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Breastmilk from Allergic Mothers Can Protect Offspring 
from Allergic Airway Inflammation
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Abstract

Objective: Breastfeeding is associated with a reduced risk of developing asthma in children. Using a murine
model we previously demonstrated that mothers with Th1-type immunity to ovalbumin (OVA) transfer anti-
gen-specific protection from OVA-induced allergic airway disease (AAD) to their offspring. The aim of this
study was to evaluate the contribution of breastmilk and maternal B cell immunity from allergic mothers in
the vertical transmission of protection from AAD.
Methods: This was investigated using an adoptive nursing strategy. Naive offspring were nursed by allergic
wild-type or B cell-deficient foster mothers with histories of Th2-type immunity to OVA. Following weaning,
offspring were immunized with OVA-Al(OH)3 and challenged with aerosolized OVA to induce AAD.
Results: Offspring nursed by wild-type OVA-immune foster mothers demonstrated lower levels of OVA-spe-
cific immunoglobulin E, interleukin-5, and airway eosinophilia than progeny nursed by naive control mothers.
In contrast, offspring nursed by B cell-deficient OVA-immune foster mothers had similar parameters of OVA-
induced AAD as progeny nursed by naive control mothers.
Conclusions: These data demonstrate the ability of breastmilk from allergic mothers to protect offspring from
AAD was dependent on intact maternal B cell immunity. Nursing alone, when done by wild-type mothers with
AAD, was sufficient for offspring to acquire the antigen-specific protective factor(s) from breastmilk.
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Introduction

BREASTFEEDING IS HIGHLY BENEFICIAL to the development 
of a healthy immune system in neonates. In particular,

breastmilk provides growth factors that promote cell matu-
ration in the intestine and thus formation of this critical ep-
ithelial barrier. Overall, breastfed infants have a reduced risk
of infections, especially severe infections that result in hos-
pitalization. In addition, infants who are fed breastmilk
rather than formula are generally more protected from detri-
mental immune reactions to innocuous environmental or
self-antigens, those that can be responsible for allergic or au-
toimmune diseases months or years later.1–5

Mothers influence immune responsiveness in progeny via
the passive transfer of antibodies,6,7 which can have benefi-
cial or detrimental effects. For example, maternal antibodies
are essential in protecting infants against a wide range of in-
fectious diseases until their levels decline below a protective
threshold.8 However, under some circumstances, preexist-
ing maternal antibodies can inhibit infant antibody re-

sponses to active immunization.9 This is a major factor for
delaying measles virus immunization until 12 months of age,
when the majority of maternal antibodies have disap-
peared.10 Additional health concerns arise when maternal
antibodies are directed against antigens expressed on fetal
cells, as observed in erythroblastosis fetalis.11 It is known
from animal models that maternal immunoglobulin (Ig) G
can control IgE production in offspring.12,13 In rodents, the
majority of maternal IgG is acquired from breastmilk,14,15

and offspring nursed by immune mothers display a selec-
tive reduction in antigen-specific IgE responses.16 These data
suggest a protective effect associated with transmission of
maternal IgG, but it is possible that other factors in breast-
milk (e.g., IgA, cytokines, or immune cells) are also media-
tors of reduced IgE responses. Additional readouts of dis-
ease parameters (in addition to allergen-specific IgE levels)
would advance understanding of how maternal antibodies
transfer protection from allergic airway disease (AAD) to off-
spring. In humans, maternal IgG is acquired by children dur-
ing pre- and postnatal life,17,18 and a variety of outcomes are

1Department of Immunology, University of Connecticut Health Center, Farmington, Connecticut.
Divisions of 2Neonatology and 3Research, Department of Pediatrics, Connecticut Children’s Medical Center, Hartford, Connecticut.

Original Article



observed as a result of this transmission. These range from
increased resistance to atopy,19 likelihood of developing
eczema,20 and levels of allergen-specific IgG in infancy21 and
early childhood.22 Variations in genetics, routes of antibody
acquisition during pre- versus postnatal life, and history of
maternal allergen exposure may influence the ability of ma-
ternal antibodies to modify allergic risk in offspring. Thus,
the precise contribution of transferred maternal antibodies
and the circumstances in which they influence allergic sus-
ceptibility in offspring remain unclear.

We developed a model to study maternal transmission of
asthma resistance using ovalbumin (OVA)-sensitized female
mice as mothers subjected to secondary OVA aerosol chal-
lenge during pregnancy. Following weaning, severity of
AAD (a model of human asthma) was evaluated in progeny
by sensitization and aerosol challenge with OVA. We previ-
ously demonstrated that offspring exposed to the effects of
maternal Th1-type (but not Th2-type) immune responses in
utero and during nursing had lower levels of OVA-specific
IgE in serum and airway eosinophilia than progeny of naive
control mothers.23 In response to cognate OVA peptide stim-
ulation, splenic CD4� and CD8� cells from mice with Th1-
type immune responses produced interferon-� (a signature
cytokine of Th1-polarized cells). In contrast, splenic CD4�

cells from mice with Th2-type immune responses produced
interleukin (IL)-4 (a signature cytokine of Th2-polarized
cells) but not interferon-�.23 In this current study, we estab-
lished conditions where offspring exposed to the effects of
maternal Th2-type immune responses (allergic mothers) in
utero and during nursing were more protected from AAD
than progeny of naive control mothers. Furthermore, we in-
vestigated the ability of breastmilk from allergic mothers to
protect offspring from AAD and determined the contribu-
tion of maternal B cell immunity to this maternally trans-
ferred protection.

Materials and Methods

Animals

Wild-type C57BL/6J (B6AAD) and B cell-deficient (Igh-
6tm1Cgn) (H6AAD) mice were obtained from Jackson Labora-
tories (Bar Harbor, ME) or bred in our colony at the Uni-
versity of Connecticut Health Center (Farmington). All mice
were fed sterile food and water and housed in microisola-
tors under specific pathogen-free conditions. Their care was
in accordance with institutional and Office of Laboratory An-
imal Welfare guidelines.

AAD in mothers and offspring

Maternal AAD was generated in 6-week-old female
B6AAD or H6AAD mice, immunized at weekly intervals by
intraperitoneal injection with 25 (see Figs. 1 and 2) or 8 (see
Fig. 4) �g of OVA (grade V, Sigma Chemical Co., St. Louis,
MO) adsorbed to 2 mg of Al(OH)3. Seven to 12 days fol-
lowing the second immunization, animals were exposed
daily to aerosolized antigen generated from 1% OVA in nor-
mal saline with a Bioaerosol nebulizing generator (BANG,
CH Technologies, Inc., Westwood, NJ). Exposures were 1
hour for 7 consecutive days delivered via a nose-only in-
halation exposure chamber with space for exposing 48 mice

simultaneously (In-Tox Products, Moriarty, NM). This is a
standard protocol to induce AAD in C57BL/6J mice.24 Forty-
two to 55 days after the primary aerosol exposure, a time
when the airway inflammatory response is resolved,25 fe-
males were bred with naive C57BL/6J males. Pregnant mice
were subjected to a secondary challenge with aerosolized
OVA daily, during embryonic days 11–17 of pregnancy (du-
ration of pregnancy in C57BL/6 mice is 19–20 days).

Severity of OVA-induced AAD was evaluated in progeny.
Following weaning, 4-week-old pups were immunized by
two intraperitoneal injections with OVA (8 �g) adsorbed to
2 mg of Al(OH)3 separated by 8–10 days. Sixteen to 26 days
after the second immunization, mice were subjected to chal-
lenge with aerosolized OVA daily for 4 days (1-hour expo-
sure time). Mice were sacrificed 24 hours after the last aero-
sol exposure for assessment of disease as indicated by
OVA-specific Ig levels in serum and distribution of leuko-
cyte populations in the airways. In some experiments, serum
was collected prior to and 24 hours after the first aerosol
challenge for measurement of IL-5 levels.

Analysis of airway leukocytes

Bronchoalveolar lavage (BAL) was performed 24 hours af-
ter the last aerosol challenge, with the animals under termi-
nal ketamine/xylazine anesthesia. Lungs from each animal
were lavaged in situ with five 1-mL aliquots of sterile saline.
Total leukocyte counts were performed with a Z2™ Coulter
Counter® (6–20 �m; Beckman Coulter, Fullerton, CA). The
differential leukocyte count in BAL was determined by
analysis of cytocentrifuged slide preparations stained with
Wright-Giemsa. For lung histology, tissue sections were
stained with hematoxylin and eosin and examined to deter-
mine degree of allergic airway inflammation.

Flow cytometry

Monoclonal antibodies used to identify airway leukocytes
were anti-CD45-fluorescein isothiocyanate (30-F11), -TCR�-
phycoerythrin (H57-597), -CD11b-PerCP-Cy5.5 (M1/70), 
-CD19-phycoerythrin (1D3), -CD4-PerCP (RM4-5), -CD8�-
allophycocyanin (53-6.7), and -CD90.2-allophycocyanin (53-
2.1) purchased from BD PharMingen (San Diego, CA). Cells
(104–106) were incubated with 100 �L of appropriately di-
luted antibodies in phosphate-buffered saline containing
0.2% bovine serum albumin and 0.1% NaN3 for 30 minutes
at 4°C and then washed with the same buffer. H-2Kb tetramer
containing the OVA-derived peptide SIINFEKL was gener-
ously provided by Dr. Leo Lefranáois (University of Con-
necticut Health Center) and labeling of OVA-specific CD8�

cells was as described.26 Relative fluorescence intensities
were determined on a 4-decade log scale by flow cytometric
analysis using a FACSCalibur™ (Becton Dickinson, San 
Jose, CA).

Determination of serum IL-5 and Ig levels

Serum IL-5 concentrations were determined by enzyme-
linked immunosorbent assay (Pierce Biotechnology Inc.,
Rockford, IL). The assay was performed according to the
manufacturer’s recommendation. The minimum concentra-
tion of IL-5 detectable with this assay is 1.0 pg/mL. Serum
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Ig levels were measured by enzyme-linked immunosorbent
assay using isotype-specific capture antibodies. Costar 3590
microtiter plates (Corning Inc., Corning, NY) were coated
with rat anti-mouse IgE (R35-72) or IgG1 (A85-3) (BD
PharMingen) or goat anti-mouse IgA (Southern Biotech,
Birmingham, AL) at 2 �g/mL in phosphate-buffered saline
for 16 hours at 4°C. After nonspecific binding was blocked,
isotype-specific antibodies were captured in duplicate as
three or four twofold serial dilutions of serum (within es-
tablished linear ranges of the standard for each individual
isotype). Detection of antigen-specific antibodies was with
OVA–digoxigenin conjugates followed by anti-digoxigenin-
peroxidase (Roche Diagnostics, Indianapolis, IN).23,27 De-
velopment was with the 3,3�,5,5�-tetramethylbenzidine mi-
crowell peroxidase substrate system (Kirkegaard & Perry
Laboratories, Gaithersburg, MD), and the absorbance at 450
nm measured with a Bio-Rad (Hercules, CA) model 480 mi-
croplate reader.

Statistical analysis

Results are expressed as mean � standard error of the
mean (SEM). Differences between groups were determined
by nonparametric Mann-Whitney test (between two groups)
or one-way analysis of variance with Newman-Keuls multi-
ple comparison post-test (multiple groups). All statistical
comparisons were performed with Prism version 4 (Graph-
Pad Software, San Diego). Statistical significance was defined
as a value of p � 0.05.

Results

Acquisition of allergen-specific maternal antibodies 
from breastmilk

Similar OVA-specific antibody levels and airway eosino-
philia are observed in pregnant and non-pregnant C57BL/6J
female mice in a discontinuous model of OVA-induced AAD
(secondary challenge during embryonic days 11–17 of preg-
nancy).23 In this study, we modified this model to determine
if breastmilk from allergic mothers can protect offspring

from developing AAD. B6AAD mothers were generated 
as described in Materials and Methods. Breastfeeding moth-
ers had OVA-specific IgG1 (21,323 � 4,241 �g/mL), IgA
(186,096 � 65,856 ng/mL), and IgE (25,129 � 4,163 ng/mL)
in serum at 1 week after delivery of pups. Naive female
C57BL/6J mice (B6naive) were mated, and within 14 hours
of delivery one-half of the pups were adoptively nursed 
by B6AAD foster mothers. Thus, all fostered pups were 
from naive mothers to restrict the source of acquisition of al-
lergen-specific protective factors to breastmilk, and the lit-
termate control pups remained with their own B6naive
mothers.

Sera were obtained from progeny at 4 weeks of age for
measurement of passively acquired maternal antibodies.
Nomenclature for offspring was denoted by birth mother’s
immune status followed by nursing mother’s immune sta-
tus (Table 1). OVA-specific antibodies were detected in
serum of progeny nursed by B6AAD mothers but not by
naive control mothers. In offspring born to and nursed by
B6AAD mothers (B6AAD/B6AAD), acquisition of OVA-spe-
cific antibodies could have occurred via passive transfer in
utero or during nursing, although previous studies have
shown the majority of maternal antibodies in rodents are ob-
tained by nursing.14,15 At 4 weeks of age, offspring adop-
tively nursed by B6AAD foster mothers had equivalent
quantities of allergen-specific maternal IgG1 and IgA in their
serum as offspring born to and nursed by B6AAD mothers
(Fig. 1).

Attenuation of disease in offspring nursed by mothers 
with OVA-induced AAD

Severity of OVA-induced AAD was assessed in offspring
with different histories of exposure to the effects of mater-
nal-derived immune responses. Pups were those born to and
nursed by B6AAD mothers (B6AAD/B6AAD) or those born
to B6naive mothers and adoptively nursed by B6AAD foster
mothers (B6naive/B6AAD) shown in Figure 1. Pups born to
and nursed by B6naive mothers (B6naive/B6naive) served
as positive controls for AAD. Following weaning, AAD was
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FIG. 1. Passively acquired OVA-specific maternal antibodies in serum of 4-week-old offspring. Offspring are identified
as noted in Table 1. Results are expressed as mean � SEM values and represent five or six mice per group. N.D., not de-
tectable.



elicited in 4-week-old pups by two immunizations of 8 �g
of OVA in Al(OH)3 and four daily challenges with aerosol-
ized OVA. Using this protocol, when compared to positive
control offspring (nursed by B6naive mothers), reduced dis-
ease was evident in offspring nursed by B6AAD (allergic)
mothers irrespective of their birth status (Fig. 2). Serum
OVA-specific IgE in B6naive/B6AAD and B6AAD/B6AAD
offspring was virtually undetectable, whereas B6naive/
B6naive positive control offspring exhibited a demonstrable
response (2,390 � 1,068 ng/mL). Similarly, the magnitude of
OVA-induced airway inflammatory response was reduced
in mice nursed by B6AAD mothers. Analysis of the BAL
demonstrated two- to fivefold lower numbers of eosinophils
in the airways. Thus, major determinants of OVA-induced
AAD were attenuated in offspring as a consequence of be-
ing nursed by B6AAD mothers.

B cell-deficient mice were competent to elicit secondary
OVA-induced AAD

Previous reports using an acute model of experimentally
induced AAD demonstrated that neither B cells nor anti-
bodies (e.g., IgE) are required for T cell activation or eosin-
philic airway inflammation.28–30 However, it has been shown
recently that B cells are required to generate memory CD4�

T cells in response to immunization with protein antigens31

or infection with Pneumocystis carinii.32 Therefore, prior to
performing foster nursing studies using B cell-deficient mice,
it was necessary to determine whether female B cell-deficient
mice had sufficient levels of OVA-specific CD4� T cells to
initiate “recall” allergic airway inflammation when subjected
to secondary OVA aerosol challenge in the discontinuous
model of AAD.23 C57BL/6J wild-type (B6) or B cell-deficient
(H6) mice were immunized once a week for 2 weeks with 8
�g of OVA adsorbed to 2 mg of Al(OH)3. One week after the
second immunization, mice were subjected to primary aero-
sol challenge with OVA for 7 days. Some mice were sacri-
ficed, whereas others were allowed to recover for a period
of 6 weeks prior to secondary aerosol challenge with OVA
for 7 days.

As expected, OVA-specific antibodies were present in the
serum of B6AAD mice after both primary and secondary
aerosol challenges but were absent from the serum of
H6AAD mice (data not shown). Analysis of cell populations
recovered from the BAL demonstrated virtually identical
numbers of leukocytes and lymphocytes (except B cells) in
the airways of B6AAD or H6AAD mice after both primary
and secondary aerosol challenges (Fig. 3). Also noted were
equivalent numbers of OVA-specific CD8� cells in the air-
ways of aerosol-challenged B6AAD mice or H6AAD mice
(2–15 � 103 cells per mouse [data not shown]). There was in-
creased severity of inflammation during the “recall” re-
sponse, indicated by higher numbers of inflammatory cells
recovered from the airways and a boosted serum IL-5 re-
sponse in B6AAD and H6AAD mice after secondary aerosol
challenge. Serum IL-5 levels in H6AAD mice were signifi-
cantly greater than in B6AAD mice after secondary aerosol
challenge, possibly reflecting the absence of B cells respon-
sive to the cytokine. Histopathologic examination of lung
tissue demonstrated a similar pattern of peribronchiolar
eosinophilic inflammation in B6AAD mice as compared to
H6AAD mice after both primary and secondary aerosol chal-
lenges. Collectively, these results indicate that in the absence
of B lymphocytes and antibodies, sufficient numbers of
CD4� memory T cells were maintained to orchestrate a
boosted secondary airway inflammatory response upon re-
exposure to aerosolized antigen.
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TABLE 1. IDENTIFICATION OF OFFSPRING BASED

ON HISTORY OF EXPOSURE TO THE EFFECTS

OF MATERNAL-DERIVED IMMUNE RESPONSES

Prenatal exposure Postnatal exposure 
Offspring mice (pregnancy) (nursing)

B6naive/B6naive B6naive mother B6naive mother
B6naive/B6AAD B6naive mother B6AAD mothera

B6naive/H6AAD B6naive mother H6AAD mothera

B6AAD/B6AAD B6AAD mother B6AAD mother

Offspring were from B6naive or B6AAD mothers.
aOffspring born to naive females were adoptively nursed by

B6AAD or H6AAD foster mothers

FIG. 2. Reduced AAD in offspring nursed by B6AAD mothers. Offspring are identified as noted in Table 1. Parameters
of disease were (A) OVA-specific IgE titers and (B) airway eosinophils. Results are expressed as mean � SEM values and
represent four to six mice per group. **p � 0.01, ***p � 0.001 compared to B6naive/B6 naive controls.
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Maternal B cell immunity was required for allergic mothers
to transfer AAD resistance to breastfed offspring

The contribution of maternal B cell immunity in the abil-
ity of breastmilk to protect offspring from development of
AAD was investigated by adoptively nursing offspring of
B6naive mice by B6AAD or H6AAD foster mothers (Table
1). H6AAD mice lack B cells, so offspring nursed by H6AAD
foster mothers were exposed to immune factors transmitted
in breastmilk (e.g., cytokines and immune cells) except those
produced by B cells, B cells themselves, and maternal anti-
bodies. In contrast, offspring nursed by B6AAD mothers ac-
quired the full complement of immune factors, including B
cell-derived factors. Offspring that remained with their
B6naive birth mothers served as positive controls for AAD.
At 4 weeks of age, maternal OVA-specific antibodies were
present in the serum of B6naive/B6AAD offspring but were
absent in the serum of B6naive/H6AAD or B6naive/B6naive
offspring (data not shown).

Following weaning, AAD was elicited in 4-week-old pups.
Reduced allergic disease was evident in offspring adoptively
nursed by B6AAD mothers compared to the positive control
offspring nursed by B6naive mothers (Fig. 4). In contrast, es-
sentially no protection from development of OVA-induced
AAD was transmitted to offspring adoptively nursed by
H6AAD mothers. After immunization and aerosol challenge
of B6naive/B6AAD offspring, serum OVA-specific IgE anti-
bodies were virtually undetectable. Analysis of the BAL also
demonstrated reduced numbers of total cells, eosinophils,
and lymphocytes recovered from the airways of B6naive/
B6AAD offspring as compared to B6naive/B6naive or B6ni-
ave/H6AAD offspring. In addition, serum IL-5 concentra-
tions were notably lower in progeny nursed by B6AAD

mothers as compared to B6naive/B6naive or B6niave/
H6AAD offspring.

Discussion

In this study, we investigated the contribution of maternal
B cell immunity in the ability of breastmilk to protect offspring
from development of AAD. Our findings demonstrated that
maternal B cell immunity was required for maternal trans-
mission of resistance to AAD from allergic mothers to nurs-
ing offspring. Offspring nursed by wild-type OVA-immune
foster mothers were protected from developing severe OVA-
induced AAD, whereas offspring nursed by B cell-deficient
OVA-immune foster mothers were not. Thus, breastfeeding
on an allergic mother protected offspring from development
of AAD, but only if the mother had intact B cell immunity.

Breastmilk contains many transmissible components (e.g.,
antibodies, cytokines, immune cells, and fatty acids) capable
of influencing immune responses in offspring. Because B cell-
deficient mothers with AAD did not transfer protection from
AAD to adoptively nursed offspring, we speculate that anti-
gen-specific IgG or IgA in breastmilk is responsible for the
protective effect. In rodents, the majority of maternal anti-
bodies are transferred to offspring via the breastmilk, with
absorption of IgG facilitated by a neonatal Fc receptor-de-
pendent pathway in intestinal epithelial cells.18,33 In humans
substantial amounts of maternal IgG are transmitted in utero,
across the placenta.34 This process is similarly mediated by
a neonatal Fc receptor localized to the synciotrophoblast of
the chorionic villi.17 Thus, when considering the influence
transferred maternal antibodies have on development of im-
mune responsiveness in progeny, one must consider the pos-
sibility of species-specific effects that could result based on
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FIG. 3. Similar parameters of primary and secondary AAD in wild-type and B cell-deficient mice. Parameters of disease
were (A and B) airway leukocytes and (C) serum IL-5 concentrations. (D) Representative lung sections after secondary aero-
sol challenge. Results are expressed as mean � SEM values and represent seven to 10 mice per group. N.D., not detectable.
*p � 0.05, **p � 0.01 between groups.



timing (prenatal vs. postnatal) and route (transplacental vs.
intestinal absorption) of antibody acquisition.

In contrast to our previous report,23 offspring exposed to
the effects of maternal-derived Th2-type immune responses
were protected from developing OVA-induced AAD in the
present study. B6AAD mothers and offspring were immu-
nized with lower doses of OVA, and offspring were sub-
jected to a shorter duration of OVA aerosol challenge as a
means to enhance sensitivity of detecting protection from
AAD in offspring nursed by allergic mothers. In addition,
there were notably higher levels of OVA-specific IgG1 and
IgA detected in offspring nursed by allergic mothers in this
study, potentially contributing to increased levels of protec-
tion. Mechanistically, postnatal acquisition of allergen-spe-
cific maternal antibodies may result in the formation of im-
mune complexes leading to clearance of the antigen, without
recognition by cells of the adaptive immune system. Alter-
natively, a model used to examine maternal immunity on
vaccine responses in progeny demonstrated that vaccine-
induced T cell proliferation and cytokine production are
maintained in offspring even when there is complete in-
hibition of antibody responses.35 Thus, in that situation at
least some antigen must be available to initiate T cell re-
sponses. Another possibility is that transferred maternal IgG
binds the inhibitory Fc� receptor IIB on the surface of off-
spring immune cells. It is known that simultaneous cross-
linking of the Fc� receptor IIB and the B cell receptor can re-
sult in negative regulation of B cell activation and reduced
antibody production.36 The Fc� recptor IIB is also expressed
on the surface of mast cells and basophils and co-aggrega-
tion with the Fc� receptor for IgE results in inhibition of IgE-

mediated histamine release and reduced eosinophilic airway
inflammation.37 These data suggest an antigen-specific
mechanism by which maternal IgG may influence antibody
production and airway inflammation.

To date, there are conflicting results about whether pas-
sively acquired antibodies protect against12,13 or enhance38,39

development of Th2-mediated inflammatory disease. This
may be related to the nature of the IgG antibody itself and
its ability to bind either activating or inhibitory Fc� recep-
tors.40 Our data suggest a protective effect of breastmilk, po-
tentially associated with acquisition of maternal antibodies.
Perhaps, in this model the intestinal route of maternal IgG
transfer favors acquisition of IgGs that preferentially ligate
inhibitory Fc� receptors.

Although not examined in this study, it is possible that
prolonging the interval from weaning to initiation of aller-
gic challenge would result in gradual cessation of allergic
protection transferred by B6AAD mothers. These results
would suggest that declining concentrations of maternal pro-
tective factors in offspring results in restoration of allergic
susceptibility. Irrespective of this possibility, there is great
benefit to avoiding allergic airway inflammation during this
critical postnatal period of immune system development and
lung maturation. Even transient protection is likely to be ad-
vantageous for long-term health.
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FIG. 4. Protection from AAD was dependent on B cell-derived factors in breastmilk. Offspring are identified as noted in
Table 1. Parameters of disease were (A) OVA-specific IgE titers, (B and C) airway leukocytes, and (D) IL-5 concentrations
in serum collected 24 hours after the first aerosol challenge. Results are expressed as mean � SEM values and represent
10–15 mice per group. *p � 0.05, **p � 0.01, ***p � 0.001 compared to B6naive/B6naive controls.
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