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Industry Summary 

Allergens affect pigs by contributing to increased morbidity and decreased efficiencies of gain. The 

allergens found in feed ingredients, like soy that show allergenic response can be isolated and targeted for 

removal from the soybean, thereby reducing negative effects of allergenic response.  The potential for 

developing an allergenicity model in swine and using that model to change input feed ingredients means great 

future potential for the swine industry.  To address this potential in swine nutrition we are working through a 

multi-year, multi-institution project to thoroughly research the benefits or removing soy based allergens in the 

swine diet. 

The objectives of this project are to genetically select a pig population that reproducibly exhibits 

hypersensitivity to soy products, to produce antibodies that specifically recognize swine IgE, and to demonstrate 

a quantitative assay for allergenic response using swine IgE.  

During the second year of the project, which completed May 31, 2008 great progress was made in 

identifying allergenic responses in piglets when challenged with a potential allergen and demonstrated clear 

differentiation between litters.  The ability to clearly determine an allergic response is key in testing a feedstuff 
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that has allergen causing components removed to ensure that you can observe the health benefits once the feed 

has been improved.   

 Results so far suggest that original expectations may be exceeded.  Related within USDA have 

demonstrated the ability to successfully eliminate most of the major seed storage proteins without detriment to 

seed development and germination.  This opens the way to make large scale changes in seed composition for 

elimination of antigenic proteins and well as beneficial changes that influence seed nutritional quality.  

Moreover, changes in seed composition necessary for validating the swine model have been demonstrated to be 

possible. 

We have completed the second year of this 3-year project, and more useful information will be coming 

forth during the next few months. Establishment of a credible model for evaluation of hypersensitivity to soy is 

a necessary step toward the development of strategies that will help sustain domestic swine production and 

protect long-term demand for U.S. soy meal.  The ability to identify desirable genes involved in the pig immune 

response will enable selection of genetic lines that do not exhibit hypersensitivity after early weaning. Healthier 

pigs should improve productivity and reduce production costs.  Enhancement of soy-protein quality through 

genetic modification to reduce, replace or eliminate proteins that mediate immune responses will both provide 

meal with improved digestibility and nutritional value while enhancing the use of soy-meal to replace fish meal 

and other ingredients in pig rations. 

For further information, please contact Tracy Barfield at the United Soybean Board (Email 

tbarfield@smithbucklin.com; Phone (314) 579-1580). 

 

Scientific Abstract 

 

 We have completed the second year of a 3-year research project designed to develop an allergenicity 

model in swine.   The approach has been to develop hypersensitive piglet populations for determination of 

allergenic response while simultaneously working on the RNAi approach to eliminating seed storage proteins. 

mailto:mwinkle@smithbucklin.com
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 Results from challenge of piglets from the initial breeding show that there are very clear differences 

among liters in terms of sensitivity to soy.  This means that the sow and boar lines chosen to generate the 

foundation stock produced useful genetic variation and permitted a breeding strategy to be established. 

 Strong immune responses by mice immunized with peptides synthesized using the amino acid sequence 

of the -subunit from swine IgE have been obtained. Fusions to produce hybridomas are underway.  The next 

important demonstration will be that they also recognize native swine IgE in sera from hypersensitive piglets 

that have reacted to challenge with peanut and or soybean. 

Introduction 

 The purpose of the project was to advance the basic science needed to develop an allergen removed 

soybean line and genetically select a pig population that reproducibly exhibits hypersensitivity to soy products, 

to produce antibodies that specifically recognize swine IgE, and to demonstrate a quantitative assay for 

allergenic response using swine IgE.  

 

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 



 4 

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. 

 

 A potential remedy for this condition 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, one of the primary antigens, 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 swine as a model system to evaluate 

neonatal immune response to feed ingredients that alleviate or reduce clinical disease in piglets. 

 

 Two 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 a swine population in which animals respond 

immunologically to challenge by feed in a reproducible fashion, and the second is a rapid and 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.  The 

development of “pure-line” swine populations will address this deficiency.  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 status of U.S. 

pig production on soy-based diets. 
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Objectives  

The objectives of this project are to genetically select a pig population that reproducibly exhibits 

hypersensitivity to soy products, to produce antibodies that specifically recognize swine IgE, and to demonstrate 

a quantitative assay for allergenic response using swine IgE.  

 

Materials and Methods 

 

  Development of hypersensitive swine population 

Piglets from sows maintained on a soy-free diet will be weaned at 16 to 21 days of age and given different 

formulations of dietary soy, either as a single bolus or with multiple exposures.  Piglets will be subsequently 

challenged with dietary soy to induce intestinal hypersensitivity.  Physical parameters monitored will include 

weight loss, diarrhea and skin rash.  Physiological/immunological symptoms of transient post-weaning 

hypersensitivity syndrome to be measured will involve measurement of pig IgE content, and standard skin-prick 

and skin fold assays.  The study will involve two replications, the second initiated with the same sow herd used 

for the first replication and started after the first farrowing. Results will be used to identify pigs for use in 

establishing genetic lines that exhibit hypersensitivity versus those that do not.  The two lines will also be 

subjected to microarray and real-time PCR assays containing immune biomarkers (probes for swine genes that 

are known to be associated with hypersensitivity to allergenic agents) to identify genes with large effects of 

allergic responses. This analysis will be useful as a tool for testing allergen threshold levels in feed and 

intervention strategies. The allergen responsive line will also be used to evaluate the effect of specific soy 

ingredients on swine growth, performance and immunity of infection. Initiation of this work may be delayed by 

the availability and selection of sows.    

 Establishment of IgE assay 

Two approaches for generating anti- -chain of swine IgE will 

be expressed in an insect cell system, and the purified products used for polyclonal antibody production.  In 

addition, hybridoma cell lines that produce monoclonal antibodies against each of 4 oligopeptides derived from 
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-subunit will be established.  Conventional immunological methodology will be used to establish and 

validate a protocol with which to measure swine IgE quantitatively. 

 

  

Results 

This report covers the second year of a 3-year project. The Development of an Allergenicity Model in Swine 

project is progressing essentially as planned, although its initiation was delayed during the first year for a 

variety of reasons:  It was the first collaboration among USB, NPB and QUALISOY, which posed some 

contracting challenges.  Also, the scientist leading the project, Niels Nielsen, moved from Purdue to North 

Carolina State University during the startup, and this caused some administrative delays at the university level.  

All this was addressed when the first year of the project was extended to May 31, 2007. When the first set of 

gilts that were procured they tested positive for APP.  This necessitated the procurement of a new set of gilts, 

which delayed initiation of the project several months.  

This project was the second of three years in the entire project lifespan, and incremental progress was made 

toward performance measures during the second year of the project.  Most notably: 

 The swine populations have continued to show Allergenicity differences and the soybean trait 

improvements have been proven. 

 Transgenic soybeans that lack all of the 7S and 11S seed storage proteins, and which lack P34 have been 

produced. 

 Also developed are soybeans homozygous for null alleles for lectin, KTI and P34 that were stacked 

using conventional genetic approaches. 
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A.  Breeding and Selection. 

 

Replicate 1: Individual boars and gilts with the highest (or lowest) hypersensitivity scores were selected within 

each family. Six sire families in each the high and low hypersensitivity lines were identified (6 highest, 6 

lowest). 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. The selections were restricted so gilts from the 

selected boars litter (i.e., full sibs to the boar) were not selected. Matings were rotated across the families within 

line to minimize the rate of inbreeding. Farrowings from these matings began about August 13, 2007. Piglets 

were sensitized with soy, challenged and scored as described earlier. Challenges were done with both soybean 

and peanut.  Skin tests were conducted on the first generation of offspring (F1) and a summary of the results 

obtained are shown in the following table.  The mean differences were small but in the desired direction, and 

the differences were much larger when comparing selected litters. The high (sensitive) line of pigs was lighter 

and had higher mean skin reaction and diarrhea scores than the low line.  Small overall differences between 

groups such as observed are to be expected in early generations due to multiple genes contributing to the trait 

being selected.  Selections from the F1-Rep 1 offspring were made for second (F2) generation and pigs are 

presently in the grow-finishing phase with breeding completed April, 2008. 

 

Line 

Number 

of Pigs 

Pig 

Wts 

Total 

Score 

Soy 

Wheal 

Soy 

Flair 

Peanut 

Wheal 

Peanut 

Flair Diarrhea 

High 92 23.15 0.85 0.22 0.20 0.22 0.22 1.31 

Low 107 23.17 0.77 0.22 0.27 0.08 0.19 1.22 

         

Difference 

High-Low  
-0.02 0.08 -0.01 -0.08 0.13 0.03 0.09 

 

 

Replicate 2: Thirty-two litters of Rep 2 pigs farrowed in February 2007. All sire sources and lines were 

represented among the litters. Piglets were placed on a 28% SBM challenge diet, and 21-days post weaning, 

piglets were skin tested for Soy and Peanut allergy using the previously described protocol. The results from the 

two replicates matched one another, with the sources ranking similarly. Rep by source results were tested for 
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interaction, but were not statistically significant. First generation (F1) selected parents in Rep 2 were bred in 

early November 2007.  Sixty-three gilts (32 high line and 31 low line) were bred by 12 boars (6 per line) within 

the 5 day breeding program.  Farrowing completed in late February, 2008. 

B.  Swine IgE Assay: 

The swine IgE primary amino acid sequence was analyzed to identify regions likely to be located on the surface 

-chain of swine IgE were identified.  The 

peptides were synthesized, linked to carrier proteins and used to challenge mice.  Mice that reacted most 

strongly to the challenge antigens were selected for hybridoma production. Two clonings were completed for 

each peptide.  Approximately 100 cell lines from each cloning for each of the two peptides have been analyzed.  

For this purpose, ELISA analysis of cell supernates was carried out using the peptides linked to BSA.  Many 

cell lines (~50%) were identified that presented with reactions 3 to 5-fold greater than controls.  These cell 

supernates are presently b -chain in preparation to developing the swine IgE 

assay.   

C.  Development of transgenic soybeans to test model:  

A process of generating a set of transgenic soybean with known and varying allergenic potential continues and 

is progressing on schedule. Transgenic soybeans that lack all of the 7S and 11S seed storage proteins, and which 

lack P34 have been produced. These are the major recognized allergens of soybean. These are being used as a 

platform onto which to introduce known human or swine allergens such as peanut protein and papain. Also 

developed are soybeans homozygous for null alleles for lectin, KTI and P34 that were stacked using 

conventional genetic approaches.  These are being expanded to provide materials for tests. These testers will 

permit determination of whether the presence of the foreign allergen will induce additive allergenicity in 

soybean when swine are sensitized and exposed to challenge antigen.  
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Discussion 

Completion of year 2 showed significant scientific advancement in the face of many administrative changes.  

This project is set to complete in its three year window with the next funding cycle through USB, NPB and 

QUALISOY with significant results.  Collaborators on this research have shown strong results in both the soy 

and swine genetic advancement. 

  

 


