synergies. Though direct
evidence on asthma prevention is currently limited, this
approach aligns with immune development and epigen-
etic conditioning models (20).

Future Directions and Research Gaps

* Causal trials assessing whether nirsevimab and
maternal RSV vaccination lower childhood asthma
rates must include extended follow-up.

» Enhanced cohort studies (like INSPIRE) with serial
immune profiling, viral monitoring, and spirometry
could define susceptibility windows.

» Strain-specific RSV and RV surveillance, especially
RV-C, combined with microbiome profiling, may clar-
ify variation in disease phenotypes (10).

« Detailed gene-environment interaction studies (e.g.,
CDHRS3 and 17921) and epigenetic analyses are
needed to uncover mechanistic drivers.

CONCLUSIONS

Recent evidence strongly supports that early-life RV
and RSV infections are central to the development of
recurrent wheeze and asthma. Mechanistically, these
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