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Dedication 
Dr. Chuck Christenson, Iowa State 1975, ofWells, Min
nesota died on May 25, 199~. Chuck was gifted with 
outstanding intelligence, insightfulness and integrity, 
which he used in swine practice. He provided leadership 
to his community and profession through involvement 
in many organizations, particularly the American Asso
ciation of Swine Practitioners. He was the first chair of 
the AASP Foundation and frequent speaker on swine 
medicine topics at producer and professional meetings. 

Dr. Christenson brought credit to his family, commu
nity, and profession because he loved and cared deeply 
for those closest to him. He will be remembered by the 
mark he made on all who knew him. 

"The Evolution of the Swine Veterinary Profession" 



~~knowledge~e~~s . . . . .. · · . . . . . · 
This IS the 20th year that the Umversity orMimiesota has sponsored a national meetmgfor swme vetennanans. 
We have renamed the conference the '1\.llep. D. Leman Swine Conference" in recognition of the late AI Leman. AI 
was primarily responsible for initiating tJtis conference, and· he continues to have a substantial impact on the 
program long after his departure from the University of Minnesota. · · 

This year's program is the result of a trembndous effort by many faculty and staff at the University of Minnesota, 
as well as practitioners and scientists frorJ across North America. The Swine Group of the College of Veterinary 
Medicine, University of Minnesota, wor~ed diligently to develop a clear perspective arid an even production/ 
disease balance for the program. A special thanks goes to this group, who unselfishly donated their time: Peter 

I • . 

Davies, HanSoo Joo, Will Marsh, TomMoJ.itor, Bob Morrison, Mike Murtaugh, Carlos Pijoan, and Barry Wiseman. 
Our editorial staff, Ruth Cronje and Davi~ Brown, were unrelenting in their dedication to helping speakers with 
their proceedings papers. One of our objeatives haS been to prepare a very readable,_scientifically-based proceed
ings book of the quality that both attendeeJ and speakers have come to expect form our meeting. Ms. Jan Swanson, 
as ~sual, worked long and hard in ~lanni+g this meetin~. While.her commitm~nt to the Universio/ of Minnesota 
swme program often goes unrecogmzed, 'r.e truly appreciate her mvaluable assistance to ensure the success of the : 
Conference. As usual, the broad suppor:t from the College of Veterinary Medicine encourages us to hold· as 
outstanding a conference as financially pbssible. The importance of maintaining 'a scientific focus for the meet
ing, while protecting clinical relevance, Ms always been encouraged by Dean David Thawley; the Department of 
Clinical and Population Sciences Chair, ~ohn Fetrow; and Continuing Education Director, Chuck Casey. Finan:.. 
cial support from conference exhibitors Has provided us with the means to offer you a variety of speakers from 
around the world while keeping the attendees' cost affordable. We sincerely thank these sponsors for their com-
mitment to the swine veterinary professidn. . 

Sponsors: 
University of Minnesota 

College of Veterinary Medicine 
College of Agriculture 
Minnesota Extensiop Service 
University ofMinnesota Swine Center 

Minnesota Board of Animal He~th 
Minnesota Association of Swine Practitioners 

1993 Allen D. Leman Swine Conference 

-Gary Dial 

iii 



Editor 
Ruth Cronje 

Layout and Design 
David Brown 

Cover Design 
Dr. Robert Dunlop 

Printer 
Burgess Printing, 
Bloomington, MN 

The University of Minnesota is committed to the policy that all persons 
shall have equal access to its programs, facilities, and employment with
out regard to race, color, creed, religion, national origin, sex, age, mari
tal status, disability, public assistance status, veteran status, or sexual 
orientation. 

iv "The Evolution of the Swine Veterinary Profession" 



Contents 
Dedication ..................................................................................................................................................... ii 
Acknowledgements ....................................................................................................................................... iii 
Sponsors: ..................................................................................................................................................... iii 
Preface ....................................................................................... ; ............................................................... viii 

General Session 
The Future Role ofthe Veterinarian in the Swine Industry ....................................................................... 1 

H.C.H. Kernkamp Lecture 
D.L. Hank Harris 

Integrated Quality Control of the Pork Production Process ...................................................................... 5 
Martin JM Tie/en, MSc, PhD 

The United States Swine Genome Project .............................................................................................. 11 
Lawrence B. Schook, PhD 

Nutritional Possibilities to Reduce Nutrient Excretion in Pigs ................................................................ 15 
Leo den Hartog 

Learn from the Competition: Lessons for the North American Swine Industry ....................................... 23 
Bill Fleming 

Problems of High Health Herds 
Defining the Problems Associated with High Health Herds: When is High Health too High? .................. 27 

John C. Harding, DVM 
Haemophilus parasuis: The Association of Serovar with Prevalence, Pathogenicity, and Immunogenicity31 

Vicki J Rapp-Gabrielson, PhD 
An update on Streptococcus suis ................................ ; .......................................................................... 35 

Carlos Pijoan and Lucina Galina 
Urogenital Disease: Vulvar Discharges in Female Pigs .......................................................................... 39 

Glen WAlmond 

Porcine Respiratory and Reproductive Syndrome: Biology 
The PRRS Virus ................................................................................................................................... 43 

Michael Murtaugh 
Pathenogenisis ofPRRS ........................................................................................................................ 47 

James E. Collins and Kurt D. Rossow 
Immune Responses to PRRS Virus ........................................................................................................ 49 

Tom Molitor 
Transmission of PRRS Virus ................................................................................................................. 51 

J Zimmerman, SL Swenson, RW Wills, EC Pirtle, KJ Yoon, HT Hill, and MJ McGinley 
PRRS: Diagnosis .................................................................................................................................. 53 

HanSoo Joo, DVM, PhD 

Welfare 
Defining the Welfare Needs of Pigs: Application to Sow Housing Issues ................................................ 57 

John J McGlone 
Developments in Farm Management Practices Relating to Pig Welfare .................................................. 63 

Harold W Gonyou, PhD 

1993 Allen D. Leman Swine Conference v 



Hog Markets 
Current United States Hog Numbers and Price Outlook ......................................................................... 69 

Ron Plain 
Long-Range Export Market Development Strategy for United States Pork ............................................. 73 

Mike Skahill 

Porcine Respiratory and R~productive Syndrome: 
Clinical Management and Control 

PRRS: Clinical Management and Control: Recurrent Infections in the Breeding Herd ............................ 81 
Scott A. Dee, DVM, MS; HanSoo Joo, DVM, PhD 

Recurrent PRRS Problems in Nursery Pigs ........................................................................................... 85 
HanSoo Joo and Scott Dee 

Implications ofPRRS for Purchasing Breeding Stock ............................................................................ 87 
Robert B. Morrison, Dale Spiess, James E. Collins, HanSoo Joo, Tom Molitor, Mike Murtaugh 

A Potential Spontaneous Elimination of the PRRS Virus Infection in a Farrow-to-Finish Herd .............. 89 
Wayne R. Freese, DVM and flanSoo Joo, DVM, PhD 

PRRS Clinical Management and Control: Eradication from Herds ......................................................... 93 
Scott Dee, DVM, MS and HanSoo Joo, DVM, PhD 

Building Design 
Finishing Building Design and Costs ..................................................................................................... 99 

Tim Lou/a, DVM 
A Project Planner's Checklist for Pork Production Units ..................................................................... 107 

Dennis Hodgkinson, P. Eng. 

Meat Sciences I 
Quality Pork in 1993 ..................................................................... : ..................................................... 113 

R.G. Kauffman, R.D. Warner, and R.G. Cassens 
New Developments in Pre-slaughter Handling ofPigs .......................................................................... 121 

Patricia Barton Gade 

Emerging Enteric Problems 
Gastric Ulcers in Pigs and Humans: Comparative Aspects of Etiology and Risk Factors ...................... 129 

Peter R. Davies, BVSc, PhD 
The Problem ofGastrophageal Ulcers: A Field Description ................................................................. 137 

John Deen 
Porcine Proliferative Enteropathy: Eitology and Pathogenesis .............................................................. 139 

Connie J. Gebhart, PhD; Gary F Jones, DVM, PhD; Steven McOrist, DVM, PhD; and Gordon 
Lawson, DVM, PhD 

Immune Development May Determine the Susceptibility of Pigs to Proliferative Enteritis .................... 143 
Patricia Holyoake, BVSc, PhD; and Ross Cutler, BVSc, PhD 

Porcine Salmonellosis: An Immune Paradox ........................................................................................ 149 
Michael Roof MS, PhD 

Clinical and Practice Issues 
The Swine Industry, the Veterinarian, the Future .................................................................................. 157 

Gregg W. Be Vier 

Consulting ·······.················'·················································································································· 159 
James E. Allison, DVM 

vi "The Evolution of the Swine Veterinary Profession" 



Working with the Corporate Client ...................................................................................................... 161 
Jerome 0. Geiger, DVM, MS 

Swine Veterinary Practice: Working with Independent Producers ......................................................... 163 
John T. Waddell, DVM 

Veterinary Practice as a Business ........................................................................................................ 165 
Rodney G. Johnson, DVM 

Meat Sciences II 
Valuing Consumer Willingness to Pay for Meat Treated with Somatropins .......................................... 167 

Brian L. Buhr, PhD 
Effect of Stunning on Pork Quality and Welfare: Danish Experience .................................................... 173 

Patricia Barton Gade 

Enteric Diseases 
Update on Porcine Coronaviruses: Porcine Respiratory Coronavirus (PRCV) 

and Transmissible Gastroenteritis Virus (TGEV) .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . 179 
Linda J Saif, MS, PhD 

Inheritable Susceptibility to K88 Colibacillosis ................................................................................... 187 
David H. Francis, PhD 

Diagnosis of Enteric Diseases of Swine ............................................................................................... 191 
Rodney A. Moxley, DVM, PhD ........................................................................................................... . 

Production Paradigms 
Breeding Herd Paradigms .................................................................................................................... 203 

Mark FitzSimmons, DVM 
Early Weaning Effects on Growth ....................................................................................................... 205 

Marie Claude Poulin, Bernard Couture, and Barry Wiseman 

General Session 
The Evolution of the Veterinarian's Role in Production Management and Health .................................. 211 

Dr. James 0. Hanson address 
Dr. Conrad B. Schmidt 

International Competitiveness ofthe United States Swine Industry ...................................................... ~ 219 
Ron Plain 

1993 Allen D. Leman Swine Conference vii 



viii 

Preface 
The theme for this year's conference, "The Evolution of 
the Swine Veterinary Profession," is the result of sev
eral planning meetings of the University of Minnesota 
Clinical Swine Group. During those meetings, our group 
wrestled with ways in which we could offer you a scien
tifically meaningful meeting while providing a focus on 
more global issues challenging North American swine 
producers. Our premise is that by helping veterinarians 
better understand national and international issues as 
well as by providing access to current clinical informa
tion, we would help you help your swine producer cli
ents become more competitive in the long term. 

-Gary Dial 
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The Future Role of the Veterinarian 
in the Swine Industry 
H.C.H. Kernkamp Lecture 
D .L. Hank Harris 

It is indeed an honor to give the Kernkamp Lecture at 
the first Leman Conference in Minnesota. Before I at
tempt to tackle the topic assigned to me by Gary Dial 
and Bob Morrison, I want to thank my wife, Isabel, for 
her support and dedication to my craziness. Our life 
continues to be fun and adventuresome but I'm a rather 
difficult person to love, live and work with because I 
thrive on risk and change. Isabel has helped me adapt 
my workaholism and more vividly appreciate the mys
ticism of life. Most importantly, she took the ultimate 
risk to bear me two fantastic sons who keep me young 
(at least in mind). Thanks, Ese, for everything. 

My first contact with Kemie was about 20 years ago as 
he stood in the back of the room in Wells, Minnesota 
after I gave a presentation to the local veterinarians one 
evening, and he kept asking me questions for which I 
had no answer. He was always best at encouraging 
people to stretch their minds, to come-up with probable 
solutions to the problems he conceptualized so vividly. 
I first met AI in Champaign-Urbana, Illinois in the same 
year at another veterinary conference. At first I wasn't 
particularly impressed with him-an outspoken exten
sion person who was primarily concerned with educat
ing practicing veterinarians and who wasn't even doing 
his PhD in pigs. We did spend a lot of time in a bar one 
night-an activity rather common for both of us at the 
time-which probably cemented our relationship. 

Predicting the Future 
One cannot predict the future, we can only evaluate the 
changes that occur and ensure that we accept construc
tive change (change that meets societal needs) and use 
it for the common good. We know that pig farms will 
continue to get larger and there will be fewer swine pro
ducers. The practice of food animal medicine will fo
cus more on production and management factors than 
on specific diseases. Very few veterinary students choose 
to emphasize swine medicine, so there will be fewer 

Professor and Chair, Department of Microbiology, Immunology, 
and Preventative Medicine; Colleges of Agriculture and veterinary 
Medicine; Iowa State University, Ames IA 50011. 
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swine practitioners as we know them today. It is impos
sible to predict how many veterinarians will be involved 
in the swine industry in the future, because we don't 
know how quickly and how dramatically the industry 
will change. It is fairly safe to assume that there will be 
a veterinary profession well into the 21st century; how
ever, no one can tell us the role veterinarians will play 
in the swine industry of the future. 

The Educated Person of 
the 21st Century: A Role 
for the Veterinarian 
The future role of veterinarians in the swine industry 
will depend upon how well they do two things: 

• transform data and information into knowledge; and 
• increase profits for pig producers. 

Yesterday's educated person was the intellectual who 
transformed data and information into knowledge. In 
the past, wealth was created by those in control ofland, 
labor, and capital, and they used knowledge they often 
acquired from universities. Now, according to Drucker 
(1993) "the main producers of wealth have become in
formation and knowledge." Managers are the key to 
transforming knowledge into profit. Drucker further 
states that "the educated person (of the future) will there
fore have to be prepared to live and work simultaneously 
in two cultures--that of the intellectual, who focuses 
on words and ideas, and that of the manager who fo
cuses on people and work." Thus, if veterinarians are 
to have an important role in pork production, they must 
be both intellectuals and managers. I wish to specifi
cally describe the "educated veterinarian" of the future, 
whether that individual is in practice, at a company, in 
government or in academia. 

Knowledge 
AI Leman's greatest strength was helping veterinarians 
and producers gain knowledge by constantly seeking 
new information and passing it along to others. Swine 
veterinarians must obtain as much information as pas-
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sible in order to successfully serve the industry. Uni
versities filter information by deeming academics the 

radically results in disease 'episodes' which may be unique 
to that occasion. 

arbiters of valuable information. Al didn't agree with A complex array of impinging factors will continue to 
this and was correct. A1 accumulated information and affect pig performance and profit. Curtis urges all of us 
passed it on rapidly. I was at an academic institution to write about our observations even if our conclusions 
(Iowa State University) untill982. I was a successful have not been scientifically proven. He is echoing Al's 
scientist and was highly sought after as a consultant by approach. of letting the veterinarian discern the good 
biologics and pharmaceutical companies and breeding information from the bad. The new journal, Swine 
stock suppliers. I was an intellectual snob: I thought I Health and Production, should be an excellent place 
. knew what knowledge practitioners needed and believed for information of this type. I trust that all veterinar
that the University was the only valid source of "fil- · · ians with a role in swine production (practitioners, com
tered information." I couldn't have been more wrong. .pany and government employees and academicians) will 
Eleven year later, after helping to start a biologics com- share equally in selecting and submitting qualified· ar
pany, raising pigs on an extensive 150-sow farm in tides for publication. 
Missouri with Isabel, and participating in a senior man- · 
agement team of a major breeding stock company, 1 Veterinarians' education must provide them with the 

tools to convert information into useful knowledge. In realize I have received most of my education in the past 
the past, most new information was created by univer-

11 years! Luckily, achieving the DVM degree motivated 
sities. This is no longer true. Universities are creating 

and stimulated me to continue to acquire information less information and the access of extension to infor
as well as learn managerial concepts. 

mation and resources is increasingly limited. More and 
You may ask, "Then what is the role of the university?" more the. new information that contributes directly to 
Again, one cannot really predict the future of the uni- . profits is being created outside of the University. Uni
versities, but they will be different than now. Universi- versity/company alliances will become more common 
ties will certainly be more accountable and no longer for research and development but the information gen
filter information for their graduates. The university erated will be initially controlled and distributed by in
must produce students who are motivated to life-long dustry. Therefore, it is critically important that the vet
learning and who can determine the difference between erinarian be able to determine what information is good 
good and bad information on their own. The educated and what is bad·for the pork producer. Al knew this, 
person of the 21st century will not depend upon the which is why he was constantly tossing out new infor
university for knowledge but will mainly use it as a mation and challenging us to convert it into useful 
place to learn how to learn. knowledge. 

If information does not come exclusively from univer
sities, where does it come from? It is all around you as 
you practice veterinary medicine and participate in the 
work of producing pork. The key is to sort the good 
information from the bad and to convert it into knowl
edge that can increase profits. (Ken Woolley, founder 
and former president of Pig Improvement Company, 
once told me that one of his main jobs as a manager 
was determining which of my ideas were good ones!) 
To me, environmental medicine as described by Curtis 
(1990) illustrates perfectly how swine practitioners must 
take a more pivotal role in contributing to our informa
tion base. To Curtis, 
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... environmental medicine is concerned with all the fac
tors on the farm which (sic) impinge on the animals kept 
there. Environmental medicine is not simply concerned 
with rainfall, wind speed and climatic effects, but with 
many other inputs including housing, economic factors and 
theories, human and animal behavior, philosophical con
cepts, microbial agents, drug and vaccine use, food palat
ability and nutrition. It is concerned with the interaction 
of these factors which proceeds at a variable rate and spo-

To i.Jnderstand and transfer knowledge regarding envi
ronmental medicine to improve profits; one must have 
learned the basics of medicine. Universities are doing a 
satisfactory job of teaching medicine. Unlike many oth
ers, I doli 't believe we need to overhaul the veterinary 
curriculum in our colleges. Nor do I believe that we 
need to make a special effort to recruit swine practitio
ners before they enter veterinary schools. I do believe 
that we need better teaching methods, methods that are 
based primarily on computer technology and individu
alized learning, with one-on-one mentoring by the fac
ulty and veterinarians from the private sector. To me, 
the DVM degree, because it teaches medicine, provides 
a unique opportunity for veterinarians to play a pivotal 
role in the swine industry of the future. However uni
versities change (and change will be slow}, veterinary 
colleges must continue to teach medicine. A veterinar
ian with an understanding of medicine coupled with 
knowledge of production and management is a tremen
dous asset to the pork industry. 

"The Evolution of the Swine Veterinary Profession" 



Future roleo[the veterinary profession in the swine industry 

At the same time they are learning medicine, however, 
students must learn how to acquire information and how 
to process it into knowledge. First, students and veteri
narians must identify the leading experts in swine in
dustry. They must contact and/or listen to these people 
at meetings and use them as a source of information. 
Personal interaction and/or apprenticeships with the 
experts to seek new information will become even more 
important. Veterinarians should try to become recog
nized as an expert in a specialized area and be a source 
of information for their peers. Your peers are more likely 
to share information with you if you have something of 
value to share with them. 

Students (and veterinarians) must also increase their 
use of computers to gather, store and recall informa
tion. I am constantly frustrateq and appalled by how 
few veterinarians in practice, industry, academia, and 
government use computers. Greg BeVier and I proposed 
in 1984 that within 2 years, over 1000 swine veterinar
ians would be linked by electronic mail (EM). At last 
count, 250 AASP members were signed on to a com
mon EM network. Compared to about 100 EM users in 
1989, this is progress, but we certainly did miscalcu
late. Currently, electronic mail is one of the best ways 
to communicate between individuals because it allows 
you to file information electronically and eliminate tele
phone tag. Beware, computer technology will be the 
main means to communicate and retrieve information 
in the future. I predict that in the future, computers and 
interactive technologies will be extensions of our brains 
am! used for learning starting at a very young age. When 
this occurs, converting data and information into knowl
edge (and using it later in problem-solving) will seem 
like second nature to the student. 

Increasing Profits 
A knowledge of disease agents per se will continue to 
be oflesser importance to the profitability of pig farms. 
This, of course, is because individual causes of disease 
are rarely responsible for economically detrimental 
events. We will continue to study individual causative 
agents of disease, but we must not overemphasize their 
importance with emotionalism and sentimentality. The 
pork producer of the next century will no longer en
dorse national disease eradication schemes for the sake 
of protecting the breeding stock supplier. Indeed,< 
tomorrow's producer will need to be able to avoid dis
eases caused by either individual or multifactorial in
fectious agents. 

There are several swine veterinary consultants who are 
very successful because they increase the profitability 
of their clients farms. These consultants, in general, 
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don't make recommendations unless they know or can 
reasonably predict the financial impact of their advice. 
Irishorl;ifa veterinarian can combine financial knowl
edge with the knowledge of environmental medicine, he 
or she is in an excellent position to improve the profit
ability of a pig producer's operation. 

Many veterinarians and new DVM graduates, however, 
lack managerial skills. These skills can be readily ob
tained with course work or seminars at various busi
ness colleges, universities, or training organizations. 
These courses should emphasize financial and people 
management. In addition, students and veterinarians 
must become proficient at analyzing production records. · 
Several articles have been published in recent years that 
address these issues specifically(see suggested reading 
list). Becoming an owner of a pig operation is one way 
to develop managerial skills, but not the only way. Many 
excellent managers have been trained without experi
encing the financial risk of ownership. 

A Few Words of Caution Regarding 
Profit 
Do not seek increased profits that are a detriment to the 
welfare of pigs, the environment, and your ethical stan
dards. There is a tendency for veterinarians to become 
owners of or to profit-share in pig production units. 
Such approaches are very helpful in developing knowl
edge regarding the fmancial aspects of pork production 
and can be financially rewarding. However, you place 
yourself in a position of being accused of "conflict of 
interest," especially in litigious or regulatory contro
versies. 

The Educated Person 
We tend to think of the educated person as being an 
intellectual, possibly even an academic. As I look around 
the audience today, however, I see many examples of 
the educated person of the 21st century. Two things set 
you apart: 

• you routinely convert data into information and then 
transform it into knowledge;. and 

• you are managers. 

You don't need a University to tell you what informa
tion is useful for your clients or your businesses. As 
managers, you can balance technology, people and work. 
Perhaps it is the sense of achievement that accompa
nies the DVM that motivates you to continue to learn. 

Dr. Kernkamp epitomized the educated person of the 
past. According to Drucker, in the "new knowledge" 
(post-capitalist) society, labor, land, and capital will be 
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secondary to possessing knowledge. The true intellec
tual is an addicted achiever committed to life-long learn
ing, one who can convert data and information into 
knowledge. Acquiring and using managerial skills is 
also a life-long commitment and will be necessary for 
profitable pork production. The veterinarian's role in 
pork production should be that of the educated intellec
tual, one who can transfer knowledge into profits. Al 
epitomized the educated person of the 21st century and 
provided you with a role model of the veterinarian in 
the swine industry of the future. Thanks, Al. 
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Integrated QualityContfol ofthe 
Pork Production Process·~- · 
Martin J.M. Tielen, MSc; PhD 

. ' . . 

In the last 15-20 years there has been an enormous in
crease in pig production in the European Comnionwealth 
(EC). This increase is concentrated mwestem Belgium, 
Brittany in France, northern Germany ap.d the south
eastern Netherlands. Because of its high production 

. capacity, the Netherlands exports 65% of its product to 
· other EC countries, which places a demand for high 
quality standards on Dutch pork.Pig.health.affects two 
characteristics that are important to these export mar-
kets: · · · · 

• · the health status of the product; and 
• the quality of the product. . 

Health status of the· 
product 

. Quality of the product 
hi the past, attention was paid only to the commerCial 
quality of the product in the slaughterhouses and at the 
retail market. Carcass quality, lean:fat composition and 
meat quality are very important determinants of pork 
quality. Recently, the safety of pork has become an in
creasingly important factor in consumer demand. Con
sumers require that pork be' free of drug residues and 
zoonoses. Because it is almost impossible to monitor 
each individual pig at slaughter, the producer must pro
vide guarantees as to the health status of the pig and the 
use of drugs in the production stage. - · 

In the last few years, another new consumer criteria 
has been introduced: the emotional factor. The consumer 
is more aware of the way the animal is handled during 

It is difficult to eradicate pathogens from these high.. . production, and is demanding health and welfare ·re
density pig production-areas in Europe, as evidenced . quirements for the pig. Only producers are in :the posi
by the enormous efforts necessary to eradicate hog chol- tion to ensure the welfare of their animals, although 
era outbreaks in the western part of Belgium and in the they are monitored by ail external verifying organiza-
Netherlands. ·lt is much easier tQ introduce new p'ath6..:. · ... tion. . 
gens into these pig-dense areas thari to· eradicate· old 
ones. In the last 15 years we have been confrontedwith Integrated Quality 

· several''new"diseasesinthesouthempartoftheNeth- Control · ··.. · . 
erlands, such as Actinobacillus (Haemophilus)- ____________ ...;.. _____ _ 

pleuropneumoniae, porcine parvovirus (PPV), trans- In order to judge the quality of a pig, one must collect 
missible gastroeneteritis (TGE), pseudorabies virus, information about health status and the housing and 
porcine epidemic diarrhea, porcine influenza, etc. There management system used to produce that pig. The qual
are now more pathogens continuously present in pig ity of the product can be improved by enhancing the 
production units than ever before, pathogens that can production envirpnment. Toward this end, the Nether;. 
cause both clinical or subclinical diseases.1 To ensure· lands has developed an Integrated Quality Control(IQC) 
the health status of pork, therefore, it is no longer suffi...: system. IQC has two purposes:2 · · 

cient to control the product in the slaughterhouse. We 
must know about farm conditions and the health status • To bring relevant infoi'lll3.tion about disease history, 

production results and drug administration from the 
. of the animals on the farms to guarantee the health sta- farms to the meat inspector in the slaughterhouses. 

tus of the product for the export market. Using this information, the inspector can more ad-

Animal Health Service in the Southern Netherlands, PO Box 4, 
5280 AA BOXTEL, THe Netherlands; Veterinary Faculty, Dept.· 
of Herd Helaht and Reproduction, State University Utrecht, The 
Netherlands. 
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equately guarantee the quality and safety of the prod
uct, and can test this by random sampling. 

• To feed back the most relevant information about 
pathological, bacterial, serological and biochemical 
findings from the animals at the slaughterhouse to 
the producer. Producers, along with their advisers, 
can use this information to detect chronic disease 
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problems and can seek to improve the environmental 
factors that influence the occurrence of these ·dis
eases. 

IQC-project 

Methods 
In September 1988, the IQC project3 began with grow
ing pigs from approximately 400 fmishing farms to in
vestigate how the IQC system could contribute to im
proving quality in pig production. 

Slaughterhouse data 
To control herd. health, it was necessary· to develop 
monitoring and surveillance systems to trace and treat 
animal diseases. For many years the Animal Health. 
Service (AHS) in the southern Netherlands has closely 
monitored the health of finishing pigs on farms. As a 
result of several epidemiological studies in the Nether
lands, 4 the AHS developed a monitoring system that 
uses meat inspection information about lung and liver 
disorders in finishing pigs at the slaughterhouse. This 
system also provides the opportunity to investigate such 
epidemiological factors as:· 

• geographical and seasonal trends; 

• variation in prevalence of pathological lesions among 
herds; and 

• the influence of management, housing, and climatic 
conditions on the occurrence of diseases. 

One of the purposes of the IQC project was to study the 
usefulness of extending the existing monitoring system 
to monitor pathological lesions at slaughter. 

Slaughter lesions 
Inspectors observed carcasses on the slaughter line, 
noting the number and severity of disease lesions. The 
influence of pathological lesions on growth performance 
was studied in fmishing pigs originating from 155 pig 
herds. Two different methods were used to estimate the 
relationship between pathological lesions and growth . 
performance. 

Data from two large regional abattoirs in the Nether
lands were used to study the prevalence of pathological 
lesions in finishing pigs.5 Slaughter inspectors applied 
a data system including 11 codes for pathological le
sions. Approximately 325,000 finishing pigs originat
ing from 214 pig herds were inspected. 

6 

Serological screening 
Serological sampling involved approximately 100 fin
ishing herds. In order to collect blood samples on the 
slaughter line, pigs ofherds to be sampled were flagged 
when they arrived at the slaughterhouse. It was then 
possible to collect blood samples at the slaughter line 
from pigs of the preselected herds and to register the 
identification numbers of the sampled animals. Approxi
mately 4% ofthe fmishing pigs delivered at the slaugh
terhouses were sampled during a period of 6 months. 
Per herd, approximately 50 samples were tested. 

On-farm data 
In the study, epidemiologic analyses were carried out to 
investigate the relationships among: 

• farm facilities and management and 

• the prevalence of pathological findings, clinical ob-
servations and drug use. 

We wished to investigate whether improvements in farm 
management and conditions could prevent clinical and 
subclinical disease problems and decrease the need to 
administer drugs. 

We collected on-farm data in 45 pig finishing herds. 
The relationship between the prevalence of specific 
pathologic findings and farm management and housing 
conditions was studied in 214 pig finishing herds. 

The following on-farm data was collected: 

- housing conditions (buildings, construction); 

-management conditions (ali-in/all-out, pig origin, vac-
cinations); 

- biosecurity (cleaning, disinfection, entrance lock); 

-clinical observations (coughing, sneezing, diarrhea); 
and 

-drug administration (individual and groups): On 100 
farms, producers were asked to record all drug admin
istrations in a logbook. A total of 1908 fmishing pig 
groups were recorded. 6 At the end of the data collection 
period, 81 farms were able to provide reliable informa
tion for 1.5-year recording period. 

Statistical analysis 
We used the X2 and the Student's t.:.test to analyze the 
results. Associations between slaughterhouse findings, 
use of drugs and farm management and farm condi
tions were analyzed by logistic regression and by 
corresponding the Odds Ratios. 
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Results 

Serological screening 
Figs 1 and 2 show. the results of the serological screen
ing of antibodies against pseudorabies virus, porcine 
influenza virus serotypes H 1 N1 and H 3N2, and A. pleuro
pneumoniae serotype 2 and 9 for the provinces North 
Brabant and Gelderland, as well as the occurrence of 
seropositive pigs. All diseases except APP serotype 9 
were more prevalent in North Brabant than in 
Gelderland. Pig density is two times higher in North 
Brabant than in Gelderland. ~I pathogens being tested 
were present in the population, although the prevalence 
of seropositive pigs varied widely among farms. -

Correlation with farm facilities and 
conditions 
A number ofhousing and management conditions, which 
probably play a role in the spread of disease, were as
sociated with the seroprevalence of pathogens: 

• Completely separate rooms in a pig unit and a consis
tent vermin control program ·are associated with a 
lower percentage of pigs seropositive for PRV in 
herds. 

• No contact between the pig herd and persons other 
than the veterinarian, herdsman or nutritionist are 
associated with a lower percentage of pigs seroposi
tive to porcine influenza serotypeH1N1• 

Slaughter lesions and growth 
performance. 
Pigs that originated from herds with a high percentage 
of animals seropositive to PRY, porcine influenza sero-
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Fig. 1. Percentage of pigs seropositive against 
Aujeszky's disease virus (ADV), Actinobacillus 
(Haemophilus) pleuropneumoniae (App.) serotype 2 
and 9 and porcine influenza virus (PI) serotype H,N, 
and H3N2 in the provinces of Gelderland (N = 1700) 
and North Brabant (N = 3000). 
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type H 3N2, or A. pleuropneumoniae serotype 2 had a 
higher prevalence of respiratory lesions at slaughter. 

All recorded pathological lesions have a distinct nega
tive influence on growth performance (Table 1). 

There were significant differences among herds in the 
prevalence of pigs with lesions and also between pigs 
slaughtered in the two different slaughterhouses. Sev
eral lesions demonstrated a seasonal variation in preva
lence. 

The results revealed that diarrhea in particular is asso
ciated with a higher prevalence of abscesses in the lungs, 
inflammation of the tail, arthritis and bacteriological 
examinations (BE) in pigs at slaughter. As expected, 
the results of records of climatic conditions revealed 
that particularly in cold weather, high air velocities, 
which result in high cooling gradients, are associated 
with a higherprevalence of pneumonia in pigs at slaugh
ter. 

Drug use 
Logbook records indicate that drug use to treat or pre
vent disease was still high. In only 12.5% of the fmish
ing groups(± 25 kg to slaughter) were no drugs admin
istered (Table 2). In 43.7% of the groups, both indi
vidual treatments and group treatments were adminis
tered. 

Table 2 shows that farm management factors are asso
ciated with the use of drugs. In farrow-to-finish herds 
or herds that purchase feeder pigs from only one multi
plier herd, there is clearly less drug use than in farms 
that purchase feeder pigs from many different sources. 

70 

A_DV App. 2 App. 9 PI H1N1 PI H3N2 

E222l N.Brobont D Gelderlond 

Fig. 2. The occurrenceof seropositive pigs on farms 
in percentages with respect to pseudorabies virus 
(PRV), Actinobacillus p/europneumoniae serotypes 2 
and 9 and porcine influenza virus serotypes H1N1 

and H3N2 (51 farms with more than 20 serum 
samples per farm). 
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In general, the following housing and farm management 
characteristics were associated with lower drug use 
during the fattening period and a lower prevalence of 
lesions in pigs at slaughter: 

Manufacturing Practice. All animals in the production 
chain must be identified and registered. Participants who 
meetthe IQC-requirements become an IQC-vignet. Pigs 
produced out of this IQC-system are certificated IQC
ptgs. • closed pig herd 

• ali-in/all-out system 
• small, completely separated compartments ( < 100 

The IQC system is a reliable way for Dutch pig pro
ducers to improve the quality of the pig products and 
ensure their position in the international market. pig places) 

• an indirect air inlet 
• presence of a heating system References 
• mechanical ventilation 
• partially slatted floor 
• pig density per pen that meets the norm ( 0. 7m2/pig) 

l.Tielen M.J.M.: Respiratory diseases in pigs: incidence, 
economic losses and prevention in the Netherlands. In: 

• consistent cleaning and disinfection procedures Verstegen M.W.A. and Henken A.M., eds. Energy me
tabolism in farm animals. Effects ofhousing, stress and 
disease. Current topics in vet. med. andAnim Sci 1987, 
3 21-26. Martin us Nijho:ff Publishers, Dordrecht, Bos
ton, Lancaster. 

• strict disease entrance prevention 

Creating these conditions on farms provides an optimal 
environment for the pigs to prevent clinical and sub
clinical disease outbreaks. 

Discussion 
Table 1. Prevalence of pathologic findings in slaughter pigs and 

Based on the experiences with this IQC corresponding daily gain (g/d) in the fatting period (1987-1988) 

project, the Dutch Meat and Livestock 
Commission has developed rules for an Variation between herds 
IQC-certification. All participants in a Growth 
production chain, organized by the Mean fattening 
slaughterhouses, must meet minimal re- Pathologic finding prevalence Lowest Highest period (g/d) 
quirements to take part in this IQC-sys- Pigs without lesions 729 
tern. The slaughterhouses are obligated 
to feedback the pathological and serologi- Pleurisy 14.3% 1.5% 26.5% 685 

cal information to producers and their Pneumonia 10.0 4.1 25.8 687 
farm advisers as well as to the Animal Severe· pleurisy 2.7 0.6 8.0 692 
Health Service. Producers are required to Lung abscess 0.3 0.0 1.7 682 
register disease outbreaks, mortality, drug 
administration and vaccination, and must Leg inflammation 1.3 0.0 4.5 682 

meet minimal requirements in housing Arthritis 0.7 0.0 2.2 658 
conditions (ali-in/all-out, partially slatted Tail inflammation 0.9 0.0 2.8 685 
floor, etc). Veterinarians for these herds Skin lesions 0.3 0.0 1.3 676 
must be members of the Good Veterinar-
ian Practice. Feed factories and slaugh- Affected Livers 0.5 0.0 2.0 697 

terhouses must be members of the Good In bact. Examination 0.4 0.0 2.0 666 

Table 2. Associations between number of sources of pigs and drug administration in the finishing period. 

Number of finishing Percent of drug-free Distribution of the treatments Mean 
Origin of the piglets periods finishing periods Group Individual Both mortality rate 

Closed pig herd 684 20.2% 5.7% 57.6 36.7 1.2 

1 multiplier 600 10.5 3.5 56.3 40.2 1.1 

2 multiplier 348 7.8 3.4 43.9 52.7 1.7 

3+ multipliers 276 4.0 6.0 40.0 54.0 2.0 

Total (t)/mean (m): 1908 (t) 12.5 (m) 4.6 (m) 51.7 (m) 43.7 (m) 1.4 (m) 
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2.Tielen M.J.M. and Elbers A.R.W.: Experiences with studies in lesions in finishing pigs in the Netherlands. I. 
Integrated Chain Control for pig production in the Neth- Prevalence. Seasonality an interrelationship. Prev. Vet. 
erlands. Proc. 6th Int. Congr. on Anim. Hygiene 14-17 Med. 1992,217-231. 
june 1988, Skara, Sweden, Vol I, 227-31. 

3.Elbers A.R.W.: The use of slaughterhouse informa
tion in monitoring systems for herd health control in 
pigs. Thesis State University, Utrecht 1991, 152 pp. 

4.Tielen M.J.M.:Incidence and prevention by animal 
care of lung and liver affection of fattening pigs. The
sis, Agricultural University, Wageningen, The Nether
lands, 1914, 141pp. 

5.Elbers A.R.W., Tielen M.J.M., Snijders J.M.A., 
Cromwijk W.A.J., Hunneman W.A.: Epidemiological 
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6.Elbers A.R.W., Cromwijk W.A.J., Hunneman W.A. 
and Tielen M.J.M.: Logbook recording on pig finishing· 
farms in an Integrated Quality Control (IQC)-project. 
Dutch Journal ofVet. Medic. 1990, 115: 249-61. 

Fig. 1. Percentage of pigs seropositive for psuedorabies 
virus (PRV), Actinobacillus (Haemophilus) 
pleuropneumoniae serotypes 2 and 9 and porcine in
fluenza virus serotypes H1N1 and H3N2 in the provinces 
ofGelderland (n = 1700) and North Brabant (n = 3000). 
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The United States Swine Genome 
·Project 
Lawrence B. Schook, PhD 

Present United States . 
Gene Mapping Activities · 
II). the past several years, there. has. qeen a tremendous 
interest world-wide in unraveling the genetic maps of 
food animals (Gillois,)991;Schook, etal.; 1991). It is 
anticipated that by developing genetic maps of farm 
animals, genetic improy~ment of livestock can proceed 
at a greater rate than what was achievable with tradi
tional phenotypic selection programs (National Animal 
Genetic Resources, 1990). Methods associated with 
recombinant DNA and related technology are rapidly 
being developed through the Human Genome Project. 
Researchers have quickly implemented such approaches 
to map the genes of domestic animals .. 

The swine gene-mapping effort has been organized . 
within the past two years (Andersson et al., 1993). In 
Europe, the PiG MaP Program represents ah Economic 
Commnity (EC)-funded BRIDGE programthatcOJ;n
prises over 17laboratories inmost EC andScandina
vian countries (Archibald et al., 1990). This coordi
nated effort has already. made significant progress in 
developing powerful re~gents and in constructing a link
age map. In the United States, several efforts have been 
initiated. These include establishing a cooperative re
gional project entitled "Mapping the Pig Genome" 
(NC21 0) and a National Animal Genome Research Pro
gram (NAGRP). The NAGRP project is a high-prior
ity program of the USDA, and will coordinate mapping 
activities for cattle, poultry, and sheep as well as for 
pigs. The goal ofthese efforts is to provide the genetic 
information and molecular tools to allow breeders to 
select animals for increased health and productivity. As 
the United States swine industry continues to integrate, 
future practitioners and producers will use this infor
mation to screen herds and founder animals for various 
genetic parameters. Suchgenetic testing will probably 
be performed at both private and state laboratories. 

Department of Veterinary Pathobiology, University of Minnesota. 
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Strategies and 
Mechanisms for 
Coordinating Genome 
Mapping Activities ·· 
There are a ·number. of established methods for con
structing physical and genetic maps ofplants and ani
mals (Gillois, 1991). The CSRS Cooperative Regional 
Project, Mapping the Pig Genome (NC210), has estab
lishedthe following objectives: 

• To develop a comprehensive genetic linkage map of 
the pig: A number of new genetic markers have been 
identified that can be used to establish a linkage map. 
Most efforts have focused on the application of the 
polytnerase chain reaction {PCR) to permit the 
screening of large numbers of animals using blood 
or tissue samples. A reference family for mapping 
genes will be developed using animals provided by 
the Meat Animal Research Center, Clay Center, NE, 
Iowa State University and the University of Illinois. 
Also, scientists may be linked with a common data
base network to·expedite their research efforts. 

• To develop a comprehensive physical gene map of 
the pig: The physical mapping effort requires cell 
lines and the ability to identify individual swine chro
mosomes using cytogenetics. Chromosomes can be 
physically separated and cloned to build a "library" 
ofgenetic markers of an individual chromosome. In 
addition, it is possible to visually examine the bind
ing of a given piece of DNA to an individual chro
mosome through a technique called fluorescence in 
situ hybridization (FISH). 

• To establish procedures for the preservation of ge
netic material by the development of immortalized 
porcine cell lines: This approach provides a source 
of large amounts of DNA and enzymes from spe
cific animals for future uses. This approach allows 
researchers to easily distribute DNA and cells from 
individual animals rather than the animal itself, low
ers maintenance costs, and eliminates the need to keep 
animals for long periods of time or deal with finite 
lifespans. . . · 
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The project is comprised of researchers from Iowa Il
linois, Kansas, Minnesota, Missouri, Wisconsin and the 
USDA Agriculture Research Service in Beltsville MD 
and Clay Center, NE. ' 

In the 1990 Farm Bill, Congress mandated a National 
Genetics Resources Program (NGRP), which includes 
animal, plant and other genetic resources of economic 
importance to food agriculture. As Figure 1 shows, the 
NAGRP is one of the major activities of the NGRP. 
~y scientist who wishes to participate in the program 
1s a member of the Animal Genome Technical Commit
tee, which is comprised of the subcommittees for each 
individual species. Program leadership is provided by 
Species Executive Committees (elected Chair, elected 
Secretary and the CSRS selected Species Coordinator). 
These groups are scheduled to meet several times an
nually with practitioners and producers to allow the . 
swine industry to rapidly implement the new informa
tion and technologies. 

Cattle Coordinator Sheep Coordinator 

1National Animal Genome Research Program 
2 National Animal Germplasm Program 

The College of Veterinary 
Medicine, The University 
of Minnesota 

Institutional Qualifications and 
Commitment 
The College ofVeterinary Medicine (CVM) at the Uni
versity of Minnesota has exceptionally well-qualified 
scientists in the area of swine genome mapping. Dr. 
Charles Louis has received two competitively funded 
USDA grants to 1) defme the role of the ryanodine re
ceptor in swine muscling and, in collaboration with Dr. 
Joan Lunney at USDA-Beltsville, to 2) generate 
microsatellite markers for PCR genotyping of chromo
some 6, which encodes the ryanodine receptor. Minne
sota swine producers can send samples to Dr. Louis' 
laboratory, which uses molecular genetic techniques to 
monitor pigs for the ryanodine receptor mutation asso
ciated with porcine stress syndrome. 

Swine Coordinator Poultry Coordinator 

Figure 1. Organization of the National Genetic Resources Program (NGRP). Reprinted with permission from 
R. Frahm, USDA 
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Dr. Michael Murtaugh's laboratory is a world leader in 
cloning and characterizing swine cytokine genes. These 
genes encode proteins that regulate the irninuiie response 
of pigs and, through understanding their regulation, 
producers can either select for specific genotypes or 
modulate immune responsiveness by controlling 
cytokine production. In addition to being a collabora
tor with Drs. Louis.and Lunney, Dr. Murtaugh's labo
ratory is responsible for an animal cytokine database 
and receives funding from the International Union of 
Immunologists. 

Dr. Thomas Molitor has participated in many ways with 
various objectives of the NC210 Regional Project. Dr. 
Molitor has been involved in the development of im
mortalized porcine cell lines. In addition, he adminis
ters with Dr. Murtaugh the CVM's Flow Cytometer 
Facility. Dr. Molitor is also involved with sorting swine 
chromosomes to construct libraries, and in characteriz
ing the genetic control of swine immune responses. 

In July, 1993, I joined the CVM faculty as the new 
Chair of the Department of Veterinary PathoBiology. 
My research has focused on establishing a porcine link
age map of genes that control disease resistance, growth 
and development, and reproductive traits. These efforts 
have been supported by grants from the National Pork 
Producers Council (NPPC) and the USDA. The USDA 
competitive grant supports a unique collaborative ef
fort between the CVM and the gene mapping program 
lead by Dr. Craig Beattie, Meat Animal Research Cen
ter-ARS, Clay Center, NE. This collabor<;ltive program 
pools the expertise at both sites to facilitate research 
efforts. In addition, we have cloned and characterized 
the genes that make up the swine major histocompat
ibility complex. These genes are involved in the control 

The United States Swine Genome Project 

clition to the specific programs highlighted above, the 
close l!nks and collaborative relationships among sci
entists in the University of Minnesota Department of 
Animal Science and the CVM are significant. The Uni:. 
versity ofMinnesota Swine Program is university-wide, 
and works freely across traditional departmental barri
ers. Scientists from both the Department of Animal 
Science and the CVM are now being located. together 
to provide an environment that stimulates continued 
integrated approaches to swine health and production. 
The CVM has also expanded the scope of the Cytoge
netics Laboratory to permit the development of FISH 
to facilitate swine gene mapping. This effort is signifi
cant and represents the only dedicated laboratory in the 
United States. Its success is due to the excellent col
laborations between scientist studying both animal and 
human genes. 

In addition, the expertise of the scientist in the Medical 
School and the College of Biological Science who are 
actively involved in mapping and identifying genes in 
both human and animal models provides a unique re
source at the University of Minnesota. 

Addendum 
Information regarding the National Animal Genome 
Research Project (NAGRP) can be obtained from Dr. 
Richard Frahm, USDA-CSRS, Agriculture Box 2220, 
Washington, D.C. 20250-2220 (fax: 202-401-4888). 
The NAGRP Newsletter can be obtained by contacting 
Dr. Harris A. Lewin, 1201 West Gregory Drive, De
partment of Animal Sciences, University of Illinois, 
Urbana, IL 61801 (fax: 217-244-5617). 
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Nutritional Possibilities to Reduce 
Nutrient Excretion in Pigs 
Leo den Hartog 

_ In most countries of the European Community (EC), 
pig production has become more· intensive· during the 
last decades. In the EC, pig production is concentrated 
in some areas (e.g., Bretagne, the Po Valley, West Bel
gium, the southeastern Netherlands,Niedersachsen). De
velopment of strawless systems in the sixties and tech
nological development in feeding and housing systems 
has led to an increase in the number ofpigs per labor 
input. Intensifying and concentrating the number of pigs 
has meant fewer farms with pigs but more pigs per farm. 
In total, the number of pigs has increased, and, in cer
tain parts of Europe, an increased environmental load 
has been the result. 

At the beginning of the 1980s, it became clear that many 
agricultural holdings were using more animal manure 
than was environmentally hygienic. This caused an un
acceptable concentrations of minerai· pollution in the .. 
soil, surface water, and groundwater by nitrogen and 
phosphate (a phenomenon known as the minerals sur-
plus). . 

Ammonia, which is released as soon as the manure 
comes into contact with air, contributes to the acidity 
of the atmospheric and the soil. Research in pig pro
duction has consequently focused ways to reduce envi
ronmental pollution by decreasing: 

• slurry volume; 
• mineral excretion; and 
• ammonia volatilization. 

Phased approach 

a picture of the mineral flow on their holding and help 
them apply these substances effectively. Thus, produc
ers will be able to personally monitor the extent of the 
minerals surplus on their holding. But no matter how 
efficiently producers manage their holdings, there will 

· always be a certain proportion of minerals not taken up 
by·crops that enters the environment. The government 
is therefore to introduce a 'loss standard.' 

At present, livestock farmers are still subject to the sys
tem ofmanure production rights. This system is based 
on the quantity of phosphate that originates from the 
animal manure that a livestock farmer is entitled to pro
duce. To introduce a system in which producers are in
dividually responsible, there must be a reasonable bal
ance between manure production and manure disposal. 
To achievethis, in 1995 manure production rights will 
be reduced 3 0%, once only,· from the reference quanti
ties of 1986. 

By changing the diet composition or the feeding strat
egy, the amount of phosphate in the manure can be re
duced. The ratio of phosphate:nitrogen in manure used 
for fertilization should be at a maximumof 1:2.6. This 
should reduce ammonia emissions 70% by the year 2000 
relative to 1980. 

Excretion of phosphorus 
and nitrogen 
It is unclear whether pigs excrete more minerals than 
they retain. This efficiency cannot be 100%, because 
inevitable losses take place in each metabolic process. 

The policy to reduce environmental pollution is divided Table 1 presents the intake, excretion and retention of 
in three phases. Phase 1 (1987-1990) was aimedatsta- some minerals in pigs. It can be concludedthatanaver
bilizing the problem. Phase 2 ( 1991-1994) is aimed at age of 60%-80% of the nitrogen and phosphorus that 
gradually reducing environmental pollution by tighten- are ingested are excreted and that more than 90% of the 
ing utilization standards. Phase 3 (1995-2000) will be potassium ingested is excreted. 

aimed at further tightening the standards, achieving an · Table 2 schematically shows the nitrogen and phospho
environmental equilibrium both for phosphate and for rus distribution in a pig. Jn total, 20% ofthe nitrogen 
nitrogen. pigs consumer is excreted through the feces. 

In 1995, the livestock production sector is to start us~ It is assumed that 52% of the protein is ideal protein 
ing minerals accounting as a management instrument. while 10% of the digested protein is used for mainte
Keeping minerals accounting records will give farmers nance purposes. This means that 44% of the consumed 
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Table 1: Intake, excretion and retention of nitrogen, 
phosphorus and potassium in pigs (Jongbloed and Lenis, 
1993) 

Feedstuffs and 
digestibility 

Piglet Growing pig 
Breeding 
sow (19.6 

piglets/year) 

When producers choose more-digestible 
feedstuffs, it can reduce the amounts of nitro
gen and phosphorus the pigs excrete. Digest
ibility can be negatively affected by different 
components. Graham et al (1989) showed a 
nonsignificant improvement of ileal and fecal 
nitrogen digestibility after beta-glucanase was 
added to barley based diets. Huisman and Le 
Guen (1991) reported an increase in ileal di
gestibility after including ANF-freepeas in a 
pig diet compared to raw peas (86 vs. 72%). 
Mineral excretion can also be reduced by de-

(9-25 kg) (25-1 06 kg) 
intake (kg) 0.94 6.32 

nitrogen excretion (kg) 0.56 4.24 
retention (o/o) 40 33 
intake (kg) 0.21 1.22 

phosphorus excretion (kg) 0.13 0.82 
retention (o/o) 39 33 
intake OAO 2.89 

potassium excretion (kg) 0.36 2.73 
retention (o/o) 9 6 

Table 2: Scheme of protein and phosphorus 
utilization by the pig (%) 

Protein in diet 
Digested 
Ideal protein 

Losses 
100 --
80 20 
52 28 

Maintenance 8 
Available for growth 44 14-19 

Deposited 25-30 Total losses: 70-75 

Phosphorus in diet 100 --
Digested 35 65 
- production 25 
~ maintenance 
-surplus 

5 
5 
Total losses: 75 

27.78 
22.42 

19 
6.56 
5.42 
17 

14.66 
14.22 

3 

creasing the secretion of endogenous nitrogen 
or phosphorus. Table 3 presents the average endogenous 
nitrogen secretion of a pig of 50 kg. In total1649 mg 
nitrogen per kg metabolic weight is secreted(= 31 g per 
day). Part of the endogenous protein will be absorbed 
again. Table. 3 shows that 71% of the endogenous pro
tein comes from the small intestine. 

Makkink et al. (1992) determined the apparentand real 
digestibility coefficients of nitrogen in skim milk pow
der, soybean meal, soy isolate, and fish meal by piglets 
after weaning. Table 4 presents the true and apparent 

Table 3: Endogenous nitrogen secretion by a pig of 
50 kg (mg nitrogen/kg0-75) (Buraczewsky, 1986) 

Saliva 27 
Stomach 58 
Pancreas 
Bile 

170 
122 

Small intestine 1,170 
Large intestine 160 
Total 1,649 

protein is available for protein deposition. Because con
ditions in the field are suboptimal, 
most pigs do not meet their maxi- Table 4: nitrogen digestibility of protein sources in piglets (Makkink et al, 
mal protein deposition capacity. As 1992). 
a result, 70%-75% of the consumed ----------------c-0-rn---so_y_b_e_an-------

nitrogen is excreted with feces and diet complex diet 

urine. Most phosphorus is excreted 
in feces because it is relatively 
undigestible (30%-40%). Dietary 

composition: 
It is possible to reduce nitrogen and 
phosphorus excretion by: 
- choosing different feedstuffs 
- increasing.digestibility 
- feeding to the requirement 
- management techniques. 
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Digestibility: 

phytase: + + 

crude protein (o/o in dm) 15.8 15.8 17.9 17.7 
phosphorus (o/o in dm) 0.38 0.38 0.47 0.47 
calcium (o/o in dm) 0.60 0.58 0.63 0.65 
phosphorus in feces (g/kg dm) 21.0 13.6 16.3 10.9 
phosphorus (o/o) 40 60 49 66 
calcium (o/o) 58 63 59 66 
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Table 5: Effect of phytase addition to a corn-soybean and complex diet phosphate was replaced by micro
on digestibility coefficients of phosphorus and calcium in pigs (Jongbloed bial fytase (500 PTU per kg) at the 
et al, 1990). sameamountofdigestiblephospho-

Dietary 
composition: 

Digestibility: 

phytase: 
crude protein(% in dm) 
phosphorus(% in dm) 
calcium (% in dm) 

corn-soybean 
diet 

+ 

15.8 15.8 
0.38 0.38 
0.60 0.58 

phosphorus in feces (g/kg dm) 21.0 13.6 
phosphorus(%) 40 60 
calcium(%) 58 63 

complex diet 

17.9 
0.47 
0.63 
16.3 
49 
59 

+ 

17.7 
0.47 
0.65 
10.9 
66 
66 

rus. 

From weaning to 17 days postwean
ing, a weanling diet was fed con
taining 4.2 g digestible phosphorus 
per kg feed and either ll.8 g (nor
mal) or 10.1 g calcium (reduced) 
per kg feed. Thereafter, the wean
ling diet contained 3.5 g digestible 
phosphorus and 9.4 g (normal) and 

Table 6: Effect of phytase addition to weanling diets with 
different calcium levels 

8.0 g calcium (reduced) per kg feed. 

Phytase/ withouU withouU with/ with/ Feeding Swine to Their 
Requirements: Sows 

calcium normal reduced normal reduced 
No of piglets 356 369 337 329 
Feed intake (kg/d) 0.61 (c) 0.57 (d) 0.57 (d) 0.58 (d) 
Average daily gain (g) 398 (b) 375 (a) 369 (a) 386 (ab) Pregnant sows 
Feed to gain ratio 1.54 1.54 1.56 1.50 We usedthe factorial approach to calculate nutri

ent requirements. On the basis of data from the (a), (b) (phosphorus< 0.05) and (c),(d) (phosphorus< 0.1 0) 

ileal and fecal digestibility coefficients of these protein 
sources. 

The difference among the apparent digestibility coeffi
cients of skim milk powder and the other sources is 
higher than among the true digestibility coefficients. 

Phytase 
In feedstuffs of vegetable origin, about 60%-70% of 
the phosphorus is phytic acid phosphorus. In the pres
ence of phytase, phytic acid can be hydrolysed to inosi
tol and orthophosphate and subsequently absorbed. 

Jongbloed et al (1990) reported experiments with and 
without adding phytase to a com-soybean meal diet of 
pigs from 50-70 kg and a complex diet in pigs of70-90 
kg (Table 5). Phosphorus and calcium digestibility co
efficients were increased after phytase was added to the 
diets. 

Phosphorus content in the feces can be reduced by about 
35% in diets that are supplemented with phytase. This 
means that phosphorus supply in a diet with phytase 
can be considerably less compared to diets without 
phytase. 

Van der Peet-Schwering (1993) compared diets with 
and without added phytase at a normal and reduced di
etary calcium level. The replacement offeed phosphate 
by microbial phytase had no effect on the performance 
of weaned piglets when the calcium level was reduced 
(Table 6). Pigs excreted 32% less phosphorus when feed 
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literature, we used the following to calculate the 
requirements oflysine and phosphorus for pregnant and 
lactating sows: ARC (1981), Wiesemuller (1983), Den 
Hartog et al. (1988), Stranks et al (1988), Everts (1993, 
pers.comm.) and Jongbloed et al. (1993). 

Lysine- maintenance 0.025 g/G 0·75 (G0·75 =kg 
metabolic weight) 
- lysine deposition in fetuses increases during 
pregnancy from 
0.04 to 0.35 g per fetus per day 
- protein gain of sows during pregnancy= 5 kg 
-lysine content of maternal protein= 7.0% 
- efficiency of use of digestible lysine = 80% 
- digestibility of lysine = 80% 

Phosphorous - maintenance requirement is 7 mg per 
kg bodyweight 
- phosphorus retention in maternal tissue and 
bones= 1.6 g per day at d 0 and 1.1 g per day at d 
115 ofpregnancy 
- phosphorus retention of fetuses increases from 
0.025 to 0.33 per fetus during pregnancy 

This results in the following recommendations for a sow 
of200 kg on day llO of pregnancy (12 fetuses) in g per 
day): 

Lysine Phosphorus 
maintenance 1.4 1.4 
fetal retention 4.0 4.0 
maternal (incl. mammary tissue) 3.0 1.7 
net requirement 8.4 g 7.1 g 
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0.60% fecal digestible lysine (one phase feeding) .. The sow requirement for fecal digestible lysine is 8.4 : 
0.80 = 16.5 g on day 110 of pregnancy whilethere-
quirement of digestible phosphorus is 7. I g. . Nitrogen intake was reduced from the two-phase 

feeding systems by: 

Lactating sows 
To predict nutrient requirements for lactating sows us
ing the factorial approach, we used these data from 
ARC, (1981), Den Hartoget al. (1984, 1988), Stranks 
et al. (1988) and Jongbloed et al. (1993). 

Lysine: maintenance requirements = 0.025 G0·75 

daily milk production- 9 kg 
protein content ofthe milk =5.3% 
protein mobilization from body tissues= 1.75 kg 
lysine content of the milk protein = 7. 7% 
efficiency of usage of digestible lysine = 80% 
lysine content ofbody protein is 7.0% 
lactation period= 30 days 

phosphorus : maintenance requirements = 7 mg per 
kg bodyweight 
intake of phosphorus by 12 suckling piglets= 18.2 
g/d 
phosphorus from catabolized protein= 0.5 g 

This results in the following recommendations for a sow 
· of200 kg with a milk production of9 kg per day: 

lysine phosphorus 
maintenance (g) 1.4 1.4 
milk production 9 x 53 x 0.077 = 36.7 18.2 
from mobilization 1750 x 0.07:30 = 4.1 - 0.5 
Total: ---'----=3...,.4-=.o-g-----...,..19.,....-1 g--

The requirements oflactating sows for digestible lysine 
and digestible phosphorus are 42.5 g (34.0 : 0.80) and 
19.1 g per day, respectively. 

In principle, the requirements of the sow can be calcu
lated for each amino acid. 

From these calculations, we can concluded lactating 
sows require a much higher level of amino acids per kg 
diet than the pregnant sow. Everts and 
Dekker ( 1991) compared in~ balance 

mid-:pregnancy- no difference in nitrogen deposi
tion; 
end-pregnancy- 6-10 g decrease innittogen 
deposition; 
lactation- a reduced nitrogen mobilization in 
sows and no effect on production results of piglets. 

The total body protein content after three parities did 
not differ between treatments. On an average, the sows' 
bodies contained 29 kg protein. However, there was a 
huge variation in fat content of the body of the sow 
after three parities (range: 16.7-8.6 kg). In a practical 
experiment there was no significant difference in repro
ductive traits between sows with one- versus two-phase 
feeding (Everts et al. 1991). In sows, a reduction of 
protein conteq.t of the diets with 1-1.5% or 2-2.5% will 
result in 15% and 21% less nitrogen excreted, respec-
tively: .. 

1-1.5% 2~2.5% 

1 diet reduction reduction 
one diet 16 
lactation diet 15.0 14.0 
pregnancy 

12.5 11.5 
diet 
reduction in 

15 21 
N excretion 

Phosphorus requirement differ between pregnant and 
lactating sows. Table 7 shows the estimated phospho
rus requirements. During pregnancy, the phosphorus 
requirement per kg of feed gradually increases from 2.6 
g to 7.8 g digestible phosphorus per day. This differ
ence in phosphorus requirement of 5.2 g digestible phos
phorus per day and also the increase in amino acid re
quirements. during pregnancy makes. it worthwhile.to 
use a multiphase feeding system for pregnant sows. 

trial: Table 7 Estimated phosphorus requirement for pregnant and lactating 
sows (200 kg live weight; 12 piglets) (Jongbloed et al. 1993) 

• a sow diet for pregnancy contain
ing 0.36% fecal digestiblelysine 
(two-phase feeding); 

• a sow diet for lactation containing 
0. 7 4% fecal digestible lysine (two
phase feeding); and 

• a system with one diet for preg
nancy and lactation that contained 
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Pregnancy 
Day 0 
Day 90 
Day 110 
Day 115 
Lactating 

Requirement for apparent digestible phosphorus 

Maintenance 
(g/d) 

1.4 
1.4 
1.4 
1.4 
1.4 

Body In fetuses Feed phosphorus 
and Total . t k content of 

stores annexa (g/d) In a e f d ( d. 
(g/d) (kg/d) eeP/kgg) lg 

milk (g/d) 
1.6 0 2.6 2.5 1.0 
1.3 1.9 4.6 3.0 1.5 
1.1 4.5 7.0 3.0 2.3 
1.1 5.3 7.8 3.0 2.6 
-0.5 18.2 19.1 7.2 2.6 
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Growing-finishing pigs 
The amino acid pattern required to mai!ltain.nitrogen 
equilibrium and to deposit protein were found to be quite 
different (Table 8). With this knowledge, it is techni
cally possible to feed exactly to the requirements ofthe 

. pigs. When three versus. two diets are fed to growing/ 
finishing pigs (25-105 kg), they excrete 4% less miner
als. A multiphase feeding system reduces the amount 
of .minerals they excrete by another 4%. With a 
multi phase feeding system the composition of the diet 
is continuously adapted to the nutritional requirement 
of the pig. It is realized by mixing a protein-mineral 

·rich diet with a protein-mineral poor diet in a changing 
ratio (Vander Peet, 1990). A reduction in theprotein 
content of the diet means that less urea is excreted with 
the urine. Making urea cost 13.3 MJ/kg nitrogen. Urea 
also contains 45 MJ energy per kg (Martin and Blaxter, 
1965). Urea excretion is, therefore, an energetically 
costly process. 

Table 8: Amino acid pattern required for growing 
pigs (Lysine) = 1 00) (Fuller et al., 1989). 

Growth Maintenance 
Threonine 68.9 147.2 
Valine 77.1 55.6 
Methionine + 

52.6 136.1 
Cystine 
Methionine 27.6 25.0 
Isoleucine 63.1 44.4 
Leucine 114.5 63.9 
Phenylalanin 123.6 102.8 
+Tyrosine 
Phenylalanin 60.4 50.0 
Lysine 100.0 100.0 
Tryptophane 17.8 30.6 

Moreover, nitrogen-excretion can ·be further reduced · 
when intact boars instead of castrates. are fattened to
gether with sows (Beukeboom et al., 1990). A reduc
tion in protein content of diets for growing-finishing 
pigs with 1%-1.5% or 2.5% leads to a reduction in ni
trogen excretion of 19% and 28%, respectively.·When 
the protein content of the diet is reduced, synthetic amino 
acids must be added to the diet. 

Protein and Salt Intake 
and Water Consumption 
From experiments ofFremaut and DeSchrijver (1991) 
and Pfeiffer and Henkel (1991), it can be concluded 
that reducing the protein content of the diet resulted in 
a lower water intake. 
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Table 9 shows that when pigs of 70-85 kg were fed a 
diet with 12.9% crude protein; the slurry had a dry
matter content ofl 7.1 %. In this experiment water was 
freely available. 

Van Diepenand Lenis (1989)compated three diets for 
growing-finishing pigs from 35 until 105 kg of 
Iiveweight, adding l, 2 and 4 g NaCl per kg diet, re
spectively. The increase in sodium content of the diet 
resulted in a higher water intake. Per g of sodium in
crease, the water intake was increased with 0.32 ± 0.15 
L per pig per day and the water to feed ratio with 0.13 
± -.05 L per kg feed higher (Table 10). 

Table 9: Effect of protein content of the diet on 
·nitrogen and water excretion (Fremaut and De 
Schrijver, 1991). 

Crude protein content(%) 12.9 16.3 18.5 
Feed intake (kg/d) 2.34 2.39 2.29 
nitrogen intake (g/d) 48.3 62.3 67.8 
Water intake (kg/d) 3.39 4.04 4.27 
nitrogen excretion (g/d) 25.5 37.4 41.8 
Water excretion (kg/d) 2.27 3.14 3.45 
Dry matter in slurry(%) 17.1 13.2 11.7 

Table 1 0: Effect of salt addition to a diet for pigs for 
35-105 kg on water intake 

NaCI addition to a pig diet (g/kg) 2 4 
Number of pigs 87 87 87 
Na (g/kg feed) 1.0 1.4 2.1 
Cl (g/kg feed) 2.2 2.7 3.6 
feed intake (kg) 2.42 2.40 2.39 
water intake (L) 5.12 5.41 5.46 
average daily gain (g/d) 841 814 817 

Management by the 
farmer 
Production results are dependent on the genotype of the 
pig and the environment. It is well known that technical 
performance may differ among farms. Elbers et al. 
(1989) compared the digestibility ofa commercial com
plex diet in growing-finishing pigs among farms. On 
12 farms, the digestibility coefficients of pigs weighing 
35 to 40 kg ranged from 75%-84%, while at 65-70 kg 
bodyweight the range was from 78%-86%. Fewer min
erals are excreted when less feed per kg of gain is re
quired. An improvement ofthe feed:gain ratio from 3.2 
to 2.8 for growing finishing pigs at a similar growth 
rate results in a 12.5% reduction in the excretion of 
minerals. The improvement of digestibility and/or utili
zation on nitrogen excretion is presented in Table 1 L 
When digestibility.is increased from 80% to 82%and 
utilization of the digested nitrogen from 37% to 40%, 
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mineral excretion is reduced with 4.4% for a growing 
finishing pig with a daily feed intake of2 kg. 

Table 11. Effect of digestibility and utilization 
coefficient on nitrogen excretion for a pig with 2 kg 
feed intake (16% CP per kg) 

Nitrogen intake (g/d) 51.2 51.2 51.2 51.2 
Digestibility· 80 82 80 82 
Utilization. 37 37 40 40 
Nitrogen excretion (g/d) 36 35.7 34.8 34.4 

95.6 

9. Fuller, M.F., R. McWilliam, T.C. Wang &L.R. Giles, 
1989. The optimum dietary amino acid pattern for grow
ing pigs. 2. Requirements for maintenance and for tis
sue protein accretion. Br. J. Nutr. 62:255-267, 

10. Graham, H., J.G. Fadel, C.W. Newman & 
R.K.NeWrrian (1989). Effect of pelleting and beta
glucanase supplementation on the ileal and fecal digest
ibility of a barley-based diet in the pig. J. of Anim. Sci. 
67, 1293-1298. 

· 11. Hartog, L.A. den, M.W.A. Verstegen, H.A.T.M. 
---=-----.;._......:.. __________ Hermans, G.J. Noordewier en G.J.M. van Kempen, Nitrogen excretion (ratio) '100 99.2 96.7 
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Learn from the Competition: · .... 
Lessons for the North Ainertcan 
Swine Industry 
Bill Fleming . 

How do y~u d,~fine your 
~'competition? · · . . 
Everybody recognizes .that your clients compete witll 

. the big units.m North Carolina. Th,e more sophisticated 
realize that they are actually in competition with the 
hog farmer just down the road. And most producers 
realize they compete a bit with the Danes and the Dutch 
arid the British - and with the Texas feedlots and the 
Arkansas broiler operators. 

. .· ,._ . · .. ;· ·· .. ·. . .. 
Pork producers compete with soybean producers. To 
be honest, I have a tough time thinking oftofu as a 
food but there are folks who eat that stuff-:-andlike it! 

. ' . . '· . 

But there is an internal competition .that m~y he m~re 

another gets a chance. They may have to sort through 
four or five_people, but in the end, that big unit will be 
well managed. A,nd matching that management is the 

· rea} challenge that faces the more traditional, indepen-
dent hog producer.- · 

I have established a rather broad definition of competi
tion, so let's go hunting for some lessons- things we 
can borrow froni our competition that will give the pork 
industry of this nation a shot at a profitable future. When 
we talk. about our competition; most folks automati
cally think of broilers .. Because_:__ give them credit
broilers are the great American success story in the pro~ 

· tein business. The broiler industry provides us with at 
least a couple ()fvitallessons: ·· · 

important to your clients than all of those other protein 
producersrolledtogether:thecdrnpetit:ionhogsfaceright Lesson.#l: Leam·to Do the Job 
·on the farm. On a typical Minnesota farm, the hog op- More Cheaply: . . . 
eration cornp~tes for tesour~es with com, soybeans and, Your pork producer Clients must adapt and adopt every . 
perhaps, cattle; Those enterprises competefor the funds bit of new technology that promises to lower costs. I 
that can be pried out of a relucta.Qt banker, They corn- know that producers get tired ofhearing they must cut 
pete for limited labor. Arid rnostimportantly,those en- · costs. I' in sure most of you are even a little sick of that 
terprises compete for skilled }>usiness management, message. But cutting the cost of production isn't just 
which may be the first limiting ·ractor ·on the. a':'erage part of the pork game tpday: it is the whole game . 

. family farm. · ·. · · · ·· 
· · · I hear people constantly talking about the great job the 

. I think all swi:tle ~ractition~rs realize that' toda~ pro- broiler industry has done in ''building demand" for their 
ducing hogs is a high-:investtnent, narrow-m~m en- product. Sorry folks! Vntil very recently, that w~ a 
terprise that needs constant rnana~ern~nt a~entt~n. And myth, During some 20 years ofbig groWth in the br~der 
J believe that's therealkeyto sumvalm thts busmess~ . industry, demand (when you take out inflation) rernamed 
having a management structure totaUy focused: o_n the absolutely flat USDA figures show that for most of 

· hog enterprise, not h11ving hogs· as cU1 afte_ithou~t. If the expansion yeats,. the eritire supply and pricing struc
you have a client you want to help kee):J -ui buSmesS, · ture oftlie broiler industry would fit on a single supply-
and he or she doesn't have that kind of focus, you'd derriand curve. · 
better.start helping them shape up. They don't have a ·· 
lot of time to get with it. _ · . The broiler peopleweren't super promoters: they were 

super producers. What they did was figure out how to 
Intensive management is much iri.ore important than size · · sell a larger and larger . amount of product at a lower 
alone. Even a one-person operation, · ifthat person is and lower price, and still stay irt business. Only in the 
totally devoted to raising hogs, dm remain competitive .. · past few years has there been some improvement in recil 
for many years in the future. Imightadd that one of the demand as the broiler people put more emphasis on 
advantages of size that is seldom ffi.entioned is that large value-added products. But the truth is that for two de
units are automatically well managed. Thefve got so· cades, the broiler industry bought conslliners with lower 
much capital invested they MUST be well managed. If 
the first manager can 1t do thejob, he or spe is gorie and . 

prices. 
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To a lesser extent, the same thing has started to happen 
in the pork industry. If you deflate. consumer prices, 
packer and retailer margins, and producer returns, you 
can see the obvious trend that has appeared in recent 
years: the producer and the packer are getting less and 
less ofthe consumer dollar, while the retailer gets more. 

And the critical question, asked by my friend Glenn 
· Grimes, is this: where would the pork industry be today 
if packers and producers hadn't cut their costs and im
proved their efficiency, so they can take the lower share . 
and still make a profit? The answer is obvious: "Prices 
would be so high we wouldn't be able to sell much pork." 
To keep pork supplies moving and to sell a higher vol
ume of pork to the world's consumers, we must bring 
cost of production lower. People don't like to hear it, 
but price is still a major factor in attracting consumers. 

The major role practitioners can play in keeping these 
Midwest producers in business in coming years is to 
show them how to bring their production costs down. 
You are in a good position to do that, because one of 
the great losses in the industry today is the poor perfor
mance of unhealthy pigs. To maintain a healthy indus
try, we simply cannot afford to spin our wheels with 
sick, unthrifty pigs. Veterinarians, then, may play a 
major role in determining who stays in this pork busi
ness and who is pushed out! 

Lesson #2: If the existing industry 
cannot or will not produce the 
needed product.. it will die. 
The veterinarians with some grey in their hair will re
member the old midwest chicken business. You bought 
chicks in the spring, raised them during the summer, 
rounded them up in the fall, culled out the roosters and 
the nonlaying hens and shipped them to market. 

There were some problems with that. First, it created a 
flood of chickens headed for market in the fall with little 
or nothing in the rest of the year. And you cannot build 
a strong market when you have a product that's not 
available for half or two-thirds of the year. Second, the 
·chickens that did go to market were mostly a by-prod
uct of the egg business. Consumer.s may long for the 
old "free range" chickens, but the truth is that they were 
tough, and there wasn't much meat on them. Observers 
of the broiler industry tell methat there were better ge
netics, better rations, and healthier birds but that com
placent Midwest flock owners didn't see the need for 
that and continued in their set ways. 

Eventually, processors and wholesalers told themselves: 
"If they won't do the job right-we'll just have to do it 
ourselves." And that's how the entire modem broiler 
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industry was born. Because the Mom-and-Pop kind of 
chicken business just wasn't getting the job done. 

The parallel in the hog industry is pretty obvious. To
day, the consumer is demanding pork with less fat but 
that is also of a higher quality. If existing producers 
cannot provide that product, then the existing industry 
will die and packers, processors, or food companies will 
take over the job. 

Note: the pork consumer of today has two demands: 

• leaner; and 

• higher quality. 

I am concerned about people who ignore one of those 
demands and pursue only the other. These people fall 
into one of two groups: 

• the people who use the stress syndrome as an excuse 
to do nothing. "Lean hogs won't reproduce" is their 
battle cry. So, in the guise of being smart, they jus
tify a refusal to change. But if they insist on follow
ing that route, consumers will eventually walk away. 

• the operators who go for lean and totally ignore ev~ 
erything else, including the stress gene. There is no 
demand for pale, soft and exudative (PSE) and dark, 
firm and dry (DFD) pork. 

In Bob Kauffinan's recent packing house survey, less 
than one-fourth of the pork coming down the line was 
truly of high quality. PSE and. DFD are not abstract 
problems. They are much more common than produc
ers realize. And practitioners are likely to be on the hot 
seat on this one. Producers will be looking to you for 
advice and you've got to help them set adirection that 
will eventually allow them to producer both leaner pork 
and pork of higher quality. You are the men and women 
they respect. They will listen to you. Be sure when they 
do listen, you are guiding them wisely. 

Lesson #3: Producers today do not 
deal only with a packer, who in tum 
deals with a processor, and that 
processor w1th a wholesaler and • 
then to a retailer. 
Again, the vertically integrated poultry industry learned 
this lesson early. The key to understanding this chal
lenge is realizing that we deal with food companies, 
with names like Beatrice, Tyson, Sara Lee, Phillip 
Morris, Kraft, General Foods and others. These com
panies are not in the least interested in hogs. They are 
not really interested in pork. They are interested in put
ting a ready-to-prepare food item on the grocery shelf 
or in the meat cooler that will sell. The pressure from 
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those companies for raw materials that meet their abso- A word of caution when you look to Europe: thinking 
lute specifications is getting stronger and stronger. Ei- that we can lift Danish answers and apply them to the 
ther we meet that demand, under their conditions or we entiieUnited States industry is foolhardy. In the United 
are finished. States, the primary market is not Danish hams or Brit

These companies see pork only as a raw material. They 
will not be stalled for long by an inadequate or entirely 
missing supply of the products they need. Ifthey can
not get a product through today's channels, they will 
either produce it themselves or they will turn to poultry 
or soybeans to produce an alternative product. 

A couple years ago, Mike Harper, then CEO of 
ConAgra, told an NPPC audience that his company's 
popular "Healthy Choice" line did not include a single 
pork product. "Unless we can label a product as 'low . 
fat, low-cholesterol and low-sodium,' we don't want 
anything to do with it." 

He added, "We cannot find a consistent source of pork 
that allows us to build that kind of product." 

Companies like ConAgra, if they are stalled by lack of 
a specific ingredient (like lean hogs) will either go into 
production on their own, or will ignore pork entirely. 
How producers respond to the very tight demands of 
food companies may well determine the future struc
ture ofthe industry. If producers cannot solve their two 
product problems (leaner, higher-quality pork), they just 
won't be around. 

ish bacon. We cannot borrow market knowledge from 
our competitors. We have to do it ourselves. Don'tcopy 
the answers they have obtained, because there is·abso
lutely no assurance that what sell well in Brussels will 
fare the same in New York City. Do copy their method
ology. 

Remember, however, that America is huge. While the 
Danes built a market to meet demand for a single prod
uct (Danish hams) United States producers face maybe 
10 or 20 markets of that size, which all want something 
different. So, your clients will have to make choices 
about the type of market they are producing for. Again, 
they will need some outside advice to help with that 
tough question. 

Lesson #5: In a multi-product ·. 
market, it is going to be increasingly 
difficult to find an outlet AFTER 
THE FACT. 
We have an absolutely obsolete marketing system. Next 
week, there will probably be 150,000 producers who 
want to sell over a million hogs. And there are maybe 
2000 packer buyers who want to buy those hogs. We 
wait until 12 or 24 hours before those hogs are needed 

Lesson #4: Know Your Market As at the packing plant to begin negotiating. 

Well As You Know Pork We must have a system for the future that gets the right 
Production. product into the right place, at the right time. Nothing 
The Danes, the Dutch and the English are tough com- less will do. Producers cannot just produce a product 
petition in this pork business simply because they have and then hunt for a packer who "fits" the product they 
studied the demands of the market they faced. Particu- have. And packers will not be willing to wait until the 
larly in Denmark, they built an infrastructure to change last moment and hope the "right" hogs come along. Both 
their products to meet those .demands. Unfo_rtunately, parties will demand more assurance than the market 
until very recently, we haven't done much of that kind delivers today. Because ofthese pressures, I believe we 
of study. face a time when market planning will begin before the 

In the past, the United States industry has done it all sow is bred. 

backwards: we raise a pig, slaughter it, and then try to Now, if you have been following my discussion, you 
determine how to merchandise that carcass. And only have already. figured out the end result. These things 
when we have a product lying in the meat case do we almost dictate a "vertical integration of management.·~ 
begin to concern ourselves with whether the consumer However, that is not the same thing as vertical integra- · 
likes that product! tion on ownership. Vertical integration of ownership will 

In the future, we must find out what the customer (the happen only ifthe existing ownership fails to meet mod-
ern challenges - It is not a fait accompli. grocery shopper) wants, then work backward to pro-

duce that product. That's what the Danes and the Dut,ch I've digressed a l,Jit from the less~ns offered by our com
and the English have done very well. If we try it any . petitors, but I think I have touched on the essentials for 
other way, we are doomed to failure. a competitive industry in the future: 

• Keep your clients searching for lower costs, because 
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low costs are essential to expanding our markets. 

• Don:t let them become complacent about product 
quahty , because the system of the future will not 
tolerate mediocre quality. 

• Help your clients search out business arrangements 
that will provide better coordination, because the 
11_1arket of the future will reward people who get the 
nght product to the right place, at the right time. 
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• Along with those arrangements, help your clients 
build a ~roduct to meet a specific demand-a prod
uct that IS planned- rather than merely leaving prod
uct specifications to chance. 

If you c~ help your clients do these things well, you 
are helpmg yourself. Those clients will be in business 
~or m~y years into the future. And as long as they are 
m busmess, they will require top-notch veterinary 
advice. , 
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Defining the Problems.Associated?. 
with High Health Herds: When is 
High Health too High? 
John C. Harding, DVM 

Few swine veterinarians will dispute the economic ad
vantages ofhigh-health herds. These advantages accrue 
from reduced mortality and medication costs and im
proved productivity, most notably in. growth perfor
mance and feed conversion ratios. For the producer who 
is struggling to control one or more endemic diseases 
within his or her herd, the option to repopulate with 
high-health stock provides a refreshing opportwiity. 

On the Canadian prairies, producers can maintain the 
high-health status of such herds for extended periods of 
time, provided that: 

• biosecurity is adequate; 
• breeding stock is purchased from clean herds; and 
• the unit is a reasonable distance from neighboring 

pig operations.· 

However, high-health herds are not disease free, nor do 
they possess guarantees against health breaks. Because 
oftheir health status, they are prone to some problems 
that provide a constant challenge for swine veterinar
ians. 

Terminology 
Although nonspecific, the term "high health" loosely 
distinguishes herds that are free of major infectious dis
eases from those that are not. However, the term is open 
to wide variation and it is not specific enough to ad
equately describe the unique health status of each high
health herd. The presence or absence of specific dis
ease processes or agents based on clinical examination, 
slaughter check and diagnostic testing must be specifi
cally defined. 

The term "minimal disease" is used commonly in some 
regions; however it is no more specific than "high 
health." The opposite is true of the term "specific patho
gen free," which is used to describe pigs derived by 
caesarian but reared in an environment where they be
come infected with a wide range of normal flora. · 

Animal Management Services Limited, Box 2439, Humboldt 
Saskatchewan SOK 2AO Canadli 
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For a more thorough review of the terms, see Muirhead.1 

Disease 
It is not uncommon to overhear producers enquiring 
about "disease-free" hogs. Although this can often lead 
to a quiet chuckle, it does emphasize the need to con
tinue to educate our producers about the diseases com
monly experienced in high-health herds. 

Not only are high-health herds not disease free, but, in 
some instances, they are prone to diseases that are not 
prevalent in the more conventional health status herds. 
This is especially true in repopulated herds, where the 
large gilt population is immunologically naive. 

Glasser's Disease, caused by Hemophilus parasuis, is 
a classic disease primarily affecting high-health swine. 
Greasy pig, proliferative hemorrhagic enteropathy, neo
natal colibacillosis, and streptococcal meningitis can 
also be significant in high-health herds. 

The acute stage of a disease outbreak is devastating in 
any herd. Significant losses in growth rate, feed con
version rate, and mortality are apparent in the initial 
stages of most respiratory- or enteric-disease breaks. 
When producers are unprepared for such an event, the 
mental effects of such can be even more devastating. 
Producers whose veterinarians have either: 

• assured them that herd breakdown would not occur; 
• failed to mention it during discussions on depopula

tion/repopulation; or 
• were not attentive to biosecurity measures which 

would have maintained the high-health status of the 
herd 

are at even more of a disadvantage. 

Medication and vaccinatimi costs can be significant in 
the face of an outbreak. Reducing mortality and mor
bidity during the acute stage can be frustrating, espe
cially if owners, managers and staff are not mentally 
prepared for the casualties. 
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High-health herds possess no guarantee against health 
breaks, especially those that were eradicated during 
depopulation. Producers must realize the risks associ
ated with reintroduction of the disease and understand 

' that in many health breaks, we can't determine an im
mediate cause. 

Isolation ofBreeding Stock 
A commonly forgotten principle qf biosecurity is the. 
isolation bam and the fundamental role it plays in pro
tecting the health status of the high-health herd. The 
greatest risk to health breakdown is purchasing infected · 
breeding stock. Clinically sick or incubating animals 
brousP.t into a herd even for short periods of time will 
very quickly transmit the disease to the adjacent popu
lation of pigs. The isolation facility should be an inex
pensive structure with the capacity to hold breeding 
stock from 3 0-60 days after purchase. This allows time 
to monitor the health or diagnostic-test the incoming 
stock, as well as time for the producer to receive an 
update on the current health status of the source herd 
from that herd's consulting veterinarian.· 

It is a good idea to wash and disinfect the isolation fa
cility. This enables the producer to thoroughly clean 
the facility in the event of a health break; and gives. 
animals a clean environment in which to be housed post 
arrival, during their acclimatization period. 

Stockmanship. 
The high'-health pig is a pleasure to work with because 
it is easy to manage. In the grower barn, tremendous 
abuses in ventilation and stocking density can occur 
without the animals getting sick! On the down side, this 
can ~d does lead to a lackadaisical. approlitch to pig 
farming and even a reduction in the quality of 
stockmanship. I believe this has led to an overall dete
rioration in stockmanship ~ some high-health units, 
~specially in the grower barns. 

In, conventional-health herds, clinical respiratory dis

On a recent tour of several herds in the acute stage of 
enzootic pneumonia outbreaks, I was aghast to find that 
many feeder-bam operators could not detect clinically 
ill pigs! Not only was it frustrating for the producer, 
but the basic welfare needs of some pigs were not being 
met in many of these herds. It is important to swine. 
·veterinarians to critically evaluate the abilities of our 
producers, even when the health of the pigs appears to 
be adequate. 

Expectations 
In our region, producers and veterinarians expect the 
high..:health herd to stay high health forever. The life 
expectancy of a high-health herd varies· considerably 
among the pig rearing regions of the world, although it 
is primarily dependent on the following factors: 

• producer objectives and diseases of concern; 
• health status of the incoming stock; 
• distance, size and health status of neighboring pig 

units; and 
• the potential for contamination when transporting 

slaughter hogs. 

My recommendation to all swine veterinarians that deal 
with. high-health herds is to mentally prepare and edu
cate their producers about the risk ofhealth breakdown, 
before they decide to purchase high-health stock. This 
would be especially appropriate for herds that are re
populating. 

Biosecurity Guidelines . 
Too many of the guidelines we have established for de
population and biosecurity are based on impressions 
and observations rather than applied science. For in'" 
stance; 

• how long should people who work in or visit high
health herds have been free of contact with pigs: 24 
hours? 96 hours? or is the risk of humans transmitting 
diseases between units even significant? · 

ease is ·a good indi~ation that the basic ventilation and or, 
environmental requirements of the pig are not being met. • during depopulation, should the facility be free of pigs 

for 10 days, 60 days, or does it ~atter, as long as the 
facility is thoroqghly washed and fumigated? 

. The operator of such herds eventually has to improve 
· the environment to prevent the clinical disease. How
. ·ever, in high-health herds free of the major respiratory 

pathogens, including Mycoplasma hyopneumonia, this 
.clinical indicator is lost. Many high-hea\th producers 

· don't'realize that blatant disregard for the animals' en
vironment will lead to a drop in daily feed intake and 
~rowth pefformance.without di:bical disease appear-. 
mg. 
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These are the types of questions swine veterinarians 
are often asked. At the moment, we don't have enough 
information available to scientifically answer the ques
tions. As a result, we make judgements based on our 
.past experiences and observations, which may or may 
not be correct, and which certainly leads to a wide va
riety of procedures, which confuses our producers. 
Swine veterinarians should strive to formulate answers 
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to these questions based on scientific fact. Whenever 
possible, read and be familiar with the available litera
ture before formulating answers. Organiiatio'ris like the 
AASP should continue to standardize protocols and 
construct guidelines for field veterinarians. 

Health Monitoring 
Health monitoring in the high-health herd that is sup
plying breeding stock is an important role for veteri
narians in swine practice. However, the success of di
agnostic tools, mainly serology and slaughter checks 
used in health monitoring are dependent on financial 
restraints, sample size and the expected prevalence in 
the herd. Where the prevalence is low, the predictive 
value of a positive test falls and the test becomes less 
usefuP The ability of serology or slaughter check ex
aminations to accurately detect disease where their 
prevalence is < 5% is low. This increases the likelihood 
that carrier animals will leave the breeding stock unit 
before diagnosis is established. The usefulness ofsero
logic testing or nasal swabbing may be further compro
mised if the wrong age group is tested, samples are 
improperly processed or transported, or if the labora
tory is insufficiently trained because it processes an in
sufficient number of samples to become consistent in 
its technique. 

Production Economics 
The simplest economics theories are often forgotten and 
this is true at times with the high-health pig. There are 
few diseases in swine today that cannot be adequately 
controlled through vaccination, medication, ail-in/all
out, or medicated early weaning technology. 

The economic impact of disease in swine units is on the 
expense side of the cash flow (higher mortality, reduced 
feed conversion ratio), whereas the economic benefits 
of the superior genotypes are on the expense (improved · 
feed conversion) as well as the income (improved lean 
meat yield) side of the cash flow. 

Producers are often "expense motivated" and expend 
far too much energy reducing expenses such as medi-
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cation and vaccination costs. The high-health status of 
the herd does not generate income, which is fundamen
tal if a farm is to grow. The high-health status of a herd 
only facilitates the expression of the genetic groWth · 
capability of the pig. Income growth in the herd is more 
easily provided by improving the genetics within the 
herd, and does not necessarily mean that the herd must 
be high health. In pig-dense areas oftheworld, the high
health herd is probably at a disadvantage because the 
genetic capability of the pig will never be realized when 
the herd is in the acute stage of a disease outbreak. 

Summary 
The health status of a herd is too high when: 

• it leads to a lackadaisical attitude and reduces the 
quality of stockmanship of the persons working in 
the unit; 

• when it leads to false expectations or a false sense of 
security; 

• when the animal's welfare is not considered because · 
no one realizes it is suffering or pays no attention to 
its· environment; or 

• when producers are so preoccupied with the possi
bility of a health break that it interferes with the nor
mal operation of the unit. 

High-health status is a tool that facilitates expression 
of the genetic capability of the pig, and it is genetic· 
progress, not health, that will keep our industry grow
ing and competitive. 
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Haemophilus parasuis: The 
Association of Serovar with 
Prevalence, Pathogenicity, and 
Immunogenicity 
Vicki J. Rapp-Gabrielson, PhD 

The recent trends toward maintaining swine in isolated, ·ably nonpathogenic organisms which can only be dis
high;..health status herds have made Haemophilus · · tinguished from H parasuis by extensive biochemical 
parasuis a more economically significant pathogen of testing.2.7 

pigs. Also, the importance of H parasuis as a second-
ary pathogen in swine pneumonia has been intensified 
by the increased prevalence of viral interstitial Table 1.-lsolation of H. parasuis serovars from pigs 
pneumonias. ClassificationofHparasuisbyserotyping from the same herd· 
and other methods indicates considerabie heterogeneity --------------------

Herd Isolation Sitest Serovars 
among strains, and we have examined the relationship 
of serovars ~o prevalence and pathogenicity of H 

·parasuis. 

Data and Results 
We have recently proposed a uniform serotyping scheme 
that recognizes 15 serovars of H parasuis .1 Six serovars . 
account for the majority of isolates from specimens 
submitted to diagnostic laboratories in the United States 
and Canada (Figure 1, next page).2 · 

Examination of isolates obtained at various times from 
different pigs in the same herd indicates that it may be 
common for multiple serovars to be present in a single 
herd (Table 1).1•2 We have even identified twoserovars · 
in the same lung specimen of a pig with polyserositis. 2 

It has been well documented that H parasuis is wide
spread among the swine population, frequently isohited 
from respiratory secretions in clinically normal pigs, 
and perhaps one of the first organisms to colonize the 
upper respiratory tract of young pigs,3•4•5 We have ex
amined pigs from 1°, 2°, and commercial SPFherds 
with no evidence of disease due to H parasuis. Weaned 
pigs were necropsied and bacterial cultures were taken 
from numerous upper respiratory site specimens.6 H 
parasuis was isolated from secretions from numerous 
respiratory sites from pigs from all herds (Table 2). In 
addition, isolates of Haemophilus Taxon D and Taxon 
F are occasionally identified. These taxa are presum-

Solvay Animal Health, Inc., 1201 Northland Dr., Mendota Heights 
Minnesota 55120 
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1 lungs 12, 14 
2 lungs 12, 13, 14 
3 lungs 13, NT+ 
4 lungs 5; 14 
5 lungs 12, 13 

nasal secretions, 
6 lungs, heart, 2,4 

spleen 

7 lungs, heart, 
12,NT 

liver, brain 
Lungs, heart, 

8 liver, spleen, 4, 5 
kidneys 

·Adapted from Rapp-Gabrielson and Gabrielson2 

t Isolates were from specimens submitted to 
diagnostic laboratories. 
:a: NT, nontypeable. 

Table 2.-lsolation qf H. parasuis from upper 
respiratory sites of pigs from closed herds . 
experiencing no disease problems· 

Herd Serovar 
1 3, 5 
2. NTt 
3 15, Taxa D & F:j: 
4 9 
5 9 
6 4, NT 

• Data from Rapp-Gabrielson and Muire 
tNT, nontypeable 
:a: Taxon D and Taxon F are Haemophi/us spp. 
distinct from H. parasuis. 
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Fig '1: Haemophilus parasuis Prevalence- North America 
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Figure 1. Haemophilus parasuis prevalence in North America 

There is no doubt that the immune status of the pig or 
herd influences the potential pathogenicity of H. · 
parasuis. 8 We evaluated the virulence of a single strain 

· ·in pigs that were free. of H. parasuis and in pigs that 
carried a heterologous strain as part oftheir respira
tory flora. Polyserositis could be produced in H. 
parasuis-infected pigs only by direct intraperitoneal 
inoculation of extremely. high cell numbers. However, 
intratracheal inoculation of H. parasuis-free pigs with 
only a few cells of the same strain caused polyserositis 
and death within days.9 

With the designation' of 15 serovars, we evaluated the 
relationship of serovar to virulence potential, and found 
that virulence differences among strains may be related 
to serovar.1 Inoculation of SPF pigs with strains repre- . 
senting different serovars resulted in a clinical presen
tation that ranged from death within 4 days to no clini
cal signs or lesions (Table 3). 

Experimental data and field observations support the 
. conclusion that pigs naturally infected with H. parasuis 
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are resistant to infection with other strains. Although 
vaccination seems to be effective in controlling disease 
due to H. parasuis, there have been only a few reports 
evaluating the cross-protection obtained when pigs are 
vaccinated with inactivated H. parasuis bacterins.10·u 
Data from one study indicate that vaccinating SPF pigs 
with bacterins containing one serovar may not elicit 
protection when pigs are challenged with strains that 

· represent different serovars (Table 4). 

Table 3.-Virulence of H. parasuis Serovars for SPF 
Pigs· 

Virulencet Serovars 
++ 1, 5, 10, 12, 13, 14 
+ 2,4, 15' 

+/- 8 

3, 6, 7, 9, 11 

• Data from Kielstein and Rapp-Gabrielson1 

t Pigs were inoculated IP with 5 x 108 cfu; ++,death; 
+,clinical signs and gross lesions;+/-, mild signs 
and lesions; -, no lesions. 
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Table 4.-Cross Protection of Pigs Vaccinated with tion to protect against polyserositis or pneumonia caused 
Different H. parasuis Serovars· by heterologous serovars remain to be answered. 

Vaccine Serovar 
1 

5(a):t: 
5(b):t: 

12 

Challenge Serovar 
Protectedt Not Protected 

1 5(b), 12 ' 
1, 2 5(a), 5(b), 12 
5(b) 1, 5(a) 
9, 12 5(a) 

·Adapted from Kielstein and RaBbach10 

t Protected implies some reduction in lesions. 
:t S(a) and S(b) represent different strains of serovar . 
5. 

Discussion and Practical 
Implications 

. Even with the expanded serotyping scheme recognizing 
15 serovars, a large percentage of H. parasu1s isolates 
remain nontypeable, indicating considerable serologic 
heterogeneity. The common isolation of more than one 
strain or serovar from pigs from the same herd is an 
important consideration from both a diagnostic sense 
and when selecting a strain autogenous vaccination. It 
is possible that the isolate obtained may not represent 
the serovar involved in the disease process. 

The serovars isolated from clinically normal pigs in 
herds wi~ no history of H. parasuis disease often rep
resent serovars that were only infrequently isolated from 
diseased tissue (i.e. serovars 3, 9, and 15). Thus, it is 
possible that the prevalence of serovars present as part 
of the normal flora of upper respiratpry sites of clini
cally normal pigs is different than the population iso
lated from pneumonia or polyserositis. this emphasizes 
that, in addition to routinely identifying the serovar in
volved based on lack of hemolysis and NAD depen
dence, it is important to conduct biochemical and sero
logical tests to confirm the identity of H. parasuis. I am 
not aware that any diagnostic laboratories are currently 
offering H. parasuis serotyping on a routine basis. 

H. parasuis strains do differ in their virulence for pigs. 
Thus, in addition to the immune status of the pig, the 
pathogenic outcome of H. parasuis infection is influ
enced by as-yet undefined virulence factors, which may 
be associated with capsular serovar. However, H. 
parasuis strains are also heterogeneous when examined 
for outer membrane protein patterns and for genetic 
differences. 12;13 Thus, associating virulence with spe
cific phenotypic or genotypic traits is complicated and, 
as yet, not fully defmed. Althou~ vaccination is prac
ticed as a means of controlling disease, little is known 
about the protective immunogens of H. parasuis. In 
addition, questions regarding the efficacy of vaccina-

199 3 Allen D. Leman Swine Conference 

References. 
1. Kielstein P, Rapp-Gabrielson, VJ. Designation of 15 
serovars of Haemophilus parasuis on the basis of im
munodiffusion using heat-stable antigen extracts. J Clin 
Microbial. 1992; 30:862-865. 

2. Rapp-Gabrielson VJ, Gabrielson, D. Prevalence of 
Haemophilus parasuis serovars among isolates from 
swine. Am J ~t Res. 1992; 53:659-664. 

3. Harris DL, Ross RF, Switzer WP. Incidence of cer
tain microorganisms in nasal cavities of swine in Iowa. 
Am J~t Res. 1969; 30:1621-1624 . 

4. Smart NL, Miniats OP, Rosendal S, et al. Glasser's 
disease and prevalence of subclinical infection with 
Haemophilus parasuis in swine in southern Ontario. 
Can ~t J. 1989; 30:339-343. , 

5. Wiseman B, Morrison R, Dial G, et al. Medicated 
early weaning: influence of age on growth, performance 
and disease. Proceed 23rdAASP Ann Meet. 1992;469-
475, 

6. Rapp-Gabrielson VJ, Muir. S. Unpublished data on 
file at Solvay Animal Health .. 

. 7. Meller K, Kilian M; V-factor-dependent members 
of the family Pasteurellaceae in the porcine upper res
pihitorytract. JClinMicrobiol. 1990; 28:2711-2716. 

8. Nielsen R, Danielsen V. An outbreak of Glasser's 
disease. Studies on etiology, serology and the effect of 
vaccination. Nord~~ Med. 1975; 27:20~25. · · 

9. Kocur G, Rapp-Gabrielson VJ, Muir S. Unpublished 
data on file at Solvay Animal Health .. 

10. Kielstein P, RaBbach A. Serologische Typisierung 
und Nachweis immunogener Kreuzreaktionen von 
Haemophilus parasuis (Glassersche Krankheit). Mh 
~t-Med. 1991; 46:586-589. 

11. Miniats, OP, Smart NL, Rosendal S. Cross protec
tion among Haemophilus parasuis strains in immunized 
gnotobiotic pigs.Can J. ~t Res. 1991; 55:37-41. 

12. Smart NL, Miniats OP, Macinnes JI. Analysis of 
Haemophilus parasuis isolates from southern Ontario 
swine by restriction endonuclease fingerprinting. Can 
J ~~Res. 1989; 30:319-324. 

13. Rapp-Gabrielson VJ, Gabrielson DA, Musser lM. 
Phenotypic and genotypic diversity of Haemophilus 
parasuis. Proceed 12th IPVS Corigr. 1992;334. 

33 



An update on Streptococcus suis 

Carlos Pijoan and Lucina Galina 

Streptococcus suis has been described as a pig patho
gen since the late 1970s. For many years, however, the 
pathogenesis, virulence factors, serotype distribution, 
and interaction with other agents were poorly under
stood. Recent work, both in North America and in Eu
rope, has clarified some issues, although there are still 
many aspects of this disease that we do not understand 
well. 

Serotypes and Genotypes: 
Original descriptions of the organism established the 
existence of at least three serotypes: 1, 2 and an inter
mediate 1/2 (or R,S and R/S). Later on, largely through 
the efforts of Canadian workers1 a very large number 
of serotypes were found; today 29 serotypes of S.suis 
have been described. The relative importance of all these 
serotypes, or even of serotyping, is difficult to deter
mine. Most serotypes are relatively uncommon and only 
sporadically reported. We found2 that serotypes 2,4,3 
and 7, in that order, were most common from swine 
neurologic cases in the midwest. Serotype 2 account 
for 32% of outbreaks in this area. In contrast, Euro
pean workers find serotype 2 almost exclusively asso
ciated with neurological disease and give little impor
tance to other serotypes. 

When analyzing the DNA structure, a pattern, or "geno
type" can be established. Unlike serotypes, which only 
reflect differences in the antigenic structure of the cap
sule, genotypes define differences in the structure of 
the DNA, which are presumably of more importance. 
Our group found3 that the genotypes of S.suis strains 
isolated from lungs and other non-neural origins were 
very heterogeneous. This probably reflects the fact that 
these strains are secondary invaders of little pathologi
cal significance. On the other hand, strains isolated from 
brain tissue were very similar, and could be classified 
into a set of defined patterns, suggesting that virulent 
strains tend to be very similar among themselves. 

Later we found (4) that a closed herd may harbor many 
different serotypes and genotypes in nasal tissues. How
ever, in this same herd, only one genotype (a serotype 
2) was responsible for all cases with central nervous 
system (CNS) signs. This same pattern was later found 
in another herd with a serotype 7 strain. The results 
suggested that, even though many different genotypes 
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of S.suis may exist in a herd, only one is capable of 
invading the meninges and cause CNS disease. 

These findings suggest that it is the genotype and not 
the serotype that needs to be established to define the 
virulent strain within a herd. This has some obvious 
implications for vaccination strategies. 

Virulent Factors: 
During the last decade, considerable work has been 
performed on virulence factors. Workers in England5 

first established that virulent strains had surface pro
teins that were absent in nonvirulent strains. The same 
group found that virulent strains were transported to 
the brain within injected monocytes6 and that virulent 
strains could replicate within peritoneal mouse mac
rophages.7 

Vecht and his group8 in Holland then described three 
proteins apparently associated with virulence: 

• MRP (or Muramidase-released protein); 

• EF (extra-cellular factor); and 

• EF* (* denotes proteins with a higher molecular 
weight). 

Vecht established that MRP+ EF+ strains were viru
lent, whereas MRP+ EF* were intermediate and MRP
EF- were avirulent. This work was all performed in 
serotype 2 strains. 

The presence of these proteins in midwest strains has 
not been well established. Using a small number of se
lected virulent strains, we found the presence ofMRP* 
(MRP with a higher molecular weight) but not EF 
(which was only found in a strain of human origin and 
one strain from swine meningitis), suggesting that some 
of our "virulent" strains were in reality intermediates. 
At present we are studying a larger group of strains to 
establish the presence or absence of these factors. 

The MRP protein has now been cloned and expressed 
in a bacterial vector. This opens the possibility of a 
new generation of S.suis vaccine based on purified viru
lence factors, instead of surface capsular antigens. 

Pathogenesis 
It is very tempting to try to synthesize the English and 
Dutch work into a picture of S.suis pathogenesis. Ac-
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cording to this hypothesis, MRP, EF, MRP*, EF* (or 
all) confer to S.suis the ability to resist postphagocytic 
digestion by macrophages. The strains possessing these 

. proteins can then invade the brain and replicate, cross
ing the blood-brain barrier inside these infected mac
rophages. However, this hypothesis cannot be proven 
at present because: 

• virulent strains were found to migrate to the brain 
inside monocytes, not macrophages. This· is because 
an intravenous rather than intranasal challenge was 
used; 

• virulent strains were found to replicate within mouse 
peritoneal macrophages, but not swine alveolar mac
rophages. 

• nobody has described the effect of the MRP+, EF+, 
MRP* or EF* virulence factors on phagocytosis and 
postphogocytic digestion by alveolar macrophages. 

At present, our research group is doing this work. We 
have established that the MRP+ EF- or MRP* EF- ge
nome does not enhance phagocytosis by blood mono
cytes and neutrophils. Rather, the MRP+ EF- strain is 
·Jess phagocytosed than MRP- EF-, suggesting that these 
proteins (or only the MRP) have antiphagocytic prop
erties. Our results of phagocytosis in swine alveolar 
macrophages are inconclusive. Pr~liminary results also 
suggest that strains with the MRP+ EF+ genome can 
resist postphagocytic digestion by swine alveolar mac
rophages and actually reproduce inside these cells. 

Interaction With Other Agents 
Streptococcus suis is a common member of the pig's 
nasal flora. Even so-called "virulent" strains (MRP+ 
EF+) can be isolated from the noses of apparently 
healthy animals. Furthermore, it is very difficult to re
produce S.suis meningitis experimentally. Intranasal in
oculation of healthy animals usually does not lead to 
CNS signs or recovery of S.suis from brain. These find
ings suggest that S.suis (even virulent strains) only es
tablish disease in immune-compromised animals, a situ
ation that can result from previous infection with "im-. 
munosuppressive" agents or "stressful" situations. 

There have been three agents shown to interact with 
S.suis: 

• Aujeszky's disease virus (pseudorabies virus): 
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Iglesias et al. (10) were able to reproduce S.suis 
meningitis in pigs previously infected with Aujeszky's 
virus. Although this interaction seems very plausible, 
since the virus is known to affect postphagocytic di
gestion by macrophages, the fact that both diseases 
have CNS signs made their finding difficult to 

interpret. 

· • PRRS virus: Our group (11) was able to show that 
animals infected with PRRS virus and then chal
lenged with S.suis developed meningitis and yielded 
bacteria from brain cultures. This only happened if 
strains with the MRP+ EF + genotypes were used 
and not with MRP* EF- strains. Since the latter are 
common isolates from meningitis cases in the 
midwest, it would appear that PRRS infection only 
partially explains the occurrence of S.suis outbreaks. 
PRRS, like Aujeszky's, seems able to compromise 
the functions of alveolar macrophages. Surprisingly, 
our group has found that PRRS-infected macroph
ages actually have increased phagocytosis of S.suis. 
Perhaps the virus stimulates disease by increasing 
the number of infected macrophages and therefore 
increasing the chance of infected cells reaching the 
brain. 

• Bordetella bronchiseptica: Vecht and his group have 
· shown an interaction between B.bronchiseptica and 
S.suis (12). Although surprising, this interaction may 
result from Bordetella's well-known ability to pro
duce an intense inflammatory reaction in the pig's 
nose. This reaction probably results in migration of 
inflammatory cells (PMN's, macrophages and mono
cytes) migrating to the area. These cells can then 
phagocytose nasal bacteria (including S.suis) and 
therefore establish CNS infection. Whatever the 
mechanism, this interaction is very important due to 
the ubiquity of B.bronchiseptica in swine herds. 

Control and Eradication 
Since S. suis outbreaks appear to result following in
fection by other agents, control of the latter may be an 
effective way of dealing with the problem. When a seri
ous outbreak is present, you should consider establish
ing whether the herd is infected with Aujeszky's dis
ease virus, PRRS virus (or both). At present, control 
and eradication of Aujeszky's virus (but not PRRS) is 
possible and should be attempted. B. bronchiseptica 
can be controlled (but not eradicated) through vaccina
tion. If you decide to vaccinate against S. suis, a mixed 
S.suis- B.bronchiseptica vaccine may be the best ap
proach. Vaccination against S.suis at present is prob
ably best achieved using autogenous products with a 
well-documented brain isolate from the farm. Because 
of the large variability of serotypes and genotypes 
present in the United States and Canada, this approach 
seems the most logical. 

At present, it would be difficult to eradicate S.suis from 
herds. Medicated early weaning (MEW) schemes are 
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usually not successful because S suis colonizes the baby 
pig between 5-10 days of age. However, control ofthe 
primary agents, together with autogenous medication 
and judicious medication, will usually control the 
problem. 
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Urogenital Disease: Vulvar 
Discharges in Female Pigs 
Glen W. Almond 

Urogenital infections are important factors affecting the 
fertility of female pigs.1•2 This clinical problem has not 
disappeared in the last few years. Start-up units, farms 
with large numbers of replacement gilts, or herds un
dergoing repopulation often have many bred and/or vir
gin animals affected with vulvar discharges. These epi
demics evidently occurred with increased frequency, 
concomitant with changes in swine production, i.e. large 
units with intensive production. It is not clear whether 
the swine industry is experiencing a disease problem or 
whether breeding and gestation crates permit produc
ers to observe vulvar discharges. Furthermore, it was 
difficult to estimate the precise number of abnormal 
versus normal vulvar discharges in the herd outbreaks. 

Vulvar discharges represent a diagnostic problem for 
veterinarians. Some discharges are indicative of nor
mal physiological events while others are pathological 
and interfere with fertility and conception or involve 
the health of affected animals (Table 1). It is imperative 
that practitioners distinguish the type of discharge. 

Table 1. Types of vulvar discharges. 

Although most postfarrowing discharges are normal, 
sows must be carefully observed for infectious/toxic 
metritis or retained pigs. 

Elevated serum estrogen concentrations, associated with · 
onset of estrus and ovulation, contribute to vulvar dis
charges in peri-estrous animals. These changes result 
in the production of mucoid or mucopurulent vulvar 
discharges (clear to yellow/brown in color) at the time 
of estrus. Vaginal smears of these discharges reveal 
sloughed vaginal epithelial cells and numerous neutro
phils. The neutrophils are involved with the normal 
clearing of numerous vaginal epithelial cells associated 
with estrus. We noted that many animals will continue 
to discharge for up to 7 days (sometimes more) after 
estrus and mating. The discharge contains mucus, vagi
nal epithelial cells, semen, white blood cells (neutro
phils ), occasional red blood cells or any combination of 
these cells. The quantity ofthese "normal" discharges 
varies from sow to sow and the fertility of these ani
mals is rarely affected. 

Similarly, a mucopurulent vulvar discharge 
is evident in pregnant sows in the last 2-3 
weeks of gestation. Elevated serum estrogen 

Normal concentrations during late pregnancy and 
--------=-p_h..:.y_s_io_l_o..;:;g_ic_d_is_c_h_a_r..;:;g_e_P_a_t_h_o_lo....;g:;..i_c_d_i_s_ch_a_r...;g;,.e_ during estrus induce mucus production and 
Genital 
tract: 

Estrus discharge Endometritis cellular changes in the vulvo-vaginal mem-
Service discharge Metritis branes, thereby, resulting in a "sterile" dis-
Postfarrowing discharge Cervicitis charge. 
Cervical/seminal plug Vaginitis 

Vulvar Abscess Abnormal 
Blood via trauma 

-u-r-in_a_~------U-ri-ne---------------c-~-s-ta_ll_u-ria-/-ur-o-lit-h-ia-s-is- _I> __ is_c __ h_a_r~g~e_s ____________ __ 
tract: Blood 

Cystitis/Pyelonephritis Blood 

Normal Vulvar I>ischarges 
Postparturient discharges and peri-estrous discharges 
are normal vulvar discharges in the sow. Discharges 
following farrowing usually represent the sow's attempts 
to clear placental remnants and debris from the uterus. 
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The presence of fresh blood is common on 
the vulva of sows or gilts. Vulvar lacerations result from: 

• biting by sows, particularly in pen housing; 
• trauma by crates; or 
• trauma by the boar. 

Since blood is spermicidal, careful handmating proce
dures reduce the likelihood of breeding-inflicted vulvar 
lesions. In addition, ifthe boar's penis is injured, blood 
may be deposited in the female's reproductive tract. 
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Post-breeding Purulent Discharges 
The presence of a purulent vulvar discharge at 14 to 20 
days postbreeding (or estrus) typically is indicative of 
metritis or· endometritis. Affected animals invariably 
return to estrus and, consequently, this type of discharge 
represents a concern to breeding managers. Presently, 
we do not know the precise cause of uterine infections; 
however, the causative agent(s) likely enters the uterus 
during estrus, either by passive ascension or by active 
introduction by the boar during mating. Several bacte
rial species have been isolated from these infected uteri, 
including, Escherichia coli, Streptococci sp., and a va
riety of others. Unfortunately, investigators have not 
identified a specific pathogen responsible for all dis
charges. 

Evaluation of reproductive tracts at slaughter yielded 
limited information because the animals either resolved 
the infection or because overgrowth of opportunistic 

· bacteria occurred. A recent study3 indicated that sows 
bred late during estrus (often the. third mating) are sus
ceptible to discharge problems; however, this does not 
completely explain problems in start-up units. A plau
sible explanation for potential problems with breeding 
in late estrus is that the "protective" mechanisms of 
high estrogen concentrations have dissipated, thereby 
rendering the animal susceptible to uterine infections. 

Virgin Gilt Discharges 
Vulvar discharges in virgin gilts are a growing concern. 
Affected animals are often those that were recently noted 
in estrus after transport or exposure to a boar. Some 
affected animals have normal physiologic peri-estrous 
discharges; however, we recently observed isolated cases 
of virgin animals with metritis/endometritis. These· ob
servations confirm a previous report. 4 

The cause(s) of discharges in virgin animals remains 
unclear. Some of the cases observed in North Carolina 
were vaginitis, without involvement of the uterus. The 
vaginitis was induced by vulvar biting in the finishing 
house {a result of insufficient water nipples and water 
flow). Similarly, gilts discharging immediately after 
arrival on a new farm are commonly affected with 
vaginitis. 

Obviously, a mechanism must exist to permit bacteria 
to enter the uterus in animals destined to be affected 
with endometritis or metritis. One theory is that many 
gilts attain puberty prior to transport and infection is 
occurring while the animals are in gilt finishing facili
ties. Consequently, these animals would discharge 5-8 
days prior to their second estrus. Perhaps gilts lack suf
ficient local immunity in the reproductive tract to pre-
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vent bacterial infection. Additional research is required 
to further elucidate the problem of vulvar discharges in 
virgin gilts. 

Urinary Tract Infections 
Clinical signs of cystitis/pyelonephritis include frequent 
urination (often hematuria), a painful abdomen, 
inappetence and fever. In certain cases, a purulent vul
var discharge with or without blood may be evident. To 
confirm urinary tract infections, urinalyses are per
formed on samples from affected animals. 

Whereas pyrexia is a common clinical sign in sows with 
urinary tra,ct infections, it is unusual in sows with post
breeding discharges. Our overall impression is that uri
nary tract infections are not the primary problem in most 
herds with epidemics of vulvar discharges. We noted 
that cystitis is less common than anticipated and 
bacteriuria(> 106 organisms/mL urine) is present in <7% 
of sows in most herds. In summary, involvement of uri
nary tract infections in typical "discharge" herds is evi
dently not as significant as previously believed. 

Role of the Boar 
Due to gross contamination of the boar's prepuce, a 
previous report1 suggested that boars contributed to 
horizontal transmission of urogenital pathogens at the 
time of mating. Despite circumstantial evidence, this 
suggestion was not supported by published research 
data. Many producers continue to infuse the boar's pre
puce with extra-label intramammary antibiotic prepa
rations. Systemic antibiotic treatment was attempted; 
however, it is unknown whether sufficient antibiotic 
concentrations were achieved in the boar's reproduc
tive tract. The boar may play a role in mechanical trans
mission of pathogens, but it is unlikelyto be the princi
pal method of disease transmission. 

Role ofFacilities 
The majority of vulvar discharges are observed in sows 
housed in gestation/breeding crates. The facilities are 
usually new or recently renovated and the level of hy
giene typically is excellent. In contrast, it is surprising 
to note that older, established units or farms with pen 
gestation rarely experience (or record) problems with 
excessive numbers of discharging sows. 

Diagnostic Evaluations 
The techniques for diagnosing vulvar.discharges were 
previously described in detail. 5 Observation of 
pathologic changes in the urogenital tract and culture 
of pathogenic organisms are optimized by sacrificing 
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animals on the day of initial discharge. We noted that rowing and conception rates. Discharging sows may 
necropsy examination after the animal has returned to mask the actual problem of suboptimal breeding-house 
estrus typically yields limited information regarding llla.llltgement. It is common for new farms to employ 
gross or histological lesions. Unfortunately, ~elays in inexperienced workers in the breeding barn. This inex
culling affected sows interfere with diagnostic success. perience often leads to inadequate breeding practices . 

Treatment 
There are many treatment protocols that have attempted 
to resolve discharging sow problems: .their success was 
dubious. Medicated feed or injectable antibiotics are 
common treatments. Since we do not know the precise 
pathogens and the cost-effectiveness of antibiotic treat
ments, it is difficult to justify these treatments. Infusion 
of the boar's prepuce was a common therapy; however, 
the prepuce of a boar is rapidly re-infected and· thus 
offers short-term therapy. 

Prognosis and , 
Recommendations 
The vast majority of discharging sows return to estrus 
shortly after the initial appearance of the discharge. 
Attempts to breed these animals at this time are usually 
futile and a waste oflabor, boar use and money. Per
haps the most appropriate approach is to allow the ani
mals to recycle one more time (if economics and. animal 
flow permit it), because the majority of discharging sows 
do not have gross or histologic lesions at 5-10 days 
after they return to estrus. Our clinical experience re
vealed that when sows fail to. discharge a second time, 
their conception rates were similar to repeat.breeders. 
The other option is to cull any animal with a discharge. 
Obviously, there is no clear solution to the problem. 

Some producers and breeding managers consider the 
"discharging sow" to be a major reason .for low far-
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and we noted that the conception and farrowing rates 
of unaffected animals were low on these farms; It is 
important to record the type of discharge (normal ver
sus abnormal), quantify the precise number of affected 
animals, and ensure that you are not treating or culling · 
normal· animals. The swine 'medicine group at North 
Carolina State University currently are conducting ad- . 
ditional studies to elucidate the discharging sow prob7 

.lem. 
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Porcine Respiratory and Reproductive Syndrome 
Two years ago at the 1991 Minnesota Swine Conference for Veterinarians the keynote address discussed the 
isolation and characterization of the causative agent of "Mystery Disease". There is no longer a mystery 
regarding the disesase and the causative agent. Diagnostic tests are readily performed to identifY problems 
and the serostatus of farms. Yet PRRSVremains a major problem in the swine industry. An entire session of the 
1993 Leman Conference is devoted to an update on the status ofPRRS. The presentation and corresponding 
proceedings are divided into three sections: the virus, pathogenesis and immunity to the virus. Drs. Murtaugh, 
Collins and Molitor have summerized the current understanding of the disease, virus and immunity to the virus 
and will present recent research findings. 

The PRRS Virus 
Michael Murtaugh 
The virus that causes the disease known variously as 
porcine reproductive and respiratory syndrome (PRRS), 
swine infertility and respiratory syndrome (SIRS), por
cine epidemic abortion and respiratory syndrome 
(PEARS), mystery swine disease and other names will 
be referred to here as the PRRS virus. The majority of 
information that is available about the virus has been 
obtained from a European isolate known as the Lelystad 
virus, and an American isolate known as VR-2332. 

Physicochemical and molecular characteristics of the 
PRRS virus have been described. It is a small, envel
oped, single-stranded RNA virus that can be recovered 
from serum, lung and other tissues of infected swine. It 
has been cultured in vitro in alveolar macrophages, in 
which it is cytopathic within 12 hours and reaches a 
maximum titer of 1065 TCID 50 per ml (Wensvoort et 
al., 1991; Pol et al., 1992; Ohlinger et al., 1991). The 
virus also has been cultured in 2621 cells, in which is 
cytopathic at 2-4 days after infection and reaches titers 
of 107 TCID50 per ml (Benfield et al., 1992; Collins et 
al., 1992). 

The virus is sensitive to chloroform treatment and does 
not agglutinate red blood cells. It is stable at -20 and -
70°C, but loses infectivity slowly at 4°C and rapidly at 
and above room temperature (Benfield et al., 1992). In 
cesium chloride it has a buoyant density of 1.19 g/ml 
(Benfield et al., 1992). The virus is readily identified 
by electron microscopy in infected cells, either free in 
the cytoplasm or in cytoplasmic vesicles (Wensvoort et 
al. 1992a). It appears as spherical particles with a di
ameter of about 50 nm consisting of a 30- to 35-nm 
nucleocapsid surrounded by a lipid bilayer membrane. 
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The complete nucleotide sequence of the virus has been 
determined in Europe by Meulenberg et al. (1993) and 
Conzelmann et al. (1993). The positive-strand genome 
encodes eight open reading frames (ORFs), which ap
pear to correspond to the arrangement of genes in 
coronaviruses (Spann et al., 1988) and arteriviruses 
(Plagemann and Moennig, 1992). Two ORFs (1a and 
1b) likely encode the viral RNA polymerase. ORFs 2-6 
appear to encode structural proteins associated with viral 
membranes, and ORF 7 is believed to encode a nucleo
capsid. Equine arteritis virus (EAV, den Boon et al., 
1991) lactate dehydrogenase-elevating virus (LDV, 
Plagemann and Moennig, 1992), the PRRS virus and 
corona viruses appear to express the genomes similarly. 
A nested set of six polyadenylated 31 co-terminal nested 
RNAs is formed. The RNAs contain an identical 51 

leader sequence derived from the 51 noncoding end of 
the genome and a 31 portion which starts near the be
ginning ofthe ORFs 2-7. 

The American and European isolates, VR-2332 and 
Lelystad virus, respectively, display a high degree of 
antigenic variation, considering that they cause the same 
disease. In fact, in a comparison of 24 field sera and 
seven viral isolates from Europe and North America, 
Wensvoort et al. (1992b) were unable to distinguish a 
single common antigen that was able to reliably diag
nose infection. In order to determine the molecular dif
ferences between American and European isolates, the 
ORFs 2-7 of VR-2332 were cloned and sequenced 
(Murtaugh et al. manuscript in preparation). The char
acteristics ofthe VR-2332 ORFs are shown in Table 1. 
They encode proteins that are equivalent to the previ
ously described proteins in Lelystad virus, LDV and 
EAV (Table 1). The VR-2332 ORFs are most similar 
to those of Lelystad virus. Nevertheless, the predicted 
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Table 1. Characteristics of the ORFs of VR-2332 
Strain of PRRS Virus and Similarity to LV, LDV and 
EAV 

VR-2332 

Predicted 
No. of size of 
amino product 

ORF acids (kD) 

2 256 29.4 

Percent amino acid 
homology to: 

LV. LDV EAV 

63 43 23 

proteins show numerous differences in molecular weight, 
isoelectric point and predicted glycosylation sites be
tween VR-2332 and Lelystad virus (Table 2). Interest
ingly, all the isoelectric points ofVR-2332 proteins are 
basic. ORF 7, the nucleocapsid protein, is assumed to 
contain basic residues for interactions with the RNA 
genome. The significance of the high values observed 
for ORF 2 and ORF 6 is not yet known. 

3 254 29.0 60 41 (31) 39 (25) 

Figure 1 shows the amino acid sequence alignments of 
ORF 7. Substitutions, deletions and additions occur 
throughout the sequence. We infer that the antigenic 
differences between VR-2332 and Lelystad virus are 
due to immunological responses of swine to the disimilar 
regions. Comparisons of VR-2332 to LDV give the 
equivalent pattern of differences but show a slightly 
higher degree of variation. These results suggest that 
the PRRS virus existed separately and was undergoing 
divergent evolution in North America and Europe long 
before PRRS was recognized in swine. 

4 178 19.5 70 39 22 

5 200 22.4 55 52 28 

6 174 19.0 79 52 27 

7 123 13.5 64 56 26 

Homologies were determined using the Needleman
Wunsch algorithm to align sequences and dividing 
th.e number of identical amino acids by the total 
number of amino acids in the smaller ORF. Since 
ORF 3 of LDV and EAV is significantly smaller than 
VR~2332 ORF 3, the homology based on division by 
VR-2332 is also shown in parentheses. 

The similarity of the PRRS virus to LDV and EAV in 
nucleotide sequence, genome structure and organiza
tion, replication strategies, pathogenic mechanisms and 
host cell preferences suggests that these viruses are 
closely related an:d may have arisen from a· common 
ancestor. In particular, the close similarities of PRRS 
virus and LDV raise the intriguing possibility that the 

Table 2. Comparison of VR-2332 and Lelystad Virus ORFs 2-7 

Sites Amino acids Predicted kD pl Glycosylation 

ORF 2332 LV 2332 LV 2332 LV 2332 LV 

2 256 249 29.4 28.4 11.0 10.2 2 2 

3 254 265 29.0 30.6 8.1 9.4 7* 7 

4 178 183 19.5 20.0 7.9 6.1 4 4 

5 200 201 22.4 22.4 8.3 8.2 3 2 

6 174 173 19.0 18.9 11.3 11.9 1 2 

7 123 128 13.5 13.8 10.4 11.2 1* 1 

* not all sites are identical 

LV MagkNqsQkkkKstapmGnGQPVNQLCQlLGamiksQrQ-qprG-G-qaKKKkPEKPHFPLAaEDD 
I I I I I 111111111 II I I I I I Ill 111111111 Ill 

2332 MpnnNgkQteeK----kGdGQPVNQLCQmLGkiiaqQnQsrgkGpGkknKKKnPEKPHFPLAtEDD 

64 iRHHlTqtERsLCLqSIQTAFNQGAGTasLSsSGkvSfqVEFmLPvaHTVRLIRVtsTsASqgAs 
Ill I II Ill 111111111111 II II I Ill II IIIII III I II I 

63 vRHHfTpsERqLCLsSIQTAFNQGAGTctLSdSGriSytVEFsLPthHTVRLIRV--T-ASpsA 

Figure 1. Alignment of ORF 7 of VR-2332 and Lelystad Virus 
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PRRS virus is an LDV variant which adapted to a new 
host species and evolved rapidly away from LDV in its 
new environment. It is an important academic problem, 
but also is of practical significance since the similari
ties ofLDV and EAV to PRRS means that the consid
erable amount of relevant information on their patho
genesis and immunology can be applied to the problem 
of PRRS in swine. 
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Pathenogenisis ofPRRS 
James E. Collins and Kurt D. Rossow 

The pathogenesis of Porcine Reproductive and Respi
ratory Syndrome (PRRS) is affected by many factors, 
such as age, breed, sex, immune status, virus strain, 
and other determinants. Some general concepts about 
the pathogenesis of PRRS are described below. 

Systemic Disease 
Immunologically naive pigs of all ages are susceptible 
to infection by PRRS virus when exposed by oronasal, 
oral, intramuscular, intrauterine, intravenous, or intra
peritoneal routes. The initial site(s) of virus replication 
are unknown, but soon after exposure, young pigs, sows, 
and boars become viremic. High titers of PRRS virus 
have been detected in the blood as early as 12-24 hours 
after exposure. Viremia may persist for as long as 8 
weeks in young pigs, but persists for shorter periods in 
sows and gilts.1·4•7 

Clinical signs occur soon after the onset of viremia. 
Fever and inappetence occur 2-4 days after exposure. 
The fever often is prolonged (7 -10 days) in young pigs, 
whereas mature animals usually have mild fevers of 
shorter duration (1-3 days).1·4 Gnotobiotic pigs infected 
by PRRS virus do not have elevated body temperatures, 
which suggests that bacterial flora contribute to the 
genesis of fever} 1 Periorbital, scrotal, and hind limb 
edema may be seen in preweaned pigs, presumably be
cause of virus-induced damage to small blood and lym
phatic vessels.4 Clinical signs of PRRS infection in 
nonpregnant animals are mild unless complicated by 
secondary bacterial pathogens. PRRS virus predisposes 
pigs to secondary infection by Streptococcus suis so 
signs associated with that bacterium can be expected in 
herds where both organisms are endemic. Secondary 
bacterial infections are an important cause of mortality 
in nursery and grower pigs in PRRS virus infected herds. 

PRRS virus causes a decrease in white blood cell num
bers by 4 days after exposure. Lymphocytes, monocytes, 
and neutrophil numbers are reduced, but this effect is 
short lived; white blood cell counts return to baseline 
values by 7 days after exposure. The decline in white 
blood cell numbers occur in nursing, weaned, and grow
ing pigs as well as in sows.1·4 
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PRRS virus causes lesions in several organs and tis
sues.1·4·11 Pulmonary lesions, which occur as early as 2 
days after exposure to the virus, are difficult to detect 
grossly. Lungs may be grayish pink and less likely to 
collapse, but these changes are quite subjective and dif
ficult to accurately assess. If secondary bacterial infec
tion occurs, PRRS lesions are often obscured by pul
monary damage caused by opportunistic bacteria such 
as Haemophilus parasuis, Pasteurella multocida, and 
Streptococcus suis. In PRRS virus infections uncom
plicated by secondary bacteria,·there are characteristic 
microscopic lesions .11 Lung lesions are characterized 
by interstitial pneumonia with thickening of alveolar 
septa by macrophages and a few lymphocytes. Depos
its of necrotic cells and eosinophilic proteinaceous de
bris are common in alveolar lumens and type II 
pneumocytes may be hypertrophied. Bronchi and bron
chioles seldom have prominent lesions. The types of 
cells occupying alveolar air spaces change as pulmo
nary lesions progress. Alveolar macrophages, an im
portant component of the pulmonary defense mecha
nism, are reduced in number and function by 7 days 
after exposure.12 This renders the pig more susceptible 
to secondary bacterial infection. Alveolar cell popula
tions return to baseline levels by 28 days after expo
sure, but microscopic lung damage is still evident at 
this time.4•12 

Lymph nodes of pigs congenitally infected by PRRS 
virus (strain VR-2332) are markedly enlarged by 14 
days of age. Mandibular, retropharyngeal, medial iliac, 
superficial inguinal, popliteal and other lymph nodes 
are affected. In some instances, gross examination re
veals small, fluid-filled, cystic spaces in the enlarged 
lymph nodes. Microscopically, lymph nodes have en
larged germinal centers, many necrotic lymphocytes, 
increased .numbers of sinusoidal macrophages, syncy
tial giant cells, and, in some instances, cyst-like spaces 
partially lined by multinucleated giant cells. Lymph node 
lesions persist until at least 40 days of age in pigs con
genitally infected by PRRS virus. 5 

Microscopic lesions in other tissues include mild rhini
tis, lymphocytic encephalitis, and, in the late stages of 
infection, lymphocytic myocarditis.1·4•11 
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·.Reproductive Disease 

Gilts/Sows 
PRRS virus readily crosses the placenta during the last 
trimester of pregnancy.1 The outcome of fetal infection 
may be abortion, premature delivery, or term delivery 
ofweakborn, stillborn, and autolyzed fetuses. Although 
fetuses are susceptible to PRRS virus infection in 
midgestation, the virus does not readily cross the pla
centa at this time. Thus, reproductive failure usually 
occurs late in gestation. Microscopic lesions have been 
seen in fetuses experimentally infected in midgestation 
but not in late gestation. 3 The relationship of the le
sions to fetal death is unknown. Field reports indicate 
decreased fertility after PRRS virus outbreaks in some 
breeding herds. Further research is required to investi
gate this observation. 

Boars 
Boars infected by PRRS virus develop the same clini
cal signs as sows: transient lethargy, inappetence, and 
mild fever. Loss of libido has been reported by some 
investigators but not by others. Boars shed virus in the 
semen for at least 21 days after infection. 6 Gilts insemi
nated with semen from viremic boars develop clinical 
signs and seroconvert to PRRS virus, which suggests 
that virus shed in the semen is infectious for gilts via 
intrauterine exposure.8 

The effects of PRRS virus on semen quality are vari
able. PRRS virus (strain VR-2332) caused a reduction 
in semen volume, but did not affect semen color, pro
gressive sperm motility or spermatid morphology. Sperm 
volume returned to preinfection amounts by 14 days 
after infection. 8 In a study that included six artificial 
insemination centers of 230 boars each (five infected 
centers and one control), a reduction in weekly sperm 
output started 4 weeks after the initial clinical signs 
and returned to normal 7 weeks later.1 0 There were vari
able reductions in sperm motility and morphologic sperm 
abnormalities in this study. Whether the PRRS virus in 
the semen is derived from blood contamination of se
men or from virus replicating in testicle or accessory 
sex glands is unknown. A European strain of PRRS 
virus was not detected in the reproductive organs of 
acutely infected boars.9 
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Immune Responses to PRRS Virus 

Tom Molitor 

Porcine reproductive and respiratory syndrome (PRRS) 
virus has a predilection for immune cells, and the dis
ease manifestations can be linked directly to changes in 
the immune system. PRRS virus appears to replicate 
extensively, if not exclusively, in these cells, the direct 
replication of which may cause immunosuppression, 

The effects of PRRS virus on nonspecific and antigen 
specific immune responses are summarized in Table 1. 
Local virus-mediated destruction of alveolar macroph
ages may account for the extensive respiratory infec
tion in PRRS virus infected pigs. Enhanced systemic 
responses to exogenous antigens may be due, in part, to 
polyclonal activation of immune components, which has 
been described in LDV infection. 

· precipitate secondary infections and/or immune-medi
ated disease. It also appears that the virus stimulates 
immunity following infection that protects an animals 
from reinfection. This review will attempt to sum
marize the current state ofknowledge of the complex 

Table 1. lmmunomodulating effects of PRRS virus. 

Effect 
· interaction of PRRS virus and the immune system. 
The immune system appears to be intimately involved Respiratory Cell 

distribution 
in both the disease process and protection from 

·macrophage 

·lymphocytes 
-!.-!. 
tt 
tt disease. 

Immunosuppression 
Macrophage 
function 

·neutrophils 

·superoxide -!.-!. anion 

Clinical and experimental studies suggest that PRRS Systemic Cell 
distribution 

Antibody 

·leukocyte -!.-!.-!. counts 
virus modulates host responses based on two obser
vations: (1) secondary infections, e.g. pneumonia, ar
thritis, eye infections meningitis and infections with 
PRV, PPV and SIV are common following PRRS 
virus infection and (2) experimental infection with 
VR-2332 strain precipitates clinical disease in pig
lets challenged with Streptococcus suis (Galina et al 
1992). To further define putative immunosuppres
sion, an experiment was undertaken; three groups of 

response 

Cell-mediated 
immunity 

Secondary 
infection 

-Brucella tt abortus 

·Pseudorabies tt vaccine 

·DTH to DNFB tt 

·Streptococcus 
tt suis 

pigs 1, 4 and 10 weeks of age were experimentally .......-----------------:-::------:-
-!. = depression in response compared to noninfected 

infected with PRRS virus and various immune-re- control; tt =stimulation over that of noninfected 
sponse parameters, including both antibody-mediated control. source: Molitor et al., 1992 except 
and cellular immunity to foreign antigens, were mea- Streptococcus suis: Gal ina et al. 1992. 
sured. The cell distribution in the lung of infected 
animals had changed dramatically by 1 days post- Immunity to the virus 
infection, as evidenced by a marked decrease in the per- -
centage of alveolar macrophages and an increase in the 
percentage oflymphocytes and neutrophils from all three 
age groups. Associated with the altered lung cell dy
namics was a decrease in the functional ability of al
veolar macrophages to release superoxide anion. In 
sharp contrast was the finding of profound enhance
ment of humoral and cell-mediated function in the sys
temic circulation of PRRS virus infected swine. PRV 
and Brucella abortus antibody titers and delayed type 
hypersensitivity responses to the antigen DNFB were 
significantly enhanced in infected pigs of all age groups. 
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Most recovered pigs are considered immune, but re
covered pigs can function as a source of infection be
cause the virus can persist for at least 6 months after 
the cessation of symptoms (Meredith 1992, Zimmerman 
et al1992). Antibodies detected by indirect fluorescent 
antibody (IFA) and immunoperoxidase monolayer as
say (IPMA) appear at one to two weeks post infection 
and can persist for up to one year. Antibodies detected 
by serum neutralization test (SNT) appear later (as much 
as 6 weeks post infection) and disappear sooner 
(Morrison et al 1992). The antigenic specificity ofthe 
SNT is more definitive than that of the IPMA. Anti-
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bodies can also be shown that immunoprecipitate virus 
polypeptides (Choi et al 1993). Immunoprecipitating 
antibodies exhibit a different time course than other 
antibody populations. An enzyme-linked immunosorbent 
assay (ELISA) has been described to detect antibodies 
to PRRS virus(Albina et al 1992). Thus, there exist 
discreet populations of functional antibodies that ap
pear at different times postinfection and possibly re
flect reactivity to different PRRS virus polypeptides. 

Protection from reinfection has been documented in field 
conditions and experimentally described in pregnant . 
sows (Morrison et al, 1993). Sows that were infected 
with the protype USA isolate ofPRRS virus, VR-2332, 
and that recovered from infection were protected from 
manifestations of clinical signs and showed no viremia 
upon reinfection with the homologous strain. This pro
tection could be transferred through colostrum to sus
ceptible newborn pigs (Morrison et al, 1993). To deter
mine whether this protection was provided by antibod
ies, an experiment was performed by passively trans
ferring high titered anti-PRRS virus antibodies to 1 week 
old pigs from nonimmune dams and challenging the pigs 
with PRRS virus 24 hr later. Pigs from immune dams 
were protected from experimental challenge but pigs 
that received concentrated anti-PRRS virus sera failed 
to be protected from challenge, as were pigs receiving 
nonimmune sera or PBS as controls. These results docu
ment that immunity can be transferred via colostrum, 
but antibodies by themselves fail to protect, thereby 
suggesting a substantial role of cellular immunity in 
protection from disease. To date no data is available 
describing cell-mediated immunity to PRRS virus, yet 
several laboratories are actively pursuing this course 
of study. 

To advance the protection of pigs from reinfection, a 
prophylactic approach of immunizing animals seems 
to be both feasible and worthwhile. No commercially 
available vaccines licensed for PRRS virus are avail
able at this time, although vaccine candidates are being 
tested. 

50 

References 
Albina, E., Leforban,Y., Baron, T., Plana-Duran,J., 
Vannier,P. 1992. An enzyme-linked immunosorbent as
say (ELISA) for the detection of antibodies to the por
cine reproductive and respiratory syndrome (PRRS) 
virus. Ain. Rech. Vet. 23:167-176. 

Galina, L., Christianson W., and Pijoan C. 1993. Inter
action between Streptoccus suis and porcine reproduc
tive and respiratory syndrome in SPF piglets. Vet. Rec. 
In press. 

Meredith, M.J.1992. Review of porcine reproductive 
and respiratory syndrome. Pig Disease Information 
Centre,Dept. Veterinary Medicine, University of 
Cambridge, Cambridge, U.K. 

Molitor,T.W.,Choi ,C.S.,Risdahl, J.,Rossow, K.D., 
Murtaugh, M.P.,and Collins,J.E., 1993. Modulation of 
the immune system following infection with porcine 
respiratory and reproductive syndrome. Ain J . Vet Res. 
Submitted. 

Morrison R.B., Collins,J.E., Harris,L.,Christianson, 
W.T., Benfield,D.A., Gorcyca, D.E., andJoo,H.S. 1992. 
Serologic evidence incriminating an unidentified virus 
as the cause of swine infectility and respiratory syn
drome (SIRS). J. Vet Diag. Invest. 4:186-188. 

Morrison R. 1993. personal communication. 

Zimmerman,J .,Sanderson, T.,Eernisse,K.,Hill,H., and 
Frey,M.1992. Transmission of SIRS virus in convales
cent animals to commingled penmates under experimen
tal conditions. Ain. Assoc. Pract. Newsl. 4:25. · 

"The Evolution of the Swine Veterinary Profession" 



Transmission ofPRRS Virus 
J. Zimmerman, SL Swenson, RW Wills, EC Pirtle, KJ Yoon, HT Hill, and MJ McGinley 

This discussion is intended to present what is currently 
known about the transmission of PRRS virus, rather 
than speculate on what might be. Hard facts regarding 
the transmission ofPRRS virus are scanty at the present 
time, but new information is rapidly forthcoming. A 
much more detailed discourse on the mechanics ofPRRS 
virus spread will be possible very soon. 

One of the remarkable characteristics of PRRS virus 
infection is the speed at which it has moved through 
swine populations throughout the world. As an example, 
PRRS virus entered a naive swine population in Iowa 
between 1980 and 1985 (Table 1).1 Once in the popula
tion, the prevalence of infection skyrocketed. Transmis
sion, both within and between herds, was rapid. From 
zero (0/118) infected herds in 1980, the estimated preva
lence increased to 63.0% {17/27) of herds by 1988. 
Within infected herds, an average of72.5% of animals 
tested were positive. The pattern of"prairie fire" spread 
described by Owen et al. (1992) has been typical of the 
behavior ofPRRS virus in previously unexposed popu
lations of swine and provides evidence that transmis
sion ofPRRS virus among swine is extremely efficient. 

Experiments to elucidate the means by which PRRS 
virus is transmitted have been described or are in 
progress: 

• PRRS virus-infected swine are known to shed virus 
in feces, urine, and nasal secretions. Yoon et al. 
(1993) found that fecal shedding occurred for a longer 
period of time than previously suspected and led the 
authors to suggest that transmission by fecal-oral 
exposure may occur more frequently than transmis
sion by nose-to-nose contact. 

• Aerosol transmission has been postulated to play an 
important role in transmission, particularly between 
herds, but there is no experimental data to support 
or refute the hypothesis at this time. Work in progress 
at Iowa State University regarding aerosol transmis
sion will be presented. 

• Evidence supports the hypothesis of a chronic or per
sistent carrier state.3 In one experiment, PRRS vi
rus-naive finishers became infected when commingled 
with sows infected 99 days earlier. These results leave 
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important biological issues unresolved: What per
centage of animals become persistently infected? 
What is the triggering mechanism(s) for virus shed-· 
ding? In what tissues is PRRS virus sequestered? 
Importantly, the results imply that breeding stock 
should continue to be considered a potential source 
of virus long after a herd initially becomes infected. 

• Shedding of PRRS virus in semen from clinically 
asymptomatic boars has been reported, 4•5 as has the 
transmission ofPRRS virus infection to gilts insemi
nated with semen collected from experimentally in
fected boars.6 Further work currently in progress at 
Iowa State University will be presented. 

• An experiment presently in progress is focused on 
the infectivity of PRRS virus. Titration in swine of 
(virus dose) x (route of exposure) is expected to pro
vide information regarding the infectivity of PRRS 
virus for swine. Preliminary results indicate that a 
relatively small quantity ofPRRS virus is sufficient 
to achieve infection. Final results will be presented. 

• Recent work has shown that some avian species are 
susceptible to PRRS virus.7 Recovery of virus on 
day 5 or later strongly suggested viral replication in 
one or more of the systems emptying into the cloaca. 
Differences among species in the period of fecal shed
ding suggested a range of susceptibility among the 
avian species tested. Importantly, whether birds are 
active participants in transmitting PRRS virus has 
not been determined. 

As is obvious from this summary of experiments, we 
are very much in the preliminary stages of understand~ 
ing the mechanisms of PRRS virus transmission. Even 
so, the rate at which new information is being gener
ated promises that PRRS virus will soon shed the last 
vestiges ofthe "Mystery Disease." 
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Table 1.-lncreased prevalence of PRRS virus infection in Iowa swine herds (1980 - 1989)1 

Swine Herd Samplings:l: 

Year IFAt Frequency Percent Frequency Percent 

+ 8§ 
1980 

0.6§ 0 0.0 

1417 99.4 118 0.0 

+ 34. 
1985 

9.6 1 3.8 

322 90.4 25 96.2 

+ 94 20.8 12 40.0 
1986 

358 79.2 18 60.0 

+ 106 
1987 

32.4 9 37.5 

221 67.6 15 62.5 

+ 313 47.6 17 63.0 
1988 

345 52.4 10 37.0 

+ 75 
1989 

51.7 5 83.3 

70 48.3 1 16.7 

tlndirect immunofluorescent assay test positive(+) or negative(-) 
:I:Herd samplings by year exceeds cumulative total - some herds were sampled more than once 
§Negatjve on re-test 
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PRRS: Diagnosis 
HanSoo Joo, DVM, PhD 

Prior to 1991, it was only possible to diagnose PRRS 
by: 

• eliminating known infectious causes . of similar re
productive and respiratory problems in pigs; 

• by observing typical clinical signs; and 
• by demonstrating characteristic microscopic lesions, 

especially interstitial pneumonia in affected pigs. 

After the PRRS virus was identified, virus and anti
body detection became useful for a more definitive di
agnosis. At present, PRRS virus infection is diagnosed 
on the basis of: 

• typical clinical signs; 
• histopathology; 
• virus isolation; 
• antigen detection; and 
• different serologic methods. 

Various factors affecting diagnosis for PRRS have been 
recently reviewed and useful guidelines are described.1 

This artiCle describes recent improvement in diagnosis 
for PRRS virus infection. 

P_RRS diagnosis by typical clinical 
s1gns 
During the last 1-2 years, numbers of field cases with 
typical acute signs ofPRRS appeared to decrease sig
nificantly, while mild or inapparent infections are com
mon. It is difficult to diagnose PRRS on the basis of 
clinical signs because they are so variable. Secondary 

bacterial or viral infections can also complicate the di
agnosis. However, typical on-farm clinical parameters 
(Table 1) have continued to be helpful for PRRS diag
nosis. 

Histopathologic diagnosis 
Because gross lesions are not remarkable, microscopic 
examination is needed to detect a PRRS-specific lesion. 
Interstitial pneumonitis is the most consistent lesion 
observed with PRRS virus infection. The lesion is char
acterized by thickening alveolar septae with an infiltra
tion of mononuclear cells, primarily macrophages. Al
veolar spaces often contain proteinaceous debris that 
includes degenerating cells. 

PRRS virus isolation 
The PRRS virus has been routinely isolated in two cell 
culture systems: primary swine alveolar macrophages 
(SAMs) and a continuous cell line CL2621. Recently a 
highly permissive cell line (MARC-145) has been cloned 
from the continuous monkey kidney cells (MA-104)_2 
Because the CL2621 is a proprietary cell line, MARC-
145 cell line is now widely used. Although some iso
lates grow exclusively in one or the other cell line, SAM 
cultures appear to support growth of a greater number · 
of isolates, especially when isolation is attempted from 
serum samples. While virus may be isolated from many 
different tissues of infected pigs, serum and lung tissue 
samples appear to be the choice of samples for virus 
isolation. Isolates from various organs and blood for 

Table 1. Major clinical signs of PRRS by different phases 

Phase 

Initial 

Climax 

Sows-farrowing 

Anorexia I pyrexia 

Premature farrowing 
Abortion 
High stillborn 
Large mummies 

Neonates 

Weakborn 
Thumping 
High preweaning 
mortality 

Recovery Near normal farrowing Thumping 

Chronic Normal 

Department of Clinical and Population Sciences, University of 
Minnesota 
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Near normal 

Nurseries 

High postweaning 
deaths 

Respiratory disease 
complex 
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up to 8 weeks post-infection have been reported. Typi
cally, virus can be isolated from the serum of nursery 
pigs for 4 weeks. Virus has been isolated from stillborn 
and weakborn fetal tissues but not from mummified 
fetuses. 

It is important to submit serum and tissue samples for 
virus isolation at refrigerated or freezing temperatures 
to prevent loss of infectivity (Fig 1). 
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Fig 1. Infectivity of PRRS virus in serum of the 
infected pig ,following storage at different 

PRRS diagnosis by antigen 
detection 

7 

Fluorescent antibody and immunoperoxidase techniques 
have allowed direct detection of antigen in tissue. After 
conjugating the monoclonal antibody with fluorescein 
isothiocyanate, one can directly stain the virus antigen 
in piglet lungs.3 Immmunoperoxidase staining of virus 
was also reported in experimentally infected piglet lungs 
and spleens. 4 These techniques are currently not in wide
spread use, probably because of their low sensitivity. 

A rapid diagnosis can be achieved by an autoculture of 
SAMs from piglets. We have recently demonstrated 
PRRS virus-specific fluorescence on 2- to 6-hour 
autocultures of SAMs collected from infected piglets. 
In the future, veterinarians may be able collect lung 
lavage from suspected piglets and submit them for a 
rapid diagnosis. 

Serologic diagnosis 
Serologic testing for PRRS virus antibodies has made 
diagnosis easier. Demonstrating seroconversion with 
samples taken pre- and post-outbreak is a straightfor
ward method of diagnosis. There are, however, several 
problems with the everyday use of serology for diagno
sis: 
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• PRRS virus is now widespread and simply detecting 
antibodies in a swine herd is not enough to implicate 
the virus as a cause of clinical problems; and 

• one must know the strain of PRRS virus used in the 
assay. 

The European isolates were closely related but were 
different from the United States isolates. Ideally, a com
mon antigen will be identified for improved diagnostic 
tests. 

There are currently four different tests to detect PRRS 
virus antibodies in serum: 

• immunoperoxidase monolayer assay (IPMA); 
• indirect-fluorescent antibody test (IF A); 
• serum neutralization test (SN); and 
• enzyme-linked immunosorbant assay (ELISA). 

The difference between IPMA and IF A is that the IF A 
uses anti-pig immunoglobulin conjugated with FITC, 
thereby eliminating the fmal substrate step of the IPMA. 
Because the IF A uses FITC conjugate, endpoints must 
be determined with an ultraviolet microscope. Both tests 
rely on a subjective endpoint and cannot be automated, 
and are therefore not ideal for routine testing on a large 
scale. 

The IF A is similar in sensitivity and specificity to the 
IPMA. In one study, 5 99% of the sera from negative 
farms tested negative; in clinical herds 75% of the sera 
were positive by IFA. Additionally, over 1400 sera col
lected in 1980 from Iowa were all negative with the 
IF A. 6 Antibodies to PRRS virus can be detected as early 
as 6 days post-inoculation (PI). The IFAtest was origi
nally set up with SAMs but has been adapted satisfac
torily to CL2621 or MARC-145 cells. 

Using IFA test, a sample size of 30 will provide 95% 
confidence of detecting a 10% or higher prevalence level 
of disease. Therefore, when sampling sow herds, at least 
30 blood samples should be collected. Because fmish
ing herds have a higher seroprevalence, fewer samples 
are needed. A sample size of 10 for finishing animals 
will provide 95% confidence of finding herds with a 
seroprevalence of at least 30% or higher.7 

A SN test for the detection of antibodies to PRRS virus 
in serum has also been developed. The SN antibodies 
are slower to develop than IF A antibodies and the SN 
test is considerably less sensitive. Because the SN test 
is also labor intensive, its use has been restricted to 
research laboratories. Recently the SN test has been 
modified to provide higher sensitivity by adding fresh 
PRRS virus antibody-free swine serum.8 Consistently 
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higher SN titers were obtained when the. m9dified test 
was used. "' . · ... · 

An ELISA has been developed using antigen prepared 
by infecting SAM cultures with PRRS virus.9 Mock 
antigen (rion.:.infected SAMs) are prepared in a similar 
manner. A sample is considered positive when the posi
tive antigen well OD:mock antigen well OD ratio is 
greater than 1.5. Compared to the IPMA, the ELISA is 
reportedly equally specific and more sensitive,. espe
cially early in PRRS. outbreaks. However, some re
searchers found the ELISA to be less sensitive than the 
IPMA, and the ELISA had unacceptable background 
levels in certain negative sows. If a reliable ELISA can 
be developed, it would probably have widespread use 
because the ELISA is automated and can therefore be 
economically performed ori a large scale. 
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Defining the Welfare Needs of Pigs: 
Application to Sow Housing Issues 

John J. McGlone 

$$ and Welfare 
Do you know what money smells like? My teachers 
told me, upon entering a foul-smelling pig bam, that 
the stench was the smell of money. Other teachers in
formed us that taking the profit out of livestock pro
duction took all the fun away. Livestock production is 
a business, we learned, like making cars or shoes. I do 
not teach my students what I was taught. Instead, in the 
area of the world with the greatest investment in feedlot 
cattle and in the geographic area with exponential 
growth in pork production and processing, I teach a 
different philosophy. 

Money smells best when it smells like drying ink. Smelly 
livestock enterprises should work to have no foul odors 
and no waste discharge at the property line. We take 
care ofliving, feeling animals. That we can often make 
a profit while caring for our animals is a blessing. 

Animal wellbeing comes first, I teach. But it is a cruel 
world in the wild kingdom. Wild animals experience 
stress on a regular basis - lack of food, predators, 
thermal stress and much more. One major difference 
between wild and domestic animals is our oversight and 
stewardship. Through human efforts, farm animals typi
cally experience much less stress than similar wild or 
feral animals. 

This meeting is a testimonialto the concern for animal 
wellbeing. Reducing stress is a major component of 
sound animal care. But before we can reduce stress, we 
must b~ equipped to recognize a stress response in or
der to be able to prevent or correct the situation. 

It's all in the mind 
Have you ever suddenly looked out of a window ip a 
tall building and felt scared? You weren't going to fall, 
but you still experienced a rush. of catecholamines. It 
was all in your mind. Likewise if an animal does not 
perceive its environment as stressful, then it probably 
isn't. At the same time, animals can perceive a stressful 
situation when many of us cannot see a problem. 

Department of Animal Science and Food Technology, Texas Tech 
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Schjelderup-Ebbe wrote of one less-than-obvious 
stressesin the barnyard in 1922. He said: 

Anyone who thinks the inhabitants of a chicken yard are 
thoughtless happy creatures with a daily life of undisturbed 
pleasure, at peace with each other and without a worry about 
anything, (that) crow, lay eggs and eat is thoroughly mis
taken. A grave seriousness lies over the chicken yard and 
hens exhibit much anger and fear. Even the liveliness dem
onstrated during feeding time is not· in fact happy liveliness, 
since it is all based on the effort of each hen to consume as 
much as possible herself and to drive away others as much 
as possible. 

Our farm mammals likewise experience social stress 
that escapes all but the observant animal caregiver. 
Subtle social stress impacts animal health, reproduc
tion, and behavior in complex ways. We must remem
ber that before health, reproduction, or behavior are 
changed by stress, the central nervous system must be 
involved. 

Moberg's model of the · 
prepatliological state 
Animal stress responses are often modeled as a three
stage process. Environmental stress affects the black 
box (brain and related organs), causing responses in 
the endocrine, immune, reproductive, and other systems. 

Gary Moberg argued in 1985 that stress researchers 
should induce stress responses only to the 
prepathological state, thus avoiding the need to induce 
full-blown pathology before we document that stress 
has been induced or prevented. He convincingly argued 
that changes in iltlll'lunity, reproduction, behavior, or 
growth are better indicators of a stress response than 
endocrine intermediates. Moberg's basic argument is 
easy to defend and has gained fairly widespread accep
tance. 

The key to the model is to determine what to measure in 
each putative stress situation. 
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Endocrine intermediates 
Vertebrate physiology is driven by intense homeostatic 
mechanisms. In the face of a stressful disturbance of 
homeostasis, the drive to maintain a moderately -con
stant internal environment means that many systems 

· must adjust. I don't have the time or space to review all 
the endocrine changes associated with the stress re
sponse. Instead, I will briefly summarize the two clas
sic stress hormone systems. 

Endocrine responses to stress begin, once again, in the 
brain. Corticotropin releasing hormone (CRH), pro
duced in the para ventricular region of the hypothala
mus, is thought by many people to be the central hor
mone that, when elevated, induces the range of physi
ological and behavioral effects observed during stress 
(Dunn and Berridge, 1990). 

Elevated central CRHhas two significant effects. First, 
CRH causes pituitary proopiomelanocortin (POMC) 
secretion. POMC contains, among other molecules, b
endorphin and adrenal corticotropin hormone (ACTH). 
ACTH enters the circulation to cause release of gluco
corticoids from the adrenal cortex. The glucocorticoids 
are used at pharmacological doses to reduce inflamma
tion, and as such, their immunosuppressive effects are 
well known. The sequence ofCRH-ACTH-cortisol takes 
a matter of minutes (5 to 10 minutes in our pigs). 

A second major effect of central CRH is to stimulate 
sympathetic fibers coursing through the hypothalamus 
on their way to the adrenal medulla, among other or
gans. Increased sympathetic activity elevates serum 
catecholamines (epinephrine and norepinephrine) in a 
matter of seconds after the stress experience. 

The fact that animals have elevated glucocorticoid or 
catecholamines in their blood tells us very little about 
stress because rriany biological processes and even plea
surable experiences (like sex) elevate the hypothalamic
pituitary-adrenal system. What is important is not that 
some intermediate hormone is changed by stress, but 
that some other process (immunity or reproduction, for 
example) are affected. · 

Stress and sex 
It is well known that stress can suppress reproduction. 
Stress can prevent or delay ovulation, cause failed preg
nancy, and reduce litter size or neonatal survival. ·The 
mechanisms are not fully understood, but are elabo
rated to some degree by Moberg, (1985), Dunn and 
Berridge, (1990) and Sopolsky (1992). 
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Stress in various forms will suppress LH secretion. Two 
examples directly relevant to livestock production are 
the effects of nutrient restriction and restraint. These 
procedures will reduce LH pulse frequency through 
mechanisms that are not known. 

Immunity and Stress 
If an animal experiences stress and a pathogen, it usu
ally gets more sick than if it experiences the pathogen 
alone (reviewed by Kelley, 1985). As an example, Kelley 
reports data from Japan that shows pigs kept warm and 
exposed to the TGE virus had no clinical signs of ill
ness. On the other hand, 100% of the cold-stressed pigs 
showed clinical signs, including death. Pork producers 
who experience the spread of TGE in cold weather are 
all too familiar with the increased disease incidence in 
times of thermal stress. How can stress .have such pow
erful effects on animal health? 

The immune systerri is extremely complex and a com
plete understanding of stress effects on immunity first 
requires we understand the immune system, something 
science has not mastered. Thus, we should not be sur-' 
prised that we have made little progress in the area of 
stress immunophysiology in the past decades. 

To give you a brief overview, I will summarize the im
mune components most studied in stress models. This 
is not to say that only these effects are important. It 
could very well be that the major causes of stress-in
duced immunocompromise have not yet even been in
vestigated. I will focus my summary on stress effects 
on neutrophils, macrophages and certain lymphocytes, 
by way of examples. 

Acute stress quickly and very dramatically elevates the 
number of circulating neutrophils. Logic tells us that 
putting these phagocytes into circulation in greater num
bers makes neutrophils more accessible to pathogenic 
entry points. The literature is unclear as a whole be
cause stress can increase neutrophil migration in some 
species and reduce it in others (Roth, 1985; Salak et 
al., 1993). Regardless of the cause or effect, 1 mm of 
blood from a stressed animal will have elevated num
bers of neutrophils. 

Macrophages secrete many cytokines, the most studied 
of which are interleukin-1 (IL-l) and tumor necrosis 
factor (TNF). Glucocorticoids clearly suppress IL-l and 
TNF synthesis from macrophages. Macrophage activ
ity is dysfunctional in stressed animals. The result of 
stress on macrophages is that phagocytosis, antibody 
synthesis and some cytotoxic functions are depressed. 
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We know that there are many subclasses of lympho- Shipping causes an elevation in the number and per
cytes, including, ·at least, T-helper, T -cytot()xic, T- centage .. of circulating neutrophils and a reduction in 
suppresser, B-cells and natural killer (NK) lymphocytes. the number and percentage of circulating lymphocytes. 
Many other subdivisions based on cell function and Lymphocyte traffic is differentially affected by ship
phenotypic markers are known. For each type of lym- ping: the percentage ofB-cells decrease, while the per
phocyte investigated directly or indirectly, stress has centage ofT -helper & suppresser cells remain constant 
been shown to suppress lymphocyte activity. Alteration in the blood. The effects of shipping on NK activity 
of most T- or B-cell activity will affect antibody syn- was more complex. 
thesis. But stress effects on NK cells will have immedi-

In this work, pigs were identified as dominant, interme-
ate and often quite drama~ic effects on the ability of diate or submissive before the shipping experience. 
animals to fight malignancies, viral infections and many 
other insults. Before shipping, social status had no effect on NK ac-

As an example of the effects of stress on oqe system, 
we studied the impact of bleeding technique ori. pig NK 
activity. In this study, overseen by graduate student 
Rhonda Nicholson, we bled sows through a nonsurgi
cal venous catheter. Next, we bled the same animals by 
venipuncture. The time from the end of the catheter 
collection until the end of the venipuncture procedure 
was less than two minutes. Sows bled by venipuncture 
had a 40% depression in NK activity, compared with 
samples collected by catheter. 

·Not only does acute stress impact NK activity, but 
chronic stress also reduces NK activity. In our studies 
of the neuroendocrine control ofNK activity, graduate 
student Janeen Salak inserts venous catheters in young 
pigs through a surgical procedure (requiring 20 min
utes under inhalation anesthesia). After surgery, pigs 
have zero NK activity for at least 10 days and often as 
long as 14 days postsurgery. 

The brain, neuroendocrine, and endocrine mechanisms 
controlling NK activity are quite complex. We will need 
to control as many factors as is possible to understand 
these mechanisms. 

Complex interactions 
between behavior/brain 
and immunity: The 
shipping stress model 
When young pigs of about 20 kg are shipped, they ex
perience a syndrome known as shipping stress. The 
model is more commonly studied in cattle, but the syn
drome is very similar in both species. Shipping causes 
rather large changes in pig behavior, endocrine, and 
immune physiology (McGlone et al., 1993). We have 
shown that after 4 hours of shipping, feed intake in pigs 
will be depressed for up to 3 days. Shipping also el
evates plasma cortisol and has major effects on immu
nity. 
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tivity. However, after shipping, NK activity was de
pressed in socially intermediate or submissive pigs com
pared with socially dominant pigs. The fact that social 
status interacts with shipping stress interms of some 
immune measures indicates that our ability to identify 
the causes of stress-induced changes in immunity will 
be more difficult 

Housing effects on sows 

Crate vs. Girth Tether 
To investigate housing effects on livestock thoroughly 
and completely, one must understand how the system 
influences animal health (immunity), performance, re
production (if applicable}, behavior, and ergonomics 
(human labor needs and human-animal interaction). 
With this information, we can perform economic cal
culations to evaluate the merits of each system. The 
livestock industries find themselves in the unfortunate 
situation of not having access to the above information 
for most production systems. I will illustrate how such 
an evaluation is being made for sow housing systems at 
Texas Tech University. 

We have nearly completed the evaluation of girth teth
ers for sows in gestation and lactation. We started 112 
gilts on the study and carried them for two pregnancies 
in these environments. One must select a standard sys
tem to compare the system of interest, and in our case 
we used a gestation crate to compare to the girth tether 
system. We collected data on reproductive performance, 
immunity, behavior, and ergonomics. 

Bred Yorkshire x Landrace gilts were placed in either a 
gestation crate or a girth tether. They remained in that 
system through two complete gestations and lactations, 
moving fromthe gestation to the farrowing bam when 
appropriate. 

A total of 171 gilts/sows were bred and 141litters were 
born (82.5% overall farrowing rate). The tethered sows 
had fewer pigs born in the second parity (10.9 for crate 
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vs 9.1 for tethered sows). Girth tethered 
sows also weaned 1.0 fewer pigs per lit
ter than crated sows (9 .4 vs. 8.4 pigs per 
litter, P < .05). In all; the girth tether sup-

Table 1. Sow and litter performance when either penned 
individually in a crate or in a social group of three sows and 
occupying either dominant, intermediate, or submissive social 
status. 
---------------------------------------------------pressed sow reproduction. Measure 
~~~~~~~~~~~~~~~~~~~~~~-

Sows in gestation crates showed consid- Farrowing 
erably more stereotyped behavior (P < ·rate(%) 

Crated Dominant Intermediate Submissive P-value SE 

. 01) than girth-tethered sows. In this case, ~~e::·g 
expression of high rates of stereotyped' Pigs born 
behavior were associated with enhanced Pigs weaned 

· reproduction. Litter wean 

An ergonomic evaluation showed that less 
time was required to catch a litter of pigs 

wt., lb 

in the girth tether than crate system. Immune and endo
crine measures were not significantly different among 
the ~ystems. 

Overall, pork producers would be advised to not use 
the girth tether system. A complex analysis is required 
of any new housing system to understand its relative 
merits. With such information, producers can make wise 
choices for themselves and for the welfare of their live
stock. 

Crate vs. Pen 
The crate is becoming the most coffimon housing sys
tem for pregnant sows. The industry moved to this sys
tem because: 

• it permits the most sows in a building, 
• it is easy to handle, and 
• it reduces social stress. 

There· are, however, few controlled studies that exam
ine the effects of the crate or the social environment on 
sow behavior and physiology. Therefore, we conducted 
a study that attempted to examine sow physiology and 
behavior in depth for sows jn crate and pens. We used 
12 groups of four sows each, the four treatments in
cluding: (1) one crated sow, and a pen of three sows, 
(2) one, dominant, (3) one intermediate and (4) one sub
missive. In this work, all blood was collected via 
indwelling venous catheters. The sows in the crate had 
a 2 x · 7 feet crate. The penned sows had access to the 
.same crates, but the back gate was open and they could 
turn around and make use of an area behind the feeding 
. stall. Crate and pen materials were identical. 

The amount of stereotyped behavior (bar biting and 
trough rubbing) was interesting. Surprisingly, the 
amount oftime spent showing stereotyped behavior was 
not different among crated and penned sows. There
fore, being isolated in a crate does not increase stereo-
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100 92 67 75 .05 

414.4 414.2 384.6 381.6 .05 17.0 

12.8 12.0 10.0 11.0 .05 .2 
9.9 10.5 7.3 9.2 .09 .6 

110.7 114.7 98.8 114.7 NS 6.2 

typed behavior, and individual housing does not cause 
stereotyped behavior. 

Reproductive and immune physiology are very sensi
tive to the effects of stress. Much to our surprise, the 
sow with suppressed immunity and reproduction was 
the socially intermediate sow (the middle-child syn
drome). Socially intermediate sows had lower farrow
ing rates and fewer piglets born and weaned than crated 
sows. The effects were striking (see Table 1). 

The general syndrome associated with social stress can 
be interpreted as an indication that, in terms of physiol
ogy, sows are better off when they are penned individu
ally than if they are in a social group. Certain sows 
would always be social intermediates in any group of 
sows, .thus resulting in physiological signs of stress. 
Techniques could be developed to minimize social stress 
for groups of sows, but this area of investigation has 
not been an industry priorityin the past. 

Pork Industry at a 
Crossroads 
The pork production industry is now at a crossroads in 
terms of issues of animal welfare. Recent attacks on 
individual housing systems for sows (like in Newsweek 
and Time magazines, among others) are likely to in
crease in frequency in the future. The industry must 
decide if it will use science to defend its position. The 
bottom line seems clear to me, and can be summarized 
in two key points: 

• gestation crates can be defended on a clear basis of 
the good quality science we have today; and 

• the tether system, on balance, cannot be defended. 

If science is used to defend the gestation crate, then 
science must be used to discourage use of the tether 
system. 
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The pork industry took a significant step when it pro- plasma cortisol, natural killer cell activity and leuko
claimed that downer sows should notbe loaded on trucks cyte 11:umbers. J. Anim. Sci. 71:888-896. 
and sent to markets (they should be humanely euthanized 
on the farm). It is now time to take a stand on sow 
housing concerns. The tether system should be discour
aged and the crate system should be defended. At the 
same time, because humans perceive crates as bad, the 
industry should set a long-term objective of finding a 
method to house groups of sows that minimizes soCial 
stress. 
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Developments in Farm 
Management Practices Relating to 
'Pig Welfare 
Harold W. Gonyou, PhD 

Animal welfare is not an issue that is restricted to our 
time, but one which has been of interest to society in 
the past and will continue to be in the future. Growing 
awareness of cruelty towards animals led to early leg
islation against practices such as bull-baiting and ex
cessive beating of carriage horses in the 1800s. Many 
humane or anticruelty societies were also formed dur
ing that century. Earlier in the 20th century, concern 
for agricultural animals led to legislation relating to 
transportation and humane slaughter. In the middle of 
this century, welfare considerations led to greater use 
of confinement to protect animals from inclement 
weather. At the present time, much of the· concern for 
welfare relates to the intensity of these confinement sys
tems. Improving animal welfare by developing new 
management systems will always be a part of pig pro
duction. At any given time, the challenge Is to identify 
current and future concerns and to best develop and 
implement more appropriate management practices. 

Defining Animal Welfare 
Everyone involved in the issue has their own definition 
of what animal welfare is. In order to achieve any de
gree of cooperation in addressing the issue, we need to 
understand one another's viewpoints. To some extent 
we can consider broad categories. or types of defini
tions. I'll briefly discuss the perspectives of philoso
phers, scientists, producers, the general public, legisla
tion, and the animal itself 

Philosophers generally acknowledge that if animals are 
sentient, they deserve moral consideration. That is, our 
moral philosophy must consider how we treat animals. 
Some philosophers argue that animals have rights that 
should not be violated, regardless of the effect on the 
animal. Animal rights are not equivalent to human rights, 
but are in accord with the capabilities of the species. 
The most basic right is often seen as freedom from non
essential human interference. Many philosophers reject 
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the concept of animal rights and advocate a utilitarian 
philosophy in which the appropriateness of an action is 
judged on both its costs and benefits. Although we in 
agriculture generally hold to a utilitarian philosophy, 
some utilitarians maintain that the costs to the animals 
are too high to be justified by the benefits accrued by 
humans. 1 Even within religious philosophy there are 
differences of opinion on how we should treat animals. 
Some maintain that animals were created to serve or be 
used by humans, while others emphasize that animals 
are part of God's creation and must be treated with 
appropriate respect. Regardless of one's philosophy, 
there is a growing awareness that our use of animals 
must be morally justifiable. 

Scientists must not only determine the facts related to 
an issue but also interpret them. This interpretive role 
results in disagreement among scientists in terms of 
defining welfare? Some scientists define welfare as poor 
only· when there is a good chance of disease or death. 
Others suggest that welfare is lowered if animals are 
forced to make significant behavioral or physiological 
adaptations, even if health is never threatened. Others 
are proposing that welfare involves the mental experi
ences of the animal rather than physical responses. 
Welfare is only reduced if the animal feels bad or threat
ened in a situation. Most scientists would agree on some 
variables that may indicate poor welfare, but there is 
still considerable disagreementabout the nature of wel
fare itself 

Producers would like to claim that they are the ultimate 
welfarists. For many producers, I believe this is the case. 
It is certainly true that those who work with animals on 
a daily basis are often very astute in recognizing prob
lems. However, producers also have a financial involve
ment in animal production and their arguments are some
times questioned. Producers argue that poor welfare 
results in poor production, which results in poor profit
ability. In fact, several systems of animal agriculture 
have developed that are most profitable when produc-
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tivity is not at its maximum. An example will be dis
cussed later in this paper. 

It is impossible to attribute a single definition of animal 
welfare to the general public. Each person's definition 
is based on their own knowledge of and empathy with 
animals, and on how others influence their opinions. 
When viewed as a general pattern, it would seem that 
the public will demand ever-increasing standards of 
welfare on our farms. 

The legal definition of welfare is established by legisla
tion and interpreted by the judicial system. Legislation 
establi~hes a minimum standard to be accepted by all. 
Legal standards may force improvements in animal 
welfare~ or may allow questionable procedures to con
tinue. Whatever one's perspective, it is unlikely that all 
legislation can be uniformly classified as good or bad. 
The legal definition of welfare is always subject to 
change and depends upon the input legislators obtain 
from the public and experts in the field. 

In the final analysis, the only true definition of animal 
welfare is that of the animal itself. Regardless of what 
the legal definition is, or what philosophers, scientists, 
producers or the general public believe, the animal is 
experiencing some degree of satisfaction, or dissatis
faction, with its environment. The animal's perception 
of its welfare status may be modified by previous expe
rience, physiological status, or genetic disposition. It is 
not modified by legal definitions, scientific hypotheses, 
philosophical debates, or the opinions offarmers or the 
general public. Although our efforts to address the wel
fare issue require us to appreciate the viewpoints out
lined above; we must always keep the animal as the 
center of attention. 

Current Concerns for 
Animal Welfare 
Concerns overthe welfare of intensively raised animals 
began in the 1960s in the United Kingdom and resulted 
in a government sponsored report on the subject.3 The 
Brambell Committee, which produced this report, was 
composed primarily of agriculturalists, veterinarians, 
and biologists. It recommended that a standing com
mittee be· formed, which is known as the Farm Animal 
Welfare Council (FAWC). Based on many of the sug
gestions of the Brambell Committee, FAWC published 
a set of guidelines for ensuring adequate animal wel
fare on farms. These have become known as the ''New 
Five Freedoms", and have been summarized recently 
as follows: 4 

• Freedom from thirst, hunger and malnutrition - by 
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ready access to fresh water and a diet to maintain 
full health and vigor. 

• Freedom from discomfort- by providing a suitable 
environment including shelter and a comfortable rest
mg area. 

• . Freedom from pain, injury and disease - by preven
tion or rapid diagnosis and treatment. 

• Freedom to express nonnal behavior - by providing 
sufficient space, proper facilities and company of the 
animal's own kind. 

• Freedom from fear and distress- by ensuring condi-
tions that avoid mental suffering. 

The first three freedoms reflect traditional concepts of 
animal welfare. Most agriculturalists would use these 
freedoms·as justification for many oftoday's produc
tion practices. The fields of nutrition, environmental 
physiology and veterinary medicine have accomplished 
a great deal in these areas. The latter two freedoms re
flect the new concerns in animal welfare. The general 
public, as well as many producers, scientists and vet
erinarians, are concerned about the restrictions imposed 
on our animals. Most observers, upon seeing closely 
confined animals for the first time, are convinced that 
there must be a better way to raise animals. The fact 
that confinement is useful in achieving many of the goals 
of the first three freedoms does not justify our failure to 
search for alternatives that would also satisfy the free
dom to express normal behavior. The fifth freedom re
flects the fact that animals have mental experiences that 
should be considered. In fact, some would argue that 
welfare is entirely about such feelings.5 Although there 
is uncertainty about the extent and nature ofthese ex
periences, we generally acknowledge that animals ex
perience fear and frustration. 

Specific Concerns in Pig 
· Production 

Using the New Five Freedoms as an outline, we can 
examine current methods of pig production and some 
of the welfare concerns that exist. Our nutritional knowl
edge has increased to the point that cases of malnutri
tion in pigs are rare and almost always due to neglect. 
However, the issue of hunger has arisen in regards to 
gestating sows. The level of feed restriction used dur
ing gestation gives rise to high levels of stereotypic be
havior6 and further research indicates that sows are 
hungry most ofthe day on current rations.7 Practices 
such as skip-a-day feeding may also contribute to long 
periods ofhunger in sows. Hunger and limit-feeding of 
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sows may pose an unresolvable dilemma to the swine 
industry. Attempts to reduce hunger by adding bulk to 
the diet have generally failed. The exception: is the use 
of beet pulp8 which is believed to be effective due to its 
water-holding capacity. 

Providing comfort and shelter to animals in confme
ment requires, first, that we know the environmental 
needs of the pigs and, second, that we are able to pro
vide them. I believe the greatest issue is the fact that we 
provide pigs with little opportunity to modify their own 
microenvironment in order to fine-tune their comfort. 
The absence of insulating bedding or cooling devices 
restricts the zone of thermal comfort in animals. Al
though we are probably capable of providing adequate 
warmth to animals in these conditions, we have been 
less successful in avoiding heat stress. The growing use 
of water-spray systems in sections of the pen is a means 
of allowing pigs to thermoregulate behaviorally. 

It would seem that we should be able to control disease, 
pain and suffering in modem production systems due 
to the advances in health management, diagnosis and 
treatment. However, we continue to intentionally sub
ject our male piglets to castration and all of our ani
mals to tail docking and other standard processing pro
cedures. The United Kingdom leaves males intact and 
markets them at light weights before boar taint devel
ops. The. Danish are trying to market larger boars, more 
comparable to United States market weights, by using 
nutrition and management.9 Their goal is to have fewer 
than 3% of market boars "culled" for boar taint. Their 
current average is about 6%. In the foreseeable future 
we will continue to castrate male pigs. Even so, it may 
be possible to reduce the pain and suffering involved 
by castrating at the most appropriate age (perhaps 2 
weeks), 10 or developing inexpensive and effective anes
thesia methods such as the use of carbon dioxide. 11 

The greatest criticism of current production practices 
is of gestation stalls and farrowing crates. Webster4 

suggests that such confinement is "simply not accept
able in a society that recognizes farm animals as sen
tient creatures." However, gestation stalls were devel
oped in order to control individual feed intake and avoid 
social problems in groups of sows. Any alternative to 
stalls must also control feed intake and social problems 
while at the same time providing greater freedom of 
movement. One approach is to allow more movement 
within the stall, by incorporating pivoting sides to al'" 
low the animal to tum around. 12 A second approach is 
to develop improved group-housing methods. Such 
methods include the use of electronic sow feeders, loop 
feeding of small subgroups, self-closing free access feed 
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stalls, slow-feeding systems and floor feeding. 13 In gen
eral,· control of individual intake can be accomplished 
in these systems, particularly those that use some type 
of feeding stall. However, social problems have been 
more difficult to control and may require incorporating 
subgrouping strategies in the system. 

The subject of animal feelings is a difficult area for 
research and has not attracted a great deal of scientific 
effort. However, it is becoming recognized that the sub
ject is critical to the issue of animal welfare. What feel
ings do animals experience, and to what extent? We 
make casual reference to pain, fear, frustration and 
boredom in our animals and these have now become 
the subjects of scientific studies. Environmental enrich
ment is now mandated for primates in research labora
tories and is an issue within zoos. Research on environ
mental enrichment in pigs has not yet demonstrated an 
advantage, but the results must be taken as preliminary 
in this potentially broad field. 

Problems in Improving 
Pig Welfare 
The first step to improving welfare is to make it a pri
ority on your farm and in our industry. Many have made 
this commitment already and consider welfare implica
tions in their management decisions and the day-to-day 
operation of their farms. But even when such a com
mitment has been made, there are several reasons why 
progress will be gradual. These include economic, tech
nological, and organizational problems. 

If good welfare always resulted in the greatest profit, 
we would havefew problems. For many welfare issues 
this is the case, and we do a good job of caring for our 
pigs in areas such as nutrition, health care, and envi
ronmental management. However, it is generally ac
knowledged that some welfare measures will increase 
the cost of pork production. In these cases, producers 
must rely on the general public to support their welfare 
efforts by paying a higher price. This has been referred 
to as part of the cost of a civilized society. An example 
is the issue of space allowance for growing pigs. Al
though it is known that the growth· rate of a pig is re
duced when space is limited, the fact that more pigs are 
penned in the same area results in more pork being pro
duced per unit of floor space. The cost per kg of gain is 
less at .6 m2/pig than at .8 m2/pig.14 Assuming that 
individual growth is a good indicator of welfare, which 
producers have claimed during welfare debates, the 
purely economic decision would be to sacrifice the wel
fare of individual pigs in order to minimize costs. A 
decision must be made on the balance between animal 
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welfare and cost of production. In times of limited fi
nancial resources, producers must determine how they 
can most economically improve the welfare of their. 
animals. When animal welfare and production costs are 
in conflict, producers and the general public must strike 
a balance in these opposing forces. 

Even if a high welfare system can be operated as inex
pensively as an existing system, changing from the old 
to the new can be cost prohibitive. In the United King'" 
dom the decision was made to ban the use of gestation 
stalls for sows. Even though new, acceptable systems 
of sow housing are as inexpensive to operate,· produc
ers had a major investment in existing stalls. The solu
tion to the dilemma was to. allow an 8 year transition 
period. Even producers with new stalls in their barns 
would be able to completely depreciate.them by the time 
they were required to use a new system. The sow stall 
legislation in the United Kingdom serves as an example 
of a balance of welfare interests and the economic in
terests of the producers. 

Another bottleneck to improving welfare is technology. 
It is one thing to decide that a system is unacceptable in 
terms of welfare, but it is another to find an acceptable 
replacement. Perhaps the most striking example is that 
of gestation housing for sows. The move from group 
housing to gestation stalls was made for both economic 
and welfare reasons. It is true that stalls allowed rriore 
efficient use of labor and· reduced the space required 
per sow, but stalls also solved two welfare problems of 
the time. In traditional group housing systems, the sows 
were subjected to social dominance problems involving 
aggression and competition over food. To prevent this 
aggression, and to ensure individual control over in
take, we put sows in stalls. As welfare concerns began 
to emphasize freedom of movement, stalls could, no 
longer be considered the ultimate gestation system. 
Despite the high rankings of stalls when compared to 
other eXisting systems in terms of productivity, the ques
tion remains, 'Surely there is a way of providing greater 
freedom of movement?'. However, the alternative sys
tems must not only provide for freedom of movement, 
but must also prevent aggression find allow reasonable 
control of intake. Developing such a system is not easy. 
We have spent approximately 30 years developing a 
good stall system, and only 10 years on alternativ~s. 
Early versions of electronic sow feeders llad problems 
with feeder gates, aggression, and identification. How
ever; in the 10 years since they were introduced, con
siderable itl:lprovements have been made and compe
tent managers . can operate them at the same level of 
success as gestation stalls. New systems must be com
petently designed, adequately researched, and proven 
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on commercial farms before they cart replace existing 
systems. 

Technology cannot solve welfare problems by itself, it 
must be transferred to the producer. Thus, technology 
transfer is another problem to be overcome in achiev
ing better welfare. At present, it is much easier for a 
new producer to find out how to manage a 500-sow 
operation based on gestation stalls than one using a · · 
group system. Most people in the industry have much 
more experience with gestation stalls. Extension staff, 
and even representatives for companies selling the new 

. systems, weretrained to manage stalls, not groups. Until 
researchers, instructors, and producers gain experience 
with new systems, and spend time getting to know about 
their strengths and weaknesses, we will not have the 
expertise necessary for any but the most dedicated in
dividuals to succeed with new systems. Letters to the 
editor in the Veterinary Record after gestation stalls were 
banned in the United Kingdom emphasized that exper
tise in the new systems must be developed before ani
mal welfare would be improved. Certainly the exper
tise is developing in the United Kingdom, and among 
producers in North America who have chosen alternate 
systems. 

Perhaps the· final bottleneck to improving welfare is the 
level of coordination in the industry. Some issues will 
require several groups working together in order to 
achieve results. For example, the issue of castration 
cannot be resolved without support from producers, the 
packing plants, and government. An individual producer 
who decides to do his part in improving welfare by 
marketing intact males will soon go bankrupt due· to 
low grades. The packing industry will not make the 
necessary changes in their plants to screen for boar taint 
unless it is to their economic advantage. Government 
and industry associations such as the NPPC have a role 
in coordinating these activities once the other groups 
are prepared to cooperate. All of this takes consider
able effort. But an even higher level of coordination is 
required to manage the welfare issue itself. How do we 
decide which aspect of pig production should be ad
dressed first and given priority when resolving welfare 
questions? · 

Summary 
The swine industry rriust continue· to address welfare 
issues in order to maintain satisfaction among. its pro
ducers, its status as a respected industry, and its role in · · 
a civilized society. Welfare issues have changed as 
greater concern for the psychological well-being of ani
mals has developed, in addition to traditional concern 
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for health, freedom from abuse, and the need for pro
tection from the harsh climate. Current issues for swine 
production include gestation stalls and farrowing crates, 
space allowances, barren environments, castration, and 
feeding levels for sows. In order to make progress in 
pig welfare, it is necessary for producers to be commit
ted to the task. In addition to commitment, solutions 
must be found for economic problems, such as increased 
costs, and to protect current capital investment. Tech
nological solutions to animal welfare will take time and 
considerable research effort. In addition, technology
transfer programs must be developed for welfare solu
tions. Finally, the entire industry must be coordinated 
to solve some of the problems. Producer organizations 
and professional groups associated with the industry 
must take the lead in developing and facilitating the 
implementation of management practices that will im
prove the welfare of our pigs. 
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Current United States Hog 
Numbers and Price Outlool( 
Ron Plain 

The American swine industry is currently large and 
healthy. Last year's United States pork production was 
an all-time record - 17.2 billion pounds, up 22.8% 
from 6 years earlier. Despite growth and many struc
tural changes, the United States hog industry continues 
to be dominated by seasonal and cyclical forces. It is 
not unusual for the daily average hog slaughter to in
crease 25% from mid-summer to late fall, or for annual 
average barrow and gilt prices to vary 30% from the 
low year in the cycle to the peak year. However, these 
repetitive patterns are not always consistent. 

During the last two cycles, there has been a subtle and 
perplexing shift of hog slaughter from the first half of 
the year to the second half. This shift in slaughter is 
puzzling because it exaggerates the seasonal difference 
in hog kill rather than reducing it as most industry ex
perts have been predicting would happen. The seasonal 
price pattern for barrows and gilts has made the ex
pected corresponding shift (higher in the first half of 
the year and lower in the second half) in reaction to the 
change in slaughter. 

As mentioned above, 1992 pork production was a 
record. Pork production started in 1993 at a slow pace. 
Both January and February production were down from 
the year before. However, the following months were 
up. Through the first 6 months of 1993, commercial 
pork production is very slightly ahead oflast year (8.357 
billion pounds in 1993 verses 8.354 billion in 1992). 

Hog slaughter has followed the same pattern as pro
duction. However, through the first 6 months, hog 
slaughter is down 280,000 head (0.6%) from last year. 
The reason pork production is up slightly when hog 
slaughter is down is because hogs are reaching heavier 
slaughter weights. During the first 6 months of 1993, 
the average dressed weight of hogs slaughtered under 
federal inspection is 1.5 pounds heavier than in the first 
half of 1992. 

One major factor which was very positive for United 
States pork producers in 1992 was international trade. 
Last year's United States pork exports were a record 
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and imports were the smallest since 1987. Despite this 
positive development, imports exceeded exports by an 
amount equal to 2% of all United States pork produc
tion. Imports of pork and live hogs into the United States 
started in 1993 at a high rate and then declined in the 
spring. Still, it appears highly probable that 1993 im
ports will be greater than those in 1992. 

Pork exports and live hog exports are both running un
der last year's pace. Given the higher hog prices in the 
United States this year as compared to last, it is quite 
likely that 1993 exports will be less than 1992 
(Figure 1). 
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Figure 1. Net imports as percent of United States 
pork production. Pork and hog imports less exports. 

Pork in cold storage was lower than year-earlier levels 
in the first three monthly USDA reports of 1993, but 
was higher in the April, May and June reports. 

Over time, probably the single most important and un
predictable variable affecting hog prices is consumer 
demand for pork. Figure 2 presents an index of pork 
demand· as calculated by my colleague at Missouri, 
Glenn Grimes. After declining sharply during the early 
1980s, the retail demand for pork has been fairly staQle. 
since 1984. 

Figure 3 shows the six-market weekly average price of 
barrows and gilts for the last three years. Prices have 
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Figure 2. Index of pork demand, 1970=1 00. G 
Grimes' estimate; elasticity=-0. 75. 

been higher than last year every week of 1993 except 
two. Monthly average sow prices at the six markets 
and monthly average prices for feeder pigs have both 
been consistently higher this year than last. 

Although cash hog prices have been higher than last 
year for almost all of 1993, the retail cost ofpork~as 
been lower. This discrepancy, higher-cash hogs w1th 
lower retail pork prices, has put an unusually long and 
hard squeeze on pork marketing margins. The farm-to
retail price spread has been below year-earlier lev~ls 
since April 1992. It has been below two-year-earher 
levels since August 1992. The squeeze in pork market
ing margins is somewhat due to a reduction in the fa~
to-wholesale spread; but it is largely a sharp reductiOn 
in the wholesale to retail spread that accounts for the 
overall reduction. 

Where are hog prices headed? Probably down. The 
United States swine industry has enjoyed good returns 
thus far in the 1990s. Iowa State University calcula
tions of the profitability of farrow-to-finish operatio~s 
in that state show only 8 months of losses thus far m 
this decade. 

The hog:com ratio, long-used barometer ofthe indus
try, has been steady at a level that historically has_ si~
naled growth. In general, when the hog:com rat~o IS 

above 20, producers are making enough money to stlm~
late an expansion of the breeding herd. When the r~t10 
is below 20, profits are usually very small or negative. 
Such periods usually correspond with cut-backs in sow 
numbers. For example, the hog:com ratio dropped be
low 20 in June 1988. Sixteen months later, in October 
1989, hog slaughter dropped below year-earlier levels. 
The hog:com ratio rose above 20 in October 1989. Sev-
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Figure 3. Six-market barrow and gilt prices. Weekly 
average price in dollars per cwt. 

enteen months late; (March 1991) hog sl~ught~r rose 
above year-earlier levels. 

The hog:com ratio again dropped below 20 in Septem
ber 1991. Seventeen months later, in February 1993, 
hog slaughter fell below year-earlier levels. The ratio 
rose above 20 in July 1992 and has been moving steadily 
higher until recent weeks. 

Whether hog slaughter will remain at or below year
earlier levels is uncertain. The hog:com ratio was be
low 20 for 14 consecutive months in the 1988-89 pe
riod, but for only 10 months in the 1991-92 period. The 
ratio was also lower during the 14 month 1988-89 pe
riod (16.6 average) than in the 1991-92 period (aver
age of 17.5). These two facts leads one to e~pect the 
current cut-back in slaughter to be more restramed than 
in 1990-91. 

Summary data from USDA's June Hogs and Pigs Re
port is presented in Table 1. These numbers indica~e 
the breeding herd on June 1 was 2% smaller than m 
1992 and 1% smaller than in 1991. However, farrow
ing intentions for the second half of 1993 are slightly 
higher than for last year. 

Another indicator of future hog numbers is sow slaugh
ter. Figure 3 shows the average daily sow slaug~ter 
under federal inspection as a percent of the breeding 
herd inventory. This ratio has been below year-earlier 
levels since November1992. This number would sug
gest that a major expansion in the swine breeding herd 
is underway. 

Figure 4 shows the percent change in hog slaughter from 
· a year before. After producing an un~sually smooth 
decline from the middle of 1992 to Apnl 1993, slaugh
ter has been very erratic in recent months.Thus far for 
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Current United States Hog Numbers and Price Outlook 

25 

20 

15 

10 

% 
5 

0 

-5 

-10 

-15 
JLN JUL .oLG SEP CCT 110.' DEC JPN FEB MI\R AfR MAY JUN JUL .oLG 

1992-93 

Figure 4. Percent change in total slaughter from 
year ago. United States weekly F.l. hog slaughter. 

the year, hog slaughter has averaged slightly below last 
year's level and well below the number expected from 
the quarterly USDA inventory estimates. 

Figure 5 shows the actual percent change in monthly 
hog slaughter since January 1988 along with a 12-
nionth-ahead forecast of slaughter based upon a survey 
of Extension specialists in the 10 major hog states. I 
have conducted this survey each month since Jurie 198 7. 
This survey group is currently reporting the most ac-
tive rate of construction of new hog facilities since May 
1991. Based largely on this construction rate, this sur-
vey is predicting a major jump in hog slaughter in 1994. · 

Table 2 gives recent slaughter and price data along with 
my forecast for the coming year. Relative to the futures 
market, I am very bearish on 1994 prices. 

Table 1. USDA's June 1993 Hogs and Pigs Report 

1992 1993 1993 as% 
Item (1 000 hd) (1 000 hd) of1992 

All hogs and pigs 59.295 59.690 101 

Kept for breeding 7.608 7.445 98 

Market 51.687 52.245 101 

Under 60 pounds 21.557 21.366 99 

60-119 pounds 13.001 13.100 101 

120-179 pounds 9.612 9.920 103 

180 and up 7.517 7.859 105 

Sow farrowing intentions: 

June-August 3.162 3.161 100 

September-
November 

3.009 3.027 101 
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Figure 5. Percent change in hog slaughrter from 
year ago. Monthly adjusted commercial. 

Table 2. Commercial Hog Slaughter and 6 Market 
Prices by Quarter 

Commercial %change Price of %change 
slaughter from year barrows and from year 

Year Period {mil. head) ago gilts per cwt. ago 
1 21.360 7.12 $44.74 -6.67 
2 20.877 10.40 45.90 -18.36 

1988 3 21.378 10.22 44.24 -25.07 
4 24.180 5.89 38.66 -10.41 
Year 87.795 8.28 $43.39 -16.06 
1 21.876 2.42 $40.78 -8.78 
2 21.944 5.11 41.84 -8.30 

1989 3 21.567 0.89 46.07 4.05 
4 23.304 -3.62 47.42 21.93 
Year 88.692 1.02 $44.03 1.47 
1 21.883 0.03 $49.45 21.29 
2 20.263 -7.66 59.01 40.03 

1990 3 20.345 -5.66 57.67 25.74 
4 22.647 -2.84 51.61 8.29 
Year 85.136 -4.01 $54.45 23.67 
1 21.505 -1.73 $51.50 3.66 
2 20.922 3.25 53.34 -9.46 

1991 3 21.376 5.06 50.84 -12.09 
4 24.367 7.61 39.84 -22.61 
Year 88.169 3.56 48.88 -10.23. 

23.802 10.68 $38.68 -24.89 
2 22.202 6.12 44.83 -15.95 

1992 3 23.746 11.09 43.86 -13.69 
4 25.138 3.17 41.84 5.02 
Year 94.889 7.62 42.11 -13.10 
1 23.070 -3.08 $44.18 14.23 
2 22.653 2.03 46.85 4.49 

1993 3* 23.390 -1.50 46.00 4.88 
4* 24.620 -2.06 43.50 3.97 
Year* 93.733 -1.22 45.13 7.17 
1* 23.300 1.00 $44.00 -0.41 
2* 23.106 2.00 45.00 -3.95 

1994 3* 24.440 4.00 43.00 -6.52 
4* 25.735 5.00 40.00 -9.09 
Year* 96.581 3.04 43.00 -4.99 

*Forecast 

71 



Ron Plain 

Summary 
! believeth~ nation's swine breeding herd has been grow
mg at a raptd pace through much of the spring and sum
mer of this year. This growth is the result of a low cost 
feed supply and higher than expected hog prices for the 
past 10 months. It is evidenced by the small portion of 
the sow herd that has been slaughtered in recent months. 
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This will result in increased slaughter and depressed 
hog prices in mid and late 1994. _ 

The United States swine herd is extremely large right 
now. Sh~uld ~s year's inclement weather produce high 
cash gram pnces, many pork producers will be facing 
red ink next year. 
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Long-Range Export Market 
Development Strategy for United 
States Pork 
MikeSkahill 

Overview 
Based on preliminary conclusions of our analysis, the 
United States Meat Export Federation (USMEF) and 
its pork industry members have adopted a target of$1. 8 
billion in pork exports by 2001. This will mean exports 
of over 540,000 metric tons (mt) of pork on a carcass 
weight basis, or 420,000 mt on a retail weight basis. 
Achieving this target will m~e the United States a net 
pork exporter, with the equivalent of 6.5 million hogs 
exported by 2001. 

Current Exports 
United States chilled and frozen pork exports, valued 
at $451 million, contributed about $6.15 per head to 
the value of United States market hogs in 1992 .. United 
States pork exports also boosted sales and income for 
com and soybean producers, with approximately 34 
million bushels of corn and 6 million bushels of soy
beans exported through United States pork. 

United States chilled and frozen pork exports (not in
cluding variety meats) increased 49.5 percent on a ton
nage basis in 1992. In value terms, United States pork 
exports were up 34.9 percent. United States pork ex
ports in 1992 were equivalent to 2.25 million slaughter 
hogs and represented 2.4 percent of total domestic pork 
production. Japan and Mexico buy more than three
fourths of United States pork exports: Japan buys 52 
percent of United States chilled and frozen pork, and 
Mexico buys 72 percent of United States pork variety 
meat exports. 

World Pork Market 
Prospects 
Analysis of market prospects for pork around the world 
indicates that while United States demand is flat or de
clining, per capita consumption is growing in many 
markets. USMEF forecasts import demand in major 

Director of Pork Programs, United States Meat Export Federation, 
Denver Colorado 
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Table l 
Pork export growth targets- 2001 

(percent of U.S. oroduction exported). 

Current Moderate Aggressive 

level growth growth 

Japan 0.80 2.07 4.15 

Mexico 0.34 2.23 4.47 

Korea 0.02 0.50 0.97 

EC-12 0.07 0.48 1.21 

Carribean 0.06 0.22 0.43 

Hong Kong/Singapore 0.01 0.03 0.05 

Others 0.30 0.97 1.72 

Total 1.6 6.5 13.0 

Source: MEF 

markets to 2001 under three sets of assumptions, dis
cussed in detail in the main report. Based on our mod
erate demand growth forecasts, it is realistic to expect 
import demand in Japan and Mexico to more than double 
by the next century. With trade barrier reform, import 
demand in Korea could more than triple, and European 
demand could return to 1980s levels. 

In addition to markets with major development poten
tial, a number of markets could provide profitable 
growth in specialized niches or on a sporadic basis, in
cluding certain parts of the Caribbean, Hong Kong, 
Singapore and nations in Eastern and Central Europe, 
including Russia. 

A Target-$1.8 billion in 
United States Pork 
Exports by 2001 
With growing demand for pork in world markets, the 
United States industry can reasonably target growth to 
$1.8 billion in exports by 2001. This will enable the 
United States to become a net exporter of pork. This 
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will mean that the equivalent of 6.5 million hogs, and 
through their feed, 97.7 million bushels of com and 18.1 
bushels of soybeans would be exported. The overall 
contribution to the United States economy of meeting 
this export target will exceed $4.5 billion. 

With the United States swine herd projected to reach 
100 million by the tum of the century, meeting the $1.8 
billion target would mean exporting 6.5 percent of 
United States production. Doubling the United States 
market share in export markets would provide a market 
for about 13 percent of production, or alternatively, 
greater expansion of the industry. · 

The Strategy-· . A Total 
Quality Pork Export . 
Partnership (TQPEP) 
Attainment ofthis ambitious export. target will require 
the United States pork industry producers, packers, 
processors, purveyors, traders exporters, and govern
ment to work together to: 

• Reduce costs of doing business through on-going 
relationships that increase returns through improved 
efficiency; 

• Provide profitable products that consistently meet 
export customer quality requirements; and 

• Develop long term relationships directed at steady 
and more profitable market development. 

Mexico 

23% 

U.S. Pork Exports Totaled 
$522 Million in 1992 

Source: USDA -- includes chilled and frozen 
pork, and pork variety meats 
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Japan 

61.8% 

Industry Views on Export 
Assistance Needs 
As part of the strategy development process, Abt Asso
ciates conducted a mail survey of pork packers, pro
cessors and exporters, and phone and personal inter
views with representatives of producer organizations 
and government. 

The findings indicate that the industry wants USMEF 
to take the lead in gathering and communicating infor
mation on specific requirements of individual foreign 
markets for pork and pork products. Information on 
product, packaging and labeling specifications, and 
trade barriers are ranked as high priorities. Providing 
information on United States products and technical 
assistance in sales and handling were also ranked highly. 

Key Strategy Components 
Success will require USMEF to lead the partnership in 
implementing a strategy directed at: 

• Setting the agenda and assuring action on priority 
trade barrier reform; 

• Major emphasis on service and technical assistance 
to help the United States 'trade become and stay more 
competitive through improved information on for
eign markets, customers, product aQd packaging 
specifications, and pricing; 

• Foreign technical assistance and trade promotion 
aimed at making United States pork sales more at
tractive and profitable; 

• Consumer research and promotion, based on under
standing foreign consumers and working with their 

Table2 
Assistance needed to increase U.S. pork exports: 
packer/processor/exporter priorities. 

• Information on access issues 

• Information on foreign quality standards, 

specifications 

• Improved communications with trade 

• Increased promotion of further 

processed products 

• More trade issue pressure 

Source: Abt Associates survey for USMEF. 1992 
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retail, hotel, restaurant, and institutional suppliers 
to sell more United States pork and pork products; 
and 

• Evaluation and continuous improvement, develop
ing benchmarks and assuring that the strategy is 
adapted to the changing realities of the United States 
industry and international markets. Once the indus
try gets ahead of international competitors, it is es
sential that a continuous improvement process keep 
it ahead. 

The Competitive Position 
of United States Pork 
While world markets for pork are growing, Abt Asso
ciates' assessment of the current competitive position 
of United States pork in key international markets indi
cates that the United States industry will have to take 
some major proactive steps to even hold on to current 
exports volumes. 

The United States's Self
Image 

and 10% lower cholesterol since 1983, and half the fat 
per cwt of carcass since 1970. Advances in technology 
permitting longer shelf-life for chilled pork, programs 
for residue reduction through the National Pork Pro
ducers' Council (NPPC) Pork Quality Assurance (PQA) 
program, and NPPC initiatives on environmental issues 
and animal welfare are all positive steps. 

_, 

Export Customers' Views 
Our customers around the world report that foreign 
competitors are making progress in product quality more 
quickly than the United States pork industry, however. 
United States pork is viewed as too fatty compared to 
the competition. While Danish carcasses average close 
to 60% lean, the United States average is about 48%. 

The United States trade does not generally break pork 
carcasses into cuts to foreign market specifications. 
Also, export customers report problems with consis
tency in the quality of workmanship on United States 
pork cuts. 

With only half of United States producers on the PQA 
program, foreign customers report that they are afraid 
that residue problems will scare their customers if they 
promote United States pork. 

Customers say that they buy from the U.S because prices 
are low, and the United States can provide large quan
tities ofboxed pork. This isn't sufficient reason to hang 
on to markets consistently. 

The United States share of Japanese imports, our larg
est pork export market, has fallen from 40% in the mid 
1970sto 20%in the early 1980sto 13.9percentin 1992. 

Becoming Export-Minded 
Can Increase "Profits 
Companies that have developed successful export pro
grams are getting as much as 50 cents per lb more for 
some products by selling them to customers outside the 
United States. At the same time, the United States in
dustry may be "leaving money on the table" in export 
sales. For example, in Japan, Abt Associates found that 
United States chilled pork is selling at a discount to 
local or other imported pork because retailers say that 
consumers consider it inferior. The United States in-· 
dustry does not have the consumer research to convince 
customers otherwise. 

The United States pork industry views itself as a low Trials of cutting pork bellies to Japanese "single ribbed" 
cost producer of a healthy, high quality product. It is specifications, conducted by USMEF, indicated that 
proud of its accomplishments, such as 31% lower fat responsiveness to foreign customer requirements can 
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Table3 
u,s. pork producers can make more money,and the 
whole Industry can grow more profitable, by develop
ing export markets. 

An industry partnership for successful U.S. pork export 
market development to serve export customers 

• NPPC other producer organizations and 
their member 

• IUSMEF packer, processor, exporter members 

• IUSMEF as the catalyst 

• U.S. government 

be profitable, despite the traditional view that United 
States interests are best served by getting export cus
tomers to buy according to United States specifications. 

With the United States as a net importer of pork, and 
exports amounting to only 2% of production, it is easy 
to understand the industry's lack of attention to exports. 
Unfortunately, unless the export mindset is enhanced, 
it will be difficult for United States pork exports to grow. 

An aggressive strategy, aimed at market development 
and more than tripling the share of production exported, 
will require a commitment to be an export-minded in
dustry. 

The Time is Right to · 
Launch a Pork-Export 
Development Strategy 
With low prices, United States pork exports increased 
sharply in 1992. The key issue for the United States 
pork industry is whether it wants to develop export 
markets, or use them only as an outlet for surplus pork 
when prices are low in the United States. 

Current export customer attention to attractive pork 
prices in the United States can provide the take-off point 
for a market development strategy. 

An export market development strategy can contribute 
to higher returns for the industry by combining higher 
prices in export markets and with reduced supplies in 
domestic markets, supporting prices at home. 

Surplus Disposal and 
Market Development 
At times in the hog cycle when prices are low, surplus 
disposal can be coupled with market development ac
tivities to support domestic prices. However, a strategy 
based on surplus disposal alone will require low prices, 
which is not conducive to the long term health of the 
industry. 

The industry should explore and avail itself of such tools 
as the Export Trading Company Act, which can pro
vide antitrust protection while organizing large sales 
when prices are low, without losing sight of the impor
tance of long term market development. 

TQPEP - A Partnership 
for Export Market 
Development 
Directed at increasing profitability of the whole indus
try, the Total Quality Pork Export Partnership (TQPEP) · 

. concept requires the United States pork industry -
producers, packers, processors, purveyors, traders, ex
porters and government-to cooperate more effectively 
than in the past. Each partner will have specific roles to 
make the partnership work. For instance: 

• Producers will assure that United States pork meets 
international market requirements for lean, quality, 
and safe meat. The NPPC's PQA program is one 
key to success in this area. Progress in genetics, nu
trition, and handling improvement programs, as well 
as attention to environmental and animal welfare 
concerns will all be important. 

• Producer groups also will play an important role in 
mobilizing support to put the highest priority trade 
barriers on the political agenda once priorities are 
agreed to by the partners. Financial support for pro
ducers will also be critical to developing a market 
strategy. 

• Packers, processors, purveyors and traders actually 
sell the pork products to international customers. 
Becoming increasingly export-minded and respon
sive to customer wants and needs in terms of both 
products and services will be central to building 
strong supplier/customer relationships. This includes 
flexibility in supplying products to customer speci
fications based on sound economics. 

, , • Likewise, sound economics will affect the relation
ship of these industry figures with producers, and 
the quality of products the United States industry 
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has to sell. Consistent domestic producer incentives 1992 Philadelphia meeting, to build the partnership and 
for lean, quality pork and disoourtts for fat pork, assure that the market development strategy is imple
through value pricing, will affect the industry's com- mented~ 
petitive position abroad and in the United States. 

• Aggressive export marketing volume and profit goals, 
and active participation in the partnership through 
USMEF, will be essential. This includes attendance 
at trade fairs, sharing pe~inent information with the 
partners though USMEF, and financial support for 
USMEF activities. 

• Government will be a key partner in putting priority 
trade barrier and policy issues on the negotiating 
agenda and assuring action. It will also play a key 
role in financial support for market development, 
especially because value-:-added products, pork, and 
pork product exports will yield benefits to the over
all United States economy by creating jobs and stimu
lating other economic activity that far exceed the re
turns to producers and packers. 

The United States Meat Export Federation is in a posi
tion to provide leadership in implementing the strategy 
because it has knowledge of the international meat mar
ket, it has a contacts and office network, and it has a 
long-term relationship with TQPEP partners and United 
States export customers. As a catalyst for market de
velopment, USMEF should assure communication 
among the partners, using each partner's strength and 
developing a climate of trust through straight talk.. 

The USMEF's has a new species-specific orgamzation. 
Its Director ofPork Programs, with strong support from 
other USMEF senior staff, should work with the new 
TQPEP Steering Committee, established at the June 

Table4 
Trade barriers reform. 

Country 

Japan 

Mexico 

Korea 

EC 

Priorities 

Gate price 

Labeling requirements 

Tariffs 

Trade bans 

Licensing 

Free market plans for 1994; 1997 

Regulations as a barrier 

Variable levy/export refunds 

3rd country meat direct1ve 

Food safety - PST 
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Strategy and Tactics 
Success will require USMEF to lead the partnership in 
implementing a strategy directed at: 

• trade barrier reform; 

• service and technical assistance to United States in-
dustry; 

• foreign technical assistance and trade promotion; 

• consumer promotion; and 

• evaluation and continuous improvement; 

Setting the A~enda for 
Action on Priority Pork 
Trade Barriers 
Working with the Meat Industry Trade Policy Council 
and its members, TQPEP should take the lead to estab
lish a process for 

• monitoring trade policy developments internationally; 

• evaluating the costs and benefits of alternatives to 
the United States pork industry; 

• agreeing on positions; and 

• mobilizing government action. 

Monitoring developments, follow-up, and communicat
ing with all of the partners are essential. 

TQPEP should lead the industry in assessing potential 
impacts of trade policy developments on United States 
pork exports and imports. Items such as the gate price 
system, labelling and additive/residue requirements in 
Japan, impacts of different North American Free Trade 
Agreement (NAFTA) outcomes on trade with Mexico 
and Canada, and licensing and·regulatory requirements, 
as well as import liberalization and unification in Ko
rea, and the European Community's (EC) Third Coun
try Meat Directive should all be on this agenda. 

At the same time, there should be sufficient flexibility 
to be prepared to assess fast breaking developments, 
· such as recent changes in the EC 's Common Agricul
tural Policy, and the surprise rejection of the Maastricht 
treaty by Danish voters, which will affect the pace of 
European unification and might affect export subsidies 
and the competitiveness of Danish pork. 
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TableS 
Service to the U.S. pork industry TO PEP 
label program. 

• Define key requirements 

- Industry task force 

- Research country import requirements. 

• Customer 

- Food safety quarantee 

· - Label and logo for individual markets 

- Pilottest 

- Implement and promote 

AbtAssociates Inc. 

Table6 
Key strategy comoonents. 

• Trade barrier reform 

• Service and technical assistance 
to U.S. industry 

• Foreign technical assistance and 
trade promotion 

• Consumer promotion 

• Evaluation and continuous improvement 

AbtAssociates Inc. 

Service and Technical 
Assistance to United States 
Industry 
Major emphasis on service and technical assistance is 
essential to help the United States pork industry be
come and stay more competitive. This must include 
improved information on foreign markets, customers 
and product specifications. Support for increasing the 
export mindedness of the United States industry will 
also be important. This should include: 

• Market intelligence and improved trade communi
cation on product specifications, distribution system 
developments, foreign customers, companies, inter
national competitors, prices, consumer trends and 
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preferences. We recommend a dedicated TQPEP Wire 
coordinated through USMEF's Denver office, and 
distributed by fax or electronically. 

• Presidents' Roundtables to elevate the export mind 
set of the United States pork industry and present 
TQPEP targets and progress. 

• Market research aimed at evaluating the priee im
pacts of strengths and weaknesses of specific prod
uct and service features in specific foreign markets. 
This should also provide the United States industry 
with benchmarks against which to judge current prod
ucts and standards of excellence for the future. 

• Technical support to provide the United States in
dustry with cutting, packaging and labeling stan
dards, and product formulation guidance for specific 
markets, as well as the information required to judge 
·their potential profitability. 

• A TQPEP labe~ program; d<fsigned to reposition 
United States pork as an international standard of 
excellence, based on country-specific product fea..: 
tures called for by customer priorities and import 
requirements. With key requirements to b'e defmed 
by a TQPEP task force, the label program could also 
provide a food safety guarantee to export custom
ers. 

Once requirements are established and pilot tested, a 
TQPEP label program can be implemented and pro
moted in a number of international markets. The pro
gram should be aimed at providing value for customers 
that will mean increased returns for exporters and pro
ducers, and benefitS for the partnership in developing 
self-financing promotional· activities. · 

Foreign Technical 
Assistance and Trade 
Promotion 
Foreign technical assistance and trade promotion ac~ 
tivities should be aimed at making United States pork 
sales more attractive and profitable for export custom-
ers, and should include: · · 

• Newsletters, guidebooks, promotional material and 
seminars directed at providing customers with timely 
and valuable information on United States market 
developments, the TQPEP Program, profitable han
dling and merchandising of United States pork and 
products, and purchasing from the United States -
including pricing and specification issues; 

• Trade fairs and trade advertising that focus on prod-
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U.S. pork exoort growth will increase 
sales of hogs. corn and soybeans 
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ucts and progress of the United States industry, in
cluding high level partner conclaves to provide an 
opportunity to meet with and provide recognition to 
worthy customers; and 

• On-going market promotion monitoring and customer 
satisfaction measurement programs to make sure that 
the United States industry is improving its competi
tive position and gets performance and market im
pact for its promotional dollars. 

Consumer Research and 
Promotion 
Based on the findings of our market assessment, in the 
near term most of the partnership's consumer budget 
should be focused on understanding foreign consumer 
tastes and preferences in pork, and assuring that their 
retail, hotel, restaurant, and institutional suppliers un
derstand them as well. 

With the technological developments that allow vacuum 
packed United States chilled pork to be shipped around 
the globe, a product that has traditionally been sold for 
processing is now entering the retail case to compete 
with fresh domestic production and imported chilled 
products that have travelled shorter distances~ 

As the fastest growing market segment for United States 
pork exports, and also the highest priced segment (de-
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spite the fact that it is selling at a discount to competing· 
products) the industry needs assurance that it is getting 
the best possible return for United States chilled pork 
and pork products. For example, it may be that aged 
United States chilled pork is more tender once it gets to 
the consumer, and consumer preferences for tender pork 
might permit import buyers to sell it at a premium, rather 
than a discount, as is currently the case. The consumer 
research program should address this and similar ques
tions to detect marketing opportunities. For example, 
markets for processed products and specific pork cuts 
should also be examined. 

The potential near term value of general consumer pro
motion programs for United States chilled pork is lim
ited by several factors. First, with a small market share 
and a tradition whereby products are not branded in the 
meat case, it will be very difficult to capture the ben
efits. Secondly, with customer perspectives that the cur
rent United States product is lower quality than the com
petition, promotion has to be based on price, which risks 
positioning United States pork differently than it should. 
be positioned for maximum longer term returns. 

The development of a TQPEP label program is impor
tant to repositioning the United States product as a high 
quality, guaranteed safe product, at a premium price. 
Once the standards and label program are put in place, 
and the product quality can be assured, it will make 

lncreas1ng pork exports will increase 
market development costs 

Export value Million S 

500 1.000 1.500 2000 

1991 : 

19921--~:...-

19941····775 
19951 ____ , 942 

19961·····1,066 

19971 1,175 

19981 1.336 
-

19991········1.531 

2000 I 1,732 
-

2001 , ••••••••• 1,817 

0 5 10 15 20 

Mkt. dev. costs Million$ (line) 

Source: Aot Associates forecasts 

79 



Mike Skahill 

sense to devote significant resources to consumer pro
motion. 

As it becomes appropriate to develop consumer pro
motion, attention to cultural sensitivities in specific for
eign markets is critical. Just as the auto industry learned 
that a car named Nova (which means "doesn't go" in 
Spanish) didn't sell very well in Latin America the 
United States pork industry should take care to ~der
stand local preferences and sensitivities. For example, 
the very successful "The Other White Meat'' campaign 
may not be appropriate in Japan where poultry dark 
meat is preferred and light colored pork is presumed to 
have PSE problems. 

Evaluation and 
Continuous Improvement 
To be successfully implemented, a strategy must be 
adapted to the changing realities of the United States 
industry and international markets. 

Evaluation will play an important role in providing 
TQPEP partners with feedback oil the effectiveness of 
their actions. 

Implementing TQPEP can make the United States a 
profitable net exporter by 2001 or before. However, 
once the industry gets ahead of international competi-
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tors, it is ~ssential that a contiquous improvement pro-
cess keep 1t ahead. " 

Conclusions 
Over the longer term, products and services that for
eign consumers want will be essential to a successful 
pork export market. To meet the goal of $1.8 million in 
pork exports by 2001 will require a more export minded 
United States industry. Successfully putting in place 
the TQPEP proposed here is a key to both the costs of 
achieving USMEF's target, and the likelihood of suc
cess. 

The USMEF currently spends about $3 million annu
ally on pork export market development activities. To 
support the kind of growth target proposed for pork 
exports will require a budget of about $17 million by 
2001. While this is a major increase, the total cost is 
nominal when viewed in contrast to the $1.8 billion in 
projected export sales. 

Just as the industry and government will have to forge 
a partnership to meet the requirements of export mar
ket development, the funding to pay for the program 
will also require joint action, with costs shared by those 
who stand to gain. The return on investment is outstand
mg. 

"The Evolution ofthe Swine Veterinary Profession" 



PRRS: Clinical Management ana 
Control: Recurrent Infections in the 
Breeding Herd 
Scott A. Dee, DVM, MS; HanSoo Joo, DVM, PhD 

Porcine reproductive and respiratory syndrome (PRRS), 
. previously referred to as swine infertility and respira
tory syndrome or mystery swine disease, is an emerg
ing disease occurring throughout major swine produc:
ing regions ofN orth America and Europe.1•4 Typically, 
one phase of PRRS is characterized by severe repro
ductive problems in the breeding herd including anorexia 
and premature farrowings, increased numbers of still
born fetuses and weakborn pigs. Another phase ofPRRS 
is manifested as poor performance in weaned pigs due 
to severe respiratory disease. 2 The respiratory problem 
usually becomes endemic, continuing for many months 
in most infected farms. 2 In contrast, the acute repro
ductive phase typically lasts from 2 to 3 months, 2 after 
which the production values eventually return to nor
mal. Repeated outbreaks of reproductive failure have 
not been previously reported, and the mechanism is not 
clearly understood. The purpose of the present study 
was to report recurrent episodes of reproductive fail
ure, i.e. abnormal levels of conception failure, percent 
stillborn and preweaning mortality due to PRRS viral 
infection in a 1500-sow herd. 

Materials and Methods 
Farm history: In mid 1990, the owners of two farms (A 
and B) with 1500 and 2500 sows, respectively, decided 
to work together to improve their genetic base. The plan 
called for a multiplier farm (Farm M) with 350 sows to 
purchase F1 gilts and purebred boars and produce F2 

replacement gilts for farms A and B. The three farms . 
were located within 2 - ~ miles of each other. All three 
farms were pseudorabies virus (PRV)- and brucellosis
negative, and routinely vaccinated sows for porcine 
parvovirus (PPV) and leptospirosis. 

A few months into the project, all three farms experi
enced clinical signs typical of PRRS. Stillborns and 
mummies of the three farms increased from 1.5% to 
25%onFarmAand6.0%to 35%onFarmB. Prewean-
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ing pig mortality increased from 12% to 30% and sick 
pigs were observed "thumping." Although a diagnostic 
test for PRRS virus was not available at the time of this 
outbreak, the diagnosis was made based on clinical signs 
and lack of significant laboratory findings. Sera, aborted 
fetuses, stillborns and mummies were tested for PPV, 
PRV, and six species of Leptospira. Feed samples were 
assayed for mycotoxins. All findings were either nega
tive or within normal limits. Anorexia, agalactia and 
increased mortality was evident. in the breeding herd,· 
and poor performance due to a high level of pneumonia 
was seen in weaned pigs. Upon cessation of clinical 
signs, Farm B stopped purchasing gilts and resumed 
selecting gilts from its own finisher. Farm A, however, 
continued to purchase gilts from Farm M. 

In 1992, the owner of Farm A described recurring out
breaks of PRRS-like reproductive problems through
out the year. Although the subsequent outbreaks were 
not as devastating as the first, there were abnormal lev
els of stillborns, preweaning mortality, elevated con
ception failure and sow mortality. Similar complaints 
were not reported by Farm B. 

On-farm investigation 
We visited Farms A and B in January 1993 and ana
lyzed PigCHAMP™ performance monitor data retro
spectively by parity for each month of 1992 for Farms 
A and B (reports were not available for Farm M). We 
collected blood samples from: 

• suckling piglets; 
• 4-6 week old nursery pigs; 
• 8-10 week old grower pigs; and 
• 6-month old finishers 

from Farms A and B. Six-month-old home-raised re
placement gilts were tested on Farm B. Finally, 20 re
placement gilts housed in isolation facilities on Farm A 
were sampled. These animals had been purchased 3 days 
prior to testing from Farm M. 

Laboratory tests: Blood samples were centrifuged to 
separate serum and frozen at 20°C. All samples were 
shipped to the University of Minnesota for serology and 
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Fig 1. Percent of conception failure, 
preweaning mortality and sow mortality of 
Farm A (o-o) and farm B (•-•) during 
1992. 

virus isolation. An indirect fluorescent antibody (IF A) 
test was conducted by a routine method.7 Virus isola
tion on each serum sample was carried out using a 
monkey kidney line cells (MA-104) as previously de
scribed. ti,s All samples were tested for antibodies to PPV, 
PRYandleptospira spp. 
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Results 
Average 1991 production data from the Farms A and B 
were: 

• pigs born alive 9.0-9.2; 
• stillborns 5-10%; 
• preweaning mortality 10-11 %; and 
• sow mortality 6-8%. 

PigCHAMP~ data from Farm A indicated periods of 
. elevated conception failure (21.5%), stillbirths (14.6%), 
preweaning mortality (25. 7%) and sow death loss 
(26.3%) throughout 1992 (Fig 1). Trends appeared at 
3- to 4-month intervals, with peaks occurring around 
January, March, June-August and December. Similar 
findings were not evident in the data from Farm B. The 
prevalence ofPRRS IFA antibody was 38.5% (5 of 13) 
in suckling pigs and 95.5% (21 of 22) in pigs tested 
from the nursery, grower and finisher pigs on Farm A 
(Table 1). In contrast, only 50% (10 of20) ofthe select 
gilts raised on Farm M.and sold to Farm A were posi
tive. All of the 16 finishers, including home-raised gilts 
from Farm B, were positive by IFA. PRRS virus was 
isolated from one serum sample and five lung samples 
of six weak born piglets from six clinically affected lit
ters on Farm A. Virus was isolated from serum samples 
from a grower pig and one finishing pig of Farm A. No 
virus was isolated from any samples from Farm B. All 
samples were negative or within normal limits for pre
viously described reproductive pathogens. 

Discussion 
The clinical history on Farm A indicated that recurrent 
reproductive problems due to PRRS virus infection did 
occur. Precise mechanisms for differences between 
Farms A and B are not known. However, serologic re
sults demonstrated obvious differences in exposure to 
PRRS virus between purchased gilts on Farm A and 
home-raised gilts from Farm B. Both Farms A and B 
had a high level ofiFA-positive pigs in the nursery and 
finisher, however titers appeared to decline with age. 
The majority of the replacement gilts raised on Farm M 
were seronegative at 7-8 months of age. As these ani
mals enter Farm A, PRRS viral infection during breed
ing or in the first trimester of gestation may cause in
creased conception failure, while late-term infection 
could cause elevated stillbirths and weakborn pigs. 
Infection during lactation results in anorexia and 
agalactia in the sow and subsequent elevated prewean
ing mortality. 
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Table 1. PRRS Virus Antibody Titers and Virus Isolation 
From Pigs of Different Ages from Farms A and B 

No. of 
pigs 

In conclusion, it appears to be vital to expose fe
males to PRRS virus prior to breeding to prevent 
reproductive disease, especially in gilts, Since the 

PRRS virus antibody initial outbreak took place in December of 1990, herd 
titers Virus 

<16 16_64 65_256 isolation immunitymayhavebeenhighenoughtopreventclini-
--.....,...:::...,..-....,... ........ ----8--4-...;.,.;.....:;1;..;..;....;.;;..;..;..;;.6;.;..;..;..;. cal disease throughout 1991. Farm A did not begin Farm Pigs tested 

Suckling 13 
Nursery 7 1 5 0 purchasing gilts from Farm M until mid-1991. Prior 

to this, Farm A replacements had originated from its 
own finisher. Since the majority ofthese animals were 
positive by IF A during our investigation, replace
ments from this source had been exposed and may 
have been protected in the past. As seronegative gilts 
from Farm M entered the herd, infection and subse
quent reproductive disease took place. This empha

A Grower 10 0 9 
Finisher 5 0 2 3 
Purchased gilt 20 10 8 2 

8 Finisher/gilt 16 0 7 9 

*Gilts were purchased from Farm M and bled 3 days 
after arrival on Farm A. 

0 
0 

Piglets appeared to have a low level of colostral immu
nity. Only five of 13 piglets tested had IFA titers to 
PRRS virus and only one sample was greater than 256. 
PRRS virus was isolated from a 3-day-old piglet from 
a parity-one litter. The dam was not eating or milking 
properly and had recently farrowed a litter consisting 
of five weak pigs and four stillborns. Littermates dis
played the characteristic "thumping" respiratory pat
tern seen during previous outbreaks and the majority 
were scouring. A total of six of six lactating piglets 
from different litters were positive for PRRS virus. Pig
lets infected during lactation appear to carry the virus 
into the nursery and infect seronegative weaners. PRRS 
virus was isolated from a poor-doing nursery pig dis
playing the same type of thumping respiratory pattern. 
Postmortem evaluation revealed pneumonia involving 
60%-75% ofthe lung with Pasteurella multocida and 
Streptococcus suis type 2 was the primary bacteria 
identified. 

In contrast to Farm A, all finishers and select gilts tested 
from Farm B had IFA titers to PRRS virus, indicating 
exposure to PRRS virus. As gilts entered the herd, they 
appeared to be protected and the clinical problems seen 
on Farm A were not evident. Except for the source of 
the replacement gilts and the size ofthe breeding herds, 
farms A and B are virtually identical in facilities, nutri
tion programs, medication and vaccination programs, 
etc. There were no changes in management practices 
and personnel on either farms. While some of the losses 
may be due to seasonal effects, the problems on Farm 
A occurred throughout the year and were more severe 
than those on Farm B. We don't know whether the ex
tensive sow mortality seen on Farm A is due to PRRS 
infection; however, parity analysis indicated that death 
loss was primarily in gilts. One possible explanation 
for high sow mortality may be because they had abnor
mal litters and retained fetsuses at farrowing, a com
mon finding with PRRS. 

1993 Allen D. Leman Swine Conference 

sizes the need for monitoring the serologic status of re
placement gilts, particularly if the herd is experiencing 
chronic repetitive reproductive problems. Producers 
have tried exposing open gilts to older PRRS-positive 
sows, backfeeding feces, and orally inoculating them 
with blood from a viremic animal. Finally, it may be 
necessary to bring in gilts at an earlier age (3-4 months 
old) to allow them to become properly acclimatized and 
to expose them to virus until effective commercial vac
cines become available. 
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Recurrent PRRS Problems in 
Nursery Pigs 
HanSoo Joo and Scott Dee 

Recurrent problems with PRRS have been most obvi
ous in the nurseries, with virus being isolated from nurs
ery pigs of different farms up to 2.5 years after the ini
tial PRRS outbreak. This indicates that chronic infec
tion with PRRS virus is common in nursery pigs. 

Clinical significance of 
chronic and persistent 
PRRS virus Infection 
Chronic PRRS in nursery stages of production is a prob
lem mainly because it promotes secondary infections. 
The increased numbers of seeondary infections are prob
ably responsible for the continued rhinitis and pneumo
nia observed in chronic PRRS herds. Common bacte
ria, including: Haemophilus. parasuis, Streptococcus. 
suis, Streptococcus. cholerasuis, Pasteurella. 
multocida, and Actinobacillus. pleuropneumonia are 
the pathogens most often associated with secondary in
fections. Secondary viral infections including SIV, 
EMCV, PRV, porcine cytomegalovirus, porcine respi
ratory coronavirus, and a porcine paramyxovirus have 
also been observed. 

Chronic infection results in reduced growth efficiency 
and increased postweaning mortality. The average daily 
gain (ADG) of growing pigs is reduced by as much as 
15%. Along with slower growth, pigs in chronic PRRS 
herds have higher feed:gain (FE) ratios. Postweaning 
mortality may be as high as 15%; it is common for 
average mortality rates to be twice as high as the pre
PRRS period. Morbidity and mortality may follow a 
cyclical pattern with months separating the peaks of 
disease.1 

At least three factors may contribute to the persistence 
ofPRRS virus within a herd: 

• some sows may escape infection early in the out
break, only to be infected months later and then de
liver viremic piglets; 

• seronegative gilts periodically introduced into the herd 
could give birth to viremic piglets infected in utero; 

Department of Clinical and Population Sciences, University of 
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and 
• nursery pigs infected with PRRS virus could act as 

a carrier of virus for recently weaned pigs that have 
lost maternal protection. 

The most common contributing factor appears to be 
older virus-shedding nursery pigs infecting recently 
weaned susceptible pigs. It is common for viremia to 
last 4 weeks in nursery pigs, so there is potential for 
virus to shed for an extended period. At the same time 
seroprevalence is decreasing in the sow herd, growing 
pigs continue to become infected and develop antibod
ies to PRRS virus: In a herd that had experienced re
productive failure 2.5 years earlier, the absence of viral 
spread in gestation and farrowing was reported, while 
the virus was actively spreading in the nurseries of the 
same farm. 2 Forty pigs included in a cohort group re
mained virus- and antibody-negative until 6 weeks of 
age. The PRRS virus was recovered from the blood of 
each pig at some point between 6 and 12 weeks; all the 
pigs had seroconverted by week 10. 

While the effects of chronic PRRS may be substantial, 
it becomes apparent that the virus is responsible for 
many subclinical infections. It is not known why some 
herds infected with PRRS virus do not develop clinical 
signs. There may be differences in pathogenicity among 
virus strains. In addition; it appears that herds with a 
high health status prior to PRRS virus infection are not 
as severely affected as those of lower health status. 
Those two factors, strain variation and prevailing health 
status, along with differences among producers and their 
ability to recognize clinical signs, may explain the ap
parently high number of subclinical infections. 

Clinical management of recurrent' 
nursery PRRS problems. , , 
Pig flow appears to affect the severity of clinical signs 
and the duration of persistent infection. Herds thatlprac
tice ali-in/all-out pig flow, separating age groups of pigs 
throughout production, may experience fewer clinical 
losses. The prevailing health status of the growing herd 
is also important because most of the growth reduction 
and mortality in this phase is due to secondary infec
tions. 
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In an experimental study using nursery pigs, differences 
in the duration of viremia (Fig 1) and virus excretion 
were observed when sentinel pig groups were housed in 
contact at different intervals with infected pigs. The 
results suggested that the chain of continuous infection 
could be stopped by batch-flow nursery with a longer 
interval (3 or more weeks). Minimizing the pigs' con
tact·with feces will also reduce the opportunity·for vi-
rus infection. 3 · · 

Eradication of chronic nursery 
PRRS problems 
PRRS virus infection becomes endemic after an acute 
outbreak unless the swine farm is totally depopulated. 
On a few occasions, spontaneous elimination ofPRRS 
infection has been reported. 4 Partial depopulation may 
successfully eradicate PRRS virus infection on swine 
farms where active infection cycles are limited to cer
tain age groups (3-12 weeks old). 

The eradication protocol I suggest is: 

• Select swine farms at ·least 6 months after the last 
acute PRRS ·signs. and determine PRRS serostatus 
by different age groups, e.g. 10 samples each from 
breeding, newly weaned, 8:...10 weeks old and 5-6 
month' old pigs. This is to confirm that active infec., 
tion is limited to a certain age group, e.g. cold nurs
ery ptgs. 

• completely empty the nursery (by moving pigs into 
off-site to be finished or sold as feeder pigs) and clean 
it with hot water, disinfect it twice and leave empty 
to dry for 2 weeks. During this period, all pigs are 
weaned to a farrowing room, an off-site nurseries or 
an off-site finishing building. After the 3-4 weeks 
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Fig 1. Mean duration of viremic days of 3-week old 
pigs infected with PRRS virus or placed in contact in 
the room with infected pigs 3, 1 0 and 24 days post
infection 
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period, conventional pig flow resume into the cleaned 
facilities. 

• Perform seromonitoring on the pigs just before mov
ing them out of the cleaned room, and repeat this 
monitoring monthly for 2 months and then quarterly 
for a year. 

PRRS has been successfully eradicated on endemically 
infected farms by the nursery depopulation. 5 However, 
further studies are needed to understand the different 
factors that cause virus to persist on infected farms. 
'The role of noncarrier seropositive pigs of finishing and 
breeding pigs and boars must also be defined for a con
sistent successful on-farm eradication. 
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Implications ofPRRS for 
Purchasing Breeding Stock 
Robert B. Morrison, Dale Spiess, James E. Collins, HanSoo Joo, Tom Molitor, 
Mike Murtaugh 

The problem 
Porcine reproductive and respiratory syndrome (PRRS) 
virus can cause reproductive failure in breeding stock 
and respiratory disease in growing pigs. When seedstock 
is introduced, three scenarios can potentially cause prob
lems: 

• the recipient herd is not infected and the incoming 
breeding stock are or have been infected; or 

• the recipient herd is infected and the incoming breed
ing stock are not; or 

• the recipient herd is infected and the incoming breed
ing stock are also infected. 

Scenario 1 
In the first scenario, we stand the risk of introducing 
PRRS virus into a susceptible herd. How likely is this 
to occur? If PRRS virus is to enter a herd that has no 
biosecurity program, the most likely method will be by 
introducing infected pigs. In experimental studies with 
mature swine, PRRS virus has been routinely detected 
in secretions, serum and feces for 7-10 days after chal
lenge (Christianson and co-workers). Zimmerman and 
co-workers and Wensvoort and co-workers have de
scribed cases where PRRS virus was thought to have 
spread 99 days and "several months," respectively, af
ter initial challenge. However, observations within in
fected herds and herd trials with sentinel pigs (Dee and 
co-workers) indicate that this prolonged "carrier state" 
appears to be an unusual phenomenon. 

For example, in a recent case, a particular herdowner 
introduced 15 gilts into his 150-sow herd with no isola
tion period. Shortly thereafter, he was informed that 
the source herd had just seroconverted to PRRS virus 
(with no apparent clinical signs). A random sample of 
the recipient herd was seronegative and all 15 gilts were 
seropositive. Approximately 4 months later, all gilts 

RM, DS, HJ, TM, MM: Swine Group, Department of Clinical and 
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were still seropositive and the herd remained seronega
tive. Therefore, while it is possible for seropositive 
breeding stock to introduce PRRS virus into a suscep
tible herd, this appears to be increasingly less likely as 
the time from initial infection increases. 

Contaminated semen has also been implicated as a 
source ofPRRS virus for susceptible herds (Yeager and 
co-workers, Robertson). Swenson and co-workers also 
infected boars and detected PRRS virus in semen for 
up to 21 days after challenge. Therefore, owners of 
susceptible herds who introduce genetics by artificial 
insemination should consider semen to be another po
tential source of infection. 

Isolation Procedures - There is substantial cost inher
ent in isolating incoming breeding stock. The facility is 
used less efficiently, there are fewer days of produc
tion, interest is lost on money, and there are testing costs. 
Against this, we weigh the financial benefit of prevent
ing the introduction of an infectious agent, such as PRRS 
virus. Bahnson and co-workers incorporated this 
benefit: cost in an economic model with probability es
timates of infection resulting in break-even values for 
isolation facilities. This model demonstrates the omni
present dilemma of weighing the cost of a decision ver
sus the risk involved (preliminary analysis to be dis
cussed at conference). 

Scenario 2 
Under this scenario, we introduce susceptible stock into 
an infected herd. These susceptible stock may then be
come infected and suffer the consequences. Although 
poorly documented, these consequences have been re
ported to include anorexia, increased susceptibility to 
secondary infections, and return to service. Return to 
service at abnormal intervals is due to resorption of 
fetuses. However, researchers have been unable to in
duce reproductive failure when susceptible sows are in
fected early in gestation; albeit with a limited sample 
size (Christianson and co-workers, Lager and co-work
ers). Return to service may also result from infertile 
boars. PRRS virus infection in boars has been reported 
to cause reduced sperm output, motility, and increased 
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morphological abnormalities for up to 13 weeks after 
infection (Feitsma and co-workers). 

Our current goal is to prevent the incoming stock from 
becoming infected, or plan the time of infection when 
the repercussions are least damaging. Both these op
tions involve the way in which new breeding stock are 
acclimatized. Methods include: 

• isolating and acclimatizing the stock at another site, 
vaccinating them for endemic infectious agents, and 
then introducing them to the main herd; or 

• introducing them at an earlier age (4-6 months). 

Aggressive feedback is currently the recommended · 
method to expose incoming stock to endemic infectious 
agents, including PRRS virus. 

In an 'ongoing epidemiologic project in France, Torrison 
and co-workers are reporting variable effects when in
troducing negative stock to infected herds. In some cases, 
incoming stack seroconvert immediately and in other 
cases, no seroconversion is observed. Reproductive 
performance is being monitor~· and no data are avail
able at present. 

Scenario 3 
In this scenario, PRRS virus-infected stock is introduced 
into a herd that is already infected with the virus. There 
is accumulating evidence that different isolates may vary 
in virulence. The concern in this scenario is that breed
ing stock from an infected herd may cause problems in 
a recipient herd by introducing a more virulent strain of 
the virus. While this specific question has not been stud
ied (to our knowledge), we performed a similar type of 
study and found that sows previously infected with a 
~p~itic strain. ofPRRS, virus (ATCC VR-2332), were 
solidly' protected against the clinical effects' of re-chal
lenge with the same strain administered 6 months later. 
This finding, in conjunction with field observations, 
indicates that there is probably at least partial cross
protection among PRRS virus isolates that may vary in 
virulence. This needs to be confirmed. 

The solution 
If your clients need to purchase breeding stock, what 
should they do? There are two alternatives. Determine 
the PRRS status of the herd and purchase stock ac
cordingly; negative to negative, positive to positive. The 
first step, if you opt for this route, is to determine the 

88 

status ofthe herd. This involves appropriate sampling 
(Morrison) and interpretation of results. The serologic 
test, IF A, appears to have high specificity, but low sen
sitivity (Hill). In other words, seropositive results reli
ably indicate previous (and perhaps persistent) infec
tion with PRRS virus. A high seroprevalence indicates 
recent or ongoing spread of the virus. The second step 
is to determine the status of the potential source herd. 
You can also test incoming stock (IFA and/or virus iso
lation on pooled sera) and make decisions accordingly. 
Don't waste money testing, unless you know what you 
will do with the results. 

The second alternative is to ignore the status of the herd 
and purchase stock from a reputable source, without 
regard for their PRRS status, trusting that the incom
ing stock will not be PRRS virus-infected (it might be 
seropositive but uninfected). While this option may seem 
naive, it may be the most practical one for herds in dense 
swine areas. This is because the prevalence ofPRRS is 
high in such areas, breeding stock decisions might need 
to be made on more economically important factors, 
and/or one's options may be limited. 

References: 
Christianson WT & co-workers. Am J Vet Res 53:485-
488. 

Zimmerman J. & co-workers. AASP Newsletter 1992; 
4:25. 

Wensvoort G. 1992. personal communication 

Dee S. and co-workers. Swine Health & Production 
1993; 1:4: 

Yeager and co-workers. Swine Health & Production 
1993; 1:4 

Roberston, British Vet Rec 1992; 130:478. 

Swenson S & co-workers 

Bahnson and co-workers. in preparation 

Christianson W. and co-workers. Can J Vet Res in press. 

Lager KM and co-workers. Proc LCI 1993; 102-104. 

Feitsma H. Int Cong Anim Reprod 1992: 1710-1712. 

Torrison J. personal communication. 

Morrison RB. Proc AASP 1991; 237-249. 

"The Evolution ofthe Swine Veterinary Profession" 



A Potential Spontaneous Elimination 
of the PRRS Vrrus Infection in a 
Farrow-to-Finish Herd 
Wayne R. Freese, DVM and HanSoo Joo, PVM~ PhD 

PRRS infections have occurred throughout the Mid
western United States for the last 4-5 years. Initially, 
PRRS infections in swine units occur primarily as re
productive problems, which are manifested by abor
tions, stillborns, mummies, and, weak pigs. In some units, 
the reproductive problems are followed by respiratory 
problems in pre- and postweaning piglets. In other units, 
respiratory problems can occur without reproductive 
problems. Virus has been isolated repeatedly from nurs
ery pigs in endemically infected farms for many months 
after the initial outbreak. This indicates that virus in
fection cycles appear to be maintained in nursery pigs 
for a long time. Very little information is available con
cerning the serostatus of a wide range of age groups 
from infected farms. There have been no case reports 
of a swine farm on which PRRS virus was spontane
ously eliminated. 

In this paper, I would like to describe two herds that 
were infected with the PRRS syndrome 1 year and 3 
years prior to bleeding. These farms were farrow-to
finish production units that had experienced a PRRS 
reproductive syndrome. The herds were confinement 
units that were both run by excellent mangers with very 
good facilities. (Table 1) 

Table 1. 

No.ofsows Farm A (300) Farm B (250) 

Breeding Crated Crated 
Gestation Hand breeding Hand breeding 

Breeding Cycle Weekly Bi-weekly 

Farrowing Weekly Bi-weekly 

Weaning age 21 days 28 days 

1st stage: 2nd stage: 
Nursery all-in/all-out, continuous, 

21 days 28-35 days 

Grower- Coming led 
Comingled 

finisher until Fall 1992 
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Farm A was a 300-sow, PRRS-negative, farrow-to-fin
ish herd. Replacement gilts were selected from the fin
ishing barns. In early 1992, a new source ofseedstock 
(positive for PRRS virus) was brought into the unit and 
commingled with the existing breeding herd. Shortly 
after they arrived, the home herd broke with PRRS clini
cal signs, exhibiting both reproductive and respiratory 
signs. Virus was isolated from weakbom pigs and nurs
ery pigs. Losses were severe and lasted for 4-6 weeks. 
At the time of this writing, the farm is . running very · 
smoothly. 

Farm B was repopulated in the spring of 1989: A thor
ough cleanup had occurred and the first farrowing took 
place in the fall of 1989. Between January and March 
of 1990, clinical symptoms typical of PRRS occurred 
with low farrowing rates, increased stillbirths and mum
mies and increased preweaning mortality. Through 1991 
and 1992, production values improved to within the 
normal limits seen prior to infection. At the time of this 
writing, no PRRS-related disease problems are occur
ring in any stage of the operation. 

In November 1992, 158 blood samples were collected 
from pigs of 16 different age groups ( 1 week to 3 years 
old) on farm A and 129 samples of 13 different age 
groups on farm B. All blood samples were collected on 
the same day on each farm. No more than two suckling 
pigs per litter were bled. Additional samples were taken 
in December 1992 and April 1993. An indirect fluores
cent antibody (IFA) test was used to detect antibody 
titers to PRRS virus as previously described. PRRS 
virus was isolated from serum samples using swine al
veolar macrophage cultures. (Table 2) 

• Seventy-three (46.2%) of 158 sera had positive anti
body titers (2:. 1: 16) to PRRS virus·. 

• Six of 16 age groups had more than 40% of pigs 
with positive antibody titers. 

• Fifty-seven (78.1 %) of73 seropositive pigs were dis
tributed through six of the 16 age groups. 
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• Fifty-seven (983%) of 58 pigs tested in the six groups 
(10-26 weeks of age) were seropositive. 

• All 60 pigs between 4 and 26 weeks of age collected 
in April1993 were seropositive. 

• PRRS virus was isolated from four of 28 serum 
samples collected in April 1993 from pigs at 5-10 
weeks of age. · 

FarmB 

November 1992 

• Twenty (15.5%) of 129 sera tested were seroposi
tive. 

• Fifteen gilts introduced in January 1992 from a PRRS 
virus-free farm remained seronegative. 

December 1992 

• None of 30 pigs sampled in December 1992 were 
seropositive in the 10-26 weekold category. 

March 1993 

• Novirusisolatedfrom 30 seraofpigs at 5-10 weeks 
of age. 

April 1993 

• None of 10 pigs sampled were seropositive in the 
10- to 26-week-old category. 

Discussion 
In evaluating Farm A, a seropositive pattern involving 
a humber of different age groups was noted. 

• up to 5 weeks of age-maternal antibody 

Table 2. Results of serology for PRRS virus in pigs 
of different age groups in farms A and B. 

Age 
group Nov. Nov. Dec. Apr. 

Farm (weeks) '90 '92 '92 '93 

1-3 NT 4/30 NT NT 

4-8 NT 3/40 NT 30/30 
A 

10-26 NT 57/58 NT 30/30 

=>8 mo. NT 9/30 NT NT 

1-3 30/30 7/30 NT NT 

4-8 NT 
8 

4/39 NT 0/20 

10-26 NT 0/20 0/30 0/10 

=>8 mo. 6/6 9/40 NT NT 

No. of seropositive pigs by IFA test/No. of pigs 
tested. NT= Not Tested 

90 

• 8 weeks of age-active antibody development 

• >90% ofpigs tested from10-26 weeks of age were 
seropositive 

FarmB 

In November ofl992, zero of20 sera from 10-16 weeks 
of age were seropositive. Only one animal in the unit 
Pad a titer greater than 1:64. Animals llithe 10-to 26-
week-old category remained negative in December 1992 
and April1993. · 

Spontaneous elimination of'PRRS ~iru~ may be occur
ring. Other results that support this theory are: 

• · a lack of seroconversion in sentinel gilts, and 

• failure to isolate virus from nursery pigs. 

All replacement gilts from the source that had been in
troduced into the herd during the first quarter of 1992 
have farrowed twice and were still negative by IFA test
ing in November of 1992. 

Possible reasons for a spontaneous elimination: 

• New gilts are isolated away from the breeding herd, 
bred and commingled with the sow herd only at farrow
ing. This may be a very important factor that reduced 
the risk of exposure of susceptible anllna.ls to breeding· 
herd sows that may have been carriers. 

• Animals are farrowed bi-weekly, then piglets fire 
handled in an ali-in/all-out manner in farrowi~g and 
the first stage nursery. 

• Animals in the finisher stages initially went to mar
ket and were not introduced back into the breeding herd. 

Summary 
From this study, it appears that to establish a success
ful diagnosis ofPRRS, one should sample pigs between 
10-26 weeks of age to achieve a high level of confi
dence when dealing with smaller sample sizes. Farm B 
has been extremely interesting because it does give us 
hope that PRRS may spontaneously eliminate from cer
tain swine farms. 
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PRRS Clinical Management and· 
Control: Eradication from Herds 
Scott Dee, DVM, MS and Ha.tiSoo Joo, DVM, PhD 

Porcine reproductive and respiratory syndrome (PRRS) 
was first reported in the United States in 198?.1 Be
cause the cause was unknown, veterinarians diagnosed 
the disease based on clinical signs and the process, of 
elimination ofknown reproductive pathogens. In 1991, 
the etiologic agent was identified2 and in 1992, indi
rect-fluorescent antibody testing (IF A) and techniques 
to isolate the virus from tissues and serum became avail
able. 3 Once the technology existed to identify exposed 
animals, veterinarians began to question wpether the 
virus could be eradicated. When it comes to eradicat
ing swine pathogens, one of the organisms most thor
oughly studied is pseudorabies virus (PRV).4 Because 
PRRS is caused by a virus, eradication strategies have 
been based on previous data on PRV. The following 
paper will describe actual case situations where attempts 
to eradicate PRRS took place. The eradication proto
cols studied_ consist of depopulation/repopulation, test 
and removal, modified medicated early weaning 
(MMEW) and partial depopulation. Each of the cases 
presented will summarize successes and failures, meth
odology involved, and provide data as of July 1, 1993 
on the PRRS status in each herd described. Any data 
collected from July to September will be summarized 
at the Leman Conference. 

Method 1-Depopulationl 
Repopulation · . 
·As with other infectious agents, this technique is very 
successful in removing the pathogen from the fa.rm. 
However, it can be extremely costly because the pro
ducer experiences production losses and must purchase 
new seedstock, etc. Because depopulation is very ex
pensive, it is very important that depopulation/ 
repopulation be used only when multiple problems, i.e. 
genetic and disease problems, can be solved simulta
neously. Although I have successfully eradicated PRRS 
virus by depopulation, I don't recommend that you de-. 
populate herds solely to eradicate PRRS virus unless 
there are other secondary pathogens present in the herd 
that have resulted in significant economic losses over 

SD: Swine Health Center, Morris Minnesota 56267 
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time. Endemic PRRS virus infection without second
ary bacterial infection is Clinically .quite mild. 

It is not difficult to eliminate PRRS virus from the en
vironment. PRRS virus is easily killed by: 

• allowing 14-30 days do\vn time on a facility; 
• pressure washing with hot (200° F) water; and 
• disinfecting with phenol or formaldehyde-based dis-

infectants. 

Because PRRS virus possesses a lipid envelope, it can
not readily withstand heat or desiccation. 5 However, it 
can live for prolonged periods oftime in a frozen state. 5 

Therefore, the cleanup program should take place dur
ing periods of warm weather. PRRS virus has been re-· 
ported to be excreted in high quantities in manure/ so 
it is essential to properly remove manure. This will also 
maximize the efficacy of the disinfectants. 

Perhaps the most important consideration when using 
depopulation to eradicate PRRS virus is to be sure that 
the incoming breeding stock is PRRS-negative. The 
seedstock veterinarian and the practicing veterinarian 
must carefully coordinate the purchase prior to the cli
ent entering in an agreement with a prospective com
pany. The practicing veterinarian should be made aware 
of any history of PRRS within the seedstock pyramid. 
S/he should collect a representative sample (i.e. 30 head 
or more) from the prospective farm of origin and test 
them using IFA to ensure that they have not recently 
been exposed to PRRS virus. · · · ' ' 

If the seedstock ·company has a histoly of PAAS and 
the producer purchasing the stock has a negative herd, 
the practicing veterinarian must collect some very im-

. portant information: · 

PRRS history of the herd: . The herd of origin should 
not have had clinical signs ofPRRS-related diseasefor · 
at least one y~r. · 

CurrentPRRS serology:. A representative sample from ·. 
the group of select gilts should be collected: and tested 
byiFA. 

Determination of viral shedding: Sentinel animals from 
a known negative herd of similar health status should 
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be placed in nose-to-nose contact with saleable animals. 
in the finishing bam and tested every 14 days on a regu
lar basis. 

Monitoring serostatus: Ten positive offspring with an 
IF A titer of 1:25 6-1: 1024 must be selected, ear tagged 
and tested every 14 days along with the sentinel ani
mals for a total of four bleedings. If: 

ti~e. When there was no detectable virus evident in any 
pigs for 30 day~, two of four pigs were given 4mg/kg 
Dexamethasone mtramuscularly for 5 consecutive days. 
Daily nasal swabs, fecal samples, and alternate-day 
blood sru:npies we_re collected from all pigs for 14 days, 
~er which all pigs were slaughtered. The following 
tissues were collected for· virus isolation: tonsil lung, 
alveolar macrophages, cranial and mesenteric lymph 

: sen!in~l animals r~ma~ nega~ive on IFA;. nodes, heart, liver and spleen. All serum samples were 
a sigmficant dechne Is seen m the IF A titers of the assayed for the presence of the PRRS t'b d · . . . ff: . . . . . . an I o y usmg 
posi~Ive o sp.~g,_ and . . IFA techniques previously described. For virus isola-

• there Is no positive IsolatiOn of PRRS VIrus from any · tion, swine alveolar macrophages (SAMs) served as the 
samples ll r t nh · · · SAM 

h 
, ce me o e ance sensitivity. monolayers were 

t e sale can proceed. · c. ted d · d d ·1 c. · m1ec an . examme . ai y 10r cytopathological effects 

Isolation protocol: Once purchased, previously tested (CPE~ for 7 days. A second passage was made on CPE
stock from the known-positive herd should be kept in negat~ve samples and at the end of 14 days, samples 
isolation on another site away from the breeding herd. showmg no CPE were regard~d as negative. Alveolar 
Pregnant cull sows that have tested negative to PRRS macroph;a~es w~re c~llected usmg previously described 
on IFA should be placed in nose-to-nose contact with methods, Despite high doses of corticosteroids, all 
the new stock for 30 days. Both sets of animals should samples were IFA negative. Vi~s .isolation is still·in 
be bled atl4 and 30 days post-arrival. The stock may progress. 
safely enter thebreeding herd if: 

• there are no clinical signs (i.e. abortion, anorexia, 
fever, etc.) noted in the pregnant animals; 

• there is noevidence of seroconversion in the preg
nant animals; 

• detectable virus cannot be isolated· and 
• there is a fourfold drop in any existing IFA titers of 

the purchased animals. 

Before the IFA test was available, I used the isolation 
protocol described above to safely introduce stock from 
a PRRS virus-positive herd into 25-30 different herds. 

I have also conducted a set of experiments at the Uni
versity of Minnesota to determine whether previously 
infected animals that were. not viremic would shed PRRS 
virus to sentinels after they were exposed to high con
centrations of corticosteroids. I also investigated whether 
previously infected pigs that were !FA-positive for 
PRRS virus but virus-negative would infect sentinels 
under normal farm conditions and conditions of severe 
immunosuppression. 

Experiment# 1: 
Four negative pigs from known negative herds were 
purchased and housed in isolation facilities at the Uni
versity of Minnesota. On the day of arrival, all the pigs 
were infected with lee 104·0 TCID/50 PRRS virus via 
intramuscular inoculation. Blood samples were collected 
weekly to monitor viremia. Upon cessation of viremia, 
pigs remained in isolation for 30 days and testing con
tinued weekly to ensure that the pigs were virus-nega-
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Experiment #2 
This experiment was designed to investigate whether 
previously infected pigs that were positive for PRRS 
virus by IF A testing could infect sentinels under nor
mal farm conditions. A seed stock farm with a previous 
history of PRRS was selected for the study. The farm 
experienced a classic outbreak of PRRS in 1991 and 
was currently free of clinical signs of PRRS-related 
disease. A high prevalence (>50%) of saleable 5- to 6-
month-old offspring had IF A titers to PRRS virus; how
ever, no virus had been detected from previous serum 
samples. 

Te~ ~igs were. selected at random within the finishing 
facility. Ten pigs, one each from ten individual pens, 
were selected, tattooed and. placed in. an experimental 
pen that was adjacent1to two sentinel animals with no 
previous serologicalo~ clinic"'l history ofPRRS. Both 
animals tested negative to PRRS virus antibody by IFA 
prior to leaving the farm of origin. Upon arrival of the 
sentinels, blood samples were collected from all12 ani
mals. Sentinels were monitored daily for signs of ill
ness; i.e. depression and/or anorexia. Blood samples 
were collected every 14 days from all pigs for a period 
of30 days. Four of the 10 !FA-positive pigs that had 
titers of 1:256-1:1024 were selected and transferred 
(with the sentinels) to the University of Minnesota iso
lation facility. Upon arrival, the Dexamethasone proto
col from Experiment 1 was repeated on the four posi
tive animals. Samples were collected and laboratory 
results carried out as in Experiment 1. At the time of 
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this writing, we were unable to isolate PRRS virus from 
sera, feces or nasal secretions from any pigs in the study. 
All sentinels remained !FA-negative and there was a 
significant decrease in the IFA titers of the positive pigs. 

To enhance the power of the study, we repeated it three 
times. Sample size calculation and the number of trial 
repetitions was determined using two-way repeated 
measures analysis.7 With a sample size of four experi
mental pigs and two control pigs per group with three 
repetitions per trial, we can be 95% confident that our 
results will not be due to chance. At the time of this 
writing, two repetitions have taken place. It is unknown 
whether these techniques will work for all farms, but 
this will provide the practicing veterinarian with a model 
to use when attempting to whether to purchase or sell 
PRRS !FA-positive animals. 

Method 2-Partial 
Depopulation 
Chronic postweaning pneumonia caused by PRRS vi
rus in combination with secondary bacterial pathogens 
can result in an increase in mortality of 5%-10%, an 
85% reduction in growth rate and a 37% increase in 
nonmarketable pigs.8 The average cost per pig in the 
finishing bam of most commercial herds is approxi
mately $.50 per day and the addition of another 14-30 
days to market can result in extra cost of $7.50-$15 
per pig marketed. 9 Partial depopulation can be an ef
fective way to control and eradicate swine pathogens 
without disrupting the cash flow or pig flow. 10 Prelimi
nary studies have shown that it may be an effective tech
nique to reduce PRRS related problemsY In order to 
successfully apply partial depopulation to a PRRS vi
rus-infected herd, the practitioner must determine the 
location of viral recirculation on the farm. Initially, I 
recommend you draw 10 samples from each of the fol
lowing areas on the farm: 

• breeding herd; 
• recently weaned pigs (3-4 weeks of age); 
• 8- to 10-week-old nursery pigs; and 
• 5- to 6-week-old finishing pigs. 

Profiles of many chronically infected farms have indi
cated that many operations exhibit a low prevalence of 
IF A-positive animals at weaning, but up to 80o/o--1 00% 
prevalence in the nursery or the finisher. 12 Perhaps sus
ceptible animals are infected with virus from chronic 
carriers which allow the virus to continuously recircu
late. 

Once you have identified the site of viral recirculation, 
it must be completely depopulated. Move all pigs off-
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site and never allow them to reenter the farm. The af
fected area must be cleaned three times using hot wa
ter. Water temperature must exceed >94 oc and must 
contain phenol or a formaldehyde disinfectant. Pits must 
be pumped during each cleaning. Upon completion of 
the 14-day downtime, normal pig flow may resume. 

The producer must rent off-site facilities in order to 
allow the designated area to sit empty for 14 days. Sell
ing feeder pigs also works nicely. If the nursery is to be 
depopulated, pigs must be weaned off-site during the 
down time. If facilities of this nature cannot be found, 
the producer can purposely skip breedings in order to 
eliminate farrowings during the down time, if planned 
in advance. Subsequent overbreeding and early wean
ing can compensate for the loss of production. Periodi
cally sample pigs to determine whether eradication has 
been successful. Thirty head should be sampled for 
PRRS antibody by IFA testing for 3 consecutive months. 
If after 3 consecutive months all samples are negative, 
you will only need to continue testing on a quarterly 
basis. 

Case Studies: 
I would now like to describe two experiences with us
ing partial depopulation to eradicate PRRS virus in the 
nursery. The first farm broke with PRRS in November, 
1990. The herd went through a severe reproductive 
outbreak with high levels (> 25%) of stillbirths, mum
mies and preweaning mortality. It also began to develop 
chronic nursery problems. Pigs were weaned into a hot 
nursery and did well for approximately 2-3 weeks. At 
approximately 6-8 weeks of age, pigs became afflicted 
with numerous bacterial pathogens such as Streptococ
cus suis, Haemophilus parasuis, Mycoplasma 
hyopneumoniae, etc. Mortality rose to 10% with an 
average of four dead pigs per day. AU-in/all-out pig 
flow in place from farrowing throughout the nurseries 
did not help. Serologic profile by age indicated that pigs 
were negative to PRRS virus by IF A at weaning; how
ever at 8-10 weeks of age, 80%-100% of the pigs tested 
had IFA titers of 1:256-1:1024. The nurseries were 
emptied and all pigs were moved off-site. Rooms were 
washed, disinfected, and allowed to sit empty for 14 
days. Upon resumption of normal pig flow, 30 pigs were 
tested at approximately 8-10 weeks of age and all were 
found to be negative on IFA. Sampling has occurred 
monthly for 3 consecutive months with all samples be
ing negative on IF A. Mortality has dropped from 10% 
to less than .28%. Average daily gain has increased from 
.3 Ib/day prior to depopulation to .8 lb/day at the time 
of this writing. 
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The second farm in this study had a similar history, 
with an outbreak occurring in December 1990. It too 
attempted to eradicate PRRS virus by depopufating the 
nursery, but the producer could not find the off-site fa
cilities for weaned pigs, or existing nursery pigs. In
stead, the producer moved the pigs into a remodeled 
grower barn on the same site. Nurseries were emptied 
and cleaned and allowedto sit empty for 14 days; how
ever, the initial sampling after the cleanup protocol was 
concluded revealed over 50% of the samples were IF A
positive. The grower and nursery were connected by a 

· common hallway and it appears that the virus is ca
. pable of traveling short distanqes via aerosol. There

fore, if partial. repopulation is to take place, I strongly 
recommend that the pigs be moved off-site for this pro
gram to succeed. 

lam currently doing some.experiments with "on-farm 
isolated weaning. i' In this case, a herd fvith a. similar 
serologic pa:t~m and history to the two lierds described 
above was. weaning pigs into isolets at 18-20 days of 
age which are located approximately 100 yards from 
the current farrowing and nursery facility. Four litters 
of 10 pigs were chosen for the experiment and each 
litter was divided into two groups of five pigs per group. 
Pigs were identified by ear tag and half of the pigs were 
weaned into the conventional nursery and half the pigs 
were weaned into the isolets. Pigs were blood tested 
prior to weaning and retested upon reaching 8-10 weeks 
of age. At the time of this writing, 25%-30% of pigs 
tested are IFA positive to PRRS in the conventional 
nursery, but all samples tested have been negative by. 
IF A. The trial has been repeated three times. This sug
gests that partial depopulation of PRRS virus can oc
cur using on-site facilities as long as there are separate 
ventilation systems and some separation between the 
buildings. 

Modified Medicated Early Weaning 
Modified Medicated Early Weaning (MMEW) is a tech
nique proven to eradicate numerous bacterial and viral 
pathogens.13 There has been some work that shows that 
short-term eradication ofPRRS virus may also be suc
cessful, however long-term success of this kind of a 
project at this time is unknown.14 It is very important 
that the practitioner emphasize to the client that PRRS 
virus may not be eradicated using this method and that · 
there should be other goals to justify the project. The 
following section will review and follow up on an at
tempted PRRS eradication using multi-site and early 
weaning described previously.14 . 

The goals of this ·project were to eradicate Actinobacil
lus pleuropneumoniae (APP), atrophic rhinitis and sar-
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coptic mange. We didn't know whether MMEW could 
successfully eradicate PRRS virus, but the producer 
wanted to try. Previous testing for PRRS indicated that: 

• there was no detectable viremia in piglets prior to 
weaning; 

• colostral antibody declined at approximately 3 weeks 
ofage;and 

• seroconversion appeared to take· place at approXi-
mately 6-8 weeks of age. 

Over the first 4 months of the project, which included 
1400 head, all samples collected from off-site pigs had 
been negative by IFA (90 samples). In contrast, pigs 
that had undergone MMEW but were weaned into the 
conventional on-site nursery were positive on iF A to 
PRRS (30 head). 

. . 
In November of 1992, during a routine PRRS surveil-
lance bleeding of the off-site nursery, it was discovered 
that 100% of the animals tested were positive on IF A. 
It was never determined how the virus got into the sec• 
ond-site nursery, but because the farm followed strict 
biosecurity measures, we assumed that it had possibly 
come through·a carrier piglet. 

Initially the nursery continued to stay positive. IFA ti
ters on animals in the fimshing barns slowly decreased. 
IFA titers dropped from 1:1024 to 0-1:16 as pigs reached 
5-6 months of age. As time went on, the nursery preva
lence also began to change. Soon, serologic patterns 
indicated that animals were negative at weaning but that 
a high prevalence (80%-100%) of the samples tested 
were IF A-positive at approximately 8-10 weeks of age. 
We decided to depopulate the nursery using techniques 
previously described. At the time of this writing, the 
depopulation has been successful and all nursery 
samples tested (60 head) have been !FA-negative. In 
conclusion, while MMEW may not be capable of eradi
cating PRRS virus on a long-term basis, the fact that 
the facilities are set up on separate sites may be enough 

· to minimize viral recirculation between different stages 
of the farm, making it relatively easy to depopulate a 
small section of a farm, which could be repeated if re
infection occurs. 

Test and Removal 
Test and removal is the strategy that has been the least 
likely to succeed of all the methods that I have used so 
far. I think this is because we lack of an available 'vac
cine and because it takes so long to obtain lab results. 
Unlike PRV, one cannot vaccinate with a marker vac
cine to reduce viral shedding and to improve the ability 
to differentiate between those pigs that were vaccinated 
and those that were naturally infected. Nor are rapid 
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tests available to identify exposed animals. However, I References 
have had experience with a test and remov~ situation ------------------
that was successful and will discuss it 'iiow:; · .. · '1. Di31 GD, Hull RD, Olson CC, Hill HT, Erickson 

A 120-sow seedstock herd known to be negative to 
PRRS purchased two boars from a commercial 
seedstock operation and housed them in isolation fol
lowing standard protocol. Boars were tested for pseu
dorabies, TGE, A. pleuropneumoniae and PRRS. In 
the owner's haste to use the boars, the animals were 
moved into the breeding bam before all results were 
obtained. Upon analysis of the PRRS IFA test, it was 
fotind that both boars were positive at 1: 1024. Because 
this was a very high titer and indicates recent exposure, 
the boars were immediately shipped to slaughter and 
the entire breeding herd was tested. Results indicated 
seven of 120 animals were positive on IFA with titers 
of 1:64 to 1: 1024. These animals were immediately 

. slaughtered and we retested the herd. The second set of 
results indicated that four different animals were now 
positive by IFA. These animals were also shipped. One 
. final bleeding took place and this time all results were 
negative. Virus isolation indicated that PRRS virus was 
recovered from five of 11 IF A-positive animals. Fortu
nately, viral shedding was not rapid. If shedding had 
been rampant, we would not have been able to use this 
procedure. Because it takes so long to isolate virus ( 14 
days), you must immediately cuil IFA positive animals 
that may not be viral carriers. However, in this kind of 
a situation you have no choice but to act swiftly. Until 
test results can be analyzed more quickly and an effec
tive vaccine is on the market to reduce viral shedding, it 
is unlikely that we will use this method frequently. 

Conclusion 
These are my current experiences with PRRS eradica
tion. I feel that of all the methods available, partial de
population is perhaps the best available. It appears to 
be effective and does not drastically affect production, 
pig flow or net profit of the operation. It is very impor
tant to conduct serologic profiles in order to determine 
the age of seroconversion and to identify where the vi
rus is being recirculated. As serologic tests improve in 
sensitivity and specificity, profiling by age will become 
an even more informative and accurate tool. 
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Finishing Building Design and 
Costs 
Tim Loula, DVM 

Finishing bam design is still a big question in many 
peoples' minds. Tell several people to build breeding/ 
gestation, farrowing and nursery facilities and they'll 
all construct similar buildings. Conversely, tell several 
people to build finishing space and there will 5-6 dif
ferent styles of construction. 

The grow/finish phase of production is financially the 
most important one. It has both high total-feed cost and 
facility cost per pig. Even with these factors influenc
ing profitability, information on grow-finish available 
in production databases in this area is quite limited. 
Biological and financial records still can't tell us which 
facility design generates the best: 

• average daily feed intake (ADFI}; 
• average daily gain (ADG); 
• feed efficiency; 
• turns per year; 
• percentage of utilized space; 
• lb sold/sq. ft./year; and 
• building costllb of gain. 

The most important consideration in designing a facil
ity for the growing pig is to understand pig flow in tl}.e 
unit. This will help make many of the decisions. Often, 
pig flow may need to be changed to accommodate the 
least cost facilities and lower cost of production. It is 
important to incorporate the following practices into 
pig flow: 

• Production should be all-in/all-out (AIAO) or at 
least all-out. Studies by Dr. Daniel M. McManus 
have shown that AIAO by site is better than AIAO 
by building, which is better than AIAO by room. A 
study done at Purdue University showed that 
AIAO production improved average daily gain and 
feed efficiency by 7%-10% AIAO lowers drug 
costs and reduces death loss. 

• There should maximum of 2 weeks age spread 
within a room. 

• Smaller farms may need to batch farrow in order 
to get large enough groups to go AIAO. 

• Large farms and cooperatives are beginning to 
commingle pigs in nurseries from different farms 

Swine Vet Center, PA, St. Peter Minnesota 
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to assemble large enough groups of similar age 
pigs to build efficient AIAO finishing. 

• Production should be single stage from 50 lb to 
market. 
- Reduces movement stress 
- Reduces number of washes 
- Reduces overall farm labor 
- Generates less waste water 

Location of Building 
Finishing buildings can be: 

• on-site (very few are doing this any more); 
• on-site (detached): as far away as possible but still 

using the same well, utilities, etc. (ie, at least 100 
ft spacing); or 

• off-site. 

Cost Estimates: 
Stated costs in the following sections are a close ap
proximation to actual prices at the time ofthis presen
tation. Costs are dependent on geographical location, 
individual dealer markups and quantity purchased. 

Building Type (Power Ventilated 
versus Naturally Ventilated) 
Important considerations include: 

• location of bam in relation to other buildings, hills, 
trees, etc.; 

• the need for a standby generator; 
• utility cost (power-ventilated facilities will cost 

approximately $2.00-3.00/pig for utilities); 
• ·desire for natural lighting; 
• noise level; 
• personal preference; and 
• biosecurity. 

Power-ventilated buildings 
The following are your options for the ventilation equip
ment for a power-ventilated building: 

• Inlets: Sidewall 
- Agri Aid (stays very true; about $7 .50/running 
ft.) 
-Pruden ($3.50/running ft.) 
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-Used with static pressure automatic controls 
($675.00/unit and usually 1 unit/room) 

These are essentially self automatic units that open with 
increases in static pressure: 

• Inlets: Ceiling 
- Raydot ($54.00/1200 cfin unit) 
-Pruden 
-Del Air 
-Double L ($100.00/1200 cfm unit with 
insulation) 
-Concerns: 

• Fans 

Even settings throughout the bam 
Adjustments/longevity? 
Only 2-sided 
Pressure-washer sensitive 

- Single speed 
-Two-speed 
-Hoods/louvers (wind protection) 
-Inside winter insulation (easy slides) 

• Sidewalls 
-Stick-built 
- Sandwich panel - rodent proof 

• Inside wall surface 
-Glass board (very durable) 
- Cement - cold? (some have insulation "sand-
wich") 

Naturally Ventilated 
Buildings 
• Types: 

-North Carolina style 
-Chimney 
- Canadian chimney 
- Mueller reverse monoslope 
- Lester reverse monoslope 
-Natural/tunnel? 

• Concerns 
- Size of north and south openings (2-3 ft. is 
usually too small; 4-5 ft. is effective in most cases) 
- Construction of openings to allow for easy air 
flow 

• Types of curtains 
-5 ft. breathing- cool on windy days? ($6.75/ 
running ft.) 
- 5 ft. nonbreathing - require minimum ventilation 
($6.00/running ft.) 
-Insulated- R4? ($10.75/running ft.) 
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• Panels 
- Plyco- often heavy (R7-Rll) 
- Ultra wall (split) - very light but longevity? 
(R12) 

Folding wall cost is $35.00-$37.00/running ft. Black 
type has 5-year guarantee; white type has 7-year guar
antee. 

• Air tubes ($6.75/running ft.) 
- Require small motor 
- Will allow light 
- Some insulation value ? 

• Controls (Sidewalls) 
- Run off same controls? (1 sensor) 
- Most common on flat ceiling; curtains go up and 
down together 
- Separate controls 
- Sensors 10 ft. in from each sidewall 
-Very common in chimney barns 
-Helps regulate barns on windy days 
- Multistage controller with heater interlocks 
- Run curtains, fans, chimney, heater 

• Circulation fans 
- $190.00/24" fan; $150/20" fan (plus installation) 
- Put in all flat ceiling barns 
- Most other-style barns should have circulation 
fans to assist on hot, still days. 
- Assist movement of air, which cools pigs and 
corrects dead spots 
- Put along south wall, get close to comers which 
are the problem areas or put in four comers and 
stir air around 

• Ridge openings 
-Some concern with biosecurity (bird nests, etc.) 

• Continuous openings 
- Common in more southern climates 
- Tend to "puff' or breathe in winter when cur-
tains are shut tightly 

• Partial ridge openings: 40%-45% common 
- Individually controlled to regulate ends of 
buildings 
- 114 h.p. motors attached to screw 

JanAire $11.00/running ft. 

Covered stainless steel $7.00/running ft. 
-Air bags 
- Stainless steel insulated doors 
- 112 diameter PVC tube (tends to leak and must 
be tightly controlled 

• 2 x 2 chimneys (common in eastern Canada) 
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-Manually controlled 
- Butterfly baffles have space around the edge for 
minimum exhaust 
-Only minimal "puffing" or breathing 

• Misters 
- Are put in most barns 
- Large drops; want to wet pigs, not increase 
humidity 
~ Put on thermostat and timer (Edstrom control 
$225-300 per controller; $9.00 installation per 
pen) 

Types ofFlooring (Partial Slats 
versus Total Slats) 
99% of the finishing barns in our practice are total slats 
because partial slats are difficult to keep clean. AIAO 
clean up is difficult and very time consuming. In the 
future we may use partial slats because some people 
may have to go back to floor feeding as a method to 
control lean content of their pig. (Floor feeding also 
helps to keep partial slats clean.) 

• $3.00-3.50/sq. ft. 

• Slat width 
-We see anywhere from 5" to 7". Most people 
prefer the 5" width because it stays cleaner. 7" 
provides too much surface area. 

• Space between slats 
-Usually 3/4" to 15/16" 

• Edged versus non-edged 
- A seedstock operation in our practice did a non
controlled study. No difference in soundness was 
detected in animals within a room that had one 
type of slat on one side and the opposite type on 
the other side. 

Floor Plan 
The following must be considered when designing the 
floor plan: 

• Number of pigs per pen 
- 20-25 or less per pen 
-It's usually easier for pigs to identify areas for 
eating, drinking, sleeping and activity in a square 
shaped pen. Long, narrow pens always lead to pigs 
eating at a feeder and getting continually bumped 
around. 

• Square footage per pig 
- There is often a discrepancy among barns, which 
accounts for large differences in price/pig. Always 
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equalize; what one person calls a 500 head build
ing often isn't. 
- One should figure in "walking around pig space." 
Many people use outside dimensions, or inside 
dimensions which include the alleyway. Some 
barns have cement gates, huge feeders, etc. One 
should figure just the space that the pigs are able 
to walk in before comparing prices. 

• Number of pigs per room 
- 500 or less is the most common because it takes a 
huge farm to fill a 1000-head bam. However, 
anything larger is usually going to be 1000 capac
ity. 
- End-to-end ventilation in naturally ventilated 
buildings is more difficult to control in longer 
barns resulting in wider variation in high-low 
temperatures. 

Feed Systems 
There are several types of feed systems: 

• Split-sex 
-Flex augers $3.00/running ft. 
-Boot and auger drive $500.00 
- 7-ton·bin $700.00 

• Feeder types 
-Dry feeders (4-hole; 20-25 pigs) 
Easy to adjust, very little feed waste 
- HogSlat 
-ModemAg 
- Agriplastics 
-copycats 
* The above mentioned types of dry feeders cost 
approximately $225.00 each 

-Wet/dry feeder advantages: 
Pigs are allowed to eat and drink at the same time. 
Pigs can mix their feed as they like 
Limits the amount of water wasted into the pit 
(sometimes up to 1/3), which significantly reduces 
the amount of manure trucked out to the fields. 

-Crystal Springs* 2-place, double side= $450.00; 
3-place, double side= $465.00 
-Kings* 
*Crystal Springs and Kings feeders both include 
waterers. 
- Different studies show higher performance in 
either of the above wet/dry feeders. 
-Osborne Big Wheel feeders ($290.00 each). Very 
efficient but pigs often have trouble getting started 
because they can't spin the wheel. 
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· Single space feeders 

Only a few clients have gone with these. 
- Totally enclosed single space diminishes side 
pressure and allows for relaxed eating. 
-Open drop tube single space (usually no feed 
storage except for outside bin) 
-Data out of Europe and Canada suggests that 
these will compete with the multi-hole feeders if 
there are fewer than 16-20 pigs/pen. 

• Position of feeder 

We primarily put them in the fenceline for cost savings . 
because it's more difficult to sort and visualize pigs. 
They also have trouble eating comfortably if the feeder 
is in the center of the pen. 

Manure Hauling Systems 
• Often dictated by local county or Pollution Control 

Agency (PCA) ordinances and regulations 

• Deep pit 
- Very easy to get a permit in most areas of the 
country 
- More potential gasses 
-Equipment doesn't last as long 
- Health hazards for workers and most likely the 
ptgs 
- Requires pit ventilation 

• Outside storage 
-Tanks 
- Earthen storage or lagoon 
- 1-stage or 2-stage lagoons 

• Removing the manure 
- Pump or vacuum tank for a deep pit 
-Scraper ($V00.,~0-$1800.00 for a typical 
building 40ft. x 120ft). Often associated with 
higher concentrations of artunoma: as you pull the 
scraper, a fme film of manure is left, which results 
in evaporatiOn of ammonia. 
- Pull-the-plug 
-Reverse hairpin with plug system 
~ Pit-recharge system 
-Flush system 

Recharge and flush systems are the best from an envi
ronmental standpoint: bam odors are reduced to a very 
minimum. They operate like a toilet: you pull the plug 
and then fill backup with 8"-10" of water (recharge) or 
flush periodically throughout the day. 

Pen Dividers 
• Open gating; either horizontal or vertical 
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-Steel gating; solid shaft ($7.00-$11.00/running 
ft.) 
- Horizontal is becoming the most common be.;. 
cause it is easy to build and therefore low cost. If it 
does start to wear out in the future, it's much 
easier to fix than a gate with many vertical rods. 

• Solid gating 
- PVC is most commonly used; somewhat more 
expensive than steel gating ($8 .50-$11.50/running 
ft., including stainless steel posts) PVC material is 
very reusable. 
- Restricted air movement; in colder climates this 
can be a plus in that pigs will stay more comfort
able in a draft-free environment 

• Poured-cement walls 
-We change designs often. It's always a problem 
to change a finishing bam that has poured-cement 
walls. 

• Oak planking 
- Very common in Illinois and Indiana. Long 
lasting but somewhat difficult to work with 
initially. · 
- More difficult to clean 

Closeout Facilities 
• Having a bam, lot or Cargill to move slow doing 

pigs out facilitates rapid closeout of the higher 
priced units. The hidden cost of AIAO production 
is that pen space is empty for a period of time (up 
to 2-3 weeks in some facilities). Having closeout 
facilities reduces this downtime. 

Load-out Facilities 
I 

• Should be designed to ease pig movement, both for 
' the p~ple and the pigs. This helps ensure pork , 

quality assurance. One recent study found up to 
50% of the PSE meat is caused by handling (from 
farm to slaughter plant) rather than by genetics. 

• Normally are 1611-20 11 wide for individual loading 
of pigs 

• 30 11-32 11 (either open or divided) with an open gate 
in the center. Divided is supposed to work better in 
that pigs will follow each other up. 

• Catwalk for humans allows for somebody to assist 
the pigs in getting up without having to force the 
back pigs from down below to push the pigs in 
front of them. 

• One-way gates: It's nice to have gating that allows 
pigs to move out but not back. 
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• Biologically secure: Ideally, load-out would be 
covered, bird-proof, washable and have a drain 
that doesn't empty back into the barn.· 

• Weighing room: In a large complex, one can have a 
scale room to make sure that all pigs are heavy 
enough to reduce sort loss. This becomes more 
expensive when we separate barns or have indi
vidual off-site facilities. 
-Built in digital scale $2100.00 each 
-Portable digital scale $835.00 each 

Cost-Effective Building 
Designs 
• Lagoons and outside cement storage are often too 

expensive for single barns of less than 1000 head 
capacity. 

• Recharge and flush systems are usually cost 
prohibitive unless two or more barns are con
structed. 

• Each time you divide a building, you need the 
following: 
- A set of curtain controllers 
- Thermostats 
- Pit divider 
-Wall 

* Example: A 600 head bam divided into two rooms 
will often cost an additional $4000.00-$8000.00. 

• Multiple bam construction realizes a cost savings 
m: 
-Dirt work 
-Well 
- Water lines 
-Utilities 
- Building package discounts 

• Longer single barns (2000-head capacity) with 
center work/load-out areas are often less expensive 
than two separate 1000-head barns. 

• Double- and triple-wide tunnel barns have just 
recently been built. · 

Once answers to design questions have been determined, 
bids can be obtained from various builders .. 

• A complete blueprint should be obtained to ensure 
that you're getting what you think you're getting. 

• Compare price on walkable pig space and cost/ 
sq.ft. ofbuilding. 

• Prepare cash flows based on anticipated perfor-
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mance and cost of the building, including mainte
nance, utilities, manure removal and labor. 

North Carolina-Style Bam 
• Width: 36 or 40ft. 
• Double curtain; occasionally the north side has a 

sliding door (i.e., panel or Ultra wall) 
• Flat ceiling 
• Minimum winter power ventilation with ceiling 

inlets 
• Total slat 
• Curtains are usually 5 ft. with an effective 4.5 ft. 

opening. They are nonbreathing. 
• Single controls that open north and south curtains 

together. Once curtains are open, feeders and fans 
can no longer run. 

• Example: (Figure 1) 
- 40 ft. X 120 ft. 
- Lester panel building 
- 4500 usable sq. ft. 
- 3 rooms (40ft. x 40 ft.) 
- 8 pens/room 
-Pen size 18.4 ft. x 10ft. 
- 20 pigs/pen 
- Solid shaft open gating and PVC 
-Crystal Springs feeder 
-Capacity= 642 head at 7 sq.ft./pig = 600 head at 
7.5 sq.ft./pig 
- 2 feed lines and tanks 
-Cost= $24.38 per sq.ft. 

= $170.66 per pig at 7 sq.ft. per pig 

Landscape 
2 

Concrete 
24 

Equipment 
35 

Slats 
20 

Figure 1. Percent of building costs for a North 
Carolina-style barn. 
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Chimney Bam 
• Width 36-40 ft. 

• In the northern climate, chimneys are divided. 
40o/o-45% of the roof is chimney. In the south, the 
chimney is continuous. 

• Curtains 
- South curtain usually breathable 
-North is nQn-breathable insulated cur;tain or ~all 
- If south curtain is non breathing, then the ridge 
and the curtain m.ust be controlled on the same 
thermostat so that when the ridge opens, the 
curtain goes down to run the ventilation system. 

• Controls often are multistage, which control the 
ridge, the curtains, and the heater. Often have 
separate controls for north and south curtain so 
that if there is a south wind, the north curtain may 
open. 

• Most are built without circulating fans, but I 
suggest that they need them. 

• Total slat 

• Very effective bam; utility cost is minimal. There 
is some concern about biosecurity with chimneys 
and higher carpentry cost to build the chimneys. 

• Example: (Figure 2) 
- 41 ft. X 168 ft. 
- Stick built 
- 6185 usable sq. ft. 
-2 rooms of 41ft. x 81ft. 
- 12 pens/room 
- Open gating, solid shaft horizontal 
-Pen size 18.8 ft. x 13.6 ft. 

Landscape 
4 

Equipment 
22 

Concrete 
20 

Building 
39 

Slats 
15 

Figure 2. Percent of building costs for a Chimney 
barn. 
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-Pit= 8ft. 
- 2 feed lines and tanks per room 
-Crystal Springs feeder 
-Capacity= 824 head at 7.5 sq.ft./per pig 

= 883 head at 7.0 sq.ft./per pig 
-Cost= $170.73 per pig at 7.0 sq.ft. per pig 

Canadian-Style Chimney Bam 
• 2 x 2 openings, manually controlled. 
• Normally partially slatted 
• Open, cathedral-type ceiling 
• Inlets are automatic doors 
• Concern for us is manual control of the ridge, the 

partial slat effectiveness primarily with floor 
feeding (tends to get dirtier with feeders). 

• Air flow in hot weather is another concern. With 
doors you don't get as much air through a bam as 
you do with a 5 ft. curtain. 

Mueller Reverse Monoslope Bam 
• Needs to be narrow in width (28-32 ft. is most 

common for both maximizing air flow and efficient 
building design). 

• Front opening must be large; at least 4ft. and 
preferably the entire front opening. 

• North opening must be built so that the air is not 
restricted as it moves along the ceiling and is not 
required to drop under a big header. 

• Slope of the roof: To avoid excessively high north 
roof, the roof tends to get somewhat flat. Engineers 
are concerned about long term snow load and 
leakage. 

• North wall: Sliding doors (i.e., ultra wall). The 
new split panel allows for a greater opening on the 
north, resulting in greater air flow through the 
building. 

• Total slats versus partial slats: Barns have been 
built both ways. Recently, most all of them are 
total slats with a walkway down the middle. This 
allows one to observe pigs better, without having 
long, narrow pens which cause a stressful eating 
environment. 

• Example (Figure 3) 
- 32 ft. X 120 ft. 
- Stick built 
- 3600 usable sq. ft. 
- 2 rooms of 32 ft. x 60 ft. 
- 6 pens per room 
-Pen size= 20ft. x 15 ft. 
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- 42 pigs/pen 
- 4 ft. pit; recharge 
- Solid shaft horizontal gating 
- Osborne feeders 
-Cost= $18.77 per sq.ft. 

= $131.39 per pig at 7.0 sq.ft. per pig 

= $140.77 per pig at 7.5 sq.ft. per pig 

Landscape 
4 

Equipment 
17 

Concrete 
28 

Slats 
15 

Building 
36 

Figure 3. Percent of building costs for a Canadian
style chimney barn. 

Lesters Reverse-Monoslope Bam 
• Essentially a different building over. the top of a 

Mueller. Traditionally, the south curtain has been 
30"-36". It seems to lack some air flow through the 
summer months. Air doesn't seem to get down to 
the pigs. But the barn tends to work quite well 
during the rest of the year. Many people complain 
about the long, narrow pens and inability to 
visualize pigs from the north alleyway. Eating 
comfort is also questioned. 

• Minimum winter ventilation through a breathing 
curtain and north fan or pit fans, which allows for 
good ventilation control in the winter months. 

Power-Ventilated Barn 
• Example (Figure 4) 

- 48 ft. X 104 ft. 
- Lester panel 
- Side interior hallway 
-3 rooms 
-Crystal Springs feeder 
- 4704 usable sq. ft. 
- 12 pens/room 
-Pen size= 15.9 ft. x 7.1 ft. 
- 15 pigs per pen 
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- Solid shaft gating I PVC plank 
-Cost= $26.60 per sq.ft. 

= $186.00 per pig at 7.0 sq.ft. per pig. 

= $199.50 per pig at 7.5 sq.ft. per pig 

Equipment 
25 

Lanascar:@oncrete 
1 16 

Building 
47 

Slats 
11 

Figure 4. Percent of building costs for a power
ventilated barn. 

Tunnel I Natural 
Ventilation 
• Winter: ceiling inlets and power ventilation 
• Spring/Fall: curtains 
• Summer: tunnel ventilation 
• Primary purpose of tunneling is to cool. Cool cells 

can be put on the end opposite the fails. · 
• Building design is similar to North Carolina style. 
• Buildings can be placed closer together in theory 

since there is no cross ventjlation. This is espe
cially true if the tunnel barn is constructed with 
solid sides. · 

• Utility costs will only run slightly less than a 
traditional power ventilated building due to some 
efficiency savings in fewer and larger fans. 

Summary 
Obviously, there is no one clear choice for fmishing 
barn design. Evaluate your potential sites and visit and 
learn about buildings being built in your area. Get bids 
and evaluate them on the basis of square footage per 
pig as well as longevity of the building and workman
ship of the crew. 
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A Project Planner's Checklist for 
Pork Production Units · 

Dennis Hodgkinson, P .. Eng. 

The following is a checklist of critical activities and 
engineering information that is required to plan and 
construct a confinement swine production facility. The 
information requires detailed research and consultation 
with a variety of persons, including swine breeding stock 
suppliers, swine production. and management special
ists, veterinarians, engineers, extension specialists, and 
other producers as well as the many suppliers of mate
rials and services listed below. Although all the infor
mation may not be required at the onset of the planning 
process, the sooner the producer can gather complete 
information, the more quickly limitations or problems 
can be addressed. Approvals in principle and concept 
plans may be needed to begin· work on site selection 
and permits, building design, and preliminary budgets 
and financing. Otherwise much time.and effort can be 
wasted pursuing site specific aspects of the project be
fore some of the more fundamental issues have been 
resolved. 

Preliminary Project 
Definition · ·. 

Type of operation. 
Intended markets. . 
Animal production targets. 
Approximate capital budget. 
Management and labor objectives. 
Potential for future growth. 

Site Selection 
Pelma.nent services: 

Water supply, quantity and quality. 
Electricity, single or three phase. · 
Telephone and communications services. 
Natural Gas or alteniate fuel supply. 
Roads and access or.load restrictions. 
Drainage and flood protection. 
Labor supply and living accommodations. 

DGH Engineering, LID, Box 17, Group 60, SSl, Winnipeg 
Manitoba Canada R3C 2E8 

1993 Allen D. Leman Swine Conference 

Environniental·concems: 
Potential water pollution problems; 

depth to groundwater. · · 
soil type and thicknesses. 
location of surface water or water courses .. 

Iritpact of odors. 
Land area for manure management plan. 
Use of economic3.1 waste storage, 
Dead animal disposal. 
Future encroachment by other land uses. 

Bio-security site considerations: 
Aerosol transfer of disease. · 
Transfer of disease by pests and wildlife. 
Control of access by visitors. 
Future encroachment by other operations or activities. 

Construction· materials required locally: 
Fill. . 
Concrete supply. 
Gravel or crushed rock. 

Land search tools: 
Latid ownership map. 
Aerial photographs. 
Geological maps. 
Topographic maps. 
Soils maps. 
Climate and wind records. · 
Local realtor or purchasing agent. 
Offer to purchase with conditions; 

approval of zoning or development agreement. 
issuance of b11ilding permit. 
availability of all needed services. 
access to sufficient land for manure spreading. 
approval affinal financing arrangements~ 

Legal and local issues for selected site: 
List and location of neighbours. · 
Approval process, zoning, and land-use bylaws. 
Applicable environment regulations, standards and 

bylaws. 
· Public notice or infonnation dissenlination procedures. 

Permit costs, service deposits and taxes. 
Constraints to future expansion. 
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· Detailed Planning 
. ·· Preliminary budget: 

Estimates from builders. 
Cost of similar projects. 

Building and system design criteria: 
Snow and wind loads. 
Design temperatures. 
Foundation types and allowable loads. 
Drainage and flooding concerns. 
Power and fuel supply availability and relative cost. 
Limitations due to local materials or local trades. 

General building design: 
Type and materials for foundations. 
Type and materials for principal structural frames. 
Roofing materials and roof pitch. 
Sidewall heights. 
Exterior cladding. 
Interior cladding. 
Fasteners and hardware. 
Insulation and vapour barriers. 
Doors and windows. 
Colors. 
Fire separations and fire fighting provisions. 
Wiring system. 
Lighting fixture type. 
Plumbing system and materials. 
Rodent control provisions. 
Protection of building components from pigs. 

Dry sow facilities 
Sizing and schedule: 

Numbers to be bred weekly. 
Days transferred out of breeding to gestation. 
Pregnancy check dates and procedure. 
Weaning batch sizes. 
Culling rates and procedures. 
Number of sows in breeding. 
Number of sows in gestation. 
Gilt pool size. 
Gilt delivery batches. 
Gilt introduction procedures. 
Boar numbers and boar development requirements. 
Sow inventory increase due to production deficiency. 

Breeding system type: 
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Stalls at weaning and post breeding. 
Pens at weaning and post breeding. 
Pens at weaning and stalls post breeding. 
Artificial insemination. 

Gestation system type: 
Pens . 
Stalls. 
Loose housing. 

Boar housing: 
Stalls. 
Pens. 
Boar feeding.and watering. 
Penning style and height. 
Gate size, type and latches. 
Sprinklers or drippers. 

Breeding pen: 
Pen numbers and locations. 
Floor surfuce, sand, rough clean concrete or specially 

detailed slats. 
Size and shape. 

Sow pens: 
Group size. 
Floor space. 
Pen size and shape. 
Penning type and height. 
Gate size type and latch. 
Alley width. 
Slotted floor type and size. 
Feeding system. 
Feeding schedule and amounts. 
Watering equipment and controls. 
Sprinklers. 

Sow stalls: 
Size. 
Feed trough type. 
Slotted floor size and type. 
Stall construction; 

solid panel at head. 
front and back gates. 
trough dividers 
feed drop spouts. 

Feeding system. 
Feeding schedule and amounts. 
Watering system and controls. 

Dry sow barn: 
Overall layout. 

· Illumination and lighting control. 
Connecting links and doors. 
Service connections; 

electricity. 
water. 
fuel. 
communications. 
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Ventilation; 
outside air intake, winter, summer. 
air inlets. 
heat. 
recirculation system. 
exhaust fans. 
controllers. 
alarm system. 
drip coolers. 

Feed storage, location and size. 
Manure collection system. 
Manure transfer and sewer connections. 

Farrowing facilities: 
Batch rooms, number, size, schedule. 
Weaning age and cleanup time. 

. Farrowing crate size and type. 
Farrowing pen size and type of creep. 
Flooring, sow crate. 
Flooring creep area. 
Creep panelling, type ~d height. 
Feeders, sow and creep. 
Drinkers, sow and creep. 
Creep heating and hovers. 
Sow cooling. 
Feed system and schedules. 
Ventilation; 

outside air intake, winter, summer. 
preheat system. 
in-room air delivery ducts. 
in-room inlets. 
in-room heat. 
recirculation system. 
pit vents. 
exhaust fans. 
controllers. 
alarm system. 
drip coolers. 

Illumination and lighting control. 
Manure collection system. 
Flooring supports. 
Air locks, gas traps. 
Pig observation windows. 
Farrowing overflow room. 
Pig weighing and processing :fucilities and equipment. 
Washing equipment connections. 
Overall bam layout. 
Service connections and connecting links. 
Manure transfer and sewer connections. 
Feed storage size and location. 

Weanling facilities: 
Weaning age and size in. 
Transfer age and weight out. 
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Batch rooms, number, size, schedt.de. 
Clean up time. 
Floor space allowance and group size. 
Pen size and shape. 
Flooring. 
Penning type and height. 
Feeders. 
Drinkers, type, number, and height. 
Types of ration and amounts of each. 
Feed delivery systems and controllers. 
Medication system and control. 
Ventilation; 

outside air intake, winter, summer. 
preheat system. 
in-room air delivery ducts . 
in-room inlets. 
in-room heat. 
zone or pen heating. 
recirculation system. 
pit vents. 
exhaust fans. 
controllers. 
alarm system. 

Illumination and lighting control. 
Manure collection system. 
Flooring supports. 
Air locks, gas traps. 
Pig observation windows. 
Pig and feed weighing equipment. 
Washing equipment connections. 
Loading facilities or transfer equipment. 

Finisher facilities: 
Room size and number. 
Animal flow and room schedules. 
Split sex housing. 
Clean up time. 
Floor space allowance and group size. 
Pen size and shape. 
Solid floor slope and finish. 
Slat type and slotted area size and location. 
Penning type and height. 
Gate type, size and location. 
Feeder type, location and capacity. 
Drinkers, type, number, and location. 
Staged rations and schedule of feeding. 
Feed delivery systems and controllers. 
Medication system and control. 
Ventilation; 

outside air intake, winter, summer. 
air inlets. 
heat. 
recirculation system. 
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exhaust fans. 
controllers. 
sprinklers. 
alarm system. 

Illumination and lighting control. 
Manure collection system. 
Air locks, gas traps. 
Pig observation windows. 
Pig and feed weighing equipment. 
Sorting and loading facilities; 

holding capacity. 
transport batch size and frequency. 
adjustable ramps. 

Animal care requirements. 
Relieving incoming stock. 
Bio-security protocol. 
Special care and hospital area. 
Washing equipment connections. 

Staff and support facilities: 
Staffing numbers. 
Offices. 
Bio-security protocol. 
Shower areas. 
Laundry. 
Lunch room and appliances. 
Washrooms and sewage handling. 
Veterinary examination and medicine storage. 
Electrical room. 
Standby generator. 
Mechanical room alarm and data recording systems. 
Workshop. 
Supply room and storage. 
Water supply pressure system. 
Water heating. 
High pressure washer. 
Exterior illumination. 
Parking facilities. 
Yard maintenance equipment. 
Truck and traitor washing. 

Feed manufacturing systems: 
Raw ingredients and storage volumes. 
Delivery volumes and frequency. 
Prepared rations and storage requirements. 
Feed manufacturing equipment. 
Ration delivery equipment. 
Automation. 
Alternative and opportunity feeds. 

Manure management system: 
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Collection system beneath animal floors; 
manure retention time in barns. 
sludge removal provisions. 

sewer materials, sizes and slopes. 
drains; clean-outs and pump out ports. 

Transfer to storage; 
collection pit volumes and discharge flow rates. 
gravity or pump. 
pump controls and automation. 
discharge piping. 
safety issues. 

Long term storage; 
size and duration. 
type and construction. 
environmental safety. 
reserve capacity and clean-out flexibility. 
agitation and sludge removal. 
odor concerns and amelioration measures. 

Land application; 
crop nutrient uptakes. 
spreading techniques and timing .. 
environmental safety. 
odor concerns. 

Detailed site plan: 
Building and yard layout. 
Location of services. 
Roads and driveways. 
Manure storage and access roads. 
Shelter-belts and visual screens. 
Security fencing. 

Detailed Costing 
Pricing and bidding: 

Materials lists. 
Equipment lists. 
Acceptable alternates. 
Detailed plans. 
Schedule of work and deadlines. 
List of bidders and instructions to bidders; 

earthwork contractors. 
fill suppliers. 
concrete suppliers. 
concrete specialties. 
concrete trades. 
building materials supply. 
cladding metals supply. 
trim and flashing supply. 
framing trades. 
insulations supply and installation. 
animal equipment suppliers. 
ventilation and heating equipment suppliers. 
equipment installers. 
plumbing trades. 
electrical trades. 
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well drillers. 
utility companies. 
landscapers. 
fencing contractors. 

Bid deposits and bid bonds. 

Detailed project budget. 

Purchase order and accounting procedures. 

Final financing arrangements 

Project Implementation 
Permit application: 

Site plan. 
Building plan and description. 
Manure management plan. 
Development schedule. 
Environmental impact assessment. 

Award of contracts: 
Contract documents signed. 
Schedule of payments. 
Performance bonds. 
Completion bonuses and penalties. 
Insurance. 
Trades coordination and materials ordering procedures. 

Schedule of events: 
Milestone dates; 

breeding stock delivery. 
first farrowing. 
first weaning. 
first finisher placement. 

Work start dates and job duration; 
mobilization. 
rough earthwork. 
concrete start. 
framing start. 
painting. 
equipment installation. 
electrical. 
plumbing. 
fmishing carpentry. 
clean-up. 
finish earthwork and landscaping. 

Component delivery dates. 
Component ordering dates. 
Payment schedules and cash flow. 

Services and mobilization: 
Service road and culverts. 
Site and building elevations. 
Rough earthwork, clearing and stripping. 
Temporary power supply. 
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Telephone. 
Water supply. 
Job shack or site office. 

Progress of work: 
Schedule material deliveries. 
Monitor and verify deliveries. 
Coordination oftrades and schedules. 
Inspection of work. 
Quality control samples and tests. 
Verification and approval of changes. 
Approval of progress payments. 
Document deficiencies and corrections. 
Update schedules and "coordination. 
Monitor budget and administer contingency funds. 
Approve release of hold backs. 
Compile equipment manuals and shop drawing sets. 
Record as built plan information. 

Termination and demobilization: 
Site clean-up and material returns. 
Removal of remaining temporary services. 
Final grading and drainage. 
Fencing. 
Landscaping; 

top soil. 
seeding and planting. 
rodent control strips and fire guards. 
site irrigation. 

Finished surfacing of driveways. 
Signage, identification and security. 
Building certification and occupancy permits. 
Recover damage and service deposits or rebates. 
Prepare final project cost records. 
Produce as built plans. 
Prepare equipment manuals. 
Arrange maintenance schedules. 
Schedule and approve warranty reviews. 

All of the elements listed above are components of the 
development and implementation of a project plan. The 
scale of a particular project and the individual capabil
ity of the developer will dictate how thoroughly and 
formally some elements are detailed and implemented. 
All swine project planners would be well advised to 
review the list in its entirety and consciously decide to 
include or delete individual items of background infor
mation or individual activities. 
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Quality Pori< in 1993 
R.G. Kauffinan, R.D. Warner, and R.G. Cassens 

The consumer purchases meat after making a judge
ment about the quantity and quality they'll receive for 
the price they pay. Quantity and price are easy to as
sess, but quality is a more subjective characteristic and 
is more difficult to measure, particularly as evaluated 
by consumers. 

Pork has had an excellent image over the years and con
sumers have considered it to be an attractive, nutritious 
and wholesome meat available for a reasonable price. 
In addition, it has been converted to a variety of pro
cessed products, such as ham and bacon, which have 
different palatability and keeping properties compared 
to fresh pork. Since the trend is to use more pork for 
further processing, it is as important to ensure quality 
for 'ideal' processed pork as it is for 'ideal' fresh pork. 

The image of pork hasn't been totally positive- many 
people perceive it as a 'fatty' meat. This probably re
sulted not only from the heavy layers of backfat found 
on most hogs some years ago but also from the fact that 
pork fat is softer than fat from other meat animal spe
cies. Thus consumers believed pork to be 'greasy' or 
'hard to digest'. 

In the 1950s, pork producers began to try to change 
this image by instituting breeding programs that were 
designed to lower the fat content of pork carcasses. They 
were seeking to produce a trim, muscular, 'meatier' hog. 
They were able to successfully select for a pig with a 
greater quantity of muscle protein but in the process, 
however, the quality of the muscle was also unexpect
edly changed. 

Pale, soft and exudative (PSE) pork quickly became 
recognized as undesirable not only because it is visu
ally unattractive but because it shrinks due to drip loss 
and is less functional for processed products. PSEmeat 
was often associated with trim, muscular hogs. Later, 
we also learned that some of these same hogs were more 
susceptible to stress, and in fact suffered the potentially 
terminal condition known as porcine stress syndrome 
(PSS). 

Starting in the early 1970s, however, other aspects of 
the marketplace began to change. Consumers were be
coming much more active and involved in regulations 
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regarding the quality of their food. There was a grow
ing concern about the safety and nutritional health of 
foods, much of it centered on meat in the diet and its 
possible relationships to human health. Consumers be
gan to strongly desire lean, lowfat meat. Consumption 
of pork declined. In response, producers renewed ef
forts to lower fat content of the animals even further. 
Also, packing companies were making changes to im
prove efficiency. 

The pork industry started using the phrase 'Pork, the 
other white meat' in 1986 to emphasize the positive 
nutritional attributes of pork. This successful promo
~ional campaign helped stabilize the consumption of 
pork. 

Now there is an effort by the entire industry, from pro
ducers to processors,. to improve global competitive
ness. Competition from countries with tightly controlled 
breeding, marketing, and grading schemes is fueling 
change in the United States swine industry. 

The quality of pork is once again changing as consum
ers continue to demand efficiently produced leaner meat. 
Some suspect that the color of the retail product is be
coming less desirable and that the consumer is experi
encing a cooked product that is drier and less juicy. The 
texture of pork seerris softer and more watery. Overall, 
pork quality appears to be more variable. If indeed qual
ity is deteriorating and becoming more variable, con
sumers may reach a point where they object seriously 
or even reject pork, and manufacturers will experience 
difficulties in acquiring suitable pork for further pro
cessmg. 

Pork Quality Defined 
'Ideal' quality in fresh pork is defined as a combination 
of traits that include 

• appearance; 
• taste; 
• nutritional value; and 
• wholesomeness. 

These quality traits must all be optimized and consis
tently presented to the consumer and processor in order 
to ensure continued acceptance of pork. 

113 



R.G. Kauffman 

In retail display, the meat must have a normal bright 
color and must be free of surface exudate and firm in 
appearance. After cooking, the meat must smell good, 
be tender and give a desirable sensation of flavor, tex
ture and juiciness in the mouth. If the consumer is dis
appointed, s/he will not continue to buy pork. 

Nutrition is also basic to pork quality. Pork contains: 

• proteins with a desirable quantity and combination of 
the essential amino acids in a biologically available 
form; 

• water-soluble vitamins, especially thiamine; 
• some minerals, notably iron and zinc; and 
• high-energy lipids, including the essential fatty acids. 

Wholesomeness refers in large part to the safety of the 
product for consumption in terms of bacterial contami
nation and growth. Safety is optimized by raising healthy 
hogs, approved slaughter practices, and proper handling 
and storage of the meat. Quality assurance programs in 
production and processing are designed to maintain 
wholesomeness. 

Predictors of Quality 
The following fresh pork traits are useful predictors of 
ultimate quality: 

• Muscle Color. Fresh pork should be reddish pink. 
Muscles are usually uniform in color, but individual 
muscles or muscle groups are inherently different in 
their biological makeup and can vary considerably 
in color. A dark purplish red color may be the result 
of: 

-less surface oxygen penetration; 

-surface dehydration; 

-bacterial contamination; and most likely of all 

-reduced accumulation oflactic acid during postmor-
tem conversion of muscle to meat, which results in dark, 
firm and dry (DFD) meat. 

Conversely, a pale pinkish-gray color is usually the re
sult of muscle glycogen rapidly converting to lactic acid 
at high body temperatures, causing a rapid increase in 
acidity immediately after slaughter and resulting in P SE 
meat. 

Consumers object to pork that is either too pale or too 
dark in color. Abnormally pale muscles quickly tum 
gray at retail and lose fluids, resulting in economic losses 
during processing, and dry-tasting products after cook
ing. Some dark muscles with a high pH will have a 
shorter shelflife because the their less acidic condition 
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allows bacterial growth. Consumers perceive that dark 
meat comes from older animals or that the product has 
been abused. 

Muscle Firmness/Wetness. 
Soft, floppy and watery muscles usually accompany 
the pale pinkish-gray color, but also can be associated 
with the reddish-pink color and even darker colors. Ide
ally, the muscle surface should. be free of fluids and 
firm to the touch. If it is soft, floppy, and watery, it will 
have predictably poor water-holding properties and will 
shrink excessively during handling, processing and stor
age, sometimes by as much as 15%. 

Marbling 
Marbling is the visible fat in muscles. Slight amounts 
of marbling are desirable to provide a juicy and flavor
ful cooked product, whereas abundant quantities of 
marbling do not make pork proportionately more palat
able but do supply extra calories from fat. Excessive 
marbling should be avoided because it dilutes the nutri
tional benefits of pork. 

Economic Losses Associated with 
Poor Quality 
The economic losses associated with the occurrence of 
PSE, reddish-pink, soft and exudative (RSE) and DFD 
pork are both direct and indirect. The direct costs of 
PSE and RSE pork include reduced yields in the car
cass as well as shrinkage of the product during pro
cessing and cooking. Indirect costs incurred from PSE, 
RSE and DFD pork include an increase in product vari
ability and reduced consumer appeal becauseof 

• color;· 
• decreased shelf life ofDFD pork; 
• drip loss ofPSE and RSE pork in retail display trays; 
• variation in organoleptic qualities in cooked hams; 

and 
• reduced juiciness of PSE and RSE pork after cook-

mg. 

In 1982, the reduced financial return on a PSE pork 
carcass was calculated to range· from £0-8.7 in the 
United Kingdom. The benefits oflowering the incidence 
ofPSE pork by only 1% were estimated to be worth $7 
million annually to the Australian pig industry, with 
85% ofthe returns accruing to producers. 

DFD pork is rejected by consumers because it has an 
unpleasant appearance and by retailers because it 
doesn't keep well. The advantage ofDFD pork is that 
the higher pH increases its water-holding capacity 
(WHC) and reduces cooking loss. The WHC of fresh 
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pork and the binding of added water during storage and 
further processing are of great importance to the pork 
industry. Water retention is essential for pork palatabil
ity, because it affects juiciness and tenderness and is 
economically important because water loss reduces the 
weight of marketable pork. 

Consumers often use the color of pork to judge the ten
derness and taste-quality attributes that are important 
but difficult to quantify from visual appraisal. Abnor
mal paleness or darkness reduces the salability of pork 
and pale pork is more susceptible to further discolora
tion (graying) during retail display. 

Methods to Assess Pork 
Quality 
Variations in ultimate quality of the musculature can 
not be detected in the live hog and, even after slaughter, 
it can be difficult to assess. Ultimately, pork quality 
will be assessed by its: 

• WHC; 
• color; and, to a lesser extent . 
• marbling content. 

Both the rate and extent of the drop in pH of the por
cine muscles postmortem have significant effects on 
meat color and WHC. After the onset of rigor, the three 
traits most appropriate for detecting variations in color 
and WHC are ultimate pH, light absorbance and scat
tering, and a measure offree fluids in the interfascicular 
spaces of the muscle. WHC is especially important be
cause poor-quality pork can shrink excessively during 
processing, storage and retail display. 

Even though color is not always related to WHC, the 
relationship is significant. If muscles are pale, they are 
likely to have poor WHC and if they are dark, they will 
almost always have good WHC. If a muscle is DFD, it 
will have a high WHC, which is desirable for process
ing, but it will still be objectionable because its high pH 
(> 6.0) increases its susceptibility to microbial spoil
age and because it is unattractive. · 

Recently, a new system for describing the quality of 
pork was proposed to include pork that doesn't fit into 
the traditional quality categories (PSE, 'normal' (ideal), 
and DFD). The new system describes four quality cat
egories; PSE, DFD, reddish pink, firm and non-exuda
tive (RFN), (i.e. 'normal'), and RSE. 

Not all swine muscles are subject to wide variations in 
quality. The majority of shoulder muscles do not ex
hibit the PSE condition, whereas some of the loin and 
ham muscles are considerably more susceptible. Our 
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studies indicate that only about one-third of the muscu
lature is affected by the PSE-RSE condition. In some 
pork carcasses, however, all muscles may be DFD. This 
condition is not an ali-or-nothing phenomenon but may 
deviate considerably from R~. Therefore, it is essen
tial that representative loin or ham muscles are assessed 
quality variations. 

Specific Methods to Measure 
Quality 
• Visual. Assessment. Subjectively assessing muscle 

color and wetness is the general reference for objec
tive testing methods that measure pork quality. Sub
jective assessment is problematical because the as
sessments are nonrepeatable and because it lacks a 
linear relationship with objective methods, due to the 
complexity in the human response. The repeatability 

. and accuracy of trained, experienced assessors is 
generally high. but is certainly. improved by using 
reference standards such as Japanese color chips or 
the photographic standards produced by the pork 
industry (NPPC, 1991). Visual assessment, prefer
ably using reference standards, is a step toward the 
ultimate goal of describing consumer-desirable qual
ity traits. The reason that subjective assessment of 
quality will never be totally acceptable to the. pork 
industry is because· it lacks objectivity: human in
spectors vary on a daily basis and become fatigued, 
machines don't. 

• Measurement in Early-Postmortem: All available 
research on predicting meat quality from measure
ments made early in the postmortem period show that 
it is not feasible. Of all the various measurements 
made (conductivity, light scattering and absorbance, 
muscle rigidity, temperature, pH), only pH45 provided 
a marginal prediction of final meat quality especially 
when groups of carcasses rather than individual ones 
are tested. The reliability ofpH45 (45 minutes post
mortem), and anyother quality measurements pro
posed for use on the slaughter-floor as predictors of 
PSE, depend on the general relationship between the 
rate and extent of glycolysis. When post-rigor (24 
hr) muscles were categorized into the four quality 
groups (PSE, RSE, RFN, and DFD), pH45 was ac
curate about 75% of the time. If pH45 was 6.4 or 
higher, 95% ofthe susceptible muscles were either 
RFN or DFD. When pH45 was 5.8 or lower, 81% of 
the susceptible muscles were PSE. However, the 
majority of the pH45 values were between 5.8 and 
6.4 and, in that range, the chances of the pH value to 
predict whether muscles would be desirable or unde
sirable was about 50%. We concluded that it was . 
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not reasonable to determine the ultimate quality prior 
to the onset of rigor. This is unfortunate because 
carcass composition and weight can be identified on 
the slaughter floor when carcass identification is still 
intact .. Furthermore, this is a convenient time for 
packers to sort carcasses into quality groups prior to 
chilling and further processing. · 

• Ultimate pH. 

The measurement of ultimate pH (pHu) in the loin iden
tifies carcasses that are DFD (usually pHu > 6. 0 is used). 
Measurement of pHu alone is not a reliable indicator of 
the PSE condition and unfortunately the effect of pH is 
not the onlyd~rminant of the physical aspects of pork 
quality; Notwithstanding the above, pHu is still a valu
able indicator of quality variations among carcasses and 
has become more practical for commercial plants with 
the advent of solid-state pH electrodes. 

• Ultimate Electrical Properties. Electrical capacitance 
declines in muscle postmortem and the rate of de
cline is faster in PSE pork than in normal pork 
Postmortem changes in the electrical resistance of. 
muscles are probably due to changes in the,distribu
tion of electrolytes between intracellular and extra
cellular compartments. The MS-tester has been de
veloped to measure the dielectric loss factor of pork 
using a 15kHz frequency and is reported to differ
entiate between PSE and normal pork. One researcher 
used a 100kHz frequency to measure muscle ca
pacitance. Capacitance rather than resistance was 
used because it was found to be relatively unaffected 
by sample temperature. Commercial testing has since 
shown that the error in using capacitance to measure 
meat quality was unacceptably large for quality-con
trol measures. 

• Ultimate Optical Properties. Using optics to mea
sure meat quality is based on the principle that the 
perceived color of an object is determined by its re
flectance of light, which depends on the amount of 
light absorbed, the amount scattered, and the ratio 
between the two. Four factors that must be consid
ered when using· the optical properties of meat to 
measure its inherent meat quality are: 

-wavelength of the incident light, 
-angle of incident light to the muscle fibers, 
-mode of measurement (scattering, absorbance or 
reflectance) and 
-coupling efficiency at the meat-probe interface. 

These four factors significantly influence the predic
. tive accuracy of probes developed for use in the indus-
try. 
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Changes in light scattering will be caused by changes 
in the myofibrillar refractive index over a complete range 
of pH and this principle is used in the design of optical 
probes. The degree of light scattering in pork Will de
pend on the wavelength of light and on the angle of 
illumination. Wavelength-related effects are very im
portant in optimizing the performance of probes. Probes 
have evolved from monochromatic (e.g., the fibre op
tic) probes developed in England to true spectropho
tometers, ~uch as the Colormet developed in Canada 
(but no longer available). 

An important optical property of pork is that transmit
tance of low wavelength light is less than that of high 
wavelength light. Some have recommended that a red 
laser be used at 633 nm to identify PSE pork. 

It has been shown that the surface reflectance of pork is. 
higher when the muscle fibers are parallel to the sur
face then wheri they are perpendicular. In addition, the 
angle at which the invasive probe is inserted into the 
musculature of a carcass can influence the readings and 
predictive accuracy. 

The coupling efficiency between an optical probe and 
the muscle interior can be influenced by: 

-the depth to which the light penetrates; 
-the reflection and scattering of light at the end of 

optical fibers; 
-the refractive' index of the medium immediately 

external to the probe; 
-the wavelength of the light; and 
-the angle of illumination. 

Until we have a better understanding of the optical prop
erties of muscle at a microstructural level, it will be 
difficult to improve the predictive accuracy of technol-
ogy presently available. · 

• An Integrated Approach 

We are currently studying the use of a combination 
measurements of pH, light absorbance arid free fluids 
simultaneously in one probe to categorize the quality of 
a pork carcass. The longissimus (loin) and the 
semimembranosus (ham) are proposed as the muscles 
for probing as these muscles are accessible on the in
tact carcass and have been shown to best represent the · 
quality of the major muscles of the pork carcass. The 
pork would be graded into one of the four following .· 
categories: PSE, RSE, DFD, and RFN. These catego
ries would be reported to producers and used for sort
ing carcasses for further processing. If such an empha
sis was placed on pork quality, the industry would cor
rect(or at least minimize) the problem through genetic 
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selection and management by producers, and improved 
handling and processing conditions by packers. Every
one in the industry should ultimately profit. 

Variations on Pork 
Quality in the 
Marketplace: Results of a 
1991 Survey 
The University ofWisconsin in cooperation with NPPC 
conducted a survey of pork quality. The goal was to 
establish whether there was sufficient variation in muscle 
quality to warrant concern for the industry. The aim 
was to examine fresh pork from a number of commer
cial hog-slaughtering plants in several areas of pork 
production. The survey was conducted during the sum
mer of 1991 and therefore represents only one season 
of the year. 

Fourteen hog-slaughtering plants were surveyed dur
ing July and August, representing eight companies lo
cated in eight states. We estimated that the number of 
hogs slaughtered by these plants was about 40% of the 
nation's total. Varying time periods were spent in each 
plant. All names and locations of plants were kept con
fidential because the primary aim was to assess quality 
variation, not company differences. A total of 10,753 
hams representing as many carcasses were included in 
the survey. 

Before starting data collection, the evaluators carefully 
compared color, firmness/wetness and marbling scores 
{NPPC, 1991) with actual variations on the gluteus 
medius muscle surface as it appeared on a commercial 
pork-cut line. This muscle was chosen because it is one 
of the major muscles that is subject to quality varia
tion, and one that is accessible for visual observation 
after the chilled carcass is cut. The three subjective vi
sual assessments of quality were selected because they 
wer:e considered to be the ones most closely related to 
pork quality and which could be appraised under prac
tical commercial conditions. 

During preparation for the survey, two evaluators inde
pendently scored hams with gluteus medius muscles that 
varied widely in quality. They compared their results to 
ensure that each was consistent with the other and that 
their scores agreed with the NPPC standards. This was 
important because during the survey the evaluators al
ternated in scoring and recording data. 

When the evaluators arrived at a plant, they first be
came familiar with the pork-cutting line and then chose 
a well-lighted, logistically appropriate location in which 
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to make their observations. Within one minute after a 
ham had been cut from the carcass, it was evaluated. 
At random, a ham was removed from the line and the 
evaluator would subjectively score for color, marbling 
and firmness/wetness. The other evaluator would record 
the information. This procedure progressed at the rate 
of one ham every 3 0 seconds for a period of 10 min
utes. The evaluators took a 5-minute break and then 
began again in reversed roles. This routine continued 
until the cut line stopped. Approximately 300 hams were 
evaluated on any given day. 

Overall, the survey indicated that at least one-quarter 
of all the pork was clearly undesirable (16% PSE and 
10% DFD), and only16% was identified as 'ideal'. It 
is particularly interesting that the incidence ofPSE pork 
was more than five-fold greater in some plants than oth
ers (6%to 33%), and thatDFD existed to a much greater 
extent (10%, with a range in plants from 5% to 18%) 
than had been previously reported or than was suspected 
by the industry. As anticipated, most hams possessed 
very little marbling (93% contained little or none). 

There was variations in quality at all packing compa
nies, but some had less variation than others. It is im
portant to remember this was a single survey at one 
specific time of year, and that there was no attempt to 
determine the reasons for the variations observed. It is 
known that a number of factors are related to pork qual
ity including genetics, nutrition, time of year (tempera
ture and humidity levels and fluctuations), handling 
procedures on the farm and during transit to the pack-· 
ing plant, care of the hogs after arrival at the packing 
plant, method of stunning and method and time of chill
ing after slaughter. If the survey was repeated it is cer
tain that the results would be different. However, these 
results provide a perspective of what may exist for the 
industry. 

There were a surprisingly large number ofDFD hams. 
This suggests significant stress prior to slaughter. The 
current genetic makeup of hogs may make them more 
susceptible to stress. Handling procedures during load
ing at the farm, in transit and during the holding period 
just prior to slaughter may also contribute. Neverthe
less, pork processors should be aware of how DFD pork 
differs from 'ideal' pork so they can take advantage of 
its desirable attributes (high water-holding capacity, 
tenderness) and be especially cautious about the disad
vantages (susceptibility to spoilage during conventional 
refrigeration, unattractive dark appearance). 

Since over one-half of the hams possessed normal color 
but were somewhat soft and floppy, and presumably 
watery, there is concern about using color as the only 
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indicator ofWHC. When normal color is accompanied 
by a soft, floppy and watery condition, itis likely to be 
a step toward the PSE problem. In general, there is a 
positive association between lighter color and lower 
water-holding capacity. However, the correlation is not 
perfect, suggesting that the industry needs to be aware 
of this and seek other methods independent of color to 
assess WHC. Also, the relation between firmness and 
wetness is not perfect. Softness or floppiness may be 
the result of transverse shrinkage of myofibers due to 
myosin denaturation dunng a rapid postmortem pH 
decline at high muscle temperatures encountered im-
mediately postmortem. · · · 

If marbling becomes a factor of importance in improv
ing pork quality, then pork producers will have to. se
lect breeding stock that have the ability to deposit mar
bling in a way that does not increase other less-desir
able fat deposits. From this survey, it is obvious that 
producing excessive quantities of marbling is not a prob
lem. 

Recommendations to 
Minimize Quality 
Variations 
Pork quality is affected by both genetics and environ
ment, and can be controlled if the industry so chooses. 
Some European countries, such as theNetherlands, have 
significantly reduced PSS by eliminating halothane-posi
tive boars in breeding programs. Also, Denmark's pork 
packers have developed model procedures to minimize 
stress prior to slaughter. They use care in moving hogs 
to the stunning restrainer, and they were pioneers in 
developing rapid chilling procedures after slaughter. 
These are all ways to minimize or eliminate variations 
in quality. We also know that marbling deposition is 
heritable, thus it may be possible to increase marbling 
content without jeopardizing carcass composition. 

What should the United States pork industry do to guar
antee that pork is not only lean, but that it be consis
tently firm, high in WHC, free of abnormalities, be a 
fresh, reddish-pink color and contain slight amounts of 
marbling? Here are four suggestions. 

• Producers should establish and practice procedures 
to ensure acceptable production, management and 
welfare at all tiines, including farrowing, weanlng, 
feeding, handling, shipping and transporting. 

• Pork packers should establish procedures for pre-
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slaughter handling and post-'slaughter processing that 
will minimize quality variations. Such factors as 
conditions and duration in holding pens, handling off 
trucks and pre-slaughter, stunning and exsan
guination, hot boning, time from stunning to chill
ing, and rate of chilling need further attention. 

• Procedures should be developed and applied to elec
tronically identify and evaluate every individual hog 
slaughtered. These procedures should record and 
report abnormalities (via USDA Meat Inspection Ser
vice), carcass weight, leanness, and quality. Color, 
WHC, pH (acidity) and marbling content should be 
recorded. This information should be included in 
every packer report to producers to continually in
form them of quality variations so that they can take 
the appropriate steps to improve breeding stock. 
Working toward marketing all hogs on a carcass
merit basis would be extremely beneficial in helping 
to improve the image and usefulness of pork as food. 

• Finally and perhaps most importantly, the total value 
paid for all market hogs should not necessarily 
change, but the distribution of that total should re
flect accurate value differentials (as dictated by sup
ply-demand forces).between desirable and undesir
able pork quality. Ju'st as there are price differentials 
for lean and fat carcasses and heavy- and light-weight 
carcasses, there should be differentials for variations 
in quality. How·important is marketing to stimulate 
change? Here's one example. Packers believe that 
extra heavy- or light-weight carcasses are economic 
hazards. Therefore, price discounts often exceed 30% 
of base value, which results in heavy and light hogs 
being eliminated. Price plays a dominant roll in caus"
ing change, if change is possible! Is it feasible that 
there are elements of the industry that could encour
age quality improvement? We believe so! 

. . . Packers must have the technology to measure and 
report quality to producers. 

... Packers must have a profit motive to doit! 

... Packers need to recognize internal shrinkages result
ing from inferior quality, and realize that DFD pork 
has special processing advantages if handled correctly, 
and 

... Whplesalers and retailers of fresh pork must learn to 
select for high quality pork, merchandise it effectively, 
and either reject or discount pbor quality pork. 

If these the industry adopts these suggestions and if 
packers pay significant price differentials, then produc
ers will receive a marketing message to eliminate the 
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genetic and environmental conditions responsible for 
producing inferior-quality pork. 
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New Developments in Pre
slaughter Handling of Pigs 
Patricia Barton Gade 

Denmark is a small Northern European countl)' with a 
population of just over 5 million people. The countl)' is 
largely agricultural, with little heavy industl)'. Pig pro
duction is important for the Danish economy as nearly 
80% ofthe 16-18 million pigs produced annually are 
exported, amounting to nearly 9% of total exports for 
the countl)'. The 1992 figures are in Table 1. 

Table 1. 

%of %of 
Description tonnage DKK 1000 

Live pigs and sows 1.70 1.02 

Bacon sides or 
11.62 13.60 

products 

Pigs, fresh and frozen 1.71 1.19 

Fresh cuts 59.92 62.09 

Byproducts 10.38 3.80 

Canned meats 12.71 14.57 

Other processed 
3.95 3.73 

products 

Total figures 1.061.586 20.318.097* 

*. excluding FEOGA: 764 mill. kr. 
Source: Statistics 1992, Federation of Danish Pig 
Producers and Slaughterhouses. 

Seen in a worldwide perspective, however, Panish pig 
meat exports amount to only 3% of the total export. 
This fact, together with higher production costs in the 
industl)', means that the countl)' can never compete on 
quantity alone but must concentrate on producing qual
ity. Previously, quality was mainly defined in relation 
to the export of bacon sides, but in recent years quality 
aspects have become much more diversified to accom
modate the requirements of different consumer groups. 

Denmark's strength lies in the degree of integration 
within the industl)'. All producers are members of co
operative slaughterhouses. These in tum can have pro
cessing facilities, sometimes on the slaughter plant it
self, sometimes centralized in processing factories. Thus, 

The Danish Meat Research Institute, 2 Maglegaardsvej, DK-4000 
Roskilde, Denmark 
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in contrast to most other countries, the factol)' economy 
does have consequences for Danish producers. 

All producers are paid according to wann slaughter 
weight and an objectively measured lean-meat percent
age for both slaughter pigs and sows. They mainly buy 
breeding animals - or use semen - from the nationally 
approved system run by the National Committee for 
Pig Breeding and Production. International breeding 
companies are present in Denmark but have not yet made 
great inroads in the national system. 

Breeding and disease prevention is managed via dose . 
collaboration between research institutions and the 
Danish Meat Research Institute, which is owned and 
financed by the industl)'. This cooperation ensures that 
the latest developments in meat science, meat process
ing and plant design are available to the whole Danish 
industl)'. Centralizing this research has ensured that all 
parts of the industl)' can receive advice on the latest 
knowledge when changes are contemplated or problems 
encountered. Conversely, the close collaboration with 
industl)' means that the research carried out is relevant 
and practical. This is why the standard of pre-slaughter 
handling is relatively high in Denmark, and relatively 
constant across the countl)'. Finally, a national net
work of pig advisers ensures that the latest knowledge 
in breeding, feeding and management reaches produc-
ers directly. · 

The integration in the Danish pork industl)' allows it to 
pursue national quality goals and provides a vehicle to 
institute changes in quality even if they do not have 
direct economic consequences for the producer. 

Quality goals are set by a committee - the Quality 
Committe·e - which consists of representatives of 
breeders, abattoirs, processors and marketing people. 
In 1988, the Quality Committee set forth a 5-year plan 
of quality goals and provided guidelines for breeders, 
abattoirs and research workers tQ attain the goals. The 
plan is regularly updated so that the goals are always 
tailored to customer requirements. Among other things 
the first 5-year plan stated that 

• the meat content in carcasses should be increased to 
60.5% by 1994, 
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• the incidence of pale, soft and exudative (PSE) meat 
in the loin should be reduced to a maximum of 2% 
and in the ham to a maximum of 4% by 1992, 

• equipment for measuring marbling on-line should be 
developed by 1989. 

What is quality? 
Quality is a somewhat nebulous term that means differ
ent things to different people. However, there are five 
aspects of quality that are always important: 

• Total percentage of lean meat: All customers re
quire high lean-meat percentages in the carcasses or 
cuts they buy. 

• Distribution of lean meat in the carcass: For car
casses, as much lean meat as possible should be dis
tributed in the expensive parts of the carcass such as 
the loin and halll'. · 

• Quality of the lean meat: Fresh meat should have an 
attractive appearance, a long shelf life and good eat
ing quality, i.e. not PSE or dark, firm and dry (DFD), 
no bruising or blood splashing, sufficient pigment 
and a certain amount of marbling. Meat to be used 
for processing should have a high percentage of pro
tein and little marbling but otherwise be the same as 
fresh meat. 

• Quality of the fat: The quality of the fat must also 
be optimal, i.e. not discolored or soft, and the layers 
should not separate when sliced. 

• Ethical considerations: Ethics are becoming increas
ingly important to the swine industry. More and more 
consumers are beginning to demand that the meat 
they eat be produced from ariirilals that have been 
reared under conditions that the consumers find "ac'
ceptable". This is a difficult ar.ea, as such demands 
are often based on emotion, and can differ from con
sumer to consumer. Moreover, consumers who are 
willing to pay a premium for such meat only repre
sent 5%-10% of the market. Much less emphasis has 
been placed on an "acceptable" pre-slaughter treat
ment, but this will come under increasing consumer 
scrutiny in the future: 

Pre-slaughter handling, of course, only affects some of 
the quality factors mentioned, principally the incidence 
ofPSE and DFD meat and bruising/blood splashing as 
well as ethical concerns. In the past, the. main incentive 
for improving pre-slaughter handling has been to achieve 
better meat quality, but in recent years the incentive has 
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changed to improving welfare regardless of whether this 
will improve quality. 

Factors That Affect Meat 
Quality 
In general we can say that quality, like many other char
acteristics of pork, is an interaction between genotype 
and environment. Some pigs are genetically more prone 
to a higher incidence of PSE than other pigs and this 
will limit the possibilities of improving quality via han
dling. This is also true to a lesser extent for the DFD 
condition. However, bruising, blood splashing, and 
welfare are mairily affected by the environment imme
diately pre-slaughter. 

To truly improve meat quality, the industry must im
. prove the genetic make up of breeding stock as well as 
pre-slaughter treatment., Denma,rk h'!-s systematically 
included some form of meat quality assessment in breed
ing work combined with a standardized pre-slaughter 
treatment since the 1970s (Barton Gade, 1974, Barton 
Gade & Olsen, 1984). As the PSE frequency in test 
pigs fell to very low levels (Barton Gade, 1990), rou
tine meat-quality assessments were discontinued and 
replaced by halothane testing combined with determin
ing blood and enzyme types in relevant breeds. 

All our meat quality experiments concerning the pre
slaughter treatment of pigs have shown that, for all prac
tical purposes, only those factors that affect energy re
serves in the muscle at the point of slaughter are impor
tant. Figure 1 shows the relationship between genotype, 
energy reserves and meat quality (see below): 
Genetic disposition Energy Content in the Muscles at Sticking Meat Qualit.r 

bigb-------PSE 
PSE -""""'::::::::::==::=:~medium normal-PSE 

1 low DFD 

Nonnal 
high -------nonnal 

::::::::-medium nonnal 
----: low DFD 

Figure 1. Relationships among genotype, energy 
reserves and meat quality. Source: Nielsen, 1981 

Figure 1 is rather simplistic, because pigs do not either 
have or lack a genetic disposition for PSE: their dispo
sition for PSE falls somewhere along a range. The 
scheme does, however, point to the factors that can be 
manipulated to improve meat quality. 

Under practical production conditions the genotype is 
fixed, so that it is only by regulating the energy reserves 
in muscles that factories can influence meat quality. 
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Meat Quality .. 

Figure 2. Factors that affect energy content of muscle.s. 

Various conditions are important for the energy content 
of muscles. (Figure 2) · 

In their daily ration, pigs are supplied with energy for 
their growth and maintenance. Surplus energy is stored 
in the liver, muscles and fat tissue. The longer the inter
val between feeding and collection, the less energy will 
be available to withstand. the rigors of transport and 
lairage. 

During transport and lairage, the amount of energy the 
pigs consume will largely depend on the treatment they 
receive. Energy consumption will be quite different from 
pig to pig. Some pigs consume little energy, while oth
ers, especially if they fight, will consume large ~mounts 
of energy. Improving transporttrucks and holdmg con
ditions will reduce energy consumption to a certain de
gree, but as long as fighting takes place, some pigs will 
consume too much energy. 

The duration of the transport and holding period is also 
extremely important for energy consumption. The longer 
the transport and holding interval, the more energy pigs 
consume. However; after a certain time pigs will mobi
lize energy from depots in the liver and fat, thus re
building the energy content in the muscles again. 

We can illustmte these general comments by some re
sults. In one experiment, pigs th~t had not been fed on 
the day of slaughter were compared with pigs that had 
been fed on the morning of the day of delivery, for vari
ous holding periods in the lairage. The results showed 
that the incidence ofPSE meat was higher in pigs that 
had been fed and held for a short time relative to pigs 
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that had not been fed and were held for. a long time. 
Pigs that had not been fed had the highest incidence of 
DFD meat, and DFD frequency increased during the 
first couple of hours of the holding period due to fight-
ing (Taple 2). , 

13-Point Program 
On the basis of many years of research, the Danish Meat. 
Research Institute has assembled a 13-point program, 
which was introduced at the beginning of the 1980s. 
This program lays down guidelines for producers,. haul
ers and abattoir personnel that ensure the followmg: 

considerate treatment 
good, uniform meat quality 
low transport mortality. 
delivery that protects a herd's health 
rational collection and transport . 

Producers must slap-mark the pigs themselves before. 
the day of collection. The use of dye is recommended. 
The pigs should not be fed for the last 2-3 hours before 
collection. They should separated from the main herd 
to prevent fighting and there should be easy access to 
the loading area. 

Haulers must provide a well-equipped vehicle with good 
loading facilities (normally a tailgate lift), adequate 
ventilation and nonslip flooring. There should be at least 
one partition, but preferably two. All trucks must be 
cleaned before leaving the factory and should not be. 
overloaded. Trucks should be driven carefully with no 
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Table 2: PSE & DFD Incidence in Relation to Holding 
Period in Pigs Fed or not Fed on the Day of Slaughter 

Holding .. 
period No. of 

Meat Quality Group hrs. pigs Unfed Fed 

The effect of the 13-point program and of remov
ing stress-susceptible animals from the breeding 
herd can be clearly seen from the drastic decreases 
in the annual statistics for transport and lairage 
mortality and for early PSE development (which 
the veterinary control registers at the abattoir in 
Denmark). In 1992, both pre-slaughter mortality 
and incidence ofPSE were at the lowest levels yet 
measured (Table 3): 

0 204 7.8 13.1 
Subjective 
evaluation in 

% 
PSE gluteus medius 

. and semi
membranous 

2 

4 

24 

0 

206 5.8 7.5 

205 2.9 4.0 

104 1.9 2.5 

175 2.9 3.4 

% 
DFD 

pH2 in left 
dorsi, semi
membranous 
and 
semispinales 
capitis* 

2 174 17.0 10.3 

In Denmark as a whole, the incidence ofPSE meat 
has decreased continuously in recent years. It is 
estimated that PSE frequency in the longissimus 
dorsi muscle is at present less than 3% on an an
nual basis. DFD frequency in longissimus dorsi and 
ham is about 1%, in the semispinalis capitis muscle 
about 10%. The actual incidence of blood splash
ing is not known on a nationwide basis, but is very 
low. 

4 177 12.2 6.2 

24 81 20.2 7.4 

* pH2 in at least one muscle >6.5 or pH2 in at least 2 
muscles >6.1 

unnecessary stops on the way. Treatment should be con
siderate at all times. 

Factories should have good off-loading facilities, such 
as an adjustable ramp. Electric goads should not be 
used to get the pigs off the truck or on moving them 
from the loading ramp to the lairage pens. Pens should 
have good ventilation, solid walls, and watering facili
ties. Pigs should be held for at least 2-3 hours before 
they are slaughtered. They should be driven to the race 
considerately, allowing them to move by themselves as 
much as possible. At the entrance to the race, the use of 
an electric goad may be necessary for some pigs but 
with a well-designed facility at least 70% should enter 
of their own volition. Stunning should be with C02, 

preferably in combi-equipment. Finally, there should 
be a person at the factory who is responsible for imple
menting the program. 

Table 3. Incidence of pre-slaughter mortality and PSE 
in 1992. 
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Transport mortality 

Lairage mortality 

Total mortality 

Early PSE 

All pigs(%) 

0.027 

0.012 

0.039 

0.080 

Future Developments 
Future developments in the field of pre-slaughter 
handling will mainly concentrate on improving 
welfare with most efforts aimed at treatment at the , 
meat plant. 

Transport: Transport conditions are important, but the 
scope for further large improvements in Denmark is lim
ited. Pigs deemed not fit for transport are killed on the 
farm. All slaughter pigs are delivered directly from the 
farm to the abattoir, mainly by independent haulers. 
Only 10%-15% of total slaughter pigs are transported 
by the farmers themselves. Average transport distances 
are short. A survey carried out in 1992 showed that 
less than 2% of slaughter pigs had a transport interval 
longer than 3 hours. The Danish climate is mild with 
very few hot or very cold days per yea~. At pres~nt a 
large proportion of Danish transport vehicles are smgle 
decked; they are often used for both pigs and cattle. 
However, double deckers are becoming increasingly 
popular. Triple-decked vehicles for pig transport are 
not allowed in Denmark because of requirements for 
minimum height (at present 1.10 m). 

Further developments in the transport field are restricted 
to a closer look at optimal design of multitiered vehicles, 
particularly with respect to ventilation requirem~nts and 
optimal tier heights. This work is part of a proJect un
der the European Community's (EC) AIR-program, and 
will be carried out in Denmark in collaboration with 
partners from other EC countries. 

Lairage: Most Danish lairages have long, narr?w pens 
with solid walls, watering facilities and mechanical ven-
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Off-lnaJing 

To stunning 
11----Ll--------L---!-1------1-~ 

Inspcc:ion Way 

Figure 3. Danish small-pen system. 

tilation systems. Some, but not all, use some form of hoist gate is then raised and moved back to collect the 
showering in the summer. Stocking densities in lairages next .15 pigs and so on. As flap gates close, a trough is 
are mandatory, i.e~ 0.5 rn2/100 kg slaughter pig or at automatically lowered and water made available to the 
least 1.0 rn2/sow/boar. This general design, combined pigs. Vents at pig level optimize ventilation. Emptying 
with a moderate stocking density, promotes resting be- is the reverse of this procedure. 
havior in pigs and allows thirsty animals access to wa- Filling the small-pen systems presented no problems. 
ter. Lairage times are short in Denmark, on average 1 Y2 During lairage, fighting was reduced significantly in 
hours, so that in general feeding is not necessary. the small-pen systems, even though the 15 pigs did not 

One of the disadvantages of the present system is that necessarily come from the same farm pen. Pigs lay down 
lairages still hold large groups of pigs (up to 60). This to rest much more quickly, normally within 20-30 min
makes it.difficult for factory personnel to move .pigs utes as opposed to 60-90 minutes for the larger groups 
into and out of the lairage without some force being of pigs. It was easy to empty the small-pen systems, 
used, simply because pigs that cause a blockage cannot and the system with flap gates was superior to the sys-· 
easily be reached. Moreover, fighting, which is caused tern with a series of push-hoist gates. The push-hoist 
by a few very aggressive animals (Lydehej Hansen et gate passed over the heads of the resting pigs as the 
al. 1989, 1991) can involve many pigs, thus increasing flap gates opened, alerting them so that many stood up 
the. incidence of skin damage as well as preventing rest- and moved along of their own free will. This behavior 
ing behavior. Another disadvantage is that lairage and did not occur in the other small-pen system, where some 
truck sizes are not always compatible and this leads force from the push-hoist gate was sometimes neces
either to overstocking or to mixing different loads in sary.to get the pigs moving. It should perhaps be rnen
lairages, neither of which is conducive to good welfare. tioned that push-hoist gates are designed to stop when 

resistance reaches 100 kg, so that pigs that can't stand 
These observations formed the basis for developing a can never be dragged by the gate. 
fully automatic lairage system to keep pigs in small 
groups (15), which corresponds to compartment sizes Results from the new lairage were compared with ran
on most Danish transport vehicles. This makes over- dornly chosen pigs from the old lairage, which consisted 
stocking impossible, prevents trauma from inventory, of long narrow pens holding 60 pigs. With the old 
and allows a slaughter rate of at least 600 pigs per hour. lairage, pens emptied into a runway leading to two single 
The system was designed to use pig behavior at all stages races and two sets of compact C02 equipment. The run
to reduce the use of force as much as possible. way/race system only held about 30 pigs so that pens 

The small-pen system consisted of a series of flap gates could not be emptied at one time using the manual push
with vertical bars (Figure 3). Fifteen pigs are moved gate system. In addition to the disadvantages mentioned 
from the off-loading bay to the pen, while the veterinar- · previously, moving pigs through this system, the light
• ..c. 1· · t. t . 1 ing in the race area was not optimal, causing light to be 
Ian pe1 ~.orms a Ive mspec Ion o remove any aruma s 

judged unsuitable for the system at this point. A push- ~~:~ ~: i;r;:~Zea:~:~~~;c!~ge:~:S ~; :: 
hoist gate automatically moves behind the pigs until and had to be forced forward. Stress levels were there
they reach a point where a flap gate can close. The push- · 

fore much higher than in the new lairage. 
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Comparing the results of the small-pen systems with 
the average values of randomly chosen pigs in the old 
system showed significant differences for most of the 
meat quality characteristics measured. The small-pen 
systems reduced the incidence ofDFD meat and unac
ceptable blood splashing significantly. The incidence 
of unacceptable skin damage was reduced even more, 
from 17.7% to 3.9% in the ham, 21.3% to 3.9% in the 
middle and 3 8.2% to 16.1% in the shoulder. The inci
dence ofPSE meat was unaffected (Table 4). 

The new small-pen system is now running at one fac
tory in Denmark, where the slaughter rate is at 800 pigs 
per hour. Since installing the system, mortality figures 
have dropped to 30% of what they were previously. 

However, solvingthe problems in the holding area has 
highlighted the difficulties that still remain with the race 
that immediately precedes the stunning equipment. Even 
though the race at the factory has been optimized ac
cording to our latest knowledge, it has become appar
ent that it is unrealistic to expect all pigs to willingly 
enter race systems without any means of force; race 
systems per se are unnatural for pigs. 

To solve this dilemma and develop the ultimate system 
for the welfare of the pigs, the Danish and Swedish 
Meat Research Institutes are collaborating to develop 
an optimal system for transferring pigs from the hold
ing pens to stunning. The principle of the system, which 

table 4 - Incidence of Unacceptable Meat Quality 

Small 
pen Old 

system Lalrage 
Desciption (15 pigs) (60 pigs) 

b. femoris probe >100 4.0 2.7 
o/oPSE 

I. dorsi probe >80 1.4 1.9 

b. femoris pH >6.1 1.3 2.1 

o/oDFD I. dorsi pH >6.1 2.5 4.5 

s. capitis pH >6.3 8.3 19.9 

ham 3.9 17.7 

% skin damage middle 3.9 21.3 

shoulder 16.1 38;2 

I. dorsi 0.6 3.8 

b. femoris 0.0 1.3 
% blood splashing 

semimembr. 1 0.0 3.7 

quadriceps 0.0 0.8 

Source: Barton-Gade et al. 1992 
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assumes that pigs are held in small groups ( 15 pigs) in 
the pens, is that pig behavior should be used at all stages 
to obviate the need for force and maintain maximum 
welfare. 

Experience has shown that pigs are sociable animals 
and do not like to be alone. Moreover, many pigs react 
strongly to restraint. Thus, the system assumes group 
stunning of unrestrained animals. At present, this can 
only be carried out using C02, so the system also as
sumes that C02-stunning will be used. 

·The total system, which aims at slaughter speeds of up 
to 1200 pigs p~r hour, is comprised of three main ele
ments: 

-an area where groups of 15 pigs divide themselves into 
smaller groups, 

-automatic tr.ansfer of these smaller groups to and 
through the stunning equipment, and 

-a system for presenting the stunned animals for shack
ling and sticking. 

A prototype has now been built at a factory in Jutland 
and is now under testing. The preliminary results show 
that pigs move easily through the system and can di
vide themselves into smaller groups at a rate correspond
ing to at least 800 pigs per hour. Further work is ongo
ing to investigate other aspects of the system, including 
meat quality and welfare. We hope that this system 
will allow us to fulfill all future consumer requirements 
that relate to welfare at abattoirs. 

The Danish experience in pork quality improvement 
shows that an integrated approach leads to the best re
sult. To improve J,Ueat quality, it is necessary to im
prove all relevant factors at the same time. Concentrat
ing on one aspect and excluding all others will, in the 
worst-case scenario, lead to no improvement at all. 
Using this integrated system, we are confident that Den
mark will continue to produce pork of consistently good 
quality that fulfills the changing demands of our cus
tomers. 
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Gastric Ulcers in Pigs and Humans: 
Comparative Aspects of Etiology 
and Risk Factors 
Peter R. Davies, BVSc, PhD 

Stomach ulcers occur in many mammalian species, 
including humans, pigs, horses, cattle, goats, dogs, 
cats, monkeys, rabbits, rats, guinea pigs, mink, and 
sea mammals, 1 but the etiology and pathophysiology 
of gastric ulcers is not clearly defined in any species. 
Gastric ulceration is common in both people and swine: 
the lifetime risk of peptic ulcer in people is about 10%2 

and the prevalence of gastric ulcers in intensively 
reared pigs is often much higher. 3 Currently there is 
considerable debate about the etiology of gastric ul
cers in people, particularly with respect to the role of 
infection with Helicobacter pyloriY The purpose of 
this paper is to review knowledge of the etiology and 
risk factors for gastric ulceration in swine, with refer
ence to current understanding of gastric ulcer disease 
in humans. 

Anatomical and 
physiological 
considerations 
The stomach has motor and secretory functions and 
serves to initiate digestion, and mix and store ingesta 
prior to passing it in small amounts to the intestine. 
The structure of the stomach varies widely among spe
cies in ·accordance with the nature of their diets. Al
though both humans and the pig are omnivorous 
monogastrics, significant differences exist in the 
anatomy oftheir stomachs (Figure 1). Among domestic 
animals, four distinct types of epithelial lining are rec
ognized in the stomach6, and their relative proportions 
vary greatly among species: 

• Stratified squamous epithelium has no secretory 
function; 

• Cardiac mucosa secretes mucus only, except in the 
pig (see below); 

• Proper gastric (oxyntic) mucosa secretes HCl from 
the parietal (oxyntic) cells and pepsinogen from the 
chief cells 

College of Veterinary Medicine, University of Minnesota 
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man pig 

[ill stratified sq. non glandular 

.cardiac 

0 proper gastric 

~pyloric 

Figure 1. Variations in the type and distribution of 
gastric mucosa. Stomachs are not drawn to scale. 
Reprinted from Robert A. Argenzio, "Secretory function of the 

. gastrointestinal tract," in Duke's Physiology of Domestic Animals, 
10th edition, edited by Melvin J. Swenson. Copyright© 1984 by 

Cornell University Press. Used by permission of the publisher. 

• Pyloric mucosa secretes mucus and some pepsino
gen into the stomach and gastrin (a hormone affect
ing gastric secretion and motility) into the blood
stream 

One major difference between humans and the pig is an 
area of stratified squamous epithelium extending into 
the stomach from the esophagus of the pig (pars 
esophagea); no such structure occurs in humans. Be
cause the pars esophagea has no mucus-secreting cells 
it may be relatively susceptible to the action of gastric 
contents. The great majority of gastric ulcers in pigs 
occur in the pars esophagea, which is approximately 
50-80 mm x 40-50 mm in a 70- to 90-kg pig? In con
trast to swine, peptic ulcers in humans occur in the glan
dular gastric mucosa and duodenum. 

A second difference is the relative sizes of the cardiac 
and oxyntic mucosae. In humans, most of the gastric 
epithelium is oxyntic, with only a small area of cardiac 
mucosa. In pigs, approximately half of the stomach is 
lined with cardiac mucosa which, in addition to mucus, 
secretes bicarbonate ion in exchange for chloride ion 
and thus affects gastric pH. Thus the orad (towards the 
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mouth) half of the porcine stomach has no oxyntic cells 
and the combination of saliva and cardiac mucosal se
cretions maintains a pH around 5 in this part of the 
stomach. The pH of the pyloric region is considerably 
lower, 7 and failure to maintain this pH gradient between 
the orad and aborad "compartments" could be involved 
in the pathogenesis of ulceration of the pars esophagea. 

A pH below 3 .5 allows optimal proteolytic activity of 
pepsin and inhibits bacterial growth, but is injurious to 
mammalian cells. The mechanisms that protect the epi
thelium of the stomach from the potentially damaging 
effects of gastric juice (acid and pepsin) are not well 
defmed, 8•9 though tight junctions between epithelial· cells 
and the surface mucus layer are important. A steep pH 
gradient exists across the mucus layer because it re
tains the bicarbonate ion secreted by oxyntic cells. 7 

Secretion of HCl by oxyntic cells is stimulated by va
gal stimulation (particularly in the cephalic phase of 
digestion), histamine (the most potent stimulant), and 
gastrin (released in response to food materials in the 
stomach).? Histamine has a central role and transmits 
and facilitates the secretory responses to gastrin, food 
and vagal stimulation. Histamine involved in acid se
cretion is secreted from endocrine or paracrine cells in 
the oxyntic mucosa rather than from mast cells. 

Etio-Pathogenesis of Gastric Ulcers 
in Humans 
Gastric ulceration is a "multifaceted and pluricausal 
illness" and numerous contributing factors are recog
nized. 9 Gastric irritation and ulceration may arise from 
an "imbalance between the aggressive and defensive 
factors that renders the mucosa susceptible to damage" 

Table 1: Aggressive and defensive factors whose 
interaction may determine ulcer pathogenesis 
(adapted from Glavin9) 

Aggressive factors Defensive factors 

Hydrochloric acid 
Pepsin 
Gastrin 
Prot eases 
Free radicals 
Ischaemia 
Leukotrienes 
Dysmotility 
Ethanol 
Nicotine 

NSAIDS 
Stress 
Helicobacter pylori 
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Mucus 
Bicarbonate 
Mucosal blood flow 
Prostaglandins 
Dopamine 
lnterleukin 
Polyamines 
Sulfhydryls 
Gangliosides 
Endothelium-derived 
relaxing factor 
Catalase 

(Table 1). Ziller suggested that the major cause of gas
tric ulcers in humans is a "breakdown of defensive fac
tors which then allows damage from endogenous and/ 
or exogenous aggressive factors", while "aggressive" 
factors are more important in duodenal ulcer forma
tion.10 

The cause of ulceration may differ among individuals 
as many processes are involved in the secretion of acid 
and pepsin and the defence and repair of the mucosa. 11 

_Helicobacter pylori 

Acid hypersecretion has long been implicated in the 
pathogenesis of peptic ulcers of people and treatment 
for ulcers has been based on antacids and drugs that 
reduce acid secretion, particularly histamine-2 recep
tor antagonists such as cimetidine and ranitidine. 11 How
ever, most patients with peptic ulcers have normal or 
below-normal gastric secretory activity and it is ac
knowledged that other factors have significant roles in 
ulcer disease.9 Established causes or risk factors for 
gastric ulcers in people include smoking, alcohol con
sumption, use of nonsteroidal anti-inflammatory drugs 
(NSAIDS), stress, neoplasia, hypersecretion of gastrin 
from gastrinomas (Zollinger-Ellison syndrome) and in
fection with H. pylori. Apart from cases of neoplasia, 
acid and pepsin secretion appear to be necessary but 
not sufficient causes of ulceration. 

H. pylori is generally accepted as a cause of gastritis 
and is present in virtually all (>95%) cases of duodenal 
ulcer, though direct causation is not proven. 12 It is also 
often found in healthy people and its role in gastric ul
ceration. is less clear. Some 70%-80% of gastric ulcer 
patients have evidence of H. pylori infection, and 
Dooleyl 2 believes that two major groups of patients 
exist: those with ulcers related to H. pylori and those 
with ulcers related to use of NSAIDS. An irhportant 
distinction is the presence of histologic gastritis with 
H. pylori infection; ulcers due to NSAIDS use, in the 
absence of H. pylori, typically do not have these in
flammatory changes.4 Recognized risk factors for H. 
pylori infection include age, ethnic background and 
socioeconomic status, but not use ofNSAIDS, alcohol 
consumption or smoking. Ulceration associated with 
NSAIDS results through a mechanism unrelated to H. 
pylori infection.4•9 The mechanism probably involves 
inhibition of prostaglandin secretion, and prostaglan
din El analogues can effectively prevent and treat mu
cosal damage from NSAIDS. These compounds appear 
to have both cytoprotective and antisecretory proper
ties.9·13 
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Mertz10 states evidence is growing that H. pylori is a feed efficiency, presumably by exposing a greater 
necessary cause of ulcers and considers that, in the ab- surface area to digestive enzymes.16 However, food 
sence ofNSAIDS, most gastric ulcers and all duodenal particle size is a well-estal>lished risk factor for UPE 
ulcers are associated with H. pylori infection. The fol- and finely ground corn and barley diets have been 
lowing pathogenesis was proposed: "increased peptic used to reproduce the lesions.17•18 Mahan24 found that 
activity coupled with decreased duodenal buffering ca- including 10% polyethylene cubes in finely ground 
pacity may lead to increased mucosal injury and result com-based diets did not prevent UPE and hypoth-
in gastric metaplasia. In the presence of antral H. py- esized that fineness was not the only factor involved. 
Iori, the gastric metaplasia can become colonized and With finely ground diets, more rapid gastric empty-
inflamed. The inflammation or the infection itself then ing and osmotic effects are likely to result in a more 
disrupts the process of mucosal defense or regeneration fluid consistency of gastric contents. 
resulting in ulceration". However the interactions be
tween H. pylori infection, NSAIDS and other risk fac
tors in the process of ulcer development remain to be 
elucidated. 4 · 

Risk Factors for Gastric 
Ulceration in Swine 
As stated above, there are fundamental differences in 
the structure of the porcine and human stomachs, and 
gastric ulceration in pigs occurs in the non-glandular 
pars esophagea but relatively rarely in the glandular 
epithelium. However, two principles derived from study 
of gastric ulcers in humans are relevant to swine: 

• Ulceration results from an imbalance between the 
aggressive and defensive factors that renders the 
mucosa susceptible to damage; and 

• The causes of ulceration are likely to differ among 
cases as many processes are involved in the secre
tion of acid and pepsin and the defence and repair of 
the mucosa. 

Ulceration ofthe glandular epithelium of pigs may re
sult from infection with various agents including hog 
cholera, African swine fever, chronic erysipelas, 
Hyostrongylus rubidus, Ascarops strongylinus, 
Physocephalus sexalatus, and dipterous larvae.3•14•15 

There is little evidence to implicate these agents in UPE, 
which has emerged in the era of intensive swine pro
duction. Field and experimental studies indicate many 
potential causes or risk factors for UPE. 3 These are 
grouped into feed-related, management-related and other . 
factors: 

Feed-related factors 
The nature of ingested food and food intake patterns 
directly and indirectly influence the intragastric envi
ronment and many researchers have induced UPE ex
perimentally by modifying the diet. Various feed-related 
factors are implicated: 

• Fineness of grinding: Fine grinding of grain improves 
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• Feed processing: Several authors report increased 
prevalence ofUPE associated with heat treatment or 
pelleting of the feed, and gelatinizing cereal starches 
during pelleting is a possible risk factor.25•19 Diets 
that included heat-expanded corn resulted in more 
ulcers than diets of ground corn: 24 

• Cereal components of feed: Reese20 showed pigs fed 
an oat-based diet were free from lesions, while pigs 
fed com-based diets had a high prevalence of abnor
malities of the pars esophagea. Substitution of29% 
of corn with oats significantly reduced lesions, and 
wheat was also less ulcerogenic than corn. An out
break of mortalities in growing pigs occurred after 
sorghum was replaced with wheat? and replacing 
barley with wheat has similarly been associated with 
increased deaths due to UPE.22 

• Feed restriction: Pigs restricted to 90%-95% of ad 
libitum intake by twice daily feeding had significantly 
less-severe ulceration than pigs fed ad libitum.23 

However, a more recent study found the opposite, 
with more severe ulceration in the restricted pigs.24 

Maxwell found no difference in lesions between pigs 
· fed ad libitum or once daily.18 

• Fiber: Pellet-fed pigs with access to pasture had 
fewer ulcers than pigs raised in confmement.26 A 
possible protective effect of fiber against UPE was 
inferred from the protective effect of oat diets.27 

Potkins 25 found that including oat husk was protec
. tive but including bran was ineffective, and suggested 
that the type of fiber may be important. However, 
when the oat husks were finely ground, their protec
tive effect was removed,25 implying that particle size 
rather than fiber was responsible for the effect. King 
reported that ulcer deaths were rapidly reduced on 
wheat diets following a change from hammermilling 
to rolling and ration changes that resulted in less crude 
fiber. The role of fiber is uncertain and may be influ
enced by the physical form and overall composition 
of the diet. · 
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• Mechanical factors: An almost invariable observa- Blackshaw found restrict(limit)-fed pigs had signifi
tion of investigators of UPE is increased fluidity of candy more agonistic interactions, put less severe ul
the gastric contents. Maxwell demonstrated that the cers, than pigs fed ad libitum, suggesting that any s~ress 
normal pH gradient between the orad (esophageal) associated with the feeding regimen did not contnbute 
and aborad (fundic, pyloric) regions of the stomach to ulcer severity.30 

was abolished in pigs fed :fine-ground diets. The pH Experimentally, gastric ulcers in swine may be produced 
of contents was relatively low in the esophageal re- by fasting and restraint, 32 or hemorrhagic shock. 33 How
gion and relatively high in the pyloric region com- ever both methods result in ulceration of the glandular 
pared with pigs fed cracked-com diets. Differences epithelium and not of the pars esophagea. There is one 
also occurred in the "regional" distribution of pep- report ofUPE in pigs stressed by surgery in studies of 
sin activity and osmolality, and were consistent with mineralocorticoid-induced hypertension. 34 Administer
greater mixing of gastric contents b~ause ~ey w~re ing prednisone to pigs for 19 days also ind~ces. lesions 
more fluid. There was no effect of diet on histamme (hemorrhagic gastritis) in the glandular eptthehum but 
content of the fundic mucosa, which points to the not the pars esophagea. 35 These authors recorded only 
importance ofaltered distribution of acid and pepsin a transient elevation of acid secretion and no signifi-
activity rather than gastric hypersecretion.25 cant change in pepsin secretion in treated pigs. 

• Vitamins and minerals: There is little evidence to Apart from the recent study ofHessing, ~er~ is li~le 
implicate vitamin deficiencies in the etiology ofUPE. objective evidence that stressful factors m mtenstve 
Supplementing rations with vitamin C or B-group production play a major role in the UPE syndrome. UPE 
vitamins did not affect ulcer incidence.24 Including appears to be pathologically distinct from lesions caused 
2205 IU of vitamin A in re-ground pelleted feed also · by experimental stress and there is no evidence that el-

. had no protective effect. 26 Deficiency of vitami~ E ' evated cortisol levels are involved in UPE. Until more 
· has been associated with UPE and suppleptentmg objective data are available, the contention that stress 
with vitamin E was reported to reduce deaths in whey is important in UPE is questionable. . 
fed pigs.27 However, it is unlikely that vitamin E de-

ficiency is an important factor in modem pr?duc- Other factors related to UPE 
tion. Early studies implicated high levels of dietary • Pharmacological induction and prevention ofUPE: 
copper, but the association is tenuouS.28 Research in Histamine is a potent stimulant of gastric acid, but 
Hungary suggests a protective effect of methyl me- not pepsinogen, secretion in ~wine and ~E a~soci-
thionine sulphonium chloride ("Vitamin U") against ated with a reduced gastric pH occurs raptdly m re-

UPE.29 · sponse to intramuscular injection of repository his

Management-related factors 
The association of stress and gastric ulceration in people 
and the emergence of UPE in the era of intensiv~ pro
duction systems has led to the popular hypothesis that 
stressful factors associated with intensive swine pro
duction may contribute to the. UPE syndrome. How
ever, objective data on the tole of ''stress" is scarce. 
Hessing found that litters reared together had fewer le
sions than! pigs mixea for rearing and lesions were most 
prevalent in pigs of middle social rank. ~0 ~eports on< 
the effects of stocking density are confltctmg. In one 
large field study, lesions were less ~~evalent in}igs 
housed at high density (0.55m2 per pigs) than at nor
mal" (0.63m2) or low (0.77m2) density.29 Mc~lone re
ported the same incidence but greater seventy of le
sions in pigs 'housed to 93kg at 0.27m2 per pig com-. 
pared to pigs housed at 0 .44m2 pe~ pig. 31 Qth~r repo~s 
in literature offer little to clarify the possible associa
tion between stocking density and incidence of UPE. 
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tamine and withdrawal of food. 17 However, these le
sions are more severe and rapid in onset than those 
that occur under. field conditions and adverse sys
temic effects of histamine are observed. Similarly, 
injecting reserpine and betazole (a ~stamin~-2 re
ceptor agonist) stimulate gastric secretton and mduce 
lesions comparable to UPE in field cases.36 These 
studies provide strong evidence that increased gas
tric secretion can induce UPE, but no evidence that 
hypersecretion of acid or pepsin in field UPE is avail-

, able. Administering histamine-2 antagonists protects 
against stress-induced ulcers in pigs, but not ag~inst 
UPE associated with feeding finely ground rattons, 
though some benefit may exist with m~re coars~ di
ets~ 37 Sodium polyacrylate (OJ% to 0.5 Yo of the diet), . 
which prolongs gastric emptying and has · 
antisecretory properties, significantly reduced ero
sions and ulcers in pigs.38 

• Gastrin and pepsinogen: Bunn found no difference 
·in serum gastrin and pepsinogen ·levels in pigs with . 
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lesions of the pars esophagea or normal stomachs. 
It was concluded that if acid hypersecretion is in
volved in UPE, factors other than gastrin may be 
involved. 39 A later study found serum pepsinogen 
levels were related to the severity oflesions ofUPE. 40 

The authors suggested that serum pepsinogen could 
have diagnostic value for UPE, but other reports are 
conflicting.36 

• Ascarid infection: Lesions typical ofUPE developed 
after SPF pigs were sequentially experimentally in
fested with large numbers of infective eggs of As
caris suum. 20 Large numbers of eosinophils were 
present in the lesions, suggesting an immunological 
response to the parasite involving histamine release. 
High numbers of eosinophils is not a usual feature 
of UPE. Field observations showed that UPE was 
not associated with the presence of A. suum.41 While 
A. suum remains highly prevalent in modem swine 
units, natural exposure is unlikely to be important in 
UPE. Experimental results illustrate that lesions may 
result via various mechanisms that affect gastric se
cretion or mucosal integrity. 

• Genetics, sex and season: There is some indication 
that pigs selected for low backfat and rapid gain may 
be more susceptible to UPE.42•43 Other studies have 
not shown a breed effect, but a significant "litter" 
effect suggests that genetic predisposition may be a 
factor. 29•36 Several reports also indicate a higher in
cidence ofUPE in castrated males than females. 

• Intercurrent disease: The possibility that other dis
eases, such as enzootic pneumonia, predispose pigs 
to UPE is primarily based on anecdotal reports.44 

Driesen reported significantly more lesions (36%} 
occurred in pigs with a history of severe (3 or more 
days scouring) neonatal colibacillosis than in unaf
fected or mildly affected pigs (17%). 29 

• Infection: The recent identification of H. pylori as a 
causative agent of peptic ulcers of people raises the 
question of possible infectious pathogenesis in other 
species. Tannock studied the microflora of the pig 
stomach and identified 7 organisms associated with 
the gastric mucosa. Candida species occurred more 
frequently in pigs with lesions of the pars esophagea, 
but were considered to be secondary invaders. In 
rodents, yeasts can only colonize the nonsecretory 
epithelium if normal microflora are removed, and 
changes in the microflora due to an altered gastric 
environment may permit yeast to colonize the pars 
esophagea of the pig. 45 Recently, a spiral organism, 
Gastrospirillum suis, was isolated from the mucus 
of the antrum of pigs. 46 The organism is distinct from 
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H. pylori and other spiral organisms from other spe
cies, and there is no information yet to indicate patho
genicity. Experimentally infecting pigs with H. py
lori demonstrated that it can colonize the stomach of 
pigs which remain infected as long as six months 
without evidence of pathogenicity. 47 There is currently 
no evidence for an infectious cause ofUPE. Remem
ber that erosion and ulceration in UPE appear to 
occur prior to evidence of inflammatory changes, 16 

similar to NSAIDS ulcers in people rather than ul
cers associated with H. pylori infection, in which 
histologic gastritis is a feature. 

Pathology of Ulceration of 
the Pars EsoJ?hagea 
(UPE) in Swine 
The normal epithelium of the pars esophagea is smooth, 
white and glistening and is clearly demarcated from the 
cardiac mucosa. The most common site for ulceration 
is the junction of the pars esophagea and the cardiac 
mucosa, and ulcers occur more frequently at the left 
junction than at other sites.14 While most authors de
scribe a spectrum of gross pathological changes, in
cluding hyperkeratosis, erosions and ulceration, 3•48•49•50 

likely variability among observers precludes meaning-
. ful comparison of data among studies. Embaye16 illus
trated the problem of gross evaluation of UPE by find
ing, in 155 apparently normal stomachs, histologic le
sions of parakeratosis (32%) and "severe" (23%) and 
"minor" (30%) erosions. Histologically, the character
istic lesion is parakeratosis, and the thickness of 
parakeratotic change is directly related to the severity 
of gross lesions. Epithelial separation and erosion usu
ally occurs beneath a band of cells with cytoplasmic 
pallor and nuclear degeneration, and appears not to be 
preceded by inflammatory changes in the sub-mucosa. 16 

Typically, the gastric contents of pigs with UPE are 
fluid compared with those from unaffected pigs. 14 

The rate at which lesions develop has received little at
tention, but is likely to vary with the pathogenesis and 
risk factors involved. Ulcers produced experimentally 
with histamine can lead to severe hemorrhage within 
48 hours. 51 Maxwell reported a significant difference 
in prevalence of epithelial changes after 7 days of feed
ing fine-ground or cracked-com diets to groups of pigs. 52 

Parakeratosis induced by feeding finely ground barley 
did not develop until about 1 month from the start of 
feeding. 53 Injecting somatotrophin into lactating sows 
resulted in deaths from hemorrhage from UPE54 and 
transporting them and withholding their feed before 
slaughter increased erosions, but not hyperkeratosis or 
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ulcers, in slaughtered pigs. 14 These acute effects could 
have exacerbated preexisting disease-. 
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The Problem of Gastrophageal 
Ulcers: A Field Description 
JohnDeen 

The problem of gastroesophageal ulcers has been ex
amined in considerable detail in the veterinary litera
ture. Investigators have recognized the syndrome has 
been recognized and examined it in detail since the late 
1950s. This work has resulted, in some cases, in the 
industry refining nutrition and pig handling practices 
and the choice of feedstuffs. Depsite the plethora of 
research and the innumerable research articles concern
ing gastric ulcers in human medicine, no one has yet 
identified cost-effective methods to control the prob
lem. This paper is an attempt to summarize observa
tions made in North Carolina by field personnel, in
cluding veterinarians. 

The Problem 
In North Carolina it is estimated that 2%-2.5% of fin
ishing pigs placed during the summer bleed to death 
from gastroesophageal ulcers. This mortality occurs in 
pigs in good condition with few clinical signs, which 
causes increased concern among the herd managers. 

As production methods become more refined, there is 
less latitude for some of the historic methods to control 
gastroesophageal ulcers. This is partly because the in
dustry has assumed that the main effect of gastroesoph
ageal ulcers is mortality in most cases. Mortality is an 
easily measured outcome on most farms ~nd is usually 
restricted to an epidemic that involves 2% ofthe pigs. 
In a few cases, we have seen outbreaks that create a 
mortality rate as high as 6% in a grow-finish facility. 

If this is primarily a mortality problem restricted to the 
summer months, it is probable that, on an annual basis, 
the approximate mortality attributable to gastroesoph
ageal ulcers is between .5% and .75%. The cost of this 
mortality is probably best summarized as the opportu
nity for income from selling that pig minus the feed 
saved. For a 120-lb pig that would be sold at 230 lb at 
an average of 44 cents per pound with a feed conver
sion (from 120-230 lb) of3.0, the producer would save 
approximately 40-50 cents per hog sold. Because this 
disease is almost certainly multifactorial and is ex-

College of Veterinary Medicine, North Carolina State University, 
Raleigh North Carolina 27606 

1993 Allen D. Leman Swine Conference 

pressed only sporadically, any changes should be well 
within these costs. 

The Questions 
As we try to address the problem within these con
straints, some basic questions emerge, despite the re
search already performed. 

1. Is the pathogenesis of any level of gastroesophageal 
ulceration directly comparable to the pathogenesis of 
the lesion that causes exsanguination and subsequent 
mortality? 

In other words, do ulcers of the pars esophagea develop 
as part of a linear process that results at some point in 
mortality? Some observations suggest that although 
some factors lead to initial lesions that may be a neces
sary cause of gastroesophageal ulcer, these factors may 
not be sufficient to cause mortality. More epidemio
logical evidence should be collected to. investigate the 
causative aspects of mortality instead of lesions, espe
cially lesions at slaughter. As the lesions are not mea
sured at the time of mortality, but instead often 2-3 
months after the actual outbreak, the relationships found 
may not be causative. 

2. What general pathologic processes lead to gastroe
sophageal ulcers? 

This process probably can be divided into two parts. 
The first factor may be increased contact of the pars 
esophagea with gastric contents. A second factor is the 
existence in the gastric contents of compounds that are 
ulcerogenic in this region. It is unlikely that hydrochlo
ric acid in itself can cause these lesions. Instead, other 
compounds, such as increased amounts of organic ac
ids caused by bacterial fermentation, should be consid
ered. 

3. What are the conditions that are linked to the in
creased incidence of gastroesophageal ulcers in North 
Carolina? 

At this point, the answers are empirical, though in many 
cases the answers are based on the performance of many 
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pigs. The major factors listed here are given in order of 
frequency of response: 

A. Gender 

There appears to be a markedly higher level of mortal
ity due to gastroesophageal ulcers in barrows than gilts. 

B. Season 

The level of mortality due to gastroesophageal ulcers is 
much higher during the summer months. 

C. Genotype 

Leaner and faster-growing pigs appear to have a higher 
incidence of gastroesophageal ulcers. 

D. Feed 

Possible feed characteristics include: 

• particle size; 
• the existence of high levels of fat, especially rancid 

fat; 
• the level of vitamin E; 
• the level of fiber in the diet; 
• the quality of pelleting; and 
• the availability of feed to the pigs. 

E. Disease 

Many of the epidemics of gastroesophageal ulcers are 
preceded by an epidemic of respiratory disease. 

The Answers 
The solution to gastroesophageal ulcers has not been 
found. Factors such as gender and season cannot be 
manipulated and genotype is not easily modified. Other 
factors, such as fats and pelleting, are required to allow 
optimal use of feed and facilities. Supplementing the 
diet with vitamin E can be prohibitively expensive if 
used at high levels. 

Of the possible factors associated with gastric ulcers, a 
few seem to warrant possible intervention and further 
study. First of all, we should consider modifying the fat 
included in the diet. We could reduce the fat content 
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and thus, the energy density of the ration but this may 
reduce growth rates and put extra pressure on the fa
cilities. Improving the quality of fats and improving their 
stability may be a valid alternative if adequate supplies 
are available. 

There may be opportunity to modify the feeding activ
ity of the pig. With some feeding methods, feed avail
ability is probably restricted for at least some of the 
pigs in a pen. The common feeder in our facilities is the 
five-space 48-in feeder that provides feed for 20-30 pigs. 
Hot summer temperatures reduce feeding activity dur
ing the day, when these pigs normally feed. Producers 
often tighten the feeders to reduce the amount of wasted 
feed, and this can restrict feed availability. If the pellet 
quality is poor, the increase in fines may also make it 
more difficult to adjust the feeders properly. The fines 
often create a build-up in the feeder which producers 
attempt to solve by turning off the feed delivery system 
for 8-12 hours to force the pigs to eat the feed. 

Finally, the effect of infectious disease should be de
fined in some greater detail. The effect of respiratory 
disease outbreaks prior to increases in the mortality rate 
due to gastroesophageal ulcers may simply be because 
~e producer is modifying the dietary intake of these 
ptgs. 

Summary 
We need new studies on gastroesophageal ulcers. It is 
not a disease that will disappear over time, but must be 
continuously addressed as our rearing methods continue 
to evolve. It is probable and foreseeable that geneti
cally selecting for leaner, faster-growing animals, as 
well as continuing to refine. the rations, will increase 
the incidence of mortality due to gastroesophageal ul
cers. However, the appropriate prevention and treat
ment measures will differ from region to region and 
case to case. The syndrome and its severity differs in 
Ontario. These differences probably involve climatic 
differences as well as differences in feedstuffs and rear
ing methods. 
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Porcine Proliferative Enteropathy: 
Eitology and Pathogenesis 
Connie J. Gebhart, PhD; Gary F. Jones, DVM, PhD; Steven McOrist, DVM, PhD; and 
Gordon Lawson, DVM, PhD -

Porcine proliferative enteropathy or enteritis is a trans
missible disease of weaned pigs of all ages. Recognized 
variously as intestinal adenomatosis, necrotic enteritis, 
regional ileitis, and proliferative hemorrhagic 
enteropathy, the disease presents either as a hemorrhagic 
syndrome that results in acute, sudden death, or as a 
nonhemorrhagic syndrome that causes chronic weight 
loss. All manifestations are characterized by prolifera
tion ofthe intestinal cryptal epithelial cells, thickening 
of the walls of the ileum, jejunum, and large intestine, 
and the presence of small, curved-shaped, intracellular 
organisms in the apical cytoplasm of proliferating cells. 
The identity and origin of the intracellular organisms 
and their relationship to the pathogenesis of the disease 
are only now being resolved. Experimental transmis
sion studies strongly suggest that the intracellular or
ganisms are required to transmit the disease and are 
·closely associated with the onset of early lesions.' 

Previous studies, using immunohistochemical techniques 
and antigenic analyses, have suggested that the intrac
ellular organisms observed in all forms of the disease 
were similar, if not identical, to each other. 2•3 These or
ganisms morphologically resemble the Campylobacter 
species. Several species of Campylobacter with simi
lar curved morphology and size are cultivated from the 
porcine lesions of proliferative enteropathy, including 
Campylobacter coli, Campylobacter hyointestinalis, 
and Campylobacter mucosa/is. 4 So far, however, trans
mission and immunohistological studies have shown that 
none of these culturable organisms is the intracellular 
organism of proliferative enteropathy. Also, a mono
clonal antibody prepared against the intracellular or
ganism, which had been purified from lesions without 
culture reacted with intracellular bacteria in sections 
oflesi;ns from other pigs but not with any.culturable 
organisms·.3 Finally, antigenic comparison of whole cell 
and outer membrane preparations of each of the 
Campylobacter species and the intracellular bacterium 
showed that the intracellular bacterium was unrelated.2 
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Therefore, the intracellular organism must be a new or 
uncultivated species. 

Attempts to culture the intracellular organism on cell
free artificial media have failed. The organism has been 
cultivated intracellularly in cell culture.5 It grew in a 
rat enterocyte cell line and was maintained over 20 pas
sages. The organism multiplies free within the cytoplasm 
of infected cells, but causes no morphological cell 
change. 

Data 

Development of DNA probes 
specif_ic for the intracellular 
organism 
The consistent presence of the intracellular organisms · 
in proliferating pig intestinal epithelial cells suggests 
that the organism is involved in the disease process. 
Because clinical signs are unreliable for diagnosis of 
the proliferative enteropathies, a defmitive diagnosis can 
only be made at necropsy or slaughter. An antemortem 
diagnostic test would enable surveillance and monitor
ing procedures. We have recently generated and char
acterized specific DNA probes to detect the intracellu
lar organism. 6 To do this, intracellular organisms were 
purified directly from the lesions of a pig with prolif
erative enteropathy without culturing. A genomic library 
was constructed and the specificity of the recombinant 
plasmids was confirmed by both dot-blot hybridization 
and Southern analysis of normal and diseased mucosa,· 
as well as a variety of Campylobacter species. These 
probes hybridized with porcine mucosa obtained from 
pigs with proliferative enteropathy, but not with nor
mal mucosa. The probes hybridized equally with mu
cosa or DNA obtained from each of the various clinical 
forms of proliferative enteropathy. The probes failed to 
hybridize with any of the commonly isolated porcine 
Campylobacter species, including C. hyointestinalis, 
C. mucosa/is, and C. coli. Conversely, species-specific 
DNA probes for C. mucosa/is and C. hyointestinalis 
do not react with the intracellular organismY There
fore, the intracellular organism is an as-yet-unidenti-
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fied species. These intracellular organism-specific 
probes may be used for detecting and identifying the 
intracellular organism from pigs with proliferative 
enteropathy. 

In situ hybridization of the 
intracellular organism 
An in situ hybridization technique was then developed 
to confirm the identity and intracellular location of this 
organism in the various forms of porcine proliferative 
enteropathy. In seven pigs with either the intestinal 
adenomatosis or hemorrhagic enteropathy forms of pro
liferative enteropathy, a DNA probe specific for the 
intracellular organism hybridized to localized foci in 
the apical cytoplasm of proliferating enterocytes. The 
hybridization sites corresponded to the location of in
tracellular bacteria in silver stained sections of adja.:. 
cent tissue. Sections from three normal pigs tested with 
this probe, and from all pigs tested with specific DNA 
probes for C. mucosa/is, C. hyointestinalis and C. coli, 
showed no specific hybridization reactions. 

Assay for. detection of the 
intracellular organism in feces 
A sensitive assay based an amplified portion of the DNA 
targeted by this intracellular organism-specific probe 
was developed to detect the intracellular organism in 
the feces of pigs. Primers prepared from these probes 
were used in the polymerase chain reaction to amplify 
DNA of the organism in samples of infected pig feces 
to numbers· that could be detected using a diagnostic 
test. Following extraction ofDNA from fecal samples, 
as few as 103 organisms per gram of feces were de
tected. No amplification product was produced from 
amplifications performed on DNA extracted from the 
feces ofhealthy pigs. This test is currently being evalu
ated at the University of Minnesota to apply to field 
outbreaks and epidemiological surveys. 

Molecular identification of the 
intracellular organism 
Finally, the identity of the intracellular organism has 

· been determined using a novel genetic technique.8•9•10 A 
portion of the genome of the intracellular organism was 
isolated, without culture, and amplified so that it could 
be sequenced and compared to sirrlilarly obtained se-

. quenc,es from other organisms. This techriique is called 
16S ribosomal DNA (rDNA) sequence phylogeny11 and 
was successfully used to definitively identify the intra
cellular organism of proliferative enteropathy. For this, 
intracellular organisms were released andpurified from 
the proliferative cells without using culture techniques. 
After DNA purification, highly conserved primers and 
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the polymerase chain reaction (PCR) technique were 
used to amplify the 16S ribosomal RNA-encoding DNA. 
The products were then sequenced using· universal 
eubacterial primers and the sequences. were compared 

· to those of the Campylobacter species and other groups 
of organisms. The sequences obtained did not align with 
any Campylobacter species, but did align with a 
nonrelated group of organisms. The sequences obtained 
were most similar to that of the sulfate-reducing 
proteobacterium, 12 Desulfovibrio desulforicans (91% 
similarity), and were less than 80% similar to that of 
any Campylobacter species analyzed. Therefore, phy
logenetic analysis shows that these intracellular organ
isms are related to the strictly anaerobic sulfate-reduc
ing bacteria. 

Discussion 
DNA probes specific for the intracellular organism pro
vide a simple method for diagnostic identification of 
the organism. In addition, they allow for studies of the 
intracellular. organism in intestinal tissues by in situ 
DNA hybridization. The probes hybridize to the intra
cellular organism from all forms of the disease, which 
confirms that the organisms Seen in various clinical and 
pathological manifestations of proliferative enteropathy 
are similar or identical. Therefore, the variation in dis
ease manifestation may be due to other factors, includ
ing the various environmental stresses associated with 
intensive pig farming, or may merely indicate acute and 
chronic forms of the same disease. In situ hybridization 
of these probes in tissues from pigs with proliferative 
enteopathy clearly establishes its specificity for this 
organ1sm. 

The lack of antemortem diagnostic techniques has lim
ited investigations of the epidemiology, prevalence, and 
economic impact of proliferative enteropathy. Use of 
primers to amplify DNA targeted by the intracellular 
organism-specific probe is a sensitive and specific tech
nique to identify the disease without necropsy. The use 
of the assay will facilitate disease monitoring in the field 
and experimental studies of the pathogenesis and epi
demiology of proliferative enteropathy. 

Finally, the 16S rDNA sequence results show that the 
intracellular organism of porcine proliferative 
enteropathy is not related to Campylobacter species and 
that it differs from other described genera as well. It is 
most closely related to the group of anaerobic sulfate
reducing bacteria, specifically to Desulfovibrio 
desulforicans. The 16S rDNA sequence data, coupled 
with the unique curved bacillary shape, habitat, and 
growth characteristics will eventually warrant that we 
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classify this organism as a new genus andnew species. Campylobacter species isolated from pigs with prolif
Based on the similarity to rDNA sequences from erative enteritis. Vet. Microbiol. 24:367-379 .. 
Desulfovibrio species, it is possible thafthtfoiganism 
may have some characteristics of the sulfate-reducing 
bacteria.12 The name "lleobacter intracellularis" has 
been proposed for this organism. Until validly published, 
it will be referred to in the literature by the vernacular 
name, Ileal symbiont, IS-intracellularis. 

Identification of the intracellular organism of prolifera
tive enteropathy as a new genus and species, unrelated 
to the Campylobacter species, will affect the direction 
of research on the pathogenesis of the disease. Now 
that the identity is known, insight into the development 
of cultivation· procedures for this newly identified or
ganism can be developed. . 
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Immune Development May 
Determine the Susceptibility of Pigs 
to Proliferative Enteritis 
Patricia Holyoake, BVSc, PhD; and Ross Cutler, BVSc, PhD 

On the majority of farms in Australia, producers in
clude antibacterial feed additives in the diet of growing 
and finishing pigs to improve growth rate and feed effi
ciency. However, many producers make the expendi
ture solely in the hope of controlling proliferative 
enteritis (PE). Proliferative enteritis is an unpredictable 
disease with variable manifestations. Affected pigs suf
fer from a variety of clinical signs ranging from re
duced growth rate and diarrhea in growing pigs (non
hemorrhagic PE}, to severe dysentery and acute deaths 
in finishing pigs (hemorrhagic PE). The disease is as
sociated with Ileal Symbiont intracellularis (IS
intracellularis) bacteria1 whose closest homology are 
bacteria of the genus Desulphavibrio. 2 

Spontaneous clinical improvement ofPE-affected pigs 
was observed on 10 of 17 farms studied in Australia. 3 

The resistance of herds to recurrences of PE was also 
observed on a large high health herd.4 These observa
_tions suggest that immunity may develop rapidly in pigs 
exposed naturally to IS-intracellularis infection. 

Outbreaks of clinical hemorrhagic PE typically occur 
on IS-intracellularis-infected farms approximately 3 
weeks after the withdrawal of therapeutic concentra
tions ofantibacterials.3•4 This indicates that medication 
may prevent infection and the development of immu
nity. 

This paper details the application of an enzyme-linked 
immunological assay (ELISA) for the measurement of 
immunoglobulin G (IgG) in the sera of pigs naturally 
exposed to IS-intracellularis infection .. The first section 
briefly describes the development of the ELISA. The 
second describes the application of the ELISA to mea
sure patterns of seroconversion in minimally medicated 
pigs housed on a farm with a history of recurrent out
breaks of hemorrhagic PE. The third section compares 
the effect of olaquindox and chlortetracycline on the 

PH: Department of Clinical and Population Sciences, 385 Animal 
Science/Veterinary Medicine Building, 1988 Fitch Ave., University 
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seroconversion in pigs fed an unmedicated ration on an 
endemically-infected farm. 

Materials and Methods 

Development of an Enzx!!.le-Linked 
Immunosorbent Assay (ELISA) 
A simple indirect ELISA was developed based on 0.8 
micron-filtered, percoll gradient-purified IS-intra
cellularis bacteria. These bacteria were extracted from 
adenomatous intestinal mucosa of naturally-infected 
pigs. Pre-suckle serum collected from a piglet served 
as a negative control sample for IS-intracellularis hac-. 
terial antibodies. A 6-week old pig hyperimmunised by 
intramuscular injection of percoll-purified IS
intracellularis bacteria served as a positive control for 
antibodies. Sera from a 6-week-old PE-affectecl pig 
which had been orally challenged with adenomatous 
intestinal mucosa served as a low positive control for 
"natural" infection by IS-intracellularis via the oral 
route. 

Antibodies to IS-intracellularis were measured using a 
standard, solid-phase enzyme immunoassay. A variety 
of antigen treatments, ELISA plates, blocking agents, 
antibody conjugates and buffers were compared. The 
optimal concentrations of antigen and conjugate used 
·in the test were determined by checkerboard titration. 
The test conditions resulting in the highest ratio of posi
tive control titer:negative control titer were tested for 
within-sample consistency by testing each serum sample 
four times within a microtiter plate. The test conditions 
resulting in the least within-sample variation were used 
in the final ELISA protocol. 

Seroconversion of Naturally 
Infected Pigs 
Thirty pigs (selected at 3 weeks of age) were housed on 
a farm (Farm l}with a history of frequent outbreaks of 
hemorrhagic PE. Antibacterial feed additives including 
olaquindox (Bayo-nox®, Bayer, Australia) at an inclu
sion rate of 100 grams/tonne of feed and chlortetracy-
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cline (Aureomycin®, Cyanamid, Australia) at an inclu
sion rate of 100 grams I tonne of feed, were used at 
irregular intervals throughout the growing period. Sera 
were collected from the pigs at fortnightly intervals until 
24 weeks of age. 

The Effect ofMedication on 
S~roconversion ofN aturally-
infected Pigs · · · 
Forty five pigs (selected at 2 weeks of age) were subdi
vided into three groups of 15 pigs (Replicate 1). Ex
perimental groups of pigs were housed on a farm (Farm 
2) with a recent history of non-hemorrhagic PE. Dur
ing the 5-week period between 5 and 10 weeks of age, 
pigs were fed rations containing either: 

no medication, 

25 grams I tonne olaquindox (Bayo-nox®, Bayer, 
~strn~~ · 

220 ·grams I tonne chlortetracycline (Aureomycin®, 
Cyanamid, Australia). 

Serum samples were collected from all pigs at 5, 10 
and 15 weeks of age. Seroconversion (IgG titer) was 
measured between 5 to 10 weeks, 5.to 15 weeks and 10 
to 15 weeks of age. The experiment was repeated within 
a 6-month period (Replicate 2). 

Statistical Analysis 
The raw data were standardized using the plate correc
tion factor method. A correction factor for each plate 
(PCF 1) was calculated as the ratio of the low positive 
control serum's target optical density (in this case 0.250 
was selected randomly), to its actual optical density. 
Actual optical densities of test sera were then multi
plied by the PCF 1. Optical density readings were pre
sented as multiples of 1000. Results were analyzed sta
tistically using Genstat 5® (Lawes Agricultural Trust, 
England). Repeated measures data were determined by 
spatial analysis (TwoD, New South Wales Agriculture). 

Results 

Serum IgG Titers of Naturally
infected Pigs (F ann 1) 
Seven of the 30 pigs on Farm 1 were culled or died 
prior to 22 weeks of age. The sera of the remaining 23 
pigs were tested using the ELISA at 22 weeks of age to 
identify those with high IS-intracellularis IgG titers. 
Fifteen pigs were selected and retrospective serum 
samples tested (Table 1). 

The IgG titers of 3-week old pigs varied widely and 
declined between 3 and 6 weeks of age. Approximately 
one-third of the pigs seroconverted in response to IS
intracellularis exposure by 18 weeks of age; the remain-. 
ing pigs seroconverted at 24 weeks of age. Four pigs 
were selected and their IgG titers plotted (Figure 1). 

The Effect ofMedicatiori on Serum 
IgG Titers (Farm 2) 
The antibody titers of olaquindox-treated pigs in Repli
cate 1 were almost twice those of the chlortetracycline
treated groups and nonmedicated groups of the same 
replicate. The mean IgG titer of all three treatment 
groups in Replicate 1 decreased slightly over the treat
ment period from 5 to 10 weeks of age and increased 
between 10 and 15 weeks of age. 

The IgG titers of Replicate-2 pigs differed from those 
in Replicate 1. The mean IgG titer of the chlortetracy
cline-medicated group in Replicate 1 decreased during 
the 5 to 10 week treatment period, and increased after 
chlortetracycline was removed. In contrast, the serum
IgG titer of pigs in the olaquindox-medicated and non
medicated groups increased. The antibody titer of 
olaquindox-treated pigs declined when medication was 
removed. The large increase in the mean IgG titer of 
pigs treated with olaquindox was due mainly to mas
sive increases in antibody titer in two of the 15 pigs in 

·this group. Excluding these pigs resulted in an overall 
decline in the IgG titer during olaquindox treatment. 

Table 1: Mean IS-intracellularis Serum lgG Titers, and Standard Deviations, of 15 Pigs Housed on an 
Endemically-Infected Farm 

3 

Mean antibody titer* 60 

Standard Deviation 35.3 

Age (weeks) 

6 12 18 20 

34 64 100 99 

11.8 16.9 50.5 37.1 

24 

212 

106.5 

. *Antibody titer-Individual titers calculated as the mean of quadruplicate test samples, measured by ELISA, 
corrected using the PCF1 method. 
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Figure 1: lgG Titers of Four Pigs Housed on a Farm with a Recent PE Outbreak 
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Figure 2: Mean IS-intracellularis Serum lgG Titers of 
Pigs in Treatment Groups at 5, 10 and 15 Weeks of 
Age (Replicate 1) 
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Figure 3: Mean IS-intracellularis Serum lgG Titers of 
Pigs in Treatmenf Groups at 5, 10 and 15 Weeks of 
Age (Replicate 2) 

lgG titers were measured by ELISA and calculated as the mean value of 15 pigs per treatment group. lgG 
titers were standardized using the PCF1 method. (Replicate 2, 15 weeks, olaquindox value calculated from 
14 serum samples tested.) 

Table 2: Differences in Mean IS-intracellularis Serum lgG Titers* of Pigs in Treatment Groups at 5 to 10, 5 
to 15 and 10 to 15 Weeks of Age 

Treatment 

Time Olaquindox Chlortetracycline 
Interval (25 grams I (220 grams I 

Replicate (weeks) tonne) tonne) Control 

5-10 -11.47 -4.40 -3.60 

1 5-15 27.53 11.47 1.27 

10-15 39.00 15.07 4.87 

5-10 46.13 -51.87 12.73 

2 5-15 1.79 -13.57 44.27 

10-15 -24.43 38.00 31.53 
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The mean IgG titers of treatment groups in Replicates 
1 and 2 are presented in Figures 2 and 3, The differ
ences in the mean IgG titers of each treatment group 
over the 10 week trial period are presented in Table 2. 
There were no significant differences in the IgG titer 
changes between treatment groups due to a lack of con
sistency between replicates. 

Discussion 
Pigs that had been exposed naturally to IS-intracellularis 
on an endemically infected farm (Farm 1) seroconverted 
afte~ 6 weeks of age, with the majority of pigs serocon~ 
vertmg be~ween 18 and 24 weeks. The relatively high 
~o~centrattons of serum IgG in pigs at 3 weeks of age 
mdtcated maternal antibody. The decay of maternal lgG 
was reflected in the declining IgG titers in pigs between 
3 and 6 weeks of age. 

~~_age of ~eroco~vers~on is likely to effect the suscep
tibility of ptgs to infection and may explain the clinical 
variability ofPE. The pathology ofhemorrhagic PE in 
~lder ~igs suggests an acute inflammatory response, and 
IS typical of other acute bacterial infections.5 Hemor
rhagic PE may therefore be an acute form of intestinal 
~e~omatosis in fully susceptible pigs. The severity of 
~lmic~l ~d ~atho~ogical hemorrhagic PE may reflect 
infection _m pigs wtth low natural immunity, after expo
sure to high numbers ofiS-intracellularis.6 

Medication had a variable effect on the seroconversion 
of pigs exposed naturally to IS-intracellularis (Farm 
2). Replicate-! pigs had relatively low IgG titers 
throughout the trial period. This suggested that there 
was little environmental contamination with IS
intracel~ularis. The antibody response of pigs in Repli
c~te 2 differed from those in Replicate 1. Chlortetracy
clme-treated pigs in Replicate 2 did not seroconvert 
during the 5-week medication period, in contrast to the 
low level olaquindox-treated and nonmedicated pigs. 
The mean antibody titer of pigs increased after the 
removal of chlortetracycline, indicating that at 
therapeutic concentrations, chlortetracycline prevented 
IS-intracellularis infection and seroconversion. 
Olaquindox-treated pigs produced lgG and remained 
clinically healthy. Low concentrations of olaquindox 
may have allowed subclinical infection by IS
intracellularis.7 

Practical Implications 
Pigs on Farm 1 seroconverted at different ages in re
sponse to natural exposure to IS-intracellularis. The 
inability of a proportion of pigs to mount an immune 
response prior to 24 weeks of age may explain the re-
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currence ofhemorrhagic PE in finisher pigs on this farm. 
Therefore, management strategies involving optimal 
exposure of pigs to IS-intracellularis may serve to de
crease the risk of future PE outbreaks. 

Various medication types and routes of administration 
are currently used successfully to treat and control PE. 
Very little comparative data are available on the cost
effectiveness of these and more conventional products 
fo~ the control of the disease. On Farm 2, serological 
eVIdence supported the implementation of low level 
antibacterial strategies for the control ofPE. Serologi
cal data, together with field studies of clinical PE out
br~s, suggest_ that pigs rapidly develop immunity to 
IS-mtracellulans. Therefore, there is conflicting evi
dence on ~e need for antibacterials to control PE. Fur
~er re~ea~ch is required so that the development of 
tmmumty m exposed pigs can be integrated into control 
strate~ies for the disease, · 

The development and use of vaccine preparations would 
provide an alternative control measure for PE. Due to 
difficulties associated with culturing IS-intracellularis 
b_acteria in sufficient quantities from naturally occur
nng cases, a genetically engineered recombinant vac
cine may be feasible. 8 By identifying IS-intracellularis 
bacteri~ antige~s through immunological screening, 
recombmant IS-mtracellularis bacterial proteins may 
be manufac~ured in large quantities in the laboratory. 
These protems may then be used in diagnostic tests 
(ELISA) or in vaccine preparation. 

Preliminary serological studies indicated that maternal 
antibody titers of pigs housed on an endemically-infected 
farm 1. were minimal at 6 weeks of age. Therefore, to 
prev~nt ~on-hemorrhagic PE occurring in growing pigs, 
vaccmatton would need to be carried out at approxi
mately 6 weeks of age. It may be necessary to revacci
nate pig~ a~ a later stage to prevent PHE occurring in 
older fimshmg and young breeding pigs. 
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Porcine Salmonellosis: An Immune 
Paradox 
Michael Roof, MS, PhD 

Salmonellosis in swine is caused primarily by Salmo
nella choleraesuis var kunzendorf The disease is most 
common in intensively reared weaned pigs that are less 
than 4 months old. The disease is rare in suckling pigs 
because of the protection conferred by lactogenic im
munity. During the acute phase of the disease, pigs may 
shed from 106-107 S. typhimurium per g oftissue. The 
dose of bacteria required to pro9uce disease has not 
been critically defined, but levels of 108-1011 have been 
reported, with the actual dose depending on: 

• the virulence mechanisms of the bacterial isolate; 
• the susceptibility of the host; and 
• the presence of environmental stressors. 

Swine are frequently exposed to a variety of Salmo
nella in food, water, rodents, birds, and feces. Salmo
nella then establishes a subclinical infection that be
comes clinical only if the animal experiences stress. Very 
little is known about the carrier state of Salmonella in 
swine, but the ability of the organism to survive and 
persist as an intracellular parasite may be a potential 
mechanism for persistent survival. This paper will: 

• review the interaction of the porcine immune system 
with Salmonella choleraesuis; 

• define virulence mechanisms the organism uses to 
survive; and 

• discuss various vaccine preparations and their ef
fectiveness in control of the disease. 

Pathogenesis 
Although the clinical signs of S. cholerasuis and S. 
typhimurium infections distinctly differ, the pathogen
esis of the two diseases agents have some parallels. 
Salmonellae are normally introduced orally and pass 
through the stomach; surviving bacteria then attach and 
colonize to the intestine. S. cholerasuis undergoes only 
limited intraluminal replication, and rapidly invades and 
attaches to the intestinal epithelium. In response to this 
invasion, the host cell invaginates the S. cholerasuis 
bacterium, which is contained in a vacuole. The bacte
ria are then transported through the cytoplasm and en-
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ter the lamina propria via exocytosis of the basement 
membrane. Macrophages and M cells have also been 
reported to play a significant role in the uptake of Sal
monella. 

The diarrhea associated with Salmonella is attributed 
to enterotoxins, but itifiltrating phagocytic cells also 
inflame the bowel, inhibiting the ability of the tissues to 
absorb fluid and causing fluid to leak into the intestinal 
contents. Once in the lamina propria, the bacteria are 
exposed to large numbers of phagocytic cells including 
rieutrophils and macrophages in lymphoid tissue in the 
gut. The phagocytic cells kill many of these invading 
organisms, but some manage to survive. Salmonella 
are facultative intracellular pathogens and can survive 
for extended periods of time inside these host cells. The 
ability to survive inside phagocytic cells may be the 
most important virulence mechanism of the bacteria, 
because it provides a protective mechanism to avoid 
the other mechanisms of the immune system, and may 
allow the bacteria to disseminate throughout the host. 

Clinical Disease 
Salmonella choleraesuis is a highly invasive organism 
that commonly causes septicemic salmonellosis in 
weaned pigs. Clinical signs first appear 24-36 hours 
after infection. Initially, pigs are restless and have de
creased appetite. They often have fevers of 105-107°F 
and may eventually die. Gross lesions typical of S. 
choleraesuis include splenomegaly, white foci on the 
capsule of the liver, interstitial pneumonia, congested 
mesenteric lymph nodes, and hyperemic intestinal mu
cosa. Microscopically, the gastric mucosa may be con
gested and infiltrated with macrophages and neutrophils 
and there may be vascular damage associated with sep
ticemia. Porcine salmonellosis caused by S. typhi
murium generally remains localized in the gut and is 
characterized by watery yellow diarrhea, dilated intes

. tine, ulcerative colitis, and a hemorrhagic ileum. 

Virulence Mechanisms 
Salmonella virulence is not dictated by a single pheno
type, but rather several that work in combination to 
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promote disease. Salmonella spp also have numerous 
gene and cell components that are induced by host cells, 
host environments, and growth conditions. It is this 
ability to adapt and change that makes the orgamsm so 
complicated and difficult to immunize against. The viru
lence mechanisms to be discussed here will be those 
involved in associating with and attaching to intestinal 
epithelium, invasion, toxicity, and resistance to intrac
ellular killing. 

Adhesion 
The first important step in Salmonella pathogenesis is 
movement and association with the intestinal epithe
lium, especially the ileum. The bacteria have flagella 
that allow them to move around, gaining· nutrients and 
invading the cells. The bacteria also contain adhesins, 
which are proteins or carbohydrates that can physically 
attach to cells. Type 1 fimbriae (mannose-sensitive) and 
mannose-resistant adhesins appear to be involved in 
attachment and invasion, but their role as virulence de
terminants remains uncertain. Flagella also allow asso
ciation with the intestinal epithelium. They seem to in
hibit the ability of phagocytes to kill the bacteria, al
lowing them to survive inside macrophages. Research 
involving S. typhimurium from animal isolates demon
strates that 98% possessed type 1 fimbriae and all had 
flagella .. 

Invasion 
For Salmonella to become pathogenic, they must in
vade the cell. A serotype-specific plasmid encodes the 
ability of the bacteria to invade. These large virulence 
plasmids range in size from 100 kb inS. typhimurium 
to 50 kb inS. choleraesuis. Ifthis plasmid is removed, 

attachment: when bacteria physically bonds to intestinal 
cells via an adhesin, which is a protein or carbohydrate 

invasion: actual active penetration of the bacteria into the 
cell 

M cell: a specialized cell associated with Peyer's patches of 
the gut that are involved with antigen sampling 

mannose: a carbohydrate to which bacterial adhesins bind 
in pigs 

LPS: lipopolysaccharide 

pyrogenicity: ability to cause a fever 

oxidative burst: phagocytic cells, as part of their killing 
system, generate oxidative metabolites that are bactericidal. 
These are released in one oxidative burst. 

primary degranulation: phagocytes contain granules that 
hold different bactericidal compounds,which burst andre
lease their bactericidal contents. 
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Table 1.-Summary of Virulence Mechanisms As
sociated Salmonella 

Adhesion 
• flagella 
• fimbriae 
• outer membrane proteins· 
Invasion 
• flagella 
• invA and ompC induced via gut osmolarity* 
• virulence plasmids. mediate uptake and repli-

cation·in deep tissues; 
• smooth LPS* 
Toxicity 
• enterotoxins 
• cytotoxins 
• endotoxi.ns 
• hemolysin* . 
Intracellular Survival 
• inhibition of oxidative response 
• resistant to oxidative response· 
-genes oxyR and page 
-proteins DnaK and GroEL 
• resistance to defensins mediated' by phoP* 
• non:.specific resistance mediated by OMP and 

LPS 

*indicates virulence mechanisms is inducible. 

the isolate is unable to invade through the Peyer's 
patches to the mesenteric lymph nodes and spleen fol
lowing oral introduction. The plasmid has no effect on 
the ability of the murine macrophages to ingest or-kill. 
the bacteria, on lipopolysaccharide (LPS) production, 
or on serum resistance. There are conserved regions in 
the virulence plasmid between different Salmonella 
serovars, suggesting that they play a common role to 
promote invasion. Recent evidence indicates the plas
mid tontrols the organisms ability to replicate in deep 
tissue. 

Toxicity 
The ability of Salmonella to cause diarrhea may in part 
be caused by inflammation mediated by prostaglandins, 
but also by a heat:.labile enterotoxin similar to cholera 
toxin or the E. coli labile toxin, as reported for S. 
typhimurium. This toxin is chromosomally encoded and 
has cross-reactivity with cholera toxin. One study ex
amining S. typhimurium recovered from animal isolates 
found that 90% tested positive for the presence of this 
toxin. Salmonella typhimurium has a cytotoxin assoei-. 
ated with the outer membrane that inhibits protein syn
thesis and may explain cytopathic effects associated with 
gastroenteritis. Lipid A, the toxic portion of the mol-
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ecule, is associated with the LPS. Lipid A has been 
shown to activate macrophages, stimulate pyrogenic
ity, promote leukocytosis, cause release of 
pharmacologic agents and cause shock due to severe 
vascular changes. 

Intracellular survival 
After it invades a cell, the Salmonella must survive the 
host immune system, including complement and killing 
by phagocytic cells. The ability to survive in the intra
cellular environment of the host cells may be the most 
significant problem associated with diagnosing, vacci
nating against, and development of the carrier state in 
swine. The smooth cell wall of Salmonella is consid
ered a virulence factor. The LPS is part of the outer 
membrane of Salmonella as well as other gram-nega
tive bacteria. The LPS contributes to virulence by pro
tecting Salmonella from the effects of complement, sus
ceptibility to cationic proteins, and ingestion by phago
cytes. 

Phagocytes arrive at sites of infection in large numbers 
and are capable of killing most invading bacteria with 
both oxidative and non-oxidative mechanisms. There is 
extensive evidence to indicate that although these cell 
types do kill large numbers of invading bacteria, viru
lent Salmonella resist killing by phagocytes. 

Although mechanisms of phagocyte resistance have been 
thoroughly studied with Salmonella in humans and labo
ratory animals, few investigators have examined the 
interaction of S. choleraesuis with porcine phagocytes. 
Salmonella choleraesuis strains with known sensitivi
ties to antibody-complement lysis were examined for 
their resistance to porcine neutrophils. Susceptibility in 
vitro to the action of porcine neutrophils paralleled the 
sensitivity to antibody-complement. These differences 
appeared to be related to the compositions of the cell 
walls. In a second study comparing virulent and aviru
lent S. choleraesuis and their interaction with porcine 
neutrophils, it was determined that virulent S. 
choleraesuis were able to inhibit the oxidative burst, 
inhibit primary degranulation, alter ingestion rates, and 
therefore survive at higher rates after exposure to por
cine neutrophilslntroduction reviewed I ,2 

Immunity against 
Salmonella 
Despite the extensive amount of research conducted on 
immunity against Salmonella, our understanding of the 
subject is still incomplete, and in many cases contro
versiaL The mouse model has been used to investigate 
the basic mechanisms of Salmonella immunity, evalu-
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ate potential vaccines for efficacy and safety. This in
formation has been applied to domestic animals. Using 
the mouse model to study salmonellosis, two divergent 
views of immunity have emerged. Some individuals view 
Salmonella as a facultative intracellular pathogen re
quiring a cell-mediated immunity to provide "immune 
elimination" of the infecting organism. This generally 
requires a living vaccine to induce a protective CMI 
response. The other view claims that killed or cellular 
extracts induce a humoral response that can protect a 
host from subsequent challenge3 . 

The immune system functions through a series of com
plex cellular and humoral interactions in response to an 
invading foreign agent, and has been thoroughly re
viewed. The goal of the immune system is to identify, 
control, and eliminate the agent and maintain the health 

Native immunity: the native defense mechanisms include 
the complement system, phagocytes, and the physical, 
chemical and microbial barriers at body surfaces. Comple
ment is a complex system that functions in bacterial cell 
lysis, opsonization, chemotaxis, and interaction with the 
fibrinolysis and coagulation systems. Phagocytic cells help 
ingest and degrade foreign debris and provide nonspecific 
protection to the host. 

Humoral immunity: the humoral response relies on the 
production of antibody by B lymphocytes. The antibodies 
contribute to protection of the host in a variety of ways. 
These include: agglutinating infectious agents which pro
motes phagocytosis, neutralizing toxins, blocking bacterial 
attachment, activating complement, opsonizing bacteria, and 
mediating attachment to cytotoxic cells (antibody-depen
dent cell-mediated cytotoxicity). Inducing an antibody re
sponse against Salmonella is relatively easy and can be done 
using killed cells or cellular fractions. 

Cell-mediated immunity: Cell-mediated immunity (CMI) 
is a complex interaction of white blood cells and humoral 
factors, all controlled by T lymphocytes. Since Salmonella 
is a facultative intracellular parasite, it can escape from 
antibody in the intracellular environment. Therefore a cel
lular response may be essential to eliminate Salmonella. In 
general, inducing a cellular response is done with a live 
orgamsm. 

Mucosal immunity: The mucosal immune system includes 
the production of secretory lgA. This is important for resis
tance at the mucosal surfaces, such as the gastrointestinal 
tract, respiratory tract, mammary gland, and reproductive 
tract. Stimulation of secretory IgA generally requires that 
the antigen be delivered to the mucosal surface. Approaches 
that have been successful include oral inoculation, 
aerosolization and inhalation, and intramammary exposure. 
Secretory IgA protects from infectious disease by prevent
ing bacterial attachment, viral neutralization, antibody-de
pendent cell mediated cytotoxicity, and immune exclusion 
of soluble antigens. 
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Table 2. Purified Cell Component Vaccines 

Antigens 
• outer membrane proteins 
• porins 
• ribosomes 
• lipopolysaccharide 
Immune Response 
• primarily a humoral response 
Method of Protection 
• promotes rapid clearance of bacteria from 

blood · · 
• slows rate of infection 
• increased survival of host 
Advantages 
• induces good humoral response 
• provides antigen/s~rotype-specific protection 
• safe and stable 
Disadvantages 
• costly to produce 
• internal organ colonization often extensive (no 

"immune elimination") 
• little cross-protection 

Table 4. Avirulent Live VacGines 

Antigens 
• attenuated or avirulent live bacterial cultures 
galE mutants (not applicable for S. choleraesuis) 
aroA mutants 
cya/crp mutants 
PMNa isolates 
Mod.e of Acti.on 
• generally stimul'ates both humoral and cellular 

clearance and killing 
• prevents/reduces colonization of tissues 
• promotes clearance of bacteria from the blood 
Advantages 
• single dose 
• no adjuvants 
• may induce both cellular and humoral immune 

system 
• may allow "immune elimination" and reduce 

carrier animals 
• expression of host-inducible immunogens 
Disadva·ntages 
• safety considerations 
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Table 3. Whole Cell Bacterins 

Antigen 
• inactivated whole cells 
Mode of Action 
• strong induction of humoral response 
• rapid clearance of bacteria 
Advantages 
• reduced disease and clinical signs of 

endotoxemia 
• increased survival 
• safe and stable 
• commercially available at a reasonable cost 
Disadvantages 
• hypersensitivity 
• multiple doses 
• requires adjuvants 
• CMI response variable 
• no immune elimination 

of the host. The immune system can be divided into 
four basic components, native immunity, humoral im
munity, cellular immunity, and mucosal immunity, all 
of which interact to control salmonellosis3 . 

All aspects of the immune system must be considered 
when attempting to immunize a host. Although there is 
some controversy over the relative importance of cellu
lar and humoral immunity against salmonellosis, it is 
likely that both are important. In a naturally occurring 
infection via the oral route, live salmonella would need 
to attach and invade the gut prior to dissemination to 
internal organs. A secretory immune response may pre
vent bacterial attachment and invasion. Native defense 
mechanisms, such as complement and phagocytes, 
would prevent infection by low numbers or avirulent 
salmonellae. Humoral immunity would allow the rapid 
clearance of invading organisms, followed by immune 
elimination by a cellular response3 . 

Vaccination against 
Salmonella 
Vaccination is intended to induce an immune response 
that will provide resistance to a specific infectious agent. 
Vaccines against Salmonella can be divided into three 
main groups; cell components, whole cell bacterins, and 
avirulent live vaccine. The following tables summarize 
their advantages and disadvantages. 

Although significant advances have been made in de
veloping attenuated S. typhimurium vaccines, it is dif
ficult to vaccinate against S. choleraesuis because it 
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prefers an intracellular environment which protects it 
from the immune response. Recent research has identi
fied S. choleraesuis antigens that are expressed when 
the organism is growing in the presence of ~pithelial 
cells, phagocytic cells, acidic environments, and under 
stress conditions (heat shock proteins). 

Exposure to phagocytic cells can change the virulence 
of Salmonella. Salmonella choleraesuis repeatedly 
exposed to neutrophils led to a neutrophil-adapted strain, 
which is attenuated for disease production and immu
nogenic for mice and pigs. Characterization of the iso
late indicated it was missing the 50 kb virulence plas
mid necessary for invasion, had increased resistance to 
oxygen radicals and phagocyte killing, and increased · 
expression of outer membrane proteins. Controlled ex- · 
perimentation with the isolate in pigs has proven it to 
be safe, protective, and to allow continued weight gain 
following challenge with homologous or heterologous 
virulent S. choleraesuis. 4•6 · 

Experimental Data 

Methods 
Source of animals -Forty-one animals 3-4 weeks of 
age were permanently identified by ear tag. Animals 
were clinically healthy and from a herd with no previ
ous clinical symptoms attributed to Salmonella 
choleraesuis. Animals were randomly assigned to one 
of two groups: 

Group ·1 - nonvaccinated controls (n=20) 

Group 2- SC-54 vaccinates (n=21) 

Group 2 was vaccinated on day 0. Both groups were 
cha.llenged with 101° CFU on day 14 and monitored 
until day 28. Survivors were then euthanized and or
gans collected. 

Clinical health analysis - Trial 1: Clinical health was 
monitored by daily analysis of rectal temperature, a clini
cal scoring system, weight gain, mortality, and gross 
lesions at necropsy. All animals were weighed on days 
0, 14, and 28 and the results expressed as average weight 
per group. Animals that died did not have their weights 
included in the analysis. The clinical scoring system 
monitored behavior, appetite, body condition, hair coat, 
stool consistency, skin, pulmonary, ambulation, 
arthrologic and neuromuscular condition. These param
eters were assigned a value from 1-4 depending on se
verity, with a value of 1 being normal and 4 given to 
animals that died. A normal animal would receive a 
daily score of 10. An animal that had died was assigned 
a score of 4 for each parameter or a daily score of 40. 
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Bacteriological analysis of 
peripheral organs 
Following death or euthanzia on day 28, all animals 
had seven peripheral organs cultured for the presence 
of Salmonella spp. Tissues collected include the tonsil, 
lung, liver, spleen, ileum, colon, and mesenteric lymph 
nodes. Tissues were weighed and homogenized in 5 mL 
of PBS diluent. Each tissue homogenate was then seri
ally diluted (10-fold) and plated on XLD agar. After 
incubation at 37"C for 8-12 hours, suspect colonies (red 
with black centers) were counted and confirmed to be 
Salmonella by biochemical' and serological testing as 
previously described. Results were expressed as the 
Log10 CFU/gram of tissue. Colonies were individually 
picked or replica plated onto MacConkey agar supple
mented with either glycerol or D-Xylose to differenti
ate between the vaccine and challenge strains .. 

Results 
Figures 1-6 (following page) summarize the clinical and 
bacteriological findings of this study7• · 

Discussion 
Salmonella choleraesuis can adapt, survive, and per
sist inside host immune cells; This has made it difficult 
for the swi~e producer to prevent accurate and consis
tent diagnosis, remove carrier animals, vaccinate against 
and control the disease. It has also reduced the effec
tiveness of antibiotics. 

The producer has several tools available to help control 
this pathogen, including antibiotics, whole-cell 
bacterins, and good management. The results of sev
eral attenuated/avirulent live vaccines, including the data 
presented in this paper, appear to inake sigltificant · 
progress in controlling Salmonella choleraesuis. 

The efficacy and safety of the avirulent live Salmonella 
choleraesuis strain 54 (SC-54) vaccine was evaluated 
following virulent challenge. Following vaccination, no 
adverse effects were noted in any of the vaccinates. Post
challenge, significant differences were noted between 
vaccinates and nonvaccinates in rectal temperature, 
behavior, appetite, body condition, hair coat, and over
all mean clinical score. Two weeks post-challenge, all 
animals were euthanized and iiiternai organs were cul
tured for the presence of Salmonella. 

Vaccinates had significantly lower levels of peripheral 
organ coionization than did nonvaccinates. Non
vaccinates also had higher levels of mortality, pneumo
nia, and reduced weight gain. 
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SC-54 Safety and Efficacy Study 

17 
16 
15 
14 

-13 
~ 12 
~ 11 .. 
E 10 

~ 9 
~ 8 
~ 7 
iii 6 
" :£ 5 
[i 4 

3 

2 

* 

Challenge 

-!. 
Vaccination 

-!. 

DayO Days 1-14 Days 15-28 
~ SC-54 ~ Non-Vaccinates 
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Figure 3. Peripheral organ colonization by the 
challenge strain. *=significant (P<O.OS) difference 
between treatments. 
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The ultimate goal of swine producers is to manage and 
eventually eliminate the~ presence and spread of Salmo
nella from breeding stock and purebred herds. New 
advances in vaccines are a positive step in the manage
ment of the disease, but further research needs to be 
conducted to develop more effective diagnostic tests. 
These tests are essential for quick and accurate identi
fication of infected pigs. Even more important is the 
ability to diagnose and remove carrier animals that per
petuates the problem following stress. 
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The Swine Industry, the 
Veterinarian, the Future 
Gregg W. Be Vier 

The commercial swine industry is in the midst of rapid 
vertical integration. Vertical integration coordinates the 
different components of an industry value chain when 
bilateral trading is not beneficial to participants. Many 
swine producers have assumed that if they maintain a 
low-cost operating structure, their future will at least 
be predictable as the industry integrates. Low costs will 
allow many producers to stay in business this decade, 
but their future in decades beyond is questionable. 

Ananlysis 
The Porter model uses strategic analysis to evluate the 
competitive framework of the pork industry. It predicts 
that the market will be dominated by those who pro
duce a quality product. 

Figure 1 shows some of the factors that influence the 
competitive environment within the swine industry. Vet
erinarians have the opportunity to play a role in many 
of these areas. However, inertia impedes the progress 
of the profession toward these broader roles. The tradi
tional veterinarian is an animal doctor. This marketing 
image is so well established in our society that those 
who deviate from it are regarded as unusual. 

Veterinary colleges continue to use a human-medicine 
model to guide their curricula (Figure 2). 

In the past, this approach was acceptable because about 
80% of veterinarians worked with pets. In the future, 
veterinary colleges must have learning options that break 
the stereotypic mold, evolving from veterinarians as 
animal doctors to veterinarians as business 
professionals. 

Barriers to entry 
Regulations 

'-:.l t Technology 
v 

Suppliers~ Competitors ~ Customers 

t 
Alternatives 

Figure 1 

Premium Standard Farms, Princeton, Missouri 64673 

1993 Allen D. Leman Swine Conference 

Human ~ Pet animal ~ Production animal 
medicine medicine medicine 

Figure 2 

The concept of production medicine is an oxymoron 
because excellent production does not involve medicine. 
It is simply a comfortable vocabulary for medical people 
to use. Veterinarians need to develop careers in the pro
duction sciences. Today, about 500 practicing swine 
veterinarians service the annual production of 
90,000,000 slaughter pigs. This equals 1 veterinarian 
per 180,000 slaughter pigs. The twenty largest pig pro
ducers are currently responsible for the annual produc
tion of about 10 million slaughter pigs. These same pro
ducers employ one vet each, or 20 collectively. This 
equals one veterinarian per 500,000 slaughter pigs -
about a three-fold increase. The greater responsibility 
among larger producers will diminish the number of 
veterinarians the industry needs. Essentially, individu
als trained as veterinarians today will have to augment 
their educational background in different ways if they 
wish to work in the swine industry. The type of cur
ricula on which to focus is as follows: 

1. Written and oral skills 

2. Business skills- accounting, economics, statistics, 
operation sciences, marketing, finance, investments, 
and strategic planning. 

3. Psychology and leadership skills- individual and 
organizational. 

4. Current concepts in: 
a. population sciences 
b. health 
c. nutrition and feeding 
d. genetics 
e. environment 
f. management 

· 5. Management information system developments. 

Ideally, more veterinarians will emerge on the manage
ment teams of companies or producer alliances. In the 
United States swine industry today, few veterinarians 
have direct-line management responsibility. 
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The mentor veterinarians who emerged in the mid-1970s 
showed the profession that there were alternative ca
reer paths in this area. We have simply not responded 
to this change adequately in order to establish a career 
path in this direction. 

In Latin America and Asia, veterinarians participate 
more as animal scientists. Their veterinary training fo
cuses more on industry aspects of animal management, 
largely because the veterinary colleges do not have the 
financial support for quality medical education. This is 
a logical curricular path for Third World countries. The 
outcome has been the production of veterinary gradu
ates who wish to manage farms or laboratories and pro
vide technical services for companies. There is a sur
plus of veterinarians in many of these countries, so many 
individuals have had to accept alternative careers to 
survtve. 
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Conclusion 
The commercial swine industry is beginning to verti
cally integrate. The swine veterinary profession has 
acknowledged that it is in the position to provide this 
newly integrated industry with unique services. This 
response illustrates that there is a new market niche for 
veterinarians who have the desire and the training to 
serve this need. Unfortunately, our current system does 
not provide an efficient mechanism to recruit and train 
Veterinarians for "nontraditional" practice. The image 
of the veterinarians as a business professional is one 
that must be developed. Other countries have achieved 
this, largely because of their socioeconomic position. 

If a new plan to place veterinarians at all levels within 
the value chain does not emerge, the roles of the swine 
practitioners will continue to be very limited: those of 
diagnosticians, teachers and clinical practitioners. Vet
erinarians could have much more but seem to have ac
cepted much less. 

"The Evolution of the Swine Veterinary Profession" 



Consulting 
James E. Allison, DVM 

What is an independent consultant? 

Independent consultants are people who provide coun
sel based on: 

• expertise; 
• training; 
• expenence; 
• education; 
• extensive documentation of the influences of their 

ideas; and 
• the ability to educate their clientele. 

Independent consultants do not represent any commer
cial company, other than their own consulting firm. Their 
livelihood is derived entirely from counseling with a 
client, who may be an independent business person, a 
corporate company , or a conglomerate of owners with 
the same interests. 

If a client competes with another of the consultant's 
clients, the potential client must be informed of this 
before the consultant accepts the assignment to prevent 
any conflict of interest. Furthermore, independent con
sultants must practice strong moral and ethical judge
ment with their clientele, and refuse to be tempted to 
provide counsel based on short-term gains for them
selves or their clients. Independent consultants must 
recognize their professional limitations and not repre
sent or present themselves as experts in fields they are 
not. 

Why would one choose to become an independent con
sultant when the temptation is so great to become a 
member of a larger business entity with the security 
and support that such a large organization can offer? 

This is an individual decision based upon heeding your 
true and sincere desires. Where and how do you receive 
the most satisfaction from your work? What are your 
long-range goals and priorities in life? What inherent 
talents do you have that you can share with others? 

What do swine management consultants provide for 
their clients? 

A swine management consultant will coordinate all pro
duction and business aspects of the client's business, 
determine the client's economic status and then direct 
and educate the client to help them economically sur-

Swine Management Consultant 
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vive. Swine management consultants typically direct 
production and personnel management, develop a ge
netic program, develop a nutritional program, develop 
a proper environmental program for successful pork 
production, develop a marketing plan, and above all 
assure that the client has financial control of their busi
ness. Productivity will not save a client that does not 
have fmancial control of their business. Assure that 
productivity and fmancial control are reconciled by 
maintaining accurate production and financial records. 

What is the foture for independent consultants? 

The future holds more promise for independent con
sultants than when I started 40 years ago. The family 
farm that is well managed, maintains proper produc
tion and financial records, and has production and fi
nancial control has never been stronger. 

The larger corporate farms feel the need for outside, 
independent counsel to share with their technical staffs, 
as well as to acquire an independent evaluation of their 
business. Many ofthese are quality control-conscious 
and they use quality control techniques in their com
pany philosophy. I never see a new problem; just the 
same old problem or mistakes with different players. 

In the future, the swine industry will place emphasis 
on: 

• the quality of the product; 
• the quality of working conditions; 
• the quality of personnel; 
• the quality of animal welfare; and 
• the quality of time spent on the job. 

There will be a great need for people who can provide 
the know-how to keep clients competitive in an increas
ingly tight marketplace: who can help them produce a 
quality product for less cost. The industry will need 
individuals who have the broad background of knowl
edge to educate clients one-on-one, and to provide the 
quality time on a regular basis required to educate their 
clients. Knowledge will be a key to survival for the cli
ent and the independent consultant, as will the ability to 
change and adapt as new technology is developed to 
increase profits. This one-on-one attention will be the 
key to truly educating the client and keeping them com
petitive. 
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Working with the Corporate Client 
Jerome 0. Geiger, DVM, MS 

Marketing your services to the corporate client is really 
no different than marketing to any other client. You must 
understand the customer's wants, needs, and expecta
tions and then position yourself to meet them. The fol
lowing observations are offered as advice to those who 
wish to serve the corporate customer. This advice is 

· based on my experiences as a provider of services and 
as a decision-maker seeking those services from other 
veterinarians. 

To understand their wants, needs, and expectations, keep 
in mind that corporate customers have a great many 
resources available to them. No doubt they have as
sembled the best production staff possible, and that staff 
brings a great deal of experience and insight. Also, sup
pliers of feed additives, pharmaceuticals, biologicals, 
equipment, genetics, etc. will offer a variety of experts 
(at no cost to the customer) in an effort to win business. 
Academia·will offer assistance in order to gain access· 
to large populations and data bases. 

In the end, however, the corporate producer requires 
the same spectrum of services as any other swine pro
ducer. The corporate requires assistance in establish
ing vaccination protocols, developing biosecurity stan
dards, interpreting and implementing new technology, 
trouble-shooting production problems, diagnosing health 
concerns, dealing with regulatory and drug-use issues, 
determining facility design, understanding economic 
issues, managing personnel, etc., etc. For a variety of 
reasons (beyond the scope of this presentation), the cor
porate will enlist the services of one or more veterinar
ians to address that spectrum of needs. At one end of 
the spectrum is the pure consultant, an individual 
brought in on a rather infrequent, and sometimes ir
regular, basis to offer technical assistance, often on a 
specific matter. At the other end is a practitioner who is · 
responsible for the day-to-day needs of the corporation. 
I hasten to pomt out that the latter practitioner is not 
the traditional practitioner. 

Working as a Consultant 
As a consultant to a corporate client, you are well ad
vised to: 

be shared between corporate producers, but they want 
to do ·the sharing. Production secrets held in confi
dence should not be disseminated by the consultant. 

• Respond to emergencies with prompt action. Corpo
rate consultants have their own set of emergency situ-
ations. A timely response is essential. · 

• Clearly understand the assignment and address it. 
Focus on the problem or project for which you have 
been called. There are other experts available to the 
corporate to answer other issues, and the corporate 
will use those experts as n~eded. Ancillary comments 
will be appreciated only if your assignment is satis
factorily completed. 

• Do not feel pressured for time. The customer has a 
problem that they have not been able to resolve de
spite the many resources available to them. Finding 
the solution is probably not goingto be quick or easy. 
If it were easy, the production staff would have solved 
it long ago. 

• Follow through. If a visit is made, it is essential to 
write a timely review of the topics you discussed and 
recommendations you made. Often, you'll need to. 
research a subject or contact a specialist. Do a thor
oughj<;>b. In many cases, you'll need to provide ad
ditional written information and references. Unless 
otherwise instructed, copies should go to pr~uction 
personnel and management. Do not overlook the 
central office. · 

• Remember your role. You are an advisor, not a deci
sion-maker. The client has made the investment and 
they bear the risk- you have only a small invest
ment in time (for which you have been well compen
sated). Do not feel dejected if the client opts not to 
use your recommendations. -

• Do not stand between clients and their suppliers. It 
is the first law of nature in the business world- cut 
out the middle-man. If you stand between clients and 
their suppliers in their marketing arena, you will be 
quickly removed. 

Working as a Practitioner 
• Honor confidentiality. Proprie~ry information may Again, I hasten to point out that in the corporate set-

Health and Technical Services Director, National HogFarms, 
Kersey, Colorado 
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ting, the practitioner role does not fit the traditional· 
definition. Corporate practitioners have a different mind 
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set and motivation: they have the right attitude. First 
and foremost, they markets their skills, knowledge, in
sight, and service - not feed, equipment, or drugs. 

• Interact at monthly management meetings. As with 
the consultant, remember that your role may be more 
as an advisor than as a decision:.maker. 

• Make biosecurity a top priority. Observe and enforce • Handle day-to-day regulatory issues. You are on the 
the highest levels of disease elimination and preven- front line on health issues. Routine blood testing (di-
tion that their system will allow. No one should be agnostic or regulatory) is your responsibility. Health 
more concerned about these issues than you. Do not papers on feeder pigs or breeding stock may be re-
cut comers. Your actions and programs must reflect quired. You may be asked to do vet-to-vet communi-
the importance ofbiosecurity. cations for feeder pigs or breeding stock. 

• Monitor and advise on treatment protocols and drug • Pursue diagnostic work aggressively. If the assign-
issues. Prescriptions and drug use programs are defi- . ment is to diagnose a health problem, attack it until 
nitely your responsibility, but do not expect to make there is an answer. Gather as many samples, necropsy 
money selling drugs. Do not expect any income from as many pigs, over whatever time period, as neces-
drug sales. sary. Remember, you are working with very large 

populations. 
• Be a team player. In some cases you will be asked to 

lead, in others you will be expected to follow. Com- • Do not be afraid to use the many resources avail
municate/support/educate. able. The practitioner is not expected to have all the 

answers. Use consultants, diagnostic labs, universi
• · Serve as communication link. You will be required 

ties, etc. to the client's advantage. 
to link diagnostic labs, clinic labs, production per-
sonnel, state regulatory officials, and management. • Assist with on-farm reseqrcq. You may ne~dto par-: 
Explanation and interpretation will be needed. Share ticipate by designing trials, monitoring, or gathering 
new information with production personnel, manage- data. 
ment, and consultants as indicated. 
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Swine Veterinary Practice: Working 
with Independent Producers 
John T. Waddell, DVM 

The late Dr. Al Leman challenged swine practitioners 
in his 1981 Howard Dunne Memorial lecture with the 
following laundry list: 1 

• get a second medical opinion; 
• improve the science of swine practice; 
• set a new code of ethics; 
• redefine disease; 
• become more creative in our thinking; and 
• set new standards for veterinary science. 

In 1986, Dr. Ralph Vinson, in his title of the Howard 
Dunne Memorial lecture, asked the rhetorical question, 
"The 1990s: The Last Decade of Private Swine Prac
tice?"2 

Dr. Vinson postulated that the practitioners who sur
vive the 90's will be "idea people," developers of prof
itable ways to help their clients and he challenged prac
titioners to spend more time "selling" our services. 

A decade after AlLeman's lecture, another great swine 
practitioner, Dr. Roy Schultz, challenged our profes
sion to recognize the industry's needs, then change and 
adapt with the swine industry. 3 

Although we all tend to use the term "independent pro
ducer" frequently, the true definition seems to be a little 
"fuzzy." Dr. Vmson went as far as to list out the char
acteristics of the "typical producer" of the future in the 
1986 Dunne lecture and essentially described a large 
family farm. 

Another force shaping our perception of the indepen
dent producers are the advertisements in the industry 
magazines. A major feed company has had their adver
tising agency attempt to appeal to "independent pro
ducers" by portraying them as more dedicated, harder 
working, and more caring individuals. One may get the 
feeling from the ad that these producers have small op
erations in which the producer is the owner, operator, 
chief cook and crate washer. 

I feel that the independent producer fits both of these 
definitions and at the same time neither of them. Inde
pendent producers cannot be defined so narrowly. It may 
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suffice to say for this presentation that the independent 
producer is not an integrator. 

How does today's swine practitioner "work with" this 
independent producer? 

Today's "independent" swine veterinarians are also 
groping for a set of characteristics to define what they 
do. It is a given that the veterinarian is trained to diag
nose and prescribe for disease. Surveys have shown that 
producers literally concede the disease aspect of their 
operations to the veterinarian. However, as most of us 
at meetings like this realize, there's much, much more 
to swine production than "bugs and drugs." Today's 
independent swine practitioner has realized this and is 
attempting to offer the "full-line" of goods and services 
to producers. 

The list of areas in which the independent practitioner 
is engaging is long: 

• Disease 
• Prescriptions 
• Dispensing 
• Service work/surgery 
• Nutrition 
• Regulatory 
• Genetics 
• Record keeping/interpretations 
• Financials 
• Ventilation 
• Facility utilization/through put 
• New health technologies 
• Building design/equipment 
• Environmental (waste management) 
• Animal handling/welfare 
• Biosecurity/transport 
• PQNFSIS 
• Marketing 
• Information synthesis 
• Technology transfer 

The expanding programs for this meeting and the Ameri
can Association of Swine Practitioners (AASP) annual 
meeting demonstrates the desire of the practitioner to 
improve current skills and expand their knowledge base 
into these "nontraditional" areas of veterinary medicine. 
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It's somewhat ironic that the swine practitioner serving 
independent producers is becoming a "generalist" in a 
very specialized field. That is, the most progressive, 
swine specific practitioners are accumulating some 
knowledge in all the topics from the list above. They 
may be much better versed in some areas than in oth
ers, but they have at least a cursory knowledge of al
most every facet of the swine industry. 

Is being a ''jack of all trades and king of few" a good 
thing? Whether good or bad, it is not the issue. It has 
been the trend because the producer has demanded it 
and has been willing to use the services of this type of 
veterinarian, possibly because there are few specialists 
in all of these fields to fill the information vacuum. 

I see today's swine practice on a continuum which has 
at one end the general mixed practitioner who does 

. "some" swine to the other end which is occupied by the 
corporate veterinarian who serves the integrator pro
viding advice on disease only. 

Mixed-species 
practitioner 

Swine-specific 
practitioner 

Corporate swine 
veterinarian 

. (Integrator) 

Somewhere in the middle of this continuum lies the in
dependent swine practitioner who is attempting to be 
the generalist for the independent producer. 

The irony exists in that as swine-specific practitioners 
gain a broader and broader base of knowledge, their 
services experience an increase in demand by both in
dependent, corporate and industrial clients. Some of 
these generalists then are captured by industry and/or 
corporate integrators to do specific tasks which draws 
them away from private practice. 

It is the independent producer, however, that "drives" 
the process. Progressive producers demand more from 
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their veterinarians and progressive swine veterinarians 
will continue to fill this demand. I firmly believe that 
swine practitioners will never rise above or beyond their 
best client. Good clients make good swine practitioners. 

So, how do veterinarians serve independent producers? 
The answer lies in looking around ~at other successful 
swine practices. There are very few original ideas gen
erated in this industry. The top swine practices have 
developed the type of relationships with top swine pro
ducers that has allowed them to become part of the 
''team". They have become as proficient as possible in 
as many facets of production as possible and have not 
been afraid to seek outside advice or be willing to delve 
into nontraditional veterinary disciplines. 

They will also continue to provide basic services at high 
levels of proficiency. Service, dispensing and consult
ing are the mainstay of serving the independent pro
ducer. The swine practitioner who will serve the pro
ducer of the future will not be afraid to adapt and change 
and embrace new ideas at every tum. 
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Veterinary Practice as a Business 
,. ,__ . - .,. 

Rodney G. Johnson, DVM 

All veterinary practices are businesses; however, not 
all veterinarians view their practice as a business. Is 
your practice a business or "a way of life"? 

Business opportunities abound for veterinarians who 
have an entrepreneurial spirit and are willing to com
mit themselves to developing a successful business. Most 
of us entered veterinary school because we enjoyed the 
prospect of combining a knowledge of biological sci
ences and clinical application to animals. Swine veteri
nary practice has emerged as a veterinary specialty over 
the past 10-15 years; and during that time has made 
drastic changes in the way we swine practitioners serve 
the public. 

The evolution from general practice with. its emphasis 
on individual animals to the practice of herd medicine 
to today's emphasis on total production economics has 
challenged some in our profession to excel while others 
are frustrated and confused and searching for a way to 
remain active as veterinarians. 

What separates the challenged from the frustrated? I 
suggest at the very base of these two paradigms lies the 
concept of "expecting to be all things to all people." At 
the very heart of "veterinary practice as a business" 
lies the decision one must make to become focused on a 
set of goals and principles that form the basis of a mis
sion statement that give direction to developing a busi
ness plan. 

Most veterinarians I've known have not found their 
practice to be a "pot of gold" when the decision to re
tire or change their life's work has led to sale oftheir 
practice. Perhaps this is as it should be since the veteri
nary practice has likely provided them a good income -
as long as they continued to render service. The very 
nature of a service business is such that it provides in
come to its participants rather than develops a large 
equity value and tremendous market value at sale. In 
contrast, a veterinary practice as a business might well 
have a market niche, a client base, a product line or a 
unique service that has added value and therefore might 
well provide income other than for specific quantities 
of professional time or service. Such a practice as a 
business could become "a pot of gold" 

Swine Health Center, Morris Minnesota 
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To develop any business requires vision. "Vision is the 
· ability to see the potential in, or necessity of, opportu
. nities right in front of you. And, just as important, it is 
the courage, skills, passionate conviction and relentless 
persistence to actually make it happen. Vision is not 
forecasting the future; it is creating the future by taking 
action in the present." (Stanford Business School) 

Only s/they who can see the invisible cando the impos
sible. Does your practice have vision? Do you have a 
business plan? "The primary function of management 
in any organization is planning, and ... for any planning 
to have an impact on the organization it must be part of 
a formal, systematic, and ongoing process." (~trategic 
Planning by George Steiner) 

Strategic planning is an on-going process of thinking 
about how the enterprise makes money. What are its 
strengths and weaknesses? What opportunities and 
constraints can exploit its strengths and deal with its 
weaknesses? A strategic plan is a document that states 
a purpose and the methods to achieve it. If you have no· 
strategic plan for your business, you are vulnerable to 
the notion; "No one plans to fail; they just fail to plan." 

Veterinary education is devoid of business education, 
Do we focus too much continuing education time on 
enhancing our professional skills and knowledge when 
what our clients often need is advice and information 
on how to run their business rather than more technical 
information? Are we notin the same boat? If we don't 
have business skills, and are unwilling to acquire them, 
then we should be willing to pay professionals to pro
vide it to us. 

One of Dale Carnegie's principals is to speak about 
that which one knows best from one's own experience 
rather than to attempt to deliver someone else's work or 
their words. I do not profess to know a great deal about 
veterinary practice as a business so I will use Carnegie's 

. principal and tell you what our group is doing and some 
reasons why. 

Our praetice has evolved from a partnership of two prac
titioners in 1981 to The Swine Health Center, comprised 
of four swine practitioners, today. We serve the swine 
industry exclusively, whereas only a few years ago I 
might have said we serve swine producers only. Our 

· clients, include: 
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• swine producers commercial and seedstock, their clients through development of the Genetipork seed-
• commercial companies in the biologic, pharrnaceuti- stock company and its multipliers. 

cal, feed and seedstock areas, and · Ultimately~ Genetipork USA will likely become the cen-
• building and equipment businesses. 

terpiece of our businesses. Swine Health Center, Pro-
In addition, we now serve financial institutions and other - fessionally Balanced Nutrition, INC, Evergreen Part
professionals in farm management. ners I and our Minnesota PigCHAMP® group will de

velop into supporting businesses. Essentially we are Within our group we are developing subspecialties. My 
focus is business development. Much of our continued becoming a vertically integrated business structure to 

promote each business and its interaction with another. 
growth will come from business projects we are part of 
or have helped to put together. An example of this is The theory that the sum of the parts are stronger than 

each seems to fit our focus. 
Evergreen Partners I, a shareholder-owned seedstock 
herd designed to provide its owners with high-health Less travel, a stronger regional base, a system to pro
seedstock from a modem three-site farm. In an attempt mote and protect ·our clients and keep them competitive 

' to meet our clients needs we researched several sources menibers of the swine industry are reasons for develop
of genetics and ulti:pmtely selected a group out of Que- ing our businesses. Eventually we will likely develop a 
bee owned by: the Bretton family. Working with the marketing group and the prospect of our own branded 
Bretton group we negotiated an exclusive right to mar- pork product. Do these goals seem far fetched? Only a 
ket their stock under the Genetipork trade mark, and few years ago they would surely have been. Today they 
thus allowed our clients to move one rung higher on .the seem possible; however, if we never attain them we will 
genetic pyramid. Thus, Evergreen Partners I became have had a great challenge and a lot of fun along the 
the first nucleus farm in the United States to produce way. Success is getting what you want; happiness is 
GGP, GP, and P stock as well as purebred boars and wanting what you get. · 
terminal boars for its shareholder members, as well as 
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Valuing Consumer Willingness to · 
Pay for Meat Treated with 
Somatropins 
Brian L. Buhr, PhD 
Genetically engineered growth enhancers, porcine so
matotropin (PST) and bovine somatotropin (BST) can 
now be produced commercially. However, we don't 
know whether consumers will accept them. Consumers 
respond favorably to products lower in fat and choles
terol. On the other hand, consumers appear to have an 
aversion to consuming meat produced using growth 
hormones or antibiotics. Companies that develop PST, 
and producers, who have a strong incentive to produce 
lean pork, have a stake in the net effect of this con
sumer dilemma, as it will determine the market success 
or failure of growth enhancers. 

Two results from a 1991 Food Marketing Institute Sur
vey1 suggest that if PST was released on the market, 
consumers could face a dilemma at the meat counter. 
People who responded to the survey indicated that their 
specific nutrient concerns in food purchases (in order 
of decreasing importance) were: 

• fat content; 
• cholesterollevel; 
• salt content; 
• calories; 
• vitamin/mineral content; and 
• preservatives. 

Fifty-six percent of these consumers, however, perceived 
the presence of antibiotics and hormones in poultry and 
livestock to be a serious food hazard. These results sug
gest that consumers' reactions to the use of somatotro
pins and beta-agonists are ambiguous. On one hand, 
consumers prefer leaner meat products. On the other 
hand, consumers are averse to antibiotics and hormones. 

Surveys of consumers to assess their response to meat 
products treated with growth promotants also illustrate 
this ambiguity. A study by Pitman-Moore, 2 a company 
that has developed a commercial PST, found that the 
average consumer would pay more for PST -treated pork 
because it is leaner than untreated pork. In contrast, a 
study by Hoban and Burkhardt3 found that 45% of their 

Department of Agricultural and Applied Economics, University 
of Minnesota 
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respondents were very concerned and 37% were some
what concerned about eating genetically engineered meat 
products. The contradictions between these two surveys 
may be because respondents had insufficient incentive 
to assimilate the information and to compare the rel
evant trade-offs between products. 

Consumer experiments offer a method to assess how 
consumers will respond to a product of ambiguous qual
ity -leaner pork produced with genetically engineered 
growth enhancers- before PST is released on the mar
ket. Our experiment's objective was to develop a method 
that provides sufficient incentives and information to 
induce respondents to value the product, based on real
istic market experience with real money and real food. 
Results of all experiments are pending, so the focus of 
this paper will be on the experimental design and the 
results of trials conducted recently at the University of 
Minnesota. 

· This study used auction and repeated market trials to 
assess how much individuals would be willing to pay 
to: 

• eat, or 
• avoid eating 

a product of ambiguous quality-a leaner meat prod
uct produced by using growth enhancers. Care was taken 
in designing the experiment to ensure that participants 
knew that one type of meat was leaner than the other, 
and that the leaner meat had been produced using growth 
enhancers. By using real products and real money, the 
participants were given incentives to concentrate on the 
trade-off between monetary compensation and a desire 
for either a leaner meat product or one free of growth 
enhancers. 

Using hypothetical markets to test consumer valuation 
of nonreleased products is a relatively new technique. 
Traditional market experiments tried to explicitly con
trol preferences by induced preference theory. Follow
ing Bohm's4 pioneering work on valuing public goods, 
studies began in the early 1980s to involve nonhypo
thetical settings.5•6•7•8•9•10 These studies used auction 
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Brian L. Buhr 

Wealth Effects: If all twenty trials are binding, 
there is a significant reduction in the expected 
endowment a participant may take home, which 
reduced their incentive to bid for the different 
products. 

Split-valuation: To value commodities with am
biguous attributes, it is necessary to conduct two 
mirror-image auctions to attempt to focus on each 
attribute independently. 

lllicited value: Refers to values derived through 
the participant's learning process of experimen
tal markets. This differs from actual market value, 
because in this case no actual market exists, and 
initial bid values that do not include a learning 
process. 

Induced reference theory: Participants are pre
sented with many alternatives and an attempt is 

· made to actually derive their preference priori
ties. Here, we focus on speciftc product attributes 
and estimate the consumer value of only those 
attributes. 

processes to accurately elicit consumer response to con
sumption choices, giving each' participant an incentive 
to submit a bid equal to their actual perception of value, 
independent of other bidders' behaviors.11 

Methods 
Experiments have been conducted in Iowa, Arkansas, 
California, Massachusetts, and Minnesota .. Participants 
thus far have been university students. Students were 
drawn from the rosters of two classes. There were two 
treat:Inents, and one class was assigned to each treat
ment. Students who appeared on the rosters of both 
classes were omitted from the experiment to minimize 
the amount. of prior knowledge the students might have 
about the experiment. Students were offered $18 ($3 + 
$15) and a free meaJ to participate in the experiments 
at an on-campus testing room. All experiments were 
conducted over the lunchtime period (11:00 a.m.- 1:30 
p.m.). 

After a practice trial with candy bars, participants were 
introduced to the meat products. Each participant was 
given a $15 endowment. In one treatment <n, partici
pants were given a generous "typical" meat sandwich 
that was presented as having fat, lean and taste charac
teristics similar to those of sandwiches currently avail
able in restaurants and supermarkets. The participants 
were then asked to bid for a sandwich presented as be-
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ing 10 percent to 20 percent leaner than a typical meat 
sandwich, and were told that this lean improvement had 
been accomplished using growth enhancers. No other 
information on the characteristics of the lean meat (such 
as taste, palatability, and tenderness) was given to the 
participants for the first ten trials. After the first ten 
trials, the participants were informed of the type of 
growth enhancer used and the safety of the product. 
Other than the lean/fat changes, they were told the prod
uct possessed characteristics identical to those of a typi
cal meat sandwich (see General Instructions). After this 
information was revealed, ten more trials were con
ducted, for a total of twenty trials. At the end of all 
twenty trials, one of the twenty trials was randomly 
selected to be binding. Sinee the subjects were required 
to eat an entire sandwich to receive the take-home pay, 
one of the twenty trials was selected to control for wealth 
effects (McKee13). The goal was to induce the subjects 
to take each trial seriously. 

In the other treatment (L ), participants were given a 
leaner, growth hormone-treated sandwich and the ex
periment estimated their willingness to pay to upgrade 
to a sandwich made with typical meat that was free of 
growth enhancers. 

By comparing the elicited values in the two treatments, 
the split-valuation design allowed for determination of 
the "net" value of the ambiguous good. 

In these experiments, term 'growth enhancer' was pro
vided in the information set. We suspected that the term 
'growth hormone' might carry more negative connota
tions with consumers than 'growth enhancer' and, hence, 
lower their willingness to pay for the products. There
fore, the same split-valuation auction mechanism was 

Average Willingness to Pay (dollars) 
$2.00 

$1.50 

$1,00 Bid for Leaner/Growth Enhancer Meat 

$0.50 

~ 
wm . . 

1 2 3 4 5 6 7 8 g 10 11 12 1314 15 1617 18 19 20 

Trial Number 

Figure 1. Willingness to pay with term "enhancer'' in 
description. 
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used in another experiment, but the term 'hormone' was 
substituted for 'enhancer' in the description.· 

To date, eight experiments total, with approxilnately 
240 participants have been conducted. · 

Results and Discussion 

"Growth Enhancer Trials" 
Figure 1 shows average willingness to pay for both the 
T and L treatments in Experiment I. The participants in 
the L treatment were willing to pay relatively large 
amounts to obtain the leaner product. The bids con
tinually increased throughout the experilnent, which 
suggests that participants did not heavily discount the 
product based on the use of growth promotants. The 
bids increased dramatically in the first three trials, sug
gesting that participants rapidly reevaluated their per
ceptions and bids once information on how others re
sponded was revealed. If one views the first trial as the 
equivalent of a one-shot survey, participants' responses 
would have revealed a much lower (although still sig
nificant) willingness to pay for the leaner product than 
atthe tenth trial, and further after additional informa
tion was revealed. After information was presented the 
L treatment group did not significantly increase their 
bids in trial eleven. This indicates further that they val
~ed the lean ~e~t product more highly than the nega
tiVe charactenst1cs of the growth promotant, and, in 
fact, nearly completely discounted the use of growth 
hormones. However, the typical group significantly low
ered their bids for the typical product once the informa
tion was given. Hence, while the group that is bidding 
for the treated product tends to focus more heavily on 

Table 1. Comparison otmean WTP between lean 
(L) and typical (T) meat treatments. 

. Trial# 

Experiment I Experiment II 

t- test 

1 

10 

11 

20 

2.13* 

4.39** 

5.30** 

4.28** 

Experiment 1: nL=12, n =11 H ·11 =n • T I Qlr"'L ,. 

Expenment II: nL=15, nT=16, H0 :1.J.L=I-lr 

0.72. 

2.78** 

3.86** 

3.96** 

Note: .L = Lean meattreatment, in which participant 
was g1ven lean (L) sandwich obtained with growth 
promotant and asked to bid for typical (T) sandwich. 
T = typical treatment. 
*,**denotes rejection of H0 at the 0.05 and 0;01 
significance levels for the t-test. 
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the positive product characteristics, it appears that the 
group given the leaner/treated product tends to focus 
on the negative characteristics of the product they have. 

These experiments are the first· in which participants 
demonstrated a significant positive willingness to pay 
for the leaner/treated product in the first 10 trials 
(Table 1). It is ilnportant to realize, however, that in 
general, it is necessary to have fifteen participants in 
each group for sampling size and consistency. For what
ever reasons, only eleven and twelve participants, re
spectively, attended the experiment on the days con
ducted. Therefore, these results represent a poor base 
and likely will need to be rerun with another group. · 

· "Hormone trials" 
In the trials in which the term "hormone" was used, the 
results are nearly the same as for the experiment in which 
the term "enhancer" is used (Figure 2). I was surprised 
at this finding, because I had believed that "hormone" · 
carried a great deal of negative connotation, given me
dia accounts and previous surveys. However, it is worth 
noting that in Trial 1 the differences in willingness to 
pa~ between the two groups is statistically ambiguous, 
wh1ch makes the results more consistent with those of 
other experiments (see Buhr et al., 1993). The bottom
line result seems to be that the introduction of the term 
"growth hormone" still results in a positive net willing
ness to pay by participants. The net willingness to pay 
for the two experiments is shown in Figure 3. Although 
no significance can be attached to single runs of this 
experiment in comparing across the two experiments it 
is interesting that the levels of willingness to pay w~re 
approximately identical. 

Average Willingness to Pay (dollars) 
$2.00 

$1.50 

$1.00 

$0.50 

~ 
~~ Leaner/Growth Hormone Meat 

. '/'. 
I T 

~~~ Bid for Typi al Me t 

1 2 3 4 5 6. 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Trial Number 

Figure 2. Willingness to pay with term ''hormone" 
used in description. · 
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General Instructions 
You are about to participate in an experiment about decision making. Please follow the instructions carefully. 

Specific Instructions 
In this experiment you will be asked to decide how much you would be willing to pay for leaner meat. The 
experiment has two stages. 

Your starting income will be $3 in stage one. Your income will be $15 for stage two. Your take home income 
will consist of your initial ($3 + $15) minus the value of goods purchased. 

You will submit your bidding price on a recording carq. Note only one of the five trials in Stage I will be binding 
and only one of the twenty trials in Stage 2 will be binding (i.e., determine actual take-home pay).A number will 
be randomly selected to identify these binding trials. 

You cannot reveal your bids to any other participant.Any communication between bidders during a trial will 
result in an automatic penalty of $3. 

Step I. There are two types of meat. The features of each are described below. 

Product I 

This meat is typical of 
meat currently available at 
restaurants and grocery 
stores. 

$y 

Product II 

This meat is 10-20% leaner 
and contains 30-60% fewer 
calories than Product I meat. 
It was produced by animals 
treated with a growth 
enhancer 

$z 

Step 2: You own the Product I meat in front of you. Everyone has the same Product I meat. You also have 
an initial income of $15. 

Step 3: Let's say you are willing to pay $y for the Product I meat and $z for the Product II meat. The 
difference ($z - $y) is what you are willing to pay to consume the Product II meat. Please indicate your 
willingness to pay to consume the Product II meat. Only state the difference ($z- $y) that you are willing to 
pay. If you do not ¥(ish to exchange your Product I meat for the Product II meat, then a bid of zero is 
appropriate. : 

The highest bidder will exchange his or her Product I meat for the Product II meat. He or she will pay the 
second-highest bidder's price. 

Step 4: There will be twenty trials. 

Step 5: After all twenty trials are complete, we will randomly select one binding trial to determine who buys 
the Product II meat. 

Note: The meat must be consumed to leave with the take-home income. 

Description of Growth Enhancer: 

The growth enhancer administered to the animals is known as a somatotropin. It has the effect of not only 
increasing daily gain and improving feed efficiency, but also increases the amount of lean meat produced and 
reduces the amount of fat produced. This is referred to as a partitioning ~ffect of nptrierts. Scientists ensure 
us that other than the lean/fat changes the composition of meat produced by treated animals is unchanged. 
Further studies have shown that there is no change in the taste, tenderness or other palatability characteristics 
of the meat. 
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Average Willingness to Pay· (dollars) 
$1.60.- ' 

$1.40 

$1.20 

$1.00 

$0.80 

$0.60 

$0.40 

$0.20 

$0.00 -f--r-r---r--.-,---,r-r---.--.--r-r-"--o--.--.-r-r---.--.---'1 
1 2 3 4 5 6 7 8 9 10 1112 13 14 1516 17 18 19 20 

·Trial Number· 

~'Enhance~ +'Hormone' 

Figure 3, Comparison of net willingness to pay 

To date, the results of experiments conducted (includ
ing the two reported here) suggest that the participants 
in the experiments would, on average, be willing to pay 
more for the leaner product~ treated with growth en
hancer. However, there were participants within each 
experiment who were willing to pay significant amounts 
to avoid consuming the treated meat product. Table 2 
summarizes the frequency distribution of the bids for 
the auction in which consumers were given the treated 
meat sandwiches and asked to bid for the typical meat 

· sandwiches. In fact, in the "hormone" experiment, there 
were in some trials three individuals willing to pay more 
than $1 to be able to consume the typical meat product. 
It is not possible, given the low participation rates in 
the "growth enhancer" experimentto determine whether 
this difference is due to the use of the term 'hormone.' 

ticipants in these experiments was comprised of college. 
student~. Although a broader cross-section of the popu
lation is desirable, tiniversity students are a readily ac
cessible sample, with the relatively homogeneous de
mographics that are desirable for regional comparisons. 
The nett stage of these experiments is to conduct the 
experiments with a sample of participants more repre-
sentative of the general population. · 

Second, the previous literature suggests that one ex- · 
periment represents twenty observations, with each 
observation conSisting of one trial. Therefore, although 

· one experiment still has relatively few observations, it 
is approaching the generally accepted levels for having 
large sample properties. However, in all previous ex
periments~ the products being tested were either unam
biguously good or unambiguously bad. When the prod
uct is an ambiguous one, like leaner pork produced with 
growth enhancers, it is likely that more replicates of the 
experiment or a larger sample size will be necessary 
before we can ascertain the relative value of the prod
ucts. Our experiments show that the values participants 
placed on the leaner, growth-enhanced pork followed 
an upward trend arid finally reached a plateau. Finally, 
.it is interesting to consider what· might happen to con
sumers' willingness to pay if an extremely negative 
explanation of the growth promotants is given. These 
experiments-are also under investigation. · 
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Effect of Stunning on Pork Quality 
and Welfare: Danish Experience 
Patricia Barton Gade 

Using C02 rather than electricity to stun slaughter pigs 
is one practice the Danish pork industry has adopted to 
improve meat quality. C02 stunning was originally de
veloped in ,the United States by the Ronnel Packing 
Company in the 1950's. It is no longer used by United 
States packing plants, primarily because it is too slow 
to be used on the United States slaughter lines. More
over, the structure of the United States meat industry 
has not economically penalize packers for the resultant 
quality problems, because they were often not immedi
ately apparent. 

In recent years, new C02 stunning equipment that can 
accommodate slaughter rates of up to 800 pigs per hour 
has become available, and the United States industry is 
becoming more aware ofthe impact of meat quality on 
export markets. In Denmark, where meat quality is a 
primary concern, all slaughter pigs and nearly 3/4 of 
all sows are stunned with C02 rather than with electric
ity. 

Practical Experiments 
It is difficult to compare stunning methods in the field 
because it is impossible to standardize the variables as
sociated with genetics, on-farm management, transport, 
lairage, and immediate pre-slaughter handling, all of 
which potentially affect the slaughter method and the 
ultimate quality of pork. This limitation is perhaps of 
academic interest only because, in practice, the total 
system (i.e. the pre-stunning system as well as the stun
ning method) must be evaluated before valid conclu
sions regarding welfare and quality can be made. 

Evaluation of a Pre-slaughter 
Treatment 
The Danish Meat Research Institute does not in gen
eral carry out basic research but, rather, confines itself 
to a more practical approach. Any preslaughter treat
ment-including stunning-is evaluated by its effect 
on: 

• animal behavior 

The Danish Meat Research Institute, 2 Maglegaardsvej, DK-4000 
Roskilde, Denmark 
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• skin damage, bruising and blood splashing 
• meat quality 
• other factors, such as worker safety and animal wel-

fare . 

Electrical stunning 

Animal Behavior 
Until recently, pig behavior has not been systematically 
observed. We used a primitive but practical method that 
assumed that a treatment in which pigs move willingly 
through the system without squealing is better than one 
where force is necessary and where pigs struggle and 
vocalise. 

When Denmark still used electrical stunning, many pigs 
refused to enter even well-designed race systems and 
had to be forced forward. Once in the system, some 
pigs tried to back out of the race and this caused a great 
deal of commotion and stress as some pigs tried to move 
forward and others back. 

The transition between the race and restrainer also 
caused problems with many animals balking there. 
Many pigs did not lie still in the restrainer but tried to 
fight free. Sometimes, two pigs would arrive at the point 
of stunning together in a single restrainer. This meant 
that with low voltages one of the pigs was stunned too 
lightly or, in the worst case scenario, one animal fell 
out of the equipment unstunned. 

Double restrainers and/or higher voltages reduced this 
problem to a great extent. However, they were not able 
to solve the problem of incorrect electrode placement if 
two pigs arrived at the point of stunning too close to
gether. 

Skin damage, bruising and blood 
splashing 
Fighting, particularly during lairage, is the main cause 

·of skin damage, but some damage (often accompanied 
by bruising) is the result of poorly designed equipment. 
Such damage should be reduced as far as possible as is 
the case with blood splashing. 
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The stunning method as such does not lead to skin dam- The results are summarized in Table 1. Blood splash
age and bruising, but race and restrainer design can ing in tenderloins was found to be independent of stun
have an effect. Race profiles that prevent animals from ning methods and is therefore not shown in the table. 
getting under and over one another in the race can re-

As expected, blood splashing was mainly a problem in 
duce skin damage and bruising in loins-Temple 

shoulders and low-voltage electrical stunning in a re-
Grandin's (1982183) design is a good example of this. strainer was most detrimental with 400-500 g ofblood-
V -belt restrainers have also been implicated in increased splashed meat per pig. As voltage increased, blood 
skin damage and bruising, especially for pigs that do splashing was reduced, but in all cases blood splashing 
not enter the restrainer willingly and those that do not 
lie quietly during restraint. The new band restrainer ":as higher with electrical stunning than with CO2 stun-

developed for pigs (Lambooij et al. 1992) is said to . rung. 
reduce this problem for electrical stunning and the new Fractures were not generally investigated in the above 
combi-equipment, where no restraint is used at all, elimi- experiments but are found exclusively with electrical 
nates the problem for C02 stunning. stunning~ Klovborg Larsen (1982) showed that with 

We have investigated the effect of various stunning sys'
tems on the amount ofblood splashing, observing mainly 
shoulders but also in some cases hams and tenderloins. 

high-voltage stunning fractures occurred in over 1% of 
the' pigs, and it is well known that electrical stunning on 

· the floor can give blade bone fractures if stunning per-

Table 1-Grams of Blood Splashed Meat in Relation to Stunning System-Overview 

EJ.- El-restrainer col 
Expt. Factory floor Pre-slaughter 

60V 60V Manual Aut om. Oval Comp. treatment 
300V 700V 

PER SHOULDER 

1 A 201 1-2 hrs transp. 
1 hrs. lairage 

A 278 

2 B 193 
c 123 Unknown 

3 D 194 37 2-3 hrs transp. 
1-6 hrs lai.rage 

E 20 21 3 hrs transp. 
4 F 5 1 hrs lairage 

G 145 
s· H 59 Unknown 

I 8 

PERHAM 

1 A 36 

3 D 6 1 

E 5 See above 

4 F 3 

*) Source: H.Klovborg Larsen (1982) 

Expt. 1-4: No. of animals per experimental group above 500; expt. 5 no. animals above 145 
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sonnel do not follow the pig down properly. Valid sta- using a prototype-transportable probe (Andersen, 1984). 
tistics are, however, not available. For both muscles, a single measurement was taken the 

Electrode positioning is, of course, of paramount im
portance and in Denmark, fractures-mainly spinal 
fractures-were often the result of incorrect position
ing. Head-to-hack stunning, with or without cardiac 
arrest, has never been used in Denmark, so we have no 
experience of these methods. However, published work 
(Wotton et al. 1992} has confirmed the importance of 
electrode placement for fractures and showed, more
over, that there was no single rear position in head-to
hack stunning that could ensure that there were no frac
tures and 100% cardiac arrest. 

Meat Quality 
The meat quality factors investigated range from deter
minations of rigor (stiffness) and pH on the slaughter 
line to measurements for the presence of pale, soft and 
exudative (PSE) and dark, firm, dry (DFD) meat the 
day after slaughter. Rigor development and pH drop 
after slaughter should be slow and the incidence ofPSE 
and DFD meat in the carcass should be low the day 
after slaughter. 

Stunning in Relation to PSE- and DFD-incidence: A 
series of measurements was carried out to investigate 
the effect of various stunning systems on the incidence 
ofPSE- and DFD-meat. PSE-incidence was investigated 

day after slaughter at 4 em depth for theM. longissimus 
dorsi between the 2nd and 3rd lumbar vertebrae, for 
theM. biceps femoris in the center of the muscle. The 
results are summarized in Table 2. 

C02 stunning, irrespective of equipment used, gave a 
lower average probe value and less PSE meat than elec
trical stunning. The higher voltages gave more PSE meat 
than lower-voltage stunning. Thus, forM. longissimus 
dorsi, PSE frequencies were 10%-19% for electrical 
stunning against 2%-6% for C02• The compact equip
ment was slightly better than the oval equipment. One 
experiment with the combi-equipment is available and 
this showed a 2% incidence of PSE in M. longissimus 
dorsi. 

Not unexpectedly, stunning did not effect DFD-fre
quency, indicating that other pre-slaughter factors are 
more important in the production of this type of meat. 

The higher incidence ofPSE meat with electrical stun
ning is because the carcass is stimulated as the electric
ity is applied. Electrical stunning is a form of electrical 
stimulation, which is used in other situations to accel
erate postmortem processes. 

One controlled experiment, which casts further light on 
the effect of stunning systems in relation to meat qual-

Table 2-PSE- and DFD-incidence in relation to Stunning System-Overview 

Semispinalis 
No. L. dorsi Biceps femoris No. L.dorsi capitis 

Factory Stunning Method of of 
Pigs Probe I % Probe J % Pigs Aver.' % Aver. % 

value PSE value PSE pH2 DFD pHz DFD 

1 C02-oval 3464 67 5.5 77 2.1 2485 5.64 3.2 6.14 8.5 

2 C02-oval 1696 68 3.8 79 2.5 1269 5.66 3.3 6.12 6.8 

3 C02-compact 3012 60 2.7 72 0.8 2382 5.73 4.9 6.15 10.7 

4 C02-compact 524 63 2.3 66 2.3 

5 El-restrainer, 70V 255 81 12.2 76 2.0 

6 El-restrainer, 70V 1612 77 10.5 81 4.0 774 5.62 3.1 6.12 8.8 

C02-compact 1760 65 3.1 78 2.6 933 5.62 2.8 6.10 7.2 

7 El-restrainer, 300V 2639 82 18.5 84 15.1 1307 5.55 2.1 6.05 4.8 

C02-compact 1587 66 4.0 71 1.4 946 5.57 2.2 6.05 5.1 

8 El-restrainer, 700V 1174 83 15.1 85 9.0 743 5.63 3.5 6.08 3.5 

PSE = probe values ?_120, DFD = pH2 ?_6.1 (1. dorsi), pH2 ?_6.5 (semispinalis capitis) 
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ity, was carried out in Denmark (Barton-Gade, 1984). 
The aim of this exp~riment was not direc1fly to investi-: 
gate stunning systems as such. Its aim was to investi
gate the effect of a stressful treatment immediately pre
slaughter on pigs of known halothane genotype. How
ever, different stress levels were attained by using dif
ferent stunning systems. All other variables up to the 
point of driving to the stunning were the same, i.e. breed, 
feedingllnanagement, transport and lairage. Transport 

. was short (40 minutes) and pigs went to stunning di
rectly from the truck, so that variations in lairage con
ditions were eliminated. Treatment up to the point of 
driving to stunning was extremely considerate, and no 
force, such as electrical goads, was used to move the 
pigs. 

Some pigs were then slaughtered at abattoir A, where 
pigs were manually stunned in a low-voltage (70V) re
strainer system. Conditions at the entrance to the race 
were less than optimal at this factory, so that a consid- · 
erable amount of stress was unavoidable at this point. 
Passage through the race, which was about 15 m long 
and contained a sharp bend, also required force as did 
the transition between the race and restrainer. Slaugh
ter speed was 190 pigs per hour. 

Others were slaughtered at abattoir B, using either low
voltage (70V) electrical stunning on the floor or C02 

stunning in the compact equipment. Conditions on ab
attoir B, which was used for training apprentices 
(slaughter speed 40-50 pigs per hour) were relaxed and 
stress before stunning was minimal, e.g. no electrical 
goads were used. With C02 stunning, pigs were driven 

singly or in small groups into a short (ca. 5 m) race 
before entering the stunning equipment itself. 

The slaughter process was similar at both factories and 
both used traditional batch chilling. 

. . 

The results are summarized in Table 3. Stress..:suscep
tible nn-pigs were relatively insensitive to changes in 
pre-slaughter treatment and nearly always had PSE meat 
irrespective of stunning method. Ori the other hand, 
heterozygotes (Nn-pigs) and pigs free of the halothane 
gene (NN-pigs) were highly affected by pre-slaughter 
treatment. Electrical stunning in a restrainer thus gave 
aPSE incidence of 53% in Nn-pigs compared to 25% 
for electrical stunning on the floor and 13% for C02 

stunning. For NN-pigs, PSE incidence was 41% when 
stunned in a restrainer, 8% when electrically stunned 
on the floor, and 0% when stunned with C02• Rigor 
development and pH drop after slaughter were fastest 
with ·electrical stunning in a restrainer and slowest with 
C02 stunning. 

It should be stressed that the treatment on abattoir B in 
this experiment was much more considerate than that 
possible under normal abattoir conditions, where slaugh
ter speeds and stress levels are much higher. However, 
the results do supplement those found with the previ
ous random sampling very well. 

Worker safecy 
Stunning with electricity is fast once sufficient current 
is applied, but to get the.pigs to this point requires re-: 
straining devices and race systems, Danish slaughter-

Table 3-MeatQuality Characteristics in Pigs of Known Halothane Genotype Stunned in Different Ways 

nn-pigs Nn-pigs NN-pigs 

Characteristics Abattoir 2 Abattoir 2 Abattoir 2 
Abattoir 1 

. el I C02 
. Abattoir 1 

el I Abattoir 1 
.ell C02 C02 

% in full rigor 63 48 19 31 17 0 8 0 0 

l. dorsi 100 97 95 62 30 41 25 15 0 
% pH1 <5.9 

semimembr. 69 69 62 17 25 6 25 0 0 

% PSE 100 93 90 53 25 13 41 8 0 

%DFD 0 0 0 2 0 0 0 0 r 

Abattoir 1: electrical stunning in a restrainer. Abattoir 2: el=electrical stunning on the floor; C02=C02-

stunning in a compact equipment. Rigor and pH1 was measured objectively in M. semimembranous 45 
minutes after slaughter. Pigs were considered PSE if the soluble sarcoplasmic and myofibrillar proterins in 
M. longissimus dorsi and/or biceps femoris was <0.150 units. They were considered DFD if at least 5 of the 
7 muscles were higher than normal. 
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houses abandoned floor stunning some years before 
moving to C02 stunning, mainly because it was a diffi
cult and unsafe job for the factory personnel. 

After stunning it is essential to stick the pigs as quickly 
as possible (preferably within 6-10 seconds, i.e. as the 
pig is motionless and before muscular spasms begin) or 
sticking will be a difficult and dangerous task for fac
tory personnel. Moreover, blood splashing and PSE
incidence will increase. Rapid sticking is no problem in 
a well-designed system. 

. Stunning in Relation to Welfare 
For welfare reasons, it is important that the animal 
should become unconscious as soon as possible (pref
erably instantaneously) and that the degree of uncon
sciousness should be deep enough to ensure that ani
mals are still unconscious at the time of sticking and 
remain so until they bleed to. death. 

In theory, unconsciousness is induced very rapidly with 
electrical stunning, although some concerns have been 
voiced as to how fast animals actually lose conscious
ness (Gregory & Wotton, 1985, Anil, 1991). This pre
supposes, however, that sufficient current passes 
through the brain as soon as the tongs are applied. In 
the real world, tongs are sometimes placed incorrectly, 
insufficient current is often used, there can be repeat 
stunning and contact to the skin can be poor. Pain be
fore loss of consciousness and, in the worst instances, 
paralysis without loss of consciousness can be the re
sult. When Denmark used electrical stunning, great ef
forts were made to ensure correct electrode placement 
and good electrode contact to minimize these risks. 

Fast stun-to-stick intervals are necessary with electri
cal stunning (within 20 seconds) to prevent return of 
consciousness before the animal bleeds to death. The 
use of cardiac arrest eliminates this problem. 

C02 stunning 

Animal behavior 
Race systems are also necessary with C02 stunning, so 
many of the points made in the Electrical Stunning sec
tion regarding animal behavior in the pre-slaughter sys
tem also apply to C02 stunning. The disadvantage of 
C02 stunning is that the process is discontinuous, with 
only one or two pigs being allowed to enter the stunner 
at a time. Once in the stunner the treatment varies. (Oval 
equipment, which is no longer in use, will not be con
sidered here.) 
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In the compact equipment one pig walks into a com
partment and a gate closes behind it. The floor falls 
away and the pig is restrained, as the compartment 
moves to the first position. It then stops to allow the 
next pig to enter the equipment. The C02-concentra
tion (in the air) is normally 35%-40% in the first posi
tion but can be higher depending on the equipment. Full 
concentration (above 80%) is always reached at the 
second position. Some pigs-especially those visibly 
stressed on entering the equipment-react violently to 
the restraint. These pigs reach the excitation phase 
slightly faster than pigs that do not react to the restraint 
(within 19 seconds versus 21 seconds). Pigs that are 
not visibly stressed often do not react to restraint at all 
and it is difficult to estimate their time to excitation 
phase. 

In the combi-equipment, two or more pigs enter a com
partment together and are not restrained during stun
ning. Pigs always stand quite quietly in the compart
ment, at most raising their snouts to smell the air, and it 
is difficult to estimate the time to excitation as this oc
curs in the second position, which is hidden by the com
partment· in the first position. Video recordings, how
ever, have shown that the excitation phase sets in 20-22 
seconds after entering the equipment. 

Whatever the system used, pigs are always quite re
laxed falling out of the C02-equipment and they remain 
so even if sticking is not within seconds, thus improv
ing the safety of personnel. 

Meat Quality 
In C02 stunning, blood splashing is minimized when 
compact equipment is used. The C02-combi-equipment 
is so new that only data on hams is available. This 
showed 2 g of blood-splashed meat per ham. 

Animal welfare 
C02 stunning suffers from the disadvantage that loss of 
consciousness is not immediate. By general consent there 
are three phases in C02 stunning: 

• a phase of analgesia (lasting 15-20 seconds); 
• a phase of excitation (lasting about 10 seconds); and 
• a phase of anaesthesia. 

Research carried out in Sweden and Germany has clearly 
shown that pigs become unconscious immediately be
fore the phase of excitation begins (Forslid, 1987, Ring 
et al. 1988), so that welfare concerns are restricted to 
the first phase, where pigs increasingly lose their abil
ity to feel pain. 
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Factors such as pungency of C02-gas and breathless
ness have been raised as possible disadvantages during 
the initial immersion in C02 (Report edited by Lambooij, 
1990). However, observations show that unrestrained 
pigs do not react visibly to immersion in high concen
trations of C02-gas (80o/o±)-apart from an increased 
respiration which is a natural consequence of C02 blood 
levels. The above report also concluded that C02 stun
ning was an acceptable method for pigs. 

With correct C02-concentration and time of exposure' 
all pigs are unconscious on leaving the C02 -equipment 
and remain so up to 60 seconds. Stun-to-stick intervals 
can therefore be longer than with electrical stunning, 
but the maximum interval is 60 seconds. 

Conclusions 
Compared to electrical stunning in restrainers, C02 stun
ning considerably reduces both blood splashing and the 
incidence of PSE-meat and eliminates fractures. The 
improvement in quality more than outweighs the extra 
running costs of CO2 stunning, which is why the Danes 
have adopted this stunning method. Worker safety is 
improved when C02 stunning is used, as the pigs are 
quite relaxed after the stunning and incorrect stunning 
is avoided. Although both electrical and C02 stunning 
have disadvantages and advantages to the welfare of 
the animals, overall, C02 eliminates many welfare risks 
that are found in practice in electrical stunning. C02 

stunning-as carried out in the most recent equipment
is a valid alternative for United States meat plants. 
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Update on Porcine Coronaviruses: 
Porcine Respiratory Coronavirus 
(PRCV) and Transmissible 
Gastroenteritis Virus (TGEV) 

Linda J. Saif, MS, PhD 

Transmissible gastroenteritis (TGE), first identified by 
Doyle and Hutchings in 1946, is a contagious enteric 
viral disease affecting swine of all ages worldwide. Di
arrhea and vomiting the prominent clinical signs.1 Ma
jor losses occur during epidemics ofTGEV, which are 
associated with 100% mortality in neonatal pigs. In re
cent years, endemic TGE has become an increasingly 
important cause of diarrhea in older suckling and weaned 
pigs due to continuous farrowing practices, larger nurs
eries and early weaning. Because there is no effective 
practical treatment and commercially available vaccines 
are of limited efficacy, TGEV infections continue to 
cause major losses to the swine industry in the United 
States 

Recently, outbreaks.ofmild respiratory disease without 
diarrhea, or subclinical infections caused by TGEV 
variants referred to as porcine respiratory corona viruses 
(PRCV), have occurred in swine in Europe and the 
United States?-4 The clinical significance ofPRCV in
fections is unclear at this time. PRCV induces neutral
izing antibodies to TGEV in pigs and is indistinguish
able from TGEV morphologically and by conventional 
serology. The appearance ofPRCV antibodies has com
plicated the diagnosis ofTGEV infections and has cre
ated obstacles for export of swine to TGE-free coun
tries. PRCV is now endemic in the swine population in 
Europe with nearly 100% ofthe swine farms in Bel
gium positive for antibodies to PRCV (and consequently 
TGEV).2-5 However, there is little information on the 
prevalence of PRCV infections among swine in the 
United States, largely because we lack of widely avail
able reagents and tests for differentiating the two vi
ruses. In this article, we will attempt to provide an up
date on the comparative aspects of TGEV and PRCV 
infections in swine. 

Food Animal Health Research Program, Ohio Agricultural Rsearch 
and Development Center, The Ohio State University, Wooster Ohio 
44691 
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Biochemical and Molecular 
Properties 
TGEV and PRCV are morphologically indistinguish
able porcine coronaviruses, ranging from 80-160 nm in 
diameter with positive-stranded RNA genomes.1 Like 
other coronaviruses, they are enveloped and display 
prominent surface spikes or peplomers. 

The TGE and PRCV virions are composed of three 
major structural proteins: 

• the surface spike glycoprotein (S; 190-200 K); 

• the integral membrane glycoprotein (M; 20-30 K); 
and 

• the nucleocapsid phosphoprotein associated with the 
genomic RNA (N; 43-50 K). 1-5 

The S protein differs in molecular mass between the 
two viruses with the PRCV S protein smaller (170-190 
K) than the S protein ofTGEV (200-220 K).5 To un
derstand the molecular basis for the tissue tropism and 
virulence differences between PRCV and TGEV, part 
of the genomes of the two viruses have been sequenced, 
including the S gene. 5-7 Major findings were as follows: 

• There was a high degree of homology (96%--97%, 
comparable to that observed between TGEV strains) 
in the nucleotide and amino acid sequences between 
the S genes of TGEV and PRCV strains; 

• a United States (ISU-1) and a European (RM4) strain 
ofPRCV had deletions at the 5' ends of the S protein 
genes of 681 and 672 bp, respectively, accounting 
for the smaller size oftheir S proteins relative to that 
of TGEV. However, the sites of these deletions dif
fered between the two PRCV strains, suggesting an 
independent origin for these two viruses; 

• deletions of different sizes were identified in a sec
ond genomic region (ORF3a) rendering this gene 
which encodes anonstructural protein, nonfunctional. 
It is speculated that the genomic differences observed 
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may be involved in the pathogenicity (virulent ver
sus attenuated) and tissue tropisms (enteric versus 
respiratory) of TGEV and PRCV strains, respec-
tively. ' 

The S protein of TGEV induces antibodies that neu
tralize virus infectivity. This has been shown by the 
production of neutralizing monoclonal antib?dies ~b) 
to the S protein of TGEVS-11 and by the mduct10n of 
neutralizing antibodies after the injection of purified 
TGEV S proteins or TGEV S proteins expressed in re
combinant viral vectors into animals. 12·13 At least. four 
major antigenic sites designated A, B, C, and D h~ve 
been delineated on the S protein of TGEV by usmg 
MAbs.8·11 The sites A and B contained most of the neu
tralization epitopes and were highly conserved among 
TGEV, PRCV, and canine and feline coronavirus 
strains.8·11 The MAbs to site D9•11 (designated B by oth
ers8) were mainly non-neutralizing, recognized only 
TGEV strains and did not cross-react with PRCV, ca
nine or feline coronavirus strains. It was later shown 
that the MAbs to site D/B map to the region deleted on 
the S protein of PRCV strains: hence their failure to 
react with PRCV.8·9 MAbs to site D/B have be.en used 
to develop blocking ELISA competition assays to dif
ferentiate sera from pigs infected with TGEV or 
PRCV.11,14 

Clinical Signs and Lesions 
TGEV infects and destroys the villous enterocytes of 
the small intestine, which result in villous atrophy.1 This 
causes impaired digestion, accumulation of fluids in the 
intestine, diarrhea, dehydration and weight loss and 
death in severe cases. Clinical signs and the severity of 
disease vary in herds experiencing endemic (seroposi
tive herds) or epidemic (seronegative herds) outbreaks 
ofTGE and are also inversely related to the age of the 
pig.1 Diarrhea, vomiting and dehydration a~e most pro
nounced in newborn piglets, in which the disea~e onset 
is rapid and mortality approaches 1 00%. Clinical signs 
in adult swine are usu~lly limjted to inappetence and 
mild diarrhea, although lactating sows may show more 
severe disease and develop agalactia. In endemic out
breaks, the disease is milder, consistll;lg of occasional 
vomiting, less severe diarrhea, inappetence, and low 
mortality.1 Affected swine usually take longer to reach 
market weight. TGEV strains, particularly cell culture 
adapted strains, also replicate in the respiratory tract, 
but usually to a lesser extent than PRCV strains.1·15·16 

The PRCV replicates in the nasal mucosa, tonsils, t:a
chea, and lungs and may cause variable_ degree~ of _m
terstitial pneumonia. 2·5·17-20 Little or no viral replication 
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is observed in the intestine, especially in older pigs (2:5 
weeks).2·5-16-20 No clinical signs were seen in most pigs 
experimentally inoculated with PRCV,"2·4·16·17 although 
exceptions (nasal discharge, fever, coughing, pneumo
nia) were reported in two studies.19·20 In field outbreaks 
associated with PRCV, usually only subclinical or mild 
respiratory infections were observed, 2·3•18 but in so~e. 
field reports, PRCV-infected pigs showed ·anoreXIa, 
fever and coughing. 5 Thus whether PRCV infections 
result in respiratory disease in the field is an unresolved 
question influenced by such variables as housing, cli
mate immune status and concomitant infections. 

' 

Diagnosis 
A presumptive diagnosis of epidemic TGE can be made 
in the United States on the basis of clinical signs and 
herd history, if piglets are affected. Endemic TGE re
quires an etiologic diagnosis to differentiate it from en
teric diseases with similar clinical signs such as E. coli, 
coccidiosis and rota viral diarrhea.1 Like TGEV, the latter 
two pathogens may also induce villous atrophy. TGEV 
infections may be diagnosed by one or more ofthe fol
lowing laboratory tests: 

• detecting virus or viral antigen by immunofluores
cence (IF), ELISA or immune electron microscopy 
(IEM) using gut smears, gut contents, or feces; 

• isolating virus from feces or intestinal contents in 
cell culture; and 

• detecting rising antibody titers in paired sera.1 

The former tests are rapid (same day), whereas the lat
ter two tests usually require at least a week for results. 
Immunofluorescence tests on smears or sections of small 
intestine are widely used for the detection of TGEV; 
however such tests are accurate only if samples are 
collected during the acute stage of the infection: int:ect~d 
enterocytes are rapidly lost thereafter ~d the _reliabil
ity of the IF test is compromised. For diagnosis ofthe 
infection in live animals, feces collected near the onset 
of diarrhea can be tested in ELISA or by IEM, or paired 
sera may be examined for antibodies in virus neutral
ization tests.1 However the latter test provides only ret
rospective evidence of infection and will not differenti
ate between infections with TGEV and PRCV. 

Currently none of the above tests differentia~e TGEY 
from PRCV using polyclonal antibodies as diagnostic 
reagents. However, using differentiating MAbs (directed 
against an epitope on the S protein ofT~EV no~ pre~ent 
on PRCV) in these assays permits the differential diag
nosis ofTGEV from PRCV.11 ·14 Moreover, evaluating 
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clinical signs, histologic lesions and tissue distribution 
of viral antigen may be useful because PRCV does not 
cause diarrhea or villous atrophy and replicates almost 
exclusively in respiratorytissues.2·4·16-20 The PRCV has 
been detected in live animals by the IF staining of nasal 
epithelial cells or by isolating the virus in cell culture 
from nasal secretions.2-4·18·19 Although not a conclusive 
diagnosis for PRCV infections because some TGEV 
strains replicate in the respiratory tract, in the absence 
of diarrhea or villous atrophy, positive results are sug
gestive of the presence ofPRCV By using eDNA probes 
in nucleic acid hybridization tests (specific for S pro
tein gene of TGEV but non-reactive with PRCV), one 
can also distinguish between the two viruses from fe
cal, respiratory secretions or infected cell cultures.7•21 
However, collecting acute specimens for PRCV detec
tion poses a predicament because most PRCV infec
tions are subclinical, resulting in uncertainty as to when 
to collect the acute samples. 

More recently, a competition-blocking ELISA based on 
the use ofMAbs that react with TGEV but fail to rec
ognize PRCV has been developed in Europe14 and the 
United States11 to serologically differentiate TGEV from 
PRCV infected animals. Sera are tested first in a 
seroneutralization test and, if positive, in the blocking 
ELISA For this latter assay, paired sera should be tested 
on a herd basis (at least 5-10 samples/herd) when pos
sible and at least 3-week-convalescent-phase sera are 
needed for reliable results. Such a differential test is 
not possible in herds that use TGEV vaccines or after 
TGEV outbreaks occur in PRCV-infected herds. Pres
ently this is the only test that provides the differential 
information required to export TGEV-free swine, from 
countries where PRCV infections also occur. 

Epidemiology 
Two distinct forms of TGE occur in swine herds: epi
demic and endemic. 1 Epidemic TGE occurs after the 
virus is introduced into a naive (seronegative) herd. The 
virus spreads rapidly within the herd, infecting swine 
of all ages. Unless there is a continual source of sus
ceptible animals, the disease usually runs. its course in 
2 to 4 weeks. Clinical signs may include inappetence, 
lethargy, diarrhea and vomiting, with anorexia and 
agalactia observed in lactating sows. Pigs under 2 weeks 
of age are the most severely affected and mortality may 
approach 100%. Occurrence of such severe clinical 
signs aids in diagnosis of epidemic TGE in the United 
States 

Endemic TGE refers to the persistence of TGEV and 
disease in partially immune herds with frequent or con-
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tinuous farrowings or the frequent addition of suscep
tible swine, such as feeder-pig operations.1 Endemic 
TGE is a common sequel .to epidemic TGE in large 
breeding herds that practice continuous farrowing. It is 
characterized by high morbidity but lower mortality 
(10o/o-20%) than in epidemic TGE, both n\tes being 
influenced by the pig's age when infected. It is also in
fluenced by the level of inununity in the herd, with pre
viously-infected sows transmitting variable levels of pas
sive antibodies via colostrum and milk (lactogenic im
munity) to their suckling piglets. Diarrhea usually oc
curs in pigs from I to 3 wks of age, when the level of 
viral exposure exceeds the level of passive immunity. 
In some herds the disease occurs primarily postwean
ing, after lactogenic immunity, in continuous-flow nurs
eries, or it is first established in older swine, eventually 
spreading to younger piglets. An etiologic diagnosis is 
necessary to distinguish TGEV from other diarrheal 
infections. 

The PRCV also causes epidemic and endemic infec
tions in swine herds, having spread extensively through
out Europe and into countries such as Denmark which 
was previously free ofTGEV2·5 Factors that influence 
the epizootiology ofPRCV include seasonal variations, 
swine density and distances between farms. PRCV in
fections persist as endemics in closed breeding farms 
with cyclic episodes most common during winter and 
spring. Respiratory infections with PRCV generally 
occur after weaning, in pigs between 5 and 10 weeks of 
age, often in the presence of passive serum antibod
ies.2·5·19 Thus maternal antibodies may postpone, but 
not prevent, infection of the respiratory tract. In addi
tion, studies have shown that after 9-to 12-week-old 
PRCV-seronegative pigs enter fattening units, most 
groups seroconverted to PRCV, suggesting that PRCV 
was introduced into the groups via infected pigs.5 In
fections with PRCV are usually subclinical but may be 
accompanied by mild signs of respiratory disease: no 
diarrhea or fecal shedding of virus is observed. In the 
United States to date, isolates of PRCV have been re
covered only from swine herds in Indiana, North Caro
lina and Arkansas. 3•4·1 0·20 Differences in the pathogenic
ity of these isolates for swine have been reported,20 but 
most strains caused only mild or no respiratory disease 
and no diarrhea.3•4·16 Based on blocking-ELISA test re
sults from our laboratory, PRCV seropositive swine 
have also been identified from breeding herds in Michi
gan, Wisconsin, Indiana, Colorado, and Nebraska (Saif, 
unpublished). 

Within a herd, the natural route ofTGEV infection may 
be by fecal-oral or via aerosol transmission of virus in 
densely populated herds.1 Fecal or nasal shedding of 
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TGEV persists for up to 2 weeks.1 Although TGEV 
has been recovered from respiratory and intestinal tis
sues at 104 days after infection, it is unknown whether 
such chronically infected animals can shed viable virus 
for longer than 2 weeks after initial exposure.15 Senti
nel pigs placed in a herd at 3-5 months after a TGE 
outbreak remained free of infection. Moreover, TGEV 
has been successfully eliminated from breeding herds 
after the entire herd was deliberately exposed to viru
lent TGEV22 

The PRCV is readily transmitted by the aerosol or 
oronasal routes of inoculation, spreading aerogenically 
over long distances, even into SPF swine herds that use 
strict sanitary measures.2 The duration of nasal shed
ding of PRCV has not been well-documented, but re
peated episodes ofPRCV infections in the same animal 
have been reported. 23 In PRCV outbreaks or in pigs 
experimentally challenged with PRCV, ·fecal shedding 
of virus has not been demonstrated. 2-4·20-22·24 

A serologic survey conducted in 1989-90 indicated that 
~36% of swine herds in the United States were positive 
for TGEV antibodies.24 This contrasts with the situa
tion in Europe, where PRCV infections are now wide
spread and the number of swine herds seropositive for 
antibodies to PRCVffGEV approaches 100%.2·5 These 
fmdings emphasize a need to frequently evaluate TGEV 
serology among swine herds in the United States to 
monitor the occurrence and the spread of PRCV infec
tions. 

Imh1unity 

Active immunity 
In spite of attempts to identify correlates of immunity 
to TGEV, effective vaccines for the control ofTGE have 
remained elusive. Earlier studies indicated that although 
circulating antibodies actively or passively acquired are 
useful for diagnosing TGEV infections, they do not 
provide protection against TGE.25 Several studies have 
documented that infecting pigs with virulent TGEV 
stimulates active. immunity and protect against TGEV 
challenge, although the duration ofthis immunity is 
unknown. 23,26 

Because the target ~ll ofTGEV is the villous enterocyte, 
mucosal immunity in the gut is important with local 
SlgA and cell mediated immune (CMI) responses pre
sumably playing major roles.1 The predominance oflgA
antibody-secreting cells (ASC) in the gut-associated 
lymphoid tissue (GALT) of virulent TGEV -inoculated 
pigs has recently been documented16 along with high 
CMI (lymphocyte proliferation) responses in mesenteric 
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lymph nodes (MLN).26 These results contrast with other 
studies which detected few IgA ASC in GALT and low 
CMI responses in MLN following the inoculation of 
pigs with PRCV or attenuated TGEV16·26 PRCV expo
sure induced the highest CMI and ASC (mainly IgG) in 
the bronchial lymph nodes of infected pigs.16·26 Thus 
the highest immune responses occurred in lymphoid tis
sues adjacent to the primary site of viral replication 
(gut for TGEV and respiratory tract for PRCV). These 
findings suggest that high numbers oflgA ASC in GALT 
correlate with the protective immunity against TGEV 
challenge seen in pigs recovered from infection with 
virulent TGEV, whereas pigs inoculated with PRCV or 
attenuated TGEV had fewer IgA ASC in GALT and 
were only partially protected after being challenged with 
TGEV16·26 Interestingly, high doses of attenuated TGEV 
( ~ 108 PFU) were more effective than comparable doses 
ofPRCV in eliciting CMI responses in MLN and IgA 
ASC in GALT, suggesting that higher doses of attenu
ated TGEV may increase vaccine efficacy and may be 
more effective than PRCV vaccines for the control of 
TGE.26 

Passive immunity 
Early observations on immunity to TGEV established 
that sows that recovered from TGEV transmitted pro
tective passive immunity to their offspring via colos
trum and milk (lactogenic immunity).25 Although pig
lets acquired serum antibodies to TGEV after they suck
led and ingested immune colostrum, they quickly be
came susceptible to TGEV after they were removed from 
the immune sow. These results emphasize the impor
tance of the 90ntinued presence ofTGEV milk antibod
ies in the intestinal lumen to protect against TGEV.25 In 
later studies, it was shown that sows naturally or artifi
cially infected with virulent TGEV secrete mainly SlgA 
TGEV antibodies in their milk, which persist through
out lactation.1·26 1t was further demonstrated that SlgA 
antibodies with specificity for enteric pathogens (TGEV) 
occur in the milk as a result of the "gut-mammary" 
immunologic axis.1·26 According to this concept, lgA 
ASC migrate from the gut to the mammary gland dur
ing pregnancy and lactation, and secrete IgA antibod
ies into the colostrum and milk. Inducin,g lactogenic 
immunity depends upon vaccinating sows to stimulate 
sufficient lgA ASC itll. the intestifle of the sow, and sub
sequently transfers of these TGEV -sensitized lgA ASC 
td the mammary gland. Attempts to stimulate a similar 
degree and type of immunity in seronegative sows us
ing attenuated or killed TGEV vaccines administered 
by parenteral or oral routes have been largely ineffec
tive.1 TGEV vaccines in seronegative sows may be in
efficacious because they fail to adequately induce in-

''The Evolution of the Swine Veterinary Profession" 



Update on Porcine Coronaviruses: PRCV and TGEV 

testinal immunity in the sow. As a result, IgA antibod
ies are not secreted in intestinal contents and milk. Ad
ditional research is needed to develop effective vaccines 
to TGEV that consistently induce high levels of SigA 
antibodies in intestinal contents and milk, similar to the 
protective levels induced after natural infection. 

On the other hand, preliminary data suggests that using 
live, attenuated TGEV virus to parenterally inoculate 
sows that were previously naturally infected results in 
enhanced levels of IgA and IgG antibodies to TGEV in 
milk. 1 Thus, the TGEV vaccines that are currently avail
able may be useful to boost immunity in previously in
fected pregnant swine and in herds to control endemic 
TGEV in nursing pigs. Although the vaccines may not 
prevent TGEV infections, they may reduce the morbid
ity and mortality by delaying their occurrence until the 
piglet is older. Currently the efficacy of oral TGEV 
vaccines to prevent or control endemic TGE in the nurs
ery has not been substantiated in carefully designed field 
trials. 

Immunity to TGEV induced by 
PRCV infections 
Studies in Europe of cross-protection between .PRCV 
and TGEV indicate that prior infection of pigs with 
PRCV does not prevent infection or diarrhea after chal
lenge with TGEV.2•27 Our results were similar usinga 
United States strain of PRCV: 42% of conventional 
suckling pigs experimentally exposed to PRCV devel
oped diarrhea after TGEV challenge.26 Similar findings 
were also reported regarding lactogenic immunity to 
TGEV in litters from sows naturally or experimentally 
infected with PRCV. 2•23•28•29 The PRCV -exposed sows 
developed IgA antibodies inconsistently in the milk and 
the IgA responses were transient. 23 However these re
sponses were boosted by exposure to PRCV or after 
challenge with TGEV. In most reports, clinical signs 
and virus shedding were reduced after TGEV challenge, 
suggesting that prior infection with PRCV moderates 
the severity of TGEV infections. Furthermore, sows 
primed by a PRCV infection undergo a rapid second
ary immune response after they are exposed to TGEV, 
with increased antibody levels in milk. 2•23 This enhanced 
passive immunity apparently moderates the severity of 
TGE outbreaks, decreasing piglet mortality, and short
ening the course of disease relative to previous typical 
outbreaks of epidemic TGEV. 2•23 Such results correlate 
with the observed decrease in clinical TGE in Europe 
coincident with the appearance and spread ofPRCV.2•5 

Although PRCV strains are now being considered for 
possible development of TGEV vaccines, more infor
mation about their disease pathogenesis, 1mmune 
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responses, and genetic stability, especially in newborn 
seronegative piglets, is needed to assess their potential 
impact prior to their introduction into the United States 
swine population. Furthermore additional research is 
needed to elucidate how IgA antibodies are induced in 
milk after the sow is infected with PRCV,23 why these 
antibodies occur only in some sows, and how effective 
they are in protecting nursing pigs against TGEV in
fections compared to IgA antibodies induced in the milk 
ofTGEV-exposed sows. 

Treatment, Prevention and 
Control 
Although sows that were previously naturally infected 
with TGEV transmit effective passive immunity against 
TGEV to their offspring, commercial vaccines are of 
limited efficacy.1 Moreover there is no specific treat
ment for the disease. Therefore effective management 
procedures play an important role in controlling spread 
of the infection within a herd or to other herds and in 
reducing losses in a TGEV -infected herd. 1 Virus can be 
carried into herds mechanically via contaminated feces 
or via infected swine introduced into a herd. Therefore 
newly acquired pigs should be isolated for about 3 weeks 
before they are added to a TGEV-free herd, or alterna
tively, only TGEV -seronegative pigs should be added 
to such a herd. Introduce similar quarantine measures 
before introducing TGEV -seropositive boars into a herd. 

During an outbreak, it may be useful to deliberately 
infect sows at least 2 weeks before they farrowed by 
the feed-back method with autogenous virulent virus. 1 

Feed the guts (minced and diluted in water) from acutely
infected pigs as a slurry to the sows. Feeding of guts 
from pigs in the late stages ofTGEV infections, or feed
ing feces and guts from dead pigs, may perpetuate en
demic TGE by providing incomplete lactogenic immu
nity. If adequately exposed to infectious virus, sows 
should develop and transmit lactogenic immunity to their 
newborn piglets in approximately 2 weeks. In such situ
ations, the feed-back exposure of all older pigs on the 
same farm may be warranted to shorten the total time 
the disease progresses through the herd and to assure 
more uniform exposure levels in all animals. 
Deliverately exposing the herd to field strains ofTGEV 
(minced guts) may spread other pathogens and dissemi
nate of the virus to other herds. When backfeeding, use 
only indigenous (autogenous) strains ofTGEV to avoid 
potentially introducing new pathogens into the herd. 

Possible methods for the control of endemic TGE in 
suckling pigs include administering the commercial vac
cines to seropositive sows (previously naturally-
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infected) to boost the level of passive immunity trails~ 
ferreq to their pigs. In theory, this approach should de
crease infection of younger pigs with TGEV; thereby 
reducing mortality. Secondly, use a strict ali-in/all-out 
management system to: 

• prevent the continual influx of susceptible pigs into 
the herd or nursery facility, and 

• to permit thorough Cleaning and disinfection of the 
premises between groups 

thereby breaking the cycle of infection and reducing the 
level of environmental challenge. If these measures fail 
to control endemic TGEV, a feed-back method similar 
to that used to control epidemic TGE can be tried. 

Because of its recent discovery, no methods have yet 
been devised to prevent or control PRCV infections in 
swine. However whereas pigs that were previously natu
rally infected with TGEV develop protective immunity 
and resist reinfection, pigs appear to remain suscep
tible to reinfections with PRCV.5•23 Thus PRCV may 
be extremely difficult to eliminate from swine herds 
because it spreads in susceptible seronegative pigs and 
repeatedly infects seropositive pigs. Research is needed 
to assess the prevalence and disease severity of PRCV 
infections in United States swine herds and to more thor
oughly examine the degree of immunity between PRCV 
and TGEV. 

Conclusions 
Based on molecular analysis, PRCV appears to be a 
newly evolved deletion variant of TGEV that has lost 
its enteropathogenicity and acquired a more pronounced 
tropism for the respiratory tract. Of special interest is 
the independent emergence of two distinct PRCV strains 
with different genome deletions, one in E~.uope and the 
second in the United States 

Because it is antigenically similar to TGEV, PRCV 
makes serologic diagnosis of TGE more difficult and 
has required that laqoratories develop new molecular 

· reagents and diagnostic assays to differentiate between 
TGEV and PRCV infections. Such assays are critical 
to permit export of swine to TGEV-free countries. 

Many unanswered questions remain concerning PRCV 
infections in swine. PRCV infe~tions are now wide
spread in Eurppe, increasing from a seroprevalence rate 
of about 20% in the early eighties to 68% in 1984 and 
approaching 100% today. However the seroprevalence 
ofPRCV antibodies in the United States swine popula
tion is 111,1known. Results of a serologic survey forTGEV. 
antibodies conducted in 1989-90 failed to document dra-
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matic increases in the seroprevalence ofTGEV /PRCV 
antibodies among United States swine herds.24 How
ever this survey was conducted concurrent with the ini
tial appearance of PRCV in the United States and no 
more current surveys have been done. In Europe, acute 
outbreaks of epidemic TGEV are now rare, probably 
because of the widespread presence ofPRCV antibod
ies, but such outbreaks are still common in United States 
swine herds. It is unclear whether these differences re
flect biologic differences among European and United 
States PRCV strains, differences in swine management 
practices, or the more recent emergence of the United 
States strain ofPRCV with less time to become widely 
disseminated in swine. Also unresolved at this time is 
the importance of PRCV as a respiratory pathogen in 
the field either alone or in complex with other common 
respiratory pathogens. A final area requiring additional 
research is the extent and mechanism by which PRCV 
exposure induces immunity against TGEV challenge. 
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Inheritable Susceptibility to K88 
Coli bacillosis 
David H. Francis, PhD 

For many years, plant geneticistS have used selective 
breeding for resistance as a successful strategy to com
bat diseases in commercial crops. The presence of an 
immune system and the availability and convenience of 
antimicrobials, as well as the inconvenience and cost of 
developing resistant animal lines, has made seleetive 
breeding in the animalindustry a less attractive strat
egy than developing vaccines or chemotherapy. How
ever, increased criticism regarQing the use of antibiot
ics, the prevalence of antibiotic resistant strains of or
ganisms, and difficulty in producing and delivering vac
cines against certain diseases has ·ted some to believe 
that selective breeding for disease resistance should be 
reconsidered as an approach to managing infectious 
animal diseases. Colibacillosis in pigs may be a candi
date for control by selective breeding. The purpose of 
this paper is to discuss current knowledge concerning 
the traits of heritable resistance and susceptibility to 
colibacillosis caused by enterotoxigenic Escherichia coli 
that produce the K8 8 pilus antigen, and the prospects 
of developing disease-resistant lines of pigs. 

Enterotoxigenic E. coli, which cause colibacillosis pro
duce filamentous appendages called pili or fimbria that 
are used by these organisms to adhere to the membranes 
of enterocytes in the small intestines of host animals 
and humans. The membrane structures to which pili 
adhere are referred to as receptors. Several antigeni
cally different types of pili have been identified in asso
ciation with diarrhea in pigs, but the most common is 
K88, which is expressed on about one-half of all clini
cally significant isolates. Pilus-receptor interaction can 
be demonstrated in vitro by a test called the brush bor
der adherence assay. This test consists of incubating 
piliated bacteria with isolated intestinal epithelial cells 
(or brush border membrane fragments thereof) and ex
amining by phase contrast microscopy for adherent 
bacteria. About 18 years ago, investigators (including 
Rutter and Sellwood)1 at the Institute for Research on 
Animal Diseases in Compton, Enghmd observed that 
immunologically unprotected pigs are not. universally 
susceptible to experimental infection with K88+ 
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enterotoxigenic E. coli. Susceptibility to those organ
isms was found to be inherited as a dominant trait in a 
simple Mendelian fashion, and was correlated with ad.,. 
herence of K88+ bacteria to intestinal epithelial cells 
isolated from the animal in question. Conversely, resis
tance, which.was found to be inherited as a reCessive 
trait, was correlated with the inability of host epithelial 
cells to support bacterial adherence, and was assumed 
to result from failure of the animal to express a recep
tor for K88 pili. Sellwood2 further observed that pig
lets sired by susceptible boars and born to resistant sows· 
were the most likely of any pigs to contract coli bacillosis. 
Sellwood's investigation suggested that sows of the re
sistant phenotype failed to develop antibodies to the 
K88+ organisms, perhaps because their resistance to 
K88+ E. coli limited their exposure to that organism. 
Thus, piglets of the susceptible phenotype born to sows 
of the resistant phenotype are of greatest risk to K88+ 
E. coli, and herds with breeding stock of mixed pheno
types are most likely to produce such pigs. 

Three major antigenic variants of K88 pili have been 
identified: K88ab, K88ac and.K88ad. However, K88ac 
has been the only variant found on E. coli isolates from 
the United States thus far tested. 3 The thi-ee ·antigenic 
variants differ from each other in their ability to agglu
tinate erythrocytes from animals of various species, 
suggesting that they may differ from each other in their 
receptor binding specificities. 4-5 Brush border adherence 
assay results from the study of K88ab, K88ac and 
K88ad indicates that the three pilus variants also differ 
from each other in their ability to adhere to intestinal 
epithelial brush borders from pigs of different genetic 
backgrounds. Bijlsma, et. al. 6 identified five phenotypes 
of pigs relative to the binding of K88ab, K88ac, and 
K88ad in the brush border adherence assay. These phe
notypes were: 

• A: brush borders bound any of the three variants; 
• B: brush borders bound K88ab and K88ac; 
• C: brush borders bound K88ab and K88ad; 
• . D: brush borders bound K88ad only; and 
• E: brush borders did not bind any of the three pilus 

variants. 
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In a similar study Vogeli, et aF ·identified four pheno
types of pigs, the same as identified by Bjilsma and his 
colleagues except that they found no pigs of phenotype 
C. Both groups of investigators concluded that genes at 
two independent, but perhaps linked loci were respon
sible for the various KSS phenotypes identified. The 
dominant allele of each gene appeared responsible for 
specifying a KSS receptor. Rutter, et al.1 correlation 
between phenotype as determined by the brush border 
adherence assay and susceptibility to disease using 
KSSac+ E. coli, but correlation withE. coli expressing 
the other two antigenic variants. Thus, even though as
sumed, it has never been proven that in vitro adherence 
with KSSab and KSSad correlates with in vivo adher-

. ence and the five phenotypes of Bijlsma, et al are bio
logically significant. 

To determine the distribution of KSS receptor pheno
types in a large population base, we are currently 
phenotyping purebred weanling pigs (sample= two pigs/ 
litter; two litters per farm) of four popular breeds: 
Chester White, Duroc, Hampshire ·and Yorkshire. Of 
the 64 pigs (from sixteen farms) thus far tested, the five 
phenotypes ofBjilsma et al, plus a potential sixth have 
been identified: 

• 32 (47%) were of phenotype A; 
• 3 (4%) were ofphenotype·B; 
• 3 (4%) were of phenotype C; 
• lS (26%) were of phenotype D; and 
• lS (2S%) were of phenotype E. 

The epithelial cells of three other pigs bound only 
. KSSab+ E. coli, thus they could not be classified within 
the five currently recognized phenotypes. As many of 

. the ,binding reactions of KSSab+, and KSSad+ E. coli 
were weak, we may haye had an appreciable number of 
false negative reactions with organisms expressing these 
two pilus'variants. Ifthis were the case, it may be that 
pigs of phenotypes C and D, and the unclassifiable pigs 
were all of the same phenotype: phenotype C (brush 
borders pind KSSab+ and KSSad+ E. coli). Weakness 
in the phenotyping test, resulting in a number of false 
negative reactions, could account for differences be
tween the results of Bjilsma, et al6 and Vogeli, et aJ,? 
and also the differences between our results and the re
sults of the studies of either of these. two investigative 
groups. Thus, only four phenotypes of pigs may exist 
as suggested by Vogeli, et al, and those phenotypes are 
more compatible with the two gene theory of Bjilsma, 
et al and Vogeli; et al than would five phenotypes. 

Since KS Sac is by far the most common, if not the only 
KSS antigenic variant in the United States, pigs of phe
notypes A and B are probably the only ones at signifi-
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cant risk to disease. Thirty-five (51%) of the pigs we 
tested were of these two phenotypes. If our sample is 
representative of the United States swine population, it 
appears that about one-half of that population is at risk 
to colibacillosis caused by KSS+ E. coli. 

The results of recent studies conducted by our group at 
South Dakota State University suggest that a mucin
like molecule expressed on epithelial cell brush borders 
in pigs of the appropriate phenotypes (A and B) serves 
as the receptor for KSSac, and the pilus binds specifi
cally to a carbohydrate structure on that molecule. 8 The 
mucin-like molecule has now been isolated and its struc
ture and amino acid sequence are under investigation. 
We have found that K8Sab also binds to the same re
ceptor molecule, but only from pigs of phenotypes A 
and B.9 The KSSad pilus appears not to bind to the 
mucin-like receptor (regardless of the pig phenotype), 
suggesting that it binds to a different, yet to be described, 
molecule. 

The KSSac/KSSab receptor that we have identified ap
pears to be the product of the dominant allele of one of 
the two receptor genes hypothesized by Bjilsma, et al 
and Vogeli, et al. The yet unidentified KS Sad receptor 
is probably the product of the dominant allele of the 
other receptor gene hypothesized by these investigators. 
That receptor will likely also bind KSSab pili. If I am 
correct, KSSac is specifically bound by the product of 
the dominant allele of one KSS receptor gene, KSSad is 
bound by the dominant allele ofthe other KSS receptor 
gene, and KSSab is bound by the product of the domi
nant allele of both genes. Thus, KSSab pili probably 
either has two receptor binding epitopes or one that is 
cross-reactive between the products of the dominant 
alleles ofthe twoKSS receptors genes. The recessive 
alleles of either receptor gene appear not to encode for 
KSS receptors. 

The current KSS receptor phenotyping test requires in
testinal epithelial cells obtained by surgical biopsy or 
at necropsy after euthanasia, thus making the test-im
practical for routine phenotyping of pigs. Sequencing 
the amino acids of the KSSac receptor should provide 
us with sufficient information to construct a nucleic acid 
probe that will make phenotyping of breeding stock 
practical. However, before selection for disease resis- . 
tance can be recommended as a management tool, the 
ramifications of this selection on important production 
traits must be explored to rule out possible linkage be
tween disease resistance and some undesirable trait. 
There is one report in the literature that suggests that in 
the absence of disease, Rigs of the resistant phenotype . 
may be less well muscled and have a slower growth 
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rate than pigs of the susceptible phenotype.10 Signifi
cant results were obtained in only one of two studies by 
the investigators. In a small, but perhaps better con
trolled preliminary study, we were unable to confirm 
the growth rate findings of the previous report.U In ad
dition; Gibbons, Sellwood and others12 were unable to 
find significant differences between resistant and sus
ceptible pigs with respect to growth rate, feed conver
sion efficiency, or carcass quality. Therefore, it may be 
premature to conclude that there is a linkage between 
susceptibility to K88+ E. coli and any adverse produc
tion parameter. 

In conclusion, considerable progress is being made in 
characterizing the nature of heritable resistance of pigs 
to K8 8+ E. coli. Disease resistant animals are fairly 
prevalent in the swine population, which should make 
selection of such animals for developing disease resis
tant lines relatively simple once a convenient 
phenotyping test becomes available. Such a teSt will 
probably become available iri the not-too-distant future, 
providedfurther investigation uncovers no major pro
duction deficiency traits linked to disease resistance. 
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Diagnosis of Enteric Diseases of 
Swine 
Rodney A. Moxley, DVM, PhD 

The most common and significant enteric diseases of 
swine are caused by infectious agents. In most cases, 
the cl~cal signs include diarrhea and/or weight loss. 
Gross lesions are often nonspecific. Diagnosis is de
pendent on the histbry, signalment, clinical findings, and 
gross lesions. Continuation is usually by histopathology 
and detection of the causative agent. It is often neces
sary to submit specimens to a laboratory to confinn the 
diagnosis. 

Selection and Proper 
Handling 'Of Diagnostic 
Specimens 
The first pigs necropsied should be those that have died 
after showing clinical signs representative of the dis
ease. Pigs that have died may reveal evidence of prob
lems other than enteric disease (e.g., pneumonia, con
taminated injection sites). One or two live, nonmedicated 
pigs in the acute stage of enteric disease should then be 
euthanized and necropsied; these should be sent with 
specimens from one or two of the dead pigs to the labo
ratory. 

In most cases of enteric disease, fresh and fixed tissues, 
especially intestines, are needed by the laboratory. For 
fresh intestinal specimens, a 6- to 8-inch segment of 
caudal ileum and a similarly-sized piece of spiral colon 
will usually suffice. Fresh intestines should be tied off 
to prevent leakage, placed in separate leak-proofbags, 
and immediately cooled. The specimens should be sub
mitted to the laboratory on an ice pack. For fixed intes
tines, submit 2-inch long segments of duodenum; cra
nial, mid-, and caudal jejunum; ileum; and spiral colon 
in 10% neutral buffered formalin at a 10:1 (v:v) fixa
tive-to-tissue ratio. If gross lesions are seen, these should 
be noted on the submission fonn, and fresh and fixed 
tissues containing the lesions should also be submitted. 
If the lesion is too small to split into fresh and fixed 
specimens, fix the entire lesion, as it is usually too dif
ficult to get a good culture from a small sample. I rec
ommend that intestinal samples for fixation be cut open 
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with a pair of scissors along the mesenteric attachment 
to allow adequate contact of the mucosal surface with 
fixative: Injection of fixative into the lumen of an. un
opened intestine may or may not result in adequate fixa
tion, and also causes artifactual villus atrophy by dis
tending the lumen and stretching the wall of the intes
tine. 

If no pigs are dying or only large pigs are affected and 
euthanasia is deemed impractical, feces or serum may 
be of some use for diagnosis, depending on the disease. 
Fecal specimens are useful to detect viruses by trans
mission electron microscopy (TEM), nematode ova or 
protozoa by floatation or direct smears, and Salmonella 
spp. or Serpulina hyodysenteriae by culture. Fecal 
specimens should not be used to diagnose colibacillosis, 
nor should they or other specimens be submitted from 
medicated pigs. Serum samples may be useful to diag
nose enzootic transmissible gastroenteritis (TGE) in 
nonvaccinated pigs more than 8 weeks old, because at 
this age colostral antibodies are absent. 

Interpretation of the 
Signalment and History 
The signalment and history of enteric diseases often 
contain diagnostically significant infonnation. Of par
ticular importance is the morbidity, mortality, the age 
of affected pigs, whether affected pigs are unweaned or 
weaned, and whether nursing sows are affected. If af
fected pigs are less than 24 hours old, the differential 
diagnosis is limited to colibacillosis and clostridial 
enteritis. If sows and pigs are vomiting, anorectic, or 
diarrhetic, the diagnosis (regardless of vaccination his
tory) is usually TGE. A history of vaccination for a 
particular disease is also useful, but does not necessar
ily rule out the disease. In fact, one might suspect the 
disease for which a vaccine has been given when a con
tinuous farrowing schedule is followed and pigs begin 
to show diarrhea at about 7 days of age. This delay in 
the onset of diarrhea commonly occurs when sows have 
been conferring lactogenic immunity, as in enzootic 
TGE, rotaviral infection, colibacillosis, and clostridial 
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enteritis. Occurrence of diarrhea in 7- to 10-day-old 
pigs is also suggestive of coccidiosis (Isospora suis). 

Differential Diagnosis of 
Enteric Infections based 
on Age of Affected Pigs 
If signs are limited to unweaned pigs less than 1 day 
old; the differential diagnosis is limited to entero
toxigenic colibacillosis and clostridial enteritis. If signs 
are limited to unweaned pigs more than 6 days old, the 
differential diagnosis (in the United States) should in
clude, at least initially, enteric colibacillosis caused by 
enterotoxigenic or attaching and effacing E. coli, TGE, 
rotaviral infection (most often Group A), coccidiosis 
(Isospora suis), clostridial enteritis (Clostridium 
perfringens Type C), and in the southeastern United 
States, strongyloidosis (Strongyloides ransomi). 

The differential diagnoses for enteric disease of weaned 
pigs (in the United States) 8 weeks old or less should 
include: enterotoxigenic colibacillosis (especially K88-
positive E. coli); attaching and effacing E. coli; TGE; 
and rotaviral enteritis. Others diseases less commonly 
seen in pigs this age are: porcine proliferative 
enteropathy (PPE, caused by Ileobacter intracellulare); 
swine dysentery (Serpulina hyodysenteriae); salmo
nellosis (usually Salmonella choleraesuis, S. 
typhimurium, or S. agona); trichuriasis (Trichuris suis); 
ascariasis (Ascaris suum); strongyloidosis; Macra
canthorhynchus hirudinaceus; and oesophagostomosis 
(Oesophagostomum spp.). 

Other infectious agents that may also be"considered as 
primary enteric pathogens include: verotoxigenic (Shiga
like toxin II variant-producing) E. coli, the cause of 
edema disease; enterotoxigenic Bacterioides fragilis; 
Chlamydia sp.; Clostridium perfringens Type A;En
terococcus durans; various serotypes of Salmonella; 

·weakly beta-hemolyticspirochetes; Yersinia spp.;Myco
bacterium spp.; coccidiosis due to species other than 
Isosporasuis (e.g., Eimeria spp. and Cryptosporidium 
parvum); porcine enteric adenovirus; and porcine en
teric calicivirus. Although most of these infections are 
less commonly encountered and may not initially be 
anticipated as a cause of enteric disease, standard diag
nostic sampling (i.e., submitting fresh and fixed intes- · 
tines, and fresh cecal contents) would be adequate for a 
laboratory to confirm a diagnosis. In the case of edema 
disease, although the most significant clinical signs and 
lesions involve the brain, a sample of ileum for culture 
with isolation and serotyping of suspect E. coli could 
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aid in makinga diagnosis. If neurologic signs are seen, 
submit samples of brain for diagnostic testing as well. 

A discussion of various enteric diseases caused by bac
teria, viruses, protozoa, nematodes, and non-infectious 
causes of disease follows. 

Diseases of Major 
Importance caused by 
Bacteria 

Enteric Colibacillosis and Edema 
Disease 
Enterotoxigenic E. coli (ETEC) commonly cause en
teric disease in pigs less than 1 day to approximately 8 
weeks old. Enterotoxigenic E. coli strains are those that 
cause diarrhea by adhering to the small intestine by 
means of surface appendages termed pili or fimbriae, 
and inducing hypersecretion of water and electrolytes 
by enterotoxins (heat-stable or heat-labile). Recognized 
antigenic types of fimbriae produced by ETEC of swine 
origin include F4 (K88), F5 (K99), F6 (987P) andF41. 
Strains that produce 987P, K99, andF41 fimbriae most 
often cause diarrhea in pigs less than 1 week old, occa~ 
sionally cause diarrhea in pigs 1 to 3 weeks old, and 
uncommonly cause diarrhea in older pigs. K88-posi
tive ETEC cause diarrhea in pigs from less than 1 day 
to 8 weeks of age. Postweaning ETEC infection is lim
ited to K88-positive strains and strains that produce 
antigenically uncharacterized fimbriae. 1 

The pathogenesis of postweaning enterotoxigenic 
colibacillosis appears to involve more than coloniza
tion and absorption of enterotoxins. Susceptibility to 
K88 strains is dependent upon the presence of recep
tors on the surface of the epithelial cells of the small 
intestine, and is inherited as an autosomal dominant trait. 
Loss of maternal immunity at weaning is also a well 
documentedfactor causing increased susceptibility, as 

· is poor sanitation. Less well characterized factors in
clude stressors, such as separation from the sow, change 
of environment, change in diet, chilling, and others? 

Attaching and effacing E. coli (AEEC) may cause di
arrhea in pigs from 1 to 8 weeks of age. 3•4 The term 
"attaching and effacing" refers to the ultrastructural 
appearance of the microvilli which are flattened by bac
teria tightly adhered to the surface of the enterocyte. 
The mechanism by which AEEC cause diarrhea is 
poorly understood. Most (if not all) AEEC produce a 
94 kDa protein encoded for by the eae gene which me
diates attachment and effacement. 5 Some strains also 
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produce a verocytotoxin (Shiga-like toxin) very similar 
to the one that mediates edema disease. 

Edema disease is caused by E. coli that produce a toxin 
termed Shiga-like toxin II variant, 6 and is seen most 
often 1 to 2 weeks postweaning. Lesions are character
ized by edema in various locations of the body, includ
ing· the eyelids, subcutis, wall of the stomach, and 
mesocolon. Fixed brain, especially brain stem, and other 
organs with potential vascular damage_ should also be 
submitted for diagnosis of edema disease. Microscopic 
evidence of arteriolar necrosis in these locations as well 
as encephaloinalacia (especially in brain stem) is very 
suggestive of edema disease, but isolation of 6-hemolytic 
E. coli from the ileum with serogroup identification 
(vis., 0138, 0139, or 0141) is needed to confirm the 
diagnosis. 

Colibacillosis should be suspected whenever pigs less 
than 1 day to approximately 8 weeks old have a 
hyperemic small intestine or hemorrhagic gastroenteri
tis, although not all pigs with colibacillosis have intes
tinal hyperemia and not all dead pigs with hyperemic 
intestines have colibacillosis. Hemorrhagic gastroenteri
tis is most often caused by 6-hemolytic strains of E. 
coli, and the majority of these are either K88 or edema 
disease strains.7•8 The condition is thought to reflect an 
overwhelming absorption of endotoxin with resultant 
endotoxemia. The differential diagnosis for this lesion 
depends on the age of the affected pigs, as noted above. 
In pigs less than 6 days old, the differential diagnosis 
would include clostridial enteritis. In pigs 1 to 3 weeks 
old, clostridial enteritis and coccidiosis would be the 
·primary differential diagnoses. In pigs 3 to 8 weeks old, 
salmonellosis would have to be considered. 

Confirmation of a diagnosis of coli bacillosis caused by 
ETEC, AEEC, and edema disease strains requires 
histopathology and cultUre of the small intestine. Distal 
ileum is the preferred specimen for most ETEC and 
edema disease strains. Fimbria} typing of ETEC iso
lates is helpful to further characterize the causative 
strain. Both the ileum and large intestine should be ex
amined histologically, and cultUred to detect AEEC in
fection. Currently, there are no commonly available di
agnostic tests to identify AEEC; although a colony hy
bridization assay with a DNA probe for the effacing 
(eae) gene may be useful.5•9 

Clostridium perfringens Type C 
enteritis 
Clostridium perfringens Type C .causes a necrotizing, 
often hemorrhagic enteritis in pigs less than 1 day to 
approximately 3 weeks old. Piglets classically have 
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peracute enteritis when 12 to 36 hours old; acute enteritis 
when approximately 3 days old; subacute enteritis when 
5 tO 7 days old; and chronic enteritis when 1 to 3 weeks 
old.10 Intestines in peracute disease are usually reddish-

. black from severe hemorrhage. In acute disease, intes
tines are mottled reddish-tan from a combination of 
hemorrhage and necrosis, often with gas pockets (em
physema) in the wall. In subacute and chronic disease 
the intestinal wall appears thickened and predominantly 
tan in color. A diphtheritic membrane which replaces 
the mucosa· is often present. 

Necrohemorrhagic enteritis with emphysema in the wall 
of the intestine can be used to distinguish C. perfringens 
Type C enteritis from coccidiosis (1. suis) and 
endotoxemic enteric colibacillosis. Confirmation of the 
diagnosis requires histopathologic examination and 
culture. Microscopically, in all stages of the disease there 
is- coagulative necrosis of the mucosa, usually with 
emphysema and variable amounts of hemorrhage. In 
the peracute and acute stages, the necrotic surface is 
colonized by large numbers of Gram-positive bacilli. 
These lesions are diagnostic; however, in the subacute 
and chronic stages, the necrotic tissue contains large 
numbers of other types ofbacteria (e.g., coliforms) caus
ing the necrotic mucosa to become caseous, and mak
ing the diagnosis difficult. 

Porcine Proliferative Enteropathy 
Porcine proliferative enteropathy (also called porcine 
proliferative enteritis, PPE) is usually seen in pigs be
tween 6 and 20 weeks old. PPE is most often character
ized by anorexia and weight loss; diarrhea may or hot 
be seen. The terminal 50 em of the small intestine,.the 
cecum, and upper one-third of the colon may contain 
lesions ofPPE. Various gross pathologic manifestations 
of the disease have been reported. Microscopically, 
however, all forms ofPPE are characterized by intesti
nal cryptal epithelial hyperplasia, which thicken the 
mucosa, and give the intestine an adenomatous appear
ance. Sometimes the muscular layer of the bowel is 
markedly thickened, a feature of "regional enteritis." 
The mucosa may be diffusely necrotic ("necrotic ileitis") 
or the bowel lumen may contain large amounts ofblood 
("porcine hemorrhagic enteropathy"). Histopathology 
of the affected intestine is a reliable means of diagno
sis. Short, curved bacterial rods are easily demonstrated 
in the apical cytoplasm of hyperplastic cryptal 
enterocytes with silver stains, which confirms the diag
nosis. Further mformation regarding the disease and 
intracellular organism will be presented at this confer
ence. 
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Salmonellosis 
The genus, Salmonella, contains about 2000 different 
serotypes, but most cases of salmonellosis in swine are 
caused by S. choleraesuis and S. typhimurium. 11 S. 
typhisuis and S. agona also cause enteric disease in 
swine. Two major forms of clinical disease in swine are 
seen in salmonellosis, septicemia and enterocolitis. Sep
ticemia is usually caused by S. choleraesuis. S. 
typhimurium is the most common salmonella serotype 
that causes enterocolitis, although enterocolitis is also 
seen in pigs infected with S. typhisuis, S. agona, and 
S. choleraesuis. 

Septicemic salmonellosis occurs mainly in weaned pigs 
less than 5 months old, but may be seen occasionally in 
market or adult breeding swine. Gross lesions in pigs 
with septicemic salmonellosis include icterus, 
hepatomegaly, multiple pin-point foci of necrosis in the 
liver, and edema of the gall bladder. The spleen is often 
enlarged from severe congestion. Mesenteric lymph 
nodes are swollen and edematous. The lung is diffusely 
hyperemic and edematous, and may contain foci of hem
orrhage and consolidation. The stomach is congested 
and/or hemorrhagic in the fundic area. The ileum, 
cecum, and colon may be fibrinonecrotic if the pig sur
vives the first few days of infection. The differential 
diagnosis includes erysipelas, septicemic strepto
coccosis, and infection with Actinobacillus pleuro
pneumoniae. Confirmation is best made by culturing 
the lung, liver, spleen, and kidney, in conjunction with 
histopathology of these organsY 1 

Enterocolitic salmonellosis most frequently occurs in 
pigs from weaning to about 4 months of age. 11 Initially, 
pigs have watery, yellow diarrhea without blood or 
mucus. Later, blood may be seen in the feces, but usu
ally in lesser amounts than in swine dysentery. Affected 
pigs are usually depressed and febrile, with anorexia 
and dehydration. Pigs usually only die after several days 
of diarrhea, and mortality is usually low. Most pigs re
cover but remain as carriers and may shed the organ
ism for months. Enteric lesions can be seen in the ileum 
and/or any part of the large intestine. Lesions can be 
acute or chronic. Mild lesions are characterized by ad
herent debris on an inflamed mucosal surface. More 
severe lesions consist of deep mucosal ulcers which may 
be focal or coalescing. The large intestine is usually 
more severely affected than the ileum, with deep button 
ulcers in contrast to possibly just reddening and rough
ening of the ileal mucosa. Rectal stricture also may be 
a sequela to infection with S. typhimurium or other 
salmonellae. 12 
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Diagnosis is confirmed by bacterial culture and 
histopathology of the intestines, mesenteric lymph nodes, 
and cecocolic lymph nodes. The differential diagnosis 
includes swine dysentery, PPE, and trichuriasis. Gross 
lesions in swine dysentery are limited to the large intes
tine and are usually more mucohemorrhagic, with dif
fuse superficial necrosis of the mucosa. PPE lesions 
are quite variable, but tentative differentiation can be 
based on extensive thickening of the bowel wall (when 
present) and location of the lesions (i.e., usually affect
ing the ileum). Whipworms are usually demonstrable 
in trichuriasis, but careful examination of the mucosa 
is often needed for their detection. Mixed infections of 
any of these organisms can occur, therefore demonstrat
ing one pathogen does not necessarily exclude another. 

Swine Dysentery 
Swine dysentery, caused by Serpulina hyodysenteriae, 
is usually seen in 15- to 70-kg pigs, and and commonly 
in 3- to 4-week intervals within a herd.U Suckling pigs 
are susceptible to the infection, but are thought to be 
protected by passive immunity. Diarrhea is the most 
consistent sign of swine dysentery. Feces often contain 
blood, mucus, and occasionally, fibrin. Weight loss and 
dehydration are also common; anorexia and increased 
rectal temperatures are inconsistently seen. Enteric le
sions are limited to the large intestine. Grossly, the 
mucosa is edematous and hyperemic, with multifocally 
adherent flecks of mucohemorrhagic exudate and ne
crotic debris. As lesions become more chronic, the mu
cosa is more extensively covered with fibrinonecrotic 
debris. Additional lesions may include hyperemia of the 
liver and gastric fundus, and swelling and edema of 
mesenteric, cecocolic, and colonic lymph nodes. Wet 
mounts of the large intestinal contents usually reveal 
large numbers of spirochetes. Diagnosis should be con
firmed by histopathology and culture. S. hyodysenteriae 
can be cultured from the large intestine or feces. Medi
cations commonly used to treat swine dysentery may 
reduce the number of organisms to a level below which 
they are culturally detectable; therefore, diagnostic 
specimens should come from nonmedicated swine. 13 

Bacterial Infections of 
Uncertain Significance 

Clostridium peifringens Type A 
Clostridium perfringens Type A may cause high mor
bidity, low mortality diarrheal disease in neonatal pig
lets. In one case report, nearly 100% of 1- to 3-day-old 
piglets developed diarrhea.14 Although morbidity was 
high, the pigs remained vigorous, continued to suckle, 
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and recovered spontaneously in about 4 days. Grossly; 
there was mild edema of the mesocolon. Mesenteric lym
phatics contained chyle. Histologically, no lesions were 
seen, but there were large numbers oflarge, spore-bear
ing Gram-positive bacilli in the intestinal lumen. In an
other case report, infection with C. perfringens was 
associated with villus atrophy, necrotizing enterocolitis, 
and serositis in suckling and weaned pigs. Diagnosis is 
confirmed by exclusion of other diseases, culture oflarge 
numbers of C. perfringens in the small intestine, and 
demonstration oftoxin in the intestinal contents. A word 
of caution: C. perfringens is a normal inhabitant of the 
small intestine and overgrows after death. Postmortem 
proliferation can confuse the interpretation. 

Intestinal Spirochetosis 
Intestinal spirochetosis is characterized by diarrhea in 
recently weaned pigs, and is caused by weakly beta
hemolytic spirochetes cultured under the same condi
tions asS. hyodysenteriaeY It can also occur in grow
ing and finishing pigs, but is rare in adults. The organ
isms are distinct from S. hyodysenteriae and cause a 
patchy colitis with distinct histologic features. As with 
swine dysentery, enteric lesions are confined to the large 
intestine· and consist of mild serosal and mesocolonic 
edema, and scattered 2:.. to 5 ~mm foci of fibrinonecrotic 
exudate and blood adherent to the mucosal surface. 
Microscopically, spirochetes.are attached and oriented 
perpendicular to the apical surface of enterocytes, and 
mucosa is hyperemic and edematous. Diagnosis is con
firmed by histopathology and culture. 

Bacterioides fragilis 
Bacterioides fragilis is a Gram-negative, non-spore
forming, obligate anaerobic bacterium. Natural infec
tion of 2- to 17 -day-old pigs with B. fragilis has been 
associated with diarrheal disease of high morbidity and 
low mortality.16 Experimena,tlly inoculating gnotobiotic 
piglets with enterotoxigenic strains, in contrast to non
enterotoxigenic strains, causes watery diarrhea. In natu
ral and experimental infection the mesocolon is edema
tous, the colon contains an excess of fluid and gas, and 
there is exfoliative colitis. In contrast to other enteric 
bacterial pathogens, this organism does not adhere to, 
attach to, or invade the mucosa, but instead, colonizes 
the mucus layer coating the mucosal surface. Confirm 
the diagnosis by culture and histopathology. 

Chlamydia 
Chlamydia spp. have been found in the small intestinal 
epithelium of pigs with diarrhea. In one case, they were 
found in degenerated and necrotic · enterocytes of the 
intestines of pigs experimentally inoculated with Sal-
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monel/a typhimurium. 17 Chlamydia were thought to 
· exacerbate the effects of S. typhimurium and the co
iilfection resulted in fibrinonecrotic inflammation of the 
ileum, cecum, colon, and rectum. In a more recent case, 
chlamydia were the sole pathogens or were in conjunc
tion with rota virus in the intestines of 4- to 14-day-old 
suckling piglets and in 22-' to 30-day-old weanling pigs 
with diarrhea.18 Microscopically, distal jejunum and il
eum containing the organisms had undergone mild to 
moderate villus atrophy with necrosis and sloughing of 
the villous epithelium. Presumptive diagnosis of chlamy
dia infection made by histopathologic examination was 
later confirmed by transmission electron microscopy 
(TEM) of intestinal sections, detection of chlamydia
specific antigen, and isolation of the organisms in cell 
culture. 

Enterococcus (Streptococcus) 
durans 
Enterococcus durans, an alpha-hemolytic Gram-posi
tive coccus, has been associated with diarrhea in 3-to 
17-day-old suckling pigs. Of 19 .cases of natural infec
tion reported, 13 occurred in conjunction with other 
enteric pathogens, and six cases had no other identifi
able enteric pathogen.19 In both diagnostic cases and 
experimental infection of gnotobiotic piglets, bacteria 
colonized the surfaces. of villous epithelium mainly· in 
the jejunum and ileum. Experimentally infecting 
gnotobiotes but not conventional pigs resulted in diar
rhea. Gut loop assays, as a test for the presence of en
terotoxins, were negative. Diagnosis is confirmed by 
histopathology and bacterial culture of the small intes
tine. 

Mycobacterium spp. 
Swine are susceptible to infection with Mycobacterium 
avium, M bovis, and M tuberculosis. 20 Most natural 
infections in swine in the United States are caused by 
M avium. Pigs usually become infected by being reared 
on soil contaminated by feces of tuberculous poultry or 
wild birds. Pig-to-pig spread through shedding of or
ganisms in feces also occurs. Pigs have also been in
fected when contaminated sawdust was used as bed
ding material. Most infections are limited to the mesen
teric lymph nodes, are asymptomatic, and are not rec
ognized except by inspectors at slaughter. Concurrently, 
the small or large intestines may contain tubercles in 
the mucosa and submucosa. Uncommonly, generalized 
disease occurs, with tubercles in other organs such as 
the lungs, liver, cervical lymph nodes, uterus, and mam
mary glands. Similar lesions (actually abscesses) may1 

be produced by Rhodococcus equi or Actinomycel 
pyogenes. Tuberculosis can be confirmed by 
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histopathology. if acid-fast bacilli are present in mac
rophages in tubercles, although some strains ofR. equi 
may be acid-fast. An enzyme-linked immunosorbent 
assay (ELISA) for the detection of antibodies to M 
avium has also been developed. Absolute confirmation 
requires isolation and identification of the organism, 
which may take several months to complete. 

Yersinia spp .. 
Clinical enteric disease in swine has been associated 
with infection with Yersinia enterocolitica, and Y. 
pseudotuberculosis ssp. pseudotuberculosis. 21 Y. 
enterocolitica was isolated in the absence of other in
fectious agents, from diarrhetic, weaned pigs. Y. 
enterocolitica in swine· causes· necrosuppurative 
enteritis. Colonies ofbacteria in the superficial mucosa 
are often noted. Similar lesions are seen with Y. 
pseudotuberculosis ssp. pseudotuberculosis, but usu
ally there is dissemination of bacteria with necro• 
suppurative foci in other organs such as liver, spleen, 
and lungs. Surviving, infected pigs shed the organisms 
in the feces for several weeks and serve as a source of 
infection for other pigs. Rodents are thought to be the · 
main source of introduction of the organisms into a herd. 
Diagnosis can be confirmed by histopathology and cul
ture. 

often noted 1 week after weaning. Mortality with both 
TGE and rotavirus declines with the age of the pig. 

TGE or rotaviral enteritis should be suspected when
ever the small intestines are thin and non-hyperemic, 
and the large intestines are distended with watery, bub
bly ingesta. Lack of these features does not rule out 
either disease. In neonatal pigs, the small intestinal wall 
may be transparent, revealing clumps of curdled milk 
in the lumen. An empcy stomach may suggest agalactia, 

. a common clinical feature ofTGE. A stomach contain
ing milk in conjunction with mesenteric lymphatics de
void of chyle can be seen with either TGE or rotaviral 
enteritis. Although references state that intestinal con
tents will be acidic (pH 6.0 to ,7.0), in my experience 
this is unreliable, especially when mixed infections (i;e., 
viral and bacterial or viral and protozoal) occur. Com
monly with TGE in neonatal pigs, but also in any case 
where dehydration is severe, urate crystals inay be seen 
in the renal pelvices. 

Microscopicaliy, it is very difficult to differentiate TGE 
and rotaVirus infection. TGE tends to spare the duode
num and rotavirus often infects the duodenum. Severe 
diffuse villus atrophy in the neonate is highly sugges
tive ofTGE, but occasionally rotavirus infects neonates. 
Mixed TGE and rotavirus infections do occur. Histo
logic features of the two infections are essentially iden-

Yeasts and Altered Bacterial tical. Confirmation ofTGE or rotaviral infection is by 
Micro biota a combination of histopathology, fluorescent antibody 
Altered intestinal microbiota is often seen in neonatal tests for viral antigen on cryostat sections of the small 
and recently weaned pigs as a sequela to diarrheal dis- intestine, ELISA for viral antigen (mainly in the case 
ease (e.g., Isospora suis, viral) nonresponsive to anti- of Group A rotavirus), and/or TEM of intestinal con
biotics. Microscopically, the mucosa of the small intes- tents or feces. A combination of all these tests will give 
tines may be populated with large numbers of mixed the best chance for confirmation since antigen, virus 
bacterial types and yeasts. The large intestine may be particles, and lesions may not always be present or de
distended and flaccid, and histologically may contain tectable. Samples of several areas of small intestine, 
large numbers oftrichomonads and increased numbers i.e., duodenum, jejunum, and ileum should be -exam
of inflammatory cells ("nonspecific colitis"). Submit- ined for viral antigen and lesions. Villus atrophy is of
ting samples from nonmedicated pigs in the acute stages ten patchy or masked in pigs suckling sows secreting 
of disease can avoid misinterpretation and increase the antibodies in the milk, 22 as is the case in herds with 
usefulness of laboratory reports. enzootic TGE. Collection of cecal contents at necropsy 

i~ an easy way to obtain a specimen for TEM. Serology 
Transmissible Gastroenteritis and for TGE virus-neutralizing antibodies can also be a 
Rota viral Infection useful tool to diagnose TGE in nonvaccinated pigs over 
Transmissible gastroenteritis (TGE), especially in epi- 8 weeks old, although seroconversion could be due to 
demics, may cause diarrhea in 2-day-old to adult pigs. infection with porcine respiratory coronavirus. 

Pigs in herds with enzootic TGE most commonly show Four different serogroups of rota viruses, namely, 
clinical signs when 7 to 10 days old, with another com- Groups A, B, c, and E infect pigs, and the variation in 
mon peak incidence at or immediately following wean- their antigenicity may pose a diagnostic problem.23 
ing. Rotaviral infection inost commonly causes diar- ·· Groups A through c but not Group E are found in the 
rhea in suckling pigs 1 to 6 weeks old, but may cause United States. Group A appears to be the most com
diarrhea in pigs as young as 2 days old. Diarrhea is mon, and the main serogroup infecting suckling pigs; 
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whereas, weaned pigs are commonly infected with 
groups A, B, and C, and some pigs have mixed infec
tions.24 Diagnostic antiserum to rotavirus must be 
against Groups A, B, and C, or some infections will not 
be detected in cryostat sections. Confirmation of 
rotaviral infection in these cases most commonly relies 
on TEM demonstration of virus particles in feces or 
intestinal contents. 24 

Enteric Viral Infections of 
Uncertain Significance 
A number of viral types other than TGE virus and 
rotavirus have been found in the intestines of swine with 
diarrhea. These include porcine enteric adenovirus, 
porcine enteric calicivirus, astroviruses, enteroviruses, 
parvovirus, and pseudorabies virus. Reoviruses may 
also be found in feces or intestinal contents, but are not 
thought to be pathogenic for the intestine. Porcine en
teric adenovirus commonly is found in the villous and 
follicle associated epithelium of the small intestine of 
weanling pigs. Basophilic intranuclear inclusions and 
virus particles in intestinal contents are the usual means 
of detection. Experimental infection has caused diar
rhea, but natural infections are usually asymptomatic. 

Porcine enteric calicivirus may infect the small intes
tines of suckling and recently weaned pigs. Experimen
tal infection of gnotobiotic pigs results in viral replica
tion in the villous epithelium throughout the small in
testine. However, replication is most pronounced in the 
duodenum and jejunum. The pathogenesis is similar to 
TGE and rotavirus. Virus-infected villous epithelial cells 
are sloughed, resulting in villus atrophy and diarrhea. 
Villus atrophy is mainly seen in the duodenum and je
junum. 25 Confirm diagnosis by histopathology of the 
small intestine and detection of characteristic virus par
ticles in the intestinal contents. 

Several different serotypes of enteroviruses infect the 
intestines of swine. Serotype 8 has been associated with 
diarrhea in swine.26 Confirming the infection is diffi
cult, because virus particles are small and lack distin
guishing features; enteroviruses are normally found in 
the intestines of swine and will usually be isolated in 
cell culture; diagnostic reagents (e.g., monoclonal or 
polyclonal antibodies) to serotype isolates are not com
monly available. 

Parvoviruses normally infect and replicate in the intes
tines of swine, but until recently have not been shown 
to cause enteric disease. In one case, 15-day-old pigs 
had severe diffuse necrosis of enterocytes in the small 
intestinal crypts with denudation of villi, lesions simi-
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lar to those seen in dogs and cats with enteric parvovi
rus infection.27 Microscopically, necrotic enterocytes 
frequently contained acidophilic intranuclear inclusions. 
Inclusions consisted of 19 to 21 nm, nonenveloped vi
rus particles, suggestive of parvovirus. Fluorescent 
antibody tests for porcine parvovirus on cryostat sec
tions of the intestine were negative. Attempts to experi
mentally infect gnotobiotic piglets and isolate the virus 
in cell culture were unsuccessful. 

In addition to its commonly recognized effects, pseudo
rabies virus (PRV) can cause necrotizing enteritis. In 
one study, 5-day-old pigs inoculated intranasally with 
PRV developed necrotizing enteritis with extension of 
necrosis into Meissner's and Auerbach's plexuses in 
the jejunum and ileum.28 Intestinal lesions were seen in 
conjunction with other more typical lesions ofPRV in
fection, such as nonsuppurative meningoencephalitis and 
necrosis in the central nervous system, trigeminal gan
glion, tonsil, lungs, lymph nodes, and other tissues. 
Intranuclear inclusion bodies were seen in crypt epithe
lial cells and in neurons in intestinal plexuses. 
Necrotizing enteritis and ganglionitis is occasionally 
seen in suckling pigs with naturally occurring PRV in
fection. 

Enteric Diseases of Major 
Importance caused by 
Protozoa 

Coccidiosis caused by Isospora suis 
Coccidiosis caused by I. suis is most commonly seen in 
pigs 7 to 14 days old, but may be seen in pigs as young 
as 5 days old and in pigs older than 14 days. The clas
sic lesion is the presence of a diphtheritic membrane on 
the mucosal surface of the intestine, especially the il
eum. This lesion, however, is mainly seen in the chronic 
stage of the disease and when secondary bacterial in
fection of the mucosa has occurred. Bacterial prolif
eration in the necrotic mucosa causes advanced decom
position of mucosal architecture and results in culture 
of mixed organisms. Massive overgrowth of bacteria 
may result in hemorrhagic enteritis, making the lesion 
even more difficult to differentiate from clostridial 
enteritis and colibacillosis. For this reason, one should 
not be surprised if histopathologic examination and 
culture of an intestine with diphtheritic enteritis is not 
diagnostic. Intestines, loaded with merozoites, are of
ten ones with no diphtheritic membrane, and are most 
commonly seen in the earlier stages of disease. Diagno
sis can be made by finding I. suis merozoites in smears 
of the intestinal mucosa, but merozoites may be low in 
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number and difficult to distinguish due to poor uptake 
of stain. Diagnosis of I suis infection is best confirmed 
by histopathology, because formalin fixation preserves 
and helps to localize the organisms in situ. Floatation 
of intestinal contents or feces may be used to detect 
Isospora oocysts when there has been adequate time to 
develop the organism (about 5 days post-infection). 

Protozoal Infections of Uncertain 
Significance 
Coccidiosis caused by Eimeria sp. 
Coccidiosis caused by coccidia other than 1 suis is rare 
and limited to a few species of Eimeria, namely, E. 
scabra, E. debliecki, and E. spinosa. 29 Coccidiosis 
caused by Eimeria sp. has mainly been seen in feeder 
pigs on dirt lots and is characterized by mild 
fibrinonecrotic enteritis with villus atrophy. As with I. 
suis floatation of intestinal contents or feces may be 
used to detect Eimeria oocysts if there has been ad
equate time to develop the organism. 

Coccidiosis caused by 
Cryptosporidium parvum 
(C:ryptosporidiosis) 

' Infe~tion of pigs with Cryptosporidium parvum is usu
ally asymptomatic, although occasionally pigs are in
fected with large numbers of the organism and these 
develop diarrhea. 30 Most cases are seen in pigs 6 to 12 
weeks old. Cryptosporidia preferentially colonize the 
surfaces of villus enterocytes in the jejunum and ileum, 
although large intestinal enterocytes can also be infected. 
Infection with large numbers mainly results in villus 
atrophy. Diagnosis is confirmed by detection of the or
ganisms by histopathology, floatation of intestinal con
tents or feces or examination of direct smears stained 
with an acid-fast stain. 

Balantidium coli 
Balantidium coli is a normal inhabitant of thd large 
intestine and there is little evidence that it causes dis
ease by itself. However, B. coli are commonly seen deep 
in the mucosa and submucosa of the large intestine in 
cases of swine dysentery, salinonellosis, and trichuriasis. 
They may also be seen invading the mucosa in cases of 
"nonspecific colitis," in which no other pathogen is de
tected. They are therefore thought to contribute to en
teric disease by secondarily invading devitalized mu
cosa. 

Trichomonads 
Tritrichomonas suis and othertrichomonads in pigs are 
thought to be nonpathogenic commensals of the large 
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intestine. A common finding in pigs with diarrhea, how
ever, is large numbers oftrichomonads in the crypt lu
mens of the large intestine. Although there are no ap
parent reports of trichomonads causing enteric disease 
in swine, based on the large numbers often associated 
with diarrhea and their presence in large numbers in 
cases of "nonspecific colitis," it is possible that tri
chomonads are unrecognized enteric pathogens of swine. 
This hypothesis is supported by a report in nonhuman 
primates in which Tritrichomonas mobilensis was as
sociated with cryptitis, erosions, and ulcers in the cecum 
and colon. 

Enteric Nematodes 
The most significant enteric nematode parasites of swine 
are Ascaris suum, Strongyloides ransomi, Trichuris 
suis, Macracanthorhynchus hirudinaceus, and 
Oesophagostomum spp. Over the past few decades, en
teric nematode burdens in swine have been reduced sig
nificantly by limiting exposure to contaminated dirt lots 
and pastures, and by the development of efficacious 
anthelmintics. Nevertheless, all of the above nematodes 
are still found, and some (vis., Ascaris suum, 
Strongyloides ransomi, and Trichuris suis) are still 
highly prevalent. :. 

Ascariasis 
Ascaris suum is the most common and important en
teric nematode in pigsY Ascariasis is mainly seen in 
recently weaned and older pigs, which may variably 
exhibit anorexia, diarrhea, poor feed conversion, weight 
loss, icterus, and a moist cough. Development of a cough 
about 1 week after moving pigs onto dirt is a classic 
history. "Milk spots" in the liver, disseminated petechial 
hemorrhages in noncollapsed lungs, and presence of 
adults and large larval stages of worms in the small 
intestinal lumen are the main findings at necropsy. 
Worms may also migrate into the stomach or common 
bile duct after death of the pig. The diagnosis is con
firmed by finding ova in the feces or adult worms in' the 
intestine. Microscopically, larvae may be seen in the 
liver 2 to 3 days after ingestion, and "milk spots" may 
be seen as early as 2 weeks after ingestion of infective 
larvae. Adult worhts may be found in the small intes
tine as early as 21 to 30 days after ingestion of infec
tive larvae. Fixed liver and lung are of more use than 
intestine to detect larval damage. Adult worms in the 
intestine cause subtle microscopic lesions such as hy
pertrophy of the external muscular layer, elongation of 
the intestinal crypts, hypertrophy ofthe goblet cell popu
lation, and increased numbers of eosinophils and mast 
cells in the lamina propria. 
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Strongyloidosis 
Disease caused by Strongyloides ransomi may be seen 
in pigs as young as 2 days old and as old a.S several 
months, but usually is most common and severe in pigs 
7-14 days old.31 Strongyloidosis is mainly seen in the 
southeastern United States and is characterized by 
anorexia, diarrhea, and debilitation. Gross lesions are 
often absent, but mild hemorrhagic enteritis may be seen. 
Larvae are present in scrapings of the mucosa of the 
anterior small intestine. Histologically, larvae tunnel in 
the epithelium, usually at the bases of villi. Invasion of 
the epithelium results in villus atrophy and crypt epi
thelial hyperplasia. You can confirm the diagnosis by 
detecting adult worms in fixed small intestine or mu
cosal scrapings from fresh intestine, or by detecting 
embryonated ova in intestinal contents or feces. 
Strongyloides ova must be differentiated from 
Metastrongylus ova, which also are embryonated. 

Trichuriasis 
Trichuris suis causes bloody diarrhea in recently weaned 
and older pigs. Heavy infections cause anorexia, diar
rhea, dehydration, dysentery, and wasting. At necropsy, 
there is a mucohemorrhagic typhlocolitis, characterized 
by edema of the cecum and colon with multifocal hem
orrhages, accumulation of mucus and fibrin, and pres
ence of adult and larval stages of worms on the mu
cosal surface. Lesions are often exacerbated by 
Balantidium coli or S. hyodysenteriae. The life cycle 
is direct, prepatency is 41 to 45 days, and diagnosis is 
confirmed by detection of ova in feces or adult worms 
at necropsyY 

Oesophagostomosis 
Oesophagostomumdentatum, 0. quadrispinulatum, and several 
other species infect the large intestine of swine.31 

Oesophagostomosis is a mild, usually subclinical dis
ease seen in recently weaned and older pigs. Clinical 
signs in heavy infections include transient diarrhea, 
decreased weight gain, and inefficient feed conversion, 
Third-stage larvae reach the cecum and colon as soon 
as 20 hours after ingestion, remain there for about 2 
weeks, and during this time elicit 1- to 20-mm cystic 
nodules in the wall, which on a cut surface contain yel
low or black cheesy exudate. Microscopically, in the 
early stage of larval migration, the mucosa is focally 
infiltrated with lymphocytes, macrophages, and eosi
nophils. Soon thereafter, nodules, consisting of eosino
philic granulomas centered on third-stage larvae, form 
in the deep mucosa and submucosa. 

Confirmation of diagnosis is best made by histo
pathology. At necropsy, nodules may be confused with 
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hyperplastic or cystic lymphoglandular complexes, the 
gut associated lymphatic tissue of the large intestine. 
Ova can be detected in the feces, but must be differen
tiated from Hyostrongylus. 

Afacracanthorhynchus 
hirudinaceus 
Infection with M hirudinaceus is mainly seen in pigs 
on dirt lots, which contract the infection by ingesting 
the larval stages of dung beetles. 31 Dung beetle larvae 
are the intermediate hosts, carrying infective larval 
stages ofM hirudinaceus. M hirudinaceus infects the 
small intestine ofswine and mainly is found in the il
eum. Female worms may reach 40 em in length, and 
both sexes of worms attach deeply to the wall of the 
intestine by means of a hook-bearing proboscis. The 
proboscis may penetrate to the level of the tunica 
muscularis and therefore be visible from the serosal 
surface. Attachment of the worm causes a deep ulcer 
approximately 1 em in diameter to form in the wall of 
the intestine. The nodule grossly appears gray or yel
low and consists of an area of necrosis and suppura
tion. Perforation may occur with resultant peritonitis. 
Severely infected pigs may suffer diarrhea, weight loss 
and anemia. Confirm the diagnosis by detection of ova 
in the feces or adult worms at necropsy. 

Toxicant- and Feed-related 
Enteric Disease 
Mycotoxins, plant-related toxicants, antinutritional fac
tors of plant origin, and toxicoses with certain metals 
may cause enteritis, maldigestion, weight loss, and 
death. Deoxynivalenol (DON), commonly known as 
"vomitoxin" and produced by Fusarium gramineareum, 
causes pigs to refuse their feed and to vomit Although 
DON does not appear to cause enteric lesions, it does 
cause acute pancreatic exocrine and endocrine gland 
necrosis, congestion and edema of the gastric mucosa, 
and hyperkeratosis of the pars esophagea of the stom
ach. 33 Diacetoxyscirpenol (DAS), a trichothecene pro
duced by Fusarium tricinctum, also causes vomiting, 
feed refusal, and has been associated with hemorrhagic 
bowel syndrome in pigs.34 T-2 toxin, another tricho
thecene toxin produced by the genus Fusarium, can also 
cause vomiting and hemorrhagic intestines in swine. 35 

Cyclopiazonic acid, produced by several species of 
Aspergillus and Penicillium, experimentally causes 
fibrinonecrotic enteritis with villus atrophy and gastric 
ulcers.36 

Ingestion of various toxic plants, vis., cocklebur seed
lings (Xanthium spp.), St. John's Wort.(Hypericum 
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perforatum ), and buttercup (Ranunculus sp.) may cause 
vomiting and diarrhea with gastrointestinal hyperemia 
and hemorrhage, among other lesions. 37 Poisoning with 
compounds such as alpha-napthyl thiourea, red squill, 
thallium sulfate, pentachlorophenol, and dicoumarin 
derivatives (e.g., warfarin) can result in gastrointesti
nal hyperemia and hemorrhage. 37 Profuse hemorrhage 
in the small intestine is more suggestive of poisoning 
with warfarin or other anticoagulants, and should be 
differentiated from porcine hemorrhagic enteropathy (a 
component ofPPE), hemorrhagic gastroenteritis caused 
by endotoxemic colibacillosis, inorganic arsenic poi
soning, and mesenteric volvulus. 

Elemental toxicants include arsenic and selenium.37•38 

Poisoning of swine with compouhds containing inor
ganic arsenic is characterized· grossly by diffuse 
hyperemia of the stomach and intestines, and micro
scopically by diffuse necrosis of the gastrointestinal 
mucosae. Lesions in other organs, such as fatty change 
in the liver and kidney, help differentiate the lesions from 
other causes of necrotic enteritis. Diagnosis is confirmed 
by arsenic analysis on liver, kidney, stomach and intes
tinal contents, and urine. Experimentally, acute organic 
and inorganic selel)ium toxicosis of swine causes vom
iting, transitory diarrhea, and edema of the mesocolon, 
among other clinical signs and lesions.38 Microscopi
cally, many of the signs and lesions are secondary to 
microangiopathic (e.g., arteriolar) necrosis. Selenium 
analysis of the liver and kidney is needed for diagnosis. 

The seeds of some legumes contain antinutritional fac
tors, for example, protease inhibitors, tannins, and 
lectins, which may account for a less efficient use of 
proteins. Experimental feeding ofbeans ofthe legume 
Phaseolus vulgaris causes jejunal villus atrophy, diar
rhea, and wasting.39 Soybeans contain protease inhibi
tors that must be inactivated by heating or by some other 
means before the product can be fed, otherwise 
maldigestion and diarrhea will result. 40 Villus atrophy 
in the small intestine may result from feeding unproc
essed soybeans; whereas feeding diets that contain par., 
. tially inactivated protease inhibitors may result in very 
subtle lesions. Pigs may also develop postweaning di
arrhea from hypersensitivity to soybean protein or 
casein. Pigs weaned on diets containing soybeans as a 
sole protein source developed delayed-type hypersensi
tivity skin reactions within 5 days after feeding, which 
was associated with small intestinal villus atrophy and 
crypt hyperplasia. the hypersensitivity, however, was 
transient with tolerance to the antigen developing 11 
days after weaning. 41 Ethanol extraction reportedly re
duces the allergenicity of soybean proteins. Confirm the 
diagnosis of feed-related enteric disease (i.e., anti-nu-
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tritional factors or hypersensitivities) relies to a great 
extent on the history. Other causes of enteric diseases 
should be ruled out first and feed analysis may be re
quired. 

Lupin (Lupinus a/bus) bean meal fed as a protein sub
stitute for soybean meal has also been associated with 
enteric disease in swine. 42 Clinical signs of toxicosis 
have included feed refusal, reduced growth rate, con
stipation, distended abdomen, rectal prolapse, and death. 
Pregnant sows fed a diet containing lupin bean meal 
have increased numbers of stillborn pigs and reduced 
litter size. Pigs submitted to the laboratory at necropsy 
had weight loss, rectal stricture, and megacolon .. Diag
nosis of this condition would tentatively be made by 
history, supportive lesions, and ruling out other causes 
of the signs and lesions. 

Various nutritional deficiencies cause enteric disease in 
swine. Prolonged protein-calorie deficiency, among gen
eralized atrophy and wasting of most organs, results in 
villus atrophy in the small intestine and diarrhea. Se
vere prolonged deficiency of niacin causes diffuse ne
crotic enterocolitis. Mild deficiency of niacin causes 
villus atrophy in the small intestine and mucosal ulcer
ation. Deficiency of pantothenic acid can cause a non
specific colitis. Vitamin E and/or selenium deficiency 
may result in arteriolar necrosis and edema in the 
mesocolon. 

Miscellaneous enteric 
lesions 
Various miscellaneous lesions are seen in the intestines 
of swine, most of which are of unknown cause, others 
are nonspecific. Intestinal neoplasia occurs very rarely 
in swine. Lymphosarcoma and adenoma are probably 
the most common tumors seen. Diverticulosis is some
times seen in the small intestine of swine, especially in 
conjunction with hypertrophy of the muscular layer. The 
lesion consists of a saccular dilatation of the mucosa 
through the muscular layer into the subserosa. 43 Intes
tinal emphysema is occasionally seen, is .characterized 
by the presence of gas-filled vesicles up to 2 em in di
ameter in the lymphatics of the mesentery and wall of 
the intestines. The condition is asymptomatic and most 
often detected at slaughter.44 Volvulus, torsion, and in
tussusception are strangulating lesions of the intestines 
that are occasionally seen. Hyperplasia of lympho
glandular complexes (lymphoid aggregates) in the large 
intestine is a common finding. It appears as white nod
ules in the wall of the intestine and is most often seen 
with chronic colitis, especially that caused by 
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trichuriasis, swine dysentery, and PPE. The lesion can 
be confused with oesophagostomosis. 

Various obstructive or strangulating conditions are com
mon findings at necropsy. Mesenteric volvulus usually 
causes strangulation of the small intestines or both the 
small and large intestines, and presents as severe dif
fuse hemorrhagic enteritis. Torsion and intussception 
also cause blockage with hyperemia, necrosis and hem
orrhage, but affect only a segment of the bowel. Occa
sionally the bowel may become entrapped and strangu
lated by adhesions caused by penetrating wounds, ab
scesses, or herniations into the umbilicus or scrotum. 
The intestines may become blocked by ascarids, for
eign bodies, hair balls, impacted dry feed, or strictures. 
Megacolon commonly results from rectal strictures 
caused by Salmonella typhimurium or other sal
monellae, and is also associated with ingestion of diets 
containing lupin bean meal. Rectal prolapse is a com
mon fmding in pigs and is seen in animals with pro
longed tenesmus or straining,or as a herd problem when 
the ration contains zearalenone, 45 lupin bean meal, 42 

after feeding certain antibiotics such as lincomycin or 
tylosin, or secondary to other conditions in which in
creased pressure is placed on the abdomen. 
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Breeding Herd Pa~adigms 

Mark FitzSimmons, DVM 

When we as practitioners and consultants began using 
computerized records, it made it possible to collect and 
use reams of information. The wealth of obtainable in· 
formation seemed endless. We started to retrospectively 
investigate the number of services per estrus, lactation 
length, boar use, gilt breeding age, and parity. Many 
"new" paradigms were developed by analyzing the da· 
tabases. The increasing information and sow numbers 
added more and more statistical power. Database after 
database confirmed previous observations and studies. 
These beliefs and practices have become deeply em
bedded in the minds of both veterinarians and produc
ers. 

Suddenly, some people are beginning to question these 
commonly held beliefs, saying that there are potential 
biases in the information obtained in the computerized 
databases. 

Multiple Matings 
It is currently believed that sows mated twice or three 
times have better reproductive (total born litter size and 
farrowing rate) efficiency than sows bred once peres
trus. This finding may be confounded by the fact that 
sows with higher fertility tend to be in standing heat 
longer and are therefore more likely to be bred multiple 
times. When you talk to breeding herd managers about 
single versus multiple matings, ask them if they inten
tionally mate sows only once or if single-mated (and 
less reproductively efficient) sows will only stand once. 
In a retrospective study, the database is likely to be bi
ased by this estrus-duration artifact. 

We have three farms currently single-mating 80%-85% 
of their sows and reproductive performance has not 
decreased. The new paradigm on these farms is that 
single mates have better farrowing rates that double. 
This is biased by the fact that we selectively double
mate females with lower predicted fertility. 

Lactation Length 
Lactation lengths of 16 days or 19-23 days are better 
for subsequent reproductive performance. The bias 
present here in retrospective studies deals with the rea
sons sows are weaned early in systems designed to wean 
pigs at 21 days. Normally, sows that are weaned early 
are those that are pulled out because they are having 
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production problems or because the producer requires 
additional space. The database effect is the result of 
managerial interference, i.e. weaning the poorest sows 
in the room sooner because ·of the expected effect of 
early weaning. Farms that intentionally wean all sows 
at 15-16 days do not see the dramatic decrease in per
formance, because all sows are weaned early. I hypoth
esize that if 80% of the data in computers was from 28-
day weanings, the performance from 21-day weaned 
sows would not look as good. 

Boar Use 
The paradigm that older boars should be used only 5-6 
times per week is another example of a conclusion drawn 
from biased information in the database. When predicted 
sow fertility is standardized, boars of any age have 
equally fertile matings up to 10 breedings per week. 

Age Bred As A Gilt 
Recently this paradigm has been challenged on an eco
nomic basis. The question yet to be answered is the 
effect or need of proper acclimation of new gilts to the 
sow herd. This would determine whether the 3-5 weeks 
saved by breeding gilts at 180 days versus 200 or 220 
would be in the finisher or in the breeding/gestation fa
cility. If acclimation is required, then gilts would still 
be in the breeding area, but they could enter it at 160 
days of age. 

The list of paradigm shifts goes on and will continue to. 
grow as creative people massage the ever-growing da
tabases. This phenomenon has already overflowed into 
the grow/finish and financial data sets. 

Researchers around the world work hard to set up un
biased, nonconfounded, prospective studies that we 
continue to question because they do not agree with our 
biased, confounded, retrospectively based paradigms. 
We need to keep asking ourselves whether the informa
tion we are looking at truly represents the average fe
male in the herd or whether our management practices 
have biased the data. 

I continue to consult and evaluate computer-based in
formation output, but have become much more critical 
in my own conclusions. It takes only one study to gen
erate aparadigm that people adopt but 100 to disprove 
it. 
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Early Weaning Effects on Growth 
Marie Claude Poulin, Bernard Couture, and Bany Wiseman 

Since modified medicated early weaning (MMEW) and 
off-site production were developed, a great deal of re
search has been conducted to compare these techniques 
to a conventional system that weans 3-week-old pigs. 
In this paper, we present data derived from an ongoing 
swine production system that uses conventional rear
ing, MMEW and a system that removes sows are from 
the farrowing crates at weaning and leaves the pigs there 
for 9 weeks (a modification of the F -10 system1 ). These 
systems have.been in place for different periods of time 
on the farm. 

The main purpose of this paper is to compare growth 
performance (age at 100 kg) of genetically similar ani
mals among these different types . of production. We 
compare: 

• MMEW versus conventional on-site weaning; and 
• MMEW versus F-10. 

Materials and Methods 
The data used in this paper is derived from 10 months 
of an ongoing 1200-sow production system spread 
across four separate locations. Three separate genetic 
lines are raised in this system and males are raised as 
intact boars. 

Facilities 
All facilities have a high level of biosecurity; they are 
in secure locations and are shower-in. 

The first facility (Farm A) consists of 650 sows with 
breeding, gestation, and identical ali-in/all-out farrow
ing and finishing facilities. This farm uses a modified 
F-10 system1 in which sows are removed from farrow
ing crates at weaning and pigs remain in the crates until 
they are 9 weeks old. 

The second facility (Farm B) consists of550 sows with 
breeding, gestation, farrowing, nursery and finishing 
facilities. Pigs are. weaned at an average of 23 days of 
age to ali-in/all-out nurseries for 8 weeks and then moved 
to a continuous-flow grower/finisher. 

MCP, BC: Genetiporc, Inc., St. Bernard, Quebec; BW: University 
of Minnesota, St. Paul, Minnesota 
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The third and fourth facilities (Farms C and D) consist 
of: 

• an off-site nursery divided into hot and cold sections. 
There is a 1800-head inventory, with 90 pigs per ali
in/all-out room in the hot section and 180 in each 
ali-in/all-out cold section room; and 

• a finisher on a separate site from the other three fa
cilities. It has fifteen ali-in/all-out rooms with a 180-
head capacity. 

On all farms, feed management is similar. Pigs receive 
a dry feed ad libitum in the nursery. When they are 
moved to finishing, they are fed by an automatic, com
puterized liquid feed system. 

Health Status and Monitoring 
Farms A and B are high health. They were originally 
derived from a primary specific pathogen-free (SPF) 
farm. The animals are qualified by clinical exams, se
rology, or slaughter checks to be free from Actino
bacillus pleuropneumoniae (all serotypes}, coronavirus 
(TGE and PRCV}, Serpulina hyodysenteriae, salmonel
losis, leptospirosis, atrophic rhinitis, external parasites 
(mange and lice}, porcine reproductive and respiratory 
syndrome (PRRS) virus and porcine proliferative and 
necrotizing pneumonia (PNP). The herds are vaccinated 
against parvovirus, leptospirosis (6 serovars) and 
erysipelas with a commercial vaccine. 

All farms have an ongoing health-monitoring program 
which includes regular clinical visits, serology, and 
monthly slaughter checks. Specific serology for Myco
plasma hyopneumoniae (ELISA Tween 232 at Iowa 
State University) was performed on samples collected 
at 100 kg from Farm D. 

Animal Flow 
Two identical farrowing rooms of 14 crates each are 
filled every week in Farm A. Pigs from one farrowing 
room are transferred to the off-site nursery (Farm C) 
using an MMEW protocol. Pigs born in the other far
rowing room are raised via the F -10 system and fin
ished on Farm A. 

Four identical farrowing rooms of six crates each are 
filled every week in Farm B. Pigs from one and a half 
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farrowing rooms are transferred to the off-site nursery 
(Farm C) using the MMEW protocol. Pigs born in the 
other farrowing rooms are weaned to single-stage, on
site, ali-in/all-out nurseries. After 8 weeks in the nurs
ery, these pigs are moved to a continuous-flow grow/ 
finisher. 

The farrowing rooms at both Farms A and B are filled 
randomly with sows based on the date of expected far
rowing. The MMEW protocol is based on vaccinating 
sows and injecting pigs with ~ultiple antibiotics. Pigs 
are weaned by 10 days of'age and moved to Farm C 
twice per week in modified poultry boxes in a cleaned 
and disinfected panel van. Pigs that weigh less than 1. 8 
kg at the time of weaning remain on the original sow 
farm. 

Farm C receives 180-200 pigs per week into two iden
tical ali-in/all-out decked rooms. The weaning age is 
less than 10 days at arrival in this farm. The pigs re
mained in the hot nursery for 4 weeks and in the cold 
nursery for 6 weeks. At approximately 77 days of age, 
the pigs are moved to Farm D. Pigs remain at Farm D 
until they reach market weight ( 100 kg). 

WEEKS 

The following diagram (Figure 1) shows the flow and 
ages of this production system. Ages in weeks are given 
on the left· axis to indicate when pigs are present in a 
facility. 

Pig Measurements and Statistical 
Analysis 
Pigs in all finishers were weighed by the Canadian gov
ernment for their Records of Performance (ROP). The 
ROP system records the weight of different individual 
pigs from a single pen over a 3-4 week period, with 
target weights of 90 to 105 kg. The data which they 
provide is age at 100kg. This is calCulated bythe ROP 
formula, which accounts for breed, farm and sex dif
ferences. 

Statistical analysis was done by Student's t-test using 
the PROTTEST routine in the SASX program. 

Results 

Health Status of Farm D 
To date, 35 samples taken on four separate occasions 
for Mycoplasma hyopneumoniae serology has been 

50% piglets 33% pig lets 
1 Farm A t> <I Farm B 

·650 sows Farm c 550 sows 
3 

5 Farrowing nursery Farrow to 
Nursery finish 

7 Line #1 #2 
Line #1 #3 Line #2 #3 

9 

11 
Finisher I Farm D l 13 

15 I 
I Finisher 

17 
I Line #1 #2 I 

19 #3 

F-10 
I MMEW 21 

I 
23 

CONVENTIONAL 

Figure 1. Production system flow plan. 
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negative. Monthly slaughter checks consistently s~o~ 
no evidence of enzootic pneumonia. Also, monthly dim
cal exams support the absence of this agent. 

Performance Comparisons 
The following table (Tables 1) shows averages and stan
dard deviations among age-at-100-kg for the different 
forms of production. These tables are split by sex and 
genetic lines to account for any confounding these fac
tors may have on our results. Means with diffe~ent su
perscripts are statistically different (P < 0. 0001) m com
parisons on each table within the same sex. 

The following figures (Figures 2-4) are graphic repre
sentations of days-to-1 00-kg by month over 10 months. 
Comparisons are shown between different production 
types for males of each line compared. Females would 
demonstrate similar tendencies but were left out for 
brevity. Error bars represent 95% confidence intervals. 

Discussion 
The primary health difference between F -10 or c?~ven
tional rearing and MMEW was the apparent abihty of 

Early Weaning Effects on Growth 

MMEW to eliminate Mycoplasma hyopneumoniae. 
Since both sow herds would be considered high health 
status aside from presence ofM hyopneumoniae, this 
was the primary pathogen followed for success of dis
ease eradication. 

The differences in growth rate between the three pro
duction systems was evaluated by measuring days-to-
1 00-kg. We used this production paramet~r rather th~ 
average daily gain (ADG) was because It was easily 
available from ROP data over a long period. However, 
this data is limited in that it provides information for 
the entire pig life and does not separate different growth 
stages. Data for feed conversion is not given. 

The differences in growth rates between the F -10 and 
MMEW production systems are shown in Table 1 and 
Figure 2. There was no significant difference between 
the production systems for either sex ~Table 1) over ~e 
10 months evaluated or over time for mtact males (Fig
ure 2). 
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The differences in growth rates between conventional 
rearing and MMEW are shown for two separate lines 
and both sexes in Tables 2 and 3. Differences over time 
are shown in Figures 3 and 4. There was a significant 
improvement in days-to-1 00-kg for pigs raised by 
MMEW in both lines and in both sexes. This trend is 
fairly consistent over time (Figures 3 and 4). 

Confounders that may have affected our results include 
differences in building design, management practices, 
environment, nutrition or the ability to meet nutritional 
requirements, and transport. The litters for different 
treatments came from different rooms, representing a 
potential sow-selection bias. In addition, light pigs were 
excluded from MMEW selection, also representing a 
potential source of bias. The high health status of all 
farms in this paper may preclude drawing the conclu
sion that the results would be the same in other produc
tion systems with a different health status. 

No differences were seen in days-to-100-kg between 
the F-10 and MMEW reared pigs. Possible explana
tions include: 

The health status of the sow herds and pigs was not 
a limiting factor for growth. In lower-health-status 
herds, these results may not be the same. 

Transportation and pig movement may have had a 
negative effect on MMEW -reared pigs. The F -10 pigs 
were moved once prior to marketing. The MMEW 
pigs were moved and mixed three times, including 
two movements to off-site locations. 

Nutritional requirements of high-lean genetics with 
high-health status are not well understood at this time 

Table 1. 

Line Males 

Production system F-10 MMEW 

Number of animals 1798 863 
1 

Age at 100 kg 148.83 148.3a 

Standard deviation 11.4 10.2 

Production system Conventional MMEW 

Number of animals 558 352 
2 

158.7a 149.0b Age at 100 kg 

Standard deviation 11.8 10.4 

Production system Conventional MMEW 

Number of animals 655 379 
3 

154.3a 147.8b Age at 100 kg 

Standard deviation 11.7 9.9 
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and may not have been met during this study. 

Significant differences were seen in growth rates be
tween MMEW and conventional pigs. While these are 
expected, part of the differences may be accounted for 
by the ali-in/all-out pig flow in the MMEW and the 
continuous pig flow of conventional finisher. 

This paper builds on work showing that MEW or 
MMEW pigs grow faster than conventionally raised 
pigs.2•3•4•5 We also showed good growth rates for F-10 
raised pigs consistent with others. 1 This is the first work 
that has compared an off-site weaning to an on-site 
weaning where pigs are left in farrowing crates through 
the nursery phase. Other management systems, such as 
ali-in/all-out pig floW' and off-site rearing 7•8 have also 
been shown to have a positive effect on pig growth. 

It is obvious that several factors can influence pig 
growth. It has been postulated9 that disease status is 
not only important because of the presence of patho
gens but also because the immune system or immune 
response to a pathogen will reduce growth rates. The 
implications of affecting stresses and levels of immune 
stimulation may play ail important role when evaluat
ing different production systems for their impact on 
growth. 

The extent to which health status and subsequent im
mune response influence different stages of production 
is undetermined. Techniques such as MEW/MMEW or 
F-10, which respectively reduce either pathogen loao 
or stress, have been shown to improve growth rates in 
the nursery. This leads to the question of whether these 
effects can continue to cause elevated growth rates 
throughout the growing/finishing phases of production, 

Females 

F-10 

1715 

154.5b 

12.3 

Conventional 

723 

164.9c 

12.1 

Conventional 

613 

162.0° 

10.8 

MMEW 

734 

154.7b 

11.3 

MMEW 

378 

155.9d 

11.1 

MMEW 

393 

153.1 d 

9.9 

or if research showing el
evated growth rates 
through finishing are re-
flective of the nursery 
phase only.10 
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The Evolution of the Veterinarian's 
Role in Production Management 
and Health 
Dr. James 0. Hanson address 
Dr. Conrad B. Schmidt 

It is a privilege to address colleagues and friends about 
the changes taking place in our profession. This paper 
is presented as the Dr. James 0. Hanson address and 
will become a yearly part of the Allen D. Leman Swine 
Conference. Dr. Jim Hanson dedicated himself to ser
vicing the veterinary profession and the practicing vet
erinary. He has helped many of us strengthen our pro
fessional knowledge and his forward thinking and in
novative continuing education programs will be remem
bered for many years. So where is swine practice 
headed? Our future will be created by our own minds 
and attitudes. Our perceptions of the future will allow 
us to determine whether we want doom and gloom, or 
boom and success in our practices. The big picture of 
our future can be boiled down into four primary ques
tions: 

• are you properly planning for your future? 
• can you capitalize on the coming changes in animal 

agriculture? 
• will you educate yourselves for the future? 
• how will you market your skills to the animal pro-

tein industry? 

Today we are going to discuss the changing roles and 
new opportunities for the swine practitioner. We must 
start to refocus our efforts and involvement with the 
swine industry to become a key part of the evolving 
changes. The future for involved veterinarians working 
within today's production management and health fields 
will be based upon a wider and more thorough under
standing of animal health and production. Veterinary 
advice and decision making will have a dramatic effect 
on profitable pork production in the coming years. 

As we prepare for our future roles, we need to look at 
how we are perceived by our clients. I would like to 
share data on various producer-veterinary relationships. 
This data is from the 1993 National Hog Farmer Reader 
Profile Survey. 1 Of those producers responding to this 

Senior Staff Member, Veterinary Medical Center, PA; President, 
Oxford Veterinary Laboratories, Inc. 
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survey, the average pork producer farmed 600 acres; 
90% were independent owner/operators and the aver
age active breeding herd consisted of 150 sows. Some 
of the results that are important as we plan for 2005 
include the following: 

• 50% of the producers have implemented some type 
of modified medicated early weaning (MMEW), 
medicated early weaning (MEW), or all-in/all-out 
(AIAO) strategies. 

• 50% of the producers plan to implement some type 
ofMMEW, MEW, or AIAO in the future. 

• 50% of the producers who adopted AIAO procedures 
used a veterinarian as their key informational source 
to make their decision. 

• 14% stated the veterinarian makes the key decisions 
and recommendations for their unit on feed ingredi
ents, genetics, medication or purchasing feed. 

• Producers who plan to raise hogs for ten or more 
years from this survey totaled 80%. 

• 3 7% of the producers raised hogs under contract with 
or for other producers. 

• 78% of the producers used the veterinarian for in
formation on herd health. 53% used the hog maga
zines and 25% used suppliers of products to influ
ence their final decisions. 

• 33% ofthe producers use a veterinarian for service 
more than ten times in a year. 51% used a veterinar
ian less than five times. 

• 55% of the producers have not increased use of the 
veterinarian in the past five years and 25% use the 
veterinarian less than-before. 

• 60% of the producers felt their DVM was their con-
sultant and used him/her for the following services: 

Herd health 98% Genetics 10% 
Nutrition 26% Marketing 2% 
Production 15% Financial 2% 
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Facilities 12% 

These survey results tell us that we have a tremendous 
opportunity to expand opr relationships with the 'hog 

. producer. But how do you plan to do it? 

If we are to grow with the industry we must look ahead 
to see what issues will be affecting the pork producers 
potential for success. These issues may be a low prior
ity for some of the producers we work with today, but 
they will be key issues for all, as we participate in a 
growing and dynamic industry. 

Issues Affecting Pork 
·Producers Success 
• Public issues of animal welfare and protein quality 
• Systems that enhance productivity · 
• New consumer markets for pork 
• Globalization of the United States pork industry 
• Capital and risk sharing innovations 
• Business changes which are focused on records and 

their analysis 
• Pig movement -North American Free Trade Agree-

ment (NAFTA), etc. 
• Unit size versus environment versus profitability 
• . Production systems and technology advancements 
• Competitive marketing programs 

These issues are only part of the changing environment 
so I developed some thoughts on what the pork indus
try may look like by the year 2005: 

• Slaughter capacity and locations will stay about the 
same. 

• 15-20 large integrators units will be producing 20%-
25%·ofthe hogs in the United States. 

• Mexican and Canadian feeder pig imports will in- · 
crease. These pigs will be fed within 1-2 hours of the · 
major processing plants in the United States. 

• Independent producers will slowly continue to shrink. 
The average herd size will continue to increase. 

• . The educational level· of owners and managers will 
increase, but internal unit labor knowledge will re
main low. 

• Environmental issues will be a industry problem. The 
NPPC will take a key role in addressing the prob
lem. The veterinarian will be involved with environ
mental issues on a per unit basis and will be a key 
figure in monitoring and maintaining an ~nvironmen- . 
tally safe unit. 

• Animal welfare will grow in importance and the vet
erinarian will be required to monitor the animal sta
tus within units. 

• The veterinarian will become a residue avoidance 
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specialist. We will be viewed as the overseer of the 
systems that produce a wholesome, residue-free ani
mal protein. 

• The majority of practitioners income will come from 
working with the new independent producers on a 
fee basis. · 

• The need for health and production information will 
be the key role of many veterinarians. 

In 2005 there will be a new meaning and purpose for 
veterinary medicine. We must all get involved to change 
the perception of our profession. The following chart 
can give us some insight into how I currently see today's 

Other 
Producers' Perceptions of Industry 

Swine PractitionerS DVM Sources 

Economics Low High 

Information demands & 
Avg Avg 

transfers of knowledge 

Human and food safety High Low 

Public issue involvement Avg High 

Trend setter High Avg 

Pseudoscience Avg · Avg 

New networking for answers Avg High 

Specialization awareness High Avg 

Professional PR programs Low High 

Knowledge of statistics Low Avg 

Ability to discuss application of 
High Avg new technologies 

Industry perception of worth Low Avg 

Marketing programs for self 
Low High 

benefit 

swine practitioner as s/he relates to other industry sec
tors that deliver information to the pork producer. 

Areas where we can develop a leading role with today 
and tomorrow's pork producers are everywhere. The 
following areas are where we can be the leaders and 
have dramatic influence in the year 2005. Which ones 
will you be able to participate in? 

• Emergency and acute health care 
• Epidemiology investigations 
• Disease control and prevention 
• Environmental monitoring 
• Diagnostic monitoring 
• Facility planning and remodeling 
• Record collection and analysis 
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• Producer expansion programs 
• Regulatory monitoring 
• Human health concerns Species 

Percent of Percent of practice 
practice time time per species 
per species* projected to 2005** 

• Information, data collection, Swine 
• Marketing decision and programs financial 

55 75-80 

analysis Beef 16 5-10 

• Animal welfare issues 
• Biosecurity 

Dairy 

SA 

10 5-10 

10 15-20 
• Training of production help 
• Quality assurance and residue avoidance 
• Production husbandry and management 

Equine 

Poultry 

2 0 

1 0 

• Nutritional consulting Other 2 0 
• Personnel development programs 96% 100-120% 
• Genetic selection 
• Capital procurement and risk sharing 

* Dr. John Dean- AASP Summary Results 1993 Member Survey 
** Southwestern Minnesota Practice Data- CB Schmidt 1993 

• Breeding programs 

If you study this list you can begin to see that today's 
veterinarian has a severe identity awareness gap as re
lated to the pork producers' perceptions on what we 
can do for them. In fact, if we take a look at how we 
perceive ourselves and then how our clients perceive 
us, we can quickly see that we need to market our skills 
and knowledge in a more focused and concise manner. 
We need to break out of our protective veterinary co
coons and emerge into a new and evolving swine indus
try. We must let swine producers and industry leaders 
know that the veterinarian is their first choice when 
production management and health decisions need to 
be formulated and implemented. I feel it is time we start 
to educate the industry on what the veterinarian can do 
to improve producer profitability. 

I find it interesting that we as swine practitioners and 
veterinarians can discuss many issues within our vet
erinary profession and associations. We're great at de
veloping our future level of knowledge within our own 
professional group. We know exactly what we can do 
and how we can help animal producers. Outside of our 
own support groups, we have an unknown level of cred
ibility for competence. If we look at John Dean's AASP 
membership survey,2 we will find some interesting in
sights into the developing swine practitioner. 

The breakdown of Dr. Dean's AASP membership sur
vey showed the following percent of professional time 
per species in their practice. 

In preparing for this presentation, the Production Man
agement and Health Associates3 at our clinic developed 
two model situations to show the value of veterinary 
herd health programs . Using our production manage
ment information, a typical independent southwestern 
Minnesota pork producer was modeled as a base herd. 
The model inputs were developed to show how our de-
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What services does your place of employment 
provide? 

Future 
Service service 

Practice service offered* trends 

Consulting visits 89 t 
Drugsales 73 -1.-

Emergency work 71 -1.-

In house bacteriology 55 t 
Nutritional consulting 50 t 
Record bureau 35 t 
In house pathology 31 -+ 
Financial consulting 25 t 
Premix and feed sales 23 -+ 
In house serology 17 t 

* Dr. John Dean - AASP Summary Results 1993 Membership 
Survey 

cision making would affect a typical farrow-to-finish 
operation. The base production unit is a 250 sow herd, 
with a known performance and health status. Produc
tion improvements were made with management and 
facility changes, plus a standard herd health interven
tion program. This herd should be considered in the top 
25% of today's production units for productivity and 
profits. 

The facility in the base model has fully paid and depre
ciated breeding, gestation, and farrowing facilities. The 
nursery facilities were 50% paid for and new grower/ 
fmisher buildings were just added to this unit. The model 
used projected the herd production status as it would be 
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Model I and II Economic Assumptions 

Market price $46.50/CWT Finishers 

$38.00/CWT Sows 

$30.00/CWT Boars 

Employee cost $1 0.04/Hour 

Professional fees (DVM) $5,600/Year 

Nursery cost 

Grower/Finisher 

$60.00/Space (50% paid) 

$150.00/Space (New) . 

Four years 
minimal 

Four years Four years 
minimal intensive 

Base herd intervention intervention 

Profit 217,170 147,277 180,567 

Profit/CWT 18.51 13.40 15.65 

$12.,967/year for a total fee income for this unit for 
service and product of$18,567.00 with intensive inter
vention. In return, the producers increased their profits 

by $33,290 more per year with the inten
sive intervention program versus the mini

Four years 
intensive mal intervention program. 

Model I assumptions Base herd intervention _____ ...:,_ _____________ i_nt_e_rv_e_n_ti_o_n_ A second model was also analyzed. In this 
Sow Mortality 4% 

%Sows Died 1% 

Number Pre-Weaning 
1.1 

Deaths/Liter 

Nursery Mortality 1% 

Mortality 1.5% 
Grower/Finisher 

FCR Nursery 1.55 

FCR Grower/Finisher 2.70 

% Underweight Pigs 10% 

% Target Weight Pigs 77% 

% Overweight Pigs 10% 

6% 

3% 

1.4 

3% 

3% 

1.85 

3.30 

20% 

62% 

15% 

5% model the original assumptions made for the 

2% base herd were kept the same, except for 
six key areas. The selected objectives are 
those on which we as swine practitioners 
could have a direct impact. In this model it 
was determined that we could initiate these 
measures by keeping the professional fees 
constant at $5600/year and intervention at 
$2191/year. All other assumptions in Model 
II were kept the same except for these six 
selected objectives. 

1.2 

2% 

2% 

1.75 

3.00 

15% 

70% 

12% 
Model II- Six Selected Veterinary 

Herd Health Objectives: 

Total Intervention Cost $2,191 

Cost/CWT/Pig .19 
(intervention) (Lepto 

Parvo 
E. Coli 

Ery) 

$2,174 

.20 
(Lepto 
Parvo 
E. Coli 

Ery) 

$12,967 

1.12 
(Lepto Parvo 

E. Coli 
Ery 

Rhinitis 
Autogenous) 

• 
• 

• 

• 
• 

• 

Reduce days to market by ten days 
Total from death loss reduced from 
7.5% to 5% 
Feed conversion is improved from 
3.5 to 3.25 
Culls are reduced from 4% to 2% 
Underweight pigs reduced from 1 0% 
to 2% 
Pre-weaning mortality reduced from 
15% to 10% 

in four years with the beginning intervention program 
remain static. The second model was also for four years 
but with a more intensive and focused intervention pro
gram that was directed at six set objectives within the 
herds management and health programs. 

The following chart shows the production changes made 
with model number one over a 4-year period with mini-
mal intervention and intensive intervention. · 

As we reach our herd objectives in model number two 
we increase the units base profits from $158,215 to 
$213,078 for a net profit increase of$54,863. Producer 
profit per CWT of market hogs sold grew $3.29 per 
CWT with the six point program. In this case, the 
producer's $7191-per-year program gave her an addi
tional $54,863 ofprofit. 

Model number one specifically determined the benefits As we develop our pract\ce strategies for 2005 we must 
of veterinary intervention programs. A $5600 per year establish both short- and long-term objectives. A good 
DVM fee was included. This fee was calculated at place to start to understand what may happen is to look 
$75.00 per hour or 6.25 hours/month of service. The at the Vision 2000 survey sponsored by Elanco Animal 
program was for a4-hourmonthly stop plus 2.25 hours/ Health and conducted by Brock Associates of 
month preparation time. With four years of intensive Milwaukee, Wisconsin.4 The Vision 2000 survey looked 
intervention, veterinary cost grew from $2191 to 
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at how producers perceived their future with the swine Ability to keep and use records 
practitioner. Cost of money 

By the year 2000, what percent of producers will 
have hired consultants with specific expertise? 
62% Veterinary Medicine 
29% Engineering 
47% Financial planning 
28% Feed purchasing 
43% Nutrition 
26% Employee management 
31% Marketing 
24% Genetics 
30% Environmental 
14% Regulatory 

• Where could we as veterinarians have the greatest 
impact based on the producers perception of need? 

Disease Monitoring 
Worker Safety - TQM 
Quality Assurance (drug usage and residues) 
Animal Welfare 
Biosecurity 
Animal Rights 
Disease Control 
Odor Control 
Waste Handling 

• In the year 2000 a swine practitioner will work 
with how many producers? 
Producers, % of DVM 

200 or greater, 30% 
100-200, 32% 
50-100,54% 
25-50, 11% 

• Do you see the pork industry taking a similar track 
as the poultry business? 

65.8%- Yes 
34.2% -No 

Let's evaluate producers concerns on what they feel are 
their limiting factors to success. These are opportuni
ties for us to play a key part in their future. In the Vi
sion 2000 survey, we can investigate what concerns 
producers can identify that will limit their ability to 
maintain themselves in tomorrow's pork industry. They 
are: 

Availability of credit 
Cost of feeds 
Marketing relations 
Access to top consultants 
Building and equipment cost 
Management skills 
Cost of new technologies 
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Access to top genetics 
Willingness to t,tdapt to change 
Access to antibiotics 
Worker safety and comfort 

So with all this in mind, how do we prepare ourselves 
to serve the evolving swine industry? The first step is to 
plan for our own future and wellbeing. 

One necessary phase is to analyze the changes needed 
within our own practices and professional environment. 
The AVMN reports that the average DVM in private 
practice earns $63,466. The median practitioner income 
is around $53,000 for the exclusive large animal prac
titioner but owners of veterinary practice are in the 
$75,000-80,000 income range. How will income from 
swine practices change in the next ten years? 

Overall, the trend should be of no surprise. Call num
bers will decrease. Production management and health 
programs will increase very rapidly. Extra label usage 
is done. Compounding is over. Margins on OTC and 
Rx medication will be lowered to match the new devel
oping low cost distributors. In other words, today's in
come is being stretched short because of falling mar
gins. Professional services income will grow from 35% 
of take home salary to over 75%. Drug and retail vol
umes will fall and margins on these products will be 
50% or less of what they are today. So what are you 
going to do to prepare for 2005? 

Producer acute-care programs are slowly becoming part 
of the past. The fact is that we need to immediately 
make business decisions to preserve our standard of 
living and professional growth. The following are steps 
that each one of us needs to evaluate today: 

• Develop a practice PR and information program to 
sell your services to your customers. 

• Disease can still be your calling card. Keep it in the 
front. Look at what the producer wants. 

• Adjust your hourly fees immediately 
a) one rate if they purchase all their key animal 
health products from you 
b) second rate if they don't 
c) start changing over to a flat rate immediately 
d) start charging for all your time with no fudge 
factors 
e) 8 hour day fees+ overtime hourly charge+ 
office preparation 

• As a minimum, raise prices twice a year for inflation 
reasons. 

• Raise mileage, call charges and all service fees on a 
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given date once a year, plus inflationary increases. 
• Don't give anything away. 
• Telephone billing: do it. 
• Up-front presentation of fees for services is a must. 

In fact, why do most clients judge us on our call charge 
and not the quality of service rendered? Let's sell our
selves as a professional asset that can enhance producer 
profitability. New or improved professional programs 
for production medicine and health need to begin at a 
point where the veterinarian and the producer have a 
common bond. Programs that you can immediately con
sider to enhance your practices could come from im
proving your current disease identification and surveil
lance programs, as based both on microbiological and 
systemic results. 

Another technology, serum profiling, is rapidly evolv
ing. Serum profiling is a new herd health tool that pro
ducers need and want. Profiling can allow us to be
come the key influencer in many herd health procedures 
and decisionmaking processes. How many times are 
we asked for advice on the following: 

• What diseases are present in my herd? 
• Can you establish a diagnostic reference point? 
• Can you help me make the .correct new stock selec-

tion? 
• Can we monitor maternal protection programs? 
• What is the proper vaccination timing? 
• Can we keep track of disease patterns when new pro-

duction changes are implemented? 

Disease monitoring that includes serum profiling will 
keep you involved as the key consultant. It's a veteri
nary exclusive, it recommends intervention programs, 
develops a platform for long term relationships, and 
adds new revenue to the practice. 

Nutrition is another key area where swine practitioners 
can use their, expertise and management skills. This is 
one area' where we ·can affect and, in tum, maximize 
the units pt:ofitability. It is impossible to look at the 
approach each one .of us may use in this area. Cur
rently, practitioners are looking at many areas of op
portunities within the nutrition field. These will be in
dependent consulting relationships and advisory roles 
with local and major feed companies. Individual veteri
narians or practices will develop niche and unique pro
grams in the nutritional field. In the future I see nutri
tion as supplemental and additive income to many prac
tices. 

In the areas of environment assessment, quality assur
ance, and managerial issues, I see slow progress in the 
producers recognition ofhow we will or can be involved. 
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Here again, we must begin to adjust our means of gen
erating hourly income. There are several areas where 
we can and will generate consulting income based on 
our primary producer wants and needs. At the present 
time they are: 

• Biosecurity programs 
• Record systems and interpretation 
• Producer quality assurance programs 
• Production management programs 
• Regulatory mandates 

Issues that will be accepted by the producers as billable 
fees within the next few years need to be developed over 
a longer period of time. If we establish ourselves .as the 
key resource person for assisting the producer to make 
profitable decisions, then fees will be easy to institute. 
Alternative areas of fee income will be based on our 
individual willingness to become involved. These deci
sions will be based on careful analysis of computerized 
production programs, which will include: 

• Facility planning 
• Equipment specifications 
• Building designing 
• Genetic selection 
• Waste management 
• Marketing programs 

Finally, I feel that a majority of the DVM's at this meet
ing will enter into areas of elective incomes from ani
mal production. The majority of us will begin or ex
pand our enterprises in pig production. We will be man
aging and participating directly in the .pork industry. In 
fact, I see regional DVM's pooling their resources and 
entering into actual production partnerships and joint 
ventures. Once veterinarians get actively involved with 
productio~, their ability to demand billable time will 
increase as producers will then truly sense the veteri
narian as a key part of the pork industry. 

The veterinarians opportunities will evolve from today's 
challenges. Today we need to develop our role that we 
are going to fill in the food-health chain. 

We all know that we will have fewer swine producers 
in the year 2005. Mail order distribution of OTC prod
ucts will increase. Rx issues will be favorable to the 
profession. Other animal industry people will be offer
ing similar services, but this is where we can stand alone 
in being the most important part of the producers deci
sion making process. To play this role you must com
municate more directly to the producer. The producer 
needs to understand our proactive stand on production 
management and health issues. Producers need to know 
that our involvement is crucial to the success of their 
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units. The veterinarian must be a constant part of a 
profitable pork production unit. Veterinarians need to 
develop prograrris and systems to show the pl;"oducer 
why production and health intervention is neces~ary and 
cost effective. We must continue to enhance our con
tinuing education programs and develop means that 
transfer it to the producers so that they will continually· 
call upon us for our knowledge and information. We 
will move from being a short-term fix at the producer 
level to a long-term contact. We'll do this by enhancing 
our production ~agement and health skills, develop
ing communication skills to effectively motivate deci
sion making, and making sure our recommendations are 
implemented within the units. We will become partners 
with our clients; but our entry into their units will still 
be based on their needs and wants. As we use our skills 

the investment of our education versus rewards of 
knowledge versus producer profits as we make produc
tion management and health decisions. As the swine 
industry becomes more capital intensive, we will be 
required to increase our business skills. Advisory ser- . 
vices will be a key factor to assist producers to maxi-' 
mize their profitability. All. in all, we must teach 
tomorrow's swine producer to be competitive. 

Begin today to establish your network. Learn how to 
gather information, teach technology, adapt for regional 
needs, be involved nationally and get on the environ
mental welfare and quality assurance train and, most 
of all, sell your profession and animal health. · 
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Intem~tional Compe~itiveness of 
the Untted States Swtne Industry 
Ron Plain 

Comparing industries among countries is a difficult and 
imprecise science. Not only are there differences in cur- Table 1. 1992 Hog Slaughter by Country 

rencies, regulations and internal support programs to 
contend with, but the statistics that are used to describe 
performance do not mean the same thing from one place 
to another, e.g., the "correct" methOd to calculate pigs 
per sow per year appears to be something that no two 
organizations can totally agree upon. · 

There is no one best way to co.mpare the swine industry 
in the J]nited States to that of other countries. This pa
per uses four approaches: 

• relative size; 
• production efficiency; 
• cost of production; and 
• governmental regulations and support 

to evaluate the relative position of the United States 
swine industry in the world market place. The United 
States swine industry comes out on top in only one of 
these categories - cost of production. As an econo
mist, I would contend that, in the long run, cost of pro
duction is the most important category. · 

Relative Size 
The United States is the second-largest producer of pork 
in the world (Table 1). Only the People's Republic of 
China (PRC) produces more hogs than we do. The two 
top pork exporting countries -Denmark and the Neth
erlands - each produces less than one-fifth the pork 
produced in the United States 

As a nation, we are also the second-largest consumer of 
pork in the world. Again, only the PRC is greater. Our 
number-two ranking in pork consumption is due pri
marily to our large population. With the demise of the 
Soviet Union, the United States now has the third larg
est population in the world. Per capita consumption of 
pork in the United States is about average among de-
veloped countries (Table 2). · . 

Hog production is important to the United States. Hog 
sales annually generate $10 billion in farm income. Only 

Associate Professor, Agricultural Economics, University of 
Missouri-Columbia 
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Country 1000 head 

1. China 348,000 

2 .. United States 94,861 

3. Former Soviet Union 65,543 

4. Germany . 40,800 
5. Spain 25,500 

6. Poland 23,019 

7. France 22,015 
8. Japan 19,100 

9. Netherlands 18,600 

10. Denmark 18,450 

11. Canada 15,300 

12. United Kingdom 14,326 

Source: USDA. 

cattle, dairy products, and eorn produce more gross 
revenue for. United States farmers. The equivalent of 
130,000 full-time jobs is required to care for the United 
States hog . population. University of Missouri MIR 
records show that hog production is the most profitable 
major enterprise in my home state. During the 1980s, 
MIR hog farms earned an average return on investment 
of 6.89%. Crop farms were the next most profitable 
with a 5.73% return and dairy farms were third with a 
return of 5 .16%. Despite this relatively outstanding 
record of profitability, hog farm numbers are rapidly 
declining and the national herd is growing no faster than 
the United States population. 

Although it is the second-largest producer of pork in 
the world, the United States is also usually the second· 
largest importer of pork in the world,. behind Japan and 
occasionally the Former Soviet Union (Table 3). 

F}gure 1 gives 30 years of data showing United States 
pork imports as a percent of United States pork pro
duction. Both Canadian and European shipments of pork· 
peaked in the mid-1980s as a percent ofUnited States 
production. The Canadian share of United States pork 
and hog imports increased dramatically from an aver-
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Table 2. 1990 Per Capita Pork Consumption by 
Country 

Pounds per person 
Country (carcass weight) 

United States 63.9 

Canada 69.4 

Mexico 20.3 

Brazil 15.0 

Denmark 148.1 

Germany 117.3 

France 82.2 

United Kingdom 53.1 

Spain 103.6 

Sweden 70.3 

Hungary 153.0 

Poland 109.8 

Former Soviet Union · 52.5 

China 44.5 

Taiwan 84.2 

Hong Kong 95.2 

Japan 36.8 

Korea 28.0 

Singapore 79.4 

Australia 40.6 

Source: Foreign Ag. Service, USDA. 

Table 3. Top Ten Pork Import Markets 1992 

Rank Country 

1. Japan 

· 2. Former Soviet Union 

3. United States 

4. Hong Kong 

5. EC-12* 

6. Mexico 

7. Poland 

8. Singapore 

9. Sweden 

10. Former Yugoslavia 

1 000 metric tons 
carcass weight 

690 

316 

293 

202 

90 

50 

40 

23 

22 

15 

*Excluding EC Intra-Trade. EC Intra-Trade totalled 2,802. 

Source: USDA 
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Table 4. Top Ten Pork Exporting Countries 1992 

Rank Country 

1. Denmark 

2. Netherlands 

3. Belgium-Luxembourg 

4. Taiwan· 

5. Canada 

6. France 

7. United States 

8. Germany 

9. China 

10. Hungary 

Source: USDA 

1 000 metric tons 
carcass weight 

1,030 

1,014 

446 

315 

300 

300 

185 

150 

150 

110 
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-Ta_b_l_e_5_. _1_9_9_1_S_o_w_H_e-rd-P-erf_o_r_m_a_n_c_e _________ of United States pork exports go to Japan. The 

----------------------- othermajorexportmarket for United States pork 
Pigtale(R) Records 

US Canada UK 
Pigs weaned per litter 8.72 8.82 9.35 

Litters/sow/year 2.27 2.24 2.28 

Pigs weaned/sow/year 19.62 19.75 21.23 

USDA 

7.90 

1.88 

14.80 

is Mexico. United States pork imports have ex
ceeded exports in each of the last 30 years. 

The United States ranked seventh among pork 
exporting nations in 1992. Despite the fact that 
the United States is the second largest producer 

----------------------of pork in the world and that 1992 was the best 
=So=u=rc=e=: =Pi=gt=a=le=s®=ln=te=rn=a=tio=n=ai=R=e=vi=ew=an=d=U=S=D=A=. ========year ever for United States pork exports, our 
Table 6. 1988 Sow Herd Performance pork exports were less than one-fifth that of ei
----------------------ther Denmark or the Netherlands (Table 4). 

us Canada Denmark 
Being big is not always an advantage. Our swine 
industry is geared to producing pork for our huge 
domestic market. As a result, little effort is 
placed on trying to reach potential international 

Pigs weaned per litter 7.70 8.16 8.91 

Litters/sow/year 1.79 1.95 2.02 

13.8 15.9 18.0 Pigs weaned/sow/year 
--------------------------niche markets. 
Source: USDA, Statistics Canada, and Danish Bacon and Meat 
Council. 

Table 7. Farrow-to-finish Feed Conversion, 1986-
1988. 

United States 

Ontario 

Denmark 

Feed conversion 

4.29 

3.88 

3.31 

Source: USDA, Statistics Canad, and Danish Bacon and Meat 
Council 

Table 8. Farrow-to-finish Hours of Labor, 1986-
1988. 

Iowa 
Alberta 

Denmark 

Hours/cwt. 

0.71 
0.89 

0.90 

Source: USDA, Agriculture Canada, and Danish Ministry of 
Agriculture 

age of 14.6% for the decade ofthe 1970s to 47.4% for 
the 1980s. Last year 66.4% ofthe pork imported into 
the United States came from Canada. Approximately 
391 million pounds of Canadian pork products and 
669,769 Canadian hogs entered the United States in 
1992. That compares to about 35 million pounds and 
43,000 hogs in 1977. 

Lower hog prices in 1992 increased United States pork 
exports to a record level (Figures 2 and 3). About half 
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Production Efficiency 
The United States swine industry averages only 15 pigs 
per sow per year. Feed efficiency by most measures is 
only slightly better than 4:1. These and many other pro
duction measures of our industry are unimpressive, to 
say the least. Much of the developed world does better. 

Table 5 presents sow herd performance data for 1991 
from the Pigtales® swine record system for the United 
States, Canada, and the United Kingdom, along with 
USDA's estimates for the 1991 national average for the 
United States. The Pigtales® records show little differ
ence among countries in litters farrowed per sow per 
year, but a significant difference in the average number 
of pigs weaned per litter. The performance ofthe swine 
herds on the Pigtales® record system is far superior to 
USDA's estimate for the United States average. 

Tables 6-8 present the results of research done by Gene 
Futrell oflowa State University comparing the relative 
efficiencies of swine herds in the United States, Canada· 
and Denmark. 

USDA's estimates of the productive efficiency of United 
States swine enterprises showed continued improvement 
in 1992. On average, 8.08 pigs were weaned per litter 
(Figure 4). That was the best performance on record. 
There were 1. 72 farrowings in 1992 for each animal in 
the breeding herd on December 1, 1991. 

, Although the amount of improvement is impressive, the 
average level of 1992 production efficiency 1is not. 
Multiplying pigs per litter X farrowings per breeding 
animal reveals that the national average is only 13.9 
pigs weaned per breeding animal per year or about 15 
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Figure 4. Pigs per Litter and Farrowings per Animal 
in U.S. Breeding Herd 

pigs per sow per year. That is far below the 20+ level 
that top herds are achieving. 

One major reason for the steady improvement in the 
production efficiency of United States farms is special
ization. Table 9 gives the portion of United States farms 
that had hogs, dairy cattle, beef cattle or chickens for 
the years 1950, 1964, 1974 and 1987. United States 
farms are becoming much more specialized in produc
tion. Traditionally, farmers used diversification as a 
technique to manage financial risk. If a farm has ad
equate equity, the need to manage financialrisk via di
versification is slight. This rapid move to specialized 
production is changing the nature of United States farms. 
As would be expected, specialization is producing dra
matic improvements in production efficiency. Produc
tion per breeding animal is steadily increasing. Special
ization is also producing larger farms. The United States 
hog industry appears to be following the formula used 
by Ray Kroc, founder of McDonalds, i.e., figure out 
how to do something well, then replicate it on a very 
large scale. As farms get larger, they lose the "family 
farm" appearance and take on the look of corporate 
America. 

Table 9. Portion of United States Farms with 
Livestock 

Census year 

Species 1950 1964 1974 1987 

Hogs 56.0% 34.2% 20.3% 11.7% 

Dairy 67.8% 35.9% 17.4% 9.7% 

Beef 75.5% 72.3% 44.3% 40.3% 

Chicken 78.3% 38.3% 13.7% 6.9% 

Source: United States Census of Agriculture. 
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The move toward specialization has had a dramatic 
impact on the number of small hog farms. As Table 10 
indicates, there has been a rapid decline in the number 
of small United States hog farms and an equally rapid 
increase in the number oflarge hog operations. 

Table 10. Number of United States Hog Farms by 
Size Groups, 1959-87 

Total 
Hog 

Number of head sold per farm 

1 00- 200- 500-·census 
year Farms 1-99 199 499 999 1000+ 

thousands of farms 

1959 1273 1018 161 81 10 1.5 

1969 604. 361 109 101 25 6.6 

1978 470 281 69 74 30 15.8 

1982 315 162 44 56 30 21.6 

1987 239 110 33 45 27.5 23.9 

percent of total hog farms 

1959 100.0 80.0 12.6 6.4 0.8 0,1 

1969 100.0 59.8 18.0 16.7 4.1 1.1 

1978 100.0 59.8 14.7 15.7 6.4 3.4 

1982 100.0 51.4 14.0 17.8 9.5 6.9 

1987 100.0 46.0 13.8 18.8 11.5 10.0 

Source: United States Census of Agriculture. 

Along with the shift in numbers of hog farms by size, 
there has also been a corresponding shift in marketings 
(Table 11). 

Table 11. Number and Percent of United States 
Marketings of Hogs and Pigs by Size of Farm -
1978, 1982 and 1987. 

Farm size by annual 
marketings 

Census <1 000 1 000:- 2000-
year head 2000 4999 5000+ 

thousands of head marketed 

1978 61 ,089 15,057 9,441 6,427 

1982 49,186 20,010 14,436 11,187 

1987 41,051 21,156 17,779 16,522 

percent of .total marketings 

1978 66.4 16.3 10.3 1.0 
1982 51.9 21.1 15.2 11.8 

1987 42.5 21.9 18.5 17.1 

Source: United States Census of Agriculture. 
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The United States hog industry can be divided into two and typically represent over 60% of the cost of produc-
groups: ing slaughter hogs. 

• Those firms that market over 1000 hogs per year The major reason for the increase in the average num
represent a growing industry. Each year, there are her of hogs per farm is the declining real level of prof

-, more firms and more hogs in this group than the year itability per hog produced. Table 14 gives the average 
before. profit since 1969 in both nominal and deflated dollars 

• Those firms that market fewer than 1000 hogs per 
year are part of a dying industry. Each year, there 
are fewer firms and less production in this group than 
the year before. For the smallest category, those farms 
marketing·fewer than 100 hogs per year, firm num
bers are declining by· 7% per year. 

Table 12. Farrow-to-finish Total Costs, 1986-88 

US $/ctw. 

Iowa 38.35 

Illinois 40.60 

Ontario 37.07 

Alberta 40.35 

Denmark 52.56 

Source: Iowa State University, University of Illinois, University of 
Guelph, Alberta Agriculture, and Danish Ministry of Agriculture. 

TablE~ 13. Feed Prices, 1986-88 

US $/cwt. 

US corn 3.45 

Alberta barley 3.06 

Denmark barley 

Denmark wheat 

44% soybean meal: 

8.73 

8.89 

Decatur, Illinois 10.24 

London, Ontario 10.94 

Denmark 1 0.97 

Cost of Production 
Tables 12 and 13 present Gene Futrell's total-cost-of 
production estimates for the years 1986-88 for farrow 
to fmish herds in the United States, Cana,da, and Den
mark. 

The reason for this cost advantage rests almost entirely 
on our feed· grain supply. In most years, United States 
pork producers enjoy the lowest-costfeed supply in the 
world. Although one's attention is often distracted by 
other issues, feed is the dominant cost of raising hogs. 
Feed costs. are greater than all other costs· combined, 
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for Missouri pork producers who keep their records on 
the University of Missouri's MIR program. Despite the 
effects of inflation, which from 1969 to 1989 reduced 
the buying power of a United States dollar by two-thirds, 
the magnitude of profits per hundredweight has not in
creased over time. Due to increased efficiency, the in
dustry has continued to expand its production capabil
ity even without any real increase in the value of live 
hogs. 

Although the average Missouri hog farm has nof had 
exceptional profits the past few years, the top half of 
Missouri hog farms have done rather well. Figure 5 
shows the net farm profit and the percent return to capital 
and management for 1984-91 for the top half and the 
bottom half ofMIR hog farms. As the table shows, the 
top half have earned a return that is competitive with 
almost any investment. The bottom half is only able to 
survive by having high equity or large amounts of off
farm income. The top half have a level of income that 
can finance an expansion. The bottom half are candi
dates for another occupation. The wide variation in 
performance between top United States herds and· the 
bottom herds explains much of the apparent poor per
formance of United States swine J?roducers. 

Pork Processing and 
Retailing ·· 
The retail price of pork in 1992 decreased 13.9¢/lb. 
(Figure 6) from 1991. Pork marketing margins (the dif
ference in price between retail pork and live hogs) de
clined in 1992. Most of the increase in marketing mar
gin during the last 20 years has been caused by an ex
pansion of the wholesale-retail price spread. The farm
wholesale spread has remained fairly stable, which 
means that in real terms it has incurred a major decline. 

Although most farmers' initial reaction is to complain 
about middlemen, there can be a positive factor to wider 
margins. Wider margins may indicate additional pro
cessing by middlemen. This is a must if new pork prod
ucts, such as the America's cut, are going to be made 
available to consumers on a national level. 

The lack of any growth in the farm-to-wholesale spread 
in the last 17 years, despite inflation; is a strong indica-
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Table 14. MIR Swine Enterprises, Return toManagement per cwt. tions have long used quotas and tar-

Farrow- Feeder Farrow-
iff's to restrict the importation of for-

to-finish pigs Finishing to-finish Feeder pigs Finishing eign pork. In the modem era of freer 
trade, these restrictions are often im-

Year nominal dollars deflated 1969 dollars posed under the guise of sanitation 
1969 $5.15 $17.18 $2.74 $5.15 $17.18 $2.74 or health requirements. Also popu-
1970 3.22 12.29 4.49 3.04 11.60 4.24 lar are a variety of price- and in-
1971 -0.68 -0.29 -0.15 -0.62 -0.26 -0.14 come-stabilization programs whose 

1972 6.09 16.38 -0.15 5.34 14.35 -0.13 main effect is to subsidize domestic 

1973 11.30 11.67 4.34 9.32 9.63 3.58 
production. Such programs can be-
come quite complex and confusing, 

1974 "3.56 -11.15 -4.27 -2.65 -8.29 -3.17 as evidenced by the Canadian tri-
1975 14.02 15.20 3.11 9.55 10.35 2.12 partite program and the United 
1976 0.54 3.59 -5.63 0.35 2.31 -3.63 States government's retaliation with 

1977 4.78 8.86 -0.99 2.89 5.36 -0.60 countervailing duties. 

1978 12.13 18.81 0.04 6.82 10.57 0.02 Today, we find nations increasingly 
1979 -4.63. -7.48 -11.87 -2.34 -3.78 -6.00 willing to use the government's po-

1980 -2.72 -10.60 -5.74 -1.21 -4.72 -2.55 lice powers to impose a variety of 

1981 -3.57 -5.03 -7.76 -1.44 -2.03. -3.13 
environmental and social restrictions 
on how and where hogs are raised. 

1982 14.40 15.17 4.21 5.47 5.76 . 1.60 The nations of the European Com-
1983 ~5.93 -19.94 -4.70 -2.18 -7.34 -1.73 munity seem to be in the forefront 
1984 1.59 -11.80 -5.06 0.56 -4.16 -1.79 on regulating production practices 

1985 0.40 -12.60 -2.45 0.14 -4.29 -0.83 to achieve environmental and animal 

1986 12.96 12.12 5.62 4.33 4.05 1.88 
welfare goals. 

1987 10.17 8.05 1:82 3.28 2.60 0.59 Given the United States govern-

1988 -2.34 -3.45 -3.40 -0.73 -1.07 -1.05 ment's frequent preference for freer 

1989 0.59 -10.37 -3.04 0.17 -3.07 -0.90 
trade along with the lack of avail-
ability of funds for potential subsidy 

1990 10.86 18.74 3.04 3.05 5.26 0.85 programs, it appears that United 
1991 1.42 -12.43 -7.24 0.38 -3.35 -1.95 States hog producers will continue 
23-yr 

$3.75 $2.30 -$1.44 $2.12 $2.46 -$0.43 
·to be among the least subsidized in 

avg. the world ~ at least in terms of di-

5-yr 
4.14 0.11 -1.76 avg. 1.23 0.07 -0.49 

rect payments. Although it appears 
certain that American pork produc-

tor of increased efficiency and reduced wages in the 
ers face an ever-expanding list of 

regulations and restrictions, we are likely to continue 
pork packing industry. to trail Europe in this area. 

The turmoil in the United States meat packing industry 
Summa!:l continues to be of concern to livestock producers. Merg-

ers, bankruptcies; plant closings, sales, ari.d buyoutS keep I 

· . the pork packing industry unsettled~ Despite all the The United States swine industry holds a very strong 

buyouts, the concentration ratio for the top four firms position in the world market. America's enormous natu-

has increased only slightly in the past decade (42.5% in ral endowment for grain production assures United 

1992 vs. 33% in 1980). States pork producers of an absolute advantage in the 
single most important factor in raising hogs: the price 

Governmental Regulations, of feed. This advantage is mediated somewhat by United 

and SuEEOrt .. States government programs that subsidize the sale of 
United States grains to foreigners. 

There is much that governments can do to tilt the field Because of our relatively cheap feed, United States pork 
in favor of or against. domestic pork producers. Na- producers are unlikely to make the investments in fa-
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cilities or workers that are necessary to match the Eu
ropean level of production efficiency. Production per 
sow should continue its slow upward trend, but is un
likely to exceed the not-too-impressive level of 17 pigs 
per sow per year in this century. 

There will continue to be a great deal of variation in 
how pigs are raised and how much profit pork produc
ers make. Well-managed hog operations will continue 
to earn excellent returns on resources, while most of 
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the operators will struggle along with below-market re
turns to their assets. 

The bottom line on international competitiveness rests 
with firm profitability. Those nations that have profit
able swine firms, whether those profits are derived from 
openly competitive markets or from government sup
ports, will see their swine industry expand. Those na-. 
tions with unprofitable swine production firms face 
decline. The United States industry is large and grow
ing. Our profitability is based primarily on our low cost 
feed supply and our huge consumer market, neither of 
which are likely to go away. 

Given the structural changes that are occurring in the 
United States, it is likely that the United States will 
become a net pork exporter within a few years and could 
well be one ofthe world's largest exporter of pork by 
the turn of the century. 
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