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ABSTRACT

Inrecentyears, theevidencehas demonstrated the
relevance of the gut microbiotainanindividual’s
health. The dynamics of an early colonization
and the establishment of a community of plenty,
diverse, and healthy microorganisms from a
vaginal delivery and breastfeeding are critical
for the developmentof ahealthy immune matrix.
The objective of this review is to describe the
available evidence on microbiota developmentin
the first year of life and the current possibilities
offered by prebiotics, probiotics, symbiotics,
and postbiotics during such critical stage of life.
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probiotics, postbiotics.
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INTRODUCTION

The human microbiota is defined
as a complex community of
microorganisms living in the body,
skin, mouth, nasopharynx, urogenital
system, and the gut.! The term
microbiome refers to the set of genes
contained in such community.' The
microbiota is mostly made up of
bacteria, but it also includes viruses,
fungi, archaea, and bacteriophages.?
Its composition varies depending
on the genetics and characteristics
of the environment offered by the
host.> The microbiota is responsible
for several digestive and metabolic
functions, the production of vitamins,
the maintenance of the intestinal
barrier, and the regulation of the
immune system.! The colonization and
establishment of these microorganisms
takes place in the first 1000 days of
life, from gestation until two years
of age. This is a critical period for
the development and maturation of

the immune system, thus opening
a window of opportunities for the
development of a healthy microbiota.

The microorganism community
experiences a symbiosis and benefits
from a stable environment and from
nutrients, i.e. carbohydrates not
digested by the human gut offered by
the intestinal lumen. In turn, the host
favors from the fermentation products
of such undigested compounds, such
as short-chain fatty acids (acetate,
propionate, and butyrate), that are
metabolized by beneficial bacteria,
such as bifidobacteria and lactobacilli,
among others, and have multiple
functions, including being a source of
energy for the intestinal epithelium,
reinforcing the intestinal barrier,
providing epigenetic effects, and
developing immune tolerance.*

A group of experts made up of
pediatricians and specialists in
Nutrition, Pediatric Gastroenterology,
and Microbiology met to review the
evidence available on microbiota
colonization and development in the
first year of life, the use of prebiotics,
probiotics, symbiotics, and postbiotics
in infant formula, and their potential
benefits during this critical stage of life.

When does the gut microbiota start
developing?
Intestinal colonization

An early massive microbial
colonization starts at birth. Vaginal
delivery and breastfeeding favor the
establishment and development of
a healthy neonatal microbiota. The
maternal gut microbiota changes
its microbiological structure during
pregnancy, especially in the third
trimester.*® Its final composition will
depend on several factors, including



diet, body mass index, weight gain during
pregnancy, stress, and antibiotic and other drug
use, which, in turn, will affect colonization in
the newborn infant.® Some evidence suggests
that changes in the microbiota are accompanied
by changes in intestinal permeability, which
promote bacterial translocation for the vertical
transmission of microorganisms from mother to
child”® (Figure 1).

From a very early stage, a small number of
bacteria (or their compounds) are present in
the fetal gut. The characteristics shared by the
placental microbiota, the amniotic fluid, and the
meconium suggest microbial transfer at the fetal-
maternal interface.”!? In spite of these findings,
the existence of a fetal microbiota and its role in
the development of intestinal colonization are still
debatable."

The delivery mode determines the type of
microbiota that will develop in the newborn
infant. Babies born by vaginal delivery are
exposed to vaginal bacteria, mainly Lactobacillus,
but also Bacteroides, Prevotella, Parabacteroides,
and Escherichia. The maternal gut is a major
source of bacteria; 72 % of intestinal bacteria in
infants born by vaginal delivery derive from
the maternal intestinal bacteria, compared to
41 % in those born by C-section. Therefore,
infants born by C-section will be colonized by
bacteria associated with the maternal skin and
mouth, or the maternal environment in general,

FIiGUre 1. Entero-mammary and entero-placental pathway
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predominantly Staphylococcus, Propionibacterium,
and Corynebacterium.'*" Infants born by C-section
have a less diverse and delayed colonization
by Bifidobacterium compared to those born
vaginally.'®

What about the development of a healthy
microbiota in the postnatal period?
What is the role of breast milk?

Breast milk is a unique and optimal
combination of both macro- and micronutrients,
together with several compounds related
to immunity, such as regulatory cytokines,
chemokines, growth factors, antibodies, bioactive
compounds and microorganisms, including
oligosaccharides.'” Historically, breast milk was
considered a sterile fluid, but the paradigm
changed in recent years with the detection of the
first bacteria not associated with mammary gland
infection, e.g., Lactobacillus gasseri. Nowadays,
we know that breast milk is the second most
important inoculum, a true vehicle for sowing
that completes colonization by providing more
than 10° bacteria per day that come from the
maternal gut, an effect of the entero-mammary
pathway'*'® (Figure 1).

Although multiple studies have shown
that the composition of breast milk microbiota
varies greatly and depends on genetic, cultural,
environmental, and nutritional differences, a
recent systematic review of studies that included
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healthy mothers identified Streptococcus and
Staphylococcus as the prevalent bacteria, and a
lower level of Bifidobacterium and Lactobacillus,
regardless of the differences in geographic
location or testing methods used for analysis."
Another study showed that, among breastfed
infants, 27.7 % of gut microorganisms derived
from breast milk and 10.3 %, from areolar skin.?

The emergence of bacteria is not enough for
the development of a healthy microbiota; the
environment should be appropriate for their
growth and establishment. To that end, breast
milk contains bifidogenic factors, currently
known as breast milk oligosaccharides, that
favor the development of healthy bacteria. These
are bioactive compounds with more than 100
different molecular structures.

Breast milk contains diverse oligosaccharides;
and lactose, the main carbohydrate, acts as their
precursor. They are the third most important
compound, after lactose and lipids, at a level
of 5-15 g /L. Oligosaccharides are minimally
digested in the small intestine; the undigested
portion reaches the colon as a metabolic
substrate for specific microorganisms, mainly
bifidobacteria.?"

The presence of different oligosaccharides
will stimulate the growth of certain bacteria and
inhibit the development of others. For example,
those known as bifidogenic oligosaccharides
stimulate the development of specific bacteria,
including Bifidobacterium longum, B. breve, and
B. bifidum, in the infant gut microbiota, because
only these bacteria have enzymes capable of
metabolizing such oligosaccharides; therefore,
their presence selects the microbiota.?

The oligosaccharide content varies from
one mother to the other. Such variations have
been associated with age, parity, genetics,
and environmental factors, including diet,
environment, and lifestyle.?? The level of
oligosaccharides in the milk of mothers who had
a preterm infant is higher, and their prebiotic
effect has been related to a lower incidence of
necrotizing enterocolitis and sepsis.??* The
variations described in oligosaccharide profiles
indicate that breast milk provides a tailored
nutrition to each infant.

In addition, oligosaccharides not only have a
direct impact on microorganisms; they also have
indirect effects by altering cellular responses and
modulating epithelial apoptosis and cell growth
and differentiation. They have also demonstrated
their ability to modify the genetic expression

of glycocalyx in intestinal surface cells, affect
immune cells, and reduce proinflammatory
cytokine expression, which would have clinical
effects on the development of allergic diseases.”
Neonatal colonization is a sensitive and dynamic
process directly related to the mode of delivery
and breast milk, which is particularly relevant
for future health.

How does intestinal colonization affect the
immune system maturation?

Newborn infants have a weak immune
response capacity because they are not mature
enough yet. Inmune maturation depends on the
development of innate and adaptive immunity,
with a defense response against pathogens and
the recognition and symbiosis capacity with
tolerance to commensal microorganisms.?

The main stimuli for immune maturation
are the signals of the microbial environment,
which occur in the postnatal period. Interactions
between the gut microbiota and the immune
system start at birth, when microorganisms
provide signals, through endotoxins, fermentation
products or compounds typical of bacteria, which
encourage the development of gut-associated
lymphoid tissue, including Peyer’s patches and,
at the same time, promote intestinal barrier
functions.””*

In turn, the gastrointestinal tract mucosa serves
as the most important entry for microorganisms and
nutrients, which may lead to an excessive immune
stimulation and, thus, generate an inadequate
immune activation and intestinal inflammation.
From the first weeks of life, thanks to the presence of
microorganisms in the intestinal lumen, the immune
system will develop a tolerance mechanism.?
Based on the development of such ecosystem, the
innate and adaptive immune system will be able
to differentiate between regulatory responses of
tolerance towards the gut microbiota and those
towards food proteins, with reduced allergenic and
autoimmune responses; in the same way, protective
responses to pathogenic bacteria will be observed.®
In addition, the protective mechanism of the immune
system will restrict the stimulus, covering the
epithelial surface with a mucus layer and releasing
antimicrobial substances to reconstitute an actual
intestinal barrier.?

The microbiota promotes the secretion of
immunoglobulin A (IgA) into the mucosal
surface, which plays a critical role to prevent
dietary microorganisms and antigens from
reaching the epithelial mucus. In turn, the



intestinal IgA population is key for the selection,
development, and maintenance of the gut
microbiota, a role played in the first months of
life by the IgA present in breast milk, until the
infant’s own IgA levels increase.’ Thus, a gut
ecosystem is established where the microbiota-
host relationship is mutually beneficial.

What is the role of prebiotics, probiotics,
symbiotics, and postbiotics in infant formula?

In recent years, scientific advances have
helped to improve the nutritional compounds
and macro- and micronutrients of infant formula
to make it more similar to human breast milk.
Knowledge of the important function of the gut
microbiota in the host’s health and of the risk for
infants born by C-section who received antibiotics
in an early manner and for those who cannot
be breastfed forced the advances in preventive
nutritional interventions, which will benefit the
development of a healthy microbiota. Relevant
investigations have shown the advantages of
including prebiotics, probiotics, and symbiotics
in infant formula and, more recently, the use of
postbiotics (Figure 2).32%

PREBIOTICS

Prebiotics should meet three main
characteristics: a) be resistant to small intestine
digestion; b) be fermented by bacteria in the large
intestine; and c) selectively stimulate the activity
of one bacterium or a limited number of bacteria
in the large intestine, which leads to a beneficial
effect.’” If breastfeeding is not possible, adding
a specific mixture of oligosaccharides to infant
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formula is a strategy that helps to promote the
development of a healthy microbiota. The prebiotics
most commonly used in infant formula include
fructooligosaccharides (or inulin), which comes
from chicory, and galactooligosaccharides, obtained
from the fermentation of milk serum lactose.

Several studies have shown that the 90:10 ratio
of galactooligosaccharides/ fructooligosaccharides
(90 % of short-chain galactooligosaccharides and
10 % of long-chain fructooligosaccharides) has
a molecular size distribution similar to that of
breast milk oligosaccharides. Such combination
favors the development of a gut microbiota
that is similar to that of breastfed infants,
dominated by bifidobacteria and lactobacilli.*
The addition of galactooligosaccharides and
fructooligosaccharides to infant formula has
demonstrated benefits associated with the presence
of bifidobacteria, the consistency of stools, and
immune system modulation.* More recently, two
other oligosaccharides that are added to infant
formula —2’-fucosyllactose (2’-FL) and lacto-N-
neotetraose (LNnT)-have also been shown to
promote bifidobacteria development.*

PROBIOTICS

The following probiotics are used in infant
formula: Bifidobacterium animalis subsp. lactis,
B. bifidum, B. longum, B. breve, Streptococcus
thermophilus, Lactobacillus helveticus, L. rhamnosus,
L. reuteri, L. gasseri, L. salivarius, and L. johnsonii.
The two most commonly studied probiotics
correspond to the Bifidobacterium and
Lactobacillus species. Ideally, a probiotic should
be well characterized, have no pathogenicity,

FIGURE 2. Definitions: prebiotics, probiotics, symbiotics, and postbiotics

What we know...

Prebiotics

Substrates selectively used by
human host microorganisms
that are beneficial for health.

Probiotics

Live microorganisms that, if
administered in adequate amounts,
are beneficial for consumers” health.

Symbiotics
A combination of
pre- and probiotics.

What's new......

Postbiotics

Non-viable microorganisms and microbial compounds
produced through a fermentation process;
if administered in adequate amounts,
they are beneficial for consumers.
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be genetically stable, be robust, and be able to
survive in intestinal processing, storage, and
transit conditions.*

Probiotic activities include improving an
altered microbiota, inhibiting pathogens in a
competitive manner, having immunomodulatory
effects, and regulating intestinal motility.** Not
all probiotics are the same. Their actions are
specific to each strain and pathology. The results
observed in studies for a specific strain cannot
be extrapolated to other probiotic strains. It is
necessary to use approved quality probiotics
with a strong scientific support that warrants
their effectiveness and safety. The general effect
of adding probiotics to infant formula for the
benefit of health still requires confirmation in
randomized clinical trials.*

SYMBIOTICS

In the case of symbiotics, the prebiotic
compound selectively stimulates colonization
and activities of probiotics and other bifidogenic
bacteria. Prebiotics may help to improve the
survival of probiotics during their passage
through the upper gastrointestinal tract,
stimulate their growth and/or activate their
metabolism. Probiotics and prebiotics may
have complementary beneficial effects or a
complementary or synergistic effect when
combined.*’ Selectivity is a key consideration in
the development of symbiotics; combinations
should be selected prudently based on the
knowledge of specific patterns for the use of
carbohydrates of different bacterial species and
strains.*

The potential beneficial action of a probiotic
intervention, especially Bifidobacterium or
Lactobacillus bacteria (common in the infant gut
and breast milk), in association with prebiotics
(with a bifidogenic effect) for the treatment
and prevention of allergic diseases has seized
a great deal of attention; recent studies have
shown successful results in children with atopic
dermatitis. A greater level of protection was
observed in the group of infants who were given
formula with symbiotics than in the group that
received only prebiotic supplementation or the
standard formula.*>**

POSTBIOTICS

It has been well established that some bacterial
fermentation products and/or the remains of
non-viable bacteria have bioactive properties.
The fermentation process has been historically

used by humans for the preservation of food;
nowadays we are aware that many of the known
beneficial effects of fermented food are associated
with the production of postbiotics.* In addition,
it is worth noting that fermentation is also a
physiological process that takes place in the gut,
where dietary fiber is fermented by the microbiota
for the production of vitamins and short-chain
fatty acids, among others.

A potential postbiotic production mechanism
is that microorganisms (Bifidobacterium or
Lactobacillus or Streptococcus) are subjected
to a fermentation process (Figure 3), which
biochemically transforms the fermented food
matrix, in general, milk or dairy substrates.
During fermentation, lactose is partially
consumed, proteins are partially hydrolyzed, and
the metabolites typical of the microorganism used
(organic acids, vitamins, exopolysaccharides,
bacteriocins, other antimicrobial agents)
are synthesized; these molecules will act as
postbiotics, even in the absence of the producing
microorganism. The microorganism may be
eliminated from the fermentation medium by
centrifugation or filtration, or it may remain
inactive in such medium. The in situ inactivation
of the microorganism used for fermentation is
achieved through heat treatment, which may be
accompanied by a dehydration process, such as
lyophilization or spray drying.*

Table 1 shows the different types of postbiotics.
Several postbiotic mechanisms of action are
common to probiotics because the former derive,
in most cases, from the latter. Postbiotics act by
means of their antimicrobial ability, enzymatic
ability to contribute to intestinal digestion, anti-
inflammatory ability, immunostimulatory ability
or the reinforcement of the intestinal epithelial
barrier.***

The main advantage of using postbiotics is
that, since they are not microbial cells that should
be kept alive, maintaining the cold chain is not a
requirement for product conservation, and this
makes it possible to add postbiotics to many food
matrices and maintain their stability, which sets
them apart from probiotics. Finally, postbiotics
have other properties that may be considered an
advantage: known chemical structures and easier
determination of safe doses.*®

Final comment

In recent years, the importance of
maternal gut microbiota and its impact on the
development of the infant’s microbiota have



FIGURE 3. Fermentation process
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TasLE 1. Types of postbiotics

1) Non-viable cells.

2) Intracellularly synthesized metabolites secreted into the medium during the fermentation process: lactic acid and other
organic acids, exopolysaccharides, bacteriocins, enzymes, surfactants, antioxidants, short-chain fatty acids.

3) Biomolecules released into the medium through an extracellular enzymatic activity: peptides, galactooligosaccharides.

4) Compounds released by cell lysis: deoxyribonucleic acid (DNA), ribonucleic acid (RNA), cell wall fragments, S-layer proteins.

been demonstrated based on the evidence. An
early and healthy colonization from vaginal
delivery and breastfeeding is the role model
for the establishment of a gut ecosystem where
the microbiota-host relationship is mutually
beneficial. The scientific evidence has shown
that using prebiotics, probiotics, symbiotics,
and postbiotics may restore lost or damaged gut
microbiota functions. Based on such knowledge,
it would be an interesting challenge to continue
studying this fascinating phenomenon to find
new strategies for the promotion of pediatric
health and the prevention of potential diseases. B
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