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Breast milk is an essential pillar in the development of the infant's immune system, providing protection against infections and

diseases during the first months of life. At birth, the infant's immune system is immature, making it vulnerable to serious infections.

Maternal immunity is transferred to the fetus through the placenta and continued through breastfeeding, which provides antibodies

(mainly IgA), growth factors and immunomodulatory elements.

The neonatal immune system has limitations in pathogen identification, T cell response and antibody production, which reduces

the effectiveness of vaccines and increases the predisposition to allergies and asthma. Breast milk helps mitigate these effects by

transferring immunoglobulins, transfer factors and complement system molecules, which reinforce passive immunity and modulate

the immune response.

The benefits of breastfeeding transcend childhood, reducing the risk of obesity, type 2 diabetes and cardiovascular disease, as well

as improving the child's cognitive and emotional development. It also protects the mother against breast and ovarian cancer, reduces

hypertension and promotes mother-child bonding.

From an economic and environmental perspective, breastfeeding reduces health costs, resource use and environmental impact.

Promoting breastfeeding should be a public health priority to ensure optimal child development and long-term well-being.
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Introduction

The immune system is the body’s intrinsic defence mechanism
against external pathogens, such as viruses, bacteria and other mi-
croorganisms capable of inducing disease.

It is made up of a network of cells, tissues, and organs, such
as leukocytes, spleen, bone marrow, and lymph nodes, that work
together to identify and eradicate threats before they inflict harm.

The correct operation of this mechanism is crucial for health,
since it not only fights infections, but also contributes to the heal-
ing of injuries, the elimination of compromised cells and the regu-
lation of inflammatory responses.

In many respects, the immune system we are born with is the
result of immune dynamics during pregnancy. To preserve the fe-
tus, the mother must ignore fetal alloantigens, in which half of the
antigens are of paternal origin, and therefore, of indeterminate ori-
gin. This circumstance leads to a scenario of immunosuppression/
regulation during pregnancy, which persists in the initial phases of
life.

Development of the immune system and its evolution

The immune system does not reach full functionality at birth,
which increases our susceptibility to serious infections, with a
high mortality rate. As we move from the sterile environment of
the uterus to the external environment, we are faced with a vari-
ety of pathogens with which we had not previously interacted and

against which we have no protection.

Citation: Jose Luis Fernandez Rojas. “Breastfeeding: A Fundamental Pillar in the Development of the Immune System in Infants". Acta Scientific

Paediatrics 9.2 (2025): 15-20.



Breastfeeding: A Fundamental Pillar in the Development of the Inmune System in Infants

Development of the immune system and its evolution

In many respects, the immune system we are born with is the
result of immune dynamics during pregnancy. In order to preserve
the fetus, the mother must ignore fetal alloantigens (half of the an-
tigens are paternal, therefore of unusual origin). This circumstance
leads to a scenario of immunosuppression/regulation during preg-
nancy, which persists in the initial phases of life.

Safeguarding transfer from mother to infant

The main component of immune protection that is transmitted
from mother to child is antibodies that are transmitted through
the placenta to the fetus, using the neonatal Fc receptor (FcRn), or
through breast milk. The predominant transferred immunoglobu-
lin is IgA, which plays its role on mucosal surfaces, where it can
inhibit pathogen penetration. However, other crucial factors are
also transferred, such as complement molecules and commensal
bacteria, which may offer protection against asthma and allergy at

later stages (see complement system).

Characteristics of the immune system in the neonatal stage
characteristics of the immune system in the neonatal stage
Pattern identification: Neonatal responses to pathogen-linked
molecular patterns are restricted compared to adult individuals.
However, the degrees of manifestation of receptors that identify
patterns are analogous. This seems to be attributable to the fact
that signaling molecules play a limited role. As a result, a reduc-
tion in the production of inflammatory mediators, such as interleu-
kin-12 (IL-12) and interferona (IFN-a), is observed. The function
of PRRs increases proportionally with time since birth compared
to “gestational” age, indicating that it is regulated by environmen-

tal exposure and the eradication of maternal influence.

T-cell response: The bias present in the response of neonatal T
cells towards Thelper 2 (Th2) has been corroborated and seems to
be linked to a decrease in [L-12 and IFN-a production by neonatal
antigen-presenting cells (APCs). This can influence the immune re-
sponse to antigens during the early stages of life, potentially trig-

gering an allergic response.

B-cell response: A decrease in antibody generation is observed
during the early phases of life. Specifically, it refers to the reaction
of antibodies in response to the polysaccharide antigen. This is
a significant problem in relation to bacterial infections, to which

neonates are highly susceptible. This failure in antibody produc-
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tion correlates with a number of factors, including decreased T-cell
assistance, fewer follicular and germ dendritic cells, and decreased
signaling across members of the CD40 ligand family.

Consequences of the immune response in the neonatal stage
The immaturity of the immune response in the neonatal stage
has repercussions in three fundamental domains:

e Increased vulnerability to infection. The identification of
pathogens is decreased during the initial phases of life, which
facilitates the invasion of the pathogen to the host. Neonates
have a reduced experience, resulting in an insufficiency of im-
munological memory against infection.

e  Reduced effectiveness of immunizations. As with infections,
the identification of vaccinated antigens as foreign is de-
creased, implying that the induction of protective memory re-
sponses against vaccines is also decreased. Similarly, there is
an influence of maternal-derived antibodies, which can mask
essential vaccine epitopes.

e Evolution of asthma and allergies. It has been hypothesized
that the predisposition to Th2 in the T cell response could lead
to the development of allergic responses to antigens during
the early stages of life.

To enrich this phase of immune immaturity and minimize the
likelihood of infection, mothers provide passive protection to the
child, mainly in the form of antibodies and transfer factors.

A set of biological elements contained in breast milk play a fun-
damental role in the development of the newborn’s immune sys-
tem. These elements include:

e Antibodies: Antibodies, also called immunoglobulins, are
proteins generated by the immune system in response to the
presence of antigens, foreign compounds capable of triggering
an immune response. Antibodies are critical to the immune
system, playing a crucial role in the detection and eradication
of invading pathogens. Their ability to adapt and offer specific
immunity is essential for the protection of the body against in-

fectious diseases. Its attributes and functions will be detailed.

Attributes of antibodies

Structure: Antibodies are proteins of “Y” morphology, made up
of chains of heavy and light amino acids. This structure facilitates
recognition and is binding to particular antigens.
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Classification
There are five primary categories of antibodies in humans, each
with functions and attributes:

e IgG: The most prevalent immunoglobulin in the bloodstream,
it constitutes the largest proportion of immunological pro-
tection against bacterial and viral infections. In addition, it
has the ability to cross the placenta and, in lower amounts in
breast milk, provide protection to the fetus.

e IgA:Itis found in mucous secretions, such as saliva, tears and
breast milk. It safeguards the mucous membranes and tissues
of the respiratory and gastrointestinal system. The primor-
dial antibody present in breast milk, providing protection to
the mucous membranes of the gastrointestinal and respira-
tory tract of the infant.

e IgM: The initial immunoglobulin that is generated in re-
sponse to an infection. It is characterized by its effectiveness
in neutralizing pathogens and activating the complementary
system. It is found in lower proportions in breast milk.

e IgE: Linked to allergic responses and defense against para-
sites. It is associated with allergens and triggers the release
of histamine.

e  IgD: Although its function has not yet been fully understood,
it is located on the surface of B lymphocytes and could be in-
volved in the activation of these cells.

Functions of molecular antibodies

e Neutralization: Antibodies have the ability to neutralize vi-
ruses and toxins by interacting with them, preventing them
from inflicting damage on the body’s cells.

e  Opsonization: [t is the process by which pathogens are most
easily identified and eliminated by immune cells, such as
macrophages.

e Complement System Activation: Antibodies have the ability
to activate a set of proteins present in blood plasma, which
contribute to the elimination of pathogens.

e Passive Immunity: Through maternal transfer, such as in
breast milk, antibodies can offer temporary protection to the
newborn, contributing to the prevention of infections during
the early stages of their development.

e  Transfer Factors: Transfer factors (FTs) are low molecular
weight proteins, derived from leukocytes, which play a role as
modulators and chemical messengers of the immune system.
Due to their low molecular weight, they are not immunogenic
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and, in addition, they do not have a species barrier. They are
abundant in the colostrum of all mammals during the lactat-
ing period, in the eggs of naturally fertilized birds and in cer-
tain types of fungi, with the ability to transfer immunity.

Operation mechanism

Transcription factors function as modulators of the immune

system through the following mechanisms: 2. Immune memory

mediation: They interact with antigen-presenting cells (APCs) and

T lymphocytes, transmitting information about particular patho-

gens.

Promotion of the proliferation and activity of helper (CD4+)
and cytotoxic (CD8+) T cells.

Immune regulation: They balance the responses of Th1 and
Th2 cells, promoting an appropriate response depending on
the immunological context.

Pleiotropic effect: They modulate essential cytokines such as
IFN-y, IL-2 and TNFa, intensifying or inhibiting the immune
response as required.

Growth Factors: They promote the development and matura-
tion of the immune system, as well as other body tissues of the
newborn. It comprises three segments:

Inducing Fraction: Promotes the immune response by ac-
tivating immune cells to identify and counteract pathogens
more effectively, thereby strengthening the body’s defenses.
Suppressive Immune Fraction: Regulates and regulates the
immune response with the aim of preventing exaggerated re-
sponses, such as autoimmune diseases, mitigating inflamma-
tion and protecting tissues.

Specific Antigen Fraction: Houses data on previously iden-
tified pathogens, facilitating a faster and more effective re-
sponse in the event of additional exposure, acting as an “im-

munological memory”.

The benefits derived from transfer factors:

Optimization of the immune response: Transfer factors en-
hance the body’s ability to identify and counteract infections
or pathologies, providing an additional stimulus to the im-
mune defenses.

Immune System Regulation: By transferring immune “mem-
ory,” transfer factors contribute to immune system regulation
by balancing exaggerated or under responses, a crucial aspect
for autoimmune or immunodeficiency conditions.
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e Infection prevention: Transmission factors increase suscep-
tibility to certain infections.

e  The decrease in the immune response leads to an increase in
susceptibility to pathogens and limited responses to vaccines
that are effective in adults, which makes it essential to inves-
tigate specific formulations for the child population. Altera-
tions in neonatal immune function may also affect the later
development of asthma and allergies.

Significance and relevance of the same

In the first year of life, five million children die, of which 1.5 mil-
lion are attributable to an infection. The most prevalent etiologic
factors include respiratory infection and diarrhea. Breastfeeding
has the potential to prevent a considerable number of these mor-
talities, strengthening the immune system of infants.

Breastfeeding is an innate process that offers multiple advan-
tages for both the infant and the mother. Breast milk is a unique,
whole, and balanced food that meets the nutritional requirements
of the infant and plays a fundamental role in its growth and devel-

opment.

Research has shown that breastfed infants have lower rates
of pathologies such as diarrhea, respiratory infections and otitis
media compared to those who feed on infant formulas. This safe-
guard is especially essential during the first months of life, when
the newborn’s immune system has not yet reached maturity and
susceptibility.

Breast milk provides protection against various diseases.

Breast milk contains a high content of immunoglobulins that
safeguard infants against pathologies such as pneumonia, diarrhea,
ear infections and asthma, among other conditions. The impor-
tance of breastfeeding immediately after birth is that the immune
system of newborns has not yet reached full maturity. Breastfeed-
ing is therefore often characterized as “the first vaccine”.

Breastfeeding in the first hour of life decreases the probability
of death in the first month of life by approximately 20%. Neonates
have a highly immature immune system and are highly susceptible.
Breast milk provides immediate protection, as well as boosting the
immune system. In the first month of life, non-breastfed infants are
six times more likely to die compared to those who are; Between
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9 and 11 months, non-breastfed infants are 30% more likely to
die. Suboptimal breastfeeding is estimated to have accounted for
11.6% (804,000) of neonatal deaths in 2011.

Long-term advantages

The advantages of breastfeeding transcend the infant stage.
It has been shown that breastfed infants have a reduced risk of
developing chronic pathologies, such as obesity, type 2 diabetes
mellitus, and cardiovascular conditions later in life. Breastfeed-
ing is also linked to increased cognitive performance and healthier
emotional development, attributable to the intense interaction be-
tween mother and child during the feeding process. According to
Sanchez., et al. (2021).

Breastfeeding contributes to the reduction of health care costs

Research found that for every 1,000 non-breastfed newborns,
there were 2,033 additional doctor visits, 212 additional days of
hospitalization, and 609 additional prescriptions for just three con-
ditions — auditory, respiratory, and gastrointestinal infections. In
the United States alone, if 90% of mothers breastfed exclusively for
six months, it would save $13 billion annually in pediatric health
care costs and prevent more than 900 deaths.

Breast feeding contributes to the prevention of being over-
weight in the child population.

Prolonged breastfeeding can reduce the risk of childhood obesi-
ty and obesity by 12%, thus contributing to the fight against severe
chronic diseases linked to these conditions.

Breastfeeding contributes to the acquisition of greater intel-
ligence in infants

Individuals in adolescence and adulthood who were breastfed
as children show an increase of 2 to 5 points in indicators of in-
tellectual development. Breastfeeding is also correlated with an
increase in academic achievement. Additionally, the practice of
breastfeeding for 6 months, in contrast to 4 months, promotes the

motor development of infants.
Breastfeeding promotes mother-child bonding.
An extended duration of breastfeeding is also correlated with

greater maternal responsiveness and with the emotional security
provided by bonding.
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Breastfeeding contributes to the protection of mothers against
ovarian and breast cancer. Women who do not breastfeed have
a 4% increased risk of developing breast cancer and a 27% in-
creased risk of ovarian cancer. In addition, they have an increased
risk of developing hypertension and cardiovascular pathologies.

Breastfeeding is beneficial for the environment and human
health

Breast milk is characterized by being a natural and renewable
food that does not require packaging, transport or fuel for its prep-
aration. For every one million infants fed infant formula, 150 mil-
lion packages are used, many of which end up in solid waste.

Breastfeeding represents a profitable business

Women are the fastest-growing segment of the workforce.
Breastfeeding decreases absenteeism and costs associated with
health care, boosts employee retention, productivity, and morale,
and contributes positively to public relations. Daily interruptions
to care for sick children are twice as common among mothers of
formula-fed infants.

Breastfeeding contributes positively to the domestic economy

In the United States, if 90% of mothers were able to breastfeed
for at least one year (currently only 23%), $17.4 billion in costs to
society from premature deaths, $733.7 million and $126.1 million
in direct and indirect morbidity costs from the increase in breast
cancer cases could be avoided. Hypertension and myocardial in-
farction.

To conclude, the proposed conclusion will be extrapolated

Breast milk represents an invaluable resource that offers op-
timal nutrition and immune protection to the newborn during its
first months of life. Its nutritional value, in conjunction with trans-
fer factors and antibodies, provides a number of advantages that
promote healthy development and solid growth. The guidelines
regarding the beginning and duration of breastfeeding are explicit:
exclusive breastfeeding should be encouraged during the first six
months of life and persisted for at least one year, supplemented
with foods of high nutritional quality.

Promoting breastfeeding not only offers immediate benefits to
the infant, but it also lays the foundation for a future healthy exis-
tence. Consequently, it is imperative that health professionals and
society as a whole support and promote breastfeeding as a public
health priority [1-24].
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