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Background: Animal models are essential for analyzing the allergenic potential of food proteins and for
investigating mechanisms underlying food allergy. Based on previous studies revealing acid-suppression
medication as risk factor for food allergy induction, we aimed to establish a mouse model mimicking the
natural route of sensitization in patients.

Methods: The effect of acid-suppressing medication on murine gastric pH was assessed by intragastric
pH measurements after two injections of a proton pump inhibitor (PPI). To investigate dose-dependency,
mice were fed different concentrations of ovalbumin (OVA; 0.2, 0.5, 1.0, 2.5 or 5.0 mg) either with or
without anti-ulcer medication. Additionally, different routes of exposure (i.p. vs. oral) were compared in
a second immunization experiment. Sera were screened for OVA-specific antibody titers (IgG1, IgG2a and
IgE) in ELISA and RBL assay. Clinical reactivity was evaluated by measuring rectal temperature after oral
challenge and by type I skin tests.

Results: Two intravenous injections of PPI significantly elevated the gastric pH from 2.97 to 5.3. Only
oral immunization with 0.2 mg OVA under anti-acid medication rendered elevated IgG1, IgG2a and IgE
titers compared to all other concentrations. Protein feeding alone altered antibody titers only marginally.
Even though also i.p. immunizations induced high levels of specific IgE, only oral immunizations under
anti-acids induced anaphylactic reactions evidenced by a significant decrease of body temperature.
Conclusion: Only low-dosage ovalbumin feedings under anti-acid medication resulted in IgE mediated
food allergy. Based on this knowledge we have established a suitable food allergy model for further
investigations of food adverse reactions.
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1. Introduction

Today, population studies indicate a rising prevalence of food
allergies in western societies [1,2]. Consequently there is a growing
need to investigate in-depth mechanisms and risk factors leading
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to sensitization towards food compounds. For this purpose, ani-
mal food allergy models including rodent, swine and dog models
are used and discussed to have the potential to mimic the human
disease process [3]. Additionally, in the 2001 joint FAO/WHO meet-
ing animal models were suggested as suitable tools for the analysis
of the allergenic potential of novel dietary compounds [4], which
should be further evaluated for structural homologies or sequence
similarities with known allergens, included in allergy testing and
should be assessed for their digestion stability [5].

Despite significant differences between human and mouse
immunology [6], mice are the preferentially used organism for food
allergy models. A wide range of inbred strains have been char-
acterized as being either high or low IgE responder animals [7].
The easy handling and the possibility to include a larger number
of animals per group account for the widespread use. Important
for these studies are immunological similarities between mice and
humans as both produce IgE antibodies, which bind to the high
affinity receptor FceRI being expressed on mast cells and basophils.
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In both species gastrointestinal symptoms depend on synthesis and
secretion of serotonin and platelet-activating factor [8].

Recently, we have developed a novel oral immunization proto-
col in BALB/c mice inducing an IgE mediated response by protein
feedings under concomitant anti-acid medication [9-11]. In these
studies, the normal function of the stomach representing a gate-
keeper against food allergens has been determined as an important
factor for preventing food allergies [12].

The relevance of this mechanism was demonstrated both in the
murine system [9-11] as well as for humans, as 25% of gastroentero-
logical patients being treated with acid-suppression medication
for a 3-month period due to dyspeptic disorders revealed forma-
tion of specific IgE antibodies and sensitization towards dietary
compounds [9,13].

Based on this knowledge we aimed to establish a true mouse
food allergy model exploiting the oral route for immunizations
under concomitant acid-suppression treatment. The major egg
white allergen ovalbumin (OVA), a 45kDa protein constituting
about 54% of all egg white proteins, was chosen as a model antigen
due to its wide use in allergy research to enable a better compari-
son with previously established food allergy models. Moreover, we
wanted to standardize our immunization regimen addressing the
effect of dose-dependency on food allergy induction.

2. Materials and methods
2.1. The model allergen ovalbumin

Lyophilized OVA (Sigma, Vienna, Austria, 98% purity) was used
for all experiments. Simulated gastric fluid (SGF) was prepared with
a pharmaceutical enzyme tablet (Enzynorm® forte, Pharmaselect
Handels GmbH, Vienna, Austria) as previously described [14] with
slight modifications: one tablet was dissolved in 100 L 0.9% ster-
ile sodium chloride at pH 2.0 or pH 5.0. For digestion, 500 pL of
SGF was incubated with 500 p.g OVA. The digestion was quenched
with 0.1 N NaOH after 1, 5, 15, 60 and 120 min. The effect of incuba-
tion with SGF on protein integrity was evaluated in SDS-PAGE using
Coomassie brilliant blue staining [15].

2.2. Animals

Four to six weeks old female BALB/c mice were purchased
from the Institute of Laboratory Animal Science and Genet-
ics, Medical University of Vienna, Austria. All experiments were
performed according to European Community rules of animal
care (permission numbers GZ 66.009/0039-BrGT/2005 and GZ
66.009/0170-BrGT/2006 of the Austrian Federal Ministry of Science
and Research).

2.3. Intragastric pH measurements after acid-suppression

Six weeks old female BALB/c mice were divided into two groups
(n=10). After overnight fasting mice were either left untreated or
were injected intravenously (i.v.) with the proton pump inhibitor
omeprazole (PPI, Losec®, AstraZeneca GmbH, Wedel, Germany;
116 wg omeprazole diluted in 0.9% sodium chloride), which was
followed by a second i.v. injection after 1 h. After 15 min, mice were
sacrificed and the stomach was immediately removed and perfused
with 150 pL sterile sodium chloride. The pH of this washing fluid
was measured using a pH microelectrode.

2.4. Immunization protocol

For investigating the effect of antigen dosage, animals were
divided into 10 groups (n=5 each). Based on the data generated by

intragastric pH measurements groups 1-5 were medicated intra-
venously with the proton pump inhibitor for 3 days (on days 1-3,
16-18 and 29-31). On days 2-3, 17-18 and 30-31 mice were immu-
nized orally with different concentrations of OVA (0.2, 0.5, 1.0, 2.5,
5.0 mg per mouse) mixed with 2 mg sucralfate (Ulcogant®, Merck)
15 min after a repeated i.v. injection of the PPI. Groups 6-10 were
fed the allergen at the different concentrations without PPI on the
respective days. Blood samples were taken on days 0, 15, 28 and
42,

To compare different routes of exposure, the immunization
experiments were repeated with four groups of animals (n=10
each). Group A was immunized intraperitoneally (i.p.) with 2 pg
OVA adsorbed to 2% aluminum hydroxide solution (1.3 g Al(OH)s3).
Group B (0.2 mg OVA i.g. under acid-suppressing medication) and
Group C (0.2mg OVA i.g.) were immunized following the same
protocol with the previously selected concentration. The negative
control Group D remained naive.

All immunizations were performed in two independent sets of
experiments.

2.5. Evaluation of OVA-specific antibodies in ELISA, RBL-assay
and dot blot experiments

Murine sera were screened for OVA-specific antibody subclasses
(IgG1, IgG2a) in an enzyme-linked immunosorbent assay (ELISA).
Microtiter plates (Maxisorp, NUNC, Roskild, Denmark) were coated
with 1 g OVA per well. After blocking with TBST (Tris buffered
saline with Tween-20) with 1% dried milk powder (DMP), mouse
sera diluted 1:100 for IgG1 and IgG2a in TBST/0.1% DMP were incu-
bated overnight at 4°C. Bound antibodies were detected using rat
anti-mouse IgG1 and IgG2a (BD Biosciences, Franklin Lakes, NJ;
1:500) followed by a peroxidase labeled goat anti-rat IgG (Amer-
sham, Buckinhamshire, UK, diluted 1:1000). For detection, TMB
(tetramethylbenzidine, BD Bioscience, Vienna, Austria) was added
for 15 min and the reaction was stopped with 1.8 M H,SOy4. The
color reaction was measured at 450-630 nm. Antibody concentra-
tions were calculated according to standard dilution series after
subtracting levels detected in pre-immune sera as background val-
ues.

To evaluate biologically active OVA-specific IgE, a rat basophil
leukemia cell assay (RBL-assay) was performed [16]. RBL-
2H3 cells, exclusively expressing the high affinity IgE receptor
FceRI [17], were passively sensitized with murine sera (dilution
1:10) and incubated at 37°C for 1h. After washing, 10 pg/mL
OVA were added to the appropriate wells. The induced -
hexosaminidase release was detected using 4-methylumbelliferyl
[3-p-galactopyranoside (4-MUG, Sigma, Vienna, Austria) and the
fluorescence was measured at 360-465nm. Calculation was
made by correlating measured values with (3-hexosaminidase
release of cells lysed with triton-x (Sigma), which was set
100%.

In order to evaluate the binding capacity of OVA-specific
IgE antibodies to undigested antigen and to OVA digested for
120 min either at pH 2 or pH 5 conditions, dot blot experi-
ments were performed. Therefore, 1 pg of the appropriate antigen,
either OVA or as control a-casein, were dotted onto nitrocellu-
lose membranes (Life Sciences Bio Trace, Pall Corporation, Vienna
Austria). After blocking with 1% DMP in TBS 0.1% Tween blot
stripes were incubated with serum samples taken before the
first and after the last immunization (1:500 diluted in TBS 0.1%
Tween) for 2h. After extensive washing, first rat anti-mouse
IgE (1:1000) and after 1h peroxidase labeled goat anti-rat IgG
antibodies (1:3000) were added for detection. The blot stripes
were developed by luminescence reaction using the ECL kit
(Amersham).
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2.6. In vivo read-out by rectal temperature measurement after
oral antigen challenge and type I skin testing

On day 49, animals were fed with 2 mg OVA in PBS (oral chal-
lenge) for evaluating anaphylactic reactions. Rectal temperature
was measured before and 15 min after oral challenge with a ther-
mometer (Thermalert TH5, Clifton, NJ).

To evaluate the in vivo relevance of the induced OVA-specific
antibodies, type I skin tests were performed on day 50. 100 L
of 0.5% Evans Blue (w/v) were applied intravenously. 0.6 g of
OVA and the control antigen a-casein, both diluted in sterile
sodium chloride were injected intradermally into the shaved
abdominal skin. The mast cell degranulation compound 48/80
(Sigma, 20 g) was used as positive and sterile sodium chloride
as negative control. After 20 min, animals were sacrificed and
the color reaction was evaluated on the inside of the abdominal
skin.

2.7. Cytokine determination

As previously described [11], spleen cells were removed under
sterile conditions, minced and passed through sterile nylon fil-
ters (cell strainer 40 wm Nylon). Erythrocytes were lysed in 0.75%
ammonium chloride (3 mL) for exactly 4 min. After stopping the
reaction cells were washed for 3 times in medium. Cell number
was determined in a Coulter Counter. For spleen cell stimula-
tion, 4 x 10° cells per well were incubated at 37°C in triplicates
with OVA (20 pwg/mL), medium (as negative control) or con-
canavalin A (as positive control; 50 pg/mL) for 4 days. Thereafter,
100 wL spleen cell supernatants were withdrawn for evaluation
of cytokine levels and were screened for IL-5 and IFN-y using
a capture ELISA (eBioscience Ready-set-go! IL-5 or IFN-y Femto
HS, San Diego, CA) following the manufacturer’s instructions. In
short, after coating the appropriate capture antibody, plates were
blocked with assay diluent for 1h. Either standard (recombinant
mouse IL-5 or IFN-v) or mouse spleen cell supernatants were incu-
bated for 2 h. After extensive washing, a biotin-labeled detection
antibody was added. After 1h incubation with avidin-HRP, the
reaction was developed using a substrate solution (TMB-solution)
for 15min and the absorbance was read at 450-570 nm. Compar-
isons were performed by calculating concentrations according to
a standard curve after subtracting medium values as background
levels.

2.8. Data analysis

Antibody titers, RBL-assay and cytokine results were statisti-
cally compared using the non-parametric Mann-Whitney U test.
pH measurements and temperature results were compared using
the two-tailed Student’s t-test with the SPSS 14.0 program. A Pvalue
<.05 was considered statistically significant.

3. Results
3.1. Digestion stability of OVA to simulated gastric fluid

In line with previously published data [18], SGF digestion of OVA
using a pharmaceutical enzyme tablet revealed that OVA proteins
were degraded within 60 min of gastric digestion at pH 2.0 (Fig. 1A).
However, by increasing the pH conditions to pH 5.0 the protein
bands remained stable up to 120 min (Fig. 1B), representing the
average gastric transit time.
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Fig. 1. Impaired OVA digestion at elevated pH levels of SGF. OVA (lane 1) was incu-
bated with pepsin for 1, 5, 15, 60 and 120 min either at pH 2 (panel A) or pH 5
(panel B). All proteins were degraded after 60 min of digestion at pH 2. However, by
increasing the pH of the simulated gastric fluid to pH 5 all proteins remain stable up
to 120 min.

3.2. Two injections with a proton pump inhibitor significantly
increases the gastric pH

To evaluate the effect of PPI medication on the murine gastric
environment, we performed intragastric pH measurements after
two i.v. injections of the PPI omeprazole. As depicted in Fig. 2,
the gastric pH levels increased significantly from pH 2.97 in the
untreated animals (group A) to pH 5.30 measured 15 min after the
second PPI injection (group B).

3.3. OVA feeding under acid-suppression induces antigen-specific
antibodies in a dose-dependent manner

Based on the results from intragastric pH measurements, we
have medicated mice intravenously with the PPI on 3 consec-
utive days for 3 times and further immunized orally with OVA
(group 1-5). For an additional Th2 biasing effect [19], the alu-
minum containing anti-acid sucralfate was added to the solution,
which was fed the animals. To further address the question of
dose-dependency, we have used different OVA concentrations (0.2,
0.5, 1.0, 2.5 and 5.0 mg per mouse) for the feedings. As controls,

7.0

6.0

5.0

4.0

Intragastric pH

3.0

2.0

A B

Fig. 2. Repeated anti-acid medication elevated intragastric pH levels. Compared to
naive animals (group A), mice being medicated twice intravenously with the proton
pump inhibitor (group B) showed a significant increase of intragastric pH already
15 min after the second injection. The boxes represent the inner quartiles value range
with the median indicated as black line. Brackets indicate the statistically significant
difference of intragastric pH (*P<.05).
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Fig. 3. OVA-specific antibody induction in acid-suppressed mice. Acid-suppressed animals (1-5) or BALB/c mice without anti-acid medication (group 6-7) were fed different
concentrations of OVA (0.2 mg: groups 1 and 6; 0.5 mg: groups 2 and 7; 1.0 mg: groups 3 and 8; 2.5 mg: groups 4 and 9; 5.0 mg OVA: groups 5 and 10). Only acid-suppressed
mice receiving 0.2 mg OVA showed significantly increased levels of IgG1 and IgG2a (panel A and B). Comparing the effect of i.p. immunization with oral feeding (panel C and
D) higher levels of IgG1 and IgG2a were observed in the positive controls (group A; OVA i.p.) and to a lesser extent in the acid-suppressed animals (group B; OVA i.g. + PPI).
No changes in antibody titers were observed in mice fed the protein alone (group C) and in the naive animals (group D). The boxes (first immune serum, dark grey; second
immune serum, middle grey; third immune serum, light grey) represent the inner quartiles value range with the median indicated. Sera with signals showing more than
1.5-fold interquartile range deviation from the end of the box were defined as outliers and marked as circles. Sera with titers lying more than 3-fold interquartile range away
were defined as extremes and marked with asterisks. Brackets indicate statistically significant differences of antibody concentrations (**P<.01).

mice were fed the respective OVA concentration without acid-
suppression (group 6-10). In the medicated animals, the IgG1 and
IgG2a levels were significantly increased only in group 1 being fed
0.2 mg OVA under acid-suppression (Fig. 3A and B). Interestingly,
immunizations with all other allergen concentrations (0.5, 1.0, 2.5
or 5.0 mg per gavage) did not elevate antibody titers even under
concomitant anti-acid therapy. In the second set of experiments,
comparing different routes of immunization, especially the posi-
tive control group A (OVA i.p.) developed high levels of both IgG
subtypes and to a lesser extent also the acid-suppressed animals
of group B. Nevertheless, differences in IgG1 levels were observed
between groups 1 and B in the two sets of experiments. Animals
being fed the OVA proteins alone (Group C) and naive mice (Group
D) showed no altered antibody levels (Fig. 3C and D).

In a RBL assay, murine sera taken after the last immunization
were assessed for functional antigen-specific IgE antibodies. Only
the acid-suppressed animals being fed 0.2 mg OVA showed signif-
icantly increased (3-hexosaminidase release compared to all other
immunization concentrations (Fig. 4A). These findings were con-
firmed in the second set of experiments, where a significantly
elevated (3-hexosaminidase release was observed in the positive

control group A and after oral immunizations with OVA under acid-
suppression (Group B) (Fig. 4C).

Dot blot experiments were performed to evaluate the binding
capacity of specific IgE antibodies to undigested OVA and further
to OVA digested either at pH 2.0 or pH 5.0. In accordance with the
RBL assay results, only IgE of the animals being fed 0.2 mg OVA
under acid-suppression and the mice being injected OVA i.p. bound
specifically to undigested OVA and to the protein being digested at
elevated pH conditions. Only background reactivity was observed
with proteins digested at pH 2 for 120 min. Neither sera obtained
from other groups (Fig. 4B and D) nor preimmune sera (data not
shown) revealed binding reactivity with the dotted OVA samples.

3.4. Decreased body temperature and positive skin testing reveal
food allergy in animals

To assess shock symptoms causing blood centralization and,
therefore, a decline of body temperature, the rectal temperature
was measured in immunized animals before and after oral provo-
cation with OVA. Only the animals which were immunized orally
with 0.2 mg OVA under anti-acid medication revealed a signifi-
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Fig. 4. Biologically active IgE was induced in mice under anti-ulcer medication. Gavages of 0.2 mg OVA under anti-acid treatment (lane 1) induced significantly higher IgE
levels compared to other groups (lanes 2-10) (panel A). Intraperitoneal immunizations (group A) and oral injection under acid-suppression (group B) revealed significantly
higher values of specific IgE compared to feeding OVA alone (group C) and naive animals (group D) (panel C). In dot blot experiments (panels B and D) only the i.p. immunized
mice (group A) and the acid-suppressed animals being fed 0.2 mg OVA (lanes 1 and B) revealed IgE binding capacity to undigested OVA and OVA digested at pH 5.0. In all
other groups only background reactivity was observed. The IgE binding was diminished when testing with OVA digested at pH 2.0. Representative dot blots are shown.

cant decline in body temperature 15 min after the oral challenge
(P=0.046), whereas all other groups receiving the antigen via the
oral route showed only a marginal decrease or even an increase
of body temperature (data not shown). These data were con-
firmed in the second set of experiments. Despite the high levels
of IgE antibodies detected in the sera of animals of group A (OVA
i.p.) a significant decrease of body temperature was detected only
in group B immunized with OVA under anti-ulcer medication
(Fig. 5).

To evaluate the in vivo relevance of detected antibodies, type I
skin tests were performed in the immunized animals. Only animals
immunized with 0.2 mg OVA under acid-suppression showed pos-
itive skin reactions to OVA, whereas no other oral immunization
protocol revealed any reactivity to the tested allergens. Intraperi-
toneal immunization resulted in positive skin reactions only to
OVA and to the positive control (compound 48/80), whereas naive
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animals did not develop any skin reactivity except to the positive
control antigen (Fig. 6).

3.5. Antigen feeding under gastric acid-suppression induces Th2
cytokine production

In order to evaluate a possible Th2 switch induced by oral immu-
nization under anti-ulcer medication, spleen cell supernatants of
mice from the second experiment were screened for IL-5 as a
Th2 marker, and IFN-y as a Th1 marker. Compared to the animals
being fed OVA alone, the i.p. immunized mice developed a 20-
fold increase and the acid-suppressed animals revealed a 12-fold
increase of mean IL-5 levels, although differences were not sta-
tistically significant. The IL-5 levels of naive animals were below
detection limits. In contrast, the IFN-vy levels of the animals being
injected OVA i.p. and of the mice being medicated with anti-ulcer

A B

Cc D

Fig. 5. Acid-suppressed animals revealed a significant decrease of body temperature after oral OVA challenge. Compared to the positive control (OVA i.p., group A), the
animals fed OVA alone (group C) and the naive animals (group D), only group B (0.2 mg OVA i.g. with anti-acids) revealed a significant decrease of rectal temperature. Brackets
indicate the statistically significant differences of rectal temperature before and 15 min after oral OVA challenge (**P<.01) within group B.
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Table 1
Cytokine levels measured in OVA stimulated spleen cell supernatants

Group A OVA i.p. Group B i.g. +antacid Group COVAi.g. Group D naive
IL-5
Mean 69.47 40.62 3.34 0
95% confidence interval 12.30-126.65 0-101.08 0-8.51 0-0
IFN-y
Mean 109.34 140.43 67.37 68.64
95% confidence interval 0-271.87 0-348.31 0-177.17 0-195.49

Cytokine concentrations are given as mean and 95% confidence interval in pg/mL.

drugs were twofold increased compared to animals being fed the
antigen alone and to naive animals (Table 1).

4. Discussion

Recently, we were able to show that acid-suppression treatment
interfering with gastric digestion of proteins in murine as well as
human studies leads to IgE induction and food allergy [9-11,13].
The intake of anti-acid medication, e.g. sucralfate or proton pump
inhibitors, results in an elevation of the gastric pH. Under these cir-
cumstances, normally digestion-labile proteins remain stable and
their conformation intact, which enhances the possibility for de
novo sensitization and formation of antigen-specific IgE [12].

The aim of the current study was to experimentally investigate
underlying mechanisms and to compare our murine model of food
allergy with other immunization protocols and further to evaluate
the dose-dependency of antigen under acid-suppression.

For this purpose, we have chosen OVA as a model antigen. Even
though OVA is generally accepted as a typical class 1 allergen being
of high stability to thermal and enzymatic degradation [20], it
was previously reported to be degraded within 60 min in simu-
lated gastric fluid experiments [18]. Indeed, also in our SGF assays
using a pharmaceutical gastric enzyme tablet these data could be
confirmed. However, if physiological low pH conditions (pH 2.0)
were changed to pH 5.0 which is found after 5 days of treatment
with proton pump inhibitors [21] OVA proteins remain stable up to
120 min representing the normal gastric transit time. Interestingly,
apart from protein fragmentation, gastric digestion was addition-
ally described to substantially change the immunological behavior

OVAi.p. naive

of OVA by altering its biochemical features [22] and was shown
to have impact on antigen presentation [23]. Therefore, we sug-
gest OVA as suitable and highly relevant model food protein for our
immunization protocol.

In a first experiment we wanted to confirm the acid-suppressing
effect of PPIs on the murine gastric environment. Already two cycles
of i.v. PPI injections significantly elevated the intragastric pH of
BALB/c mice from 2.97 to 5.30. Thus, having a similar effect as on
the human pH levels [21] we have used repeated injections of PPI
in our immunization protocol. We additionally combined it with
sucralfate, as aluminum-compounds are known to establish a pro-
nounced Th2 response [24], which was recently also evidenced
for sucralfate [19,25]. As both drugs were previously reported to
induce a Th2 biasing effect only in combination with the respective
allergen [9,11,19], we expected a profound Th2 induction by this
immunization protocol.

In afirst set of murine immunizations we addressed the question
of dose-dependency on allergy induction. It has been previously
reported that high doses of allergens are known to induce tol-
erance rather than sensitization [26]. Even though results might
be influenced by chosen mouse strains, it was demonstrated that
feedings of high concentrations of OVA (20-100 mg) suppressed
antigen-specific IgG1, IgG2a and IgE antibody levels [27]. However,
it was further described that rather low doses of OVA (0.25 mg)
may also render a reduction in IgE levels [28]. Furthermore, low
doses of OVA feedings (0.4-0.5mg) did not induce specific IgE
production when given without adjuvant [29]. In line with these
results, feedings of OVA alone did not induce sensitization at any
concentration. Whereas recent data revealed feedings of low con-
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Fig. 6. Feedings of OVA under acid-suppression induced positive type I skin tests. Group 1 (0.2 mg OVA i.g. with anti-acids) and the i.p. immunized animals revealed positive
skin reactions to OVA (top right) and the positive control compound 48/80 (bottom left), but no reactions to sodium chloride (top left) and the control antigen (a-casein).
No skin reactions were found in the acid-suppressed animals fed OVA with other concentrations (2-5), in the mice fed the protein alone (6-10) or in the naive animals.
Representative skin tests are shown. The skin test injection scheme is depicted in the right corner.
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centrations of OVA (0.2 and 1 mg) with cholera toxin as adjuvant
preferentially induced antigen-specific IgG1 [30], we could show
that gavages of the lowest dose of OVA (0.2 mg) under concomi-
tant acid-suppression resulted in significantly higher formation of
antigen-specific IgG1, IgG2a and IgE compared to exclusive OVA
feedings. Furthermore, only this immunization protocol with the
lowest antigen dose revealed a significant drop of body temperature
after oral OVA challenge.

We applied the concentration of 0.2mg OVA in a second
set of murine immunizations for comparing different routes of
immunization. Therefore, we included a positive control of i.p.
immunization and compared the induced antibodies with the lev-
els observed in naive animals. Here we could confirm the humoral
immune response upon OVA feeding under anti-acid treatment,
underlined by elevated IgG1 titers and biologically functional IgE.
Also the positive controls developed high levels of all antibody
subclasses, which is in line with previous studies [31,32]. Compa-
rable to this route, even subcutaneous immunizations with OVA
adsorbed to aluminum hydroxide were reported to induce high lev-
els of IgG1 and IgE [33,34]. Furthermore, in our experiments both
immunization regimens, i.p. injection of OVA and feeding under
acid-suppression rendered formation of the Th2 cytokine IL-5 and
additionally revealed positive type I skin tests to OVA, whereas mice
being fed OVA alone and naive animals did not show skin reactions
upon allergen testing.

Most importantly we observed a significant reduction of body
temperature after oral antigen challenge only in the animals immu-
nized with low dosage of OVA under concomitant acid-suppression
(Fig. 5). The measurement of body temperature has since long
been applied for the read-out of anaphylactic reactions in numer-
ous studies [35-37]. Interestingly, the induction of an anaphylactic
reaction upon oral antigen challenge exclusively in the acid-
suppressed animals might result from the induced titers of different
allergen-specific antibody isotypes. It has been hypothesized that
the lack of a clinical reactivity following i.p. immunization with
aluminum as an adjuvant could be due to existence of blocking
antibodies of the IgA and IgG subclass [8].

Based on the current data we suggest our murine model to repre-
sent an experimental food allergy model mimicking the situation in
allergic patients and confirming the dose-dependent sensitization
capacity of allergens, again under acid-suppression [9,13]. Thus, we
may have a valid model in our hand for further investigations of
mechanisms in food allergy and for safety testing of novel dietary
compounds.
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