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Changes in Human Milk
Immunoglobulin Profile During
Prolonged Lactation

Matylda Czosnykowska-tukacka ™, Jolanta Lis-Kuberka?***, Barbara Krolak-Olejnik 't
and Magdalena Orczyk-Pawitowicz?

" Department of Neonatology, Wroclaw Medical University, Wroctaw, Poland, ? Department of Chemistry and
Immunochemistry, Wroclaw Medical University, Wroclaw, Poland

Mother’s milk immunoglobulins (Igs) delivered to infants during breastfeeding are crucial
in shaping and modulating immature infants’ immune system and provide efficient
protection against pathogens. The aim of the study was to evaluate the immunoglobulin
concentrations in milk of 116 lactating mothers over prolonged lactation from the 1st to
the 48th month using the ELISA method. The concentration of proteins, SIgA and IgG,
but not IgM, showed a positive correlation (r = 0.69, p < 0.005; r = 0.54, p < 0.05;
and r = 0.27, p < 0.05, respectively) with lactation from the 1st to the 48th month. The
lowest concentrations of SIgA and IgG were observed for the first year (2.12 + 0.62
g/Land 14.71 £ 6.18 mg/L, respectively) and the highest after the 2nd year of lactation
(7.55 £ 7.16 g/Land 18.95 £ 6.76 mg/L, respectively). The IgM concentration remained
stable during 2 years (2.81 £+ 2.74 mg/L), but after 24 months it was higher (3.82 +
3.05 mg/L), although not significantly. Moreover, negative correlations of protein (r =
—0.24, p < 0.05) and SIgA (r = —0.47, p < 0.05) concentrations with the number of
feedings were found. Human milk after the 2nd year of lactation contains significantly
higher concentrations of protein, SIgA, and IgG. High concentration of immunoglobulins
and protein during prolonged lactation is an additional argument to support breastfeeding
even after introducing solid foods and should be one of the overarching goals in the
protection of children’s health.

Keywords: breastfeeding, immunoglobulins, prolonged lactation, child nutrition, human milk

INTRODUCTION

During breastfeeding, the mothers milk delivers to the immunologically immature newborn
and infant both elements of the immune system, namely, adaptive, and innate immune
components. In contrast to the non-specific innate defense, the adaptive immune protection
is highly specific and characterized by memory to pathogens to which there was a
previous exposure (1, 2). According to Brandtzaeg (3, 4), the content of milk secretory
immunoglobulin A (SIgA) generally reflects the antigenic stimulation of the mother’s mucosal
immune system by intestinal (gut-associated lymphoid tissue) and respiratory pathogens
(nasopharynx-associated lymphoid tissue). In light of the cited information above, mother’s
milk immunoglobulins are very important players in shaping and modulating the maturation
of the newborn’s immune system and provide efficient protection against pathogens (5-
7). This phenomenon is particularly relevant since, at an early stage of life, newborns do
not yet produce their own repertoire of immunoglobulins (8) and use immunoglobulin
G (IgG), which was transferred from the mother’s circulation through the placenta.
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However, the immunoglobulin resources can be replenished by
immunoglobulins with mother’s milk if children are fed naturally.

The most abundant immunoglobulin in human milk
is SIgA, which represents over 90% of milk antibodies.
However, immunoglobulins G and M (IgM) are also present,
but in concentrations much lower than SIgA (9-13). The
immunological profile of mother’s milk is dynamic and can be
influenced by a wide range of factors, among which week of the
gestation and lactation period, namely, milk maturation, are the
most frequently assessed parameters in this respect.

The highest concentration of SIgA is reported for early
colostrum (days 2-5, ~2.5 g/L), and then the level is relatively
stable throughout transitional (days 8-12, ~1 g/L) to mature
milk (days 26-30, ~0.7 g/L) (14). On the other hand, the latest
study demonstrated that over-lactation of mothers who gave
birth to full-term infants (>37 weeks of gestation) from the 2nd
day to the 24th week of lactation resulted in the concentration
of SIgA being higher at the beginning of lactation and then
gradually decreasing until 6 months (15). Over the first year of
lactation, the SIgA concentration was significantly lower than
for the first month (16). However, from the 11th to the 17th
month of lactation, an upward trend of SIgA was found, from
0.21 to 0.29 g/L, respectively (16). However, according to Trend,
the concentration of SIgA during the 1st month of lactation
does not differ significantly between gestation groups (term and
preterm birth), regardless of the degree of prematurity, namely,
moderately, very, and extremely preterm (14). Interestingly, the
level of SIgA was lower, although not significantly, in milk from
smoker mothers (17).

The concentration of milk IgG is the highest during the first
3 days of lactation of term and preterm groups (27.9 £ 23.2
and 41.7 £ 17.3 mg/L, respectively); however, in the next days
of lactation, from 4 to 55 days, it decreased and remained at
a similar level, 16.6 £ 10.6 and 16.7 + 8.8 mg/L, respectively
regardless of the week of delivery (18). A lack of difference in
the concentration of IgG in relation to the stage of lactation
during the first 6 months was also demonstrated by Goonatilleke
et al. (15). Similarly to SIgA, there were no differences in I1gG
concentrations in the milk of mothers giving birth preterm (very
preterm: 16.4 & 6.1 mg/L; moderate preterm: 20.1 & 13.0 mg/L),
regardless of the degree of prematurity (18). These values are
consistent with that of about 20 mg/L given by Broadhurst et al.
(19) for the same lactation period and lower than that established
by Koenig et al. (20) for early colostrum of term (54 & 37 mg/L)
and preterm birth (very preterm, 76 £ 38 mg/L; moderately
preterm, 47 £+ 42 mg/L). On the other hand, the report of
Abuidhail et al. (21) showed that the IgG concentration in milk
samples derived from the 1st month of lactation was significantly
lower (103 & 41 mg/L) than that for the 4th and 6th month of
lactation (133 % 49 and 145 + 54 mg/L, respectively), although
the values were higher than previously reported.

The IgM concentration in colostrum is at a similar low level
of about 14 mg/L for term and 11 mg/L for preterm birth, but
the presence of IgM was found in only a small percentage of
milk samples (20). Additionally, the latest reports of Goonatilleke
et al. (15) showed the gradual decrease in IgM concentration
from the beginning of lactation until 6 months. Similar results

were presented by Abuidhail et al. (21), who showed that the IgM
concentration in milk samples from the 1st month of lactation
was significantly higher (103 £ 31 mg/L) than for the 4th
and the 6th month of lactation (64 + 25 and 48 + 18 mg/L,
respectively) (21). Moreover, the concentration of IgM from the
2nd to the 6th day of lactation was positively associated with
overweight and obesity of the mother before pregnancy as well as
with primiparity and negatively associated with smoking during
pregnancy (22).

After birth, newborns are completely reliant on maternal
immunoglobulins because of the immature immune system.
Immunoglobulins delivered with mother’s milk are crucial in
shaping neonatal immunity during the first 3 months since there
is a lack of functional plasma cells which are responsible for
the synthesis of the newborn’s IgG (11, 23). The main biological
functions of SIgA include intracellular neutralization of viruses
and inhibition of their transcytosis, inhibition of adhesion of
pathogenic bacteria to host mucosa, and agglutination of viruses
and bacteria (12, 24-26). Additionally, thanks to the interaction
with intestinal M cells, SIgA takes part in the prevention of
pathogenic bacteria translocation (27).

Maternal immunoglobulins, in particular, SIgA, have lasting
beneficial effects on the support and regulation of the immature
immune system of breastfed infants as well as on their gut
microbiome. However, it should be pointed out that their
specificity is related to pathogens with which the lactating mother
had contact previously (28-30). Interestingly, as reported by
Royle et al. (31), milk SIgA possesses an “additional binding site”
for bacterial lectin receptors, i.e., sialylated and/or fucosylated
glycans, besides their Fab antigen-binding sites, which constitute
the link between innate and acquired immunity.

In addition to antimicrobial activity, IgG are also able
to activate phagocytes, exhibit anti-inflammatory activity, and
suppress abnormal inflammatory reactions in response to
allergens (24). Moreover, it is suggested that sialylated and
fucosylated glycans of milk IgG may play a similar role as glycans
of milk SIgA (18, 32). Maternal milk IgM also takes part in the
protection of newborns against pathogens via opsonization of
Gram-negative bacteria (33) and is important, in addition to milk
SIgA, for immune exclusion of antigens (4).

However, IgG and IgM, present in small amounts in mother’s
milk due to digestion in the small intestine, likely play a small role
in providing passive immunity to the infant (13). Nevertheless,
the latest reports of the Demers-Mathieu group showed that
gastric digestion reduced IgG, but the other antibodies were
not digested in the gastric contents of preterm infants and all
maternal isotypes present in breast milk were detected in infant
stools, of which IgA (not SIgA) was the most abundant (34).

In light of the undeniable participation of maternal milk
immunoglobulins in supporting the development and the
modulation of the immature immune system of newborns and
infants as well as the long-term benefits of breast milk feeding,
it is extremely important in promoting breastfeeding over the
recommended 6 months to determine the immunoglobulin
profile of human milk over the first year of lactation to provide
strong scientific evidence of the existence of immune protection
when antibody production by children has not yet reached levels
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that will allow effective protection. The lack of detailed data
on the level of immunoglobulins in late lactation prompted us
to investigate the concentration of skim milk SIgA, IgG, IgM,
and total protein in prolonged lactation from the 1st until the
48th month. Specifically, the aim of our study was to determine
whether the levels of immunoglobulins in mother’s milk over the
Ist year of lactation are the same as up to the 1st year and whether
there are any correlations among the concentrations of particular
immunoglobulins as well as with protein concentration and
finally to evaluate the potential correlation of immunoglobulin
concentrations with the frequency of breastfeeding during 4 years
of lactation.

MATERIALS AND METHODS
Milk Collection

Lactating women were recruited using local parenting
groups that communicated via social media. One hundred
sixteen breastfeeding mothers participated in the study. The
characteristics of breastfeeding mothers, as well as the method
of collecting and storing milk samples, have been described
previously (35, 36). The mother’s age, socioeconomic status, race,
health status, concomitant medications, parity, mode of delivery,
and frequency of breastfeeding were recorded. Milk samples were
collected at the Regional Human Milk Bank in the Department
of Neonatology located in the University Hospital (Wroclaw,
Poland) between 8 a.m. and 2 p.m. Providing an interval of a few
hours allows a greater uniformity of samples. Considering the
efficiency of milk expression, an electric breast pump was used
(Medela Symphony, Baar, Switzerland). Aliquots for analysis
(2-3mL) were taken immediately after complete emptying of
the breast, and the whole volume of the expressed milk was
gently stirred to minimize the possibility of any preanalytical
fault. The milk samples for analysis were divided into four
groups according to breastfeeding period: the first group up to
12 months (N = 26), the second from 13 to 18 months (N =
35), the third from 19 to 24 months (N = 32), and the last over
24 months (N = 23). For storage, the samples were aliquoted
into smaller containers and frozen at —20°C. This study received
ethical approval (Nr KB—65/2018) from the University Ethics
Committee. Informed and written consent was provided by all
the participants before sample collection.

Sample Preparation

To obtain the skim milk fraction, samples were centrifuged at
3,500 g at 4°C for 35min, after which milk fat and cells were
separated. The samples of the aqueous phase of milk (skim milk)
were kept at —20°C until determination.

Determination of Skim Milk Protein

Concentration

The total protein concentration in human skim milk samples was
determined by bicinchoninic methods with the Bicinchoninic
Acid Protein Assay Kit (Sigma, St. Louis, MO, USA) (37). For
testing 25 WL of 12.5- and 25-fold diluted in TRIS-buffered saline
(TBS, pH 7.5), skim milk samples and bovine albumin, as a
standard from 0.2 to 1.0 mg/mL (SERVA, Heidelberg, German),

were prepared and transferred to the wells of microtiter plates,
and then 200 L of freshly prepared bicinchoninic acid working
reagent (solution of bicinchoninic acid and copper (II) sulfate in
the ratio 1:50, respectively) was added. The plates were incubated
at 37°C for 35 min and the absorbance was measured at 560 nm
in a Stat Fax 2100 Microplate Reader (Awareness Technology
Inc., Palm City, FL, USA). All skim milk samples were analyzed
in duplicate.

Determination of SIgA Concentration
The concentrations of SIgA in skim milk samples were
determined by ELISA. For testing, 100 pL of 10,000-, 25,000-,
and 50,000-fold diluted skim milk and human colostrum IgA
standard preparations from 1.2 to 37.5 ng/100 pL (Sigma,
St. Louis, MO, USA) were taken, and then the plates were
incubated for 2h at 37°C. After the washing step, TBS (pH
7.5), containing 0.2% Tween-20 as a blocking agent, was used
and the plates were incubated for 1h at 37°C and overnight
at 4°C. As a detection antibody, mouse monoclonal anti-
secretory component IgA antibodies (Sigma, St. Louis, MO,
USA) diluted 1:10,000 in TBS containing 0.05% Tween-20
were used, and the plates were incubated for 1h at 37°C.
In the next step, horseradish peroxidase-conjugated goat anti-
mouse IgG antibodies (Sigma, St. Louis, MO, USA) diluted
1:5,000 in TBS containing 0.05% Tween-20 were added to
each well, and the plates were incubated for 1h at 37°C. The
reaction was developed by adding a substrate solution containing
orthophenylenediamine (Calbiochem, Denmark) in 0.1 M citrate
buffer, pH 5.0 with H,O,, and the plates were incubated for
30min at room temperature in the dark. The reaction was
stopped with 12.5% H,SOy4, and the absorbance was measured in
a Stat Fax 2100 Microplate Reader (Awareness Technology Inc.,
Palm City, FL, USA) at 492 nm with 630 nm as the reference filter.
For all washing steps, TBS (pH 7.5) containing 0.05% Tween-20
was used.

The coefficients of variation were calculated for SIgA-ELISA,
namely, 3.4 and 2.9% for intra- and inter-assay, respectively.

Determination of IgG Concentration

As described previously (18, 32), the concentration of IgG in
skim milk samples was determined by conventional ELISA.
In short, F(ab’)2 fragments of goat anti-human IgG (Jackson
ImmunoResearch, Europe Ltd., Ely, UK) antibodies diluted
1:1,000 in TBS as a capture antibody were taken, and the plates
were incubated for 2h at 37°C. For the blocking step, TBS (pH
7.5) containing 0.5% Tween-20 was used, and the plates were
incubated for 2 h at 37°C and overnight at 4°C. For testing, 100
WL of 500-, 1,000- and 2,500-fold diluted skim milk and human
serum IgG as a standard preparation from 0.2 to 12.5 ng/100 nL
(Jackson ImmunoResearch, Europe Ltd., Ely, UK) were taken,
and the plates were incubated for 1h at 37°C. The detection was
carried out with phosphatase-labeled rabbit anti-human IgG Fcy
fragment-specific antibodies diluted 1:20,000 in TBS with 0.05%
Tween-20 (Jackson ImmunoResearch, USA), and the plates were
incubated for 1 h at 37°C. The reaction was developed by adding
4-nitrophenyl phosphate in diethanolamine-HCI buffer (pH 9.5)
(SERVA, Heidelberg, Germany), and the plates were incubated
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for 15 min at 37°C. The reaction was stopped with 1 M NaOH
and the absorbance was measured in a Stat Fax 2100 Microplate
Reader (Awareness Technology Inc., Palm City, FL, USA) at
405 nm, with 630 nm as the reference filter. For the dilution of
skim milk samples and for all washing steps, human serum IgG
standard preparation and TBS (pH 7.5) containing 0.1 or 0.05%
Tween-20 was used, respectively.

The coefficients of variation were calculated for IgG-ELISA,
namely, 2.9 and 5.7% for intra- and inter-assay, respectively.

Determination of IgM Concentration
The concentrations of IgM in skim milk samples were
determined by conventional ELISA. In detail, AffiniPure rabbit
anti-human IgM antibody as a capture antibody (Jackson
ImmunoResearch, Europe Ltd., Ely, UK) diluted 1:2,000 was
taken, and the plates were incubated for 2h at 37°C. Then, the
plates were incubated for 2h at 37°C and overnight at 4°C with
TBS (pH 7.5) containing 0.5% Tween-20 as a blocking agent.
For testing, 100 wL of 50-, 100-, and 200-fold diluted skim
milk and human IgM standard preparation from 0.39 to 6.25
ng/100 nL (Jackson ImmunoResearch, Europe Ltd., Ely, UK)
were taken. In the next step, horseradish peroxidase-conjugated
goat anti-human IgM antibodies (Jackson ImmunoResearch,
Europe Ltd., Ely, UK) diluted 1:20,000 in TBS containing
0.05% Tween-20 were added to each well, and the plates were
incubated for 1 h at 37°C. The reaction was developed by adding
orthophenylenediamine (Calbiochem, Denmark) in 0.1 M citrate
buffer, pH 5.0 with H,O,, and the plates were incubated for
10 min at room temperature in the dark. The reaction was
stopped with 12.5% H;SOy, and the absorbance was measured
in a Stat Fax 2100 Microplate Reader (Awareness Technology
Inc., Palm City, FL, USA) at 492 nm, with 630 nm as the reference
filter. For dilution of skim milk samples and for all washing steps,
TBS (pH 7.5) containing 0.1 or 0.05% Tween-20 was used.

The coefficients of variation were calculated for IgM-ELISA,
namely, 5.4 and 2.5% for intra- and inter-assay, respectively.

Statistical Analysis

The statistical analysis was performed with TIBCO STATISTICA
13.3 (StatSoft, Inc., Tulsa, OK, USA). The results are expressed
as the mean & SD (standard deviation) and the median with
25th—75th percentiles. To compare the study population data,
chi-square test was used. For analysis, non-parametric tests were
used since large interindividual differences in the biochemical
profile of milk are observed among lactating mothers. For
the calculation of statistical significance, Kruskal-Wallis test
was used. The correlations between the analyzed groups were
estimated according to Spearman. A two-tailed p-value lower
than 0.05 was considered as significant.

RESULTS

The detailed characteristics of the analyzed cohort of lactating
mothers are shown in Table 1.

TABLE 1 | Characteristics of the study population.

2

Breastfeeding Breastfeeding X p-value
<12 months >12 months
N =26 N =90
[% (n/N)] [% (n/N)]
Maternal age 4.2262 0.1208
25-29 50 (13/26) 32.5 (29/89)
30-34 42 (11/26) 44 (39/89)
35+ 8.3 (2/26) 23.5 (21/89)
Race/ethnicity - - -
White Europeans 100 (26/26) 100 (90/90)
Socioeconomic status 0.3208 0.5711
and education
Secondary education 11.5 (3/26) 16 (14/90)
Higher education 88.5 (23/26) 84 (76/90)
Parity 0.9915 0.3193
1 78 (20/24) 67 (60/90)
2 22 (6/24) 31 (28/90)
3 0 (0/24) 2 (2/90)
Gender
Male 10/23 36/61 1.061 0.3029
Female 13/23 25/61
Birth weight - - -
Appropriate for 100 (26/26) 100 (90/90)
gestational age
Gestational age 0.8906 0.3453
34-37 4(1/26) 1(1/90)
>37 96 (25/26) 99 (89/90)
Mode of delivery 16/22 34/65 2.0308 0.1541
Vaginal birth 6/22 31/65
Cesarian section
Medicines during 0.2645 0.8761
lactation
No medications 65 (17/24) 70 (63/90)
Thyroxine 27 (7/24) 25 (22/90)
Others 8 (2/24) 5 (5/90)
Maternal diet during - - -
lactation
Vegan/vegetarian 0 (0/24) 8 (7/90)
Dairy-free diet 23 (6/24) 7 (6/90)
Gluten-free diet 0 (0/24) 3 (3/90)
Complementary foods NA 97 (87/90) - - -

introduction Above 6
months of life

-, not analyzed.

Concentration of Skim Milk Protein

The concentration of protein in mother’s skim milk showed a
strong positive correlation with the duration of lactation from the
Ist to the 48th month (r = 0.69; p < 0.05) (Figure 1A).

The mean concentration of protein was the lowest (9.69 + 1.59
g/L) for the first year of lactation (1-12 months) and significantly
increased in the next analyzed period of prolonged lactation to
reach 11.47 = 2.23 g/L (p < 0.003) in the milk group from 13
to 18 months, 13.13 £ 3.31 g/L (p < 0.002) in the milk group
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FIGURE 1 | Concentration of protein (A), SIgA (B), IgG (C), and IgM (D) in skim milk in prolonged lactation up to 48 months. A solid line indicates linear regression,
and 95% confidence intervals are shown by dotted lines; blue circles refer to individual samples. The correlation coefficient (r) was calculated according to Spearman,
and a p-value lower than 0.05 was regarded as significant. The r-square value is the square of the correlation coefficient. NS, not significant.
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]
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from 19 to 24 months, and finally 17.31 & 6.20 g/L (p < 0.002) in
lactation beyond 2 years (Table 2).

Concentration of Skim Milk Secretory IgA
The concentration of secretory IgA in mother’s skim milk showed
a strong positive correlation with lactation from the Ist to the
48th month (r = 0.54; p < 0.05) (Figure 1B).

The mean concentration of SIgA was the lowest (2.12 & 0.62
g/L) for the first analyzed group of milk, namely, from the Ist

to the 12th months, and significantly increased above the 1st
year of lactation, namely, in the group of milk obtained from
the 13th to 18th months of lactation, it reached 2.95 £ 1.30 g/L
(p < 0.006). In the subsequent period of lactation in milk from
19 to 24 months, the mean value of SIgA concentration was
3.35 £ 2.22 g/L and it was higher, although not significantly, in
comparison to the previous group. In lactation beyond the 2nd
year, the significantly (p < 0.003) highest concentration of SIgA
was observed (7.55 & 7.16 g/L) (Table 2).
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TABLE 2 | Concentration of protein and immunoglobulins in skim milk in prolonged lactation.

Skim milk Group r and
immunoglobulins p-value
1-12 months 13-18 months 19-24 months >24 months
N =26 N =35 N =32 N =23
Protein [g/L] 9.69 + 1.59 11.47 £ 2.23 13.13 £ 3.31 17.31 £6.20 r=0.69
9.63 (8.64-10.47) 11.11 (9.96-13.49) 12.58 (11.71-13.88) 15.75 (12.62-19.75) p < 0.005
p? < 0.003 pP < 0.002 p°® < 0.002
SlgA [g/L] 212+ 0.62 2.95+1.30 3.356 +2.22 7.55+7.16 r=0.54
2.15 (1.62-2.63) 2.64 (2.05-3.17) 2.80 (2.32-3.57) 4.33 (3.31-7.63) p < 0.05
p? < 0.006 p°® < 0.003
19G [mg/L] 1471 £6.18 14.82 £ 9.11 156.60 £+ 4.33 18.95 £ 6.76 r=0.27
12.85(9.60-20.41) 11.86 (8.65-19.26) 15.40 (12.37-18.02) 18.32 (14.37-24.35) p < 0.05
IgM [mg/L] 3.0 £2.89 2.81+2.74 2.79 + 2.41 3.82 £3.05 r =0.04 (NS)
2.22 (2.88-2.89) 2.00 (1.23-2.91) 1.74 (1.07-3.61) 3.33 (1.16-5.51) p > 0.05

Values are given as the mean + SD and median and 25th—75th percentiles in parentheses. The Kruskal-Wallis test was used for statistical calculations, and a p-value lower than 0.05

was regarded as significant.

aSignificantly different from the milk sample group of 1-12 months.

b Significantly different from the milk sample group of 13-18 months.

¢Significantly different from the milk sample group of 19-24 months. NS, not significant.

Concentration of Skim Milk IgG

The concentration of IgG in mother’s skim milk, similar to SIgA,
showed a positive correlation with lactation from the 1st to
the 48th month, but the observed correlation was significantly
weaker (r = 0.27; p < 0.05) (Figure 1C).

The mean concentration of IgG in mother’s skim milk was
the lowest (14.71 % 6.18 mg/L) for the first year of lactation
and remained at an almost unchanged level in the next analyzed
period of prolonged lactation, namely, 13-18 months (14.82
£ 9.11 mg/L). Nevertheless, in the milk groups from 19 to
24 months and above 24 months, an increase, although not
significant, to the values of 15.60 = 4.33 and 18.95 & 6.76 mg/L,
respectively, was observed (Table 2).

Concentration of Skim Milk IgM

The concentration of IgM in mother’s skim milk, in contrast to
the concentration of SIgA and IgG, remained stable regardless of
the lactation period (r = 0.04; p > 0.05) from the Ist to the 48th
month (Figure 1D).

In the first year of lactation, the concentration of IgM was
3.00 £ 2.89 mg/L and in subsequent stages it slightly decreased,
although not significantly, to the value 2.81 + 2.74 and 2.79 &+
2.41 mg/L for groups of milk from 13 to 18 and from 19 to 24
months of lactation, respectively. In lactation beyond the 2nd
year, an insignificant increase of skim milk IgM concentration to
3.82 % 3.05 mg/L was observed (Table 2).

Correlation Among Skim Milk Total Protein
and Immunoglobulins Over Prolonged

Lactation

The correlations among skim milk proteins and
immunoglobulins over prolonged lactation from the Ist to
the 48th month are summarized in Table 3.

TABLE 3 | Correlations among skim milk protein and immunoglobulins during
prolonged lactation.

Correlation coefficient r-value

SigA 19G IgM
Protein r=0.71 r=0.37 r =0.008 (NS)
p < 0.05 p < 0.05 p > 0.05
SIgA - 0.29 r=0.07 (NS)
p < 0.05 p > 0.05
IgG - r=0.038 (NS)
p > 0.05

The values of r calculated according to the Spearman method correspond to the
correlation between the concentrations of skim milk protein and immunoglobulins over
prolonged lactation from the 1st to the 48th month. All r values are statistically significant
with p < 0.05.

NS, not significant.

The concentration of SIgA and IgG showed a statistically
significant strong (r = 0.71) and weak (r = 0.37) positive
correlation with total skim milk protein concentration over
the analyzed period of prolonged lactation. Additionally,
over prolonged lactation from the Ist to the 48th month,
the concentration of SIgA positively correlated with the
concentration of IgG (r = 0.29). During the analyzed
period of prolonged lactation, the concentration of skim
milk IgM showed no correlation with the total concentration
of skim milk protein and to the concentration of SIgA
and IgG.

Additionally, the ratios of Igs to the total protein
concentration in mother’s skim milk were calculated (Figure 2).
The ratio of SIgA to protein (SIgA/protein) remained at a
similar level during the first 2 years of lactation (0.22 % 0.07
for 1st—12th months, 0.25 £ 0.09 for 13th—18th months, and
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FIGURE 2 | The ratio of skim milk SIgA (A), IgG (C), and IgM (E) to the protein concentration in the four groups analyzed: group 1, up to 12 months (N = 26); group
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0.25 4 0.08 for 19th—24th months of lactation), but in the
3rd year, the SIgA/protein ratio significantly increased and
reached the value of 0.38 = 0.23 (p < 0.002) (Figures 2A,B). The
ratios of IgG/protein and IgM/protein in mother’s skim milk, in
contrast to the ratio of SIgA/protein, remained stable regardless
of the lactation period from the 1st to the 4th year of lactation
(Figures 2C-F).

Skim Milk Total Protein and
Immunoglobulin Concentrations in

Relation to Frequency of Breastfeeding

The correlations between the protein and the immunoglobulin
concentrations of mothers milk with the frequency of
breastfeeding (number of feedings) during the analyzed
period of prolonged lactation as well as the three stages of
prolonged lactation are summarized in Table 4.

For the total analyzed period of prolonged lactation from
the 13th to the 48th months, negative correlations of skim
milk protein (r = —0.24; p < 0.05) as well as SIgA (r =
—0.47; p < 0.05) concentrations with the number of feedings
were found (Figure 3). However, in the 13-18 months group,
the frequency of breastfeeding was negatively correlated with
the SIgA concentration (r = —0.45; p < 0.05) only (Table 4).
In the subsequent lactation period, namely, 19-24 months, no
statistically significant correlations were found. In contrast, after
the 2nd year of lactation, the SIgA (r = —0.75; p < 0.05), IgM
(r = —0.62; p < 0.05), and protein (r = —0.59; p < 0.05)
concentrations were negatively correlated with the number of
feedings (Table 4).

Skim Milk Immunoglobulin Concentrations
in Relation to the Mode of Delivery and the
Gender of the Baby

The impact of mode of delivery, namely, vaginal birth or cesarean
section, on immunoglobulin profile was analyzed in subsequent
lactation periods. The SIgA and IgG concentrations were at a
comparable level (p > 0.05) regardless of the mode of delivery
in all the analyzed periods of lactation. In contrast, for IgM
concentration in the first two analyzed periods of lactation,

namely, for 1-12 and 13-18 months, the impact of the mode
of delivery was observed. In the first year of lactation, the IgM
concentration was lower in the “vaginal birth” group than in the
“cesarean section” group [2.1 mg/L (N = 18) and 4.0 mg/L (N
= 7) (p<0.03), respectively], while in the next group from the
13th to the 18th month, the IgM concentration was higher in the
“vaginal birth” group than in the “cesarean section” group [3.3
mg/L (N =19) and 1.6 mg/L (N = 11) (p < 0.02), respectively].
However, the amount of samples in the analyzed groups was
relatively low.

The impact of gender of the baby on SIgA, IgG, and IgM
concentrations was analyzed in subsequent lactation periods;
however, no statistically significant differences were found (p >
0.05 for all immunoglobulins).

DISCUSSION

To the best of our knowledge, despite the undisputed importance
of the immunological characterization of mother’s milk at
different stages of lactation, a detailed study analyzing the
immunoglobulin profile in prolonged lactation up to the 4th
year has not been attempted. For this purpose, sensitive methods
such as ELISA with very specific antibodies adopted to meet the
requirements of working with milk samples, was used. Until now,
particular immunoglobulin profile studies have been limited
usually up to 6 months of lactation (14, 20) only, or if it was
studied for a longer period of lactation, a small number of milk
samples were analyzed (15-17, 21).

During the first 3 months of life, the infant has at his
disposal only maternal-derived immunoglobulins, delivered
during pregnancy and breastfeeding, which are crucial for
shaping and modulation of his immunity. Maternal milk
immunoglobulins, due to the passive immunity transfer, are
delivered to the gastrointestinal tract and participate in
homeostatic mechanisms in the neonatal gut (23). Moreover,
the latest reports confirmed that milk SIgA modulates the
interactions between microbiota and the infant’s gut and
is essential for the prevention of necrotizing enterocolitis
development (38).

TABLE 4 | Relationship between number of feedings and immunoglobulin or protein concentration in breast milk during prolonged lactation.

Immunoglobulins/protein

Number of feedings?

13-48 months 13-18 months 19-24 months >24 months
SlgA r=-0.47 r=-0.45 r=—0.06 (NS) r=-0.75
p < 0.05 p < 0.05 p > 0.05 p <0.05

19G r=-0.13 (NS) r=0.19 (NS) r=-0.25(NS) r=-0.43 (NS)
p > 0.05 p > 0.05 p > 0.05 p > 0.05
IgM r=—-0.09 (NS) r=0.24 (NS) r=-0.11(NS) r=-0.62
p > 0.05 p > 0.05 p > 0.05 p < 0.05
Protein r=-0.24 r=0.07 (NS) r =0.002 (NS) r=-0.59
p < 0.05 p > 0.05 p > 0.05 p < 0.05

aThe number of feedings in the analyzed groups ranged from 1 to 10 per day. The values of r calculated according to the Spearman method correspond to the correlation between the
number of feedings and protein or immunoglobulin concentration in breast milk during three periods of prolonged lactation from the 13th to the 48th month. The r-values are statistically

significant at p < 0.05. NS, not significant.
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The first 3 years of life are crucial for normal physiological and
mental development. However, the immunological system is not
fully mature at this age, resulting in the risk of frequent and severe
infections. Long breastfeeding may provide significant support
at this crucial moment in a child’s life (39). Passive immunity
with maternal milk antibodies may provide infant and child
protection since they could neutralize pathogens already within
the mammary gland, then in the infant’s nasopharynx, and during
swallowing in the oropharynx and hypopharynx (34).

In our study, the protein and SIgA concentrations in breast
milk showed a strong positive correlation with the duration
of lactation from the 1st to the 48th month. Among the four
analyzed groups, namely, 1-12, 13-18, 19-24, and over 24
months, the mean concentration of SIgA was the lowest in breast
milk from the Ist to the 12th month of lactation and significantly
increased above the Ist year of lactation to reach the highest
concentration of SIgA after the 2nd year. The concentration
of IgG, similar to SIgA, showed a positive correlation with

duration of lactation over 4 years. In the milk groups 19-24 and
>24 months, an increase, albeit not significant, was observed.
The concentration of IgM remained stable regardless of the
lactation period. Over prolonged lactation, the concentration
of SIgA positively correlated with the IgG concentration. We
assessed the correlations among concentrations of particular
immunoglobulins as well as with the protein concentration. The
ratio of SIgA to protein (SIgA/protein) in mother’s skim milk
remained at a similar level during the first 2 years of lactation,
but in the 3rd year the SIgA/protein ratio significantly increased.
In contrast, the ratio of IgG to protein (IgG/protein) decreased
over lactation from the Ist to the 48th month, but the ratio of
IgM to protein (IgM/protein) was at the same level regardless of
the period of prolonged lactation.

Our research shows that there is a high concentration of
immunoglobulins in milk from prolonged lactation. Not only
the frequency of feeding but also the way of feeding may
affect the concentration of immunoglobulins. Abuidhail et al.
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(21) showed that the type of feeding has an impact on IgG
concentration, namely, in exclusively breastfeeding mothers’
milk the concentration of IgG was higher than in non-exclusively
breastfeeding mothers’ milk, but the level of IgM was not affected
(21). Abuidhail et al. (21) also suggested that more time during
breastfeeding and a greater volume of milk given to the babies
ensure more immunoglobulin IgG and IgM because a greater
breast milk volume contains more Igs. However, those results
relate to the first 6 months of life.

Taking into account a previous study on prolonged lactation,
after 24 months, lactation changes significantly (35, 36). After the
2nd year of lactation, the SIgA, IgM, and protein concentrations
were negatively correlated with the number of feedings, and
their concentrations were rising in comparison to those during
the earlier period of lactation. It may be related to the reduced
milk production, which decreases with the rare frequency of
feeding (40). Infants eat more solids so that the volume of milk
consumed is significantly less than in the first 6 months of life.
The measurement of the actual amount of compounds delivered
to the breastfed babies is possible (41); nevertheless, it was not
measured during this study.

From a clinical point of view, mother’s milk is the preferred
nutrition for preterm infants (42). The highly specialized care of
premature newborns includes personalization of nutrition, i.e.,
optimization of protein, fat, and lactose content. In our opinion,
it is highly reasonable to characterize the “immunological status”
of milk, which is delivered to milk banks by mothers at various
stages of lactation (so-called early and late). Donor human milk
(DHM) can supplement the supply of maternal breast milk
when it is insufficient or provide the preferred alternative when
the mother is not breastfeeding (43). Accepting breast milk
from donors beyond 1 year postpartum may be a potential
strategy for increasing the immunological status of donor milk.
Studying the composition of such dynamic fluid as breast milk
can be challenging. However, improving the understanding of the
biology of breast milk as well as improving the immunological
status of donor human milk for preterm infants is crucial to
provide health conditions and reduce the risk of occurrence of
civilization diseases such as obesity and allergies. Also, exactly
how the composition of breast milk alters and the downstream
effects this may have on subsequent adult health will be of great
interest in regard to the programming of human metabolism
during the first few years of life.

Milk of prolonged lactation is characterized by increased
concentrations of fat, protein, and energy, becoming the most
caloric milk during lactation (35). The high immunological
potential of human milk during prolonged lactation also results
in its high value. Evidence of increasing of SIgA and IgG
levels and additionally the stable level of IgM during prolonged
lactation provides a strong additional argument for allowing
non-weaning because even if the milk from late lactation does
not fully meet the energy and nutritional needs of the baby,
the supply of immunological factors is beyond doubt. Based on
the obtained results, we can speculate that breast milk from
prolonged lactation has the potential to be used as donor milk;
however, further detailed studies are needed. The use of milk
from prolonged lactation gives an opportunity to concentrate

a higher number of human milk components in order to
improve the nutritional and the immunological status of DHM—
especially due to the fact that the synthesis of IgM, similar to SIgA
and IgG, by infants, in particular during early life, is not sufficient.

On the other hand, it should also be mentioned that the
donor milk in a milk bank must be subject to procedures
which are aimed at providing microbiological safety. Milk
immunoglobulins are at least partially preserved after standard
procedures of milk processing, but the effect is different
for the analyzed classes of immunoglobulins. According to
Escuder-Vieco and coworkers (44), the most thermostable
immunoglobulin is IgG, showing the highest preservation rate
(87-101%), followed by SIgA (concentration reduction of 12—
46%), and the least IgM (concentration reduction of 27-75%),
whereas high-pressure processing of breast milk had no or a
small effect on Igs concentration (45, 46). However, the available
data can differ. Adhisivam et al. present results that Holder
pasteurization decreased IgA by 30% and IgG by 60% (47).

The strength of our study is the determination of the
immunoglobulin profile in the 4th year of lactation since such
determination has not been performed previously in such a long
lactation period. Additionally, the analysis of milk samples from
more than 20 mothers in each group according to the duration
of lactation was performed. Moreover, in contrast to the latest
reports of Klein et al. (48), who adopted triple-quadrupole time-
of-flight mass spectrometry for immunoglobulin determinations,
we used highly specific immunochemical ELISA methods, which
we believe are better because they are cheaper, faster, more
accessible, and can be routinely used in labs in milk banks, after
appropriate adaptation, to characterize the immunological status
of donor milk. The limitations of our study are its being a single-
center, non-randomized controlled study and there being no
short- and long-term health follow-up of the infants of this study.

Additionally, since Ruiz et al. (49) reported geographical
variation in milk immune factor concentrations, namely, IgA,
IgG, and IgM among others, the comparison/verification of
our results with the results obtained for remote geographical
areas using the same immunological methods and milk
samples collected at the same stages of prolonged lactation is
necessary (49).

CONCLUSIONS

Our research shows that there is a high concentration of
immunoglobulins in milk from late lactation. Supporting
breastfeeding even after introducing solid foods should,
therefore, be one of the overarching goals in the protection of
public health and prevention of infections in infancy.

In view of the high concentration of immunologically
important compounds present in human milk, prolonged
lactation should be strongly supported.

Therefore, it is important to consider when making
recommendations that not even the number of feeds per
day but breastfeeding, in general, should be continued for as long
as possible that the mother and the baby wish to as supplement
and support for the maturing immune system of the baby.

Frontiers in Pediatrics | www.frontiersin.org

10

August 2020 | Volume 8 | Article 428


https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

Czosnykowska-tukacka et al.

Human Milk Immunoglobulins During Lactation

DATA AVAILABILITY STATEMENT

All datasets generated for this study are included in the article.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by The Bioethics Committee of the
Wroctaw Medical University. The patients/participants
provided their written informed consent to participate in
this study.

AUTHOR CONTRIBUTIONS

MC-L, JL-K, BK-O, and MO-P contributed to the conception
of the study. JL-K and MO-P contributed to the design of the

REFERENCES

1. Delves PJ, Roitt, IM. The immune system: first of two parts. Adv Immunol.
(2000) 34:37-49. doi: 10.1056/NEJM200007063430107
2. McDade T, Georgiev A, Kuzawa C. Trade-offs between acquired and
innate immune defenses in humans. Evol Med Public Health. (2016) 1:1-
16. doi: 10.1093/emph/eov033
3. Brandtzaeg P. Mucosal immunity: integration between mother and the breast-
fed infant. Vaccine. (2003) 21:3382-8. doi: 10.1016/S0264-410X(03)00338-4
4. Brandtzaeg P. The mucosal immune system and its integration with the
mammary glands. ] Pediatr. (2010) 156:8-15. doi: 10.1016/j.jpeds.2009.11.014
5. MacGillivray DM, Kollmann TR. The role of environmental factors
in modulating immune responses in early life. Front Immunol. (2014)
12:434. doi: 10.3389/fimmu.2014.00434
6. Turfkruyer M, Verhasselt V. Breast milk and its impact on maturation
of the neonatal immune system. Curr Opin Infect Dis. (2015) 28:199-
206. doi: 10.1097/QC0O.0000000000000165
7. Moore RE, Townsend SD. Temporal development of the infant gut
microbiome. Open Biol. (2019) 9:190128. doi: 10.1098/rsob.190128
8. Demers-Mathieu V, Underwood MA, Beverly RL, Nielsen SD, Dallas
DC. Comparison of human milk immunoglobulin survival during
gastric digestion between preterm and term infants. Nutrients. (2018)
10:631. doi: 10.3390/nu10050631
9. Zimecki M, Artym J. Therapeutic properties of proteins and peptides from
colostrum and milk. Postepy Hig Med Dosw (online). (2005) 59:309-23.
10. Hurley WL, Theil PK. Perspectives on immunoglobulins in colostrum and
milk. Nutrients. (2011) 3:442-74. doi: 10.3390/nu3040442
11. McElroy SJ, Weitkamp JH. Innate immunity in the small intestine of the
preterm infant. NeoReviews. (2011) 12:517-26 doi: 10.1542/neo.12-9-e517
12. Lis J, Orczyk-Pawitowicz M, Katnik-Prastowska I. Proteins of human milk
involved in immunological processes. Postepy Hig Med Dosw. (2013) 67:529-
47. doi: 10.5604/17322693.1051648
13. Lonnerdal B. Human milk: bioactive proteins/peptides and functional
properties In Bhatia J, Shamir R, Vandenplas Y, editors. Protein in
Neonatal and Infant Nutrition: Recent Updates. Basel: Karger (2016). p. 97—
107. doi: 10.1159/000442729
14. Trend S, Strunk T, Lloyd ML, Kok CH, Metcalfe ], Geddes DT, et al.
Levels of innate immune factors in preterm and term mothers breast
milk during the 1st month postpartum. Br ] Nutr. (2016) 115:1178-
93. doi: 10.1017/S0007114516000234
15. Goonatilleke E, Huang J, Xu G, Wu L, Smilowitz JT, German JB, et al. Human
milk proteins and their glycosylation exhibit quantitative dynamic variations
during lactation. J Nutr. (2019) 149:1317-25. doi: 10.1093/jn/nxz086
16. Perrin MT, Fogleman AD, Newburg DS, Allen JC. A longitudinal
study of human milk composition in the second year postpartum:

study. MC-L and JL-K organized the database. JL-K performed
the statistical analysis. MC-%, JL-K, and MO-P wrote the first
draft of the manuscript and the sections of the manuscript. All
the authors contributed to manuscript revision and read and
approved the submitted version.

FUNDING

This research was funded by the Medical Faculty (No.
STM.A070.17.060) of Wroclaw Medical University, Poland.

ACKNOWLEDGMENTS

The authors thank Wroclaw Medical University (Wroclaw,
Poland) for covering the cost of this publication.

implications for human milk banking. Matern Child Nutr. (2017)
13:€12239. doi: 10.1111/men.12239

17. Bachour P, Yafawi R, Jaber F, Choueiri E, Abdel-Razzak Z. Effects of smoking,
mother’s age, body mass index, and parity number on lipid, protein, and
secretory immunoglobulin A concentrations of human milk. Breastfeed Med.
(2012) 7:179-88. doi: 10.1089/bfm.2011.0038

18. Lis-Kuberka J, Orczyk-Pawilowicz M, Kroélak-Olejnik B, Berghausen-
Mazur M, Baranska K, Katnik-Prastowska I. Lectin-based analysis of
human milk immunoglobulin G fucosylated variants in relation to milk
maturation and perinatal risk factors. J Appl Biomed. (2018) 16:232-
40. doi: 10.1016/j.jab.2018.02.001

19. Broadhurst M, Beddis K, Black J, Henderson H, Nair A, Wheeler T. Effect of
gestation length on the levels of five innate defence proteins in human milk.
Early Hum Dev. (2015) 91:7-11. doi: 10.1016/j.earlhumdev.2014.11.006

20. Koenig A, de Albuquerque Diniz EM, Barbosa SF, Vaz FA. Immunologic
factors in human milk: the effects of gestational age and pasteurization. ] Hum
Lact. (2005) 21:439-43. doi: 10.1177/0890334405280652

21. Abuidhail ], Al-Shudiefat AA, Darwish M. Alterations of immunoglobulin G
and immunoglobulin M levels in the breast milk of mothers with exclusive
breastfeeding compared to mothers with non-exclusive breastfeeding during
6 months postpartum: The Jordanian cohort study. Am J Hum Biol. (2019)
31:23197. doi: 10.1002/ajhb.23197

22. Berdi M, de Lauzon-Guillain B, Forhan A, Castelli FA, Fenaille F, Charles MA,
et al. EDEN mother-child Cohort study group.: immune components of early
breastmilk: association with maternal factors and with reported food allergy in
childhood. Pediatr Allergy Immunol. (2019) 30:107-16. doi: 10.1111/pai.12998

23. van Belkum M, Mendoza Alvarez L, Neu J. Preterm neonatal

immunology at the intestinal interface. Cell Mol Life Sci. (2019)
77:1209-27. doi: 10.1007/s00018-019-03316-w

24. Ballard O, Morrow AL. Human milk composition: nutrients
and bioactive factors. Pediatr Clin North Am. (2013) 60:49-

74. doi: 10.1016/j.pcl.2012.10.002

25. Peterson R, Cheah WY, Grinyer J, Packer N. Glycoconjugates in human
milk: protecting infants from disease. Glycobiology. (2013) 23:1425-
38. doi: 10.1093/glycob/cwt072

26. Liu B, Newburg DS. Human milk glycoproteins protect infants against human
pathogens. Breastfeed Med. (2013) 8:354-62. doi: 10.1089/bfm.2013.0016

27. Bollinger RR, Everett ML, Palestrant D. Human secretory immunoglobulin
A may contribute to biofilm formation in the gut. Immunology. (2003)
109:580-7. doi: 10.1046/j.1365-2567.2003.01700.x

28. Lonnerdal B. Human milk proteins: key
biological activity of human milk. Adv Exp Med Biol.
554:11-25. doi: 10.1007/978-1-4757-4242-8_4

29. Lonnerdal B. Bioactive proteins in breast milk. J Paediatr Child Health. (2013)
49:1-7. doi: 10.1111/jpc.12104

components for the
(2004)

Frontiers in Pediatrics | www.frontiersin.org

August 2020 | Volume 8 | Article 428


https://doi.org/10.1056/NEJM200007063430107
https://doi.org/10.1093/emph/eov033
https://doi.org/10.1016/S0264-410X(03)00338-4
https://doi.org/10.1016/j.jpeds.2009.11.014
https://doi.org/10.3389/fimmu.2014.00434
https://doi.org/10.1097/QCO.0000000000000165
https://doi.org/10.1098/rsob.190128
https://doi.org/10.3390/nu10050631
https://doi.org/10.3390/nu3040442
https://doi.org/10.1542/neo.12-9-e517
https://doi.org/10.5604/17322693.1051648
https://doi.org/10.1159/000442729
https://doi.org/10.1017/S0007114516000234
https://doi.org/10.1093/jn/nxz086
https://doi.org/10.1111/mcn.12239
https://doi.org/10.1089/bfm.2011.0038
https://doi.org/10.1016/j.jab.2018.02.001
https://doi.org/10.1016/j.earlhumdev.2014.11.006
https://doi.org/10.1177/0890334405280652
https://doi.org/10.1002/ajhb.23197
https://doi.org/10.1111/pai.12998
https://doi.org/10.1007/s00018-019-03316-w
https://doi.org/10.1016/j.pcl.2012.10.002
https://doi.org/10.1093/glycob/cwt072
https://doi.org/10.1089/bfm.2013.0016
https://doi.org/10.1046/j.1365-2567.2003.01700.x
https://doi.org/10.1007/978-1-4757-4242-8_4
https://doi.org/10.1111/jpc.12104
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

Czosnykowska-tukacka et al.

Human Milk Immunoglobulins During Lactation

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Rogier E, Frantz A, Bruno M, Wedlund L, Cohen DA, Stromberg AJ, et al.
Lessons from mother: long-term impact of antibodies in breast milk on the
gut microbiota and intestinal immune system of breastfed offspring. Gut
Microbes. (2014) 5:663-8. doi: 10.4161/19490976.2014.969984

Royle L, Roos A, Harvey DJ, Wormald MR, van Gijlswijk-Janssen D, Redwan
el-RM, et al. Secretory IgA N- and O-glycans provide a link between
the innate and adaptive immune systems. ] Biol Chem. (2003) 278:20140-
53. doi: 10.1074/jbc.M301436200

Lis-Kuberka J, Krolak-Olejnik B, Berghausen-Mazur M, Orczyk-Pawitowicz
M. Lectin-based method for deciphering human milk IgG sialylation.
Molecules. (2019) 24:3797. doi: 10.3390/molecules24203797

Lawrence RM, Pane CA. Human breast milk: current concepts of immunology
and infectious diseases. Curr Probl Pediatr Adolesc Health Care. (2007) 37:7-
36. doi: 10.1016/j.cppeds.2006.10.002

Demers-Mathieu V, Huston RK, Markell AM, McCulley EA, Martin RL,
Spooner M, et al. Differences in maternal immunoglobulins within mother’s
own breast milk and donor breast milk and across digestion in preterm
infants. Nutrients. (2019) 11:E920. doi: 10.3390/nu11040920
Czosnykowska-Lukacka M, Krolak-Olejnik B, Orczyk-Pawilowicz M. Breast
milk macronutrient components in prolonged lactation. Nutrients. (2018)
10:E1893. doi: 10.3390/nu10121893

Czosnykowska-Lukacka M, Orczyk-Pawitowicz M, Broers B, Krolak-Olejnik
B. Lactoferrin in human milk of prolonged lactation. Nutrients. (2019)
11:E2350. doi: 10.3390/nu11102350

Lis-Kuberka ], Katnik-Prastowska I, Berghausen-Mazur M, Orczyk-
Pawitowicz M. Lectin-based analysis of fucosylated glycoproteins of
human skim milk during 47 days of lactation. Glycoconj J. (2015)
32:665-74. doi: 10.1007/s10719-015-9615-5

Gopalakrishna KP, Macadangdang BR, Rogers MB, Tometich JT, Firek
BA, Baker R, et al. Maternal IgA protects against the development of
necrotizing enterocolitis in preterm infants. Nat Med. (2019) 25:1110-
5. doi: 10.1038/541591-019-0480-9

Davisse-Paturet C, del-Patient K, Divaret-Chauveau A, Pierson J, Lioret
S, Cheminat M, et al. Breastfeeding status and duration and infections,
hospitalizations for infections, and antibiotic use in the first two years of life
in the ELFE cohort. Nutrients. (2019) 11:1607. doi: 10.3390/nul11071607
Neville MC, Allen JC, Archer PC, Casey CE, Seacat ], Keller RP, et al. Studies
in human lactation: milk volume and nutrient composition during weaning
and lactogenesis. Am ] Clin Nutr. (1991) 54:81-92. doi: 10.1093/ajcn/54.1.81
Arthur PG, Hartmann PE, Smith M. Measurement of the milk
intake of breast-fed infants. ] Pediatr Gastroenterol Nutr. (1987)
6:758-63. doi: 10.1097/00005176-198709000-00017

Agostoni C, Buonocore G, Carnielli VP, de Curtis M, Darmaun D,
Decsi T, et al. Enteral nutrient supply for preterm infants: commentary

43.

44,

45.

46.

47.

48.

49.

from the European society of paediatric gastroenterology, hepatology and
nutrition committee on nutrition. J Pediatr Gastroenterol Nutr. (2010) 50:85-
91. doi: 10.1097/MPG.0b013e3181adaee0

Weaver G, Bertino E, Gebauer C, Grovslien A, Mileusnic-Milenovic
R, Arslanoglu S, et al. Recommendations for the establishment and
operation of human milk banks in Europe: a consensus statement from
the European milk bank association (EMBA). Front Pediatr. (2019)
7:53. doi: 10.3389/fped.2019.00053

Escuder-Vieco D, Espinosa-Martos I, Rodriguez JM, Fernandez L, Pallas-
Alonso CR. Effect of HTST and holder pasteurization on the concentration
of immunoglobulins, growth factors, and hormones in donor human milk.
Front Immunol. (2018) 27:2222. doi: 10.3389/fimmu.2018.02222

Sousa SG, Delgadillo I, Saraiva JA. Effect of thermal pasteurisation and
high-pressure processing on immunoglobulin content and lysozyme and
lactoperoxidase activity in human colostrum. Food Chem. (2014) 151:79-
85. doi: 10.1016/j.foodchem.2013.11.024

A, E, Barbarska O, Strom K,
Rutkowska M, Karzel K, et al. New achievements in high-pressure
processing to preserve human milk bioactivity. Front Pediatr. (2018)
16:323. doi: 10.3389/fped.2018.00323

Adhisivam B, Vishnu Bhat B, Rao K, Kingsley SM, Plakkal N, Palanivel
C. Effect of holder pasteurization on macronutrients and immunoglobulin
profile of pooled donor human milk. ] Matern Fetal Neonatal Med. (2019)
32:3016-9. doi: 10.1080/14767058.2018.1455089

Klein LD, Huang J, Quinn EA, Martin MA, Breakey AA, Gurven M, et al.
Variation among populations in the immune protein composition of mother’s
milk reflects subsistence pattern. Evol Med Public Health. (2018) 13:230-
45. doi: 10.1093/emph/eoy031

Ruiz L, Espinosa-Martos I, Garcia-Carral C, Manzano S, McGuire MK,
Meehan CL, et al. What's normal? Immune profiling of human milk from
healthy women living in different geographical and socioeconomic settings.
Front Immunol. (2017) 30:696. doi: 10.3389/fimmu.2017.00696

Wesolowska Sinkiewicz-Darol

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Czosnykowska-Lukacka, Lis-Kuberka, Krolak-Olejnik and
Orczyk-Pawitowicz. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Pediatrics | www.frontiersin.org

12

August 2020 | Volume 8 | Article 428


https://doi.org/10.4161/19490976.2014.969984
https://doi.org/10.1074/jbc.M301436200
https://doi.org/10.3390/molecules24203797
https://doi.org/10.1016/j.cppeds.2006.10.002
https://doi.org/10.3390/nu11040920
https://doi.org/10.3390/nu10121893
https://doi.org/10.3390/nu11102350
https://doi.org/10.1007/s10719-015-9615-5
https://doi.org/10.1038/s41591-019-0480-9
https://doi.org/10.3390/nu11071607
https://doi.org/10.1093/ajcn/54.1.81
https://doi.org/10.1097/00005176-198709000-00017
https://doi.org/10.1097/MPG.0b013e3181adaee0
https://doi.org/10.3389/fped.2019.00053
https://doi.org/10.3389/fimmu.2018.02222
https://doi.org/10.1016/j.foodchem.2013.11.024
https://doi.org/10.3389/fped.2018.00323
https://doi.org/10.1080/14767058.2018.1455089
https://doi.org/10.1093/emph/eoy031
https://doi.org/10.3389/fimmu.2017.00696
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

	Changes in Human Milk Immunoglobulin Profile During Prolonged Lactation
	Introduction
	Materials and Methods
	Milk Collection
	Sample Preparation
	Determination of Skim Milk Protein Concentration
	Determination of SIgA Concentration
	Determination of IgG Concentration
	Determination of IgM Concentration
	Statistical Analysis

	Results
	Concentration of Skim Milk Protein
	Concentration of Skim Milk Secretory IgA
	Concentration of Skim Milk IgG
	Concentration of Skim Milk IgM
	Correlation Among Skim Milk Total Protein and Immunoglobulins Over Prolonged Lactation
	Skim Milk Total Protein and Immunoglobulin Concentrations in Relation to Frequency of Breastfeeding
	Skim Milk Immunoglobulin Concentrations in Relation to the Mode of Delivery and the Gender of the Baby

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


