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Abstract

In recent years, attention has focused on the role of the gut microbiota in the
pathogenesis of many chronic inflammatory diseases; however, research on the
association between allergic diseases and the gut microbiota is considered pioneering
in this field. Research in the early 2000s primarily focused on association analyses
between dysbiosis and allergic diseases, and the causal relationship between these
diseases and the gut microbiota remained unclear. Subsequently, observational cohort
studies, primarily conducted in Northern Europe, demonstrated that patients with
allergic diseases exhibited differences in their gut microbiota compared with healthy
individuals, even before symptom onset, revealing that dysbiosis is deeply involved
in disease 1nitiation. Allergic diseases in children—particularly atopic dermatitis
and food allergy—are considered good models for investigating the mechanisms by
which the gut microbiota contributes to disease onset, given their high incidence
rates and early onset. To date, numerous observational and interventional studies
have been conducted, primarily overseas, and systematic reviews and meta-analyses
are regularly published. In recent years, several birth cohort studies have also begun
to be conducted in Asia. The gut microbiota is determined by multiple factors,
including diet and nutrients. Since lifestyle habits—particularly dietary habits—vary
significantly by region, there has been a need for information derived from unique
cohort studies in Japan as well.

Through several birth cohort studies involving infants at high risk for allergic
disease and infants from the general population, we have conducted longitudinal
analyses of the association between the gut microbiota and allergic diseases. Early
cohort studies revealed that the colonization of Staphylococcus aureus and adult-type
Bifidobacteria at one month of age is a risk factor for the subsequent development
of atopic dermatitis." Subsequently, 16S rRNA analysis in two cohort studies (the
CHIBA study and the Katsushika study) that allowed for long-term follow-up also
demonstrated that the gut microbiota at one month of age is strongly associated
with subsequent allergen sensitization.”® The enterotypes of the gut microbiota at one
month of age were classified into three categories; among these, the group classified
as “Enterotype 3"—characterized by a predominance of bifidobacteria and high levels
of propionic acid—exhibited the lowest risk of food sensitization during infancy.' In a
European birth cohort study, high levels of butyric acid and propionic acid in stool at
age 1 were associated with a low sensitization rate at that time.” Our analysis results
described above suggest an anti-allergic effect of propionic acid during the neonatal
period, prior to the onset of allergic diseases. The CHIBA study also revealed that
low propionic acid concentrations in stool at one month of age are associated with
an increased risk of developing bronchial asthma at age 5. In a mouse model, it has
been shown that administering propionic acid to nursing mothers prevents asthma



onset in their offspring via a mechanism mediated by the GPR41 receptor.® Thus,
the colonization of bifidobacteria (particularly infant-type bifidobacteria) during the
neonatal period is considered to be extremely important for allergy prevention. In
a recent birth cohort study we conducted (the Fukushima study’), which examined
bifidobacteria down to the species level, we found that low levels of B. breve in
formula-fed infants at 1 month of age were associated with high rates of sensitization
to egg white at 6 months and 1 year of age (paper in submission). It is also known
that tryptophan metabolites produced by some infant-type bifidobacteria enhance
intestinal barrier function by stimulating the aryl hydrocarbon receptor (AhR),
which may be one of the mechanisms underlying allergy prevention.”

Breast milk contains high levels of human milk oligosaccharides (HMOs), which
act as growth factors for infant-type bifidobacteria; it 1s generally believed that
breastfed infants have higher levels of bifidobacteria than formula-fed infants.’
However, recent studies in Japan have reported that breastfed infants have fewer
bifidobacteria than mixed-fed infants, suggesting that there may be differences
between recent breast milk and breast milk from earlier periods, or between breast
milk given to children with allergies and that given to children without allergies.
In fact, a comparative analysis of cytokines in colostrum collected 24 years apart
revealed that osteopontin concentrations—which are thought to be involved in
improving intestinal barrier function and establishing a Bifidobacterium-dominant
gut environment—were significantly lower in recent breast milk."

In addition to feeding practices, various environmental factors—such as antibiotic
administration—influence the development of the gut microbiota during infancy.
In our infant and toddler health checkup cohort as well, early antibiotic use was
associated with the early onset, persistence, and chronicity of atopic dermatitis,
leading to progression along the “allergy march.”" In the prevention of allergic
diseases in children (and likely, in the long term, in adults as well), the establishment
of a healthy gut microbiota from an early age—including appropriate antibiotic
use—is key. It is known that the maternal microbiota has a significant influence on
the formation of the neonatal microbiota; therefore, it 1s hoped that comprehensive
analyses will be conducted on pregnant women, breastfeeding mothers, and children
from the fetal stage through infancy, and that allergy prevention methods based on
these findings will be established.
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