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Summary
Background The role of maternal avoidance diets in the prevention of food allergies is
currently under debate. Little is known regarding the effects of such diets on human milk
(HM) composition or induction of infant humoral responses.
Objective To assess the association of maternal cow’s milk (CM) avoidance during breast-
feeding with specific IgA levels in HM and development of cow’s milk allergy (CMA) in
infants.
Methods We utilized HM and infant serum samples from a prospective birth cohort of
145 dyads. Maternal serum and HM samples were assessed for casein and beta-lactoglobu-
lin (BLG)-specific IgA and IgG by ELISA; 21 mothers prophylactically initiated a strict
maternal CM avoidance diet due to a sibling’s history of food allergy and 16 due to atopic
eczema or regurgitation/vomiting seen in their infants within the first 3 months of life.
Infants’ sera were assessed for casein and BLG-specific IgG, IgA and IgE; CMA was con-
firmed by an oral food challenge. The impact of HM on BLG uptake was assessed in trans-
cytosis assays utilizing Caco-2 intestinal epithelial cell line.
Results Mothers avoiding CM had lower casein- and BLG-specific IgA in HM than moth-
ers with no CM restriction (P = 0.019 and P = 0.047). Their infants had lower serum
casein- and BLG-specific IgG1 (P = 0.025 and P < 0.001) and BLG-specific IgG4 levels
(P = 0.037), and their casein- and BLG-specific IgA levels were less often detectable than
those with no CM elimination diet (P = 0.003 and P = 0.007). Lower CM-specific IgG4
and IgA levels in turn were associated with infant CMA. Transcytosis of BLG was
impaired by HM with high, but not low levels of specific IgA.
Conclusions Maternal CM avoidance was associated with lower levels of mucosal-specific
IgA levels and the development of CMA in infants.
Clinical relevance HM IgA may play a role in preventing excessive, uncontrolled food
antigen uptake in the gut lumen and thereby in the prevention of CMA.
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Introduction

Cow’s milk allergy (CMA) is typically the first phenome-
non of atopic symptomatology and the ‘allergic march’
because cow’s milk proteins are typically the first foreign
proteins consumed in large quantities by an infant. CMA
results from a defect in the development or breakdown of
oral tolerance, that is, immunological hyporesponsive-
ness to ingested innocuous antigen. Mucosal tissue

homeostasis is the result of the perinatal establishment of
mucosally induced immune tolerance [1], and immuno-
modulatory factors in human milk are thought to influ-
ence the development and maturation of the mucosal
immune system of the infants [2]. By reinforcing the epi-
thelial barrier, secretory IgA (SIgA) inhibits inappropriate
immune activation by microorganisms and antigens in
the lumen of the intestinal and respiratory tracts.
Although B cells are present in gut tissue during early



development, plasma cells producing dimeric IgA are
only generated after birth to provide SIgA to the lumen.
Maternal SIgA is provided by breast milk during the early
postnatal period [1].

Breast milk is a rich source of SIgA with lesser
amounts of SIgG and SIgM [3]. IgA in human milk is
synthesized by resident B cells in the mammary gland
that have migrated from the mother’s intestine (‘entero-
mammary link’) [4] and thereby the antibody specificity
of breast milk reflects the antigenic stimulation encoun-
tered by the maternal gut [5, 6]. Although studies have
reported no consistent association between total and
food-specific IgA levels in breast milk and the develop-
ment of allergic disease in older children [7–9], we and
others have shown that lower levels of total and
CM-specific IgA are present in colostrum and breast
milk of mothers with offspring developing CMA
[10, 11]. The aetiology of low breast milk IgA is
unknown but unrelated to maternal atopy [7, 10].

In this study, we sought to investigate whether the
regulation of breast milk-specific IgA could be related
to maternal elimination of CM. This was performed by
utilizing human milk samples from a birth cohort of
infants and their mothers on CM elimination diets. Fur-
thermore, we assessed the effect of maternal CM avoid-
ance during lactation on offspring’s risk of
development of CM-specific IgG, IgA and IgE antibodies
and clinical food allergy by utilizing paired infant
serum samples and clinical data from the same human
birth cohort. Lastly, we investigated the role of breast
milk antibodies in food antigen uptake utilizing a
human intestinal epithelial cell line.

Material and methods

Subjects

We utilized stored human milk and paired maternal and
infant serum samples from a prospective birth cohort,
designed to assess the association between immunologi-
cal factors in human milk and in the development of food
allergies in breastfed infants. The results for total and
CM-specific IgA in HM on a subpopulation of this cohort
have been previously published [10]. In brief, mothers
who volunteered for the study were recruited at birth, as
described before [10]. Mothers and infants were followed
prospectively at 0–2 weeks, 1, 3, 6, 12 and 18 months to
assess for any signs or symptoms suggestive of food
allergies. Infants from two groups of differing risks for
atopy were recruited: those with an increased risk of food
allergy defined either as presence of an older sibling with
food allergy and those with low risk as defined by having
only non-atopic first degree relatives. All infants were
born full term and had no other chronic diseases. They
had diets appropriate for their age. A total of 145

mother–infant pairs were included in the analyses.
Among them, we utilized breast milk and/or serum sam-
ples from a total of 286 visits with an average of 2 (range,
1–4) visits per each mother–infant pair.

Maternal and infant diets were assessed during the
visits by the investigating physician and the dietician,
as well as by dietary record. A total of 37 mothers
started a strict maternal CM avoidance diet within the
first 3 months postpartum: 16 of them prophylactically
at birth; another 5 within the first month due to sib-
ling’s history of food allergy; and another 16 mothers
restricted milk due to mild atopic eczema or gastroin-
testinal symptoms such as diarrhoea or recurrent vomit-
ing/regurgitation seen in their infant between 1 and
2.5 months of lactation. Another 49 mothers started a
CM elimination diet between 3 and 7 months of lacta-
tion due to the above-mentioned symptoms seen in
their infants. All together, breast milk samples were
available for 23 such mothers who started a CM elimi-
nation diet and 56 mothers who continued CM in their
diet without restrictions.

All together 75 infants developed challenge-proven
CMA. Their oral food challenges (OFC) were performed
at median 5.8 months of age (IQR, 3.9–7.3 months). Of
this group, 43 infants had an immediate-type CMA evi-
denced by hives (n = 26), immediate maculopapular
rash (n = 11) or multisystem involvement (n = 6) and
32 had delayed-type CMA, presenting with exacerbation
of eczema (n = 9), delayed GI symptoms such as diar-
rhoea and regurgitation (n = 9), or a combination of
eczema and GI symptoms (n = 13). Cow’s milk-specific
IgE (Phadia/ThermoFisher, Uppsala, Sweden) was
detected in 13 infants with a median level of 5.8 kUA/L
(range 0.1 to >100 kUA/L), and skin prick test to milk
[10] was positive in 24. Median age of symptom onset
was 2 months (IQR, 0.75–3 months). Of the 37 mothers
who started milk elimination within the first 3 months
of lactation, 5 infants had no CMA, 16 had immediate-
type CMA and 16 had delayed-type CMA. Of those 49
mothers who started a milk elimination diet beyond
3 months of age, 7 had no CMA, 27 had immediate-type
CMA and 15 had delayed-type CMA. 59 mothers never
went on a CM-restricted diet, and none of them had
infants with CMA. Clinical characteristics of the study
infants are presented in Table 1. Atopic diseases were
more common in infants whose mothers started milk
elimination diet during the first 3 months, and food
allergy was more common in their siblings. Accordingly,
use of hypoallergenic infant formula was more common
and the onset of CM elimination diet was earlier in the
infants with maternal elimination diets during the first
3 months of lactation. Gastrointestinal symptoms,
asthma and diagnosis of CMA were frequent in both
groups although somewhat more common in those with
maternal elimination diet. Otherwise, groups were
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comparable in terms of length of breastfeeding, use of
cow’s milk-based formula in the nursery and the age of
CM-based formula introduction. (Table 1)

The initial cohort study was approved by the ethics
committees of the Skin and Allergy Hospital of the Hel-
sinki University Central Hospital and the City of Helsinki.
Written informed consent was obtained from the moth-
ers. Internal Review Boards of the Albany Medical Col-
lege, Albany, NY (# 3139), and the Icahn School of
Medicine at Mount Sinai, New York, NY (HS# 11-01838),
approved the use of clinical data, and stored and frozen
historical samples for the additional antibody assays.

Oral food challenge

The diagnosis of CMA was based on typical symptoms,
their amelioration on a CM elimination diet and re-
reappearance in an open food challenge performed
either as an inpatient or outpatient facility as described
previously [10]. Symptoms considered as positive were
anaphylaxis, urticaria, eczema, vomiting and diarrhoea.
Immediate-type CMA was defined as symptoms devel-
oping within 2 h from the last dose and those that
occurred thereafter were regarded as delayed-type CMA.

Samples

Human milk and serum samples were collected on each
clinical follow-up visit if possible. Milk samples were
collected in the morning and processed immediately.
Samples were centrifuged (400 g, 15 min), fat was
removed, and supernatant collected, frozen and stored at
�80 °C. The samples from mothers who had mastitis
during the preceding 4 weeks were excluded. The serum
samples were collected by venipuncture, and frozen,
stored at �80 °C.

Serum and breast milk CM-specific antibodies

Mothers’ milk samples were assessed for ß-lactoglobulin
(BLG)- and casein (Cs)-specific IgA and IgG by ELISA.
Mothers’ serum samples were assessed for BLG- and Cs-
specific IgA and IgG. Infants’ serum samples were
assessed for BLG- and Cs-specific IgA, IgG1 and IgG4 by
ELISA. Microtiter plates (Nunc MaxiSorb; ThermoFisher
Scientific, Rochester, NY, USA) were coated either with
bovine BLG or casein (Sigma-Aldrich, St Louis, MO,
USA) at a concentration of 20 ug/mL in phosphate-buf-
fered saline (PBS) and incubated at 4 °C overnight. After
washing with PBS-0.05% Tween (PBS-T), plates were
blocked with 2% normal sheep serum in PBS-T for 1 h at
room temperature followed by washing with PBS-T. Sera
were diluted at 1:10 in 1% sheep serum in PBS-T for
adult serum-specific IgA, 1 : 100 for adult serum-spe-
cific IgG, 1 : 50 for infant serum-specific IgG1 and IgG4
and incubated at 4 °C overnight. Human milk was diluted
1 : 100 for total IgA, 1 : 4 for specific IgA and 1 : 2 for
specific IgG. Purified human IgA and IgG (Bethyl Labora-
tories, Montgomery, TX, USA) were used as a standard
curve for IgA and IgG. For IgG1 and IgG4, the reference
serum comprised a pool of 10 adult sera with high anti-
body levels, which concentrations were assigned to 1000
AU. After washing, biotinylated mouse anti-human
IgA1/IgA2 (BD Pharmingen) at 1 : 1000, IgG 1 : 20 000,
IgG1 1 : 500 or IgG4 1 : 10 000 was applied to the wells
followed by incubation of 1 h at room temperature. After
washing, avidin-peroxidase was applied to the wells
for 30 min followed by washing. Finally, 100 lL of

Table 1. Clinical characteristics of study infants whose mothers were

on cow’s milk (CM) elimination diets and those whose mothers were

on unrestricted diets during the first 3 months of lactation

Maternal CM

elimination

(N = 37)

No maternal CM

elimination

(N = 108) P-value

Maternal atopy 30 (83%) 52 (49%) <0.0001

Asthma 7 (19%) 6 (6%) 0.04

Allergic rhinitis 24 (65%) 41 (38%) 0.007

Atopic dermatitis 12 (32%) 11 (10%) 0.003

Food allergy 8 (22%) 8 (7%) 0.03

Paternal atopy 19 (73%) 39 (41%) 0.007

Asthma 2 (5%) 5 (5%) 1.0

Allergic rhinitis 15 (41%) 25 (23%) 0.05

Atopic dermatitis 5 (14%) 7 (7%) 0.18

Food allergy 5 (14%) 6 (6%) 0.15

Sibling’s atopy 23 (74%) 40 (42%) 0.003

Asthma 7 (19%) 5 (5%) 0.127

Allergic rhinitis 5 (14%) 9 (8%) 0.35

Atopic dermatitis 1 (3%) 3 (3%) 1.0

Food allergy 22 (59%) 31 (29%) 0.001

Exclusive

breastfeeding (mo)

2.5 (0.75–4) 3 (1.5–4) 0.26

Partial breastfeeding (mo) 7 (4.9–10) 7 (4.5–8) 0.11

CM formula in nursery 4 (11%) 9 (8%) 0.74

Use of hypoallergenic

formula

18 (49%) 20 (19%) 0.002

Age CM formula

introduction (mo)

3.25 (1.6–7) 4 (1.5–6) 0.81

Age begin maternal

CM elimination (mo)

1 (0–2) 4 (3.125–5) <0.0001

Symptom age (mo) 1 (0.5–2) 3 (1–4) 0.06

Symptoms

Atopic dermatitis 24 (65%) 57 (53%) 0.20

Gastrointestinal* 23 (62%) 44 (41%) 0.024

Asthma 7 (19%) 13 (12%) 0.023

Diagnosis of

delayed CMA

16 (43%) 15 (14%) 0.0002

Diagnosis of

immediate CMA

16 (43%) 27 (25%) 0.04

IgE-mediated CMA 8 (22%) 21 (19%) 0.77

Multiple food allergies 15 (41%) 27 (25%) 0.09

CM, cow’s milk; CMA, cow’s milk allergy.

*Regurgitation, vomiting, diarrhoea, abdominal pain/colic.
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tetramethylbenzidine (TMB) liquid substrate (Sigma-
Aldrich) was applied to the plates, and the reaction was
stopped and the optical density was measured at 450 nm.

FITC-labelling of BLG

FITC was added under constant stirring to BLG accord-
ing to the manufacturer’s instruction (Sigma, St. Louis,
MO, USA). Labelled proteins were purified from uncon-
jugated FITC by PD-10 desalting columns (GE Health-
care, Little Chalfont, UK) and subsequent overnight
dialysis. Aliquots of FITC-labelled BLG were frozen and
stored at �80 °C.

Transcytosis studies

For transcytosis studies, Caco-2 cells, a human intestinal
cell line (American Type Culture Collection, Rockville,
MD, USA) that forms a polarized monolayer with tight
junctions, were grown in Dulbecco’s modified Eagle
media (Corning, Corning, NY, USA) supplemented with
10% (v/v) foetal calf serum, penicillin G and streptomy-
cin at 37 °C, 5% CO2. Cells were fed every 3 or 4 days
and subcultured every 7 days using 0.25% trypsin/0.2%
EDTA in PBS. For experimentation, cells were seeded at a
density of 3 9 105 cells/cm2 on 12-mm Transwell (Corn-
ing, Corning, NY, USA) permeable polyester filters
(0.4 lm pore size). The filters were fed every 2 or 3 days.
Transepithelial resistance of the Caco-2 monolayers was
measured using an EVOM epithelial voltohmmeter
(World Precision Instruments, Hamden, CT, USA) with a
pair of chopstick electrodes. Only transwells with a
steady transepithelial resistance, minimum 300 ohms,
which was typically attained in 10–14 days, were used
for further studies. After washing with PBS, 500 lg
FITC-labelled BLG was added on the apical side and incu-
bated for 24 h at 37 °C/5% CO2 in the absence or pres-
ence of increasing concentrations of pooled breast milk
(3, 10 or 30% of total volume applied apically). Pooled
breast milk from mothers with high (n = 15, mean 259,
range 94–659 ng/mL) or low BLG-specific IgA levels
(n = 15, undetectable, <45 ng/mL) was used. Assays were
performed in triplicates. Subsequently, aliquots of basal
side of filters were collected and measured by anti-FITC
ELISA. The paracellular permeability of FITC-conjugated
dextran (MW = 3 kDa, Invitrogen, Eugene, OR, USA) in
the absence or presence of pooled breast milk was used
as a control and measured fluorometrically.

Anti-FITC ELISA

Microtiter plates were coated with serial dilutions of
samples and known concentrations of FITC-labelled BLG
as a standard curve and incubated at 4 °C overnight.
After washing with PBS-0.05% Tween (PBS-T), plates

were blocked with 10% foetal calf serum in PBS-T for
2 h at room temperature. After washing, biotinylated
anti-FITC rabbit IgG (Invitrogen) at 1:5000 was applied
to the wells followed by incubation of 2 h at room tem-
perature. After washing, avidin-peroxidase was applied
to the wells for 30 min followed by washing. Finally,
100 lL of TMB liquid substrate (Sigma-Aldrich) was
applied to the plates, and the reaction was stopped and
the optical density was measured at 450 nm.

Statistical analysis

Statistical comparison of breast milk and infant serum
immunoglobulin levels was by Mann–Whitney nonpara-
metric test for two groups or by Kruskal–Wallis test fol-
lowed by Dunn’s method for multiple comparisons for
three groups. Nonparametric methods were used because
of non-normality with floor and ceiling effects for most
of the measurements. Statistical significance for contin-
gency tables was assessed using chi-square tests (or Fish-
er’s exact test if any cell has less than five counts).
Statistica (v 6; StatSoft Inc., Tulsa, OK, USA) and MiniTab
(v 14; MiniTab Statistical Software, State College, PA,
USA) statistical softwares were used. Individual data
points are plotted along with using box plots on a log
scale. On the box plots the median is represented by a
horizontal line within the box representing the 25th to
75th percentile, whiskers show the 5th to 95th percentile
and the square symbol is the geometric mean.

Transcytosis assays have been analysed using ANOVA

followed by Newman–Keuls method for multiple com-
parisons by GraphPad Prism 4 software (GraphPad Soft-
ware, Inc., La Jolla, CA, USA) Results are shown as
mean (SEM).

Results

Specific IgA levels in breast milk are suppressed in
mothers avoiding CM

The effect of maternal CM avoidance diet on breast milk-
specific antibody levels was assessed by utilizing 23
samples from mothers who avoided cow’s milk and 56
samples from mothers who had no dietary restrictions.
For this analysis, we utilized the earliest milk sample
available for each mother, and mothers had eliminated
cow’s milk from their diets for a mean of 2.2 (SD = 2.7)
months and the duration of breastfeeding at that time
was a mean of 3.7 (SD 3.4) months as compared to 2.3
(SD 2.4) months in those without elimination (P =
0.0459). The levels of casein- and BLG-specific IgA in
human milk were lower in those mothers avoiding CM
when compared to those with no CM restriction,
P = 0.019 and 0.047, respectively. (Fig. 1) As a control,
total IgA or rice-specific IgA levels in breast milk were
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comparable between mothers who avoided CM and those
who did not, as rice was not restricted in the diet by any
of the mothers (data not shown). Maternal atopy was not
associated with breast milk-specific IgA levels (P = 0.78
and 0.9 for casein and BLG, respectively), neither was
the duration of lactation. Breast milk-specific IgG levels
were generally low and comparable between the two
groups of mothers (data not shown). Mothers’ serum-spe-
cific IgA or IgG levels were not affected by the mothers’
diet (data not shown).

Maternal CM avoidance was associated with suppressed
infant serum-specific IgG and IgA levels

Next, we assessed the association of maternal CM
avoidance with infants’ specific antibody levels. The

infants from those mothers who started milk elimina-
tion within the first 3 months of lactation were com-
pared against those who started milk avoidance beyond
3 months of life or did not restrict milk intake in their
diet at any time point. The rationale for this dichotomi-
zation was to assess the impact of early and in many
cases, prophylactic maternal CM avoidance during the
time period of exclusive breastfeeding in most infants
on the development of infant humoral responses. Data
were first analysed using all serum samples available
including 0–6 months, which also contain transplacen-
tally acquired IgG from the mother, and then using
only serum samples taken between 6 and 18 months of
age to assess for infants’ own antibody production.

When all the infant samples available were used,
Cs- and BLG-specific IgG1 levels were higher in those
infants who were breastfed by mothers with no CM
elimination diet (P = 0.025 and P < 0.001, respec-
tively), as were the BLG-specific IgG4 levels (P = 0.037)
when compared to those infants breastfed by mothers
on CM elimination diet (Fig. 2). Samples were taken at
a mean of 6.2 (SD 5.1) months in those with maternal
elimination and a mean of 7.5 (SD 5.3) months with no
elimination (P = 0.1). Cs-specific IgA levels were
detectable (>50 AU) in 22 of 145 (15%) infants of
mothers with no CM avoidance compared with only 1
of 60 (1.7%) infants of mothers with CM elimination
diet (P = 0.003). Similarly, BLG-specific IgA levels were
detectable (>50 AU) in 45 of 140 (32%) infants of
mothers with no CM elimination as compared to 4 of
38 (11%) infants of mothers with CM elimination diet
(P = 0.007). When only 1 serum sample per patient
taken between 6 and 18 months of age was analysed,
the results held for Cs-specific IgG1 and IgG4 levels
(data not shown).

Suppressed serum-specific IgG4 and IgA levels were
associated with CMA

In the next step, we sought to assess the impact of
infants’ specific IgG and IgA levels on development of
clinical CMA. Only one sample per patient taken
between 6 and 18 months of age was analysed, taken
at a mean of 9.7 (SD 3.4) months in immediate CMA, a
mean of 10.5 (SD 3.3) months in delayed CMA and a
mean of 10.5 (SD 4.0) months in healthy infants
(P = 0.48). Infants with immediate-type CMA had sig-
nificantly lower BLG-specific IgG4 levels than the
healthy infants (P = 0.002) (Fig. 3). There was a similar
trend for lower Cs-specific IgG4 (P = 0.064) when com-
pared with healthy infants (Fig. 3). CM-specific IgG1

levels were comparable between the three groups (data
not shown). Detectable levels of infant serum Cs-spe-
cific IgA (>50 AU) were present in 18% (7/39) of
infants without CMA compared with 4% (1/25) and 0%
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(0/12) of those with immediate and delayed CMA,
respectively (chi-square test; P = 0.049). For infant
serum, detectable BLG-specific IgA levels were present
in 47% (15/32), 17% (3/18) and 10% (1/10) of those
without, with immediate and with delayed CMA,
respectively (P = 0.019).

Low breast milk CM-specific IgA levels are associated
with development of CMA in the offspring

Lastly, we were interested in investigating the possible
direct correlation of CM-specific IgA levels in breast
milk with clinical CMA development in infants. Utiliz-
ing one sample per mother, breast milk IgA specific to
Cs and BLG was lower in those mothers with an infant
with delayed-type CMA than in those with healthy
infants, P = 0.007 and 0.008, respectively.(Fig 4) Multi-
ple logistic regression analysis comparing the effect of

diet and that of breast milk CM-specific IgA on the
development of CMA revealed that these two variables
were very closely associated with each other, and the
effect of presence or absence of CM in maternal diet
therefore overwhelmed the effects of CM-specific IgA
levels in breast milk on the development of CMA (OR
0.03, 95% CI 0.0–0.23 for milk in diet; OR 0.78, 95%
0.54–1.11 for human milk-specific IgA).

Transcytosis of BLG through enterocytes is impaired by
the presence of breast milk with high levels of specific
IgA

Given the impact of specific IgA in breast milk on the
development of infant’s humoral immune responses and
development of CMA, we assessed the impact of breast
milk antibodies on antigen trafficking in vitro. Presence
of high levels of BLG-specific IgA in breast milk
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significantly reduced transcytosis of BLG across Caco-2
monolayers when compared with transcytosis in the
absence of breast milk (Fig. 5). Pooled breast milk from
mothers with undetectable levels of specific IgA did not
have such a blocking effect and with the lowest con-
centration in fact enhanced antigen uptake. The block-
ing effect of breast milk was likely due to the presence
of specific antibodies as transcytosis of dextran was not
affected by the presence of breast milk (Fig. 5).

Discussion

In the present study, we have shown that maternal CM
avoidance is associated with lower levels of mucosal
CM-specific IgA levels, as measured in mother’s milk,
as well as down-regulation of serum-specific IgG1, IgG4

and IgA levels in their infants. Low CM-specific IgG4,
in turn, was associated with CMA. Low breast milk CM-
specific IgA levels were associated with increased risk
for the development of CMA and mechanistically were
shown to be unable to prevent uptake of cow’s milk
antigen as effectively as breast milk with high levels of
specific IgA.

In humans, we and others have shown that lower levels
of total and milk-specific IgA are present in colostrum
and milk of mothers with offspring developing CMA [10,
11]. The aetiology of low breast milk IgA is unknown but
unrelated to maternal atopy [10]. In the present study, we
hypothesized that low breast milk-specific IgA levels
could be secondary to the lack of antigenic stimulation
during the breastfeeding period, which commonly occurs
when foods of high allergenic potential are eliminated in
the maternal diet due to suspicion of food allergies in the
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infant. This is supported by the finding that IgA
responses to microbes are constantly modified to reflect
the microbiota present in the gut lumen, suggesting that
continued oral exposure to a particular antigen is
required to maintain IgA responses [12]. Our results also
support those found in poor Guatemalan mothers with
no access to milk when compared with urban privileged
mothers with access to milk [13]. Contrary findings were
reported in Swedish and African mothers on imple-
mented milk avoidance diets, with concerns about their
compliance to the diet [14, 15]. Knowledge on how IgA
levels in mother’s milk are regulated is critically impor-
tant to developing a better understanding of the effect of
maternal elimination diets.

Maternal avoidance diets were also associated with
lower infant serum cow’s milk-specific IgG levels. Low
IgG4 in turn was associated with the development of
CMA. Lower specific IgG levels may be due to reduced
exposure by the infant’s immune system to cow’s milk
protein during the first few months of life, which may
represent a window of opportunity for neonatal oral tol-
erance induction. During this critical time period, intro-
duction of a foreign food protein in the context of
immunoregulatory factors in breast milk may have a
tolerizing effect. This was shown by Strobel [16], who
analysed the effects of antigen dose during different
time points on the induction of neonatal tolerance in
mice by maternal antigen transfer from breast milk.
Beyond the first 3 days of pups’ life, feeding mothers
demonstrated tolerance induction in their pups, although
suckling animals received a small dose of antigen typi-
cally associated with sensitization/priming [17].

The function of breast milk IgA antibodies is not com-
pletely understood, although it has been suggested that
that they play a role in protection against food allergy
[18, 19]. By reinforcing the epithelial barrier, SIgA inhib-
its inappropriate immune activation by microorganisms
and antigens in the lumen of the intestinal and respira-
tory tracts [1]. This immune exclusion could mediate tol-
erance by providing protection against excessive and
uncontrolled antigen influx similar to that seen with
microorganisms, [20, 21] supported by our transcytosis
assays. The data furthermore suggest that antibodies
were likely responsible for this effect as a there was a
dose response with increasing antibody titres and trans-
cytosis of dextran was not affected by human milk. How-
ever, if immune exclusion was the only mechanism
providing protection, then complete antigen avoidance,
although difficult, should provide a similar effect. Alter-
natively, breast milk antibodies could favour focused
antigen uptake, for example, via M cells as immune com-
plexes. This could target the antigen for presentation
favouring tolerance development, suggested by reports
showing SIgA targeted to Peyer’s patch dendritic and T
cells after transport by intestinal M cells [22, 23]. This
possibility is supported by our findings of facilitated
peanut uptake to Peyer’s patches in the presence of peanut-
specific antibodies in mice (K. M. J€arvinen, unpublished
data). Lastly, it is possible that changes in maternal diet
and milk IgA are related to her gut microbiota.

The limitations of the study include the fact that a
large proportion of mothers who avoided milk early on
or even prophylactically were atopic and turned out to
have infants with CMA, and therefore, it is impossible
to dissect out the chicken or egg paradigm. It is possi-
ble that the disease process and not maternal diet was
driving down-regulation of breast milk IgA and the
possibility of reverse causation exists. Therefore, ran-
domized controlled clinical trials are needed to address
the impact of maternal elimination diets on food allergy
risk in offspring. The study cohort was heavily popu-
lated with families with an older sibling with food
allergies. This limits the applicability of the findings to
the general population. We also do not know whether
findings can be generalized to other food antigens such
as peanut as peanut allergy was uncommon in this
cohort. As cow’s milk in the diet is the major stimulant
for the development of IgG antibodies, it would have
been valuable to compare IgG levels in infants prior to
the initiation of CM formula or prior to the diagnosis of
CMA (accompanied by initiation of milk avoidance);
however, samples were too few to allow enough power
for such comparisons. Furthermore, at such an early
age, infant samples would also have contained mater-
nally acquired IgG. The strengths of this study include
the prospective set-up and availability of paired breast
milk, and serum samples from mothers and infants.

Fig. 5. Transcytosis of BLG in vitro. Transport of FITC-labelled BLG

across polarized Caco-2 monolayers in the presence or absence of

increasing concentrations of pooled breast milk (BM) from mothers

with either high or low antibody titres to BLG. Dextran transcytosis in

the presence of 30% breast milk is shown as a control. Results are

shown as relative transcytosis in the presence of BM; median uptake

with BLG (or dextran) alone equals 100%. Results are representative

of three independent experiments each performed in triplicates and

shown as mean (SEM). *P < 0.05, **P < 0.01. ***P < 0.001.
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At the moment, clear dietary recommendations for
pregnant and breastfeeding mothers are lacking regard-
ing allergy prevention in allergic and non-allergic fami-
lies, largely due to the controversy in the literature [24].
We found that maternal elimination diets resulted in
lower levels of breast milk-specific IgA, which are associ-
ated with the development of CMA in infants, suggesting
that high specific IgA levels in breast milk have a protec-
tive effect against food allergy. The protective mecha-
nism may involve immune exclusion although focused
antigen uptake to Peyer’s patches could also favour toler-
ance development. Therefore, early initiated and espe-
cially prophylactic maternal dietary restrictions may in
fact be detrimental in the development of neonatal oral
tolerance.
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