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and Its Impact on Health Outcomes
Joann Romano-Keeler1, Jun Sun2

A b s t r ac t
Early life microbial colonization is critical for the development of the immune system, postnatal growth, and long-term health and disease. The
dynamic and nascent microbiomes of children are highly individualized and are characterized by low bacterial diversity. Any disruptions in
microbial colonization can contribute to shifts in normal microbial colonization that persist past the first 1000 days of life and result in intestinal
dysbiosis. Here, we focus on microbiome-host interactions during fetal, newborn, and infant microbiome development. We summarize the
roles of bacterial communities in fetal development and adverse health outcomes due to dysbiosis. We also discuss how internal and external
factors program the microbiome’s metabolic machinery as it evolves into an adult-like microbiome. Finally, we discuss the limits of current
studies and future directions. Studies on the early-life microbiome will be critical for a better understanding of childhood health and diseases,
as well as restorative methods for the prevention and treatment of diseases in adulthood.
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Introduction

1

With the application of culture-independent techniques and
high throughput technologies over the last decade and a half,
the significance of the intestinal microbiome has been revealed.
Alongside this discovery, has been an appreciation for the
dynamic and complex colonization during the first 1000 days
after conception, including pregnancy and the first 2 years of
life.1–3 Microbiome studies have defined the concepts of the
microbiota (microorganisms present in a given environment)
and the microbiome (genes and genomes of the microbiota,
including products of the microbiota and the host environment).4
Though initially perceived as chaotic and haphazard, research
has demonstrated that early life bacterial succession is in fact a
well-orchestrated series of events that when occurring correctly,
can result in intestinal eubiosis. 5,6 In such cases, the intestinal
microbiome can impart optimal health outcomes, not only during
the first 3 years of life but also throughout later childhood and
adulthood. Early-life microbial programming of the developing
infant immune system is now considered a key component of the
Developmental Origins of Health and Disease (DOHad), also known
as the Barker hypothesis.7,8 The DOHad hypothesis, which existed
well before the advancement of human microbiome research,
describes variations in health outcomes, including allergies, asthma,
and hypertension, due to a cadre of environmental factors during a
critical window of development. This concept now extends to the
specific role that microbes may have in populating infants during
early life, including their interactions with the host’s developing
immune system, postnatal growth, and their subsequent role in
long-term health and disease.
Focusing on early life microbial colonization is critical because
the early life microbiome is not stable during this window of
development.9 In contrast, the adult microbiome, is minimally
impacted by external factors, including antibiotics, diet, and interval
illnesses. The dynamic and nascent microbiomes of children are
highly individualized and are characterized by low bacterial diversity
with fewer overall bacterial species.9 In the case of newborns and

infants, any disruptions in bacterial colonization can contribute to
shifts in normal microbial colonization that are not transient but
persist past the first 1000 days of life. These disruptions, often result
in dysbiosis, which is defined as an imbalance in the composition
and metabolic capacity of microbiota and can increase the risk of
chronic health conditions. Though human microbiome studies
have typically focused on bacterial colonization, other organisms,
including viruses (virome), fungi (mycobiome), archaea (archaeome),
and bacteriophages are also dynamic during this period. All of these
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Early-life Microbiome in Health and Disease
organisms establish themselves in the gut through interactions with
bacteria and the host immune system.10
For the purposes of this review, we will focus on microbiomehost interactions during fetal, newborn, and infant microbiome
development. We will discuss bacterial communities that may play
a role in fetal development. We will describe the dynamic changes
in the microbiome during the first year of life in term and preterm
infants and the second year of life after the introduction of an
expansive diet. We will also identify areas where we have observed
adverse health outcomes due to intestinal dysbiosis early in life.
Finally, we will discuss how internal and external factors program
the microbiome’s metabolic machinery as it evolves into a more
mature, adult-like microbiome.

F ac to r s A ff e c t i n g I n t r au t e r i n e
C o lo n i z at i o n a n d t h e F e ta l M i c r o b i o m e
Maternal Factors during Pregnancy
Many maternal factors affect the newborn microbiome, including
interactions between the maternal and fetal genome that
contribute to bacterial colonization and unique cross-talk between
pioneer organisms and the in utero environment. Pregnancy is
associated with a shift in the mother to a proinflammatory state
which is associated with metabolic dysfunction, including insulin
resistance, dyslipidemia, and hypertension.11 It is unclear whether

these changes in maternal metabolic machinery, which are
beneficial to the developing fetus, are modulated by a shift in the
maternal intestinal microbiome and whether subsequent effects
are observed in the fetus. In some studies, despite developing a
proinflammatory metabolic profile during pregnancy, the maternal
microbiome remains unchanged, while in other studies an increase
in the abundance of Actinobacteria and Proteobacteria, a decrease
in butyrate-producing bacteria, and a decline in bacterial diversity
are reported.11,12 Further research is necessary to define how any
of these changes in the maternal intestinal microbiome affect fetal
development and newborn intestinal colonization (Fig. 1).
Maternal antibiotic use during pregnancy has been associated
with alterations in the maternal microbiome, including increases in
vaginal colonization by Staphylococcus. It is also accompanied by
derangements in the newborn bacterial ecosystem, increasing the
childhood risk of developing allergies, otitis media, and obesity.
Another maternal factor affecting the newborn microbiome
includes maternal obesity, which is correlated with a shift in
the infant microbiome that can increase their risk of obesity.
The intestinal dysbiosis associated with obesity in pregnant
and nonpregnant adults is characterized by an imbalance in
the Firmicutes-to-Bacteroidetes ratio.13,14 The microbiome
of infants born to obese mothers had a similar derangement
with an increased abundance of Firmicutes, particularly from
the Lachnospiraceae family. These infants also had a greater

Fig. 1: Maternal factors, modes of delivery, and postnatal factors determine the microbiome during early life. The fetus may be associated with
microbes before birth. Mom’s microbiome could be transported through the bloodstream to the fetus. Maternal vaginal infections could result
in bacteria invading the uterine environment. The delivery method shapes the initial microbial inoculum of the newborn. Vaginally delivered
infants had more Lactobacillus and Bacteroides. C-sections had lower levels of Bacteroides longum subspecies infantis (B. infantis). Postnatal factors
such as antibiotic use, diet (such as human milk vs formula, and introduction of solid food), genetic factors, and environmental exposure further
configure the microbiome. By age 3, the microbiome gradually shifts toward an adult-like profile. The green box indicates the positive factor to
promote beneficial bacteria, and the yellow box indicates the negative factor reduces the bacterial diversity. “ ? ” indicates controversial results or
unknown. Individual bacteria associated with the different processes are indicated. The roles of viruses, fungi, and other microbes are still unknown
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risk of becoming overweight at 1–3 years of age.15 Mothers
with gestational diabetes mellitus (GDM) have an altered gut
microbiota, including Bifidobacterium spp., which was heritable
by the fetus during pregnancy.16,17 In one study by Wang et al.,
samples across multiple body sites were collected from pregnant
women and their neonates. Bacterial communities in mothers
with GDM and their offspring were similarly altered across body
sites, consistent with an intergenerational concordance between
GDM mothers and their offspring. Other associations between
maternal complications, including HIV, group B Streptococcus,
irritable bowel disease, and intra-amniotic infection, have
been associated with inconsistent shifts in the infant intestinal
microbiome. However, most studies on the fetal inheritance of the
maternal microbiome demonstrate a well-orchestrated process
with a lifelong impact on the newborn.

Fetal Microbiome
While the in utero environment was traditionally viewed as
sterile, controversy now exists over whether a fetal microbiome
modulated by maternal factors, including diet and immunogenetics,
develops during pregnancy and impacts childhood and adult
health outcomes.18,19 With conflicting evidence on this issue, we
cannot accurately identify the initial timepoint when bacteria
stimulate the development of different organ systems, including
mucosal immunity. Other complexities in this debate are whether
bacterial DNA that is detectable in the placenta or amniotic fluid,
represents viable or dead organisms and whether its presence
is sufficient to corroborate not only the presence of these
microorganisms but a role in fetal development. Thus, studies have
emerged on both sides of this discussion to further investigate
whether bacteria influence in utero development.
Studies supporting colonization in utero include work from
Aagaard et al., in which approximately 320 placental samples
were collected under sterile conditions. The microbiome of these
samples was compared with samples from different body sites
(nares, mouth, skin, gut) in nonpregnant patients enrolled in the
NIH-sponsored human microbiome project. 20 Gram-negative
intracellular organisms were detected in placental samples from
this study in the absence of chorioamnionitis. In addition, based
on Bray Curtis similarity indices, bacterial communities in the
placenta shared the greatest similarity with the oral microbiome
of nonpregnant subjects.
Maternal-fetal microbiota transmission in utero is also
supported by the detection of bacterial DNA in meconium (first
stool passed by a newborn in the first few hours to days of life) from
organisms that were also detected in amniotic fluid, an expected
finding given how the fetus swallows amniotic fluid during
gestation. A study comparing fluid and meconium demonstrated
that approximately 30% of detected species were shared between
amniotic fluid and meconium samples, while 30% were only found
in amniotic fluid and 40% were unique to meconium. However, the
30% of shared species accounted for up to 95% of total reads and
only a small percentage of reads was found in either the amniotic
fluid or meconium alone. 21
Microbiome studies of meconium shortly after delivery were
also investigated in a cohort of infants undergoing bowel resections
due to anatomic anomalies without evidence of infection. Unique
intestinal microbial communities were identified as early as the first
day of life, even in those infants delivered operatively without ever
having received enteral feeds.22

Further studies on in utero colonization that define the origins
of the nascent microbiome in fetuses and newborns are imperative
for understanding disease processes, such as preterm labor and
necrotizing enterocolitis (NEC). All of these studies will need to
address concerns about contamination and incorporate negative
controls into analyses to withstand the scrutiny of the scientific
community. However, should fetal inheritance of the maternal
microbiome prove true, it would be a unique opportunity to
modulate fetal outcomes through modifications in maternal diet
and other lifestyle choices during pregnancy.

P e r i n ata l a n d N e w b o r n M i c r o b ia l
C o lo n i z at i o n
Delivery Mode
A large source of pioneer bacteria colonizing newborns is acquired
during delivery with the mode of delivery playing a major role in the
type of bacteria inherited. In one of the initial studies of ten infants,
including four delivered vaginally and six delivered via cesarean
section (C-section), maternal samples (skin, oral mucosa, vagina)
were collected prior to delivery along with neonatal samples (oral
mucosa, nasopharynx, meconium) and environmental samples
from the operating room. 23 Though bacterial communities of
newborns were highly undifferentiated, vaginally delivered infants
had microbiomes similar to that of maternal vaginal samples,
including a higher abundance of Bacteroides. Conversely, infants
born via C-sections had microbiomes similar to maternal skin and
hospital organisms, including those detected in the operating
room. Such studies demonstrate a shift toward aberrant gut
colonization after C-sections and raise concerns about the impact
of a worldwide rise in the rate of C-sections performed without
maternal health indications.24,25 Studies describing the association
of operative deliveries with adverse health outcomes during
childhood, including delays in cognitive development, autoimmune
diseases, and atopic disorders, have generated questions about
whether aberrant postnatal colonization contributes to these
outcomes.26,27 Infants born via C-section also had lower levels of
Bacteroides longum subspecies infantis (B. infantis), a key symbiont
and a common strain contained in probiotics.28,29 B. infantis has
co-evolved with mother-infant dyads to assist with a host of
metabolic and immune functions, including complex carbohydrate
digestion. In one study, infants delivered via C-sections had
decreased colonization with B. infantis and microbial diversity. This
was associated with reduced Th1 responses and neonatal immunity
during the first 2 years of life.30
Another area related to the delivery mode that is under active
debate is the question of whether the maternal vaginal vs rectal
microbiome is the key driver of a newborn’s postnatal colonization
across all delivery modes. To investigate whether maternal or
vaginal microbiome impacts colonization of the newborn after
delivery one study examined 75 infants born either vaginally
(n = 40) or by planned or emergent C-sections (n = 35) and found
virtually undetectable levels of Lactobacillus in vaginally delivered
patients, despite Lactobacillus being the most common member
of the vaginal microbiome. Vaginally delivered infants were in fact
seeded by more bacterial strains, however, the strains matched
maternal rectal swabs. 31 Transplantation of the maternal fecal
microbiota has been investigated as a potential way to reverse
detrimental effects on the gut microbiota observed in infants
delivered by C-sections and restore a normal gut microbiome. In
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a recent proof of concept study, researchers identified a cohort
of seven mothers with planned C-section delivery, and maternal
fecal samples were collected approximately 3 weeks prior to
delivery.32 Infants received these maternal fecal samples orally after
delivery and after approximately 3 months, infants demonstrated
restoration of their intestinal microbiome to mimic that of infants
delivered vaginally. These studies have provided promising insight
into how to reestablish normal gut colonization after an important
early life event.

Differences between the Preterm and Term Infant
Microbiome
Distinct differences exist between the term and the preterm
intestinal microbiome, which serves as the foundation for normal
immune development, postnatal growth, and subsequent health
outcomes. Immaturity of the intestinal microbiome in preterm
infants affects their normal metabolic capacity with impaired
nutrient absorption and delayed intestinal motility. Subsequently,
more than half of preterm infants are discharged with postnatal
growth failure.33 The preterm gut also has poorly developed barrier
function, motility, and immune function, which makes it a source of
infections and inflammation, including NEC, a devastating bowel
condition that impacts approximately 7% of preterm births. Up
to 5% of all neonatal intensive care unit (NICU) admissions are
affected by NEC and it is associated with significant mortality and
morbidity in up to 35% of cases. 34 The gut microbiota of preterm
infants is characterized by delayed bacterial colonization including
decreased microbial diversity, decreased levels of commensals
and obligate anaerobes, and increased detection of potentially
pathogenic organisms and opportunistic bacteria, including
Enterobacter, Enterococcus, and Staphylococcus. 35,36 Studies have
demonstrated that NEC patients, compared with preterm infants
without NEC, have an even more dramatic drop in microbial
diversity, which may be in part due to their increased exposure to
antibiotics. This significant drop in diversity allows for individual
bacterial species to have a greater impact on intestinal microbial
communities, which can drive the pathogenesis of NEC.37 Other
common practices that preterm infants may be introduced to which
can disrupt the intestinal microbiome include C-sections, antibiotic
use, and formula feedings. In the prospective fecal collection
from 45 preterm infants aged birth to 60 days, gestational age
was the major determinant for preterm infants’ ability to achieve
normal and mature gut microbiomes, including a shift towards
a Bifidobacterium dominant microbiome. All preterm infants in
this study received human milk, which is known to increase the
abundance of Bifidobacteria in newborns. Research continues to
focus on how to promote healthy gut colonization after preterm
delivery, including access and utilization of breast milk (expressed
or donor) and indications for probiotics.38

Breast Milk and Formula’s Influence on the Infant
Microbiome
The American Academy of Pediatrics recommends the exclusive
use of human milk for the first 6 months of life. 39 This policy
statement reflects the importance of early nutrition for optimal
development of the immature intestinal microbiome and immune
function of the gastrointestinal tract.1 The robust composition
of human milk includes but is not exclusive to antimicrobial and
immunological components, prebiotic substances (lactose, human
milk oligosaccharides), and live microorganisms.40 Metabolites
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and microbes present in breast milk are responsible for promoting
tolerance to self-antigens and the gastrointestinal tract’s response
to potential human pathogens. Specifically, microorganismassociated molecular pattern signaling with toll-like receptors
(TLRs) promotes a tolerogenic environment with the expansion of
T regulatory cells (T regs) within the intestines.41
In a large, multi-center study, The Environmental Determinants
of Diabetes in the Young study (TEDDY), in which stool samples
collected monthly from 903 children between 3 and 46 months
of age were analyzed by 16S rRNA gene sequencing, infants
receiving breast milk had higher levels of Bifidobacterium
species, specifically B. breve and B. bifidum.42 Bifidobacterium
spp. and Lactobacillus spp. were present and viable in breast
milk. The ability of these two organisms, transferred from breast
milk, to flourish is in part due to the initial colonization of the
newborn intestine by aerobic bacteria, including Enterobacteria,
Staphylococcus, and Enterococcus. These aerobic organisms create
ideal conditions for anaerobic Lactobacillus and Bifidobacteria
to thrive. Breastfeeding during this window had a comparable
effect on the microbiome composition, regardless of whether it
was combined with formula or solids. Conversely, early cessation
of breast milk was associated with faster maturation of the gut
microbiome, including accelerated colonization by Firmicutes.
Infants not breastfed at all were rapidly colonized with Escherichia
coli. While breast milk itself is a source of microbes, contact with
human skin and the areola, along with the retrograde flow of
the infant’s oral microbiota that occurs during nursing, plays an
important role as well.43 The TEDDY study also demonstrated that
Staphylococcus was the main organism transferred to the newborn
during contact with the areola.

Environmental Factors
The importance of environmental factors, including a newborn’s
immediate surroundings, his family’s lifestyle, and geographic
location, is well-demonstrated, particularly in preterm infants
residing in the NICU, who have an increased likelihood of
inheriting flora from this hospital setting.44 Inherited organisms
are often those associated with nosocomial infections due to
their extended exposure to the hospital environment during
a critical window of development for their immune systems.45
Outside of the hospital, an infant’s environment remains an
important contributor to intestinal gut colonization and has been
validated in stool studies. In such studies, bacteria isolated in
infant fecal samples matched those identified in their immediate
environment. Family members and siblings have been shown to
affect an infant’s microbiome and initial colonization. For example,
the number of older siblings positively correlates with bacterial
diversity and richness at 18 months of age, with the increasing
relative abundance of Firmicutes and Bacteroidetes in infants with
more siblings.
Other differences in microbial composition between infants
with siblings and those without have been observed.46 For example,
in the KOALA Birth Cohort from the Netherlands, infants with sibling
exposure had a higher number of Bifidobacteria in their gut than
those without siblings.47 In another cohort study, infants with no
siblings had an increased number of non-E. coli enterobacteria
along with clostridia in the gut in tandem with a lower anaerobeto-facultative anaerobe ratio.48 More studies in this area of the
“sibling effect” are warranted in order to better define the specific
role of siblings during early life development.

Early-life Microbiome in Health and Disease
Geographic locations are also a key consideration and
differences are likely secondary to different ethno-geographic
populations with distinct regional diets and cultural practices.49
When studies of infants’ gut microbiota were conducted
in infants living in rural Africa, comparisons of their fecal
microbiome amongst these rural babies with those living in
urban Italy demonstrated the dissimilarity between the different
communities.50 Similar differences amongst the infant microbiome
in other regions of the world are also apparent when exploring
functional differences in bacterial communities in urban vs rural
environments. 51 All of these studies demonstrate the inability to
generalize microbiome studies across different family structures,
countries, and home environments without taking into account
such variables.

E vo lu t i o n o f t h e M i c r o b i o m e
S e co n d Y e a r o f L if e

during the

The introduction of solid foods and cessation of breast milk
or formula feeds in the second year of life is responsible for
a rapid expansion in the structure and function of infants’
microbiomes as their diets gradually transition to an adultlike composition. 2,52,53 This evolution in the microbiome of
infants’ intestinal tracts is essential for bacteria to assume new
digestive roles, including the breakdown of glycans, mucin, and
complex carbohydrates, along with the production of shortchain fatty acids. In a large study of 330 Danish children whose
microbiome was evaluated at 9, 18, and 36 months, as formula
and breast milk were gradually discontinued, Lactobacillaceae,
Bifidobacteriaceae, Enterococcaceae, and Enterobacteriaceae
species abundance decreased. Simultaneously, an increase
in the abundance of Lachnospiraceae, Ruminococcaceae,
and Bacteroidaceae species occurred. 54 Such findings were
concordant with another large cohort study conducted in five
different countries in which similar changes were observed
anywhere from 4 to 6 weeks after transitioning from milk-based
feedings to a family diet. 55
Challenges exist in discerning the changes in the nascent
microbiome that are due to a shift in dietary intake with
alterations in the composition and function of bacterial
communities due to advancing age. With increasing age, infants
have more environmental exposures (daycare and school
settings, travel) and have begun to move independently with
frequent oral contact-generating a constant source of microbes
that they can acquire. This confounding variable was explored
by the same Danish investigators in two independent cohorts
of infants aged 9 months in which a comprehensive analysis of
the infants’ diets was conducted in parallel with 16S rRNA gene
analysis of infants’ fecal samples. These analyses demonstrated
that microbial diversity significantly correlated with progression
toward family foods. In addition, family food dietary patterns
in both cohorts, including foods rich in protein and fiber, were
associated with increased alpha diversity. 56 Questions remain
with regard to whether a delayed introduction of solid foods and
sustained breastfeeding into the first year of life compromises
this growth in bacterial diversity. Conversely, it is unclear whether
this expansion of bacterial species which occurs as an infant’s
diet diversifies is what drives the development of a healthy
microbiome in early childhood.

C o lo n i z at i o n B e yo n d t h e F i r s t 1000 D ays
a n d I ts I mpac t o n C h i l d h o o d D i s e a s e s
The importance of early life colonization is secondary to the
foundation it provides for optimal lifelong health. Disrupted
microbial colonization in the first 2 years of life contributes to the
onset of pediatric and adult diseases, including gastrointestinal
pathologies, metabolic disturbances, and neurological disorders.
A common feature of many of these disorders is a loss of microbial
diversity and key beneficial microbes. While the predominance of
Bifidobacterium during the first year of life in infants on a breast
milk diet is a key driver of immune protection, a pivot towards
a more diverse and robust microbiome in the second year of
life after the introduction of complementary foods is equally as
important.3,57 The timing of this transition is exquisitely sensitive
as evidenced by adverse health outcomes that result from the early
loss of Bifidobacterium, the premature introduction of new bacterial
species, or loss of microbial diversity secondary to poor-quality
diets or antibiotic use.58
Frequent exposure to antibiotics during the first 2 years of
life, even at low doses, is one of the greatest insults to the nascent
microbiome. Antibiotic stewardship has grown in attempts to
preserve microbial diversity during this critical window. Specifically,
the use of antibiotics during this developmental window is
associated with asthma, atopic dermatitis, multiple sclerosis,
inflammatory bowel disease, juvenile idiopathic arthritis, and
obesity. 59,60 The “hygiene hypothesis,” which describes limited
exposure to microorganisms that are important for shaping the
maturing immune system, has been suggested to be responsible
for the increased incidence of childhood asthma and allergies.
With aggressive hygiene measures that decrease the risk of earlylife infections, immune tolerance is not induced, and infants have
an increased risk of developing an auto-immune disorder.61 This
situation with decreased microbial exposure, decreased microbial
diversity, and impaired immune tolerance, may be further
exacerbated by increased hygiene measures associated with the
COVID-19 pandemic.62

C o n c lu s i o n

and

Future Directions

Growing recognition of how important early life intestinal
colonization has improved our understanding of disease
pathologies in pediatric patients as well as our ability to identify
restorative methods in instances where the nascent microbiome
has been disrupted, including interventions such as prebiotics,
probiotics, and fecal microbial transplantation. However, many
studies investigating the neonatal microbiome are limited by
the homogeneity of the population sampled because recruited
subjects are typically from a single-center or geographic region.
Comparisons across studies are challenging due to the use of
different sample types, collection methods, and omics platforms.
Finally, microbiome studies of low biomass samples, such as those
collected during fetal and neonatal development, are fraught with
concerns for environmental and reagent contamination.63
Future directions should incorporate studies that explore not
just interactions between the host immune system and pioneer
bacteria, but also those involving other eukaryotes, including
viruses and fungi. For example, while we have defined the role of
mode of birth in shaping the microbiome, few studies to date have
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examined how birth mode affects the diversity of the early-life gut
viral microbiome or “virome.”64 Viral transmission and colonization
of the newborn intestinal tract, which may be modulated by similar
drivers as the gut microbiome, may share an important role in
facilitating bacterial colonization and promoting bacterial diversity.
Conversely, maternally-derived viruses that require maternallyderived bacteria for replication (bacteriophages) might only be
able to proliferate weeks to months after bacterial populations are
established, as demonstrated in prospective twin studies.65 Growth
of these bacteriophage communities might occur during the first
2 years of life alongside burgeoning bacterial diversity. Over the
next decade, defining these intricate interactions between viruses
and bacteria may provide valuable insights into how to improve
health outcomes for newborns and infants.
Another emerging area of research that may improve our
understanding of this critical developmental window is the
regulation of epigenetic mechanisms through crosstalk with
gut microbial metabolites. Epigenetics, which is the study of
phenotypic changes due to modifications in gene expression, are
not directly driven by an individual’s genome. Modifications do
not alter the host’s nucleotide sequences but involve methylation,
posttranscriptional histone alterations, chromatin restructuring,
and regulation of non-coding RNA.66 While interactions between
an individual’s genome and environmental factors are critical in
the regulation of these epigenetic mechanisms, gut microbial
metabolites may also play a role.67,68 Further studies that elucidate
interactions between an individual’s microbiome and epigenome
- all epigenetic marks on the DNA of a single cell - may provide the
most comprehensive understanding of risk factors for adult-onset
metabolic disorders.
The establishment of a biobank with multicenter participation
and collection of a variety of sample types is essential for
moving many of these translational research goals forward.
Sites that have developed infrastructure for creating a neonatal
biobank have described the feasibility of doing so through
strengthening relationships between parents and clinical research
teams to maintain sample stability between transfer from the
clinical laboratory to the biorepository to encourage long-term
participation in sample collection. 69 Large scale initiatives,
including the integrative human microbiome project, which include
prospective sample collection of fetal membranes, amniotic fluid,
placenta, and postnatal stool, have the potential to improve our
clarity of these dynamic early life events.70
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