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ABSTRACT

Preterm birth, C-sections, antibiotics, and
limited breastfeeding contribute to the
increase in noncommunicable diseases. Our
objective was to perform a descriptive review
of probiotic use in pediatrics, focused on
Lactobacillus rhamnosus GG. Certain probiotics
have demonstrated to be effective in acute
diarrhea and antibiotic-associated diarrhea. L.
rhamnosus GG and Saccharomyces boulardii may
shorten their duration and symptoms. L. reuteri
DSM 17938 and L. rhamnosus GG were effective
to manage infant colic. The use of this strain in
infant formulas for cow’s milk protein allergy
may promote an earlier tolerance acquisition. In
relation to the prevention of atopic dermatitis,
the administration of L. rhamnosus GG during
pregnancy reduced its developmentin the infant.
The use of probiotics as adjuvants is a possibility
to consider in current pediatric practice.
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INTRODUCTION

The combination of factors like
preterm birth and low birth weight,
elective C-sections, antibiotic use
in the first 2 years of life, and
limited breastfeeding contributes
to an increase in noncommunicable
diseases among children."? Early
microbial interventions, such as
those including probiotics, may be a
complementary nutritional resource
for the management of some of these
conditions.’ The rationale for this study
is to offer an update on the potential
benefit of probiotic cultures for the
prevention and treatment of certain
chronic conditions that may develop
in the first years of life. The objective
was to perform a descriptive review of
probiotic use in pediatrics, focused on
Lactobacillus rhamnosus GG (LGG).

This article falls under the
category “special articles”, being
a descriptive review of the subjet.
Each author conducted a review of
studies published in Pubmed selecting
those they considered relevant for
inclusion in this article. CBM focused
on the aspects related to allergies;
FB centered on the aspects related
to the mechanisms of action; MDC
analyzed safety-related issues; IG
described the benefits; OT explained
perinatal colonization and probiotic
use in neonatology; and GV described
microbiological aspects. Key words
included in the bibliographic search
were probiotics, microbiome, allergy,
safety, perinatal colonization, infants,
mechanisms of action, and health
benefits.

PERINATAL INTESTINAL
COLONIZATION

The view we have of our
relationship with microorganisms
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has changed from being considered exclusively
pathogens, to being fundamental members
of a “healthy microbial environment” for the
development of children and their immune,
metabolic, and neurological maturation,*’ since
birth.

Perinatal colonization is influenced by the
microbiome of the female reproductive system,
where the Lactobacillus genus prevails.?

The uterine environment is not sterile either.
The presence of microbes in the placenta, amniotic
fluid, and meconium has been demonstrated,®
but it is not possible yet to speak of a “fetal
microbiome”.

The moment of birth and the first hours of
life define the infant’s microbiome.” There are
taxonomic differences between the microbiome
of neonates born via vaginal delivery and via
C-section. Breastfeeding, ideally initiated in the
first hour after birth, provides microorganisms,
specific oligosaccharides, and immune factors.®
The functional effects of breastfeeding, although
not strictly nutritional, are related to immunity,
maturation, and metabolism, and the infant’s
microbiome serves as an intermediary.

The mother’s diet affects microbial vertical
transmission.” Lactobacilli and bifidobacteria
are well-known microbial groups due to their
benefits in infants in this stage, who are capable
of fermenting human milk oligosaccharides
and generating an acid setting in the intestinal
lumen that hurdles pathogen colonization; in
addition, they function as mediators of children’s
development.'

When the factors that promote an adequate
perinatal intestinal colonization (term birth,
vaginal delivery, breastfeeding) are affected
by events such as preterm birth or a C-section
or antibiotic use, a microbial intervention
with probiotics is an alternative to address the
problems resulting from such events.

PROBIOTICS

In 2002, the World Health Organization
established that probiotics are “live
microorganisms which when administered in
adequate amounts confer a health benefit on the
host”.® Probiotics may be available as dietary
supplements or in fermented (yogurts) and not
fermented products (infant formulas),'* in which
viability may be verified."

Probiotics should have a microbiological
identification (genus, species, and strain); be safe
in the subjects in whom they will be administered;

be viable at the time of administration; and
have clinical studies that demonstrate their
benefits.!® Effects are strain-dependent. For
example, L. rhamnosus CRL1505 and L. rhamnosus
GG are different strains. The former is used in a
social education program and is effective in the
prevention of airway infections.! The highest
number of studies'® have focused on the clinical
effectiveness of L. rhamnosus GG, isolated by
Goldin and Gorbach;* the first human trial was
registered in 1995 for the management of acute
rotavirus gastroenteritis."”

In several cases, the benefits of probiotics are
observed without significant modifications in the
composition or function of gut microbiota due to
the multiple mechanisms of actions involved in
the benefits they provide.’®

PROBIOTICS SAFETY

The assessment of a strain’s safety is a
mandatory stage, prior to the determination
of probiotic properties, and considers its
microbiological identity, route of administration,
dosage, and health status of the target population
group.”

In general terms, lactobacilli are safe and have
been included in the positive list of qualified
presumption of safety (QPS) established by
the European Food Safety Authority.?® The
risk for infection from these microorganisms
was estimated in approximately 1 per every
10 million people.? Several studies have
demonstrated the safety of LGG, even in
immunocompromised patients (preterm infants,
patients with inflammatory bowel disease or
human immunodeficiency virus, or older adults,
among others).?2

Patients with severe immunocompromise
(acute pancreatitis, major gastrointestinal surgery)
may benefit from probiotic use because they are
susceptible to sepsis, systemic inflammatory
response or multiple organ failure. However, the
bibliographic report of certain adverse effects
in these patients®® makes it necessary to prove
the safety of each particular strain in the target
condition. Probiotics are not recommended in
patients with central venous line, short bowel
syndrome or heart valve disease.?

Due to the possibility of antibiotic resistance
transfer from orally administered strains to
microorganisms living in the gut microbiota,
molecular technology is used to warrant the
absence of antibiotic resistance transfer genes
in strains being considered as candidates for
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probiotic use.*

L. rhamnosus GG® is considered safe by the
United States Food and Drug Administration
(FDA). In Europe, L. rhamnosus strains have a QPS
status and their use as infant formula ingredient
has been authorized. All L. rhamnosus strains,
including LGG, are sensitive to most clinical
antibiotics, but resistant to vancomycin; however,
this is an inherent factor that is not transferred.”

In populations with egg or cow’s milk
protein allergy, the risk for an allergic reaction
does not depend on the probiotic itself, but on
the excipients used in its formulation. Certain
products marketed as including probiotics
showed traces of allergens that were not
described in the label.?* The European Society for
Paediatric Gastroenterology, Hepatology, and
Nutrition (ESPGHAN) Committee on Nutrition
and the ESPGHAN Working Group for Probiotics
and Prebiotics have issued statements about
the use of specific strains and the safety aspects
to be taken into consideration before their
administration.””

IMPACT OF PROBIOTICS ON HEALTH

In recent years, the scientific interest in the
benefits of different probiotic strains for the
prevention and management of gastrointestinal
disorders, metabolic disorders, allergies,”
and immune system modulation in general has
increased.® In pediatrics, the effectiveness of
certain probiotics in the management of acute
gastroenteritis,® the prevention and management
of antibiotic-associated diarrhea,® infant colic,*
and atopic eczema™ has been demonstrated.

Certain Saccharomyces boulardii, L. casei,
and L. rhamnosus strains have demonstrated
their effectiveness in the management of acute
diarrhea in children, especially those produced by
rotavirus, shortening their duration by 1 day.*®
In relation to antibiotic-associated diarrhea, LGG
and S. boulardii are the probiotics with the greatest
scientific evidence available. Their administration
may reduce the risk for diarrhea by 51% if started
on the same day as antibiotic therapy.

In relation to infant colic, a meta-analysis about
the daily administration of L. reuteri DSM 17938
showed a significant reduction in crying time by
51 minutes per day.”” LGG also demonstrated
to be effective after the administration during
28 days, with a reduction of crying days to a
half.

The usefulness of LGG for these
gastrointestinal disorders is because of its stability

in relation to gastric acidity and bile and can
perform its beneficial activity at the intestinal
level.

Regarding obesity and metabolic syndrome, it
has been demonstrated that the administration of
L. plantarum and L. rhamnosus species improved
the lipid profile; reduced adipose tissue; reduced
total serum cholesterol, LDL cholesterol, and
triglycerides; and increased HDL cholesterol 4

In recent decades, the number of food,
respiratory, and skin allergies has increased,
which is consistent with the drastic reduction
in the gut microbiota diversity and abundance,
which, is in turn related to the increase in preterm
birth, C-sections, reduced breastfeeding, antibiotic
use, lower exposure to the environment, and
excessive hygiene. In support of the hygiene
theory, epidemiological data have shown a
lower incidence of allergies in rural versus urban
populations.*! In this context, the attention goes to
probiotic use for the prevention and management
of asthma, atopic eczema, and food allergies. The
factors contributing to atopic conditions include
alterations in the skin barrier and intestinal
mucosa.

The newborn infant’s immune system is
strongly dominated by T helper 2 (T,2) cells, and
the immune response to T helper 1 (T, 1) cells
changes gradually to maintain homeostasis. The
T,2 phenotype results in higher immunoglobulin
E (IgE) levels and mast cell activation, which in
turn increases susceptibility to allergic diseases.
The microbiota plays a relevant role in the balance
of T, 1 / T, 2 immune responses.*

The general pathogenesis of an allergic
response implies allergen (pollen, food,
etc.) sensitization, which induces a transient
inflammatory response, with increased allergen-
specific IgE levels and migration of effector
T cells, mast cells, and eosinophils to the
exposure site. Eosinophils play an important
role in respiratory and digestive allergies due to
degranulation at the exposure site, which causes
immune cell recruitment and tissue damage.
Most antigens found in the gastrointestinal
tract come from the diet and the gut microbiota
and may affect immune tolerance; the antigen
presentation of such dietary factors to regulatory
T cells is a critical step to prevent an immune
response to food antigens.** Any alteration in
microbiota levels or diversity may affect mucosal
immune tolerance, which leads to food and
respiratory allergies.* In addition, low IgA levels
in the intestinal barrier may also contribute to
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food allergy. Low IgA levels and the microbiota
are related: the gut microbiota may stimulate
dendritic cells in Peyer’s patches to activate B
cells, which causes the production of specific IgA
antibodies. Such stimulation may occur through
the production of short-chain fatty acids by the
microbiota.®

The gut microbiota may also affect the
development of oral tolerance and sensitization to
food antigens. A greater presence of Clostridia and
Firmicutes phylum species was related to cow’s
milk protein allergy in babies. The administration
of casein formulas supplemented with LGG to
babies with cow’s milk protein allergy led to the
enrichment of butyrate-producing species, thus
promoting tolerance. Supplementation with LGG
reduces the risk for other allergic manifestations.*

L. rhamnosus GG is one of the most frequently
studied probiotics for these conditions. To assess
whether atopic dermatitis may be prevented in
the first years of life, a study was conducted in
159 pregnant women with a family history of
allergy. Participants received LGG (10" CFU) or
placebo every day for 2-4 weeks before giving
birth. After birth, LGG was administered to the
mother, who was exclusively breastfeeding, or
to the baby for 6 months. The incidence of atopic
eczema in the LGG group reduced significantly.>*
The infants born to mothers who received LGG
had a lower risk for atopic dermatitis in their first
2 years of life.”

Even with such extent of evidence, further
studies are required because a systemic review
of 29 clinical studies established that there is
not enough evidence to recommend the use of
probiotics in the primary prevention of allergic
disease, such as asthma or allergic rhinitis.
However, the authors suggested their use in
pregnant/breastfeeding women with a history
of allergy.*

PROBIOTICS IN PRETERM INFANTS

In recent years, the industry of infant
formulas has focused its efforts on research
and development of the main factors
responsible for the functional effects of human
milk (oligosaccharides, microorganisms, and
metabolites), and the addition of probiotics and
prebiotics has demonstrated to be beneficial
for the prevention of allergic disease during
childhood."

A preterm newborn infant represents an
adequate model of vulnerability of the positive
factors needed for the development of a healthy

gut microbiome due to intestinal immaturity,
C-section, antibiotic use, and heterologous
feeding; for these reasons, nutritional strategies
to improve it have been studied,**° including
probiotics. A systematic review with meta-
analysis about probiotic use in preterm infants
with a very low birth weight (30 randomized
studies and 14 observational studies) showed
favorable results across all analyzed variables
(lower development of severe enterocolitis,
late-onset sepsis, and mortality), although
these studies were done using different
microorganisms, alone or combined, and diverse
dosages.”!

Another systematic review in 4527 newborn
infants born with less than 37 weeks of gestation
showed that probiotic use was favorable to reduce
the duration of exclusive enteral feeding. That
study also showed positive effects on weight
gain and postprandial mesenteric blood flow,
although different strains and dosages were used,
which does not allow to generalize the outcomes
to all probiotics.”> However, there is consensus
about the absence of complications resulting from
probiotic use in preterm infants; therefore, such
broad margin of safety is a very important aspect
to be taken into consideration.

The use of LGG in 640 newborn infants with
a very low birth weight (less than 1500 g) in the
same unit for 8 years showed a higher incidence
of severe necrotizing enterocolitis (NEC) after
the use of this strain (10.2% versus 16.8%), but no
sepsis events were reported.”

In a recent publication, the ESPGHAN
Working Group for Probiotics and Prebiotics and
its Committee on Nutrition established a cautious
position about the use of probiotics in preterm
infants because they considered that the evidence
lacked robustness. In addition, they suggested
the need to establish the difference between each
probiotic type used, the moment of initiation,
dosage, and vehicle (human milk or formula)
and emphasized the need to conduct further
studies.” On the contrary, another recent report
by the American Gastroenterological Association
recommends using probiotics in preterm infants
born at less than 37 weeks of gestation and
with a low birth weight, including LGG among
recommended strains, and analyzed parameters
such as NEC, overall mortality, late-onset sepsis,
and stay in the NICU.®

Ultimately, the current evidence is very
promising in relation to probiotic use in the field
of neonatology in preterm newborn infants, to
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reduce the incidence of main complications, e.g.,
NEC, late-onset sepsis, and overall mortality, with
reliable safety margins. However, the specific
probiotic to be used, alone or in combination,
the time of treatment initiation and end, and the
adequate dosage are yet to be determined. In
addition, probiotic use in newborn infants with
a very low birth weight (less than 1000 g) is still
a mystery.

The microbiome of newborn infants is a large
community of microorganisms developed in a
symbiotic manner and in close relationship with
the intestinal immune system. In addition to the
potential use of probiotics, general neonatology
practice for the management of these patients
should be reviewed globally to facilitate the
development of healthier bacterial species.

MECHANISM OF ACTION OF PROBIOTICS

Probiotics may affect the intestinal
microorganism by acting on the mucosal immune
mechanisms, interacting with commensal
or potentially pathogenic microorganisms,
generating metabolic products or communicating
with the host’s cells using chemical signal
produced by its metabolism. It has been estimated
that these phenomena may explain most of the
benefits described for probiotics.

The most relevant mechanisms of action of
probiotics include the resistance to pathogen
colonization because they may temporarily
occupy functional niches left vacant in
the residing microbiota, thus preventing
opportunistic infections, or may modify the
local environment through the production of
short-chain fatty acids, lactic acid, bacteriocins,
and reactive oxygen species to inhibit pathogen
growth.®

Certain probiotics contribute to a greater
availability of vitamin K, vitamin B12,
pyridoxine, biotin, folic acid, nicotinic acid,
and thiamin.” Some strains may be considered
immunostimulatory due to their ability to induce
natural killer cell-mediated immunity.*® Others
may be considered antiinflammatory due to
their ability to induce interleukin-10.% Probiotics
may also activate local macrophages, increasing
antigen presentation to B cells and stimulating
IgA secretion.®

Particularly, among the mechanisms of
action described for LGG, it is worth noting
that polysaccharides and pili present on its
surface allow it to adhere to and temporarily
colonize the intestinal mucosa. LGG is able to

produce both a biofilm that can mechanically
protect the mucosa, and different soluble factors
beneficial to the gut by enhancing intestinal crypt
survival, diminishing apoptosis of the intestinal
epithelium, and preserving cytoskeletal integrity.
Moreover, thanks to its lectin-like protein 1 and 2,
LGG inhibits some pathogens such as Salmonella.
LGG is able to stimulate a non-specific immune
response mediated by IgA, IgG, and IgM and
CD4+ T cell-dependent immune response and,
at the same time, promote T,1 immune response
by reducing the expression of several activation
and inflammation markers on monocytes and
increasing the production of interleukin-10,
interleukin-12, and tumor necrosis factor-a in
macrophages.®!

CONCLUSIONS

Preterm birth, low birth weight, elective
C-sections, antibiotic use, and limited
breastfeeding, among other factors, contributed
to the increase in noncommunicable diseases
among children. Probiotic use emerges as a safe
microbiological strategy in pediatrics for the
promotion of intestinal immunity.

L. rhamnosus GG (LGG) and S. boulardii
have proven to be safe and effective for the
prevention of acute diarrhea and antibiotic-
associated diarrhea, shortening their duration
and reducing their symptoms. In the case of
infant colic, both L. reuteri DSM 17938 and LGG
can significantly reduce its duration. In relation
to the prevention of atopic dermatitis, LGG
administered during pregnancy demonstrated to
reduce its development in the infant.

Although further evidence is required
about the therapeutic and preventive effects of
probiotics on food allergies, the studies available
to date suggest that the use of LGG in infant
formulas for cow’s milk protein allergy would
promote an earlier tolerance acquisition. B
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