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Editorial on the Research Topic
Breastfeeding’'s role in shaping infant gut microbiota for
long-term health

Gut microbiota, often referred to as a “second brain,” is an extremely complex
ecosystem of microorganisms, including bacteria, viruses, and fungi, that play an active
role in numerous physiological processes. Although the term “second brain” originally
described the enteric nervous system, it is now also used for gut microbiota due to its
impact on brain function via the gut-brain axis, including neurotransmitter and cytokine
production (Mpakosi et al., 2025, 2024; Martin et al., 2018). The term “microbiome”
incorporates all the genes and genomes of the microorganisms colonizing a host, as well
as their composite interactions with the host and its environment (Sokou et al., 2024;
Gilbert et al., 2018; Lynch and Pedersen, 2016). Recently, comprehension of the role of
microbiota has considerably increased, particularly regarding the developmental burst of
the first year of life, which sees rapid microbial colonization. While the fetal environment
was traditionally considered sterile, newer studies indicate that colonization may begin
even in utero, as microorganisms are transferred through the placenta (Vatanen et al.,
2022; Yassour et al., 2018; Younge et al., 2019; Singh and Mittal, 2020). The perinatal
and early post-natal establishment of gut microbiota is a crucial factor for the long-term
health of the individual. This process is affected by genetic, environmental, and nutritional
factors, and the infant’s nutrition is of paramount importance. Compared to formula,
breastfeeding significantly contributes to microbial synthesis differentiation, diversity, and
metabolic activity. Maternal milk (MM) contains numerous beneficial microorganisms,
prebiotics, immunologic factors, and bioactive molecules, which synergistically shape
a microbial environment to be protective and supportive for the developing infant’s
immunologic system.

Functional proteins of MM differ quantitatively among mothers and dynamically
change levels during lactation (Liu et al., 2019; Verd et al, 2018). These proteins are
biologically important for the early development of the infant, although the way they
impact gut microbiota is still not fully explored. To investigate this association, Xi, Liang
et al. conducted a prospective trial in mother-infant dyads, analyzing the profiles of nine
MM functional proteins and the composition of infantile gut microbiota at 42 days and 3
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months after birth. Sequencing of 16S rRNA revealed significant
correlations between specific proteins, including osteopontin
(OPN) and k-casein, and abundance of bacterial species, such as
Parabacteroides distasonis and Clostridium butyricum. According
to the results, early milk proteins had a more intense impact on
gut microbiota. Additionally, metabolic paths potentially related to
the regulation of enzymic levels and metabolism of amino acids,
pyruvate, and lipid acids were detected. These findings emphasize
the potential regulatory role of MM proteins in early infantile
immunologic maturation and support their probable involvement
in designing specialized infantile products, including formula milk.

Fat is the second most abundant MM ingredient and covers
~50% of the infant’s energy requirements (George et al, 2021).
Apart from middle-chain and long-chain fatty acids, MM also
contains traces of free short-chain fatty acids (SCFAs). Several
gut microbiota species are known to produce SCFAs (Shi et al,
2023), and it has been suggested that SCFAs have a regulatory
effect on gut microbiota (Gotoh and Shibata, 2023). In the
trial of Xi, Yan et al, the correlation between SCFAs and MM
microbiome and the role of SCFAs in the regulation of infantile
gut microbiota were investigated. Study results indicated that MM
butyric acid (C4) is significantly correlated with the abundance
of Clostridium leptum, a bacterium crucial for C4 production.
Moreover, it was observed that specific Bifidobacterium species
possibly cohabitate with the main species producing breastmilk C4,
while low breastmilk C4 was associated with increased Salmonella
presence in infants. Furthermore, C4 seems to affect metabolic
paths related to lysine and arginine synthesis, manifesting a
potential symbiotic breastmilk effect on early immunologic and
metabolic infantile development.

MM is rich in specific lipids and beneficial microbes and
may help prevent neonatal jaundice by enhancing neonatal
gut microbiota, inflammation,

reducing and modifying

bilirubin enterohepatic circulation. Liu et al. assessed the
association of microbiota and MM metabolic profile with the
presentation of neonatal jaundice. Although the total microbial
diversity was not significantly different, breastmilk of mothers
whose neonates did not develop hyperbilirubinemia showed
increased levels of beneficial bacteria (Lactobacillus, Akkermansia,
Bifidobacterium) and 24 lipidic metabolites possibly protective
against neonatal jaundice.

Lundgren et al. evaluated the relation between MM microbiota
and infantile gut microbiota during the first year of life.
Findings suggested that the microbial profile of breastmilk
correlates with infantile gut microbiota at 6 weeks of life,
particularly for infants delivered by cesarean section. Moreover,
specific breastmilk microbial communities were associated with
communities of infantile gut microbiota in samples collected
both contemporaneously and over time. Results indicated that
MM microbiota may influence infantile gut microbiota through
complex molecular interactions, such as metabolite signaling.
Finally, in addition to time, maternal exposure to antibiotics during
pregnancy also seems to affect the stability of breastmilk and infant
gut microbiota.

Yelverton et al., in a secondary analysis of the MicrobeMom
randomized control trial, investigated the potential correlation
between maternal wellbeing during pregnancy and breastfeeding
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practices and microbial diversity of infantile gut at 1 month of
age. Indexes of maternal mental health in early and late pregnancy
were not associated with neonatal microbial diversity. On the
contrary, positive breastfeeding practices at hospital discharge and
the first month were correlated with lower microbial diversity,
consistent with previous evidence of optimal gut colonization in
breastfeeding infants.

The review of Tang et al. focuses on the role of gut microbiota
in the pathogenesis of atopic dermatitis in children, highlighting
important differences in gut microbiota structure, with reduced
microbial diversity, decreased number of beneficial bacteria, and
increased harmful bacteria in children with atopic dermatitis
compared to healthy controls. Nutrition, environment, delivery
mode, use of antibiotics, and gestational diabetes affect gut
microbiota and subsequent sensitivity to atopic dermatitis. The
significance of MM and human milk oligosaccharides in shaping
a healthy and diverse microbiota is emphasized, as is the need
for early nutritional intervention in disease prevention. Future
research aimed at individualized interventions on gut microbiota
for effective prevention and treatment of atopic dermatitis
is recommended.

This Research Topic attempted to clarify the complex
interaction between breastfeeding and infant gut microbiota,
revealing the importance of MM in forming a healthy microbial
profile with long-term benefits. The featured articles reveal
crucial mechanisms and interventions for early modification of
microbiota, contributing valuable information regarding targeted
prevention and infantile health optimization strategies.

Author contributions

RS: Conceptualization, Data curation, Methodology, Writing
- original draft, Writing - review & editing. AK: Data curation,
Writing - review & editing. SP: Conceptualization, Data curation,
Writing - original draft, Writing - review & editing.

Acknowledgments

The authors would like to thank those who contributed
manuscripts to this Research Topic of Frontiers in Microbiology.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The author(s) declared that they were an editorial board
member of Frontiers, at the time of submission. This had no impact
on the peer review process and the final decision.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

frontiersin.org


https://doi.org/10.3389/fmicb.2025.1659036
https://doi.org/10.3389/fmicb.2024.1356462
https://doi.org/10.3389/fped.2024.1500069
https://doi.org/10.3389/fmicb.2023.1164553
https://doi.org/10.3389/fmicb.2023.1154114
https://doi.org/10.3389/fmicb.2025.1549895
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org

Sokou et al.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

George, A. D, Gay, M. C,, Wlodek, M. E., and Geddes, D. T. (2021). The
importance of infants’ lipid intake in human milk research. Nutr. Rev. 79, 1353-1361.
doi: 10.1093/nutrit/nuaal41

Gilbert, J. A, Blaser, M. J., Caporaso, J. G., Jansson, J. K., Lynch, S. V., and Knight,
R. (2018). Current understanding of the human microbiome. Nat. Med. 24, 392-400.
doi: 10.1038/nm.4517

Gotoh, K., and Shibata, H. (2023). Association between the gut microbiome and the
renin-angiotensin-aldosterone system: a possible link via the activation of the immune
system. Hypertens. Res. 46, 2315-2317. doi: 10.1038/s41440-023-01384-x

Liu, B., Gu, F.,, Ye, W., Ren, Y., and Guo, S. (2019). Colostral and mature breast
milk protein compositional determinants in Qingdao, Wuhan and Hohhot: maternal
food culture, vaginal delivery and neonatal gender. Asia Pac. J. Clin. Nutr. 28, 800-811.
doi: 10.6133/apjcn.201912_28(4).0017

Lynch, S. V., and Pedersen, O. (2016). The human intestinal microbiome in health
and disease. N. Engl. J. Med. 375, 2369-2379. doi: 10.1056/NEJMral600266

Martin, C. R, Osadchiy, V., Kalani, A, and Mayer, E. A. (2018). The
brain-gut-microbiome axis. Cell. Mol. Gastroenterol. Hepatol. 6, 133-148.
doi: 10.1016/j.,jcmgh.2018.04.003

Mpakosi, A., Sokou, R., Theodoraki, M., Iacovidou, N., Cholevas, V., Tsantes
A, G, et al. (2025). The role of infant and early childhood gut virome in
immunity and the triggering of autoimmunity—a narrative review. Diagnostics 15:413.
doi: 10.3390/diagnostics15040413

Mpakosi, A., Sokou, R., Theodoraki, M., and Kaliouli-Antonopoulou, C. (2024).
Neonatal gut mycobiome: immunity, diversity of fungal strains, and individual and
non-individual factors. Life 14:902. doi: 10.3390/1ife14070902

Frontiers in Microbiology

03

10.3389/fmicb.2025.1659036

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Shi, J., Ma, D., Gao, S., Long, F., Wang, X,, Pu, X,, et al. (2023). Probiotic
Escherichia coli Nissle 1917-derived outer membrane vesicles modulate the intestinal
microbiome and host gut-liver metabolome in obese and diabetic mice. Front.
Microbiol. 14:1219763. doi: 10.3389/fmicb.2023.1219763

Singh, A., and Mittal, M. (2020). Neonatal microbiome - a brief review.
J. Matern. Fetal Neonat. Med. 33, 3841-3848. doi: 10.1080/14767058.2019.
1583738

Sokou, R., Moschari, E., Palioura, A. E., Palioura, A.-P., Mpakosi, A., Adamakidou,
T., etal. (2024). The impact of gestational diabetes mellitus (GDM) on the development
and composition of the neonatal gut microbiota: a systematic review. Microorganisms
12:1564. doi: 10.3390/microorganisms12081564

Vatanen, T., Jabbar, K. S., Ruohtula, T., Honkanen, J]., Avila-Pacheco, J.,
Siljander, H., et al. (2022). Mobile genetic elements from the maternal microbiome
shape infant gut microbial assembly and metabolism. Cell 185, 4921-4936.e15.
doi: 10.1016/j.cell.2022.11.023

Verd, S., Ginovart, G., Calvo, J., Ponce-Taylor, J., and Gaya, A. (2018). Variation in
the protein composition of human milk during extended lactation: a narrative review.
Nutrients 10:1124. doi: 10.3390/nu10081124

Yassour, M., Jason, E., Hogstrom, L. J., Arthur, T. D., Tripathi, S., Siljander, H.,
et al. (2018). Strain-level analysis of mother-to-child bacterial transmission during the
first few months of life. Cell Host Microbe 24, 146-154.e4. doi: 10.1016/j.chom.2018.
06.007

Younge, N., McCann, J. R, Ballard, J., Plunkett, C., Akhtar, S., Aratjo-Pérez, F.,
etal. (2019). Fetal exposure to the maternal microbiota in humans and mice. JCI Insight
4:e127806. doi: 10.1172/jci.insight.127806

frontiersin.org


https://doi.org/10.3389/fmicb.2025.1659036
https://doi.org/10.1093/nutrit/nuaa141
https://doi.org/10.1038/nm.4517
https://doi.org/10.1038/s41440-023-01384-x
https://doi.org/10.6133/apjcn.201912_28(4).0017
https://doi.org/10.1056/NEJMra1600266
https://doi.org/10.1016/j.jcmgh.2018.04.003
https://doi.org/10.3390/diagnostics15040413
https://doi.org/10.3390/life14070902
https://doi.org/10.3389/fmicb.2023.1219763
https://doi.org/10.1080/14767058.2019.1583738
https://doi.org/10.3390/microorganisms12081564
https://doi.org/10.1016/j.cell.2022.11.023
https://doi.org/10.3390/nu10081124
https://doi.org/10.1016/j.chom.2018.06.007
https://doi.org/10.1172/jci.insight.127806
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org

	Editorial: Breastfeeding's role in shaping infant gut microbiota for long-term health
	Author contributions
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


