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Abstract

Eosinophilic gastrointestinal diseases (EGIDs) are chronic immune-mediated
disorders characterized by organ-specific gastrointestinal symptoms and eosinophil-
predominant mucosal inflammation. They include eosinophilic esophagitis (EoE)
and non-EoE EGIDs affecting the stomach, duodenum, small intestine, and colon.
EoE, the best-characterized EGID, is driven largely by food antigens and involves
type 2 immunity, epithelial barrier dysfunction, and genetic susceptibility. It
therefore provides an informative model for examining interactions among diet, host
immunity, and the local microbial environment. Nevertheless, microbiome research

in EGIDs remains at an early stage, and most available evidence concerns EoE rather



than non-EoE EGIDs.

The rapid increase in EoE cannot be explained by genetic change alone. Early-life
exposures that can influence microbial colonization—including antibiotics, cesarean
delivery, prematurity, neonatal intensive care, acid-suppressive medication, and
infection—have been associated with subsequent EoE risk."” These observations
are compatible with the hypothesis that reduced microbial exposure or dysbiosis
may impair the development of immune tolerance. However, observational studies
are vulnerable to confounding by underlying illness, healthcare utilization, and
medication use. They do not establish that altered microbiota cause EoE. It is
therefore necessary to distinguish microbial perturbations that precede disease from
changes that arise as a consequence of inflammation, restricted diets, or treatment.

An additional conceptual challenge 1s that the term “gut microbiome” can refer
either to the predominantly colonic community measured in stool or to site-
specific mucosal communities in the esophagus and stomach. Early, relatively
small studies reported increased total bacterial load in active EoE and shifts in
the relative abundance of Proteobacteria, Haemophilus, Neisseria, Firmicutes, and
Streptococcus.™ Salivary and fecal studies have also identified differences between
EoE and control groups. Yet the direction and magnitude of these findings, including
changes in microbial diversity, have not been consistent across studies.” Sampling
method, age, geography, diet, recent antibiotics, proton pump inhibitors, swallowed
corticosteroids, and disease activity all represent major sources of variation.

The importance of this heterogeneity was demonstrated by a multicenter study
conducted through the Consortium of Eosinophilic Gastrointestinal Disease
Researchers (CEGIR), which included patients with EoE and eosinophilic gastritis
(EoG) and controls from 10 centers across the United States.’ Streptococcus and
Gemella were associated with EoE mucosal samples, whereas Prevotella and
Leptotrichia were associated with gastric communities and EoG activity. However,
alpha-diversity was similar across groups, and microbial communities were highly
individualized. Stool communities neither correlated with esophageal or gastric
mucosal communities nor clearly differed between patients and controls. These
findings argue against a single universal “EGID microbiome” and instead support a
model in which microbial patterns are shaped by an organ-specific ecosystem that
includes the host, inflammation, diet, medication, and geography.

Several biologically plausible mechanisms may connect microbial communities with
EGID pathogenesis. Microbial products can activate pattern-recognition pathways,
while short-chain fatty acids and tryptophan-derived metabolites can influence
epithelial differentiation, mucus production, intercellular junctions, regulatory
T cells, type 2 immunity, eosinophils, mast cells, and innate lymphoid cells. In
experimental models, the esophagus harbors a transplantable resident microbiota,



and neonatal antibiotic exposure reduces Lactobacillales and amplifies type 2
esophageal inflammation.” These data establish the feasibility of host-microbiota
interactions in the esophagus. In human EokE, however, direct links among local
microbial metabolites, epithelial function, eosinophil phenotypes, and clinical outcomes
remain limited. Short-chain fatty acids and indoles should therefore be regarded as
promising mechanistic candidates rather than established drivers or therapies in
EGIDs.

Dietary elimination, proton pump inhibitors, swallowed topical corticosteroids,
and biologic therapy can improve inflammation while simultaneously altering the
ecological niche in which microbes reside. Treatment-associated changes in esophageal
bacterial load and community composition have been reported, and different
therapeutic approaches may produce distinct microbial patterns.® Dietary fiber
intake has also been associated with esophageal microbial composition.” Conversely,
some dietary intervention studies did not identify a significant global shift in the
esophageal microbiome." Thus, an observed microbial change may be a mediator of
treatment response, a marker of remission, or simply a downstream consequence of
altered inflammation and diet. At present, the evidence is insufficient to recommend
probiotics, prebiotics, fecal microbiota transplantation, or targeted microbial/
metabolite therapies as routine treatment for EoE or other EGIDs.

This lecture will review the clinical and molecular heterogeneity of EGIDs and
summarize evidence linking early-life exposures, esophageal and fecal microbiota,
microbial metabolites, diet, and pharmacologic therapy to disease susceptibility and
activity. Future studies should incorporate longitudinal paired mucosal and stool
sampling before and after treatment; detailed measurement of dietary and medication
exposures; shotgun metagenomics and metabolomics; and integration with host
genetics, tissue transcriptomics, spatial profiling, and patient-derived cellular and
organoid systems. Cohorts reflecting Japanese and broader Asian diets, microbial
environments, and clinical phenotypes will be particularly important. Separating
microbiome signals that represent a cause, a disease modifier, a treatment-response
biomarker, or a consequence of inflammation will be essential before microbiome

science can contribute meaningfully to precision medicine in EGIDs.
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