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The gut microbiome is rapidly assembled after birth with profound implications for human
health and development. Recent research suggests the infant gut microbiome is strongly
shaped by microbial exposures at birth followed by a range of other environmental factors,
most notably mother’s milk, the one food shared by all humans (1-4). Human milk is an
incredibly complex assemblage of nutrients and bioactive factors that evolved under diverse
selective pressures to both nourish and protect the infant while simultaneously shaping the
infant gut microbiome. Amazingly, the more that is revealed as to the nature of the tripartite
relationship between mother’s milk, the infant, and the infant gut microbiome, the more
complex the story becomes. For example, one of the most abundant components of milk, the
complex assembly of sugars called glycans, are completely indigestible to the infant itself
(5). Numerous in vitro studies have shown that these glycan structures are consumed by a
relatively small group of early colonizers in the infant gut, primarily of the genera
Bifidobacterium (6). However it was unclear if glycan consumption truly takes place inside
the infant gut. Is a more saccharolytic microbiota (i.e. high in bifidobacteria) associated with
a reduction in milk glycans in feces? Since infants colonized by bifidobacteria show a
wealth of favorable health outcomes (7), is there a correlation between their presence and
the disappearance of glycans in the feces? Moreover when infants are not colonized by
bifidobacteria they often possess a host of other taxa, some of which are less than desirable
for infant health (1, 8). Do these latter assemblages consume less milk glycans?

In this issue of JGPN, Wang et al (1) helps resolve this issue by showing associations
between the milk glycans emerging in the infant feces and various microbial populations in
the infant gut. They show that a host of these milk glycans are negatively correlated in
abundance with the presence of a suite of microbial taxa such as Bifidobacteriumand
Bacteroides, known to consume these glycans in vitro. In contrast, microbial populations
with less favorable relationships with infant health such as Escherichia and Klebsiella, are
not negatively correlated with these human milk glycans, suggesting that they are unable to
consume these sugars. However, Wang et al suggest potential cross-feeding among the
glycan degraders and these taxa that are not known to consume milk glycans in vitro,
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pointing to associations between keystone taxa that may be contributing to these populations

).

This work is timely, considering a prior study by De Leoz et al (8) which showed that
Bifidobacterium colonization was associated with a concomitant decrease in the presence of
milk glycans in the feces of a breast-fed infant while in another infant (not colonized by
Bifidobacterium), these structures do not decrease in abundance.

These two studies together provide a powerful example of the potential utility of fecal
glycomics for assessing the “health” of the developing breast fed infant gut microbiome. If
beneficial microbial populations are linked with the presence of specific breast milk glycans
and health outcomes, then measurements of these structures could provide a diagnostic
readout on infant gut health. Thus the relative absence of these complex milk sugars in the
feces would be a measure of a healthy gut microbiome. In contrast, an abundance of “spilled
milk’ glycans could be a measure of a dysbiotic system. Future work investigating these
relationships in larger infant populations is necessary to confirm these trends, but these
complementary studies provide great promise in understanding how milk glycans shape the
gut microbiome.

Acknowledgments

Funding

This work has been supported by National Institutes of Health awards RO1AT007079 and ROLAT008759 and the
Peter J. Shields Endowed Chair in Dairy Food Science.

References

1. Wang M, et al. Fecal Microbiota Composition of Breast-fed Infants is Correlated with Human Milk
Oligosaccharides Consumed. J Pediatr Gastroenterol Nutr. 201510.1097/MPG.0000000000000752

2. Leamy LJ, et al. Host genetics and diet, but not immunoglobulin A expression, converge to shape
compositional features of the gut microbiome in an advanced intercross population of mice.
Genome Biol. 2014; 15:811.

3. Carmody RN, et al. Diet Dominates Host Genotype in Shaping the Murine Gut Microbiota. Cell
Host & Microbe. 201410.1016/j.chom.2014.11.010

4. Yatsunenko T, et al. Human gut microbiome viewed across age and geography. Nature.
201210.1038/nature11053

5. Zivkovic AM, German JB, Lebrilla CB, Mills DA. Human milk glycobiome and its impact on the
infant gastrointestinal microbiota. Proceedings of the National Academy of Sciences. 2011,
108:4653-4658.

6. Sela DA, Mills DA. Nursing our microbiota: molecular linkages between bifidobacteria and milk
oligosaccharides. Trends in Microbiology. 2010; 18:298-307. [PubMed: 20409714]

7. Huda MN, et al. Stool microbiota and vaccine responses of infants. PEDIATRICS. 2014; 134:e362—
72. [PubMed: 25002669]

8. De Leoz MLA, et al. Human Milk Glycomics and Gut Microbial Genomics in Infant Feces Show a
Correlation between Human Milk Oligosaccharides and Gut Microbiota: A Proof-of-Concept Study.
J Proteome Res. 2015; 14:491-502. [PubMed: 25300177]

J Pediatr Gastroenterol Nutr. Author manuscript; available in PMC 2016 June 01.



