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Definition
Breast milk components contribute to the infant’s immune development and protection, and among
other immune factors, immunoglobulins (Igs) are the most studied. The presence of IgA in milk has
been known for a long time; however, less information is available about the presence of other Igs
such as IgM, IgG, and their subtypes (IgG1, IgG2, IgG3, and IgG4) or even IgE or IgD.

1. Introduction
1.1. Breast Milk: A Source of Immunomodulatory Components
Breast milk is the biological ﬂuid produced by the mother’s breasts of mammalians in order to nourish
infants and also to confer on them protection from disease until their own immune system matures

[1].

Accordingly, the World Health Organization (WHO) recommends exclusive breastfeeding for the ﬁrst 6
months of life, followed by continued breastfeeding with adequate complementary foods for up to 2 years
or beyond, as mutually desired by mother and infant

[2].

Breast milk has been tailored during human

evolution to meet the demands of the infant. Its composition varies within feeds, during the day, and
between

mothers

[3].

Interindividual variability has been attributed to genetic variation, maternal

adiposity, and nutrition, among other factors

[4][5][6].

The composition of human milk is dynamic and

changes throughout lactation. The ﬁrst form of milk produced by the mammary glands during the ﬁrst 2–4
days after delivery is colostrum, which is produced in low volumes (300–400 mL/day) and has higher
levels of protein and lower levels of carbohydrates and fat content than mature breast milk. Moreover,
colostrum is richer in immunological components, such as immunoglobulins (Igs), lactoferrin, leucocytes,
and oligosaccharides, suggesting that its primary functions are immunological rather than nutritional
[3][7].

From days 4–5 after delivery, colostrum changes to transition milk, which is characterized by a

higher yield (500–800 mL/day) and by lower protein and Ig content, accompanied by an increase in
lactose, fat, and water-soluble vitamins to meet the growth demands. Finally, mature milk remains
relatively similar in composition 6 weeks after delivery

[3][8].

While 87% of breast milk is water, the

remaining 13% is nutritional components and bioactive compounds that have beneﬁcial non-nutritional
functions

[9].

These latter compounds include a wide range of antimicrobial factors, microorganisms,

cytokines, hormones, growth modulators, and digestive enzymes, among others, although the Igs are of
special relevance for the baby’s immune protection and development

[10].

1.2. The Mammary Gland as a Source of Protective Immunoglobulins for the Newborn
In humans and non-human primates, the transplacental transfer of immunoglobulins (Igs) from the
mother to the fetus provides passive immunization to the oﬀspring before delivery. However, it is after
delivery when, in many animals, such as rodents or pigs, the Igs present in colostrum, the ﬁrst breast milk
produced, can be absorbed in the small intestine towards the systemic circulation. However, this
phenomenon, very well described in pigs and rodents, is rather limited in humans, in which absorption of
trace amounts of Ig can be negligible
breast milk has long been known
found in plasma

[15][16].

[14].

[11][12][13].

From this perspective, the existence of Igs in human

The type, structure, and concentration of these Igs diﬀer from those

Indeed, the Ig composition of breast milk arises from Igs produced locally in the

mammary gland or transferred from the plasma (Figure 1).

Figure 1. The secretion of Igs in human milk. Schematic ﬁgure of the local production pathway of Igs
(involving the B cell homing to the mammary gland and participation of the secretory component) and the
systemic production pathway (involving the monomeric Igs plasma ﬁltration from plasma).
The dominant Ig in human milk is a special form of IgA, secretory IgA (SIgA), which is common to all
mucosal secretions. This particular structure has multiple features and functions that make it optimal for
mucosal defense, such as being able to neutralize pathogens before they come into contact with
epithelial cells, being highly resistant and stable, and also preventing excessive inﬂammation or damage
to the tissues

[17][18][19].

The production of SIgA is induced by pathogens or commensal microorganisms

found in mucosal sites after triggering T-helper (Th) and natural killer (NK)-T cells (T-dependent) or innate
cells, such as lymphoid cells (ILCs) or plasmacytoid dendritic cells (pDCs) (T-independent). In particular,
the switch from IgM+ B lymphocytes to IgA+ B lymphocytes is mainly driven by the transforming growth
factor (TGF)-β and cytokines produced by Th2 cells, including interleukin (IL-4), IL-5, IL-6, IL-10, and IL-21
[11][18][20]

. It is important to highlight that during the pregnancy period, in order to provide a maternal

immune tolerance environment, the ratio of pro- and anti-inﬂammatory cytokines, related to Th1 and Th2
cells, respectively, is polarized towards a Th2 response. Moreover, this dominance of the Th2 response
persists for some months in the neonate, during the lactation period, before reaching the Th1/Th2
equilibrium [21][22][23].
IgA-producing cells in the mammary gland arise from mucosal tissues mainly found in both the gut and
airways (Figure 1). The migration of B cells takes place due to their expression of the chemokine receptor
(CCR)-10, which binds to the chemokine ligand (CCL)-28 expressed in the mammary gland [24]. IgA is
produced in dimers, containing a polypeptide called the J chain, which is excreted by secretory mammary
cells. This transport is mediated by the polymeric Ig receptor (pIgR), also termed the secretory
component (SC). The pIgR is cleaved after transcytosis and partly remains in the IgA dimer, constituting
SIgA antibodies in the breast milk

[17]

. In addition, breast milk also contains secretory IgM (SIgM), IgM,

and IgG antibodies, but in smaller proportions. Like SIgA, there is selective homing to the mammary gland
of plasma cells that produce IgM and IgG, which are subsequently transported into breast milk through
pIgR. In addition, pIgR can also transport Igs found in serum

[15][16]

.

With regard to functionality, it has been proven that IgA induces tolerance to microbial and food antigens
in both mice and human neonates

[25][26][27][28]

. However, it has also been demonstrated that milk IgG

immune complexes are necessary for tolerance induction in mice
IgG3 in humans
response

[32]

[31]

[29][30].

—activate the complement pathway for pathogen clearance and initiation of innate

. Commensal-speciﬁc IgG and IgA from maternal milk are very important to dampen T-

dependent immune responses against commensal microbiota in neonates
the least abundant subclass of IgG in human breast milk and serum
response

IgM and IgG—mainly IgG1 and

[31]

[34]

[33]

. With respect to IgG4, it is

. However, it increases in allergen

and has anti-inﬂammatory properties, since it inhibits immune precipitation and
[35]

[36][37]

complement activation

[35]

. Therefore, IgG4 is part of the Th2 response [36][37]. IgG2 is well known for

having an important role in the defense against bacterial capsular polysaccharide antigens
low capacity to activate the complement system

[31][36]

[31]

and for its

. It is thought that IgG2 is involved in Th1

response (IgG1 + IgG2 + IgG3), but this is not yet ﬁrmly established

[36][37]

. Moreover, there are studies

that report that IgG2, in addition to IgG4, has a low inﬂammatory potential at intestinal level [38]. IgE is
also present in breast milk, but its functions in neonates are still controversial
in childhood seem to depend on maternal IgE concentration

[39]

can be transmitted from maternal blood to human breast milk

[39].

Furthermore, its levels

. Moreover, allergen-speciﬁc IgE and IgG

[40].

1.3. Do We Really Know the Immunoglobulin Concentration in Milk?
Many studies have described the Ig levels in breast milk, mainly IgA, but the other Igs have been less
studied. The composition of Igs in milk has been addressed from diﬀerent perspectives, such as
population, including geography, genetics, and diet, as well as taking into account diﬀerent gestational
and delivery factors (antibiotics, gestational age, type of delivery), diﬀerent collection time points
(colostrum, transition, and mature milk), and the use of diﬀerent techniques (ELISA, single radial
immunodiﬀusion, radioimmunoassay, beads). In addition, some of these determinations were performed
in a low number of samples. All these factors could explain why IgA concentration in a particular study
can diﬀer by up to 50 times from others

[41][42][43][44][45].

Thus, comparison among studies is not an easy

task. Although some literature exists, less information is available regarding the IgM, IgG, and IgG
subclasses, and even less for IgE or IgD, again with the above limitations.

2. Evolution of Studies Quantifying Ig in Breast Milk
To visualize the evolution of the studies over the years, the included articles were separated into periods
of time, depending on their publication year, to observe study trends (Figure 2). Overall, since the ﬁrst
studies describing the presence of IgA in breast milk took place in the 1970–1980 period

[14][46][47][48][49]

,

a reduced number of studies addressed the quantiﬁcation of the overall Ig types in the following 30 years.
However, a clear increase in the number of articles was found later, speciﬁcally those involving the
quantiﬁcation of IgA. This pattern is not followed by IgE or IgD, which are the least studied Igs in breast
milk, and only four

[50][51][52][53]

and two [53][54] articles, respectively, have been found describing the

presence of these Igs in breast milk (Figure 2A). It has to be taken into account that although IgA is the
most studied Ig type over time and SIgA is the main form of IgA found in breast milk, the majority of
articles refer to this Ig type as IgA without specifying whether the IgA quantiﬁed was secretory or not. For
this reason, in Figure 2A, there is an evolution line for IgA and another for SIgA in addition to the line
including both types of IgA. The evolution of the articles describing the IgG subtypes in breast milk was
very similar, since they were usually studied together, either in the 80s by ELISA
Luminex assays

[55]

or recently by

[41].

Figure 2. Evolution of the number of studies quantifying Ig types (A) and IgG subtypes (B) over the
years.

3. Techniques to Identify and Quantify Ig in Breast Milk
The ﬁrst studies published in the 70s and 80s describing concentrations of Ig in breast milk used
immunodiﬀusion techniques, such as single radial immunodiﬀusion. Subsequently, this technique was
replaced by enzyme-linked immunosorbent assays (ELISA) and bead-based immunoassays (e.g.,
Luminex), showing an exponential increase from 2000 onwards (Figure 3). It should be taken into account

that the quantiﬁcation of Ig using these methodologies could introduce an almost twofold variation in
levels, thus aﬀecting the absolute concentrations described in the literature due to the methodology used
[56]

. Turbidimetric and immunonephelometric assays have also been used lately in quick routine analysis.

In addition, mass spectrometry has also been used lately for all types of milk protein quantiﬁcation [57].
Overall, ELISA techniques seem to be preferred due to their sensitivity and potential to particularly target
SIgA.

Figure 3. Evolution of the techniques used to measure immunoglobulin levels over the years. EIA,
enzyme immunoassay; ELISA, enzyme-linked immunosorbent assay.

4. Evolution in the Immunoglobulin Proﬁle during the Lactation
Period: The Breast Milk Immunoglobulinome
When we study the complete set of metabolites in a cell, tissue, organ, or organism, we refer to them as
metabolome; when the attention is focused on the set of expressed proteins, we call it proteome; and if
we concentrate our attention on the set of all RNA transcripts, including coding and noncoding, in an
individual or a population of cells, we call it transcriptome. Thus, the set of Igs present in a particular ﬂuid
or organic compartment could be referred to as immunoglobulinome. Overall, this immunoglobulinome
should also be established at a given time and under deﬁned conditions.
In line with this, breast milk is a dynamic ﬂuid whose levels and proportions of Igs change during
lactation. This characteristic proﬁle, then, is diﬀerent at each stage: colostrum, transition, and mature
milk. The overall pool of Igs in breast milk includes not only IgA, but also, in lower proportions, the other
Ig classes (IgM, IgG, IgE, and IgD), and more recently, the subclasses of IgG have also been studied.
Overall, and taking into account the previous considerations, to refer to this particular mixture of Igs at
any speciﬁc period, in this review we will use the term “breast milk (BM) immunoglobulinome”.
After considering all the articles published referring to Ig composition in breast milk using the criteria
established in the Material and Methods section, the data have been compiled and organized in diﬀerent
tables according to the type of Ig. The tables include the critical aspects determining the Ig concentration
described: type of milk (collection day or period), main population characteristics (number of samples
analyzed, location, etc.), and ﬁnally, the method used for its analysis. All these factors can have an
inﬂuence in the ﬁnal concentration described. Studies involving colostrum were considered from d1–d5,
the transition period from d6–d15, and from then on mature milk. The mean values from each study,
independently of the number of samples they are derived from, have also been compiled and expressed
together in Figure 4.

Figure 4. IgA (A), IgM (B), and IgG (C) levels presented in the literature throughout the diﬀerent phases
of breastfeeding. The mean values from each Ig were calculated and shown in the graph using the values
provided in the articles for a particular group, independently of the number of samples they are derived
from. Figure A takes into account both the determinations obtained from IgA studies and those that claim
to measure SIgA speciﬁcally.
The levels of IgA (Figure 4A), as described in the individual studies evaluating this concentration in
diﬀerent stages of lactation [58][59][60][61][62][63][64], displayed the highest values in colostrum (~7500
mg/L), with lower levels in transition and mature milk (~1600–2000 mg/L). Due to the variability among
studies, no clear diﬀerences between transition and mature milk IgA content can be observed. The
number of reports studying IgM content in breast milk is much lower than those evaluating IgA, and very
few focused on the transition period (Figure 4B). However, a decreasing tendency in IgM content can be
observed from colostrum (~600 mg/L) to transition milk (~430 mg/L) and ﬁnally to mature milk (~260
mg/L). With regard to IgG, since this is the least studied Ig in breast milk, the results shown here come
from a very few studies (Figure 4C), and the overall results are inﬂuenced by particular studies with very
high values (>800 mg/L). In any case, their levels amount to 180–1100 mg/L. IgE and IgD are minimal in
the BM immunoglobulinome at any stage studied, and very few studies have found their presence, as will
be further discussed later.
The great variability in terms of Ig concentration makes it diﬃcult to compile results and draw
conclusions; thus, their relative proportion may help to make the data more comparable among studies.
However, very few studies reported all three levels of IgA, IgM, and IgG [41][45][51][65][66]. Thus, an overall
distribution of Ig proportions was calculated on the basis of the mean values obtained for all values and is
shown in Figure 5.

Figure 5. Global proportions from the immunoglobulin concentrations found in the literature. Proportions
of Ig classes are expressed in each stage of lactation: colostrum (A), transition (B), and mature (C) milk.
IgG subclass proportions were expressed in colostrum (D) and mature milk (E), as there are no current
data for transition milk in this regard.
As expected, it can be observed that IgA is the predominant Ig in the BM immunoglobulinome at any
stage of lactation; however, based on our calculations, it seems that the relative proportion of IgA is
higher in colostrum (~88.11%) than in transition or mature milk (~68.35–81.65%). It is interesting,
though, that the lower proportion in these two last stages of lactation seems to be due to a higher
proportion of IgM (~22.45–12.70% vs. ~7.87% in colostrum) in the transition and mature periods.
However, these proportions, as noted before, are calculations derived from the current values found in
the literature and may not reﬂect the real BM immunoglobulinome, which can only be derived after
having real data from independent studies taking into account all types of Ig in the same sample and at
diﬀerent collection time points.
Aside from some old studies dating mostly from the 80s

[55][67]

, only in the last 10 years, and due to the

use of the Luminex techniques, have the studies on the BM immunoglobulinome addressed the IgG
[41][51]

subtypes in more depth
human isotypes

[31]

[41][51]

. In this case, the proportion of IgG1, IgG2, IgG3, and IgG4, the main

, have been described in colostrum (Figure 5D) and mature milk (Figure 5E). However,

there are no available data on IgG isotypes during the transition period. Regarding their relative
proportions, the IgG1 percentage is the highest, followed by IgG2, IgG3, and IgG4. This particular
composition, with a predominance of the Th1 response (IgG1 + IgG2 + IgG3) over the Th2 response
(IgG4), suggests the breast milk regulatory activity on the neonatal Th1/Th2 balance to minimize the Th2
environment that predominates in the intrauterine space

[38][68].

The ratio between these IgG can be of

importance in observational studies evaluating the factors inﬂuencing breast milk immune composition. A
certain diet or particular situations (delivery type or length of gestation period) may lead to changes in
this balance that deserve to be studied in depth in the future.
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