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Background: The relationship between the development of
allergy during infancy and breast-feeding remains controver-
sial. This controversy may be due to individual variations in
the composition of human milk. Antibodies to food antigens to
which the mother is commonly exposed are present in the
milk, but their relationship to allergy is still unknown. IgA
antibodies to inhalant allergens have not been previously
detected.
Objective: Our purpose was to analyze secretory IgA antibody
levels to cat, β-lactoglobulin, and ovalbumin allergens in
colostrum and mature milk in relation to maternal allergy.
Methods: Colostrum and samples of mature milk were
obtained after 1 and 3 months of lactation from 53 nursing
mothers (17 allergic and 36 nonallergic mothers) and were
analyzed for total secretory IgA levels by ELISA and secretory
IgA antibodies to cat, β-lactoglobulin, and ovalbumin by an
enzyme-amplified ELISA. The specificity of the assays was
confirmed by inhibition experiments.
Results: Secretory IgA to cat, β-lactoglobulin, and ovalbumin
allergens were detected in colostrum as well as mature milk.
The levels of secretory IgA to ovalbumin were lower in
colostrum from allergic mothers with P = .016, whereas the
levels to β-lactoglobulin and cat were similar in the 2 groups.
IgA antibodies to ovalbumin were detected in 94% of the
colostrum samples from allergic and in all samples from non-
allergic mothers, in 82% and 96%, respectively at 1 month,
and 53% and 65% at 3 months. Fewer samples had detectable
secretory IgA antibodies to β-lactoglobulin than to ovalbumin
and cat, and only 33% and 10% of the samples from the aller-
gic and nonallergic mothers, respectively, remained positive at
3 months. All the allergic mothers had detectable IgA to cat in
colostrum, whereas 83% and 73% of the samples were positive
at 1 and 3 months. The corresponding numbers were 93%,
81%, and 81% in the nonallergic mothers (not significant).
Conclusion: Even a low level of exposure of the mucosa (eg, by

inhalant allergens) can induce antibody secretion into the
milk, both in allergic and nonallergic mothers. (J Allergy Clin
Immunol 2000;105:1236-40.)
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Several studies have shown that breast-feeding not
only provides the nutritional requirements of the infant
but is also important for the transfer of immunologic
information from the mother to the offspring.1 Human
milk contains several components that may protect the
child against infections. It also contains various factors
that may enhance the maturation of the immune system.
Furthermore, the maternal immunity is an environmental
factor that may influence the allergy risk in children.2-4

The relationship between the appearance of allergy dur-
ing infancy and breast-feeding is still unclear. Some stud-
ies have suggested that breast-feeding prevents, or at
least delays, the development of allergic diseases, where-
as other studies have indicated that this is not the case.5

Human milk contains secretory IgA (sIgA) antibodies
against food that the mother eats,6,7 but their relationship
to maternal allergy is unknown. The mother is thus an
environmental factor in early infancy, and individual
variations in the antibody levels in human milk could
conceivably affect the breast-fed infant. It has been
reported that low levels of breast milk IgA antibodies
against allergens represent a risk in the development of
allergic diseases in children,3,8,9 although the relation-
ship is controversial.7

Exposure to various food antigens does not influence
to a major extent the levels of specific IgA antibodies in
breast milk. For instance, manipulation of the maternal
diet did not alter the levels of food-specific IgA in breast
milk.7 Similar studies of IgA antibodies to inhalant aller-
gens have not been performed.

The current study was undertaken to analyze the pres-
ence of IgA antibody levels to cat, β-lactoglobulin
(BLG), and ovalbumin (OVA) in colostrum and mature
milk in relation to maternal allergy with the hypothesis
that low levels of secretory antibodies could be associat-
ed with allergy.

MATERIAL AND METHODS

Milk samples

Samples from 53 nursing mothers (17 allergic and 36 nonallergic
mothers), participating with their infants in a prospective study, were
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selected on the basis of the availability of both colostrum and mature
milk samples. The allergic status of the mothers was established by
a clinical history and the presence of circulating IgE antibodies to a
panel of inhalant allergens as measured by an Allergy Screen (Magic
Lite SQ Allergy System, ALK, Hørsholm, Denmark).

Colostrum was collected within 4 days post partum, and mature
milk at 1 and 3 months with use of a manual breast pump, pumping
into sterile tubes, and immediately frozen at –20°C until processed.
The samples were centrifuged at 13,000g for 15 minutes to remove
the fatty layer and cellular components. The supernatants were then
recentrifuged at 29,000g for 20 minutes to 5°C and stored at –20°C
until analysis.

A questionnaire was used to assess the mothers’ dietary intake of
milk, milk products, and egg, as well as exposure to cat.

Antibody analyses

sIgA antibody levels. A conventional ELISA was used to
measure total sIgA levels in the breast milk. High-binding Costar
3590 plates were coated with 200 µL per well of polyclonal rabbit
antihuman secretory component antibody (DakoPatts, Stockholm,
Sweden) diluted 1:500 in PBS and incubated for 2 hours in a moist
chamber at 37°C and then for at least 3 hours at 4°C. After being
washed 4 times with a washing buffer (PBS–Tween 0.05%), the
plates were blocked with 200 µL per well of 0.5% human serum
albumin (HSA) in PBS and incubated in a moist chamber for 2
hours at 37°C and then overnight at 4°C. The incubations were per-
formed in a moist chamber at 37°C for 1 hour unless otherwise stat-
ed. After being washed, 100 µL per well of each standard, milk
samples diluted 1:8000 to 1:32,000 in PBS-Tween 0.05% and HSA
0.5% (PHT), or for controls PHT only, were added to the wells in
duplicate. Human IgA (Sigma-Aldrich, Stockholm, Sweden) dilut-
ed 2-fold (range 16-1000 ng/mL) in PHT was used as standard. The
plates were washed and incubated with 100 µL per well of mono-
clonal antihuman IgA (clone 2D7 Bio Zac AB, Järfälla, Sweden)
diluted 1:2000 in PHT and subsequently, after washing, incubated
with 100 µL per well of alkaline phosphatase–conjugated rabbit
antimouse antibody (Sigma-Aldrich) diluted 1:5000 in PHT. This
was followed by a last wash. To develop a reaction, 200 µL per well
of p-nitrophenyl phosphate (FAST pNPP) (Sigma-Aldrich) was
used as substrate. The reaction was stopped after 30 minutes by
adding 50 µL per well of 3 mol/L sodium hydroxide. The OD was
read at 405 nm. The ODs of the controls were subtracted from the
standard and sample values.

Specific IgA antibody levels. An enzyme amplification sys-
tem was used to increase the sensitivity of the assay for detection of
sIgA antibodies to cat, OVA, and BLG.

Costar 5390 microplates (Life Technologies AB) were coated with
100 µL of 10 µg/mL cat allergen extract (ALK, Hørsholm, Denmark),
200 µL of 10 µg/mL BLG (Sigma-Aldrich) or 200 µL of 25 µg/mL
OVA purified grade IV (Sigma-Aldrich) in PBS. The plates were incu-

bated in a moist chamber at 37°C for 2 hours and then for at least 3
hours at 4°C. After aspiration, the plates were washed 4 times with a
washing buffer (PBS-Tween 0.05%). Further washing steps were
included between the incubations until the substrate was added. The
free binding sites at the wells were blocked with 2% HSA in PBS, 250
µL for cat allergen and 200 µL for BLG and OVA, at 37°C for 2 hours,
and then overnight at 4°C. Human milk samples diluted 1:25 in PBS
were added in duplicate. Samples were also applied in duplicate to
uncoated rows, blocked with HSA in PBS as individual controls.
Duplicate wells with only PHT were used as blanks. The monoclonal
antihuman IgA clone 2D7 (Bio Zac AB, Järfälla, Sweden) diluted
1:2000 in PHT was added as detecting antibody, followed by alkaline
phosphatase–conjugated rabbit antimouse IgG (Sigma-Aldrich) dilut-
ed 1:40,000 for antibodies to cat and 1:20,000 for antibodies to BLG
and OVA in AMPAK wash buffer and HSA 0.5%. AMPAK kits
(Dakopatts AB, Älvsjö, Sweden) were used for the substrate reaction.
After incubation with the conjugate, the plates were washed with
AMPAK washing buffer. The plates were then incubated for 20 min-
utes with reduced nicotinamide adenine dinucleotide phosphate in
diethanolamine buffer and for 10 minutes with the amplifier solution.
The reaction was stopped by adding 50 µL per well of 0.46 mol/L sul-
furic acid. The OD was measured at 492 nm. A reference curve was
prepared with use of a sample with high specific IgA levels to the dif-
ferent antigens and low background at the different dilutions. The anti-
body levels in the samples were calculated from the OD of the refer-
ence curve and expressed as arbitrary units (AU), after subtracting the
OD of the blanks and the OD values for the individual controls. The
specificity of the system was confirmed by pilot experiments, using an
antihuman IgG antibody in the detection step. Also, several mono-
clonal antihuman IgA antibodies were tested in preliminary experi-
ments before one of them was selected for the study.

The specificity of the methods was confirmed with the respective
antigens. Breast milk samples with high levels of IgA to cat were
incubated for 1 hour at 37°C with serial dilutions (400, 100, 25, 6.2,
and 1.3 µg/mL of freeze-dried material) of cat allergen; Betula ver-
rucosa (ALK-Abelló, Denmark), Dermatophagoides pteronyssinus,
and Blomia tropicalis allergens (BioCen, Havana, Cuba); and BLG
and egg antigens (Sigma-Aldrich). The specificity of the BLG and
OVA assays was confirmed by incubation of milk samples overnight
at 4°C with 1, 10, and 100 µg/mL of OVA and BLG in PBS. The
samples were then analyzed as described above for IgA antibodies
to cat, BLG, and OVA.

Statistical analysis

Because the antibody levels were not normally distributed,
paired analyses were performed with the Wilcoxon signed-rank test,
unpaired analyses with the Mann-Whitney U test, and correlations
with Spearman’s rank order correlation coefficient test. The Bon-
ferroni correction was applied to discard a Type I error. A probabil-
ity level of <5% was considered to be statistically significant. The
calculations were made with the statistical package StatView 4.5 for
Macintosh (Abacus Concepts Berkeley, Calif).

Ethical aspects

The Regional Ethics Committee approved the study for Human
Research, Linköping University Hospital, Sweden.

RESULTS

Optimal conditions for the detection of total and spe-
cific secretory IgA antibodies to cat, BLG, and OVA by

Abbreviations used
AU: Arbitrary units

BLG: β-Lactoglobulin
HSA: Human serum albumin
OVA: Ovalbumin
PHT: PBS with Tween 0.05% and HSA 0.5%
sIgA: Secretory IgA
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ELISA were established. The specificity of the assays
was confirmed by ELISA inhibition (Fig 1).

sIgA antibodies to cat, BLG, and OVA were detected
in milk from both allergic and nonallergic mothers, and
the highest levels were recorded in colostrum (Table I).
There was a strong correlation between the milk levels of
specific IgA throughout the lactation period (eg, between
colostrum and 1 month [r = 0.8, 0.6, and 0.8 for cat,
BLG, and OVA, respectively; P < .001 for all] and levels
at 1 and 3 months [r = 0.6, 0.6, and 0.7 for cat, BLG, and
OVA, respectively; P < .001 for all]). Between colostrum

and 3-month samples a strong correlation was found for
cat and BLG antibodies (r = 0.6, P < .001) and a lower
correlation for BLG antibodies (r = 0.5, P < .01).

All the allergic mothers had detectable IgA to cat in
colostrum, whereas 83% and 73% of the samples were
positive at 1 and 3 months. The corresponding figures in
the nonallergic mothers were 93%, 81%, and 81% (not
significant). IgA antibodies to OVA were detected in
94% of the colostrum samples from allergic mothers and
in all samples from nonallergic mothers, in 82% and 96%
respectively, at 1 month and 53% and 65% at 3 months.

FIG 1. Inhibition of ELISA for detection of human specific IgA antibodies in human milk against (A) cat, (B) BLG,
(C) OVA by different antigens.

A
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Fewer samples had detectable sIgA antibodies to BLG
than to OVA and cat, and only 33% and 10% of the sam-
ples from the allergic and nonallergic mothers, respec-
tively, remained positive at 3 months.

The levels of antibodies to OVA were lower in
colostrum with P = .016 (P < .017 with Bonferroni cor-
rection) but not mature milk of allergic compared with
nonallergic mothers. Only 4 of 51 mothers avoided egg,
and 16 reported egg intake at least once a week and 31
once or twice a month. The sIgA antibody levels to OVA
were independent of egg consumption.

In contrast, the IgA antibody levels to BLG were sim-
ilar in allergic and nonallergic mothers through the lacta-
tion period. Most mothers (42/51) reported a daily intake
of milk products, and the remaining 9 consumed milk
products at least once a week. The levels of sIgA to BLG
were not affected by milk consumption.

The sIgA antibody levels to cat were similar in milk
from allergic and nonallergic mothers. The levels were
also similar in mothers who were exposed to cat at home
or outside the home (24/52) compared with mothers with
no obvious exposure (28/52).

DISCUSSION

Low levels of IgA to OVA and cat allergens, but not to
BLG, were commonly detected in human milk. In previ-
ous studies IgA antibodies to casein and BLG have been
detected in all10 or most of the samples.3 We could not
confirm these reports, even with use of a highly sensitive
ELISA to detect antibodies against BLG. Thus only half
the colostrum samples and even fewer of the mature milk
samples were positive for IgA antibodies to BLG. The
differences could be explained by the specificity of the
system used by us because there is a high background
binding of breast milk samples. Furthermore, the back-
grounds vary considerably for different samples. If not
corrected for, this may produce falsely positive results.

The levels of total IgA were similar in the allergic and
nonallergic mothers,10 and the levels were higher in
colostrum than in mature milk, as reported previously.8,11

IgA antibodies to cat were present in most colostrum
samples and also in several of the mature milk samples,
both from allergic and nonallergic mothers. Furthermore,
the levels were similar in milk from mothers who had or
had not been in contact with cats. Cat allergen is ubiqui-
tous in the Swedish environment, even in places where
cats are not allowed.12,13 It is therefore difficult to assess
the effects of a true lack of continuous exposure.

The levels of sIgA antibodies to OVA in colostrum were
higher in nonallergic than in allergic mothers, supporting a
previous report with another food antigen (ie, BLG14).
Some of the mothers in our study did not have a regular
intake of egg or milk products. However, because of the
extensive use of egg and milk in food products, avoidance
of these products is almost impossible. In contrast, similar
levels of breast milk antibodies to BLG and OVA in atopic
and nonatopic mothers were reported in another study.9

Many of the mothers in that study actively avoided milk
and egg and were thus less exposed to the antigens.

The higher levels of antibodies against OVA but not
BLG in nonallergic compared with allergic mothers are
possibly explained by the higher antigenicity of the for-
mer antigen and less exposure. This possibility is sup-
ported by previous reports of higher levels of IgG anti-
bodies to OVA than to BLG in sera from children15,16 and
by the higher prevalence of sensitization to egg white
than to cow’s milk.17

Although the immune response to allergens is already
primed before birth,18-20 the postnatal environment is cru-
cial for the type of immunity that will be established after
infancy. The breast milk is part of the environment to
which the baby is exposed3,21,22 and the composition part-
ly depends on maternal immunity. For example, the levels
of transforming growth factor-β, IL-10, and IL-6 in breast
milk correlate with total sIgA levels.23 These cytokines
regulate IgA synthesis24-26 and they also regulate IgE
antibody production.27-29 It is therefore tempting to spec-
ulate that the varying levels of these cytokines among
allergic and nonallergic mothers could explain the differ-
ent levels of OVA-specific IgA levels in the breast milk.

It has been suggested that sIgA in the gastrointestinal

TABLE I. Number of samples (n = positives/total) and levels of sIgA to cat, BLG, and OVA, expressed in AU, in
colostrum and mature milk obtained at 1 and 3 months from allergic and nonallergic mothers

Allergics Nonallergics

No. Median Range No. Median Range

IgA to cat
Colustrum 17/17 77 22-793 33/36 101 5-553
1 mo 14/17 37 5-121 26/32 30 5-134
3 mo 11/15 24 5-64 25/31 23 5-128

IgA to BLG
Colustrum 9/17 16 8-183 18/36 19 8-9492
1 mo 3/17 8 8-50 4/32 8 8-50
3 mo 5/15 8 8-32 3/31 8 8-53

IgA to OVA
Colustrum 16/17 23 4-557 36/36 39 8-1498
1 mo 14/17 14 4-88 31/32 27 4-732
3 mo 8/15 8 4-70 20/31 11 4-184
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tract may prevent the penetration and absorption of foreign
antigens and that the absence of IgA antibodies in human
milk against major allergens could be a risk factor for infant
allergy.3 Furthermore, low levels of total colostrum IgA
antibodies3 and IgA to BLG10 were associated with cow’s
milk allergy. We could not confirm this in an 18-month fol-
low-up of the infants of the mothers in this study.30

In conclusion, secretory IgA antibodies to cat were com-
monly detected in human milk and the levels were similar
in allergic and nonallergic mothers. Thus even a fairly low
exposure of the maternal mucosa (eg, by inhalant allergens)
can induce antibody secretion into the milk. In contrast,
allergic compared with nonallergic mothers had lower lev-
els of IgA antibodies to OVA in colostrum, whereas the
antibody levels to BLG were similar in the 2 groups. Dif-
ferences in mode of antigen exposure and allergenicity may
possibly explain the differences.

We thank Kerstin Hagersten and Ulrika Leek for their technical
assistance and Ing-Marie Sandberg and Lena Lindell for the helpful
assistance with the breast milk samples.
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