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Background: Therole of exposure to dietary antigens through
maternal milk isintriguing, because it may result either in
immunization or in tolerance. Exposure to cow’s milk proteins
resultsin antibody formation against bovine insulin in infants
at risk for type 1 diabetes.

Objective: To study the appearance of 1gG antibodiesto
bovine and human insulin in infants with an atopic family his-
tory whose mother s followed a cow’s milk—free diet during the
first 3 months of lactation.

Methods: In a prospective cohort study on prevention of food
allergies, 123 infants were exclusively breast-fed or received sup-
plementation with a hydrolyzed casein-based formula (Nutrami-
gen) until the age of 6 months. The mothers either avoided cow's
milk during thefirst 3 months of lactation (diet group) or had an
unrestricted diet (nondiet group). Thelevels of 1gG antibodiesto
bovine and human insulin were determined by enzyme immunoas-
say at 3, 6, 12, and 18 monthsand at 4 years. In addition, cord
blood was obtained at birth and a maternal sample at delivery.
Results: At 3 months, 1gG antibodies to bovine insulin were low
in both dietary groups (median levels 0.150 and 0.114 optical
density unitsin the diet and nondiet groups). After exposure to
dietary insulin, 1gG antibodies to bovine insulin increased in
both groups, reaching a peak at 12 monthsin the nondiet group
and at 18 monthsin the diet group. At 18 months, 1gG antibod-
iesto bovineinsulin were lower in infantsin the nondiet group
than in infantsin the diet group (0.287 vs 0.500, P < .0001). At
4 years, the antibodies no longer differed between the groups.
Conclusion: The exposure to cow's milk proteins through
breast milk during the first 3 months of liferesulted in
decreased levels of antibodies to dietary bovine insulin at 18
months of age, suggesting a role for breast milk antigensin
early tolerance induction. (J Allergy Clin Immunol
2000;106:302-6.)
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Tolerance to dietary antigens normally develops early
in life, but sometimes this process is disturbed, resulting
in food allergy.! Although the concentrations of dietary
antigens transferred to maternal milk are in the range of
picograms to nanograms per milliliter of milk,2 alergic
sensitization can occur even during exclusive breast-feed-
ing.34 The avoidance of dietary alergens such as cow’s
milk (CM), egg, and fish in the diet of a nursing mother
only moderately reduces the incidence of allergic mani-
festations in the offspring.5 Although a maternal elimina-
tion diet for the first 3 months of lactation was associated
with lower levels of IgE antibodies to CM and egg white
in the infants during the period of alergen avoidance,
there was no discernible effect at 9 months of age.6

The development of high-affinity autoantibodies to
insulin is associated with type 1 diabetes.” Early expo-
sure to CM proteins and/or short breast-feeding has been
associated with an increased risk for type 1 diabetes in
epidemiologic studies.8° We have previously shown that
early CM exposure results in antibody formation against
bovine insulin (BI) in infants at risk for type 1 dia-
betes.10.11 The aim of the present study therefore was to
address the effect of early CM exposure through breast
milk on the appearance of 1gG antibodies binding to Bl
and human insulin (HI) in infants whose mothers fol-
lowed a CM-free diet or an unrestricted diet during lac-
tation. This was studied in agroup of infants with afam-
ily history of alergy who participated in a Swedish
prospective study on prevention of food allergies.®

METHODS

Subjects

Infants from families with atopic disease in at least 2 first-degree
relatives (parents, siblings) or in 1 first-degree relative and an ele-
vated cord blood IgE level were recruited to a Swedish prospective
study on prevention of food alergies. Patient selection and diet cri-
teriafor the 2 study groups have been previously reported in detail .5
During the first 6 months, the infants received only breast milk, or
supplementation with a hydrolyzed casein-based formula (Nutrami-
gen, Bristol-Meyers, Stockholm, Sweden). CM was introduced into
the diet after 6 months, and egg-containing products after 9 months.
The nursing mothers from the diet group avoided CM, egg white,
and fish products during the first 3 months of lactation. The diet peri-
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Abbreviations used
Bl: Bovineinsulin
BLG: B-Lactoglobulin
CM: Cow’s milk
EIA: Enzyme immunoassay
HI: Human insulin

od was limited to 3 months to minimize dietary mistakes and to
attain maximal compliance. The mothers from the nondiet group
consumed an unrestricted diet during their entire lactation. The 2
groups were comparable with regard to heredity for atopic disease,
pattern of breast-feeding, Nutramigen supplementation, and number
of dietary errors.5 Serum samples from 123 infants (n = 78 in the diet
group and n = 45 in the nondiet group) were available for insulin-
binding antibody analyses from the original cohort of 140 infants.
There were no dropouts in the origina study cohort. Samples were
available from 69 and 42 infants at birth, from 71 and 40 infants at 3
months, from 74 and 36 infants at 6 months, from 66 and 28 infants
at 12 months, from 62 and 28 children at 18 months, and from 73 and
36 children at 4 years from the diet and nondiet groups, respective-
ly. Serum samplestaken at delivery were studied from 71 mothersin
the diet group and from 34 mothersin the nondiet group. All parents
of the participating infants gave their informed consent. The study
was approved by the Human Research Ethics Committee of the
Medica Faculty, University of Linkoping, Sweden.

Enzyme immunoassay for antibodies to
bovine insulin and human insulin

Polystyrene plates (Combiplate Enhanced binding, Labsystems,
Helsinki, Finland) were coated with Bl or HI 1 pg/well (Sigma, St
Louis, M0o). One-percent human serum albumin in PBS was used for
residual coating and 0.05% polyoxyethylene sorbitanmonolaurate
(Tween 20) in PBS asawashing buffer. The sampleswere diluted 1:20
in PBS containing 0.2% human serum abumin and 0.05% Tween.
Alkaline phosphatase—conjugated rabbit anti-human 1gG antibodies
(Jackson ImmunoResearch, West Grove, Pa) were used as the sec-
ondary antibody and p-nitrophenyl phosphate (Sigma) as a substrate.
The absorbance was measured by optica reader a 405 nm, and the
results were expressed as optical density units. The samples were run
blindly. A pool of 5 known positive and negative samples were run on
each plate as quality controls. The mean intra-assay variation of the
method was 12% and interassay variation was 20%. For inhibition
assays, 1000 pg/mL Bl was incubated with the serum sample for 2
hours at room temperature before analyzing the sample in the enzyme
immunoassay for antibodies to Bl. The same serum sample without
theinhibitor, but treated otherwisein asimilar manner, was dwaysrun
on the same plate. Sampleswith high 1gG antibodiesto Bl were select-
ed for inhibition analyses. The age of 6 months was chosen for this
assay; samples were available from 16 infants in both groups.

Statistical analysis

The Mann-Whitney U test was used to compare the 2 groups.
Wilcoxon signed ranks test was used to compare the levels of anti-
bodies at different time points in a particular group. Correlation
between different parameters was calculated by the Spearman cor-
relation test. Significance was tested as 2-sided and a level of P <
.05 was considered as significant.

RESULTS

Levels of 1gG antibodies to Bl and HI were low in both
groups a birth and at 3 months of age (Table | and Fig. 1).
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Because these values were at the background level of the
assay, the differences between the groups were not consid-
ered biologically significant. The levels increased after 3
months of age in both groups. No difference in the medi-
an levels of insulin-binding antibodies was seen between
the 2 groups at 6 months of age (ie, during the time when
all the mothers consumed CM products) or at 12 months
of age (ie, after exposureto CM productsin the diet of the
infants). At 18 months of age, 1gG antibodies to both BI
and HI were lower in infants whose mothers were on an
unrestricted diet than in infants whose mothers followed
the CM-free diet during the first 3 months of lactation
(median levels 0.287 vs 0.500, P < .0001 for BI-1gG, and
0.249 vs 0.414, P < .003 for HI-IgG, respectively). At 4
years of age, the antibody levels no longer differed
between the groups (Table I). An increase in the levels of
1gG antibodies to Bl was observed from 3 to 6 months of
ageininfantsin the diet group (0.152 vs 0.202, P < .0001,
Wilcoxon signed ranks test), after the cessation of moth-
ers dietary manipulation. No significant increase was seen
in infants in the nondiet group from 3 to 6 months (0.123
vs 0.160, P = .11). A pesk in the levels of 1gG antibodies
to Bl and HI was reached at 12 months of agein the nondi-
et group and at 18 months of age in the diet group. The
1gG antibodies to Bl and HI correlated at al time points (r
=0.53, P <.0001 at birth; r = 0.62, P <.0001 at 3 months;
r =0.75, P <.0001 at 6 months; r = 0.56, P < .0001 at 12
months; r = 0.69, P < .0001 at 18 months; and r = 0.58, P
< .0001 at 4 years). The binding of 1gG-antibodies to
solid-phase Bl at a concentration of 1000 pg/mL liquid-
phase Bl was inhibited to a similar degree in both groups.
The median percentage of inhibition a 6 months of age
was 47% and 40.5% (difference not significant) in the diet
and nondiet groups, respectively.

DISCUSSION

The IgG antibody levelsto Bl werelower at 18 months
of age in children whose mothers were on an unrestrict-
ed diet during the first 3 months of lactation than in
infants whose mothers had followed a diet free of CM
products during this time. An increase in the 1gG anti-
body level to insulin was observed between the ages of 3
and 6 monthsin infants whose mothers started to use CM
products after the elimination diet. This indicates that
exposure to tiny amounts of CM proteins through breast
milk during the first 3 months of life is associated with
less antibody production later in life when CM proteins
are introduced into the diet. Our findings may reflect
early development of tolerance to small amounts of
dietary Bl present in breast milk. This effect may be dose
dependent, because exposure to CM proteins present in
infant formulas during the first 3 months of life resultsin
increased levels of 1gG antibodies to -lactoglobulin
(BLG), for example.12 Alternatively, our finding may
reflect differences in antigen processing when exposed to
dietary antigensin breast milk or in intact CM formula.

Our finding isin accordance with animal studies show-
ing that materna antigen-containing diet during pregnan-



304 Paronen et al

J ALLERGY CLIN IMMUNOL
AUGUST 2000

2.0 ua
1.51 .=l
1.0 O
_ 100 "
8 [ ]
< 0.751 a "am,
e e -
< 0.50- R -
[41] . %o L n§u
o.25~—“—rug—" . —ﬁ—g"—' e !? aech
0.00 D ND D ND D ND
Age (months)
3 6 18

FIG 1. IgG antibodies to Bl expressed as optical density units at 3 months (P < .05), 6 months (P = .25), and
18 months (P < .0001) in infants whose mothers avoided CM during the first 3 months of lactation (D), and
in infants of mothers on an unrestricted diet during lactation (ND). The lower level of detection is shown by

the horizontal line.

TABLE I. Median levels of Bl-IgG and HI-IgG in infants whose mothers avoided CM during the first 3 months of lacta-
tion and in infants of mothers on an unrestricted diet during lactation

Bl-lgG HI-lgG
Sampling time Diet Nondiet P value Diet Nondiet P value
0 mo 0.219 0.213 NS 0.195 0.163 <.05
Stop of maternal dietary elimination— 3 mo 0.150 0.114 <.05 0.169 0.176 NS
Start of CM formulas - 6 mo 0.202 0.159 NS 0.246 0.191 NS
12mo  0.318 0.303 NS 0.351 0.304 NS
18mo  0.500 0.287 <.0001 0.414 0.249 <.003
4y 0.226 0.221 NS 0.226 0.225 NS
Mother 0.174 0.174 NS 0.212 0.208 NS

NS Not significant.
Median levels of antibodies expressed as optica density units.

cy/lactation resulted in lower levels of dietary antibodies
in the offspring when exposed to the same antigen after
weaning.13 The effect of maternal diet on immune toler-
ance to parenteral antigen challenge was demonstrated in
young animals that had been exposed to the antigen dur-
ing gestation, lactation, or both.14 Telemo et al1> also
demostrated that fetal exposure of guinea pigs to dietary
CM proteins through maternal CM consumption resulted
in lower levels of 1gG antibodies to BLG in offspring on
immuni zation with milk whey-protein concentrate than in
offspring of mothers following a milk-free diet. In this
experiment the offspring were not nursed. Theimportance
of early life for oral tolerance induction is aso strength-
ened by a study showing that in piglets oral antigen expo-
sure at birth resulted in a decreased antibody response to
the same oral antigen fed from 3 weeks and after.16 The
effect of prenatal and postnatal period in the infant
immune system is reviewed by Bjorkstén.1? In human
beings, amaterna hypoallergic diet during pregnancy did
not alter theincidence of atopy or the levels of total serum
IgE in the offspring.18 In the same cohort as we studied
here, amaternal hypoallergic diet during lactation had no
effect on the emergence of positive skin prick test results

to alergens or alergen-specific IgE antibodies later in
life,56.19 but a decrease in the incidence of atopic eczema
was observed.>19 Our results on the appearance of 1gG
antibodiesto Bl indicate that elimination of food antigens
from the diet of a nursing mother may modulate the
development of food antigen-specific 1gG antibodies in
the child. The previous results on IgA antibody responses
to BLG in the same cohort are in accordance with our
findings. The number of children with a positive IgA
response to BLG at 18 months of age was lower in chil-
dren whose mothers had an unrestricted diet during the
first 3 months of lactation than in children whose mothers
avoided CM during this period. However, the levels of
IgG antibodies to BLG and ovalbumin did not differ
between the groups.6 The amount of these latter antigens
in the diet is much higher than that of BI, and this may
have had an effect on the results.

The newborn infant is normally first exposed to
dietary antigens through maternal milk. Breast milk has
major advantages over CM formulas—it enhances the
maturation of the gut and protects the newborn from
infections through maternal secretory antibodies.20.21
Secretory IgA in breast milk also affects antigen uptake



J ALLERGY CLIN IMMUNOL
VOLUME 106, NUMBER 2

in the gut of the newborn infant, favoring the induction of
tolerance.22.23 Furthermore, breast milk affects the gut
flora, which likewise may be important for gastrointesti-
nal host defense system and tolerance induction.24 It is
thus conceivable that exposure to dietary antigens
through breast milk is a natural and safe route to
encounter new antigens.

Despite this, some infants become sensitized to dietary
antigens present in breast milk and devel op allergic man-
ifestations.34.25 As early as 1921, Shannon26 demonstrat-
ed the adverse effects of food proteins in human breast
milk by anaphylactic experiments on guinea pigs, even
though the amounts of dietary antigens (eg, BLG and
gluten) in breast milk are only in the range of picograms
to nanograms per milliliter.227 These observations indi-
cate that food antigens transferred to breast milk are
immunologically active. The appearance of 1gG antibod-
ies to Bl, even in exclusively breast-fed infants at 6
months of age, is an indicator of the immunogenicity of
food antigens in human milk as aso suggested by previ-
ous studies.b A brief exposureto CM formula at birth has
been shown to increase the risk of CM allergy compared
with hydrolysate exposure, whereas exclusive breast-
feeding at birth did not protect from allergy.28 Contradic-
tory findings on the role of breast-feeding in the outcome
of immune responses in the infant might be explained by
the combined effect of infant feeding, maternal food anti-
gen-specific antibodies, maternal diet, and genetic fac-
tors.29 In addition, nonantigen specific factors in breast
milk may have importance in tolerance induction such as
the levels of transforming growth factor-[3.30.31

However, the induction of systemic IgG antibody
response to Bl by exposure through breast milk wasinfre-
quent in the study (Fig. 1). It is aso possible that some
infants who received Nutramigen in our study might have
been immunized to theinsulin peptides present in thisfor-
mula in the same way casein immunization occurs to
casein peptides in some infants receiving Nutramigen.32
Because the groups did not differ in the exposure to
Nutramigen, this should not have an effect on our results.
No difference was observed between the groups at 3
months—during the period of materna dietary manipula-
tion—in the present study. Although the systemicimmune
response was not detectable at 3 months of age, the early
antigen exposure through breast milk seemed to have had
an effect on the kinetics of the 1gG antibody responses to
insulin later in life. The peak in the levels of insulin-bind-
ing antibodies appeared earlier in children of mothers
consuming anormal diet during the first 3 months of lac-
tation than in children whose mothers followed the CM-
free diet during this period (ie, 12 vs 18 months of age;
Table I). The difference in the levels of insulin-binding
antibodies had disappeared by 4 years of age. It is possi-
ble that the observed difference between the groups
reflects only a difference in timing of tolerance develop-
ment. However, qualitative differences in the immune
responses to dietary Bl may exist despite the fact that no
difference in the levels of the antibodies was observed
later. The timing of development of tolerance may influ-
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ence the characteristics of an immune response reactivat-
ed later in life (eg, by parenteral immunization).

The role of the gut immune system and oral tolerance
in the pathogenesis of type 1 diabetes recently has been
discussed.33 Early exposure to CM formula, before 2to 3
months of age, and/or have short breast-feeding, has been
associated with type 1 diabetes in epidemiologic stud-
ies.8.9.34 Primary immunization to insulin occursin early
infancy by exposure to CM formula.1911 QOur results
showing that exposure to Bl through breast milk modi-
fies the later development of immune responses to
dietary insulin may have implications for the pathogene-
sisof type 1 diabetes. Exposure to dietary insulin through
breast milk may account for a significant component of
tolerance to this diabetes-associated autoantigen.

In conclusion, maternal avoidance of CM proteins
during the first 3 months of lactation was associated with
elevated levels of insulin-binding antibodies in infants
later in life after introduction of CM products to the diet.
This finding supports the notion that exposure to dietary
antigens through breast milk during the first months of
life may modify the induction of tolerance. This finding
atogether emphasizes the importance of the first months
of life in the development of tolerance.

We thank Ms Anneli Suomela for skillful laboratory work.
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