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We are what we eat: how the diet of infants affects
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Abstract
Simultaneous analysis of the gut microbiome and host
gene expression in infants reveals the impact of diet
(breastfeeding versus formula) on host-microbiome
interactions.
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Bacteria shape our lives
Childbirth marks a child’s sudden transition from the
protected intra-uterine environment to the complex
world we live in. From the first breath, the newborn starts
to learn how to feel, hear, see, grasp, walk, and eventually
talk. In other words, infants learn how to adapt to, and
interact with the physical world through a succession of
cognitive and physical developmental stages. Although
this amazing process is familiar to anyone who has ever
interacted with a developing child, an equally important
developmental process also takes place within the child’s
gut, mostly unseen, as the body is rapidly populated by
microbes. A study by Chapkin and colleagues published
in this issue of Genome Biology [1] provides a first insight
into the interactions between microbes and the developing infant and how these interactions are affected by diet.
Gastro-intestinal microbes are important for our wellbeing. The gut microbiota is estimated to include 1013 to
1014 microbial cells (more than the total number of cells
in the human body), and it helps to digest complex
starches and provides essential vitamins (such as K and
B12) and other nutrients [2]. Imbalances in the normal
gut microbiota have been shown to correlate with a range
of diseases, including necrotizing enterocolitis, inflam-
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matory bowel syndromes, and even a range of allergic
disorders, such as asthma and atopic dermatitis.
In infants, there is strong evidence that the colonization
of the body by microbes has an important influence on
the development of their immune system [3]. Although
the intra-uterine environment, originally believed to be
sterile, was recently shown to contain some bacteria [4],
the majority of the microbes that will eventually populate
the human body are acquired after birth. The mothers’
vaginal, gastro-intestinal, and skin bacteria are the first to
colonize the newborn infant [5], triggering a succession
of colonization stages that, over the period of roughly
1 year, lead to the establishment of an ‘adult-like’ gastrointestinal flora [6].
Recent studies have started to shed light on the
dynamic changes that occur within the gut of infants
[5-8]. Early on, the gut becomes colonized by primarily
aerobic organisms, such as enterobacteria, staphylococci,
and streptococci, many of which have the potential to be
pathogenic. These early colonizers begin to change the
gut environment, paving the way for colonization by an
increasingly anaerobic community of microbes [5]. The
structure of the gut community continues to change over
the first year of life and thereafter in response to external
factors such as diet and antibiotic use [6,8]. Weaning,
breastfeeding status, and the successive introduction of
different types of food all correspondingly affect the
infant gut biome [8]. Also, the mode of delivery (vaginal
versus cesarean) influences the population of bacteria
that initially colonize the gut [9] and may significantly
affect the progression of the microbiota for months after
birth [5].

Interactions between infants and their microbiota
Most of the research on the progression of the gut
microbiota in infants has so far focused on the bacteria
alone, in part because of the inherent difficulty in
assessing the host response. Although stool samples are
easy to obtain even from very young infants, examining
gene expression within the intestines requires invasive
procedures that cannot be justified in the healthy population. As a result, the interaction between microbiome
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and host has previously been explored only in animal or
in vitro models.
A new study by Chapkin and colleagues [1] proposes an
interesting new approach for non-invasively examining
host gene expression within the infant intestinal wall and
looking for correlations between this expression and the
structure of the gut microbial community. They observed
that the human body sheds epithelial cells from the
intestines, which can then be recovered from the stool,
providing the means to explore the transcriptional
activity in the intestinal wall. They used this approach to
explore the effect of diet on the host-microbiome inter
action in a small cohort of 3-month-old children.
Their study examined stool samples from 12 children,
6 of whom were exclusively breastfed, the remaining
being fed a commercial infant formula. From each stool
sample, they extracted bacterial DNA, which was sub
jected to high-throughput sequencing on the Roche/454
platform, and eukaryotic mRNA (from shed epithelial
cells), which was analyzed on a microarray platform. The
mRNA data had been published earlier by the authors
and reanalyzed in the context of the gut microbiota as
part of the current study [1].
The taxonomic assignment of bacterial reads confirmed
the previously reported impact of diet on the gut
microbiome: the microbiota of breastfed and formula-fed
infants differed significantly in both composition and
diversity [1]. The breastfed samples were more hetero
geneous than the formula-fed samples and contained a
higher taxonomic diversity (as measured by the ShannonWiener index). This observation may confirm the
popularly believed benefit of breastfeeding - in ecological
systems greater population diversity is thought to imply
greater system stability [10]. Similarly, this insight could
guide the development of pro- and pre-biotic supple
ments to infant formula that are aimed at increasing the
bacterial diversity within the gut.
Functional analysis of the gut microbiome revealed a
significant enrichment of genes related to microbial
virulence in the microbiome of breastfed babies, a result
complemented by an enrichment in immunity and
defense gene expression in the host transcriptome. This
result is perhaps counter-intuitive as it seems to imply a
potentially unhealthy gut community. However, the
infant gut microbiome has an important role in the
development of the host immune system, and potential
pathogenic organisms are often the early colonizers of
the gut. It is thus likely that these initial attacks on the
host are a necessary factor in the development of host
immunity and, therefore, the increased virulence in the
breastfed infants is beneficial to development.
Combining the microbiome and host response in a
multi-variate statistical analysis allowed the authors to
further demonstrate the strong correlation between
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microbiome virulence characteristics and host immune
response [1]. This analysis revealed associations between
several immunity and mucosal defense genes and the
host microbiome. Genes enriched in breastfed infants
seemed to demonstrate a closer interaction between
microbiome and host in them than in formula-fed
infants, further underscoring the potential benefits of
breastfeeding.

Breast milk or formula?
The study by Chapkin and colleagues [1] is an important
first step towards better understanding the biological
mechanisms underlying the parallel development of host
and microbiome during early life. They demonstrate the
power of new experimental and analytical approaches
that enable the simultaneous analysis of the microbiome
and the host response. Such approaches will be critical in
developing our understanding of the numerous factors
that affect the development of the healthy host-micro
biome consortium in human infants.
The authors’ analysis of the effects of diet seems to
support the commonly held view that breastfeeding has a
beneficial role in early life [1]. However, it is important to
caution against generalization. The results described here
were derived from a small number of children and need
to be confirmed in a larger population. More importantly,
however, the main contribution of this work is the
methodology developed that will enable a much more
detailed analysis of the interactions between host and
microbiome. This will allow a more nuanced evaluation
of all the factors that affect child development, including
mode of delivery, breastfeeding status, timing of
introduction and composition of the solid food diet, and
the many other factors that could have an impact on the
development and well-being of children.
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