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ed sera from Ovm-sensitized pigs or sera of unsensitized 
control pigs.  Conclusion:  The present results confirm induc-
tion of Ovm-specific allergy in pigs and provide opportunity 
to investigate allergic predisposition and immunopatho-
genesis of IgE-induced Ovm allergy using outbred neonatal 
swine. This may better simulate allergic disease in humans 
and allow investigation of candidate prophylactic and thera-
peutic approaches.  Copyright © 2007 S. Karger AG, Basel 

 Introduction 

 Food-induced allergy has increased in prevalence in 
recent years such that in North America 4% of adults and 
6% of children have food allergies  [1] . Food allergy in-
volves an idiosyncratic reaction of the immune system to 
ingested foods and is responsible for substantial morbid-
ity and mortality. Severe allergic reaction to food may 
lead to anaphylaxis and death. The most common food 
allergens, in decreasing rank order of frequency of related 
disease, are milk, eggs, peanut, soy, wheat, fish, shell fish 
and tree nuts. These account for more than 90% of severe 
adverse reactions to food  [2] . Eggs are therefore the sec-
ond most common allergen amongst small children  [3] . 

  Eggs are a source of dietary proteins as well as essential 
vitamins and minerals, and elimination of eggs from the 
diet presents a risk to the balance of nutritive intake. Also, 
in many cases eggs are ‘hidden’ ingredients in foods, the 
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 Abstract 

  Background:  Food allergy is a serious health problem for 
which a validated outbred large animal model would be use-
ful in comparative investigations of immunopathogenesis 
and treatment and in testing hypotheses relevant to com-
plex host-environmental interactions in predisposition to 
and expression of food allergy.  Objective:  To establish a neo-
natal swine model of IgE-mediated allergy to the egg pro-
tein ovomucoid (Ovm) that may mimic human allergy.  Meth-

ods:  In order to induce Ovm sensitivity, piglets at days 14, 21 
and 35 of age were sensitized by intraperitoneal injection of 
100  � g of crude Ovm and cholera toxin (50, 25 or 10  � g). 
Controls received 50  � g of cholera toxin in phosphate-buff-
ered saline. The animals were challenged orally on day 46 
with a mixture of egg white and yoghurt. Outcomes were 
reported as direct skin tests, clinical signs, IgG-related anti-
body and passive cutaneous anaphylaxis.  Results:  Sensi-
tized pigs developed immediate wheal and flare reactions, 
and after oral challenge, sensitized but not control animals 
displayed signs of allergic hypersensitivity. Serum IgG-relat-
ed, Ovm-specific antibodies were detected only in the sen-
sitized pigs and IgE-mediated antibody response to Ovm 
was confirmed by positive passive cutaneous anaphylaxis 
reactions induced by sera of sensitized but not by heat-treat-
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presence of which is hard to detect, making accidental 
exposures common. Thus, prophylactic and therapeutic 
interventions for egg allergy are urgently needed. Most 
allergic children react to egg white protein, the major al-
lergens of which are ovomucoid (Ovm), ovalbumin, ovo-
transferrin and, lysozyme  [4] . Symptoms and signs of egg 
allergy include skin rashes or hives, gastrointestinal dis-
tress, dyspnoea and, in severe cases, anaphylaxis. Ovm is 
the dominant allergen causing most of the allergic reac-
tions to hen’s egg white  [5] . In order to study immuno-
pathogenic mechanisms of Ovm-induced allergy, an out-
bred animal model is needed that incorporates features 
of the target species, man. Preferably the animal model 
should be homologous, that is, signs and time course in 
the animal closely resemble those of naturally sensitized 
humans. 

  Piglets have been sensitized and tolerized to cow’s 
milk and soy proteins with induced responses which re-
semble those of young children  [6, 7] . Peanut allergy was 
induced in piglets as a model for comparative investiga-
tion of human gastrointestinal hypersensitivity to pea-
nuts  [8] . A similar animal model would be useful for in-
vestigation of allergic sensitization to eggs. Marked indi-
vidual variation occurs in immune response of outbred 
pigs, as in humans, but in contrast to inbred mice, hence 
neonatal pigs may be better subjects for comparative 
studies of human allergy. Recently, hypersensitivity reac-
tions to Ovm have been characterized in Balb/c mice and 
ablation of Ovm-induced allergic response by a modified 
mutant isoform of Ovm (hypoallergen) has been report-
ed  [9] . This is a high-IgE responder mouse strain and this 
system has obvious limitations. These include bias in al-
lergic predisposition reflecting minimal genotypic diver-
sity unlike that of humans or large outbred animals such 
as neonatal pigs. Experimental allergy in outbred pigs 
may provide opportunity for comparative studies of vari-
ables influencing immunological ontogeny hypothetical-
ly predisposing to the allergic phenotype. If validated, 
such an animal model may also be a realistic platform for 
discovery and testing of novel therapies and prophylac-
tic/immunotherapeutic strategies for human allergic dis-
ease. 

  The present report describes methods to induce IgE-
mediated antibody response and allergic hypersensitivity 
to Ovm in neonatal pigs. We hypothesized that systemic 
sensitization could be used to induce allergy to Ovm after 
oral challenge of neonatal swine and the frequency of in-
duced allergic signs reflects occurrence of allergy-sus-
ceptible immune response phenotype. Immune response 
was monitored as direct skin test reactions to Ovm, Ovm-

specific serum antibody detected by enzyme-linked im-
munosorbent assay (ELISA) and passive cutaneous ana-
phylaxis (PCA) reactions. Clinical scores were assigned 
for orally induced hypersensitivity reactions. We report 
for the first time an outbred animal model (neonatal 
swine) to the major egg white allergen Ovm that mimics 
human egg allergy. 

  Materials and Methods 

 Experimental Design and Animals 
 The study was designed to induce allergy to Ovm in neonatal 

swine. The subjects were outbred piglets (Yorkshire; 10 days old) 
from 3 different litters, with a litter size of at least 12 piglets per 
litter, maintained under specific pathogen-free conditions (Uni-
versity of Guelph, Arkell Research Station), weaned at 21 days and 
housed with free access   to food and water. All piglets within each 
litter were reared by the same mother. The sow’s diet did not con-
tain any egg protein. Equal numbers of animals within each litter 
were assigned randomly to 4 treatments in a split-litter design
(n = 3/treatment group). The experimental design and treatments 
are illustrated in  figure 1 . Animal use was approved by the local 
Animal Care Committee under guidelines of the Canadian Coun-
cil for Animal Care. 

  Purification of Ovm 
 Intact crude Ovm was isolated according to the procedure re-

ported by Fredericq and Deutsch  [10] . To 1 litre of egg white, an 
equal volume of 10% trichloroacetic acid was added and a homog-
enous solution was made by constant stirring. The pH of the solu-
tion was adjusted to 3.5 with 1  N  NaOH and the resulting precip-
itate was allowed to settle overnight at 4   °   C, followed by centrifu-
gation at 5,000  g  for 30 min at 4   °   C (Beckman J2-21M/E centrifuge; 
Beckman Instruments Inc., Palo Alto, Calif., USA). The superna-
tant was recovered, adjusted to pH 3.9 with 1  N  NaOH and pre-
cipitated by adding twice the volume of absolute ethanol and in-
cubating overnight at 4   °   C. The precipitate was collected by cen-
trifugation (5,000  g  for 15 min) and dissolved in 5 ml of Milli-Q 
water. The resulting solution was extensively dialyzed against 
Milli-Q water (6K-8K cut-off dialysis membrane; Fisher Scien-
tific, Pittsburgh, Pa., USA) for 2 days at 4   °   C. The material thus 
obtained is a crude form of Ovm which is a dominant allergen in 
egg white matrix  [5] . The sample was analyzed using SDS-PAGE 
(data not shown) and protein concentration was determined us-
ing a colorimetric assay (DC protein assay; Biorad Laboratories, 
Mississauga, Canada) with a bovine serum albumin standard. 

  Sensitization of Pigs with Ovm 
 Three outbred litters of naïve Yorkshire piglets (University of 

Guelph, Arkell Research Station) were used in a split-litter design 
for induction of Ovm hypersensitivity. Pigs were bled at 10 days 
of age via the retro-orbital sinus to obtain pre-sensitization sera 
and were randomly assigned to 4 treatment groups (n = 3/group). 
Three groups   received intraperitoneal injection of 100  � g Ovm 
with various doses (10, 25 or 50  � g) of cholera toxin (CT; List 
Biological Laboratories Inc., USA) in 200  � l of phosphate-buff-
ered saline (PBS; 0.1  M , pH 7.4) administered on days 14, 21 and 
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35 ( fig. 1 ). The fourth group (control) received 50  � g of CT alone. 
Blood was collected for serum on days 21, 35 and 45 to detect pro-
gression in immune response. After coagulation for 1 h at room 
temperature, individual sera were collected and stored at –20   °   C 
for detection of IgG (whole molecule)-related antibodies to Ovm. 
Equal amounts of individual sera of littermates were pooled (sen-
sitized and controls pooled separately) for PCA reaction. On day 
45, the animals were fasted overnight and challenged orally on 
day 46 by feeding 40 ml of egg white mixed in yoghurt at a ratio 
of 2:   3 (v/v) administered using a 60-ml Monoject syringe (BD 
Bioscience) with attached polypropylene tube. Pigs were moni-
tored for clinical signs of allergy after the challenge (0–60 min). 

  Serum Antibody Response to Ovm 
 Sera were analyzed for anti-Ovm antibodies by ELISA. Brief-

ly, polystyrene, high-binding, 96-well flat-bottomed plates (Im-
mulon 2HB; VWR International, Mississauga, Canada) were 
coated with 100  � l/well of Ovm (100  � g/ml) in 0.05  M  carbonate 
bicarbonate buffer (pH 9.6) by incubating overnight at 4   °   C. The 
plates were washed 3 times (Automatic plate washer, ELX405; 
BioTek Instruments Inc., Winooski, Vt., USA) with 200  � l/well of 
PBS containing 0.5% Tween 20 (PBST), prior to blocking the wells 
with 200  � l/well of 3% Tween in PBS for 1.5 h at room tempera-
ture. Plates were washed 3 times with PBST and sera diluted to
1:   100 in PBST were added in triplicates at 100  � l/well and incu-
bated at room temperature for 2 h. Following washing 3 times 
with PBST, 100  � l of alkaline phosphatase-conjugated rabbit anti-
pig IgG (whole molecule; Sigma, Oakville, Canada) diluted to
1:   8,000 was   added to the plates and incubated for 1 h at room tem-
perature. Plates were washed and a solution of polynitrophenol-
phosphatase substrate (Sigma; 1 mg/ml; 100  � l/well) in dietha-
nolamine buffer, pH 9.8, was added and incubated in the dark at 
room temperature. Controls included wells without serum and 
with positive (pooled day 35 sera that had high antibody) and 
negative sera (pooled sera from day 10). Optical densities (OD) of 
wells were measured at 405 nm using an ELISA plate reader 
(EL808; BioTek Instruments Inc.) when the OD of the positive 
control reached 1. The net absorbance value was calculated   for all 

samples by the instrument software to correct for nonspecific  
 binding effects by subtracting the blank absorbance (without se-
rum) value from the absorbance value for   the well receiving Ovm 
antigen. The mean OD of each triplicate test serum was expressed 
as a percentage (percentage positivity) of the positive control as 
follows: % change OD = [sample OD/(positive control OD – neg-
ative control OD)]  ! 100. 

  Cutaneous Hypersensitivity 
 Intradermal skin tests were performed in all animals, prior to 

sensitization on day 10 and after sensitization on days 21 and 35 
to test for immediate active hypersensitivity reactions. Injection 
sites on the inner thighs were marked with an indelible ink pen. 
For each skin test, 100  � l (100 �g) of Ovm in PBS was injected 
intradermally using a tuberculin syringe and 25-gauge needle. 
The negative control was PBS. All intradermal tests (serum and 
PBS) were performed and read at the same time. One investigator 
performed all injections. Each site was examined individually by 
at least 2 observers for wheal and flare response 15 min after in-
jection and consensus was reached regarding positivity or nega-
tivity. 

  Clinical Scores 
 Hypersensitivity responses were   evaluated using a scoring sys-

tem after induction by oral challenge with egg white on day 46. 
The response was scored visually by at least 3 observers in a blind-
ed fashion 0–60 min after oral challenge. Each pig was individu-
ally assessed and scored as follows: 0 = no signs; 1 = immobility, 
lethargy, malaise, scratching, rash; 2 = diarrhea, emesis; 3 = in-
creased respiratory rate, neck extension; 4 = forced expiration;
5 = other signs (various). Total scores were obtained by adding 
individual scores assigned to each animal.

  Passive Cutaneous Anaphylaxis 
 Sera were pooled from treatment groups (CT-treated controls 

and sensitized) and aliquots were treated by heating at 56   °   C for
4 h to inactivate putative IgE-anti-Ovm PCA-mediating anti-
bodies. Sera were injected intradermally in duplicate 100  � l vol-

Piglets born

0

Age (days)

Bleed
Skin test

Bleed
Skin test

Bleed
Skin test

Bleed

10 14 21 35

3 litters of 12 piglets per litter
Group 1 (n = 3) 50 μg CT + 100 μg antigen (Ovm)
Group 2 (n = 3) 25 μg CT + 100 μg antigen (Ovm)
Group 3 (n = 3) 10 μg CT + 100 μg antigen (Ovm)
Group 4 (n = 3) 50 μg CT + PBS

45 46

Oral challenge 
(egg white)

Sensitization by intraperitonel injection
of Ovm + CT

Fast 
overnight

  Fig. 1.  Experimental design and time lines. 
Three individual litters were used in this 
study. Each treatment group within each 
litter consisted of 3 piglets that were 10 
days old at the start of the treatment regi-
men. Piglets received 100  � g of Ovm with 
various doses of CT (50, 25 and 10  � g) in a 
final volume of 200  � l phosphate-buffered 
saline solution. Control piglets received 
only CT (50  � g).  
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umes into marked sites on the inner thighs of naïve pigs. After
24 h, 5 mg of Ovm in 1.0 ml of sterile PBS was injected via a dor-
sal ear vein using a 23-gauge needle. Cutaneous injection sites 
were examined by at least 3 observers for expression of a wheal 
and flare reaction. Sera obtained from sensitized pigs in each of 
the 3 litters were also tested individually for PCA response and 
each site was graded (+, ++, +++, ++++) on the basis of relative 
severity.

  Analysis 
 Data were analyzed using InStat Package 4.0 (GraphPad Soft-

ware Inc., San Diego, Calif., USA). The confidence interval was 
set to be at least 95% (p  ̂   0.05) in assessing significance. Com-
parisons were made between day 10 versus day 45 serum IgG-
anti-Ovm and control (CT) versus sensitized (Ovm) antibody. 
The primary data   for comparisons of antibodies detected were 
analyzed with a one-way ANOVA test using animal as the exper-
imental unit followed by Tukey’s multiple   comparison test for sig-
nificant differences between treatment groups. The relationship 
between PCA reaction and clinical score was evaluated by linear 
regression and Pearson correlation analysis (GraphPad Prism, 
version 4.0).

  Results  

 Direct Skin Test 
 Most test animals that were sensitized to Ovm showed 

strong skin reactivity (7/8, 8/8 and 7/9 test animals in the 
first, second and third litters, respectively) to   intradermal 
Ovm injections on day 35. The test sites developed a cen-
tral wheal and flare at about 15 min after injection with 
diameter usually  1 1 cm. The control pigs (CT treated) 
and the PBS-injected site, however, did not respond. Skin 
tests were negative on days 10 and 21. A representative 
positive skin test is illustrated in  figure 2 .

  Oral Challenge with Egg White 
 Following oral challenge with egg white, clinical signs 

occurred within 1–45 min and ranged from minor skin 
reactions, including periocular and focal erythema, facial 
edema and wheals, to diarrhea and vomiting. Usual loca-
tions for skin erythema reactions were the flank, vulva, 
face, particularly around the eyes, mouth and ears, dorsal 
surface of the back, as well as areas around the base of the 
tail. Reactions were initially localized to one part and lat-
er spread over the entire body surface causing redness. 
One of the 3 litters (litter 2) did not exhibit allergic signs 
and therefore the scores were not determined (except for 
1 pig that was scored 1). Seven of eight sensitized pigs in 
the first litter, 1/8 pigs in the second litter and 5/9 pigs in 
the third litter expressed clinical signs. Unsensitized con-
trol animals did not develop clinical signs. Clinical signs 
for individual pigs are given in  table.1 . Both individual 
and litter differences in clinical sign response were obvi-
ous. There was no apparent effect of variable dose of CT 
on response to oral challenge. Representative images of 
control pigs (CT treated) versus allergic pigs (Ovm treat-
ed) and skin erythema reactions are illustrated in  fig-
ure 3 .

  Serum Antibody Response to Ovm 
 Sera obtained on day 10 before treatment and after 

sensitization on day 45 were analyzed by ELISA to detect 
Ovm-specific antibody activity. ANOVA confirmed sig-
nificant increase in Ovm-specific serum antibodies in 
antigen-sensitized pigs from day 10 to 45 (p  ̂   0.05) in all 
3 litters. High individual variation was observed between 
pigs in detection of Ovm-specific antibodies, even within 
the same litter. Sera of CT-treated negative control pigs 

Ovomucoid PBS

ba

  Fig. 2.  Skin test sites. Representative intra-
dermal skin test performed on day 35. Test 
sites were monitored for a wheal and flare 
reaction 15 min after injection of Ovm. 
The Ovm injection site is shown in  a , while 
the site of PBS injection is shown in  b .  
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Table 1. Treatment, gender and measurement of Ovm-induced serum antibody activity (IgG – whole molecule), skin test response, 
PCA and clinical signs in individual pigs

A Treatment Sex Ovm-specific
IgG, day 45

PCA score
day 45

Skin test
day 35

Clinical
score
day 46

Clinical signs
day 46

50 �g CT (control) F 15.479 – – 0 no response
50 �g CT (control) M 10.6533 – – 0 no response
50 �g CT (control) M 8.01782 – – 0 no response
10 �g CT + 100 g Ovm F 245.694* + + + 5 emesis, rash, scratching, diarrhea
10 �g CT + 100 �g Ovm M 208.797* + + + 0 no response
10 �g CT + 100 �g Ovm M 200.074* + + + 5 malaise, rash, scratching, emesis
25 �g CT + 100 �g Ovm F 239.644* + + + + 1 scratching
25 �g CT + 100 �g Ovm F 245.026* + + + 2 emesis
25 �g CT + 100 �g Ovm F 148.924* + + + + + 9 malaise, scratching, rash, diarrhea, 

forced expiration
50 �g CT + 100 �g Ovm F 235.078* + + + 2 scratching, rash
50 �g CT + 100 �g Ovm M 134.037* + + + 3 malaise, rash, scratching

B Treatment Sex Ovm-specific 
IgG

PCA score Skin test Clinical 
score

Signs

50 �g CT (control) F 10.942 – – ND ND
50 �g CT (control) F 14.8037 – – ND ND
50 �g CT (control) M 14.332 – – ND ND
10 �g CT + 100 �g Ovm F 320.661* + + + + + ND ND
10 �g CT + 100 �g Ovm F 327.398* + + + ND ND
25 �g CT + 100 �g Ovm M 333.748* + + + + + ND ND
25 �g CT + 100 �g Ovm M 332.761* + + + + ND ND
25 �g CT + 100 �g Ovm F 332.032* + + + ND ND
50 �g CT + 100 �g Ovm F 326.754* + + + + 1 scratching
50 �g CT + 100 �g Ovm M 313.495* + + + + + ND ND
50 �g CT + 100 �g Ovm M 338.554* + + + ND ND

C Treatment Sex Ovm-specific
IgG

PCA 
score

Skin 
test

Clinical 
score

Signs

50 �g CT (control) F 4.950 – – 0 no response
50 �g CT (control) F 5.1752 – – 0 no response
50 �g CT (control) M 10.318 – – 0 no response
10 �g CT + 100 �g Ovm F 100.723* + + + 7 scratching, malaise, immobility, rash,

difficulty in breathing, neck extension
10 �g CT + 100 �g Ovm F 40.823* – + 5 scratching, immobility, rash, erythema
10 �g CT + 100 �g Ovm M 62.038* – – 0 no response
25 �g CT + 100 �g Ovm F 89.907* – – 0 no response
25 �g CT + 100 �g Ovm M 69.785* – + 0 no response
25 �g CT + 100 �g Ovm M 33.655* – + 5 scratching, immobility, rash, erythema
50 �g CT + 100 �g Ovm F 44.970* – + 0 no response
50 �g CT + 100 �g Ovm M 56.766* – + 6 scratching, immobility, rash, forced 

expiration
50 �g CT + 100 �g Ovm M 80.296* + + + 5 scratching, immobility, rash, erythema

Ovm-specific IgG (whole molecule) serum antibody activity was measured by ELISA using alkaline phosphatase-conjugated
rabbit anti-pig IgG (whole molecule) and antibody activity is reported as percentage of positive control serum pool optical density.
ND = Not determined; M = male; F = female. * Significant difference (p ≤ 0.05) from negative controls. A, B and C represent 3 differ-
ent litters. 
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did not change in ELISA values from day 10 to 45 and 
were significantly lower (p  ̂   0.05) than values of Ovm-
sensitized pigs. There was no apparent effect of variable 
dose of CT on antibody response. The antibody activity 
of individual animals’ sera was expressed in relation to 
the activity of the positive control ( table 1 ). 

  Passive Cutaneous Anaphylaxis 
 Sensitization to Ovm was confirmed by PCA. To test 

the hypothesis that Ovm had induced IgE-mediated al-
lergic reactions, ability of sera to mediate PCA was tested 

using pooled sera from sensitized and control pigs in all 
3 litters, as well as sera from Ovm-sensitized individual 
pigs. Only sera obtained from Ovm-sensitized pigs in all 
3 litters induced positive PCA response. A representative 
PCA response for pooled sera is illustrated in  figure 4 a. 
The PCA reactivity was abolished by heat inactivation, 
confirming the role of IgE-anti-Ovm antibodies in the 
hypersensitivity reactions. Control (CT) sera (native and 
heat inactivated) failed to elicit a positive PCA response. 
Linear regression analysis showed a strong correlation 
between PCA reactions and clinical scores in both the lit-

ba

  Fig. 3.  Skin erythema.  a  Representative images of control pigs versus allergic pigs after oral challenge.  b  Repre-
sentative image of skin erythema reaction in the abdominal region of an allergic pig. 

A B C
D

L-1
L-2

L-3

ba

  Fig. 4.  Ovm-induced, IgE-mediated PCA. PCA reaction in a naïve 
pig was determined using either pooled or individual sera.  a  PCA 
response mediated by pooled sera. Pooled anti-Ovm serum (0.1 
ml) from sensitized pigs was injected intradermally into a naïve 
pig and after a latent period of 24 h, Ovm (5 mg) was injected in-
travenously to induce PCA. A = Reaction mediated by Ovm-sen-

sitized pig serum samples; B = sites that received heat-inactivated 
Ovm-sensitized pig serum; C = sites that received sera of pigs that 
were treated with CT only; D = sites that received heat-inactivated 
sera from CT-treated pigs.  b  PCA reaction of individual pigs. Sera 
of individual sensitized pigs from each of 3 litters (L-1, L-2 and L-
3) were tested as described in Methods. 
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ters that exhibited allergic signs (litter 1: p  !  0.0124, r 2  = 
0.5192; litter 3: p  !  0.0463, r 2  = 0.3408; GraphPad Prism). 
Considerable individual differences were observed in the 
PCA response as represented in  figure 4 b and  table 1 . 

  Discussion 

 A neonatal swine model of food allergy to Ovm is de-
scribed. The approach was intended to provide an out-
bred large animal experimental system more closely 
mimicking humans to allow investigation of potential in-
terventions in the neonatal period that might either en-
hance or diminish immunological predisposition to food 
allergy. The prominent individual variation that exists 
between and within the litters is seen to provide oppor-
tunity to investigate genetic and environmental effects 
upon expression of allergy.

  The results indicate that systemic sensitization of pigs 
with Ovm induced IgE-mediated allergic reactions after 
oral challenge. Earlier attempts to sensitize pigs using al-
uminium hydroxide adjuvant rather than CT failed. Pig-
lets sensitized with Ovm and CT and orally challenged 
with egg white had clinical signs similar to those of al-
lergic human patients including gastrointestinal, derma-
tologic and respiratory signs. The failure of one litter to 
express allergic signs after oral challenge reflects litter 
variation of unknown etiology. Others have described ex-
perimental induction of allergy to peanuts  [8] , soy  [6]  and 
milk proteins  [7]  in pigs. However, eggs are the second 
most frequent cause of allergic reaction in the USA  [1]  
and a report of egg allergy recurrence, demonstrating 
that egg allergy may have a fluctuating course, has re-
cently been reported  [11] , which stresses the need to vali-
date a model for intervention studies on egg allergies. In 
addition to the present report of successful allergization 
and oral elicitation in neonatal pigs of sensitization to 
Ovm, our unpublished results confirm similar results us-
ing peanut proteins. 

  The use of pigs for comparative studies of human al-
lergy offers advantages over the commonly utilized in-
bred mice. These include the outbred genetic background 
of pigs similar to the target human population, which 
may realistically mimic the complexity of individual 
variation in response to environmental factors influenc-
ing predisposition to and expression of allergic diseases. 
Young piglets can be housed and fed under the same con-
ditions, together in a specific pathogen-free facility and 
the litter size (12–14) is large enough to allow controlled 
experiments differentiating genetic and environmental 

effects on individual variation in allergic manifesta-
tions. 

  Most animal models proposed or used to characterize 
the sensitizing and desensitizing activity of allergens are 
based on measurement of serological responses, especial-
ly of IgE-associated antibodies and the mediators of type 
1 allergic signs. Due to the unavailability of anti-swine 
IgE, in the present study serum antibodies to Ovm were 
measured using anti-swine IgG (whole molecule) to de-
tect essentially all antibody activity without isotype bias. 
The sensitized animals, but not the adjuvant-treated con-
trols, developed a significant antibody response after sys-
temic injection of Ovm with CT, which confirms that the 
adjuvant (CT) alone does not elicit response but, upon 
co-administration with Ovm, enhances the immunogen-
ic and allergenic response. The presence of IgE-related, 
Ovm-specific antibodies was confirmed by heat-labile 
PCA reactivity of sensitized pig serum.

  The porcine immune system and intestine are con-
tinuously changing as the young pig matures  [12]  and lit-
ter as well as individual variation in immune response is 
pronounced  [13] . Pigs have high individual variation in 
cytokine production and in the type 1/type 2 bias of cy-
tokines produced  [14] . This variation relates to litter, age 
and gender of the pig. Heritability of immune response in 
pigs is in the order of 20%  [15]  and pigs can be selected 
for high and low immune response, confirming signifi-
cant genetic, litter, dam and sire contributions to variable 
immune response phenotype  [16] . Nevertheless, varia-
tion between littermates suggests important epigenetic 
and environmental effects on variation in immune re-
sponse  [17] . In the present study there was significant in-
dividual variation within and between litters, in serum 
antibody to Ovm and in manifestation of allergic signs 
after oral challenge. The model is important in that it will 
allow investigation of hypotheses dealing with early neo-
natal influences on ontogeny of immune response lead-
ing to allergic predisposition and to control of predisposi-
tion to allergic diseases. Its power derives from the inher-
ent similarity of the experimental subjects and the target 
species with respect to simulation of genetic variation 
and ability to control interactions between genome and 
controlled variations in environment. Candidate vari-
ables include the effect of orally administered probiotic 
bacteria, modified Ovm (hypoallergen) and immunoreg-
ulatory cytokines to alter allergic immune response phe-
notype. The experimental allergy model would also allow 
evaluation of these interventions in the context of poten-
tially altered frequency and severity of systemically in-
duced food allergy to a common allergen, Ovm. Sensiti-
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zation and challenge for oral induction of Ovm-induced 
hypersensitivity are in progress, and will further validate 
the model for future intervention studies to treat and pre-
vent food allergy to eggs.

  Conclusions 

 In conclusion, we have described a method to induce 
Ovm-specific allergy by systemic sensitization of outbred 
pigs. The resulting allergy is IgE mediated and resembles 
human food allergy. The approach may have utility in 

comparative investigations addressing variables, genetic 
and/or environmental, affecting induction, prophylaxis 
and therapy of allergies with relevance to allergy in the 
similarly outbred human population. 
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