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Abstract

The microbiota—gut—lung axis is emerging as a crucial regulator of pediatric respiratory
health, reshaping concepts of susceptibility, disease course, and therapy in childhood
respiratory infections. Evidence links gut dysbiosis with increased risk and severity of
pediatric respiratory tract infections, mediated through altered mucosal immunity and
microbial metabolites such as short-chain fatty acids. This article overviews
mechanistic insights into gut-lung crosstalk in children and critically appraises
microbiome-targeted strategies, including diet modulation, probiotics, synbiotics, fecal
microbiota transplantation, and live biotherapeutics. Special emphasis is placed on
precision approaches that integrate multi-omics profiling to stratify patients and design
tailored interventions. Remaining challenges include heterogeneous clinical data,
regulatory uncertainty, and limited studies in low- and middle-income settings.
Thoughtful translation of these concepts could transform prevention and treatment of
pediatric respiratory diseases by moving from pathogen-centered to ecosystem-
centered care.

Keywords: gut-lung axis, pediatric respiratory infections, microbiome, short-chain
fatty acids, probiotics, synbiotics, live biotherapeutics, precision medicine

Introduction

Respiratory tract infections are among the most common and burdensome illnesses in
children worldwide, and growing data implicate the intestinal microbiota as a major
modifier of risk and outcome. The concept of a gut—lung axis proposes that gut-resident
microbes and their metabolites dynamically shape pulmonary immunity, influencing
both susceptibility to pathogens and inflammatory responses.[3][5][7]

Children have a distinct, rapidly evolving gut microbiome and an immature immune
system, which together create a unique landscape for microbiota—immune interactions
in respiratory disease. Recent reviews show that gut microbiota-derived short-chain
fatty acids can orchestrate pediatric pulmonary immune pathways, yet mechanistic
detail and translational strategies remain only partially defined. Parallel advances in
microbiome-based therapeutics and live biotherapeutic products suggest that targeted
modulation of the gut-lung axis may become an important adjunct to conventional
anti-infective therapies.[4][5][6][7]

Methods

This narrative article synthesizes contemporary evidence on the pediatric microbiota—

gut-lung axis and microbiome-targeted therapies:
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ent reviews and primary studies on gut-lung crosstalk in children and pediatric
respiratory disease were prioritized.[5][7][3]

Key conceptual and translational papers on microbiome-based therapeutics, including
probiotics, synbiotics, fecal microbiota transplantation, and live biotherapeutics, were
examined.[8][6][1][4]

Publications focusing on equity and implementation in low- and middle-income
countries were included to highlight global relevance.[2]

Evidence was qualitatively integrated to compare therapeutic concepts, highlight
mechanistic themes, and identify gaps relevant to pediatric clinical practice and future
research.

Results

Mechanistic landscape of the pediatric gut—lung axis

Several converging lines of evidence demonstrate that gut dysbiosis in children is
associated with increased susceptibility and severity of respiratory tract infections.
Pediatric patients with recurrent respiratory infections often show reduced microbial
diversity, depletion of beneficial taxa, and overgrowth of pathobionts in the intestine,
accompanied by feeding difficulties and malabsorption.[3][5]

The gut-lung axis operates through shared mucosal immune architectures and systemic
signaling by metabolites such as short-chain fatty acids, which modulate regulatory T
cells, barrier integrity, and antiviral responses in the lung. Embryological homology
between respiratory and intestinal mucosa, and the circulation of immune cells primed
in the gut to pulmonary sites, further support bidirectional crosstalk in
childhood.[7][5][3]

Microbiome-targeted therapeutics relevant to children

A broad framework of microbiome-based therapeutic classes has been delineated,
ranging from simple dietary strategies to engineered microbial consortia and
microbiome mimetics. These modalities aim either to restore eubiotic communities,
deliver beneficial functions, or selectively suppress pathogenic taxa, with potential
application to pediatric respiratory disease via the gut—lung axis.[6][4][7]

Table 1. Core microbiome-targeted modalities and potential relevance to pediatric
respiratory disease

Modality Mechanistic Key advantages Main limitations Pediatric gut-
principle lung relevance
Dietary Adjust Low cost; Variable May enhance
interventions macronutrients scalable; adherence; SCFA-mediated
and fiber to favor culturally heterogeneous immune
beneficial adaptable; can responses; slower regulation  and
microbes and integrate into onset of effect barrier function,
SCFA production routine pediatric reducing
[4][6] nutrition respiratory
infection risk
[51[7]
Prebiotics Selectively Defined Strain- Support growth of
fermentable compositions; nonspecific; flat commensals that
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substrates that relatively safe; dose-response in promote mucosal
stimulate can be combined some children; GI tolerance and
beneficial taxa with  standard side effects antiviral defenses
and metabolites feeds in airways [5][7]
[4][6]

Probiotics Live  microbes Extensive Strain specificity; Selected strains
conferring health experience  in variable quality of may reduce
benefit when pediatrics; some products; respiratory
administered in strain-specific inconsistent trial infection
adequate amounts evidence in results [1] incidence and
[1][4] infection antibiotic use in

prevention children via
immune
modulation [1][5]

Synbiotics Combination of Potentially Complexity  of Could more
probiotics and greater and more formulation; robustly stabilize
prebiotics durable higher regulatory pediatric gut
designed for microbiome and cost barriers ~ communities
synergistic action modulation; linked to lower
[1][4] rational  design RTI burden [1][7]

possible

Fecal Transfer of whole Broad Donor variability; Conceptually

microbiota microbial restoration  of safety and promising for

transplantation = communities diversity and standardization severe dysbiosis,

(FMT) from healthy functions; challenges; but pediatric
donors [4][6] proven efficacy regulatory respiratory

in C. difficile [4] scrutiny [4][6] indications
remain
speculative  and
experimental
[5][6]

Live Defined,  well- Standardized Early-stage Can be tailored to

biotherapeutic  characterized composition; clinical pipeline; deliver

products strains or precise dosing; cost and access metabolites or
consortia amenable to constraints [8][6] immune signals
developed as mechanistic relevant to
drugs [8][6] design pediatric lung

Precision and multi-omics approaches

~ protection [8][7]

Recent pediatric-focused work highlights multi-omics frameworks that integrate
metagenomics, metabolomics, and immune profiling to define microbiota—metabolite—
host networks in respiratory disease. These approaches identify microbial signatures
and metabolites, especially short-chain fatty acids, that correlate with disease
phenotypes and could serve as actionable biomarkers or therapeutic targets.[7]

Such integrative strategies enable stratification of children into microbiome-defined
risk categories and may guide selection of specific dietary, probiotic, or live
biotherapeutic interventions. They also help disentangle causal pathways from mere
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ciations, a prerequisite for rational design of gut-lung axis therapies in
pediatrics.[8][6][7]

Global and equity considerations

Most microbiome-based therapeutic development has focused on diseases prevalent in
high-income countries, leaving large gaps in evidence applicable to low- and middle-
income settings where childhood respiratory morbidity is highest. Ongoing efforts to
characterize microbiomes in these populations are essential for tailoring interventions
to local diets, pathogen exposures, and health system constraints.[2]

For children experiencing undernutrition and high infection burdens, rationally
designed microbiota-directed complementary foods and probiotic formulations have
demonstrated the capacity to support beneficial taxa such as Bifidobacterium infantis
and improve nutritional status. These strategies may secondarily influence respiratory
outcomes through systemic immune and barrier effects, underscoring the need for
integrated nutrition—infection trials.[5][2]

Discussion

Recognition of the pediatric microbiota—gut—lung axis reframes childhood respiratory
infections from isolated airway events to manifestations of a broader host-microbe
ecosystem imbalance. The consistent association between gut dysbiosis, impaired
mucosal immunity, and heightened respiratory infection susceptibility supports a
model in which intestinal microbiota act as upstream regulators of pulmonary health in
children.[3][5][7]

Microbiome-targeted therapeutics thus represent an attractive adjunct to antimicrobials
and vaccines, particularly in an era of rising antimicrobial resistance and frequent
viral-bacterial co-infections. However, current data are limited by small sample sizes,
heterogeneous probiotic strains and dosing, and a lack of standardized endpoints,
making it difficult to formulate definitive pediatric guidelines. FMT and live
biotherapeutic products offer powerful tools for community-level modulation but raise
safety, regulatory, and ethical questions when contemplated for largely preventive
indications in children.[1][4][6][8]

The emerging precision paradigm, leveraging multi-omics and microbiome-informed
risk stratification, could help target interventions to those pediatric patients most likely
to benefit while minimizing unnecessary exposure. Yet equitable implementation
demands that microbiome data and therapeutic pipelines incorporate low- and middle-
income country populations, where environmental exposures, diet, and pathogen
spectra differ substantially from high-income settings. Strategic investments in
longitudinal cohorts, harmonized methodologies, and interdisciplinary collaboration
between pediatricians, microbiologists, and data scientists will be essential to realize
the full potential of gut—lung axis modulation.[6][8][2][7]

Conclusion

The pediatric microbiota—gut—lung axis offers a compelling and clinically relevant lens
through which to reinterpret childhood respiratory infections, linking intestinal
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munity structure and function to pulmonary immunity and disease expression.
Microbiome-targeted strategies—ranging from simple dietary adjustments and
prebiotic—probiotic formulations to advanced live biotherapeutic products—hold
promise as ecosystem-based tools to prevent and attenuate respiratory disease in
children. As multi-omics precision frameworks mature and global data broaden, these
approaches may enable pediatricians to move beyond a purely pathogen-centered
model toward personalized, microbiome-informed care that simultaneously addresses
nutrition, infection risk, and long-term immune health.
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