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Abstract

Purpose To analyze the presence of total IgA and anti-gli-
adin antibodies (AGA) in BM from CD mothers who fol-
low a gluten-free diet (GFD) and from mothers on a normal
gluten-containing diet (ND).

Methods 218 samples of mature milk were obtained at
different months of lactation (1-6) from 83 mothers (2 or
more samples per mother) from Italy (Naples), The Nether-
lands (Leiden) and Spain (Madrid, Valencia and Reus): 42
CD mothers on GFD for more than 2 years and 41 non-CD
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mothers on a ND. Whey samples were analyzed for AGA-
IgA by an indirect homemade ELISA and for total IgA
(g/L) by a commercial ELISA kit.

Results AGA-IgA was detected in BM, both in mothers
on a GFD and mothers on a ND. AGA-IgA levels in both
groups of mothers, CD and non-CD, show the same trend
towards decreasing slightly along the months of lacta-
tion (p = 0.91). A different trend is observed for total IgA
levels, decreasing markedly in CD mothers from the first
month of lactation onwards but remaining stable in non-CD
mothers (p = 0.048). A statistically significant association
was found between the means of total IgA and AGA-IgA
(p <0.001).

Conclusion AGA-IgA is present in BM from mothers on
a ND as well as in BM from mothers who had been on
a GFD for years. This reflects the existence of a long-
lasting immunological memory independent of the
mother’s diet. If the presence of these antibodies has any
role in promoting the acquisition of gluten tolerance in
the infant, our study shows that children of CD moth-
ers would be on equal conditions as children of non-CD
mothers.

Keywords Gliadin antibodies - Breast milk - Celiac
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GFD  Gluten-free diet
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AU Arbitrary units

IgA  Immunoglobulin A
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Introduction

Breast milk (BM) contains not only nutrients necessary
for the infants’ development, but also numerous bioac-
tive factors such as enzymes, hormones, growth factors,
cytokine, antimicrobial factors such as secretory IgA and
oligosaccharides and specific food antibodies. It has been
shown that BM antibodies against dietary proteins may
modify the immune responses in the gut of young infants
[1]. The relationship between maternal diet and anti-
body levels against food antigens in BM is contradictory
[2-5]. BM has a complex composition and fat as well as
protein content can interfere with the detection of spe-
cific antibodies, thus accounting for some discrepancies
in reported studies. Additionally, according to different
authors, antibodies concentration is not only influenced
by recent mothers’ diet but can also reflect the mothers’
intestinal antigenic experience [4, 6].

Related to celiac disease (CD), retrospective observa-
tional studies suggested that breastfeeding may confer
some protection against CD development and prolonged
breastfeeding has been associated with a decreased inci-
dence of CD in children [7-10]. However, a recent pub-
lished meta-analysis, including prospective observational
studies [11, 12] found no evidence of a protective effect of
breastfeeding against the development of CD during child-
hood [13]. Still, these studies have all been at group level.

The relationship between the gluten and antibodies
against gluten in BM and the development of CD in children
has been hardly investigated. The only available studies in
the field, have indeed found gliadin fractions of gluten and
anti-gliadin antibodies (AGA) in BM of women on a gluten-
containing diet [2, 14, 15]. However, the results about glia-
din in BM are discrepant and difficult to interpret [16]. In
addition, there are no published studies about AGA in BM
of celiac mothers following a gluten-free diet (GFD).

Therefore the aim of our study is to determine the pres-
ence of AGA in BM samples in CD and non-CD mothers
in the PreventCD trial (http://www.preventcd.com) and to
assess the possible impact of GFD on AGA content in BM.
In addition, we aimed to prospectively evaluate the rela-
tionship among AGA levels in BM and CD development in
the offspring of the participating mothers. Additionally, as
there is not a standardized method to analyze AGA in BM,
we developed a specific in house method for this purpose.

Methods
Subjects

Infants with a high risk to develop CD were enrolled
in the PreventCD study; a prospective, randomized,
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double-blind, placebo-controlled, dietary intervention
performed from 2007 to 2010 in eight European coun-
tries to study the effect of the time of dietary gluten intro-
duction on the risk to develop CD [11, 17]. Data collec-
tion, anthropometric measurements and blood collection
in infants were as previously reported [18]. PreventCD
participants had at least one first-degree family member
with CD confirmed by small-bowel biopsy, and were
HLA-DQ2 or HLA-DQS positive, or otherwise carrying
the allele DQB1*02 [17]. Premature infants or infants
with syndromes associated with an increased risk of CD,
such as trisomy 21 or Turner’s syndrome, were excluded.
In the PreventCD study, milk samples were donated by
mothers with and without CD. Mothers were asked to
express milk manually or by pump at the end of lacta-
tion, once a month during the first 6 months after birth.
The milk samples were frozen at —20 °C in the home
freezer and brought to the project site within 7 days to
be stored at —80 °C until analysis. All women had deliv-
ered at term between week 37 and 42 of gestation. As the
PreventCD cohort is still being followed up, for the pur-
pose of this study, monitoring and data collection were
closed on the 30th October 2014 when all children of
the cohort had reached 4 years of age. The PreventCD
study was approved by the medical ethics committee at
each participating center and complied with Good Clini-
cal Practice guidelines (ICH-GCP) regulations. The study
was conducted according to the Declaration of Helsinki
and registered at Current Controlled Trials (ICTRP CTRP
NTR890). Participants signed a written informed consent
which was an essential requirement for enrollment into
the study.

Materials

The analyses reported here are based on the subsample of
CD mothers on a GFD as well as non-CD mothers on a
gluten-containing diet from the PreventCD cohort from
Spain (Valencia, Madrid, Reus), Italy and The Netherlands
[11].

Only those mothers who had provided 2 or more BM
samples at different months of lactation were included.

Breast milk samples preparation

Samples stored at —20 °C, were defrosted at 4 °C, and sub-
sequently homogenized, aliquoted and stored at —80 °C.
To avoid interference in the immunoassays with fat content
and cellular elements, these were removed by centrifuga-
tion, milk samples being centrifuged at 10,000xg at 5 °C,
for 12 min. The aqueous phase was carefully separated and
used to perform the antibody studies.
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Determination of total IgA

Quantification of total IgA: Total IgA (g/L) was meas-
ured in human milk whey using an ELISA kit from Bethyl
Laboratories® following the manufacturer’s instructions.
Whey samples were analyzed at a 1:12,000 dilution. The
inter- and intra-assay coefficients of variation (CV) were
<10%.

Determination of IgA class anti-gliadin antibodies

The presence of IgA class anti-gliadin antibodies (AGA-
IgA) was tested by an indirect homemade enzyme linked
immunosorbent assay (ELISA). Taking as a starting point
previously published assays for AGA-IgA [2, 19] we per-
formed a series of assays to optimize the different variables
such as sample dilutions, blocking agents, different con-
jugates dilution, etc. (more details in Supplemental Mate-
rial). We used an anti-alpha- chain (AGA-IgA) antibody.
Random selected samples were used for the development
and optimization of the method. Test results were highly
reproducible between experiments and between duplicate
samples: inter-assay CV was <12% and intra-assay <10%.

Flat-bottomed 96-well microplates (ELISA plate high
binding, Greiner®) were coated with 100 pL/well of gliadin
extracted from wheat flour Scoutt-66 [20] at a concentra-
tion of 0.1 mg/mL in carbonate—bicarbonate buffer (pH 9.6)
and incubated at room temperature (RT) overnight. After
washing 4 times with PBS, non-specific binding sites were
blocked with 200 uL/well of 1% (v/v) bovine serum albu-
min (BSA) in PBS-Tween (0.05% (v/v) Tween-20; pH 7.4)
for 1 h at RT followed by washing with PBS-BSA. Sam-
ples were diluted at 1:5 (v/v) in BSA 0.5% (v/v) in PBS-
Tween and 100 pL/well of each sample was incubated 1 h
at RT. After washing, rabbit anti-human IgA conjugated to
alkaline phosphatase (Sigma®) at 1:50 in BSA 0.5% (v/v)
in PBS-Tween was incubated (100 pL/well) for 30 min at
RT. The assay was developed with 100 uL/well of a solution
containing p-nitrophenyl phosphate (1 mg/mL; Sigma®) in
substrate buffer (1 vol. carbonate—bicarbonate buffer and 1
vol. of distilled water, plus 2 M MgCl,). The reaction was
stopped after 25 min with 100 pL/well of NaOH 0.3 M and
the absorbance was determined at 405 nm using a micro-
plate reader (Multiskan FC, Thermo Scientific®).

Each sample was analyzed in duplicate. A reference BM
sample (Standard) was analyzed in every experiment and
its value was used to normalize the results. The first and
last row of wells was incubated with PBS-BSA as blanks.

The antibody concentration was calculated in Arbitrary
Units (AU), referred to a Standard sample, selected during
the standardization procedure (medium values), after sub-
tracting the blanks (Supplemental material).

Statistical analysis

Data were summarized by median (1st-3rd quartile) in
the case of continuous variables and by relative frequen-
cies in the case of categorical variables. Linear mixed
models were used to assess the association of AGA-IgA
and total IgA with the variables month, diet and location.
An interaction between month and diet was added to the
models to allow for different evolutions in time for each
diet group. Individuals were added to the model as a ran-
dom factor to account for the repeated measures design.
Association between Total IgA and AGA-IgA values was
assessed using Pearson’s correlation. All statistical analy-
ses and graphs were performed using R (version 3.1.2). P
values <0.05 were considered statistically significant.

Results
BM Total IgA

In total 218 samples of mature milk—obtained not earlier
than 2 weeks after delivery—from 41 mothers on a ND
and from 42 CD mothers on a GFD; all CD mothers on
a GFD had been following the diet for more than 2 years
(Table 1), were analyzed. Moreover, samples collected
during exclusive breastfeeding represent 87% of the CD
mothers and 90% of non-celiac mothers’ samples. No
women reported selective IgA deficiency. BM total IgA
values varied between 0.3 and 1.4 g/L (trimmed range),
median was 0.668 g/L, and 1st and 3rd quartile were
0.482 and 0.86 g/L, respectively. In general the content
on BM IgA was similar in mothers on a ND or on a GFD.
For mothers on ND median BM IgA was 0.679 g/L and
Ist and 3rd quartile were 0.53 and 0.93 g/L and for moth-
ers on GFD 0.657 g/L and 1st and 3rd quartile were 0.45
and 0.93 g/L. Only the Italian mothers on a ND had sta-
tistically higher BM IgA compared to those following a
GFD (p = 0.027).

There is a statistically significant interaction between
the GFD variable with the variable month (p = 0.048),
this means that total IgA levels in both diet groups do not
evolve equally over time. A different course of total IgA
BM levels in CD mothers on a GFD and non-CD moth-
ers on a ND is observed. There is a marked decrease in
IgA BM content in CD mothers along the months of lac-
tation, but in non-CD mothers on ND, the levels remain
stable from the first month of lactation onwards (Fig. 1).
This difference was not affected by the country of origin
(p = 0.73) (Supplemental Fig. 1). There was no signifi-
cant difference in BM total IgA levels between primipa-
rous and multiparous mothers (p = 0.26).
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BM AGA-IgA

The content of AGA-IgA was similar in BM from moth-
ers on GFD and mothers on ND (Table 1). No statistical
significant differences were found between the different
countries. In both groups of mothers BM AGA-IgA levels
evolve similarly over time with a slightly decrease along
the months of lactation (p = 0.91) (Fig. 2). This evolve-
ment in BM AGA-IgA levels was similar in all the coun-
tries (p = 0.55) (Supplemental Fig. 2) and among primipa-
rous and multiparous mothers (p = 0.21).

The variability of BM AGA-IgA values from different
samples from the same mother (0.08) was significantly

Fig. 1 Effects plot of the

lower than the one between different mothers (0.33)
(p <0.001) (Fig. 3).

Comparison of total IgA and AGA-IgA levels

Although in the majority of mothers, both total IgA and
AGA-IgA, follow a similar longitudinal pattern, this
is not the case in 36% of them. This phenomenon was
independent of the mothers’ diet (data not shown).

Both in mothers on ND and on a GFD a significant
association between the BM total IgA and AGA-IgA was
found (p < 0.001) (Fig. 4).
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Fig. 3 Variability of BM
AGA-IgA concentration in
samples from mothers on GFD
(n = 112) and ND (n = 106).
Each box represents data from
one mother. Dashed lines
represent first quartile, median
and third quartile (all study
samples). The graph shows that
AGA-IgA values observed for
each mother, represented as the
spread within each box plot,
are clearly less scattered than
AGA-IgA values from differ-
ent mother, represented as the
spread between each box plot
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Fig. 4 Scatter plot showing the association between AGA-IgA and
total IgA values. A linear trend estimated with linear modeling has
been added to the graph

Relationship between BM Total IgA and AGA levels
and CD development

A total of 9 children from 83 mothers developed CD before
6 years of age, 3 children from Italy (2 from CD mothers
and 1 from and non-CD mother) and 6 children from Spain
(5 CD mothers and 1 non-CD). The BM total IgA and AGA
levels were similar between the mothers whose children
developed CD and those whose children did not develop
the disease (Figs. 5, 6).

Discussion

In the present study, we have found that AGA are present
in BM samples at different months of lactation both from

@ Springer
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Fig. 5 Box plot showing total IgA levels (g/L) in breast milk from
mothers of children that will develop and will not develop CD. p
value was calculated using a linear mixed model with total IgA as
response variable and CD development as predictor
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Fig. 6 Box plot showing AGA-IgA levels (AU) in breast milk from
mothers of children that will develop and will not develop CD. p
value was calculated using a linear mixed model with AGA-IgA as
response variable and CD development as predictor
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CD mothers on a GFD and from non-CD mothers follow-
ing a gluten-containing diet. Our findings show that diet
is not a key factor influencing the presence of AGA in
BM. Even if there is no exposure to the antigen (gliadin)
during pregnancy, lactation and even in previous months
and years, antibodies secretion still occurs in BM.

Previous studies have reported high levels of AGA-
IgA in colostrum and BM in non-CD mothers which fol-
lowed a gluten-containing diet [2, 5, 19, 21]. Ozcan et al.
found that daily bread consumption in two groups with
different socioeconomic status did not affect AGA lev-
els in BM [5], but all the mothers consumed gluten at a
greater or lesser extent. Our findings on decreasing AGA-
IgA along the months of lactation are in agreement with
those reported by Ozcan et al. within the first 45 days of
lactation [5]. Moreover, our results in CD mothers on
GFD are consistent with the findings of Mascart-Lem-
one in African mothers who did not consume bread or
any other source of gluten [3]. Mothers with temporary
exclusion of egg or cow’s milk proteins from their diet
still secrete antibodies against these proteins in their BM
and similar levels of these antibodies have been shown
in colostrum from mothers on a restrictive diet and from
mothers without dietary exclusions [2]. However, in these
publications, the period of dietary restriction before BM
sampling was about 3 months, which is shorter than the
duration of GFD in our CD mothers. Other recent studies
found casein and beta-lactoglobulin IgA in BM of moth-
ers avoiding cow’s milk, but in this case lower levels of
specific antibodies were found in mothers with restrictive
diets as compared to those who consumed milk [22].

Our findings are in accordance with reports by Hanson
[23] showing that memory lymphocytes migrate from the
intestine to the mammary gland and that previous anti-
genic experiences of the mother are reflected in the broad
spectrum of her milk antibodies [24]. Therefore, presence
of AGA in BM samples from mothers on a GFD for years
reflects the existence of a long-lasting immunological
memory, independent of the mothers’ diet.

Although the celiac mothers in our study were follow-
ing a GFD, we cannot exclude the possibility of dietary
transgressions; however, we should take into account the
high level of motivation of women with CD to adhere to
the GFD during pregnancy and lactation. On the other
hand, foods labeled as gluten-free products cannot exceed
20 ppm of gluten, but they may contain up to 19 ppm of
gluten and these products may be consumed daily and in
different amounts; therefore we could speculate that moth-
ers on a strict GFD still ingest small amounts of gluten
which are able to elicit an immunologic response and AGA
production and secretion in BM and would, thus, explain
similar AGA levels in CD and non-CD mothers. More
research is needed to assess the minimal amount of gliadin

needed to produce an antigenic stimulus both at serum as at
BM level.

Moreover, mothers on a ND in our study have at least
one family member diagnosed with CD; this may influence
their diet, leading to less daily gluten consumption as com-
pared to the general population [25, 26].

BM is rich in IgA, which is synthesized by resident B
cells in the mammary glands that have migrated from the
mother’s intestine. Attachment of dimeric IgA to a secretory
component [22] allows secretory IgA to survive through the
gastrointestinal tract, and provide passive immunoprotection
against antigens of microorganisms and foods. According to
the literature, in the early colostrum, secretory IgA appears
in high concentration, but in mature milk levels are reduced
to 0.5-1.5 g/L [23]. In our study, IgA levels (median:
0.67 g/L) in BM are similar to previous published data.

We found that the content on BM IgA was similar in CD
and non-CD mothers. However, there is a marked tendency to
a gradually decrease in CD mothers along the months, while
it remains stable in non-CD mothers from the first month
of lactation onwards; additional studies are needed to deter-
mine the reason and the potential relevance of this decrease.
In previous studies, significantly lower levels of total and
cow’s milk-specific [gA were found in colostrum and BM
from mothers whose baby developed cow’s milk allergy [27].
A recent publication reported Spanish mothers with CD had
lower S-IgA levels the first month of lactation compared to
healthy mothers; the authors suggested a decrease in IgA con-
centrations in BM could reduce the infant’s mucosal protec-
tion and favor gluten intolerance [28]. However, our results
are not directly comparable because our data are longitudinal,
since we are measuring the evolution over time and Olivares
et al. compares the data only at month 1 of lactation.

On the other hand, the association between total IgA
and AGA levels in the two groups of mothers suggests that
AGA production in BM depends on the same mechanism
that regulates total IgA production by the mammary glands.

We found no relationship between the total IgA or AGA
BM levels and the development of CD in the offspring, but
as only 9 children developed CD during the study, the sample
size is too small for a definitive statement.

In conclusion, AGA-IgA was present in BM of CD moth-
ers following a GFD as well as in non-CD mothers on a ND.
If the presence of these antibodies has any role in promoting
the acquisition of gluten tolerance in the infant, our study
shows that in this respect, children of CD mothers would be
on equal conditions as children of non-CD mothers.
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