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Background:

The early-life gut microbiome acts as a key metabolic and immunological interface in the
development of oral tolerance. Microbial-derived short-chain fatty acids (SCFAs), particularly
butyrate, play a central role in regulatory immune maturation. However, functional microbiome
trajectories in infants with cow’s milk protein allergy (CMPA) undergoing dietary treatment
remain incompletely defined. The EPICMA study employed integrated shotgun metagenomics
and targeted metabolomics to characterize microbial and metabolic changes following long-term
nutritional interventions.

Methods:

Fecal samples were collected at baseline (T0) and after 12 months (T12) from infants with CMPA
receiving one of five formula-based dietary treatments: extensively hydrolyzed casein formula
supplemented with Lactobacillus rhamnosus GG (EHCF+LGG), rice hydrolysate formula (RHF), soy
formula (SF), extensively hydrolyzed whey formula (EHWF), or amino acid formula (AAF).
Shotgun metagenomic sequencing was used for taxonomic and functional profiling, including
diversity analyses and differential abundance testing. Targeted metabolomics quantified fecal
butyrate concentrations.

Results:

Distinct microbial community structures were observed across dietary interventions at TO and T12,
with significant longitudinal remodeling within treatment groups. Only infants receiving
EHCF+LGG exhibited a marked increase in fecal butyrate levels over 12 months, whereas no
significant changes were detected in other formula groups. Between-group comparisons at T12
confirmed significantly higher butyrate concentrations in EHCF+LGG compared with RHF, SF,
EHWEF, and AAF. Metagenomic analyses revealed concomitant enrichment of microbial taxa and
functional pathways involved in carbohydrate fermentation and SCFA biosynthesis exclusively in
the EHCF+LGG group.

Conclusions:

Integrated multi-omics profiling demonstrates that long-term feeding with EHCF supplemented
with Lactobacillus rhamnosus GG uniquely promotes restoration of a butyrate-producing gut
microbiome in infants with CMPA. This functional microbial recovery provides mechanistic
insight into microbiome-driven immune tolerance acquisition and supports microbiota-targeted
nutritional strategies in pediatric food allergy.



