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Abstract: Colostrum is produced in the first days postpartum. It is a known source of immune
mediators for a newborn within the first week of life. Although it is still unclear if colostrum
composition varies between populations, recent data suggest differences. Hepatocyte growth factor
(HGF); transforming growth factor-β (TGF-β) 1, 2, and 3; and immunoglobulin A (IgA) are key
immunological components of colostrum that stimulate neonatal gastrointestinal and immune system
development. We aimed to investigate the differences in the concentration between immune markers
in the colostrum of mothers living in Burundi and Italy, and to identify the factors associated with
differences. In this cross-sectional birth cohort study, a total of 99 colostrum samples from Burundian
(n = 23) and Italian (n = 76) women were collected at 0 to 6 days postpartum. A clinical chemistry
analyser was used for IgA quantification and electro-chemiluminescence, for HGF and TGFβ1-3
assessment. A univariate analysis and multivariate linear regression model were used for statistical
testing. The concentrations of TGF-β2 (p = 0.01) and IgA (p < 0.01) were significantly higher in
the colostrum from the women residing in Burundi than in Italy, both in a univariate analysis and
upon the adjustment for confounding factors. A similar trend is seen for HGF, reaching statistical
significance upon a multivariate analysis. We found a moderate to strong positive correlation
between the TGF-β isoforms and IgA concentration in both countries (p < 0.01), with stronger
concentration in the colostrum from Burundi. The results of this study are in support of previous
data, suggesting that concentration of the immune active molecules is higher in the human milk
of women residing in developing countries. However, with a small sample size, caution must be
applied, as the findings require further confirmation. Future work should also be focused on other
factors (e.g., lipid and microbial composition), as well as the investigation into colostrum and between
populations comparison, adjusting for potential confounders.
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1. Introduction

Human milk is a first source of nutrition for a newborn child and is globally accepted to be
beneficial for the developing infant [1]. The advantages of breastfeeding include the transference of
multiple immune factors, maturation of gut immunity, and anti-inflammatory effects [2]. The rising
burden of non-communicable diseases increased an interest in their association with human milk
(HM) cytokine composition [3,4]. It has been hypothesised that immune mediators in HM may
play an important role in both the maturation of the newborn intestine and in stimulating immune
system activation [5]. Previous prospective and longitudinal studies provided conflicting evidence on a
breastfeeding protective effect on non-communicable [6] and communicable [7] outcomes, and have led
to a suggestion that it may be due to the diversity of human milk composition between individuals [8].

Colostrum is the first human milk produced within the first days postpartum, and it allows for
the transport of a high concentration of growth factors per unit volume. Hepatocyte growth factor
(HGF) is secreted into human colostrum by multipotent mesenchymal stem cells [9]. HGF is expressed
in BM as well as in the epithelial cells of the female reproductive tract and the gastrointestinal tract [10].
Patki et al. found greater concentrations of HGF in colostrum compared with paired umbilical cord
serum samples [11]. It has been postulated that an elevated concentration of HGF in human milk is
needed to maintain proliferation, angiogenesis, and intestinal tissue maturation through paracrine and
endocrine signaling [9]. Additionally, HGF may regulate the proinflammatory vascular endothelial
growth factor (VEGF) production from endothelial cells [12], and provide a complementary effect with
VEGF on the neonatal gut [9].

Transforming growth factor-β (TGF-β) is an anti-inflammatory cytokine found in human
colostrum. Throughout lactation, all three isoforms of the TGF-β superfamily (TGF-β1, TGF-β2,
and TGF-β3) are produced, of which 95% is TGF-β2. The known effects of maternal TGF-β include
oral and gut tolerance through the immunosuppressive action on neonatal T-lymphocytes [13,14].
Enteral exposures trigger neonatal antigen presenting cells in mucosal surfaces, to suppress
inflammatory immune responses to common antigens via TGF-β2 mediated tolerance [15], which may
lead to the inhibition of antigen specific T-lymphocytes’ proliferation [16]. It has been shown that intact
cow’s milk protein (bovine alpha-S1 casein) is found in human colostrum, and a failure to tolerate this
antigen could lead to a sensitisation for cow’s milk protein in the infant [17]. Some authors suggest
that the TGF-β presence in colostrum is of a particular importance, as it may be partially responsible
for the control of inflammatory processes that could lead to atopic sensitisation [18–20].

TGF-β is also responsible for the antibodies produced by B-lymphocytes’ class-switching,
in particular, secretory immunoglobulin A (IgA). Japanese researchers found a correlation between the
TGF-β1 concentration in human milk and IgA levels in the infant serum [21]. IgA secretion in human
milk is vital to provide passive immune protection, as the newborn infant is unable to synthesise
antibodies until 30 days postpartum [22]. Therefore, TGF-β mediated tolerance and IgA antibody
synthesis are both key components for infant immune development.

Previous studies have highlighted the importance of maternal and environmental factors’
influence on BM composition. These include both genetic and environmental factors, such as diet,
psychological background, and maternal atopic status [23–26]. Very few studies have assessed the
levels of immune mediators in the human milk of women from Africa and Europe; Holmlund and
colleagues identified that Swedish mothers born in Mali retained higher breast milk TGF-β
concentrations in comparison to women of Swedish origin [27]. The difference in association between
the level of TGF-β in colostrum and ethnicity was supported further by Aihara Y. et al., explaining it by
variations in the consumption of animal protein and the mode of delivery of lactating mothers in Japan
and Nepal [28]. Recently, Ruiz and Espinosa-Martos et al. assessed the human milk immunological
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composition of women residing in different geographical locations, including Europe and Africa,
showing a substantial variation within and, particularly among, human subpopulations [29].

Based on the The United Nations Children’s Fund (UNICEF) reported childhood mortality rate
under the age of five, in Italy, it is 4 per 1000, whereas in Burundi, the rate is 104 per 1000, with 52% of
these deaths being attributable to fatal childhood infections [30,31]. We hypothesised that the levels of
immune active components, which may be able to reduce neonatal infection risk, in colostrum will
be higher in the colostrum of Burundi women. Evidence suggests that not only bacterial exposures,
but also a large range of other maternal and environmental factors, may be attributed to changes in
the growth factors and IgA concentration [32], subsequently impacting the risk of non-communicable
diseases [33] or infection [34] development.

The aim of the study was to investigate the levels of all of the TGF-β isoforms (TGF-β1, 2, and 3),
HGF, and IgA in the colostrum samples from Italy and Burundi, and to assess the potential factors
responsible for the differences.

2. Materials and Methods

2.1. Design

This cross-sectional birth cohort study involved mother–newborn pairs recruited from postnatal
wards. The inclusion criteria for the study were healthy term infants and their mothers willing to
comply with the study procedures. The exclusion criteria were maternal immunosuppressive treatment
during lactation, or severe illness; infants with a major birth defect, admitted to neonatal intensive
care; other severe illnesses; and inability to express colostrum.

Informed consent was obtained from all of the participants who volunteered to take part,
along with a colostrum sample and a questionnaire.

The investigations and sample collection were conducted following ethical approval by the ethics
committees in the two countries participating in this study, the Ethical Committee of the Azienda
Ospedaliera di Verona (Italy) (approval N◦1288) and the Ngozi Burundi Hospital approval, which was
in accordance with Italian standards.

2.2. Setting

The women were approached at postnatal wards in two very different environments, namely:
in a developed country, G.B. Rossi Hospital, Verona, Italy, and in a developing country, the Hospital
of Ngozi, Republic of Burundi. All of the samples were collected in the hospital by a highly skilled
member of a research team. The clinical data on the participating infants and mothers were extracted
from the hospital notes.

2.3. Colostrum Samples Collection

The participants were given sterile tubes to collect their own colostrum (once, in the first six
days of life). Instructions were given for the collection of samples by manual expression or by
collecting the drip from the contralateral breast during feeding. The colostrum samples were frozen
at −20 ◦C in Burundi and −50 ◦C in Verona, within 12 h of collection, until their transfer to London.
All of the samples were transported to Imperial College London, at −70 ◦C, where the samples
were stored at −80 ◦C until analysis. All of the samples were analysed at Imperial College London
facilities to ensure standardisation. After thawing, the samples were centrifuged at 1500× g for 15 min
at 4 ◦C. The lipid layer was removed with a pipette tip, and the aqueous fraction was analysed for
immune modulators.
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2.4. Immune Mediators Measurement

We used electro-chemiluminescence to measure the immune mediators in the colostrum samples,
for HGF and TGFβ1-3 (MesoScale Discovery, Rockville, MD, USA). LThe laboratory experiments
were described in detail elsewhere [26]. In brief, the samples were run in duplicate, according to the
manufacturer’s protocol, using an 8-point standard curve. No dilution was used for the HGF, and a
1:2 dilution was used for the TGFβ assays, following pilot experiments, which showed that the TGFβ2
level in the undiluted milk samples was often greater than the upper limit of detection.

Using an Abbott Architect clinical chemistry analyser® (Abbott, Abbott Park, IL, USA.),
the IgA concentration analysis was conducted as described earlier [35]. The colostrum samples were
centrifuged at 3000× g for 15 min at 4 ◦C to remove the lipaemic interference on analysis. Then, 300 µL
of the supernatant was transferred into the cuvettes using pipettes. The samples were diluted to 1:5 for
the IgA quantification. The IgA analysis determined the immunoturbidity of the immune insoluble
complexes formed in the presence of the reagent. The IgA analysis with the corresponding reagents
was performed according to the manufacturer’s protocol.

2.5. Data Analysis

Based on previously published research statistical power calculations [36], the sample size of
n = 48 in the Italy group and n = 22 in Burundi group allows for 80% power at a 0.05 significance
level, which would allow for detecting a 34% difference between the groups for IgA and 36% for
TGF-β in the colostrum. For the purpose of this study, only those samples with all data points
available were included in the statistical analysis. The differences between the concentrations of HGF;
TGF-β1, 2, and 3; and IgA in the Burundian and Italian colostrum samples were calculated with
GraphPad Prism, Version 6.0 (GraphPad Software, La Jolla, CA, USA), for parametric data, using
an unpaired t-test, Pearson’s chi-squared test, and Fisher’s exact test. The Mann–Whitney U test
and Kruskal–Wallis one-way analysis of variance (ANOVA) were used for the non-parametric data.
The correlations between TGF-β1, 2, and 3 with IgA were determined by Spearman’s rank correlation
coefficient. The multivariate linear regression using a backward stepwise entry, was conducted using
IBM SPSS Statistics software for Windows, Version 20 (IBM Corp, Armonk, NY, USA). The factors in the
regression model included the maternal age, country of origin, animal contact, and parity. The results
were considered significant when the p-values were reported at a level less than 0.05.

3. Results

3.1. Study Participants Demographics

Based on the questionnaire completed by all of the participants in the study, the demographic
characteristics of the cohort have been assessed. Out of the total 117 women providing colostrum
(Italy, n = 76; Burundi, n = 41), the full demographic details were available for 99 mothers only,
and were included in the analysis (Italy, n = 76; Burundi, n = 23). Their demographic data is shown in
Table 1. The maternal and parturition characteristics were different between the samples from Burundi
and Italy. The women in Burundi were younger than the women in Italy (p < 0.01) and had more
pregnancies (p < 0.01). The infants from Burundi were characterised by a lower weight and gestational
age (p < 0.01 for both).
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Table 1. Characteristics of study participants between sites of collection.

Characteristics Burundi Italy p-Value

Maternal age (years), mean (SD) 1 24.30 (5.57) 37.39 (5.38) <0.01
Birth weight (grams), mean (SD) 1 2831 (746.8) 3328 (476.9) <0.01

Gestational age (weeks), mean (SD) 1 36.48 (1.12) 39.36 (1/34) <0.01
Gender (male), n (%) 2 15/25 (60) 41/76 (54) 0.60

Mode of delivery (c-section), n (%) 3 7/21 (33) 14/76 (18) 0.14
Parity, mean (SD) 4 2.04 (1.15) 0.81 (0.80) <0.01

Maternal smoking, n (%) 5 2/23 (9) 3/76 (4) 0.33
Antenatal infections 6 6/23 (26) 29/76 (38) 0.29

Regular animal contact 6 10/23 (43) 27/76 (36) 0.49
Time of colostrum collection (hours), mean (SD) 1 58.29 (26.4) 51.13 (32.61) 0.28

Statistical methods used: 1 Unpaired t tests. 2 Pearson chi-squared and data dichotomised into groups of female
and male. 3 Pearson chi-squared test and data dichotomised into groups of vaginal delivery and caesarean section
(c-section) delivery. 4 Mann–Whitney U test. 5 Fisher’s exact test. 6 Pearson chi-squared test. Statistically significant
results presented in bold. SD—standard deviation.

3.2. Quantification of Factors in Colostrum Samples

3.2.1. Univariate Analysis Results

The analysis of the TGF-β1 and TGF-β3 raw concentrations found no significant difference
between the Burundian and Italian women. The HGF levels did not differ significantly, but there
was a trend for higher levels in the colostrum of the Burundian women (2785 pg/mL and
697.4–10,107 vs. 1316, 785–2628, for the median and interquartile range (IQR), respectively, p = 0.08)
(Figure 1a). The TGF-β2 concentrations in the Burundi women’s colostrum were significantly higher
than the colostrum samples from the Italian women (59,708 and 36,865–113,221 pg/mL vs. 33,176 and
18,046–66,520 pg/mL, for the median and interquartile range (IQR), respectively, p = 0.01) (Figure 1c).
The principle concentration of the growth factor found in the human colostrum was dominated by
TGF-β2, followed by HGF, TGF-β3, and TGF-β1, respectively.

The concentration of IgA in the colostrum from Burundian mothers was significantly higher than
in the Italian colostrum samples (2.78 and 1.45–22.2 g/L vs. 1.48 and 0.89–2.67 g/L, for the median
and interquartile range (IQR), respectively, p < 0.01) (Figure 1e).



Nutrients 2018, 10, 1216 6 of 13

Nutrients 2018, 10, x FOR PEER REVIEW  5 of 12 

 

and caesarean section (c-section) delivery. 4 Mann–Whitney U test. 5 Fisher’s exact test. 6 Pearson chi-
squared test. Statistically significant results presented in bold. SD—standard deviation. 

3.2. Quantification of Factors in Colostrum Samples 

3.2.1. Univariate Analysis Results 

The analysis of the TGF-β1 and TGF-β3 raw concentrations found no significant difference 
between the Burundian and Italian women. The HGF levels did not differ significantly, but there was 
a trend for higher levels in the colostrum of the Burundian women (2785 pg/mL and 697.4–10,107 vs. 
1316, 785–2628, for the median and interquartile range (IQR), respectively, p = 0.08) (Figure 1a). The 
TGF-β2 concentrations in the Burundi women’s colostrum were significantly higher than the 
colostrum samples from the Italian women (59,708 and 36,865–113,221 pg/mL vs. 33,176 and 18,046–
66,520 pg/mL, for the median and interquartile range (IQR), respectively, p = 0.01) (Figure 1c). The 
principle concentration of the growth factor found in the human colostrum was dominated by TGF-
β2, followed by HGF, TGF-β3, and TGF-β1, respectively.  

The concentration of IgA in the colostrum from Burundian mothers was significantly higher 
than in the Italian colostrum samples (2.78 and 1.45–22.2 g/L vs. 1.48 and 0.89–2.67 g/L, for the median 
and interquartile range (IQR), respectively, p < 0.01) (Figure 1e).  

Figure 1. Comparison of growth factors: (a) hepatocyte growth factor (HGF), (b) transforming growth 
factor-β1 (TGF-β1), (c) TGF-β2, (d) TGF-β3, and (e) immunoglobulin A (IgA) raw concentrations in 
the colostrum samples from Burundi and Italy, using the Mann–Whitney U test. The results were 
considered significant when the p-values were reported at a level less than 0.05 *. 

(e) 

(a) (b) 

(c) (d) 

Figure 1. Comparison of growth factors: (a) hepatocyte growth factor (HGF), (b) transforming growth
factor-β1 (TGF-β1), (c) TGF-β2, (d) TGF-β3, and (e) immunoglobulin A (IgA) raw concentrations in
the colostrum samples from Burundi and Italy, using the Mann–Whitney U test. The results were
considered significant when the p-values were reported at a level less than 0.05 *.

3.2.2. Multivariate Analysis Results

The multivariate linear regression analysis was used to adjust for the factors that may affect the
immune mediator concentration in human milk. The backwards regression models calculated the most
significant factors contributing to the differences in concentration, shown in Table 2. The difference in
the TGF-β2 and IgA concentrations between the countries remained significant upon adjustment for
potential confounders. The levels of HGF, which were at a borderline significance at the univariate
analysis (p = 0.08), showed a significant difference upon adjustment.
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Table 2. Univariate and adjusted analysis for comparison of growth factors and IgA levels in the
colostrum of women from Burundi and Italy.

Immune Factor Burundi Median (IQR) Italy Median (IQR) Unadjusted
p-Values 1

Adjusted Analysis 2

Most Important Factor 3 p-Value

HGF (pg/mL) 2785 (697.4–10,107) 1316 (785–2628) 0.08 Country of residence <0.01
TGFβ1 (pg/mL) 673.1 (387.5–1133) 663 (483.1–940.4) 0.80 Parity 0.13
TGFβ2 (pg/mL) 59,708 (36,865–113,221) 33,176 (18,046–66,520) 0.01 Country of residence 0.03
TGFβ3 (pg/mL) 1056 (456.5–3212) 1066 (566.3–2038) 0.94 Parity 0.11

IgA (g/L) 2.78 (1.45–22.2) 1.48 (0.89–2.67) <0.01 Country of residence <0.01
1 Statistical analysis for unadjusted comparisons between women from Italy and Burundi, using Mann–Whitney
U test; 2 adjusted analysis (multivariate linear regression). Confounding factors included in the model: country
of residence, parity (binary), maternal age, gestational age, and animal contact during pregnancy; 3 According to
multivariate regression model; Statistically significant results (at p value < 0.05) presented in bold. interquartile
range—IQR; TGF-β—transforming growth factor-β; HGF—hepatocyte growth factor; IgA—immunoglobulin A.

3.2.3. Correlation of TGF-β1, 2, and 3 with IgA Levels

To assess the correlation between the levels of TGF-β, we used Spearman’s rank correlation
coefficients. We found moderate positive correlations between the growth factor and IgA concentrations
in the colostrum of Italian mothers (p < 0.01) and a moderate to strong correlation in the samples
from the Burundian mothers. The growth factors correlated with IgA were apparently stronger in the
colostrum samples from Burundi, as seen in Table 3.

Table 3. Correlation between levels of growth factors (TGFβ1, 2, and 3) with IgA.

Correlating Factors Burundi (r 1) Italy (r)

HGF/IgA 0.71 ** 0.38 **
TGF-β1/IgA 0.52 * 0.28 *
TGF-β2/IgA 0.68 ** 0.32 **
TGF-β3/IgA 0.72 ** 0.51 **

Statistical analysis was performed using Spearman’s rank correlation coefficient. 1 Spearman r values are presented;
*—results are statistically significant at a level less than 0.05; **—results are statistically significant at a level less
than 0.01.

4. Discussion

This study aimed to evaluate the differences in the growth factors (TGF-β isoforms and HGF) and
IgA levels in the colostrum of women from two distinct cohorts, West African and a Southern European.
A great variability in the microbial composition, risk of severe infections, and non-communicable
disease rates is seen in these two populations. We found a few apparent differences between the
sites following the unadjusted and adjusted analysis. The raw concentrations assessment identified
significantly higher concentrations of TGF-β2 and IgA in the Burundian samples and a cursory
trend for the HGF concentration in the colostrum samples from Burundi, which reached statistical
significance upon adjustment.

Our results showed no significant difference in the TGF-β1 and 3 concentrations between the
two groups of women. In contrast, a few studies previously found higher levels of TGF-β1 in
the human milk of mothers from developing countries [27,37], or from those residing in a farming
environment [38]. The authors suggested that maternal contact with high microbial environments
was attributed to an increase of TGF-β1. As multiple factors may influence the immune marker
concentration in human milk, it can be speculated that the differences between the studies are a result
of ethnic and dietary differences. A major limitation of all of the abovementioned studies, as well
as our own work, is a limited sample size. To fully understand the cause of the TGF-β1 variations,
the assessment of the dietary and genetic profiles of mothers from different geographical locations
is required.
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We found higher concentrations of TGF-β2, the predominant isoform of TGF-β in human milk,
and IgA in the Burundian colostrum samples. Existing differences in concentration between the sites
were confirmed upon adjustment for potential confounders. This finding is in agreement with the
results of the study comparing human milk samples from Estonia and Sweden, with higher secretory
IgA levels found in Estonia, a country with a greater microbial burden [39]. The high bacterial and
viral load in Western Africa may trigger the maternal immune responses and amplify the production
of immune mediators; this induces in utero epigenetic alterations via placental Fc receptors [40].
Postnatally, the maternal immune mediators are passed to the infant through breast milk. Thus,
the increased TGF-β2 and IgA concentration in the colostrum reflects their purpose, to target microbial
antigens and improve mucosal barrier function [41,42]. It may be hypothesised that the elevated IgA
concentrations are a potential ‘compensation’ for the high microbial burden in Burundi.

The surroundings in sub-Saharan Africa offer a microbial load and may possibly stimulate the
elevated HGF concentration that was found in colostrum from the Burundian mothers, as a result of
the immune-protective effects of HGF on the newborn mucosal barriers [11].

The gestational age of the Burundian infants was lower than their Italian peers. This could
potentially result in a greater immunological need, and the mothers’ milk is more likely to resemble a
preterm milk composition, with higher levels of IgA and TGFβ2 [43], which could be another plausible
explanation for the increased levels of these markers in the Burundian women’s milk.

In Italy, a more industrialised country with fewer microbial exposures, there is decreased maternal
immune stimulation and we detected lower levels of TGF-β2 and IgA in the colostrum of the Italian
women. This is supported by the ‘hygiene hypothesis’, which associated Western lifestyles with
rising non-communicable disease prevalence as a consequence of decreased microbial exposures in
childhood [44]. Previously, Hawkes and colleagues established that the maternal plasma concentrations
of TGF-β2 do not correlate to the levels found in paired breast milk samples [45]. It was also suggested
that throughout pregnancy and lactation, the immune cells infiltrate the mammary tissue to upregulate
the production of key soluble factors, including TGF-β2 [46]. These studies propose that the local
mammary gland production of TGF-β2 may be responsible for the high concentrations seen in breast
milk. Therefore, our results cannot unambiguously confirm that systemic immune responses due to a
higher maternal microbial exposure in Burundi are a causal factor for the differences in the TGF-β2
levels between the sites. Population studies and genome wide analysis can be used to assess the
relationship of host–pathogen responses in human milk components between the countries. However,
our results provide additional data, improving the understanding of the selective pressures that lead to
immune component variability in human milk and the factors responsible for the differences observed.

The levels of each of the TGF-β isoforms significantly correlated with the IgA concentration in
the colostrum from both Burundi and Italy, with stronger correlations observed in the colostrum of
the Burundi women. Correlations of immunological markers in human milk are a well-known
phenomenon [47], however, it is worth noting that the strength of the correlation in different
geographical locations is rarely assessed and should be considered as a potential topic of interest in
the future. TGF-β is known to mediate the class-switching of antibodies and therefore regulates the
production of secretory IgA [48]. Some authors have suggested that additional signaling factors are
required for complete IgA differentiation and class-switching, such as interleukin (IL)-2 and IL-5 [49,50].
We are far from completely understanding the IgA production trigger, but it is necessary to consider
the contributing signals for antibody class-switching. This is a possible area that may be considered
for further investigation.

Understanding the immune mediator composition of human milk and its’ relationships with
communicable and non-communicable disease progression is an area of great interest, as it could
lead to the development of various therapeutic applications. This includes manipulation with the
maternal diet or the environment so as to promote ‘healthier’ human milk composition, as well as
the fortification of formula milk for those infants unable to receive breast milk. Some animal model
studies show promising outcomes [51], and there are targets for application in humans [34]. It is
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widely believed that airborne allergens in human milk can be used to induce TGF-β1 mediated oral
tolerance [52]. This may be a possible intervention to prevent antigen-specific allergic airway diseases,
but also may have applications in infectious diseases. By understanding the transfer of maternal
plasma immune mediators to breast milk, there is vast potential for the development of vaccines that
could immunise both mother and infant [53].

With the emergence of data showing that the differences in human milk immune composition
most likely exist between the countries [26,29,38,39,54], it becomes more apparent that it should be
considered as an important confounding factor in breastfeeding research. At present, most of the
studies evaluating the associations between breastfeeding and health outcomes do not take differences
in the breast milk composition into account, which may lead to a serious bias. This becomes particularly
important when the data from the developed and developing world is compared. The diversity of the
human milk composition may account for the conflicting data coming from breastfeeding studies.

More intense research of the differences between the human milk immunological composition may
result in an improvement of donor human milk routine use approaches. This is particularly important
for a high-income, well developed countries, when necrotizing enterocolitis (NEC) is concerned [55].
A recently published Cochrane systematic review suggests that infant formula use in preterm infants
results in an almost doubled risk of NEC development, when compared with donor human milk [56].
A better understanding of human milk immune composition may help to highlight the important
markers that are able to further reduce the risk of NEC development and select the most appropriate
milk for the infant at risk.

Our study had several limitations; the maternal dietary patterns have not been assessed using a
food frequency questionnaire and the maternal body mass index (BMI) has not been measured; we did
not evaluate the maternal genotype as a potentially important determinant or modulator of human
milk composition; and the small cohort size from Burundi represented another limitation within our
study. Although a larger number of samples were collected from the Burundi mothers, because of
missing data from the mother–newborn pairs, some data were excluded from the statistical analysis,
which led to a reduced statistical power. A small sample size could potentially skew the outcomes
obtained on a multivariate linear regression analysis. We sampled single colostrum specimens from
each subject, which can also be considered as a limitation. The time before freezing has not been
recorded, but it is extremely unlikely to have influenced the results as the samples were frozen within
a few hours of collection, and it has been previously shown that the immune active molecules are very
stable and do not degrade rapidly [57,58]. The difference in the initial storage conditions (−20 ◦C and
−50 ◦C), for a period of less than 12 months, is also very unlikely to have had a significant effect on the
immunological composition [58]. The outcomes of the statistical analysis are somewhat promising, as
the univariate analysis results were subsequently confirmed when the multivariate testing was applied.
Another advantage of this study is the rigorous standardisation of the sample collection and analysis,
as well as the measurement of important immunological markers, using a very sensitive technique.

5. Conclusions

This cross-sectional study has found differences in the colostrum immune composition between
women residing in Burundi and Italy, with higher levels and stronger correlations between the markers
found in the milk of the African women. Taken together, these results suggest that differences in
the environment and a higher bacterial upload in the developing countries may lead to a higher
excretion of factors in to the human milk, in order to provide better protection against infections, as a
compensatory mechanism. A stronger correlation between the growth factors and the IgA in colostrum
of the women residing in Africa needs further investigation.

The results of this research support the idea that maternal and environmental differences between
the populations may result in human milk compositional changes. However, the generalisability of
these results is subject to certain limitations. For instance, a small sample size does not allow us to
make definitive conclusions. What is now needed is a cross-national study involving participants
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from very diverse geographical locations, in order to fully determine the cause of the differences in the
colostrum composition, taking into account multiple factors that may influence the outcomes.

Author Contributions: J.O.W., R.J.B., A.L.B., D.G.P., and D.M. conceived and designed the experiments; D.M.,
L.Y.C., P.A., and S.S. performed the experiments; S.L., P.C., and E.M.P. collected data; D.M., P.A., E.K., A.A., R.J.B.,
and D.G.P. wrote the paper.

Funding: This research received no external funding.

Acknowledgments: We are indebted to Roberta Pigozzi for collecting the human milk samples in Verona. We are
grateful to the mothers who kindly volunteered to donate their breast milk. R.J.B. is supported by the National
Institute for Health Research Biomedical Research Centre (BRC). Both J.O.W. and R.J.B. have received research
grant income from Danone, in relation to studies of the value of prebiotics in allergy prevention, and Airsonette,
to evaluate the temperature-controlled laminar airflow for asthma. J.O.W. is on a Danone, UCB, and Airsonette
scientific advisory board, and both J.O.W. and R.J.B. have given paid lectures for the companies. D.M. has received
a consultancy payment from Dairy Goat Co-Operative (NZ) Ltd., and has given paid lectures for the Merck
Sharp and Dohme (MSD). J.O.W. is supported by the NIHR CLAHRC for NW London and is its early years
theme lead. The views expressed in this paper are those of the authors and not the NIHR or the Department of
Health. The founding sponsors/pharmaceutical companies had no role in the design of the study; in the collection,
analyses, or interpretation of data; in the writing of the manuscript; and in the decision to publish the results.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. D’Alessandro, A.; Scaloni, A.; Zolla, L. Human milk proteins: An interactomics and updated functional
overview. J. Proteome Res. 2010, 9, 3339–3373. [CrossRef] [PubMed]

2. Lawrence, R.M.; Pane, C.A. Human breast milk: Current concepts of immunology and infectious diseases.
Curr. Probl. Pediatr. Adolesc. Health Care 2007, 37, 7–36. [CrossRef] [PubMed]

3. Verhasselt, V. Neonatal tolerance under breastfeeding influence. Curr. Opin. Immunol. 2010, 22, 623–630.
[CrossRef] [PubMed]

4. Munblit, D.; Verhasselt, V. Allergy prevention by breastfeeding: Possible mechanisms and evidence from
human cohorts. Curr. Opin. Allergy Clin. Immunol. 2016, 16, 427–433. [CrossRef] [PubMed]

5. Khodayar-Pardo, P.; Mira-Pascual, L.; Collado, M.C.; Martinez-Costa, C. Impact of lactation stage, gestational
age and mode of delivery on breast milk microbiota. J. Perinatol. 2014, 34, 599–605. [CrossRef] [PubMed]

6. Lodge, C.J.; Tan, D.J.; Lau, M.X.; Dai, X.; Tham, R.; Lowe, A.J.; Bowatte, G.; Allen, K.J.; Dharmage, S.C.
Breastfeeding and asthma and allergies: A systematic review and meta-analysis. Acta Paediatr. 2015, 104,
38–53. [CrossRef] [PubMed]

7. Doherty, A.M.; Lodge, C.J.; Dharmage, S.C.; Dai, X.; Bode, L.; Lowe, A.J. Human milk oligosaccharides and
associations with immune-mediated disease and infection in childhood: A systematic review. Front. Pediatr.
2018, 6, 91. [CrossRef] [PubMed]

8. Munblit, D.; Peroni, D.G.; Boix-Amoros, A.; Hsu, P.S.; Land, B.V.; Gay, M.C.L.; Kolotilina, A.; Skevaki, C.;
Boyle, R.J.; Collado, M.C.; et al. Human milk and allergic diseases: An unsolved puzzle. Nutrients 2017, 9, 894.
[CrossRef] [PubMed]

9. Kobata, R.; Tsukahara, H.; Ohshima, Y.; Ohta, N.; Tokuriki, S.; Tamura, S.; Mayumi, M. High levels of growth
factors in human breast milk. Early Hum. Dev. 2008, 84, 67–69. [CrossRef] [PubMed]

10. Galimi, F.; Brizzi, M.F.; Comoglio, P.M. The hepatocyte growth factor and its receptor. Stem Cells 1993, 11,
22–30. [CrossRef] [PubMed]

11. Patki, S.; Patki, U.; Patil, R.; Indumathi, S.; Kaingade, P.; Bulbule, A.; Nikam, A.; Pishte, A. Comparison of the
levels of the growth factors in umbilical cord serum and human milk and its clinical significance. Cytokine
2012, 59, 305–308. [CrossRef] [PubMed]

12. Min, J.K.; Lee, Y.M.; Kim, J.H.; Kim, Y.M.; Kim, S.W.; Lee, S.Y.; Gho, Y.S.; Oh, G.T.; Kwon, Y.G.
Hepatocyte growth factor suppresses vascular endothelial growth factor-induced expression of endothelial
icam-1 and vcam-1 by inhibiting the nuclear factor-kappab pathway. Circ. Res. 2005, 96, 300–307. [CrossRef]
[PubMed]

13. Cummins, A.G.; Thompson, F.M. Postnatal changes in mucosal immune response: A physiological
perspective of breast feeding and weaning. Immunol. Cell Biol. 1997, 75, 419–429. [CrossRef] [PubMed]

http://dx.doi.org/10.1021/pr100123f
http://www.ncbi.nlm.nih.gov/pubmed/20443637
http://dx.doi.org/10.1016/j.cppeds.2006.10.002
http://www.ncbi.nlm.nih.gov/pubmed/17157245
http://dx.doi.org/10.1016/j.coi.2010.08.008
http://www.ncbi.nlm.nih.gov/pubmed/20851590
http://dx.doi.org/10.1097/ACI.0000000000000303
http://www.ncbi.nlm.nih.gov/pubmed/27518839
http://dx.doi.org/10.1038/jp.2014.47
http://www.ncbi.nlm.nih.gov/pubmed/24674981
http://dx.doi.org/10.1111/apa.13132
http://www.ncbi.nlm.nih.gov/pubmed/26192405
http://dx.doi.org/10.3389/fped.2018.00091
http://www.ncbi.nlm.nih.gov/pubmed/29732363
http://dx.doi.org/10.3390/nu9080894
http://www.ncbi.nlm.nih.gov/pubmed/28817095
http://dx.doi.org/10.1016/j.earlhumdev.2007.07.005
http://www.ncbi.nlm.nih.gov/pubmed/17716837
http://dx.doi.org/10.1002/stem.5530110805
http://www.ncbi.nlm.nih.gov/pubmed/8401259
http://dx.doi.org/10.1016/j.cyto.2012.04.010
http://www.ncbi.nlm.nih.gov/pubmed/22613759
http://dx.doi.org/10.1161/01.RES.0000155330.07887.EE
http://www.ncbi.nlm.nih.gov/pubmed/15637298
http://dx.doi.org/10.1038/icb.1997.67
http://www.ncbi.nlm.nih.gov/pubmed/9429889


Nutrients 2018, 10, 1216 11 of 13

14. Donnet-Hughes, A.; Duc, N.; Serrant, P.; Vidal, K.; Schiffrin, E.J. Bioactive molecules in milk and their role
in health and disease: The role of transforming growth factor-beta. Immunol. Cell Biol. 2000, 78, 74–79.
[CrossRef] [PubMed]

15. Penttila, I.A. Milk-derived transforming growth factor-beta and the infant immune response. J. Pediatr. 2010,
156, S21–S25. [CrossRef] [PubMed]

16. Tiemessen, M.M.; Kunzmann, S.; Schmidt-Weber, C.B.; Garssen, J.; Bruijnzeel-Koomen, C.A.; Knol, E.F.;
van Hoffen, E. Transforming growth factor-beta inhibits human antigen-specific CD4+ T cell proliferation
without modulating the cytokine response. Int. Immunol. 2003, 15, 1495–1504. [CrossRef] [PubMed]

17. Jarvinen, K.M.; Suomalainen, H. Development of cow’s milk allergy in breast-fed infants. Clin. Exp. Allergy
2001, 31, 978–987. [CrossRef] [PubMed]

18. Oddy, W.H.; Rosales, F. A systematic review of the importance of milk TGF-beta on immunological outcomes
in the infant and young child. Pediatr. Allergy Immunol. 2010, 21, 47–59. [CrossRef] [PubMed]

19. Morita, Y.; Campos-Alberto, E.; Yamaide, F.; Nakano, T.; Ohnisi, H.; Kawamoto, M.; Kawamoto, N.; Matsui, E.;
Kondo, N.; Kohno, Y.; et al. TGF-beta concentration in breast milk is associated with the development of
eczema in infants. Front. Pediatr. 2018, 6, 162. [CrossRef] [PubMed]

20. Munblit, D.; Treneva, M.; Peroni, D.G.; Colicino, S.; Chow, L.Y.; Dissanayeke, S.; Pampura, A.; Boner, A.L.;
Geddes, D.T.; Boyle, R.J.; et al. Immune components in human milk are associated with early infant
immunological health outcomes: A prospective three-country analysis. Nutrients 2017, 9, 532. [CrossRef]
[PubMed]

21. Ogawa, J.; Sasahara, A.; Yoshida, T.; Sira, M.M.; Futatani, T.; Kanegane, H.; Miyawaki, T. Role of transforming
growth factor-beta in breast milk for initiation of IgA production in newborn infants. Early Hum. Dev. 2004,
77, 67–75. [CrossRef] [PubMed]

22. Iyengar, S.R.; Walker, W.A. Immune factors in breast milk and the development of atopic disease. J. Pediatr.
Gastroenterol. Nutr. 2012, 55, 641–647. [CrossRef] [PubMed]

23. Arnould, V.M.; Soyeurt, H. Genetic variability of milk fatty acids. J. Appl. Genet. 2009, 50, 29–39. [CrossRef]
[PubMed]

24. Kondo, N.; Suda, Y.; Nakao, A.; Oh-Oka, K.; Suzuki, K.; Ishimaru, K.; Sato, M.; Tanaka, T.; Nagai, A.;
Yamagata, Z. Maternal psychosocial factors determining the concentrations of transforming growth
factor-beta in breast milk. Pediatr. Allergy Immunol. 2011, 22, 853–861. [CrossRef] [PubMed]

25. Kuitunen, M.; Kukkonen, A.K.; Savilahti, E. Impact of maternal allergy and use of probiotics during
pregnancy on breast milk cytokines and food antibodies and development of allergy in children until 5 years.
Int. Arch. Allergy Immunol. 2012, 159, 162–170. [CrossRef] [PubMed]

26. Munblit, D.; Treneva, M.; Peroni, D.G.; Colicino, S.; Chow, L.; Dissanayeke, S.; Abrol, P.; Sheth, S.;
Pampura, A.; Boner, A.L.; et al. Colostrum and mature human milk of women from London, Moscow,
and Verona: Determinants of immune composition. Nutrients 2016, 8, 695. [CrossRef] [PubMed]

27. Holmlund, U.; Amoudruz, P.; Johansson, M.A.; Haileselassie, Y.; Ongoiba, A.; Kayentao, K.; Traore, B.;
Doumbo, S.; Schollin, J.; Doumbo, O.; et al. Maternal country of origin, breast milk characteristics and
potential influences on immunity in offspring. Clin. Exp. Immunol. 2010, 162, 500–509. [CrossRef] [PubMed]

28. Aihara, Y.; Oh-oka, K.; Kondo, N.; Sharma, J.; Ishimaru, K.; Hara, M.; Yamagata, Z.; Nakao, A. Comparison of
colostrum TGF-β2 levels between lactating women in Japan and Nepal. Asian Pac. J. Allergy Immunol. 2014,
32, 178–184. [CrossRef] [PubMed]

29. Ruiz, L.; Espinosa-Martos, I.; Garcia-Carral, C.; Manzano, S.; McGuire, M.K.; Meehan, C.L.; McGuire, M.A.;
Williams, J.E.; Foster, J.; Sellen, D.W.; et al. What’s normal? Immune profiling of human milk from healthy
women living in different geographical and socioeconomic settings. Front. Immunol. 2017, 8, 696. [CrossRef]
[PubMed]

30. UNICEF. Country Statistics-Burundi. 2013. Available online: https://www.unicef.org/infobycountry/
burundi_statistics.html (accessed on 17 April 2014).

31. UNICEF. Unicef-Italy Population Statistics. 2013. Available online: https://www.unicef.org/infobycountry/
italy_statistics.html (accessed on 5 April 2014).

32. Munblit, D.; Boyle, R.J.; Warner, J.O. Factors affecting breast milk composition and potential consequences
for development of the allergic phenotype. Clin. Exp. Allergy 2015, 45, 583–601. [CrossRef] [PubMed]

http://dx.doi.org/10.1046/j.1440-1711.2000.00882.x
http://www.ncbi.nlm.nih.gov/pubmed/10651932
http://dx.doi.org/10.1016/j.jpeds.2009.11.016
http://www.ncbi.nlm.nih.gov/pubmed/20105660
http://dx.doi.org/10.1093/intimm/dxg147
http://www.ncbi.nlm.nih.gov/pubmed/14645158
http://dx.doi.org/10.1046/j.1365-2222.2001.01151.x
http://www.ncbi.nlm.nih.gov/pubmed/11467987
http://dx.doi.org/10.1111/j.1399-3038.2009.00913.x
http://www.ncbi.nlm.nih.gov/pubmed/19594862
http://dx.doi.org/10.3389/fped.2018.00162
http://www.ncbi.nlm.nih.gov/pubmed/29911097
http://dx.doi.org/10.3390/nu9060532
http://www.ncbi.nlm.nih.gov/pubmed/28538696
http://dx.doi.org/10.1016/j.earlhumdev.2004.01.005
http://www.ncbi.nlm.nih.gov/pubmed/15113633
http://dx.doi.org/10.1097/MPG.0b013e3182617a9d
http://www.ncbi.nlm.nih.gov/pubmed/22684347
http://dx.doi.org/10.1007/BF03195649
http://www.ncbi.nlm.nih.gov/pubmed/19193980
http://dx.doi.org/10.1111/j.1399-3038.2011.01194.x
http://www.ncbi.nlm.nih.gov/pubmed/21929601
http://dx.doi.org/10.1159/000336157
http://www.ncbi.nlm.nih.gov/pubmed/22652586
http://dx.doi.org/10.3390/nu8110695
http://www.ncbi.nlm.nih.gov/pubmed/27827874
http://dx.doi.org/10.1111/j.1365-2249.2010.04275.x
http://www.ncbi.nlm.nih.gov/pubmed/20942805
http://dx.doi.org/10.12932/AP0367.32.2.2013
http://www.ncbi.nlm.nih.gov/pubmed/25003733
http://dx.doi.org/10.3389/fimmu.2017.00696
http://www.ncbi.nlm.nih.gov/pubmed/28713365
https://www.unicef.org/infobycountry/burundi_statistics.html
https://www.unicef.org/infobycountry/burundi_statistics.html
https://www.unicef.org/infobycountry/italy_statistics.html
https://www.unicef.org/infobycountry/italy_statistics.html
http://dx.doi.org/10.1111/cea.12381
http://www.ncbi.nlm.nih.gov/pubmed/25077553


Nutrients 2018, 10, 1216 12 of 13

33. Munblit, D.; Boyle, R.J. Modulating breast milk composition-the key to allergy prevention? Int. Arch.
Allergy Immunol. 2012, 159, 107–108. [CrossRef] [PubMed]

34. Le Doare, K.; Bellis, K.; Faal, A.; Birt, J.; Munblit, D.; Humphries, H.; Taylor, S.; Warburton, F.; Heath, P.T.;
Kampmann, B.; et al. SIgA, TGF-β1, IL-10, and TNFα in colostrum are associated with infant group B
streptococcus colonization. Front. Immunol. 2017, 8, 1269. [CrossRef] [PubMed]

35. Munblit, D.; Sheth, S.; Abrol, P.; Treneva, M.; Peroni, D.G.; Chow, L.Y.; Boner, A.L.; Pampura, A.; Warner, J.O.;
Boyle, R.J. Exposures influencing total IgA level in colostrum. J. Dev. Orig. Health Dis. 2016, 7, 61–67.
[CrossRef] [PubMed]

36. Ismail, I.H.; Licciardi, P.V.; Oppedisano, F.; Boyle, R.J.; Tang, M.L. Relationship between breast
milk scd14, TGF-beta1 and total IgA in the first month and development of eczema during infancy.
Pediatr. Allergy Immunol. 2013, 24, 352–360. [CrossRef] [PubMed]

37. Amoudruz, P.; Holmlund, U.; Schollin, J.; Sverremark-Ekström, E.; Montgomery, S.M. Maternal country of
birth and previous pregnancies are associated with breast milk characteristics. Pediatr. Allergy Immunol. 2009,
20, 19–29. [CrossRef] [PubMed]

38. Peroni, D.G.; Pescollderungg, L.; Piacentini, G.L.; Rigotti, E.; Maselli, M.; Watschinger, K.; Piazza, M.;
Pigozzi, R.; Boner, A.L. Immune regulatory cytokines in the milk of lactating women from farming and
urban environments. Pediatr. Allergy Immunol. 2010, 21, 977–982. [CrossRef] [PubMed]

39. Tomicic, S.; Johansson, G.; Voor, T.; Bjorksten, B.; Bottcher, M.F.; Jenmalm, M.C. Breast milk cytokine and iga
composition differ in estonian and swedish mothers-relationship to microbial pressure and infant allergy.
Pediatr. Res. 2010, 68, 330–334. [CrossRef] [PubMed]

40. Jenmalm, M.C. Childhood immune maturation and allergy development: Regulation by maternal immunity
and microbial exposure. Am. J. Reprod. Immunol. 2011, 66, 75–80. [CrossRef] [PubMed]

41. Chatterton, D.E.; Nguyen, D.N.; Bering, S.B.; Sangild, P.T. Anti-inflammatory mechanisms of bioactive milk
proteins in the intestine of newborns. Int. J. Biochem. Cell Biol. 2013, 45, 1730–1747. [CrossRef] [PubMed]

42. Rogier, E.W.; Frantz, A.L.; Bruno, M.E.; Wedlund, L.; Cohen, D.A.; Stromberg, A.J.; Kaetzel, C.S.
Secretory antibodies in breast milk promote long-term intestinal homeostasis by regulating the gut microbiota
and host gene expression. Proc. Natl. Acad. Sci. USA 2014, 111, 3074–3079. [CrossRef] [PubMed]

43. Trend, S.; Strunk, T.; Lloyd, M.L.; Kok, C.H.; Metcalfe, J.; Geddes, D.T.; Lai, C.T.; Richmond, P.; Doherty, D.A.;
Simmer, K.; et al. Levels of innate immune factors in preterm and term mothers’ breast milk during the 1st
month postpartum. Br. J. Nutr. 2016, 115, 1178–1193. [CrossRef] [PubMed]

44. Umetsu, D.T. Early exposure to germs and the hygiene hypothesis. Cell Res. 2012, 22, 1210–1211. [CrossRef]
[PubMed]

45. Hawkes, J.S.; Bryan, D.L.; Gibson, R.A. Variations in transforming growth factor beta in human milk are not
related to levels in plasma. Cytokine 2002, 17, 182–186. [CrossRef] [PubMed]

46. Reed, J.R.; Schwertfeger, K.L. Immune cell location and function during post-natal mammary gland
development. J. Mammary Gland Biol. Neoplasia 2010, 15, 329–339. [CrossRef] [PubMed]

47. Bottcher, M.F.; Jenmalm, M.C.; Garofalo, R.P.; Bjorksten, B. Cytokines in breast milk from allergic and
nonallergic mothers. Pediatr. Res. 2000, 47, 157–162. [CrossRef] [PubMed]

48. Stavnezer, J. Regulation of antibody production and class switching by TGF-beta. J. Immunol. 1995, 155,
1647–1651. [PubMed]

49. Ehrhardt, R.O.; Strober, W.; Harriman, G.R. Effect of transforming growth factor (TGF)-beta 1 on IgA isotype
expression. TGF-beta 1 induces a small increase in sIgA+ B cells regardless of the method of B cell activation.
J. Immunol. 1992, 148, 3830–3836. [PubMed]

50. Sonoda, E.; Hitoshi, Y.; Yamaguchi, N.; Ishii, T.; Tominaga, A.; Araki, S.; Takatsu, K. Differential regulation
of IgA production by TGF-β and IL-5: TGF-β induces surface IgA -positive cells bearing IL -5 receptor,
whereas IL-5 promotes their survival and maturation into IgA-secreting cells. Cell. Immunol. 1992, 140,
158–172. [CrossRef]

51. Jain, S.K.; Baggerman, E.W.; Mohankumar, K.; Namachivayam, K.; Jagadeeswaran, R.; Reyes, V.E.;
Maheshwari, A. Amniotic fluid-borne hepatocyte growth factor protects rat pups against experimental
necrotizing enterocolitis. Am. J. Physiol. Gastrointest. Liver Physiol. 2014, 306, G361–G369. [CrossRef]
[PubMed]

http://dx.doi.org/10.1159/000338192
http://www.ncbi.nlm.nih.gov/pubmed/22653267
http://dx.doi.org/10.3389/fimmu.2017.01269
http://www.ncbi.nlm.nih.gov/pubmed/29109718
http://dx.doi.org/10.1017/S2040174415001476
http://www.ncbi.nlm.nih.gov/pubmed/26387688
http://dx.doi.org/10.1111/pai.12075
http://www.ncbi.nlm.nih.gov/pubmed/23577672
http://dx.doi.org/10.1111/j.1399-3038.2008.00754.x
http://www.ncbi.nlm.nih.gov/pubmed/18484963
http://dx.doi.org/10.1111/j.1399-3038.2010.00995.x
http://www.ncbi.nlm.nih.gov/pubmed/20718928
http://dx.doi.org/10.1203/PDR.0b013e3181ee049d
http://www.ncbi.nlm.nih.gov/pubmed/20581738
http://dx.doi.org/10.1111/j.1600-0897.2011.01036.x
http://www.ncbi.nlm.nih.gov/pubmed/21726341
http://dx.doi.org/10.1016/j.biocel.2013.04.028
http://www.ncbi.nlm.nih.gov/pubmed/23660296
http://dx.doi.org/10.1073/pnas.1315792111
http://www.ncbi.nlm.nih.gov/pubmed/24569806
http://dx.doi.org/10.1017/S0007114516000234
http://www.ncbi.nlm.nih.gov/pubmed/26891901
http://dx.doi.org/10.1038/cr.2012.65
http://www.ncbi.nlm.nih.gov/pubmed/22525335
http://dx.doi.org/10.1006/cyto.2002.0987
http://www.ncbi.nlm.nih.gov/pubmed/11991670
http://dx.doi.org/10.1007/s10911-010-9188-7
http://www.ncbi.nlm.nih.gov/pubmed/20730636
http://dx.doi.org/10.1203/00006450-200001000-00026
http://www.ncbi.nlm.nih.gov/pubmed/10625097
http://www.ncbi.nlm.nih.gov/pubmed/7636223
http://www.ncbi.nlm.nih.gov/pubmed/1602131
http://dx.doi.org/10.1016/0008-8749(92)90184-Q
http://dx.doi.org/10.1152/ajpgi.00272.2013
http://www.ncbi.nlm.nih.gov/pubmed/24407592


Nutrients 2018, 10, 1216 13 of 13

52. Verhasselt, V.; Milcent, V.; Cazareth, J.; Kanda, A.; Fleury, S.; Dombrowicz, D.; Glaichenhaus, N.; Julia, V.
Breast milk-mediated transfer of an antigen induces tolerance and protection from allergic asthma. Nat. Med.
2008, 14, 170–175. [CrossRef] [PubMed]

53. Shahid, N.S.; Steinhoff, M.C.; Roy, E.; Begum, T.; Thompson, C.M.; Siber, G.R. Placental and breast transfer
of antibodies after maternal immunization with polysaccharide meningococcal vaccine: A randomized,
controlled evaluation. Vaccine 2002, 20, 2404–2409. [CrossRef]

54. Orivuori, L.; Loss, G.; Roduit, C.; Dalphin, J.C.; Depner, M.; Genuneit, J.; Lauener, R.; Pekkanen, J.; Pfefferle, P.;
Riedler, J.; et al. Soluble immunoglobulin a in breast milk is inversely associated with atopic dermatitis at
early age: The pasture cohort study. Clin. Exp. Allergy 2014, 44, 102–112. [CrossRef] [PubMed]

55. Battersby, C.; Santhalingam, T.; Costeloe, K.; Modi, N. Incidence of neonatal necrotising enterocolitis in
high-income countries: A systematic review. Arch. Dis. Child. Fetal Neonatal Ed. 2018, 103, F182–F189.
[PubMed]

56. Quigley, M.; Embleton, N.D.; McGuire, W. Formula versus donor breast milk for feeding preterm or low
birth weight infants. Cochrane Database Syst. Rev. 2018, 6, CD002971. [CrossRef] [PubMed]

57. Lawrence, R.A. Storage of human milk and the influence of procedures on immunological components of
human milk. Acta. Paediatr. Suppl. 1999, 88, 14–18. [CrossRef] [PubMed]

58. Lawrence, R.A. Milk banking: The influence of storage procedures and subsequent processing on
immunologic components of human milk. Adv. Nutr. Res. 2001, 10, 389–404. [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1038/nm1718
http://www.ncbi.nlm.nih.gov/pubmed/18223654
http://dx.doi.org/10.1016/S0264-410X(02)00061-0
http://dx.doi.org/10.1111/cea.12199
http://www.ncbi.nlm.nih.gov/pubmed/24102779
http://www.ncbi.nlm.nih.gov/pubmed/29317459
http://dx.doi.org/10.1002/14651858.CD002971.pub4
http://www.ncbi.nlm.nih.gov/pubmed/29926476
http://dx.doi.org/10.1111/j.1651-2227.1999.tb01295.x
http://www.ncbi.nlm.nih.gov/pubmed/10569218
http://www.ncbi.nlm.nih.gov/pubmed/11795052
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Design 
	Setting 
	Colostrum Samples Collection 
	Immune Mediators Measurement 
	Data Analysis 

	Results 
	Study Participants Demographics 
	Quantification of Factors in Colostrum Samples 
	Univariate Analysis Results 
	Multivariate Analysis Results 
	Correlation of TGF-1, 2, and 3 with IgA Levels 


	Discussion 
	Conclusions 
	References

