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SUMMARY

In the critical phase of immunological immaturity of the newborn, particular-
ly for the immune system of mucous membranes, infants receive large amounts
of bioactive components through colostrum and breast milk. Colostrum is the
most potent natural immune booster known to science. Breastfeeding protects
infants against infections mainly via secretory IgA (SIgA) antibodies, but also
via other various bioactive factors. It is striking that the defense factors of hu-
man milk function without causing inflammation; some components are even
anti-inflammatory. Protection against infections has been well evidenced dur-

ing lactation against, e.g., acute and prolonged diarrhea, respiratory tract in-
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fections, including otitis media, urinary tract infection, neonatal septicemia,
and necrotizing enterocolitis. The milk’s immunity content changes over time.
In the early stages of lactation, IgA, anti-inflammatory factors and, more like-
ly, immunologically active cells provide additional support for the immature
immune system of the neonate. After this period, breast milk continues to
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protection and nutrition. The need to encourage breastfeeding is therefore jus-
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INTRODUCTION
The neonatal period is particularly critical because after
birth babies are immediately exposed to a large number
of microorganisms. The high morbidity and mortality
rates observed during the first months of life due to in-
fectious diseases such as otitis media, upper and lower re-
spiratory tract infections, gastroenteritis, sepsis, and men-
ingitis are due, among other factors, to significant
quantitative and qualitative deficiencies in various com-
ponents of the immune system (Table 1).! To compen-
sate for this immunological immaturity inherent to the
fetal and neonatal periods and the first months of life,
nature has developed adoptive protection mechanisms
provided by the mother, represented by i) the transpla-
cental transfer of antibodies, ii) anti-infective resistance
factors in the amniotic fluid, and iii) in extrauterine life,
colostrum and milk.?

Colostrum (milk produced during the first days af-
ter birth), in addition to being a rich source of nutrients,

IgA production is insignificant.

Keywords: human milk, secretory IgA antibodies, infections, term newborn, pre-

contains high concentrations of various protective fac-
tors with anti-infective action, such as enzymes (lyso-
zyme, lactoferrin etc.), immunoglobulins, cytokines,
complement system components, leukocytes, oligosac-
charides, nucleotides, lipids, and hormones that inter-
act with each other and with the mucous membranes of
the digestive and upper respiratory tracts of infants, pro-
viding passive immunity as well as stimulation for the
development and maturation of the infant’s immune
system (Table 2).3

The antimicrobial factors present in colostrum and
milk have some common characteristics, such as resis-
tance to degradation by digestive enzymes, protection of
the mucosal surfaces and elimination of bacteria with-
out initiating inflammatory reactions.” The presence of
various bioactive components in breast milk with multi-
functional and anti-inflammatory properties provides
wide evidence to support the recommendation of exclu-
sive maternal breastfeeding (defined as the exclusive con-
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TABLE 1 Immature components of the immune system at birth and during childhood.

Innate immune system

Monocytes and denderitic cells: Lower expression of co-stimulatory molecules and MHC class Il in response to stimulation via Toll-like receptors
(TLRs); lower production of IL-12 and IFNs type |, responsible for the response against intracellular pathogens; similar or higher levels of

production of pro-inflammatory cytokines and IL-23.

Neutrophils: Small reservoir of progenitor cells; inadequate chemotaxis, adhesion and migration.

Complement system: Low concentrations of various components, particularly C9; predominance for activation via alternative pathway.

Natural killer cells: Lower cytolytic capacity against many types of target cells, including cells infected with herpes simplex virus and cytomegalovirus.

Adaptive immune system

High numbers of lymphocytes in the peripheral blood, both in percentages and absolute numbers, in the first years of life.

Spleen and lymph nodes: The thymus and secondary lymphoid organs grow rapidly in the first years of life, reaching their maximum size in
adolescence, and then regress; spleen is already well developed at birth; the lymph nodes and lymphoid tissue associated with mucous membranes

have reduced dimensions.

T cells: High proportion of naive (high expression of CD45RA and L-selectin) T cells in the early years of life; intrinsic immaturity of CD4"T cells,
with lower capacity to perform effector functions and turn into memory cells (gradual acquisition of memory T cells throughout childhood);
deviation of response to the Th2 type; limited activity of antibody-dependent cell-mediated cytotoxicity; low B cell stimulation and subsequent

production of antibodies and isotype switch.

Regulatory T cells: High presence of naive Treg cells.

B cells: Predominant naive phenotype; limited repertoire of antibody production.

Antibodies: IgG levels (acquired by placental transmission) equivalent or higher than the maternal levels and catabolized during the first months;
limited production of IgG1 and 1gG3 (mature at about 1-2 years of age); IgG2 production begins after 2 years of age and matures at the end
of childhood, with a low response to polysaccharide antigens; IgG4 production matures at about 3-7 years of age; low levels of serum IgA,
reaching adult concentrations around 12 years of age; secretory IgA reaches half of the adult values in the second semester of life and equivalent

levels to those of adults only between 2 and 4 years of age.

TABLE 2 Bioactive factors of colostrum and breast milk.

Soluble components Cellular components Microbiota

Antibodies (especially secretory IgA) *(10* to 10° cells/mL in the colostrum) (8 x 10* to 8 x 10° bacteria/800 mL/day)

Free secretory component (10° cells/mL in mature milk) ?Main genera:
Lysozyme Lactobacillus
Lactoferrin Neutrophils Staphylococcus
Lactoperoxidase Macrophages Streptococcus
K-casein CD4'T cells Enterococcus
o-Lactoglobulin CD8'T cells Bifidobacterium
Haptocorrin TYS cells Kocuria
Osteoprotegerin B cells Lactococcus
sCD14 NK cells Leuconostoc
Hormones Epithelial cells Pediococcus
Growth factors Propionibacterium
Cytokines and chemokines Rothia

Lipids Weissella

Nucleic acids
Oligosaccharides

Antioxidant factors

* Adapted from Barros and Carneiro-Sampaio, 1984;% T adapted from Heikkila and Saris, 2003;”' ¢ adapted from
Fernandez et al., 2013.73
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sumption of breast milk and no other liquids or food)
within one hour after birth and during the first 6 months
of life for all healthy women and children.®

PROTEIN COMPONENTS OF HUMAN MILK

Secretory IgA antibodies

Human milk has antibodies directed at numerous patho-
gens with which the mother has had contact throughout
life, somehow representing an immunological memory.®
These antibodies constitute the majority of the protein
content of this secretion in the first days of lactation. An-
tibody concentrations fall throughout lactation; however,
the amount of immunoglobulins received by the child re-
mains unchanged due to the increased milk intake.” Al-
though all immunoglobulin isotypes are found in colos-
trum and milk, secretory IgA (SIgA) is considered the
most important, both in relation to its concentration and
biological properties.® SIgA antibodies in breast milk are
essential in the defense of the mucous membranes. These
antibodies effectively prevent the entry of microorgan-
isms in the tissues, they are anti-inflammatory and do
not consume energy during the reaction.°

IgM antibodies are the second most abundant im-
munoglobulin in human colostrum, at concentrations
of up to 2.5 mg/mL. High avidity IgM antibodies reactive
with viruses and bacteria may play an important role in
protecting the mucosal surfaces of infants. IgG is found
at low concentrations in human milk, around 0.1 mg/mL
(10% of serum values) and, in addition to neutralizing ac-
tivity, has opsonizing activity that can activate the com-
plement system and antibody-dependent cytotoxicity,
which is not thought to be strongly present on the in-
fants’ mucosal surfaces.?

SIgA is responsible for 80 to 90% of total immuno-
globulins in human milk, and infants fed exclusively with
breastfed receive around 0.3 g/kg/day of this protein,
where only around 10% is absorbed in the intestines and
transferred to the bloodstream, that is, its action is fun-
damentally local.'"'* The role of SIgA and, to a lesser ex-
tent, SIgM is to act locally on the newborn’s intestine as
a first line of defense directed at foreign antigens. As a re-
sult, SIgA molecules remain active throughout the new-
born’s gastrointestinal tract and impact the binding of
commensal or pathogenic microorganisms, toxins, virus-
es, and other antigenic materials, such as lipopolysaccha-
ride (LPS), preventing their adherence and penetration
into the epithelium without triggering inflammatory re-
actions that could be harmful to the newborn, a mecha-
nism known as immune exclusion. High-affinity dimer-
ic IgA and pentameric IgM antibodies transported by the

pIgR may even inactivate viruses (e.g. rotavirus and influ-
enza) within epithelial cells and carry these pathogens
and their products back into the lumen, thereby avoid-
ing cytolytic damage to the epithelium.”® In individuals
with selective IgA deficiency, SIgM antibodies are of great
importance, since they constitute a compensation mech-
anism for the lack of SIgA in the mucous membranes,
and are present at high levels in these secretions.'*
Figure 1 shows an immunochemical test (Western
blotting) in which IgA antibodies from the colostrum re-
main viable in the feces of an exclusively breastfed new-
born, and, in this particular case, are able to bind to anti-
gens originating from enteropathogenic Escherichia coli."s
This technique demonstrates that SIgA antibodies were
not destroyed by digestion and that they protect the entire
intestinal tract. Thus, the effect of dimeric IgA antibodies
produced locally would promote the inhibition of exces-
sive colonization of microorganisms from the mucous
membrane, as well as the penetration of soluble antigens.

sc-gq, .
6r- M » 't.
‘3. i
.- |
3)- —~ : .
201.
144.- = ! _
A BHGH D E

Figure 1 Western blotting reaction performed with enteropathoge-
nic E. coli (EPEC) antigens that reacted with samples of human
colostrum (samples A, B, C and E) and a stool sample from an
exclusively breastfed five-day old newborn (D) (colostrum - sample E).
Note that there are distinct EPEC antigen recognition patterns in the
colostrum samples from different mothers (A-C). Sample D reveals
that there are intact IgA antibodies in the feces of the breastfed
newborn that recognize certain EPEC antigens, including intimin

(94kDa), an important bacterial adhesin."

586

Rev Assoc Mep Bras 2016; 62(6):584-593



IMMUNOLOGY OF BREAST MILK

Free secretory component

Free secretory component (SC), which is particularly abun-
dant in breast milk, can block epithelial adhesion and
therefore limit infection by enterotoxigenic Escherichia
coli,*s Salmonella typhimurium,"” and pneumococcus,'® as
well as inhibit the effect of bacterial toxins such as Clos-
tridium difficile toxin A.*°

Lysozyme and lactoferrin
Major enzymes present in colostrum include lysozyme and
lactoferrin. Lysozyme is an enzyme capable of degrading
the outer wall of Gram-positive bacteria, as it hydrolyzes
B-1,4 bonds from the residues of N-acetylmuramic acid
and N-acetylglucosamine.?’ Lysozyme also has the ability
to kill Gram-negative bacteria in vitro, acting synergistical-
ly with lactoferrin, which binds to the lipopolysaccharide
in the outer bacterial membrane, removing it and allow-
ing lysozyme to access and degrade the internal proteogly-
can matrix of the membrane, thereby killing the bacteria.?!
Lysozyme is also reported as having antiviral activity.??
SIgA and lactoferrin correspond to 26% of the pro-
tein content of breast milk, resulting in a lactoferrin con-
centration of approximately 1 g/L in mature milk and 7
g/L in colostrum.? It has a bacteriostatic function in the
intestinal mucosa of the newborn, by binding with the
iron present in the child’s digestive system, preventing
the growth of various pathogens. In addition, it has a di-
rect cytotoxic effect against bacteria, viruses, and fungi
and carries out immunomodulatory functions, helping
to limit excessive immune responses by blocking many
inflammatory cytokines such as IL-1f, IL-6, TNF-o. and
IL-82*2¢ while also stimulating the activity and develop-
ment of the child’s immune system.?” Part of lactoferrin’s
activity is attributed to the formation of lactoferricin, a
potent cationic peptide with bactericidal activity formed
during the digestion of lactoferrin.?®

Lactoperoxidase

Lactoperoxidase, in the presence of hydrogen peroxide
(formed in small amounts by the cells), catalyzes the ox-
idation of thiocyanate (present in saliva), forming hypo-
thiocyanate that can kill both Gram-positive,” as well as
Gram-negative bacteria.*

K-Casein

K-casein, a small subunit of casein present in breast milk,
is a glycoprotein that contains charged sialic acid resi-
dues and presents inhibitory activity for adhesion by He-
licobacter pylori to the human gastric mucosa by acting as
a soluble receptor analogue of epithelial cell surfaces.’!

o-Lactalbumin

It has been shown that various hydrolysis products of ca-
sein and a-lactalbumin have antimicrobial activity against
E. coli, Klebsiella pneuwmoniae, staphylococcus, streptococ-
cus, and C. albicans.** a-Lactalbumin in human milk also
has the property of binding to oleic acid and, after the re-
lease of Ca* ions and conformational change, it forms a
compound called HAMLET (human o-lactalbumin made
lethal to tumor cells).*

Haptocorrin

It has been suggested that the haptocorrin protein pres-
ent in human milk has the property of binding to vita-
min B12, making it inaccessible for bacterial growth. It
has been shown that both haptocorrin exposed to diges-
tive enzymes as well as undigested haptocorrin inhibit
the growth of a strain of enteropathogenic E. coli at sim-
ilar levels, suggesting this protein contributes to defense
against infections in breastfed children.>

Osteoprotegerin

Osteoprotegerin is found in the epithelial cells of the mam-
mary gland and in human milk at concentrations up to
1,000 times higher than those found in human serum.® It
can bind to TNF-related apoptosis-inducing ligand (TRAIL)
and induce caspase-dependent apoptosis, especially in Th1
cells, which is supposed to be important to regulate the
balance of Th1/Th2 in the development of the immune
system in newborns.*

Soluble CD14 (sCD14)

Colostrum and breast milk contain high levels of the sCD14
molecule, exceeding the concentration found in the serum
more than 20 times.’” This component affects the mod-
ulation of innate and adaptive immune responses in the
intestine during bacterial colonization and thus controls
homeostasis in the newborn’s intestine.®

HORMONES AND GROWTH FACTORS

Hormones and growth factors are among the bioactive
components found in human milk. Some hormones may
have a direct effect on breast and on milk production (in-
sulin, steroids, prolactin), while others may contribute to
the growth, differentiation, and development of various
tissues in the infant.* The various growth factors (epi-
dermal growth factor, nerve growth factor, insulin, TGF-a,
TGF-B, relaxin and insulin-like growth factor) particular-
ly influence the growth and development of the gastro-
intestinal tract but may have some effect on glucose lev-
els and systemic growth.
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Colostrum and breast milk contain colony stimulat-
ing factors (CSF), responsible for regulating the prolifera-
tion, differentiation, and survival of milk neutrophils and
macrophages, such as GM-CSF (granulocyte-macrophage
colony stimulating factor), M-CSF (macrophage colony
stimulating factor) and G-CSF (granulocyte-colony stim-
ulating factor). GM-CSF,* M-CSF*! and G-CSF have been
isolated from human milk at concentrations ranging from
45 to 1551 pg/mL,* while the plasma concentrations are
significantly lower and less variable (10.5+4.5 pg/mL).

CYTOKINES AND CHEMOKINES

Cytokines in human milk may have an immunostimu-
latory or immunomodulatory effect on phagocytic cells
and on lymphocytes involved in developing the specific
immune response of the child, acting in the prevention
of allergies and hypersensitivities. They may also target
the cells of breast milk itself, promoting activation, phago-
cytosis stimulation and antigen presentation; inducing
growth, differentiation and production of immunoglob-
ulin by B cells; increasing thymocyte proliferation; and
the suppression of IgE production.®

Certain cytokines such as IL-6 and TNF-a are associ-
ated with regulating the development and functions of the
mammary gland, and others, such as IL-1 and IFN-y, in-
fluence the production of defense agents, SIgA, or other
cytokines by the mammary gland.** IL-10 is an important
anti-inflammatory and immunoregulatory cytokine pres-
ent in high concentration in both the aqueous phase and
in the lipid layer of breast milk. Like IL-10, TGF-f (trans-
forming growth factor-f3) has important immunomodu-
latory properties, such as stimulating intestinal matura-
tion and defense of the newborn; involvement in switching
from IgM to IgA in B lymphocytes; immunoglobulin pro-
duction in the mammary gland and the gastrointestinal
tract of the newborn, and induction of oral tolerance. Its
suppressive effect on T cells has been associated with a pos-
sible role in the prevention, or at least suppression of the
onset of allergic diseases in breastfed infants.*

CXC chemokines, potent activators of neutrophils,
are present in large quantities in breast milk, and have
chemotactic activity for intraepithelial lymphocytes and
play an important role in the host’s defense against bac-

terial and viral infections.*¢-#8

LipiDs
The fat content of breast milk is 3-4 g/L in colostrum and

transition and mature milk, with 93-97% of lipids in the
form of triglycerides. It has been demonstrated that in

addition to their nutritional and development benefits,
milk fats perform antimicrobial activity in the intestine
of infants.* Free fatty acids (FFAs) and monoglycerides,
the digestive products of triglycerides, have a lytic effect
on several viruses.*** FFAs also have an antiprotozoal ef-
fect, particularly against Giardia. The passive protection
of breast milk may also be provided by components pres-
ent in the milk fat globules, such as mucins, which can
prevent the binding of pathogens in the stomach and
small intestine of the infant.>%*

NucLEic Acips

Nucleotides, nucleosides, nucleic acids, and related prod-
ucts constitute around 15 to 20% of the non-protein ni-
trogen content in breast milk. In vitro and in vivo experi-
ments suggest a variety of different functions for
ingested nucleotides: increasing iron absorption; increas-
ing the growth of Bifidobacterium; increasing the growth,
development, and repair of the gastrointestinal mucosa;
and increasing NK cell activity and IL-2 production.®

CARBOHYDRATES

Carbohydrates in breast milk include lactose and oligo-
saccharides as the main components, as well as glycocon-
jugates. As with most components of breast milk, oligo-
saccharides are found at high concentrations in colostrum
(approximately 22 g/L), and are less abundant in mature
milk (12 g/L).*® The types of oligosaccharides present in
the milk also change during lactation and the concentra-
tion tends to decrease during breastfeeding.’”

The factor that promotes the growth of lactobacilli
and bifidobacteria, which in turn inhibit the growth of
pathogenic microorganisms by decreasing intestinal pH,
was originally described as bifidus factor, but currently
one of the substances identified as promoting this growth
is N-acetyl-glucosamine.*® Subsequently, various oligosac-
charides with similar action have been identified, but it is
possible that proteins in the milk also show this prebiot-
ic activity.>

ANTIOXIDANT FACTORS

There are various antioxidants in human milk that can
eliminate free radicals and thus limit the damage caused
by oxidative stress. These compounds include a-tocoph-
erol,** B-carotene,*! cysteine,**ascorbic acid,! catalase, and
glutathione peroxidase.®® In vitro studies have demonstrat-
ed that breast milk degrades naturally-occurring hydro-
gen peroxide, as well as that produced by neutrophils,
possibly due to their catalase content.®

588

Rev Assoc Mep Bras 2016; 62(6):584-593



IMMUNOLOGY OF BREAST MILK

BREAST MILK CELLS

As they contain viable leukocytes, colostrum and breast
milk differ from most other secretions. The concentra-
tion of these leukocytes is higher in colostrum and de-
creases during the first month of lactation, meaning that
mature milk contains just 2% of the colostrum cell con-
centration, resulting in approximately 10° to 10° cells/mL
in colostrum and 10° cells/mL in mature milk. Apart from
epithelial cells, macrophages (32.6%) and neutrophils
(45.1%) are present at a greater quantity in relation to lym-
phocytes (21.3%), the latter represented mainly by CD3*
T cells (83%), almost equally distributed between CD4*
and CD8",% as well as Tyd" cells (11%), CD16" NK cells
(3-4%), and B cells (2%).°

More recent studies suggest that the number of mac-
rophages in breast milk has been overestimated, as only
a small proportion of these cells contains the character-
istic surface markers of macrophages, such as CD14.% In
fact, macrophages may only represent 15% of breast milk
leukocytes. It has been demonstrated that SIgA has the
capacity to opsonize particles and microorganisms, en-
hancing phagocytic and microbicide activities through
increased superoxide anion production by the phagocytes
in the colostrum.®”

Breast milk T cells differ both in relative abundance
and quality when compared to the T cells found in periph-
eral blood.®® The largest proportion of TCD8" TCRYd" (ex-
pressing L-selectin, integrin a437, MAACAM-1) compared
with the blood suggests that these cytotoxic T cells (CD8")
carry out selective homing from the mucosal immune sys-
tem to the mammary gland.®®% CD4" T cells in the breast
milk are also present in an activated state and express
CD45RO, a surface protein associated with immunologi-
cal memory. More than 70% of the B cells in breast milk
are CD27'IgD" switched memory cells primed to secrete
antibodies with overrepresentation of large-sized B cells,
plasmablasts, and plasma cells, which do not express the

complement receptor.'>”°

HumMAN MILK MICROBIOTA

More recently, several studies have shown that colostrum
and breast milk are continuous sources of commensal
and potentially probiotic bacteria for the infant’s intes-
tine. This is an important finding given that intramam-
mary breast milk has traditionally been considered ster-
ile. In fact, human milk is a major source of bacteria for
the intestine of infants, given that a baby that consumes
approximately 800 mL/day of milk ingests approximately
1x 10°and 1 x 107 bacteria per day.”" Several studies have
shown that there is a transfer of bacterial strains through

breastfeeding, at least for the genera Lactobacillus, Staphy-
lococcus, Enterococcus, and Bifidobacterium,” although re-
cent techniques of microbial identification based on py-
rosequencing of the 16S rDNA gene have enabled the
identification of several other species (Table 2).7

It has been observed that the administration of strains
of Lactobacillus from breast milk to 6-month old babies
led to reductions of 46, 27 and 30% in the frequency of
gastrointestinal, upper respiratory tract and total num-
ber of infections, respectively.”

BREAST MILK AND PROTECTION

AGAINST INFECTIONS

Several epidemiological and experimental studies have been
conducted to investigate the effect of human milk against
different organisms involved in respiratory and gastroin-
testinal infections. These studies have demonstrated that
human milk has antibodies against Shigella, Salmonella ty-
phimurium, Campylobacter, Vibrio cholerae, Haemophilus influ-
enzae, Streptococcus pnewmoniae, Bordetella pertussis, respira-
tory syncytial virus, HIV, and other pathogens.””

Epidemiological data indicate that exclusively breast-
fed children are better protected against a variety of in-
fections’® and apparently also against celiac disease in
childhood”” as well as allergies and asthma,’® although
studies on the latter issue still show discrepant data.”>
It is known that the risk of death from diarrhea can be
reduced from 14 to 24 times in infants fed human milk,
and that the frequency of diarrhea increases as the milk
is replaced by other sources, until full weaning.5!

This effect is illustrated in a study conducted in Bra-
zil showing that exclusive breastfeeding reduces the risk of
death from diarrhea by 14.2 times, whereas partial breast-
feeding is associated with a reduction of 4.2 times, both
compared to the group that was not breastfed.®*

SIgA antibodies present in the colostrum and milk
of Brazilian women have an important role in protecting
against infections by enteropathogenic E. coli (EPEC). The
first experiments demonstrated the strong capacity of co-
lostrum (48 to 72 hours after delivery) and milk (from
the 7 30 e 60 days of lactation) samples from moth-
ers in the city of Sdo Paulo to inhibit in vitro EPEC adher-
ence to HEp-2 cells (Figure 2).% Next, it was demonstrat-
ed that SIgA was the primary mediator of bacterial
inhibition, and that these antibodies alone, which are re-
active with intimin, the main adhesin in EPEC, responsi-
ble for the binding of the bacteria to enterocytes, were able
to strongly inhibit the adhesion of EPEC to the HEp-2 cells
mentioned above. In turn, all samples of colostrum and
milk from the mothers studied presented antibodies for
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Figure 2 A. Photomicrograph of the appearance of the adherence of enteropathogenic E. coli (EPEC) on human epithelial cells in a culture of

the HEp-2 cell lineage, where adhesion of bacteria can be observed in almost 100% of the cells in an adhesion pattern characteristic of EPEC

called localized adherence, and (B) the inhibitory effect of the “pool” of human colostrum on EPEC adhesion to HEp-2 cells, where it can be

noted that almost 100% of the HEp-2 cells are free of bacteria. 1,000 times magnification.

intimin and other virulence factors of EPEC.!58+8 Simj-
lar data were found in samples of mothers of term new-
borns with low birth weight and premature babies.®”

As a result of the concern for low birth weight new-
borns or premature infants, who often require banks of
breast milk, the possibility of changing the biological
properties of colostrum and milk was investigated after
being subjected to the usual treatments of pasteurization,
lyophilization, and exposure to microwaves.® These treat-
ments did not alter the ability to inhibit bacterial adhe-
sion, although pasteurization partially reduced the total
IgA level and the level of anti-EPEC antibodies.®* When
neutralizing the virulence factors of EPEC, these antibod-
ies protect the infant’s intestine against colonization and
infection, and may also protect children against the sys-
temic effects of LPS by inhibiting the absorption of the
bacterial endotoxins involved in septic shock.”

In a study conducted with a sample of colostrum from
one parturient woman with IgA deficiency, inhibitory ac-
tivity was observed both for adhesion of EPEC and inva-
sion of enteroinvasive E. coli (EIEC) in HEp-2 cells, at lev-
els equivalent to normal control colostra. Furthermore, a
high level of SIgM has been described in this secretion,
which could represent a compensatory phenomenon to
the SIgA deficiency.”!

The inhibitory activity on the adhesion of shiga-like
toxin-producing E. coli (STEC), enteroaggregative E. coli
(EAggEC), enterotoxigenic E. coli (ETEC), and the invasion
of EIEC has been further demonstrated in other studies.?>

The role of breast milk in the protection against ro-
tavirus infection is still unclear, as in some cases a delay
is observed in the development of the disease, while in

others the infections are asymptomatic.”® However, a de-
lay in the appearance of rotavirus in the feces has been
reported when associated with high levels of SIgA anti-
bodies in the milk.””

In relation to respiratory infections, studies investigat-
ing the protective ability of breast milk against otitis me-
dia have demonstrated effective protection against acute
and prolonged infections.”*!% It is also suggested that
breastfeeding may protect against upper respiratory tract
infections, but this role still lacks confirmation.'”" A study
conducted in the United States, comparing the effects of
exclusive breastfeeding for 4 and 6 months on the appear-
ance of pneumonia and otitis revealed a reduction of these
infections in the group that was breastfed for 6 months

compared to the group breastfed for 4 months.'”

BREAST MILK AND PROTECTIVE EFFECT ON
PREMATURE OR UNDERWEIGHT INFANTS
Considering the importance of breastfeeding as an im-
mune supplement for healthy term newborns, it is even
more crucial in the case of prematurity. The main causes
of morbidity, mortality, and sequelae in the long term in
these children are sepsis, meningitis, and necrotizing en-
terocolitis (NEC), but there is evidence that breast milk
oligosaccharides and antibodies can help protect against
these diseases.3%1%

One issue to be discussed is the daily amount of breast
milk ingested and its effect on the incidence of infections.
Two studies on premature newborns have addressed this
issue. Furman et al. found that at least 50 mL/kg/day of
human milk were needed to show a decrease in the rate
of sepsis in very low birth weight infants,'* while Schan-
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ler et al. demonstrated that children who received the
same dose from birth to 90 days old or hospital discharge
showed a reduction in both sepsis as well as NEC rates.'*

BREAST MILK AND LONG TERM PROTECTIVE EFFECT
There are many recent studies investigating a possible
role of breastfeeding on the risk of developing many com-
mon diseases in which inflammation plays a central role
in pathogenesis. There is a wide variety of milk compo-
nents that affect the development and function of the
immune system and that could exert this effect, as has
already been demonstrated for allergic diseases, some
showing protection, others not.!¢1%7

This protective effect in the long term can also be
observed in epidemiological studies that suggest that
human milk lowers the risk of development of autoim-
mune diseases such as type 1 and 2 diabetes mellitus, rheu-
matoid arthritis, celiac disease, ulcerative colitis, and
Crohn’s disease.?

Some studies indicate that breastfeeding has a pro-
tective effect against chronic vascular diseases, including
hypertension, obesity and/or insulin resistance.!%!? A
meta-analysis has shown that breastfeeding protects
against childhood tumors such as acute lymphoblastic

leukemia, Hodgkin’s disease, and neuroblastoma.'!

CoNncLusIoN

Several clinical studies confirm the beneficial effects of
breastfeeding on the growth, development, and anti-in-
fective defense from infancy to adulthood. Breastfeeding
not only provides an ideal nutritional composition for
the newborn but also represents an extraordinary immu-
nological integration between the mother and the infant.
The expansion of knowledge about the immunological
composition of breast milk reinforces the importance of
many components present even in small amounts in this
secretion, which is a perfect food and a supplement with
increasingly recognized immunological value.

Resumo
Imunologia do leite materno

Na fase critica de imaturidade imunoldgica do recém-nas-
cido, em especial do sistema imune de mucosas, o lacten-
te recebe grandes quantidades de componentes bioativos
através do colostro e do leite materno. O colostro é o re-
forco imunoldgico natural mais potente conhecido pela
ciéncia. O aleitamento materno protege o lactente de in-
fecgdes principalmente por meio dos anticorpos IgA secre-

tores (IgAS), mas também por meio de varios outros fato-
res bioativos. E surpreendente que os fatores de defesa do
leite humano ajam sem causar inflamagio e alguns com-
ponentes sdo, de fato, anti-inflamatdrios. A prote¢io con-
tra infec¢des tem sido bem evidenciada durante a lactacio,
combatendo, por exemplo, diarreia aguda e prolongada,
infec¢des do trato respiratério, incluindo otite média, in-
feccdo do trato urindrio, sepse neonatal e enterocolite ne-
crosante. O contetdo imunolégico do leite evolui ao lon-
go do tempo: nas fases iniciais de lactacdo, IgAS, fatores
anti-inflamatérios e, mais provavelmente, as células imu-
nologicamente ativas provém ajuda adicional para o siste-
ma imune imaturo do neonato. Depois desse periodo, o
leite materno continua a adaptar-se extraordinariamente
a ontogenia infantil, as suas necessidades de prote¢do imu-
ne e nutricionais. Entende-se, portanto, a necessidade de
se estimular o aleitamento materno pelo menos durante
o primeiro semestre de vida, periodo em que a producio
propria de IgA secretdria é ainda pouco significativa.

Palavras-chave: leite humano, anticorpos IgA secretores,
infeccOes, recém-nascido a termo, recém-nascido pré-termo.
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