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Abstract
Objectives:  To  describe  the  ontogeny  of  the  immune  system  and  the  adaptive  mechanisms  of  the
immune system  in  the  neonatal  period,  with  an  emphasis  on  transplacental  antibody  transport
and breastfeeding.
Source  of  data:  Non-systematic  literature  review  in  the  PubMed  database.
Summary  of  the  findings:  The  last  two  decades  have  witnessed  a  great  advance  in  the  knowl-
edge of  the  immune  system  since  conception.  Several  investigation  tools  have  provided  insight
on phenomena  that  were  previously  inadequately  understood.  Still  expanding,  the  functional
and molecular  investigation  of  various  aspects  of  the  immune  system  will  make  it  possible  to
understand  how  intra-uterus  maternal-fetal  exchanges,  the  maternal  microbiota  interacting
with the  fetus  and  newborn,  and  the  acquisition  of  immunological  competence  occur  in  healthy
and disease  scenarios.
Conclusions:  In-depth  knowledge  of  the  development  of  the  immune  system  and  of  the  adaptive
mechanisms  that  allow  a  safer  transition  to  the  extrauterine  environment  are  fundamental
components  of  optimizing  maternal  and  young  infant  vaccination,  as  well  as  the  strategies
associated  with  full  postnatal  development,  and  the  early  diagnosis  and  treatment  of  innate
errors of  immunity.
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mmune system ontogeny

he  immune  system  is  constantly  developing  from  concep-
ion  onwards,  including  in  the  neonatal  period  and  in  the  first
ears  of  life.  This  is  an  ongoing  process  in  which  both  accel-
rated  and  delayed  development  can  harm  the  individual.1

The  fetus  and  newborn  face  a  complex  set  of  immuno-
ogical  demands,  including  protection  against  infection  and
revention  of  inflammatory  and  harmful  immune  responses
hat  can  lead  to  preterm  birth,  as  well  as  balancing  the  tran-
ition  from  a  protected  intrauterine  environment  to  a  world
ich  in  foreign  antigens.2

Until  recently,  it  was  thought  that  the  intrauterine
nvironment  was  completely  sterile.  Recent  studies  have
ontested  this  concept,  as  they  have  described  a  very  small
icrobial  biomass  in  the  placental  tissue,  umbilical  cord
lood,  and  meconium.  In  turn,  methodological  challenges,
ontradictory  results,  and  the  current  immunological  knowl-
dge  still  cast  doubt  on  the  interpretation  of  these  findings.3

However,  it  is  after  birth  that  the  immune  system
eeds  to  act  more  intensely,  as  it  is  exposed  to  differ-
nt  microorganisms.1 The  limited  immune  memory  and  the
eveloping  immune  system  increases  the  newborn’s  vulner-
bility  to  infectious  agents.4 In  this  sense,  innate  immunity
lays  a  major  role  in  the  first  years  of  life,  as  the  adaptive
esponse  is  still  maturing  and  is  only  completed  after  the
rst  decade.

Knowledge  of  the  various  stages  of  the  immune  system’s
ntogeny  is  essential  both  for  understanding  the  increased
isk  of  infections  and  their  complications  in  the  pediatric
ge  group  and  for  suspecting  defects  in  immunological  com-
etence.

mbryogenesis

uring  embryonic  and  fetal  development,  there  is  a con-
inuous  modulation  of  lymphoid  tissue.  The  hematopoietic
ystem,  along  with  the  vascular  and  cardiac  systems,  is  one
f  the  first  to  appear  during  embryogenesis.  The  first  blood
ells,  derived  from  cells  of  the  mesoderm,  are  located  in
he  yolk  sac  in  the  embryonic  phase.  These  primitive  cells
igrate  to  the  anterior  region  of  the  primitive  line  in  the

mbryo,  forming  erythroid  progenitors.  These  early  progen-
tors  are  also  believed  to  be  the  source  of  granulocytes,
acrophages,  and  megakaryocytes.1

Then,  the  fetal  liver  becomes  responsible  for
ematopoiesis,  which  later  occurs  in  the  bone  mar-
ow.  After  seven  weeks  of  gestation,  T-cell  progenitor  cells
hat  express  CD34  receptors  migrate  to  the  thymus,  where
hey  differentiate  and  mature  into  T  cells  with  the  ��
eceptor  (TCR.)5

Smaller  portions  of  T-cell  progenitors  in  the  fetal  liver
ave  ��  TCRs  from  the  sixth  to  the  eight  week  of  preg-
ancy,  and  do  not  migrate  to  the  thymus  for  maturation.
tudies  with  umbilical  cord  blood  demonstrated  that  mul-
ipotent  lymphoid  progenitors  differentiate  to  become  B

ells.4 Figure  1  schematically  presents  the  immune  system’s
ntogeny.

Maturation  and  differentiation  of  fetal  B  cells  involves
he  gradual  activation  of  transcription  factors  and  V(D)J
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ecombination  to  the  origin  of  IgD  and  IgM  molecules  on  the
urface  of  the  B  cell.2

Immune  cells  seed  other  lymphoid  or  peripheral  organs  ---
ncluding  lymph  nodes,  skin,  intestines,  kidneys  and  lungs---
nd  adapt  to  the  environment  of  each  organ.  Several  types
f  immune  cells  develop  and  mature  at  different  gesta-
ional  stages,  which  is  necessary  to  establish  tolerance  and
unctional  response  based  on  developmental  needs.  This
repares  the  developing  embryo  and  fetus  for  exposure  to
he  antigen  during  pregnancy  and  after  birth.5

pigenetics

xposure  to  allergens  and  pathogens  causes  a  change  in  the
ntrauterine  environment,  with  an  impact  on  both  immu-
ity  at  birth  and  immune  maturation  during  the  early  life
f  children.4 Maternal  nutritional  imbalance,  whether  defi-
ient  or  excessive,  can  also  have  a  considerable  effect  on
eonatal  immunity  and  immune  maturation  early  in  life.
utritional  stress  in  mothers  induces  high  stimulation  of
he  hypothalamic-pituitary-adrenal  axis,  which  results  in

 reduction  in  the  weight  of  the  fetal  thymus,  which  in
urn  leads  to  apoptosis  of  thymocytes  and  immature  B  and
cells.  Disorders  in  the  neonatal  immune  system  develop-
ent  caused  by  maternal  nutritional  imbalance  can  result

n  susceptibility  to  infections  at  birth  and/or  late  risk  of
mmune-mediated  or  inflammatory  diseases.4,6

nnate  immunity

he  innate  immune  system  consists  of  granulocytes  (mainly
eutrophils),  antigen  presenting  cells,  natural  killer  cells
NK),  and  ��  T-cells.  These  cells  are  immediately  available  to
ct  efficiently  on  a  wide  range  of  pathogens.  Given  the  lim-
ted  exposure  to  antigens  in  the  intrauterine  environment
nd  the  immature  neonatal  adaptive  immune  response,
ewborns  rely  heavily  on  their  innate  immune  response  for
rotection  against  infection.4

Neutrophils  are  the  main  component  of  the  innate
mmune  system  and  are  responsible  for  the  destruction  of
athogens  during  infection.  Most  human  blood  cells  are
eutrophils  (70%---75%).  However,  neonatal  neutrophils  have
oth  quantitative  and  qualitative  defects.  At  birth,  the  num-
er  of  neutrophils  ranges  from  1.5  to  28  ×  109 cells/L  of
lood,  compared  to  4.4  ×  109/L  in  adults.2,4

In  addition  to  quantitative  deficiencies,  neonatal  neu-
rophils  express  TLR4  at  lower  levels  than  adult  neutrophils;
he  expression  of  TLR2  by  neutrophils  in  neonates  is  simi-
ar  to  that  of  adult  cells.  Signaling  via  the  MyD88  pathways
s  deficient  in  neonates  after  stimulation  of  both  TLR2  and
LR4.  This  decreased  response  is  attributed  to  high  levels  of
denosine  in  neonatal  blood,  which  increases  levels  of  cyclic
MP  (cAMP),  leading  to  inhibition  of  TLR-stimulated  TNF-�
ecretion  (Fig.  2).

As  soon  as  a  neutrophil  detects  a  pathogen,  it  adheres  to
he  vascular  endothelium  and  migrates,  following  a  chemo-
actic  gradient  towards  the  infection  site  to  phagocytize  and

estroy  the  pathogen.  These  events  are  followed  by  neu-
rophil  apoptosis,  in  order  to  avoid  excessive  inflammation.

Neonatal  neutrophils  express  low  levels  of  L-selectin  on
he  cell  surface  and  Mac-1  (CD11b/CD18),  which  causes  a
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Figure  1  Immune  system  ontoge

0%  reduction  in  the  transmigration  of  these  cells  to  infec-
ion  sites.2,4 This  impaired  chemotactic  response  is  due  to
he  reduced  intracellular  calcium  influx  and  altered  actin
olymerization,  limiting  the  ability  of  neutrophils  to  deform
nd  penetrate  the  vascular  endothelial  lining.  Furthermore,
eonatal  neutrophils  do  not  adequately  produce  neutrophil
etworks  (neutrophil  extracellular  traps  [NETs]),  which  are
mportant  in  the  destruction  of  extracellular  bacteria.  In
ddition,  the  NADPH  oxidase  system  and  the  ability  to  gener-
te  hydroxyl  radicals  also  do  not  work  perfectly  on  neonatal
ranulocytes.

All  these  peculiarities  of  neutrophils  early  in  life  make
ewborns  especially  susceptible  to  sepsis.2,4 During  the  first
ears  of  life,  these  cells  undergo  a  maturation  process  that
s  essential  for  the  acquisition  of  immunological  competence
n  the  first  years  of  life.6

The  components  of  the  complement  system  are  ini-
ially  expressed  in  the  fetus  during  pregnancy  and  increase,
eaching  adult  levels  throughout  the  first  12---18  months  of
ife.  The  C  proteins  found  in  the  fetus  under  physiological
onditions  play  a  critical  role  in  the  ability  to  neutralize
ntibodies  and  protect  the  fetus  from  the  maternal  immune
ystem.  Newborns  express  C3  and  C4  fractions  and  total
emolytic  complement  (CH50).  A  deficiency  of  these  factors

4
ncreases  the  susceptibility  to  pre-  or  perinatal  infections.
NK  cells  play  an  important  role  in  the  resolution  of

evere  acute  respiratory  viral  infections  caused  by  influenza
r  respiratory  syncytial  virus.  NK  cell  counts  are  higher

a
E
p
w
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dapted  from  Ygberg  and  Nilsson.1

n  newborns  than  in  adults,  with  increased  expression  of
he  inhibitory  CD94/NKG2A  receptor.  However,  in  general,
eonatal  NK  cells  have  a reduced  functional  capacity  when
ompared  with  adult  NK  cells.4

��  Tcells  are  one  of  the  first  to  respond  to  infections
y  Mycobacterium  tuberculosis  and  Listeria  monocytogenes.
hey  release  large  amounts  of  IFN-� and  exhibit  a  cytotoxic
unction.  They  are  found  in  the  thymus  and  cord  blood.2,4

n  general,  neonatal  ��  Tcells  have  a  low  capacity  for  pro-
iferation  and  production  of  cytokines  when  stimulated,  and
roduce  lower  proportions  of  perforin  and  granzyme  B.4

daptive  immunity

here  are  two  distinct  subsets  of  Tcells  that  express  �/�
nd  �/�  T-cell  receptors  (TCRs).  Cells  that  express  �/�
CRs  in  the  fetal  liver  do  not  migrate  to  the  thymus  for
aturation,  but  play  an  important  role  in  the  protection

gainst  microbial  infections  at  an  early  stage  of  develop-
ent.  A/�  T-cells  migrate  to  the  thymus  for  maturation,

esulting  in  TCR  +  thymocytes  of  the  CD4  +  T  or  CD8  +  T  lin-
age,  which  is  associated  with  later  antigen  recognition  and
-cell  activation.4,6

In  humans,  neonatal  CD4  +  T  cord  blood  cells  prolifer-

te  in  response  to  IL-7  in  the  absence  of  TCR  stimulation.
xperimental  studies  of  neonatal  CD4  +  T  cells  demonstrate
olarization  to  T-helper  2  (Th2)  responses  (IL-4,  IL-5,  IL-10)
ith  decreased  production  of  Th1  cytokines  (IFN-�, IL-2,  and
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Figure  2  Function  of  neonatal  human  monocytes  and  antigen-presenting  cells  at  different  stages  of  intracellular  signaling  path-
ways.
a, High  concentrations  of  adenosine  in  neonatal  blood  plasma  act  through  adenosine  A3  receptors  in  neonatal  mononuclear  cells
to induce  high  intracellular  concentrations  of  cyclic  AMP  (cAMP).  Dependent  and  independent  protein  kinase  A  (PKA)  pathways  can
inhibit the  tumor  necrosis  factor  mediated  by  the  Toll-like  receptor  2  (TLR2),  which  preserves  the  production  of  interleukin-6  (IL-6).
b, Neonatal  monocytes  have  decreased  expression  of  MyD88,  a  key  adapter  molecule  for  TLR-mediated  signaling.  c,  Failure  in  the
nucleosome remodeling  of  the  Il12p35  gene  promoter  contributes  to  the  decrease  in  TLR-mediated  IL-12  p35  production  by  neonatal
dendritic cells  (DCs),  an  example  of  distinct  regulation  of  neonatal  cytokine  production  at  the  chromatin  level.  d,  The  lipopolysac-
charide (LPS)-induced  association  of  interferon  (IFN)  with  regulatory  factor  3  (IRF3)  with  cAMP-responsive  element-binding  protein
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CREB) -  binding  protein  (CBP)  and  DNA  IRF3  binding  are  reduced
dapted from  Levy.6

NF-�). In  turn,  Th17  cells  play  an  important  role  in  the
evelopment  of  immunity  to  bacterial  and  fungal  infections
t  the  level  of  mucosa  and  skin.  Experiments  using  umbilical
ord  blood  cells  have  shown  that  neonates  have  a  very  low
requency  or  complete  absence  of  Th17  cells.2,4

Th1,  Th2,  and  Th17  cells  play  an  important  role  in  the
evelopment  of  immunity  to  intracellular  pathogens  and
xtracellular  parasites,  while  regulatory  T  cells  (Treg)  are
ssential  for  immune  tolerance  and  play  a  crucial  role  in
imiting  excessive  immune  responses  exerted  by  cells  Th1,
h2,  and  Th17.2,4

Neonatal  B  cells  show  no  evidence  of  antigenic  exposure
nd  have  only  a  partially  developed  surface  immunoglobulin
Ig)  repertoire.  The  deficiencies  observed  in  the  production
f  neonatal  antibodies  may  be  due  to  several  intrinsic  char-
cteristics,  such  as  B  cell  immaturity,  poor  B  cell  repertoire,
r  reduced  B  cell  receptor  (BCR)  signaling  strength.2,4

In  summary,  generally,  naïve  B  and  T  lymphocytes  are  pro-
rammed  differently  in  neonates  when  compared  with  their
ounterparts  found  in  adults.  Newborns  present  an  increased
usceptibility  to  infections  due  to  the  immaturity  of  their
ymphocytes,  including  a  low  number  of  effector  memory  T
ells,  reduced  Th1  cytokine  secretion,  and  reduced  B  cell

eceptor  signaling  strength.  For  a  few  months  after  concep-
ion,  the  infant  is  under  the  influence  of  maternal  IgG,  which
ecreases  over  the  first  few  months.  After  the  age  of  2  years,

u

i
d

S62
uman  neonates,  resulting  in  impaired  IFN  receptor  expression.

he  adaptive  response  begins  to  manifest,  becoming  fully
unctional  after  the  first  decade  of  life.

daptive immune system mechanisms in  the
eonatal period

everal  aspects  of  the  newborn’s  immune  system  character-
ze  it  as  that  of  a developing  being.  Although  the  neonatal
nnate  immune  response  is  less  efficient  than  that  of  the
dult,  when  compared  with  the  neonatal  adaptive  response,
t  appears  to  be  more  "complete"  at  birth.

Several  examples  of  this  still  developing  stage  of  the
daptive  immune  response  can  be  described:  the  finding
f  circulating  CD4  +  CD8  +  T  cells,7 the  preponderance  of
he  naive  phenotype  (CD45RA  + CCR7+),8 and  the  reduced
umoral  immune  response  to  infection  or  vaccination.9

In  this  sense,  it  is  important  to  assess  the  expressive
ncrease  in  circulating  polymorphonuclear  cells  immediately
fter  birth.10 Maternal  antibody-mediated  transplacental
mmunity,11,12 and  the  immunity  conferred  by  breast  milk
nd,  especially,  by  colostrum,  with  transfer  of  immunoglob-

lins  and  cells.13

These  would  be  the  three  adaptive  mechanisms  that,  dur-
ng  a  transitional  period  ---  which  ranges  from  two  to  three
ays,  in  the  case  of  polymorphonuclear  elevations  to  many
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onths,  in  the  case  of  breast  milk  ---  would  facilitate  the
urvival  of  the  newborn  and  young  infant  in  the  extrauter-
ne  environment.  Perhaps  it  is  not  without  reason  that  two
f  these  three  factors,  colostrum/breast  milk  and  antibody-
ediated  transplacental  immunity,  are  mainly  made  up  of

lements  of  the  maternal  adaptive  immune  system,  pre-
isely  the  least  mature  at  birth.

While  little  has  been  studied  regarding  the  importance  of
he  serum  polymorphonuclear  peak,  much  more  is  already
nown  about  the  role  played  by  the  two  other  factors:
olostrum/breast  milk  and  antibody-mediated  transplacen-
al  immunity.

ntibody-mediated  transplacental  immunity

he  first  evidence  regarding  the  transmission  of
mmunoglobulins  from  the  mother  to  the  fetus  came
ith  Brambell  et  al.,14 when  studying  rabbits.  Those
uthors  noted  that  the  fluid  that  filled  the  yolk  sac  of  the
oung  rabbit  embryo  was  similar  in  its  protein  content
o  that  of  plasma.  Among  the  proteins  in  this  fluid  were
mmunoglobulins  of  maternal  origin,  which  passed  through
he  trophoblast  and  the  endoderm  of  the  embryonic  yolk
ac,  suggesting  that  immunity  was  transmitted  from  the
other  to  the  fetus  through  the  yolk  sac,  instead  of

he  placenta.  The  rate  of  transmission  did  not  vary  with
he  antigenic  specificity  of  the  antibody,  but  there  was

 clear  selection  in  relation  to  different  serum  protein
ractions:  the  gamma  globulin  fraction  was  transmitted
ore  efficiently  than  albumin.15

In  1958,  Brambell  et  al.16 formulated  a  hypothesis  for  the
mmunoglobulin  transmission  mechanism,  which  was  later
efined.17

According  to  Brambell’s  hypothesis,17 receptors  on  the
urface  of  the  microvilli  would  be  invaginated  during  the
hagocytosis  process,  covering  the  internal  wall  of  the
hagosomes.  Part  of  the  protein  would  bind  to  these  recep-
ors,  being  subsequently  released  from  the  cells  in  an  intact
orm  into  the  intercellular  space;  the  part  of  the  protein  in
he  phagosomes  that  did  not  bind  to  the  receptors  would  be
egraded  by  lysosomal  enzymes,  not  reaching  the  circula-
ion  of  the  fetus/newborn.

Thus,  the  amount  of  gamma  globulin  that  could  be  trans-
itted  in  its  intact  form  to  circulation  would  be  limited  by

he  population  of  available  receptors.  The  rate  of  transmis-
ion  would  depend  on  the  rates  of  binding  and  release  of
he  protein  by  the  receptors.  The  selective  character  of  the
ransmission  would  depend  on  one  or  both  rates,  and  could
ary  with  different  types  of  gamma  globulin.

From  maternal  circulation  to  fetal  blood,  the  IgG
olecule  must  cross  at  least  two  cell  barriers:  the  syn-

ytiotrophoblast  and  the  fetal  capillary  endothelium.  It  is
nown  that  parts  of  the  transported  IgG,  especially  alloanti-
odies  directed  against  antigens  expressed  in  the  placenta,
o  not  reach  the  fetal  circulation.  The  antigen-antibody
omplexes  formed  in  the  villi  stroma  would  be  eliminated
y  phagocytosis  by  fetal  macrophages,  known  as  Hofbauer

ells.  The  receptor  responsible  for  the  transport  of  IgG
hrough  the  syncytiotrophoblast  is  FcRn.18 All  IgG  subclasses
ross  the  placenta,  but  it  is  known  that  IgG1 and  IgG3 pass
ore  efficiently,  followed  by  IgG4 and,  lastly,  IgG2.  Although
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here  is  evidence  of  transport  of  IgG  through  the  placenta
n  early  stages  of  pregnancy,  it  is  known  that  it  occurs  effi-
iently  in  the  third  trimester  of  pregnancy.19

Some  factors  are  known  to  be  associated  with  a  reduc-
ion  in  transplacental  antibody  transport.  Among  them,  the
ollowing  are  noteworthy:  maternal  concentrations  of  total
gG,  especially  above  15  g/L;20---22 prematurity,11 low  birth
eight,11 placental  malaria  infection,22,23 and  maternal  HIV

nfection.21,22,24

After  birth,  maternal  antibodies  decline.  Studies  vary
ith  regard  to  the  half-life  of  total  serum  IgG,  but  on  aver-
ge  it  ranges  from  24  to  30  days.25

Around  the  fourth  month  of  life,  total  IgG  concentrations
egin  to  rise:  this  is  the  moment  when  the  child’s  IgG  produc-
ion  exceeds  the  maternal  IgG  consumption.  However,  the
hild’s  IgG  concentrations  will  not  reach  the  adult’s  concen-
rations  until  around  8  years  of  age.

The  knowledge  of  passive  immunization  acquired  through
he  transplacental  route  and  the  catabolism  of  maternal  IgG
n  the  first  months  of  the  child’s  life  are  essential  to  narrow
he  window  of  susceptibility  to  specific  pathogens  at  this
tage  of  life,  both  for  children  without  comorbidities  and
or  those  whose  mothers  have  conditions  that  predispose  to
educed  transplacental  transport  or  those  who  present  an
mpaired  immune  response  in  the  first  months  of  life.9

reastfeeding

reast  milk  is  an  unparalleled  food,  with  variable  composi-
ion  and  adjusted  to  the  infant’s  needs;  its  use  is  associated
ith  adequate  growth  and  development,  and  the  promo-

ion  of  child  health  in  the  short  and  long  term.  The  current
reastfeeding  recommendation  by  the  World  Health  Organi-
ation  and  adopted  in  Brazil  is  exclusive  breastfeeding  up
o  6  months  of  life  and  breastfeeding  combined  with  other
oods  until  the  age  of  2  years  or  more.26

Breastfeeding  provides  infants  with  protection  against
espiratory  and  gastrointestinal  infections  and  is  associated
ith  reduced  risk  for  inflammatory  diseases  such  as  asthma,
topy,  obesity,  and  inflammatory  bowel  disease.13

The  intrauterine  and  lactation  periods  are  fundamental
o  modulate  the  interaction  and  lead  to  the  maturation  of
he  newborn’s  immune  system.27 In  the  intrauterine  period,
his  interaction  occurs  through  the  transfer  of  maternal
ntibodies  and  through  the  amniotic  fluid  that  comes  into
ontact  with  the  skin  and  gastrointestinal  tract  of  the
etus.28

Especially  after  birth,  the  child  comes  into  contact  with
ew  and  diverse  physical  and  chemical  agents,  as  well
s  microbiological  agents,  which  will  interact  with  their
mmune  system.  Vaginal  delivery,  skin-to-skin  contact,  and
reastfeeding  in  the  first  hour  of  life  should  always  be
ncouraged.  For  the  newborn,  this  practice  is  associated
ith  reduced  risk  of  early  sepsis,  establishment  of  a  pro-

ective  microbiota,  and  greater  frequency  and  duration  of
reastfeeding.29
Breastfed  infants  show  a  47%  reduction  in  the  risk  of
eath  from  infectious  diseases,  63%  in  the  risk  of  death  from
cute  diarrheal  disease,  and  57%  in  the  risk  of  death  from
ospitalizations  due  to  respiratory  diseases.13
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There  are  several  components  present  in  breast  milk
hat  influence  the  development  of  the  immune  system.  New
ubstances  and  interactions  are  still  being  discovered.  The
ollowing  are  noteworthy:  immunoglobulins,  human  milk
ligosaccharides  (HMO),  lactose,  lactalbumin,  long-chain
olyunsaturated  fatty  acids  (LC-PUFAS),  vitamins  (A,  E,  C),
nterleukins,  lactoferrin,  lysozyme,  lactoperoxidase,  TNF-�,
ood  antigens  from  the  maternal  diet,  soluble  CD14  recep-
ors,  TLR2,  tumor  necrosis  factor  (TNF-�), defense  cells
macrophages,  neutrophils),  and  probiotics.27

Although  all  classes  of  immunoglobulins  can  be  found  in
reast  milk,  IgA  is  considered  the  most  important.  Secre-
ory  IgA  (IgAs)  is  produced  and  transported  to  human  milk  by
he  mammary  gland  from  the  proteolytic  cleavage  of  serum
gA.30 IgAs  correspond  to  80%---90%  of  the  total  immunoglob-
lins  in  breast  milk;  only  10%  is  absorbed  in  the  intestine
nd  transferred  to  the  child’s  bloodstream;  its  action  occurs,
redominantly,  in  the  mucosa  of  the  gastrointestinal  tract.31

This  protective  action  of  breast  milk  IgA  in  the  gas-
rointestinal  tract  occurs  through  inhibition  of  pathogen
inding  in  the  intestinal  mucosa,  neutralization  of  toxins,
nd  stimulation  of  passive  immunity.  It  is  known  that  IgAs
n  breast  milk  is  one  of  the  main  factors  that  protects  the
nfant  against  enteric  infections  caused  by  rotavirus,  E.  coli,
oliovirus,  and  retrovirus.  Pregnant  women  vaccinated  for
eningococcus,  influenza,  and  pneumococcus  have  higher

oncentrations  of  specific  IgAs  for  these  microorganisms
n  breast  milk  and  reduced  risk  of  developing  diseases  in
nfants.32

There  are  no  studies  to  date  that  prove  the  viability  and
nfection  capacity  of  SARS-CoV-2  from  the  breast  milk  of
nfected  women;33 the  transmission  of  this  new  coronavirus
hrough  breast  milk  is  unknown.  However,  some  authors  have
lready  demonstrated  the  presence  of  anti-SARS-CoV-2  IgA
nd  neutralizing  antibodies  in  human  milk,  which  suggests
hat  breastfeeding  may  protect  the  infant  from  COVID-19
nfection.34,35 In  view  of  this,  the  recommendation  of  the
orld  Health  Organization  and  the  Brazilian  Ministry  of
ealth  is  that  breastfeeding  be  encouraged  and  maintained

n  women  with  COVID-19,  taking  into  account  the  mater-
al  clinical  condition  and  adopting  precautions  regarding
ontact  (hand  sanitization  and  use  of  a  face  mask).36,37

Colostrum  is  the  first  milk  that  the  nursing  mother  offers
o  the  newborn.  It  is  produced  in  the  first  days  of  life
nd  in  small  quantities;  it  contains  a  high  concentration
f  immunoglobulins,  especially  IgAs,  trophic  factors  for  the
astrointestinal  tract  such  as  TGF-�, in  addition  to  pro-
eins.  This  differentiated  composition  is  important  for  the
ontinuity  of  the  transfer  of  passive  maternal  immunity  to
he  newborn.  Over  the  days,  the  composition  of  the  milk
hanges,  becoming  mature  milk,  which  includes  changes  in
he  factors  that  contribute  to  mucosal  immunity.  These  are
odifications  that  vary  from  mother  to  mother,  being  influ-

nced  by  health,  microbiota,  and  maternal  diet,  as  well  as
y  genetic  and  environmental  factors.38

It  is  known  that  allergic  diseases  have  increased
orldwide,39 probably  due  to  changes  in  the  popula-

ion’s  lifestyle,  especially  in  relation  to  nutritional  aspects.

reastfeeding  is  one  of  the  factors  that  is  associated  with
rotection  against  food  allergies.40 The  breastfed  infant
ngests  small  amounts  of  various  food  antigens  from  the
aternal  diet,  which  are  presented  to  their  gastrointestinal
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ract  in  conjunction  with  protective  factors  (IgAs,  TGF-�,
ligosaccharides)  from  breast  milk,  which  tend  to  promote

 tolerogenic  response  rather  than  an  allergy.3

In  an  interesting  clinical  trial  conducted  by  a  Finnish
roup,  breastfeeding  mothers  who  had  been  on  a  milk  and
airy-restricted  diet  during  the  first  three  months  of  breast-
eeding  had  lower  concentrations  of  IgAs  specific  for  casein
nd  beta-lactoglobulin  in  breast  milk  and  IgG4 specific  for
hese  proteins  in  blood.  Their  newborns  presented  a  higher
ncidence  of  allergy  to  cow’s  milk  when  compared  with  a
roup  of  nursing  mothers  who  ingested  milk  and  dairy  prod-
cts  without  any  restriction  during  pregnancy.  The  authors
oncluded  that  maternal  restriction  of  diet  during  a  criti-
al  phase  for  the  development  of  tolerance  in  the  child  can
nfluence  the  development  of  their  children’s  immune  sys-
em,  increasing  the  risk  of  allergy  to  cow’s  milk.41 These
esults  corroborate  the  current  Brazilian  and  international
ecommendations  that  contraindicate  a  restricted  diet  for
oods  considered  more  allergenic  (fish,  milk,  eggs,  nuts)  dur-
ng  pregnancy  and  lactation,  and  recommend  that  the  diet  of
he  pregnant  woman  and  the  nursing  mother  be  varied  and
ased  on  healthy,  fresh,  and  minimally  processed  foods.39,42

The  microbiota  is  a  component  of  breast  milk  that
mpacts  the  immune  system.  During  the  end  of  pregnancy
nd  the  immediate  postnatal  period,  the  translocation  of
icroorganisms  from  the  oral  cavity  and  gastrointestinal

ract  increases  significantly.27 Breast  milk  contains  hundreds
f  different  bacterial  species  ---  around  1000  colony-forming
nits  per  mL.  It  is  estimated  that  the  breastfed  infant
ngests  approximately  800,000  live  bacteria  a  day.43 An
mportant  feature,  which  differs  from  the  administration
f  probiotics  orally  in  food  or  medicine  ---  usually  a  sin-
le  or  a  few  strains  with  a  high  amount  ---  is  that  breast
ilk  consumes  small  amounts  of  a  wide  variety  of  strains;

he  bacterial  profile  is  quite  variable  but  very  similar
o  that  of  the  maternal  intestinal  microbiota.  In  gen-
ral,  the  species  most  commonly  found  in  breast  milk  are
treptococcus  and  Staphylococcus,  Bifidobacterium,  Lacto-
acillus,  Propionibacterium,  Enterococcus, and  members  of
he  Enterobacteriaceae  family.44

The  microbiota  of  breast  milk  acts  on  the  infant’s  immune
ystem  both  by  the  presence  of  viable  microorganisms  and
y  the  metabolites  generated  by  them  that  act  locally  and
t  a  distance.  Among  them,  short  chain  fatty  acids,  vitamins

 and  B  complex,  and  retinoid  compounds  stand  out.  In  addi-
ion,  it  is  known  that  the  production  of  antibodies  (IgAs,  IgM,
nd  IgG)  is  also  influenced  by  the  maternal  microbiota.27

Human  milk  oligosaccharides  (HMO)  are  complex  carbo-
ydrates  synthesized  by  the  breast  with  prebiotic  function,
.e.,  favoring  the  proliferation  and  the  establishment  of
eneficial  bacteria  in  the  gastrointestinal  tract  of  breast-
ed  infants.  Their  composition  varies  according  to  maternal
lood  groups.  Due  to  their  complexity  and  variability,  it  is
ot  possible  to  synthesize  HMO  with  a structure  similar  to
hose  present  in  breast  milk.45

From  a  clinical  standpoint,  breast  milk  prevents  necrotiz-
ng  enterocolitis  (NEC)  in  preterm  newborns.46 It  is  known
hat  NEC  is  a  multifactorial  disease  linked  to  prematu-

ity,  inflammation,  hypoxia,  and  bacterial  translocation.  The
ffect  of  raw  milk  from  the  child’s  own  mother  is  supe-
ior  to  that  of  pasteurized  human  milk,  considering  that
he  pasteurization  process  mainly  modifies  the  human  milk
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icrobiota.  Nonetheless,  both  raw  and  pasteurized  milk
educe  the  risk  of  NEC.  In  turn,  the  use  of  any  infant  for-
ula  and  human  milk  additives  with  heterologous  protein

ncreases  the  risk  of  NEC.47 Recent  work  also  suggests  that
he  judicious  use  of  probiotics  in  medicated  form  in  preterm
ewborns  who  do  not  receive  breast  milk  and  are  hospital-
zed  in  neonatal  units  with  a  high  rate  of  NEC  can  reduce
he  incidence,  severity,  and  mortality  of  this  condition,
emonstrating  the  influence  of  the  intestinal  microbiota  on
rotection  and  its  action  on  the  immune  system  of  the  gas-
rointestinal  tract.48

Extracellular  vesicles  (EVs)  or  exosomes,  recently
escribed  as  components  of  breast  milk,  also  influence  the
ntegrity  of  the  immune  system  of  young  infants.  EVs  are
ecreted  by  the  mammary  gland,  as  fat  envelopes  that  carry
arious  components  involved  in  cell  signaling,  such  as  mes-
enger  RNA,  micro-RNAs,  cytosolic,  and  membrane  proteins.
he  exosomes  of  breast  milk  have  several  biological  func-
ions  related  to  cell  maintenance,  DNA  synthesis,  glucose
etabolism,  and  immunological  steps.49 One  of  these  micro-
NAs  found  in  breast  milk  is  miR-148a,  which  acts  on  the
ethylation  of  DNA  methyltransferase  1  (DNMT1),  modify-

ng  the  expression  of  the  forkhead  box  P3  (FOXP3)  gene;
mong  several  functions,  this  gene  influences  tolerance  and
llergy  to  food  and  environmental  antigens.50

All  the  knowledge  acquired  about  the  composition  of
reast  milk  and  its  interaction  with  the  child’s  immune  sys-
em  shows  how  complex  and  diverse  the  contribution  of  this
ood  is  in  the  development  and  promotion  of  the  child’s
ealth  in  the  short  and  long  term.

inal considerations

he  in-depth  knowledge  of  the  development  of  the  immune
ystem  and  the  adaptive  mechanisms  that  allow  a  safer
ransition  to  the  extrauterine  environment  are  fundamental
lements  for  the  optimization  of  maternal  and  young  infant
accination,  as  well  as  the  strategies  associated  with  full
ostnatal  development  and  early  diagnosis  and  treatment  of
nnate  errors  of  immunity.  They  will  also  be  the  basis  for  rev-
lutionizing  stem  cell  transplantation  and  tissue  engineering
or  immunotherapy  and  regenerative  medicine  in  the  near
uture.5
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