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Industry Summary:  A problem that seriously impacts both the swine and soybean industries is the adverse reactions of 
young piglets to soy based rations.  The responses of early-weaned piglets to soy-based rations are transitory decreased 
performance, reduced food intake, and slower growth rates due to transitory hypersensitivity to certain proteins in 
soybean meal compared to animals provided alternate nutritional sources.  These reactions are attributed to the 
development of immune-mediated allergic responses and inflammation of intestinal epithelium.  Reduced piglet growth 
and development has been ascribed in part to secondary microbial and viral infections in the epithelial cell layers of the 
digestive system that accompany the immune response and inflammation.  Two approaches were initiated to address 
these problems.  One was to breed swine populations from which neonatal piglets can be obtained that either lack or 
exhibit immune-mediated hypersensitivity upon exposure to soy-based rations.  The second was to develop soybeans 
whose compositions differed markedly with respect to known seed allergens, and then to use these proteins to 
ascertain whether these differences could be perceived when the two groups of neonatal piglets were exposed to them.  
To facilitate the detection of an immune-mediated response, an assay was developed to measure the appearance of 
soy-specific antibodies in serum from piglets challenged with soy protein.  Although only 2 of 5 planned generations of 
breeding and selection were complete at the termination of the NPB/USB supported project, two conclusions can be 
drawn based upon preliminary evaluation of piglets from the two breeding populations.  One is that the adverse 
reaction of early weaned pigs to soy rations may be reduced or eliminated through swine breeding, and the second is 
that it is possible to produce swine populations that are superior to existing animal models for the study of legume 
allergy.  
 
Scientific Abstract: It has been recognized since the mid-1970s that early weaned pigs respond to soy-based rations by 
decreased performance, reduced food intake, and slower growth rates due to transitory hypersensitivity to certain 
proteins in soybean meal.  With this in mind a swine breeding program was undertaken to determine if populations 
could be generated in which early weaned piglets exhibited either elevated or reduced hypersensitivity to soybean meal 
(SBM).  It was recognized at the onset of this project that at least 5 generations of selection would likely be required to 
fix such a trait in a swine population, which was well beyond the period included in the USB/NPC grant.  However, 
evidence was obtained after 2 generations that there was a modest increase in the separation of the average immune 
response of populations selected for increased (SH) or decreased (SL) hypersensitivity.  This conclusion is based 
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on results of conventional skin-tests that involved intradermal injection of soy proteins.  The results of skin tests were 
corroborated by direct measurement of serum immunoglobulins that specifically bind seed proteins from soybean 14 
days after feeding naïve piglets soybean meal.  For these measurements a sandwich-ELISA assay was developed that 
employed mouse anti-swine IgE monoclonal antibodies.  It was concluded from these observations that it is feasible to 
select swine populations genetically that do not exhibit hypersensitivity to soy-based rations.  Efforts were also 
undertaken to develop tools that could be employed when using the two swine populations as a model with which to 
evaluate soybeans with altered seed composition.  Transgenic soybeans were developed that lacked 7S and 11S seed 
storage proteins, and null alleles of genes encoding a P34 protease, Kunitz trypsin inhibitor and soybean lectin were 
pyramided genetically to form a triple-null line.  IgE from humans allergic to soybean bind each of these proteins.  
Together, the tools developed during the term of this USB/NPB sponsored program provide a mechanism to study feed 
allergy in neonatal swine, and eventually food allergy in humans. 
 
Introduction: To maintain or improve the competitive position of US soybeans in global  
markets, reliable evaluation procedures are required to accelerate the development and commercialization of new traits 
into elite germplasm that will ultimately lead to high-yielding, high-value varieties. USB has taken aggressive steps to 
implement programs such as Soybean Quality Trait (SQT) and Select Yield and Quality (SYQ) to provide credible 
information that is needed to encourage development and commercial use of germplasm with improved oil and protein 
quality.  Looking ahead to the next generation of enhanced technologies from the USB research pipeline, attention is 
being targeted on changes in protein composition that will enhance the digestibility of soybean meal as a feed 
ingredient for US livestock production.  One such problem that is seriously impacting both the swine and soybean 
industries is the adverse reactions of young piglets to soybean.  The responses of early-weaned piglets to soy-based 
rations are decreased performance, reduced food intake, and slower growth rates due to transitory hypersensitivity to 
certain proteins in soybean meal.  These reactions are attributed to neonatal immune development of anti-soy protein 
antibodies and subsequent epithelial cell injury or intestinal anaphylaxis.  Reduced piglet growth and development has 
been ascribed in part to secondary microbial and viral infections in the epithelial cell layers of the digestive system that 
result from the immune response. 
 
There are at least two potential remedies to this problem.  One involves the development of swine populations that do 
not exhibit an immune-mediated hypersensitivity to soybean.   The second involves the elimination of genes encoding 
proteins to which antibodies have been raised by animals that have persistent immune reactions to soybean.  In fact, 
technology has already been reduced to practice in soybean production that permits P34, a primary soybean antigen, to 
be eliminated.  The difficulty, however, is that soybean seeds contain a number of allergens, some of which are encoded 
by small multigene families, and progress toward their elimination from the seed is impeded by the lack of a reliable 
method to evaluate the degree of hypersensitivity to soybeans with genetically modified protein composition.  This 
dilemma can be resolved by developing a genetically stable swine population that can be used as a model system to 
evaluate neonatal immune response to feed ingredients that alleviate or reduce clinical disease in piglets. 
 
Three issues must be addressed to develop swine as a model system to evaluate immune responses to food and feed. 
The first involves the development of swine populations in which animals either do or do not respond immunologically 
to challenge by feed in a reproducible fashion.  The development of swine populations that produce neonatal piglets 
that are either sensitive or insensitive to challenge by soy will address this deficiency.  The second issue to be addressed 
is development a quantitative assay to measure immune response.  Presently, a 3- to 10-fold difference exists in the 
response of individual pigs challenged by soy antigens, responses that clearly are modulated by the genetic makeup of 
the animals.  Responses to challenges by soybean can be assayed rapidly and quantitatively by measuring antibody (IgE) 
production using anti-IgE antibodies.  Although such reagents exist for humans, antibodies that specifically recognize 
swine IgE are not available. The genetically stable swine genotypes and IgE assay reagent are needed to gain a better 
understanding of dietary tolerance to soy and other ingredients, and to develop strategies for improving the general 
health  
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Objectives: 

 Develop swine populations that either lack or exhibit immune-mediated hypersensitivity to soybean. 

 Establish an immunological assay to measure the appearance of serum antibodies in response to challenge 
by soybean. 

 Develop test soybeans to be used to validate the swine hypersensitivity model. 
  
Materials and Methods:  
•Development of hypersensitive swine population 
The study involved two replications.  The second was initiated with the same sow herd used for the first replication.  
Two foundation sow sources (Whiteshire, Goldboro) and 4 sire sources (PIC, Danbred, Newsham, Ausgene) were used.  
Sows were maintained on a soy-free diet, and piglets weaned at 16 to 21 days of age.  After weaning, piglets were 
placed on a 28% SBM diet for sensitization to soybean.  Conventional skin tests were conducted 14 days post-weaning 

by injection SD of 100 or 300 g soybean or peanut protein dissolved in phosphate buffered saline, and traditional wheal 
and flair reactions scored 45 minutes after injection.   Blood from each animal was collected 24 h after challenge and 
frozen for subsequent analysis of immunoglobulin content.  
  
For subsequent generations, 12 boars in each of the high and low reacting lines were selected. Half in each line were 
considered primary selection candidates and the remainder reserves.  They were selected as the highest (or lowest) 
reacting boars from each of the highest (or lowest) reacting sire families based on total skin test scores.  40 gilts each 
from the high and low reacting lines were also selected using the same criteria.  There were 3 sire families in common 
between lines to provide genetic ties.  The foundation sow sources were included in both lines in near equal numbers.  
Matings were rotated across families with lines to minimize the rate of inbreeding.  The selections were restricted so 
gilts from the relevant selected boar litter (ie., full sibs to the boar) were not used.  Final selections identified 6 boars 
and about 30 gilts per generation per replication.  Piglets derived from these litters were sensitized to soy and skin-
tested as above. 
 
•Establishment of IgE assay 

A cDNA sequence encoding the intact -chain of swine IgE was examined using publically available computer algorithms 
to select regions with the greatest potential as IgE-epitopes.  Two noncontiguous regions that yielded high scores as 
potential epitopes and that were also predicted to reside on the surface of the molecule were selected.  Oligopeptides 
from each of the two regions were synthesized commercially.    Mice were sensitized using each of the two 
oligopeptides, and those that responded the most strongly to challenge were selected for hybridoma production.  Two 
hybridoma clonings were completed for each of the two peptides.  Clones were selected based upon identification of 
supernates that reacted most strongly both to the challenge antigen and to immunoglobulins in swine sera obtained 
from Dr. Ricki M. Helm that were known to contain anti-peanut swine IgE.  Hybridoma cell lines that produced high-titer 
supernates were grown in quantity and used to purification of >10 mg anti-swine mouse mIgG.   A conventional 
sandwich ELISA assay was developed using the anti-swine mouse mIgG to measure those immunoglobulins in swine sera 
that specifically recognize soybean seed proteins. 
•Development of Soybeans with Different Allergen Compositions 
A RNAi was produced that resulted the knockdown of glycinin and α/α’ and β subunits of conglycinin in transgenic 
soybeans.  A null allele for the gene encoding P34, was isolated by screening the 16,000 member USDA National soybean 
collection. It was combined with null alleles for genes encoding Kunitz trypsin inhibitor and soybean lectin described in 
the literature by conventional genetic crosses. Soxhlet defatted meal was used in the challenge treatments.  

 
Results: 
•Development swine populations with high and low sensitivity to soybean 
A breeding program that consists of 2 replications was embarked upon to determine if pig populations could be created 
that produced early-weaned litters that were either more or less sensitive to rations containing soy.  Initially gilts 
representing 2 genetic sources were selected and inseminated utilizing semen from 27 sires that represented 9 different 
genetic sources.  Our goal was to produce approximately 30 litters, or about 250-300 piglets.   Piglets were weaned at 

16-21 days and placed on a 28% SBM diet.  At 14 days post-weaning each piglet was challenged with 100 g of soy 
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protein administered SD.  The wheal and flair components of this commonly used skin-prick test were read after 45 
minutes. Blood serum samples were collected from each piglet, and litters were monitored for diarrhea, skin rash or 
respiratory symptoms that could be associated with exposure to soy.  The litters from this foundation generation were 
separated into two groups (high, SH; low, SL) based on the apparent sensitivity to challenge by soy in their rations. As 
indicated in Table 1, the mean differences between the two groups were small, but in the desired direction.  The 
differences were, however, larger when selected litters were compared. The SH litters exhibited slightly more diarrhea 
than SL litters. 
 

Table 1 

Wheal/Flare Scores of Foundation Generation 

Line 

Number 

of Pigs Pig Wts 

Total 

Score 

Soy 

Wheal 

Soy 

Flair Diarrhea 

High 92 23.15 0.85 0.22 0.20 1.31 

Low 107 23.17 0.77 0.22 0.27 1.22 

 
To create the next two generations (G1 and G2), 6 males and 30 females from each line were selected based on their 
response to the skin-prick test.  Selections were restricted to avoid mating gilts from the selected boar litters (i.e., full 
sibs to the boar), and matings were rotated across families within the lines to minimize the rate of inbreeding.  As with 
the Foundation generation, rations fed sows lacked soybean.  Litters were weaned 16-21 days and placed on 28% SBM 
rations.  Skin test challenges were again performed 14 days post weaning.  Table 2 compares the average apparent 
sensitivities of piglets from the two lines in each of the generations that have been tested thus far.  Although the 
average changes are modest, it is apparent that the difference in response of early weaned piglets in the two groups to 
challenge by soy is increasing.  It became especially apparent in G2 Rep 2 when the soy concentration was increased 

from 100 to 300 g during the skin test.  What was also evident was that certain SH-G2 litters were obtained in which all 
piglets reacted to challenge by soy.   
 

 

 

 

 

 

Table 2 

Mean Sensitivity of SL Line Compared to SH Line 

Generation Rep 1 Rep 2 

Foundation 1.00 1.00 

G1 0.86 0.86 

G2 0.76 0.34 
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• IgE Assay 

The primary structure of swine IgE was deduced from a cDNA clone described in the literature.  Four regions 
were identified that were predicted to reside on the surface of the molecule and to be likely sites against 
which antibodies could be raised.  Two of these were chosen as they appeared to be better candidates for the 
production of mouse monoclonal antibodies (mIgG).  Oligopeptides about 20 amino acids in length for each 
were obtained commercially and used for the production of mIgG using a conventional protocol.  Hybridoma 
clones were identified that both reacted strongly with the oligopeptide used to immunize mice, and to IgE found in sera 
isolated from swine that exhibited respiratory difficulty and developed rashes and hives following sensitization and 
challenge with peanut.  A sandwich ELISA assay was developed using the mouse anti-swine IgE mIgG to measure serum 
immunoglobulins.  A typical standard curve is shown in Figure 1.  The assay is presently being applied to analyze sera 
collected from piglets from each of the generation completed thus far.  Examination of sera from G2-Rep 2 revealed that 
litters with high titers of soybean specific immunoglobulins were also identified by the skin-test assay, although 
differences in the magnitude of the skin-test response of serum from individual piglets differed from the titers measured 
immunologically. 

 

Figure 1 

 

 

* Soybean Allergen Composition: 
The purpose of the experiments summarized in this section was to prepare soybean with varying allergen content.  In 
this regard, the Herman laboratory designed RNAi vectors that simultaneously suppress the accumulation of both the 7S 
and 11S soybean storage proteins (denoted SP-).  The proteome differences of the SP- compared with wild-type were 
examined in broad-range IEF/SDS-PAGE 2D gels, and 50 spots were identified by mass spectroscopy. Not only were the 7 
and 11S protein contents reduced dramatically in magnitude, but three of the proteins exhibiting the greatest increase 
in abundance in SP- were Kunitz trypsin inhibitor, soybean lectin and the immunodominant allergen P34.  Each of these 
proteins is recognized as ab allergen in human populations because they bind IgE from sera of hypersensitive patients.  
Seeds from the transgenics germinated and grew normally, and expression of the remaining genes that encoded other 
seed proteins was robust.  
 
The Herman laboratory also identified a null allele of the gene encoding P34, a cystine-like protease accumulated by 
soybean.  By using conventional genetic hybridization, this null allele was combined with null alleles for genes encoding 
Kunitz trypsin inhibitor (frame shift mutation) and soybean lectin (transposon insertion).  For the purposes of this report, 
the triple-null genetic line is denoted plk.  The 7 and 11S proteins, as well as P34, are considered immunodominant 
allergens in humans, while soybean lectin and Kunitz trypsin inhibitor also bind IgE from human patients hypersensitive 
to soybean.  Hence, the triple-null genetic line and the transgenic soybeans lacking the 7S and 11S proteins provide tools 
with which to evaluate the SL and SH pig lines. 
 
 



 6 

Discussion: It has been recognized since the mid-1970s that early weaned pigs respond to soy- 
based rations by decreased performance, reduced food intake, and slower growth rates due to transitory 
hypersensitivity to certain proteins in soybean meal.  With this in mind a swine breeding program was undertaken to 
determine if populations could be generated in which early weaned piglets exhibited either elevated or reduced 
hypersensitivity to soybean meal (SBM).  The results of this study revealed that there were modest decreases in the 
number of naïve early weaned piglets in the SL population,  and increases in the number of piglets in the SH population 
that reacted to challenge with SBM following 2 generations of selection.  Moreover, all littermates from some litters in 
the SH population responded to challenge by SBM after two generations of selection, whereas in the response in the 
foundation population was mixed.  Although considerably less evident in the SL population, there was a reduction in the 
number of littermates that responded to SBM and the magnitude of responses were reduced.   The results suggest that 
genetic selection will be successful during efforts to decrease or eliminate the transitory hypersensitivity to proteins in 
SBM by early weaned pigs. 
 
The production of stable SL and SH swine populations would provide a useful model. The populations can serve as a tool 
with which to study feed allergy.  They will, for example, permit feed composition to be dissected to identify 
immunologically active proteins and will allow threshold levels of allergens to be determined.  With this in mind, tools 
were developed during this project that will be useful in such endeavors.  A sandwich-ELISA assay was developed that 
relies on mouse anti-swine mIgG to quantify immunoglobulins in pig sera that specifically bind seed proteins.  Moreover, 
SP- and plk soybean mutants were developed that contain alternative seed compositions with respect to known 
allergens.  Subsequent experiments are being designed to determine if early weaned piglets from the SL and SH 
populations respond differentially when challenged with protein extracts prepared from seeds of the two mutants. 
The study of human food allergy is presently typically carried out with rodent models.  Application of results derived 
from rodent models to humans can be difficult due to significant differences between human and rodent immune and 
digestive systems.  Pigs have been used successfully as models of a large number of human diseases due to close 
similarities among the two species.  The pig and human immunological and digestive systems, together with their 
growth and development, share more similarities with each other than with rodents.  Thus, the hypersensitive swine 
populations being developed can also provide a tool with which to investigate the molecular and physiological 
mechanisms of food allergy in humans. 
 


