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Industrialization. of the U.S. swin~. industry · · · 

~~~!.~!~~~= ~~o!,;~~a,;~nlversi!J''"r~ • · . 
J)hrin~ the 1950s, as the poultry industcy:.made.its dra-·· · .• ··•·· gnmiachievedin excess ofa25% annual average rate 
matiC. stiqctural movement toward vertical integration:' ·.. · of re1utri on capital in hogs since 1980. High returns 
mal).y. declared "the pork industry will follow suit.'' .But have attracted investors from Within and outside the 
the pork industry did not follow-at least for 40jears, industry as welL · 
Today, however, participants in the pQrk industry se!!m, . ·. . · .· 

. • Ther-e remains a wide vanation in costs among pro-
surprised by the resurgence ofstructural adjustment; and 
the implications for industry participants.are of enormous ducers; some producers know how to consistently 
importance. The purpose of this discussion is to fit:st de- operate at low costs. The range bet.ween the one-third 
scribe the c;hanges i~ the ~wine industry in the U.S. and. with the highest costs and the one-third with the low-
the dt:ivers of those ch1~11ges. Then some of the funda- . est costs in the· Iowa records data is nearly $28 per 

mental themes anq dimensions of these structural hog. 
Ch11llges----.-commonly known a.s industrialization__:__willbe .• The industry is riowhighly technical arid technologi-:-
discussed; The actuali,zation and reality ofthese.concept~ cally dynamic. New. technologies have names like: 
in the case of the significant growth and development of ali-in-all-out; multiple-site rearing, segregated early 
the hog/pork industry in North Carolina will be desGribed.: .. weaning, split-sexfeeding', 'phase feeding1 artificial 
Finally, ifi,1plications. pf these chapges for hog producer~ · 'in:S'emination, and enhanced geheti,cs. These techno lo-
in the Midwest will be preserite& · · ·· gies are health-enhancing, cost-lowering, and risk

The changing indu8try and 
drivers of change.· 
The pork industry is a huge sector within the agricultural 
economy. Retail sales total about $27 billion dollars pet 
year; of which about $16 billion flows to the marketing 
segment and $11 billion to about 200,000 domestic hog . 
producers. Traditionally thistindlistrY has been centered ·. 
in the hog-com belt which spans the Midwest; and that 
tradition continues. The 12 north-central states-from 
Ohio and Michigan on the east; to theDakotas;.Nebraska,. 
and Kansas on the west-account¢<1, forabout 71% of the 
hogs marketed in 1995. 

reducing, alloWing greater and greater concentrations 
of animals. . . . 

• The last major investmen~ surge in hog production 
was in the late 1970s. Therefore, much of the physi

.· cal and human capital in the Midwest is now of a 
different era and subject to technological 
obsolescence. 

• Much of the new technology cannot be fully imple
mented using the existing physical· and human re-
sources iti traditional hog areas~ .. · .. .. . . . ,· 

• Economies of scale exist in hog production, and the 
industry is still far from exploiting these known 
economies. 

But geographic change is also afoot; The hog~cqin belt • While most of the economic inefficiency in the in-
has lost nearly 10%-ofU.S.marketsharesincel98S;with dustry is likelytobe in the hog production'sectdr, 
the losses concentrated iri the major hog states of Iowa, . additional econoriric benefits can,.be gained from irri- . 
Illinois, Indiana, Ohio, Wisconsin, and Mi-ssouri. proved cqordination of a stable supply of C()Iisistent 

His.toricaldata clearlys.how. s,-. thatth~ t~~ndtb larger, more . qualityhogs through processing and by better match- . 
ing pork production .. to consumer desires . 

specialized hog production imd pork processing opera-
tiotfs has been ongoing for 60years or more, but the rate • Many in the industry believe that dome!\tiC and for-
seems to have accelerated in recent years. In 1980,670,000 eign consumers will demand rnor~ highly differenti-
farms produced hogs. Only 208,000 such farms retiiilln, ated pork products ih the future, perhaps requiring 
wh,ich meitnsneady 60%ofthe farms have left in 15 years. coordinating mechanisms other than spot markets and 

including contracting and vertical coordination. 
Who is leaving the industry? It's the srriall fru:ms. Ofthe 

. 462;000. farms that left the industry since 1980,. most These drivitig forces are dramatically reshaping the 'swine/ 
(85% r had less than 100 hogs. in inventory. The. remain- pork sector from an industry that "raises hogs" and "cuts. 
ing farms that left were UJ1der 500 head ofinventory. Here. and processes carcasses'' in telati~ely independent stages 
are:some factors driving this change: ·· ' to one that manufactures pork in an interdependent pro-

. · ·- · duction/distribution system. 
• The indus~ has had a record as. a high margin busi.-

ness. Farms on the Iowa State University records pro-
. . . - -.. - .. 
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Michael Boehlje 

Industrialization 
Industrialization is the term economists use for the move
ment of the industry to much larger farms which use stan
dardized production procedures and the linking of the 
stages ofthe production/distribution processthrough more 
personalnegotiated linkages rather than impersonal open 
markets. These prog_edures are much like those used in 
many manufacturing industries in the U.S. What are some 
of the dimensions and characteristics of this industrial
ization process? 

Manufacturing processes 
Manufacturing food products vs. producing 
commodities 
Much of agriculture is changing from a commodity in
dustry to one with differentiated products. The "produce
and-then-sell" mentality of the commodity business is 
being replaced by the strategy of first·asking consumers 
what attributes they want in their food products and then 
creating or manufacturing those attributes in the products. 
This may, in fact, require changes in how the raw mate
rial is produced and what it doesn't contain (chemical 
residues, for example) as well as what it does contain. 

Systematization and routinization 
The manufacturing process systematizes and routinizes. 
With increased understanding and ability to control the 
biological production process, routinization becomes in
creasingly possible. Tasks become more programmable. 
For example, hourly work schedules are now being used 
in some of the modern hog farrowing and finishing barns; 
Routinization generally fosters more efficient use of both 
facilities and personnel as well as less managerial over
sight and overhead. In essence, agricultural production is 
becoming more of a science and less of an art. 

Specialization 
Business firms and individual employee tasks are now 
more ·specialized. This specialization. facilitates system
ization and routinization and can result in significant gains 
in efficiency and reduce cost 

A systems apprQach . 
Systems/process flow 
The manufacturing process places increasing emphasis, 
on the entire food system or value chain from raw materi-, 
als supplier to end-user.This system, rather than stage or 
segment focus, reduces the chances for inefficiencies or 
losses because stages are not well matched in terms ·of 
product flow, characteristics, quality, or othetcritical 
attributes. · 

Systems cost 
Although cost control is critical in any production sys
tem, the manufacturing approach recognizes thatthe to
tal production arid distribution systems costs are more 
critical than the cost in each individual stage. Firms fre
quently purchase more of their inputs' so that a higher pro
portion of costs become variable. Firms with a higher pro
portion of variable costs are more responsive to changing 
market conditions. · 

Input packages vs. mix-and-match strategies 
Producers will increasingly use inputs that match chemi
cal and biological attributes to obtain the optimum qual
ity and characteristics of output. In ·some cases the pro
ducer will purchase· input packages for their combined 
biological and chemical effectiveness; in.other cases the 
producer will be warned that certain nutritional and ge,. 
netic inputs respond better when used together and their 
performance may be sub-optimal if used in other combi
nations. But this matched~inputs strategy has risks-the 
.risk of reduced flexibility and ability to adjust if supplies 
of a required input decrease and/or prices increase. 

Separationand realignment . 
Separation of production stages 
The old methods of production agriculture combined vari
ous stages of production within one firm-for example 
swine production combined the breeding, gestation, far,. 
rowing, nursery, growing, and finishing activities in one 
firm at one location, and integrated these activities with 
feed production and processing. The new industrialized 
swine operations separate the ownership, operation, and · 

Scheduling and utilization geographic location of many of these ,stages of produc-
tion. Production agriculture out-sources more assets-for Manufacturing processes in agricultural production and 

distribution will increase emphasis on facility utilization, example non-operators own 41% of the farmland today 
flow scheduling, and process control. Many production compared to 22% in 1945. Geographicand stage separa
units maintained excess plant capacity in the past to ac- tion, in turn, frequently implies larger scale and more spe
commodate the uncertainty of the biological production cialized capital, labor, and management resources at each 
processes. But again as a result of increased ability to individual plant site or facility location. Implications of 
predict and control those processes, managers can more separation for flexibility are unclear-more specializa~ 

. tion in resource use decreases. flexibility, but participa,. accurately predict and control facility use. 
· tion in only one stage may increase the options for nego-

2 

tiating with other partners in other production/distribution 
systems if other systems ate in the market. 
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. Partnering and alliances . tracting for s~pplies. A relateo strategy reduces the risk 
At the same time thatindustrializati6n is separating the of low product prices by contracting product sales. Some 
ownership, operation, and location of various production firms reduce price risks by vertically integrating into the 
activities, industrialization also links these activitie's with input supply or product distribution channels. 
new alliances. Increasingly, producers partner with other. 

· Food packaging mid processing unit costs have become resource suppliers in variousways to expand volume with 
very sensitive to operating at full plant capacity. Integralimited capital outlays. In livestock production this phe~ 
tion reduces the, risks of uneven input flows (for example, nomen on often occurs through contracting arrangements; 

a hog integrator may own the breeding, gestation, and hog finishing capacity is better matched with packing plant 
killcapacity). Furthermore,some food distribution chanfarrowing,faciiities but contract out the nursery and grow"' 

· . h · . ·I . ·th . 1. . t 1 · . 1.... nels may require. particular quality characteristics which mg p ases. n essence, e m egra or everages vo ume 
may not. be available in predictable quantities in open, by investing funds in only part ofthe total fixed assets ·· · · · 

· spot mark. ets. needed to produce hogs while maintaining a high degree · · 
of control over the other phases through the ownership of Increased cortcerns about food safety and health also add 
the livestock and the specification of the growingcondi- risk to the productionprocess. This risk has two 
tions. More resources and services are out-sourced, and dimensions: 
more linkages up the food or industriai product chain to 
the end-user areusedtqcapture value in additional stages 
of the chain. . 

Negotiated coordination. 
Spot markets 
Production agriculture in the past has focused primarily 
on cqrrimodity products with coordination through im
personafspotmarkets. The increased specificity in. raw 
material requirements combined. with the potential fot 
producing specific attributes in those raw materials is 
transforming part of the agricultural·market to a differen
tiated productrriarket rather than a commodity product 
market. The need for greater product diversity and. more 
exacting quality and flow control will tax the ability of 
spot markets to coordinate production and processing ef
fectively. Open spot markets often cannot adequately con
vey information aboufthe quantity, quality, timing, and 
other product characteristics wanted by users. 

Information flows 
Spot markets also convey information more slowly and 
less effectively. In general, negotiated coordination results 
in inore rapid transmission of information between the 
various economic stages and helps insure that the system 
adjusts to changing consumer demands, economic condi
tions, ortechnological improvements. 

'J;'his ability to respond quickly to changes in the economic. 
climateis critiCal to maintaining profit margins as well as 
extracting innovator's profits. Likewise, quickadjustment 
to erroneous decisions helps assure survivaJ and success. 

Risk· 

. . 

• the health risk of food borne disease; al1d 
'. ,_ . ·:-

• the risk of polluting water, a.ir and land resources in 
the food productionprocesses. 

These risks can result in significant direct costs and li
ability exposure for not only the responsible firm in the 
food chain, but also firms that supply related inputs and 
purchase products from the "responsible" firm in the case 
of strict (joint arid several) environmentaUiability related 
to chemical use. Thus system coordination and trace-back 
capacity to reduce or controlthese risks may be, in part, a 
responseto the broad sweep of product and environmen
tal liability law. 

Relationship· risk 
The expanding use of contractual and other forms of ne
gotiation-based linkages, arid the deCline in impersonal 
market~based transactions, reduces price and other risks 
but increases relationship or contractual risk. For example, 
the financial failure of aporkprocessor is a significant 
risk for the contract pork producer. · . 

Niche markets 
Segmented or. niche markets for· some food and indus
trial-use products canappear and diSappearrapidly. For 
mal1y agribusiness firms in the food-processing and dis
tributionbusiness, the risk of changing consumer prefer
ences or a food safety scare may be more important than 
the risk of price variability. Contractual arrangements to 
source.rawmaterials ~educes price and availability risk 
as. well as food safety risk from chemicals, and simulta
neouslyobtains the attributes needed in the final product 
from the specific-attribute raw material. · 

Sources and strategies Power and control. 
Industrialization of agriculture is.both aresult of; and has Position power · 
implications .for, the business strategies that will be used Traditionally, concern about power or control in an eco
to reduce risk. A common business strategy of "industri- nomic system has focused on monopoly or monopsony 
alized" firms reduces the risk ofhigh input prices bycon- power. The increasing importance of information in eco-
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nomic decision making combined with more negotiated 
coordinationsystems may also lead to market power: 

Points of control 
Consumers now choose their foods more carefully; they 
want a broader spectrum of attributes in their food prod
ucts, and increasingly have the purchasing power to con
vert their desires into effective demand. Those firms that 
are close to the end-user and understand the increased 
specificity of consumer demands have a unique capacity 
to communicate and/or dictate those demands to the rest 
of the production and distribution chain. 

Raw materials suppliers maintain the second point of con
trol, but not all raw material suppliers have the same de
gree of power and control. In essence, the relative control 
of raw material suppliers depends upon the substitutabil
ity of other inputs. The one input with the fewest substi
tutes is the genetic material in plant and animal produc
tion. Biotechnology and increased predictability and 
control of genetic manipulation provides additional power 
to those who control genetic. material. 

Knowledge and information 
Note that the points of control in the agricultural produc
tion and distribution chain are at the beginning and the 
end-the genetics and the end-user/consumer. The source 
of this control is knowledge in both cases. By the very 
nature of their ·business, retailers or food processors and 
genetics companies have better access to information, and 
with this. information more control over prices and 
production. 

The Role of Information 
An increasing role 
Knowledge arid information have become increasingly 
important resources. Manufacturing food and industrial 
products has become more complex, and those who un
derstand this complexity will have a comparative advan
tage. They must be able to sort through huge amounts of 
new chemical, biological, and other information and put 
it to practical use. 

Access to information 
Historically, both public (extension services, universities, 
government agencies) and private sources (genetics and 
chemical companies, feed companies, machinery and 
equipment manufacturers, packers and processors, etc.) 
provided information to producers. In contrast, many of 
the new integrated firms or alliances of firms have inter
nal research and development staffs to enhance their 
knowledge and information base. And the knowledge they 
obtain is obviously proprietary and not shared outside the 
firm or alliance; it is a source of strategic competitive 
advantage. 

4 

Integrated systems 
The research and development activities in coordinated 
systems focus more on total system efficiency and effec
tiveness than on individual components of that system; 
they focus on integrating the nutrition, genetics, building 
and equipment design, health and disease control pro
grams, marketing strategy, etc. rather than on improving 
these production and marketing components separately. 
And, in addition to .more effective research and develop
ment, such alliances or integrated firms have the capacity 
to implement technological breakthroughs more rapidly 
over a: larger volume of output to obtain larger innovator's 
profits. 

The expanded capacity of integrated systems to generate 
proprietary knowledge arid technology and adopt it rap
idly enables the participants in those systems to more regu
larly capture and create innovators' profits while simul
taneously increasing control and reducing risk. This 
provides a formidable advantage to the ownership/con
tract coordinated production system. 

Public policy 
As more of the research and development comes from 
private sector firms, and more of the information dissemi
nation system becomes privatized,individual firms have 
more potential to capture value from information and have 
a sustainable competitive advantage. They may restrict 
access to new ideas and information to particular usersin 
order to enh~nce their own profits. The concepts of intel
lectual property rights, including patent and copyright law 
as applied to agriculture, were developed in an era of do
mestic markets and national firms;in this era, a relatively 
large public sector research, development, and informa
tion dissemination system developed in which informa
tion played a relatively limited role as a critical resource. 
As a result of the shrinking role of the public sector in 
research and development and disseminating information; 
and the increasing importance of information compared 
to other resources as a source of strategic competitive 
advantage, our dated intellectual property right concepts 
should be reevaluated in the current. context of global 
markets and multi-national business firms. . 

You can recognize industrialization in the pork sector by 
mega hog operations, rapid growth of contract produc
tion, movement toward vertical coordination of produc
tion and processing, and an inflow of capital from inves
tors. These investors have a vision of building a .more 
highly coordinated pork system which is more consumer
responsive and delivers superior economic performance 
relative to the market-coordinated system in the Midwest. 

The North Carolina model 
The industry in North Carolina has led the trend toward 
pork industrialization. Drawing heavily frorn principles 
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.··, .. _.- .. 

1ndustrzalization of the U.S. s.wine.industry · 

· _· obsetired ~in: the state's integrated poultry industry,. they ·in the future. And.maiiy argue that the envi~onrriental regu
have surged to become the second leading pork-produc~ lations .are le,ss ·stringent, essentially allowing the mega
ing state. By learning more about the North Carolina sys- producers to achieve scale economies atsome unknown 
terns, Midwest producers can observe possible ways to co~t to the environ~ent. .·l · 
make theii: pork systems more efficient. . · .. . · ·.· 

· · · · · · · ·· · Others _are followingNqrth C~r()lina's lead in developing 
In .N6rth Caroliiui, they hav~ built. the hrrg~s~ pork pro-· similar new highly coordinated pork systems in states such 
cessing plant in the world: This new plant willprocess as Missouri, Oklahoma; Arkansas, Texas, Colonidg~ and 
over 8% of all the hogs in the country. It is twice the size Utah: .· . · . · . . . 
of any Midwestern plant~ The'supply for the plant will be ·· . 
coordinated with a handful of!fiega-producers. With this IIDpJications _ 
tightly coordinated system, they will be able to supply 
meat retailers and consumers with the most ~onsisteni: 
quality available today and do so in large volumes. In 
addition; since. coordination of_ the entire production-to
consumption sector is provided by a few executive,s, they 
will be able t() rapidly_ adapt to changes in production tech
nology or consumer desires. If this model were to be
come the no-rm, today's pork volume could be supplied 
by 12 plants and about 50 producers. · . . . 

The new mega~operation uses the latest cost-effective and 
sophisticated technology. Some of this technology was 
applied for n-early a decade before the Midwest began to 
explore its use. Once the optimum technology is found, it· 
is then standardized into buildings, equipment; genetics, 
nutrition, health programs, and management techniques. 
In addition; it is applied in lar-ge· units to niiniinize fixed 
costs per hog and employs det.alled monitoring and con-
trol systems to enable .continued improvement. · 

In North Carolina, contract production is also part of in
dustrialization. The "integrator," a,s the tnega~farm owner/ _ 
manager is called, owns the hogs, provides the feed, medi- . 
cation, transportation, and technical services, Local farm
ers then invest in buildings and equipment,: and provide 
land and labor. In return they receive a contractual fee· · 
and sometimes additional financial incentives for supe- .· 
rior performance. Profits or losses accrue to the integra"' 
tor.,-Contra:oting allows integrators to grow rapidly by le-' · 
veraging their own equity arid management resources, 
since other farmers provide ·substantial portions of the 
capital, land, labor, and ma'\lagement • 

This is truly a pork manufactubri.g system, based upo~ 
dist:overing technologies and then applying those tech-'. 
nologies with the ·sole objective of producing low-cost, 
consistent, high:quality pork a( moderate prices and to 
coordinate production on long..:rerrri. agreements with lhe · 
packer. This is a system which, if successful, can be rep-. 
licated many times over. · ·· 

. · . . ·-·, . . .. 

There are other local factors contributing to the phenom
enal expansion of North Carolina's industrialized pork 
sector. Resource costs for labor and buildings are lower . 
than in the Midwest. Lenders have seen the success of the 
contract system and are see~ing ways to stabilizl'farm 
incomes .as potential loss of revenues from tobacco looms 
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Some, iinplicatio~s seem evident atthis time; others will 
depend l!pon the decisions made by industry par~icipants 
arid public policy-makers .• As a starting point some eco
nomic observations seem to be in order. 

. ·• . . 
• Many current producers have high costs, utilize dated 

te~hnology, have small, diversified farms which re-
. t_ard their ability to gain managerial.int~nsity; and are 
· nea,ring retirement age without sufficient sizes of op
enrtions for someone else to acquire and operate. They 
will likely be replaced by larger, more specialized, _ 
ailq mote manageria:lly intense operations. 

• A (arge number of pork prod\lcers wili. co~tinue to 
leaye the industry. Currently, 45% of the nation's hog 
inventory is on farms with less than 1000 head. of hogs. 

_ As a group, this segment is losing U.S. market share 
at a, rate of nearly 3 percentage points per year. This 
trend is likely to continue, and much of this group's 
contribution could be lost. 

• Over time, the industry will move toward much larger 
ari.d lower cost units to exploit known economies of 
size. Table 1 summarizes comparative costs of dif

.. ferertt size and technology pork production' units un
der Midwest conditions. But note that over haJ.f of 
the difference in cost between the 150-sow low~tech
nology systems (in essence, .late 1980s technology) 
and the 1200:-sow high-technology systems is tech-

. nology~re~a,t~d. not size-related. 

• Out-migration of'smaller farnis in coining years, es
peCially the :under-500-head size (and sonie larger 
operations), may total around 35% of today·'s pro~ 
duction, At the cur:rent trend this could occur in a 
decade. 

• With lower costs, increased coordination, and im
proved quality; the pork industry could have net 

· ·_growth of 15% ovenhe next decade . 

• With potential for 35% out-migration and 15% net 
growth, the industry will largely be transformed. Who 

'will produce these no·gs,; and where will they be 
raised? · 

•· For the MidwesCto maintain its dominant market 
share, the region will rebuild and recapitalize._ 

5 



· Michael Boehlje 

1200-s~w- · 
High-Tech-

-:Table 1 

····:' 

soo-s·ow 
High-Tech_ 

aoo-sow 
High-Tech 

150-sow 
.-High-Tech 

_ 150-sow·· 
·--Low-Tech 

.-~ ··.·. 

~· . 

. __ ·Com ._ 9.19 
,· ~.q3' 

9.19 
5:_53 

9.81 
.5.89 

9~81 
5;8.9 -

10.72 
6A5-
4.49 

·- _- Soybe,an Meal 
Other Feed 
TOTAL FEED 

__ Herd Health 
Utilities · 

-Marketing 
·Miscellaneous. 

- Mortality Disposal 
AICosts · 

- TOTAL DIRECT 

Market Inventory< 
·-Breeding Inventory . 
Equipment · · 

_ . Buildings _ 
Land 
Labor 
Management -
TOTAL INDIRECT 

.3.84 

.18~56 

• 0.51. 
1.71' .. 
r.oo 
0.21 
0.03 
0.04'-
22~07 

0.40' 
1.59·-
4.04 
2.67 
0.02 

-__ -2;06' ' 
1.39 
._12.17 

TOTAL COSTS - ·$34.25: 
· .. costs·vs; 1200-sow __ NIA · 

.. 3:84- .· 
18.56 

0.51' .· 
. 1 .. 71 .... · 
. 1.00 
. 0,21 ,· 
0.03. 

·o.o4·:, 
22.07 
.. ' 

__ , 0.40 ·. __ _ 
1.66 

·---_- 4:53_. 
2:79 
0.03 

·2;84 
.1.39 

--·:ta:64 

. '•$35.72 
+$1.47 

.. 4.10 . 
. '1.9.80 

0.53 
1,78 . 
1.00 
:22 
.04 

·- N/A -
23.37 ·. 

.44 
. 1.20 

5.66 
2.67 
0.05 
3.86 
1,38 
15;26 

$38.63 
___ . +$4:38 

. 4.10 
19.80 

0.55 
1;68 
1.90 
._23 

--.04· 
NIA 
23.29--

0.51 
-... 1.48 

6.84_ 
2;86 
'0.07 
4.11 
1.38 

·. -17.2.5 
. . . 

·. $40-.54 
'·+$6:29 

21.66 
:-~ . 

0.58._ . 
1.79' 
1.QO 
.24' 
.06 
N/A 

··-25.83' 

· o:12 
': 1.73 ' 

9~27 
' 3;70 

.Q;05 
5.70 

'' 1 ~38' 
22.·55.·'' 

- $47.88 
,+$13.63 

. ·.·_ 

. -
• _An important component of this recapitalization is to ucts to the world's consumers not, as in th~ past, to, 

adopt the new technologies such as phase feeding, _ those W~O own the production facilitieS; - -
_ segregated early weaning, ail-in-all-out production - - -

· - Que_ stitms concerning the industrialization process e_ xtend· 
-anQ: others as summarized in Table 2---,:.technologies 
that have_ the_ potential_ to dramatically :reduce costs beyond those directly involved with the industry. How do __ 

·. ap.d increase revenue.__ · · - - · production practices and highenanimalconceritrations -
affect water and air quality? Will the farmer lose the tra- _ 

• If ec~nomic advantages of impr~ved coorditiation of ' ditional independent status? Will industrialization affect 
-production and processing are evident, the Midwest the social structure of the local community? What is the · .- · 

·.·industry :will be forced to find w:ays toreduce vari- economic impact onlocal communities when huge hog· ---.· 
ability, to improve marketing effidency, and to pro.;. · operations buy many of theirinputs from outside the com.,. 

· vide better signals between consumers ap.d produc- munity? What happens Jo the profits from the 'operation; 
~rs. In other. words, it will haye to move away from a .. do they now flow: to an-. investor in some far-off u~bart _ 
traditional commodityorientation toward a consumer- area? Wheri does ihe industry become too conceQtrat~d . 
and_ cost.cdriven pork system. and begin to extract monqpoiy pr:ofits froiJl consumers? 

• The Midwest can no longer rely on its natural resource ·. · · · · · 
. base andindustry infrastructure as sufficient condi- ·WbatAboutThe FUture? . _ . . -
· tions for industry location; Integrated firms are large · · · ·. · · · ·. ··. · · · · 
_ enough now to provide all of their own support and Stnictural- change will continue in the. por~ industry, .Q\lt.. -

the degree of integration remains· unclear. There:remains . · cantake their syste~s where.they willb~ allowed to . . . 
a major existing investment in the more traditional-corn-.• ' . 

. . _ operate. . . . . . -.. . niodity-oriented systems, especially in the MidWest, and -
· • The greatest returns in the pork system of the future it is likely that substantial portions of this system\vill be · 

-· . will increasingly. flow to those who can put together .•-, able to remain competitive. · - · _ . . 
technology packages and deliver differentiated prod- I · - al• th M"d- _. . d- · .: -- h .-. · · · : d- th· .. -- . ._.. ·.:_ 

- · · · · · · · n gener , e 1 west m ustry as_examme. . e types 
. of changes' needed to he fully competitive' with more: -' 
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Industrialization ofthe U.S. swine industry 

Tabl~ 2:Hanking of technologies by r~turns and easeto·implemenf. 

Rank Technology Tested On Impact Impact Ease of 
$/cwt $/head Adoption·~~~ 

1 SEW/AIAO 150-sow low-tech 4.73 
2 Genetics-Production 150-sow low-tech vs 3.38 

1200 
3 Throughout . 150/300 vs 600/1200 3.09 
4 Genetics-Revenue . 150/300 vs 600/1.200 2.24 
5 Split Sex/Pha,se Feeding 1 50-sow low~tech .1.79 
6 AII-I n-AII-Out 150-sow low tech :73 
7 Network Selling Judgement only' ..... .75' 
8 Network Buying Judgement only ..... , .70 

·impacts are estimated within models in this publication, unless noted otherwise .. 
.. Estimated impacts of genetics on feed efficiency, pigs/litter, and fixed costs. · 

11.59 7 
8.28 .. 3 

fs7··· . 8 
5.48 .. ~· 4 
4.39 1 
.1 . (9··· 2 
1.83 5 
1.72 6 

... Es~imated as 30% of difference in costs for breeding inventory; buildings, equipment, laiJor,, and manage
ment cost. 
.... Revenue impact of improving from 150/300 level to 600/1200 level at $45/cwt. ·· 
..... Impact of implementing AIAO by itself, withoutSEW. The impact forSEW/AIAO on first line includes both · 
SEWand AIAO. . 
...... Based on the judgement of authors .only. · · 
Source: Positioning Your Pork Opere3,tion for the 21st Century, Purdue University, ID-21 0. 

highly integrated systems. With positive attitudes and a ily farms. They will belargeenough to obtain the needed 
willingness to change, it is premature to write the in de- technology and keep up with constant changes in tech-. 
pendent producer and independent packer out of the in~ nology. The third system will be a more highly coordi
~ustry. Their continued success will depend on their abil- nated system of producers, suppliers, and packers work
''ity to incorporate some of the best features of the highly ing together to form larger buying-, selling-', and 

coordinated operations with the unique advantages of in- production-groups· able· to overcome soineof the.· disad
dependent operations. It seems very likely that a number . vantages of size, yet acquire technology. similar to very 
will be able to accomplish this task, but much of the Mid- large integrated operations. 
west industry remains vulnerable. 

The challenge to independenfprodiicers, suppliers, and 
-Three models of pork production systems are likely to packers is to find wa:ys toadapt current technology and 
exist in the future. The first is the integrated model which. enhance coordination in existing systems. 
has evolved in the past five years.The second is the tradi
tional independent producer and packer. These producers 
willlikelybe larger farms which have evolved from fam-

19()6AllenD. LemanSwine Conference 7 



Internationalization of pork markets 
Oivind Hoen 
Executive Marketing Director, DANSKE SLAGTERIER (The Federation of Danish Pig Producers and 
Slaughterhouses) 

I will present you with a global market outlook for the 
pork trade, as I see it from a Danish perspective. Before I 
begin my presentation, I should however, like to empha
size that the effects of the recent attention given to BSE 
or "mad cow disease" has not been taken fully into con
sideration. At this point we have no clear knowledge on 
the long term effect onto other meats as a result of the 
"BSE scare", but we do believe consumers, to an increas
ing extent, will pay attention to the circumstances under 
which the meat is produced and the veterinary standards 
of the country of origin. 

In trying to forecast future trends in world production and 
trade one has, of course, to consider the present situation. 
Let me draw your attention to some figures from OECD, 
USDA, and our own estimates. 

Today pork production in the world's main producing ar
eas is around 70 million tons (Figure 1). Out of this total, 
China produces 45%. China is followed by the EU, with 
a share of 23%, and then by the USA with a share of 
12%. Other countries account for 20%. Of these I should 
perhaps mention the former Soviet Union with 6.5%, 
Eastern Europe with 5.8%, Canada with L8%, and, our 
main competitor in the Far East, Taiwan with 1.7%. 

As far as the world production in year 2000 is concerned, 
I have not seen any published forecasts that cover all pro-

duction regions from the well-known meat forecasting 
organizations or institutes. It is, however, a fair estimate 
that the total world pork production will increase from 
today's 70 million tons to a level of between 80 and 90 
million tons. The different countries' or regions' share of 
this production are even more difficult to estimate, but I 
think China's production will increase more than other 
regions which means that China's share will increase while 
others will fall even if the absolute production figures in 
some of these areas continues to increase (Figure 2). 

Traditionally, world trade in pork has been relatively small 
compared to production volumes. World trade in pork is 
now around 2.3 million tons or about 3.6-3.9% of pro
duction. In the year 2000 I think that the world trade will 
increase to a level of around 3 million tons. In other words 
it is expected that the world trade share will remain at its 
traditionally low level of around 3.5% (Figure 3). 

The main players in world pork trade are the EU, Canada, 
and the US on the export side, and Asia and the former 
Soviet Union on the import side. 

The biggest exporter is the EU and I should of course 
mention that Denmark's share of the EU export is about 
65-70%. The main destinations for EU's export are Rus
sia and Eastern Europe, United States of America, and 

Figure 1 
World Pigmeat Production in 1994 in Mill. Tonnes 

8 

China 
31.0 Mill. t. 

45% 

Total: 68,3 Mill. Tonnes 

USA 
8.0 Mill. t. 

12% 

Others 
13.7 Mill. t. 

20% 

EU (incl. new members) 

15.6 Mill. t. 
23% 
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Internationalization of pork markets 

Figure2 
World Pigmeat Production 

in year 2000 
Total: 80 - 90 mill. tonnes 
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Figure3 World Trade in Pigmeat 1994 

1,000 Share of 
tonnes ewe production 

1993 2,359 3.6 o/o 

1994 2,638 3.9°/o 

1995 est. 2,300 3.4°/o 

2000 est. 3,000 3.5°/o 

H \frelance\AMo-<llas\6.pre RC 1813-96 

some Far East countries of which I am sure you know 
Japan and Korea are the most important destinations. 
Canada exports mostly to the US, but also to the Far East, 
especially Japan. Destinations for the United States' ex
port was mainly Japan and Central America, while China's 
export went almost exclusively to Hong Kong. Taiwan's 
main customer is Japan. Finally, it should be mentioned 
that the destination for the Eastern European countries' 
export is the former Soviet Union and other Eastern Eu
ropean countries. 

1996 Allen D. Leman Swine Conference 

On the importing side Japan is the largest individual im
porting country, but Russia and the Eastern European 
countries have become significant importers during re
cent years. USA is both a significant importer and ex
porter. Finally, the EU is a minor importer which is due 
to the fact that the EU has a degree of self-sufficiency 
ranging between 103% and 105%. 

Net exports from the EU and Canada are expected to in
crease. The US will change its trade pattern from being a 
net importer to becoming a significant net exporter. Net 
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Figure4 

FigureS 

Development in n~t trade 1995 ~ 20-00 
in selected countries/regions 

(Export minus import) 

EU 
Canada 
USA 

Asia 

1000tonnes 
1995 2000 
+700 +850 
+280 +315 
+ 60 . +350 

+580 +700 
+270 +450 
+ 90 +215 

Former Soviet Union 
South America 
Eastern Europe + 50 +~ I§H 

H!Vrel&rq\Canada\15.prt RC 2312-96 
-~ 

Key figures • .·. 
. . 

primary production 

Pigs per year 
pers_ow 

Feed units per 
kilo daily gain 

Daily gain, gramme 

1994/95 

DK NL. F D UK 

21 '7 21,3 21,2 20,2 21,5 

2,93 3,05 3,05 3,10 2, 75 

744 . 715 700 700 620 

~ 

imports will increase into Eastern Europe, the former. WTO member it is difficult to predict what will happen. 
Soviet Union, South Amei:ica and Asia. I expect the il1l~ ·China has an enormous population but also a)l enormous 
porting countries or regions of today to remain significant · production, but like Ru11sia when free economy and wealth 
importers of tomorrow- and perhaps to an even greater grows and· more free trade is· established, consumption 
extent. In addition new importing countries will emerge will increase and a needforitnport could bethe_ result. 
in the future <Figure4>. In this vein, lhavealteady men~ Finally, countries in Africa and Oceania could become 
tioned Centra( and South America, where countries like importers but perhaps only to a small extent as porkcoii~ 
Mexico, Venezuela, Argentina, and Btazil could be po- sumption per capita is low~ _·. · · ·· 

tential imparters. Korea ha:s already started to be a Having describ~d the g{menil.porktrade_ ·_oud_·-~ok, I will 
significant importer andJ believe Korea will develop tap~ 
idly in the years to come: For China which is not yet a now try to put Denmark into this global picture. 
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/nternatim1alization of pork markets 

Figure61 Development in Danish PigmeatExports 
By Market 

In 1.000 tonnes product weight and .shares 

1990 

tonnes 

Germany 134 
France 107 
Italy 75 
UK 241 
Other EU-countries 34 

EU total 591 

USA 96 
Japan 115 
Other 3rd countries 95 

Total3rd countries 306 

Total 897 
* mel. Sweden, Fmland and Austna 
A.\lloH:plao,:her/ekspon.eng 
AJN J2. mans 1996 

% 

15 
12 
8 

27 
4 

66 

13 
11 
11 

34 

100 

1995 2000 

tonnes % tonnes 

260 21 360 
135 11 110 
95 8 140 
235 19 250 
* 95 8 * 170 

820. 67 1.030 

60 5 50 
140 11 180 
205 17 140 

405 33 370 

1.225 100 1.400 

Fig\}re 7 Development in Danish Pigmeat Exports 
By Product Group 

In 1.000 tonnes product weight and shares 

1990 1995 2000 

tonnes % tonnes % tonnes 

"Pure raw material" * 206 23 335 27 322 
Bacon 117 13 124 10 112 

"Semi-processed raw 
material" ** 287 32 446 36 573 
By-products 99 11 124 10 140 
Processed products*** 188 21 211 17 253 

Total 897 100 1.240 100 1.400 
·. 

* Carcasses and bone-in cuts with fat and rind. · 

** "Tallormade".deboned cuts without fat and rind. 

*** Sausage products and cooked meats 

% 

26 
8 
10 
18 
12 

·74 

3 
13 
10 

26 

100 

% 

23 
8 

41 
10 
18 

100 

Today Denmark has a share of 20% of the world pork petitive handic~p is consequently reduced. The situation 
trade and the Danish share of EU pork exports is around on the world's grain. markets. could, however, be com-
65-70%. As an EU-member and as a result ofcurrent EU pletely different iii the next marketing year, and it would 
legislation we will of course have to face some difficulties be unwise to base our competitive cost forecast on an 
as a result of being faced with higher feed costs than our atypical harvest worldwide. We can, however, base our 
competitors on the world market. However in times with expectations on the fact that the 1992 reform of the Com
increasing grain prices on the world market, as has been mon Agricultural Policy commits the EU to reduce Ellro
the case lately, the difference between our feed costs and pean grain prices. Also further reform of the European 
the world market cost level becomes smaller and our com-· Agricultural Policy may include a complete alignment of 
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European grain prices with the world market level and 
thereby remove our competitive disadvantage in the longer 
term. 

Of course, price is an important matter when exporting 

Overallthe structural development on the slaughter, cut
ting, and processing industry in Denmark has been 
influenced by the need to maintain an internationally com
petitive position. 

pork but price is not the only marketing parameter. Also Having discussed the structure of the Danish pork indus
the quality aspects have to be taken into account and many try, I will now tum to how we expect our industry to per
of these aspects are becoming more and more significant form on the future world pork market. With the current 
world wide. As an exporter you also have to accommo- level of feed grain production in Denmark we could, in 
date to the needs of your customers and I think that Den- theory, increase our production from the present level of 
mark has a tradition for doing so. Before EU legislation 20 million pigs a year to around 30 million pigs a year. 
was established to improve the veterinary infrastructure However, due to environmental and set-aside regulations 
in Europe, Denmark had for many years been complying a realistic production maximum is 23-25 million pigs. To 
with the veterinary and sanitary requirements of the high- be cautious in our estimates of future Danish exports we 
quality segments of the world market. The same applies have therefore based our forecasts on 23 mill pigs pro
to other quality aspects. As a result of the concentrated duced. A production of this size should result in an ex
and integrated structure of the Danish pork industry, it is port of around 1.4 mill tons annually in year 2000. 
possible to maintain unified quality and safety standards 
for the total industry covering all aspects of the produc- We have tried to estimate future market trends (Figure 
tion from farm to dinner table. Through close coopera- 6). In general, we think that by the year 2000 a bigger 

share of our exports will have other EU countries as a 
tion in this area we have created a national quality-assur- destination. The reason for this is that these markets are 
ance scheme providing detailed documentation about 

closer and especially in the biggest pork market in Enquality and safety aspects. In addition to issues of qual-
rope-Germany-we expect production to continue its ity, the Danish pork industry makes strenuous efforts to 
decline. Furthermore pork export markets are expected 

ensure food safety both with respect to microbiological 
hazards, as well as unwanted chemical residues and other to develop positively in the new EU member states, Swe

den, Finland, and Austria. Regarding the individual En
physical food hazards. 

ropean markets we expect Germany to be of increasing 
In addition to feed costs, quality, and food safety as sur~ importance. France will be of less importance due to a 
ance, the competitive position of the Danish pork indus- higher degree of self sufficiency. Italy will increase its 
try depends on a· lot of other factors during the primary share while we expect that our market in the UK will be 
production and stage later during slaughtering, cutting and stable in tonnage but reduced in share. Other and new 
distribution. As far as primary production is concerned EU-markets will be of increasing importance. 
Danish pig producers are well placed. I have compared 

As far as markets outside the European Union are eonkey productivity figures b'etween Denmark and some other · cemed, we expect that our market share in the US will 
pig producing countries in Europe and it appears that the decrease due to increased competition from local produc
performance as regards pigs per year per sow does not 

tion. With regard to Japan, we expect our exports to indiffer much between. the main producing countries in 
crease in line with reduced local production. This is, of 

Europe. This also applies to feed conversion and daily course, provided that a solution is found to the present 
gain (FIGURES). Japanese safeguard problem. Without a solution, a stop-
In the long term it is a matter of vital importance for Den- go policy for normal imports into Japan could reduce our 
mark to continue aiming at improved efficiency resulting share significantly. When looking towards Korea, we be
in more pigs per year per sow and higher feed conversion lieve that imports after July 1, 1997, will develop quite 
rates than in competing countries, especially the US. significantly. For other third countries we are a little doubt-

ful. From 1993, we achieved significantexport increases 
As far as slaughtering, cutting and processing is concerned to Russia and some Eastern European countries, but this 
the Danish industry structure has shown significant 

has already in 1995 started to decline. With this area we 
changes over the years. During the past 25 years the num-

are a bit more cautious in making estimates. 
ber of slaughterhouse companies has dropped from 54 to 
the present four as a result a continuous process of merg- Finally, I should of course say that there are a lot of un
ers. Nevertheless the total number of pigs slaughtered certainties on the figures I have mentioned. On the other 
during the same period has gone up from 11 million pigs hand, however, we are confident in reaching a total ex" 
to 20 million pigs today. The capacity utilisation in the port of around 1.4 million tons. In other words, we aim to 
slaughterhouses and processing factories belonging to the export the increase in our production since the Danes can 
four companies is more than 90%. Cutting, processing, hardly eat more pork, with a yearly per capita consump
and marketing is integrated in the structure of the four tion in 1995 close to 70 kilograms. 
Danish slaughterhouse companies. 
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Having looked at the total export quantities the next ques
tion would be what kind ofproducts we are going to ex
port. Again we have tried to make an estimate (Figure 7). 

Regarding what we call pure "raw materials" -,-in other 
words carcasses and bone-in cuts with fat and rind on
we think that these items will maintain their volume. We 
expect that the export of bacon will not show any 
significant changes. And, as mentioned earlier we expect 
our· total export of bacon and pork to the UK to remain 
stable in tonnage. 

The next product group is what we call "semi-processed 
raw materials". By this definition we meantailor-made, 
deboned cuts without fat or rind~in other words, cuts 
made totally to our customers S!"ecifications. Examples 
of these products include loins, collars, and bellies. This 
is really the product area where Denmark~ombined with 
product quality and uniformity-has had success on the 
export markets and it is also our intention that this share 
shall be increased further from the present level of 36% 
to more than 40%. 

Finally as far as processed products are concerned, the 
export tonnage will increase. Our raw materials can be 
used for production of processed products to our export 
markets, but national or local preferences for processed 
product will limit the expansion in the export of these 
products. · 
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Internationalization of pork markets 

To conclude, our expectations of the future world market 
development for pork and the Danish position are as 
follows: 

• World pork production will increase fro in 70 million 
tons to around 80-90 million tons. 

• World trade willincrease from2.3 million to 3.0 mil
lion tons. 

• Traditional importers will increase their tonnages and 
new markets in South America and Asia will emerge. 
Japan will continue to be the world's dominant im
porter with one-third Of total world imports. 

• The main competitors in existing and new export 
markets we think will be the EU and the US which 
together will accountfor around 50% of all exports. 

• Denmark will increase its total exports from presently 
1.2 ·million to 1.4 million tons. Also, Denmark will 
keep a significant share of EU and world exports. Fi
nally, Denmark will continue to concentrate on "semi~ 
processed raw materials" for exports. 

This outlook is the basis on which we in the Danish in
dustry are planing our future quality and marketing policy. 
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The power. of information 
Robert B .. Morrison, DVM, PhD, MBA; William Zimmerman, MS; Ruth Cronje,·MA 
College of Veterinary Medicine, University of Minnesota , · · · 

Information: knowledge derived from study, experi-
ence or instruction (Websters) · · .· 

. . .·· . .· 
. .. 

.. lJruversity annual research reports . . 
UMN Swine Center, KSU, Prairie Swine Center, etc., 
NPPC quarteily research report, NPPC Annual Research .·. 
Repoit, etc. · · · · 

We collect dat(l~ collate and process it to produce infqr
matz(Jn; which upon contemplation, discussion, and rep~ 
lication becomes knowledg~. In the swine industry, we 
collect a plethora of data on individual sow and boar ob- . Proceedings from conferences · 
servations, pig growth performance, carcass characteris~ Leman Conference, G;A.Young, AASP, State veterinary .. 
tics, cost and financial performance, environment, etc. We & ·producer meetings, NPPC sponsored· meetings, East;.. . 
can generate an enormous amount of information with . em, Central & Western States Veterinary meetings', IPVS 
these data. But is it all useful? How often do we produce (>800 papers in 1996), International Society for Veteri-··· 
information overload as opposed to using it effectively to nary Epidemiology, Theriogenology, Pork Summit, Brock 
generate knowledge? · ·. · .· · ·.. . ·· ~ ·• Meeting, etc;··· · · · ·. 

piles of data. 

bits of 
. infa"\ition . 

! · · . · contemplation, discussion, replication 

e 

Lay magazines . . , 
National Hog Farmer, Feedstuffs, Successful Farming, 
· Pork96, Hogs Today, Pig TnternatimiaJ, NPPC News, Pork 

· !Vews (MPPA), Figs (Misset?); Pig Farming,.etc .. ·· 

·commercial publications·· 
. Just Pigs (NOBL); .Hog Talk (ALPharma), (Upjohn · 

Pharmacia), Cutting Edge (PIC), etc. . 

· Swine listservers 
Swine-L, PigFarmer 

Audio tape series 
"At the Meeting"™, ''Inside the New Swine Industry';™ 

We all respond to information in different ways. Some ·of. 
us love information just for the sake of learning. while Satellite conferences 
others need to cut to· the quick-now; "just give me the . Odor, Finances, Prairie Swine Center 
answer." Regardless of our love and/or need for new in
formation, one irrefutable factis that new information is 
acc~mulatirig at an explosive rate~ In fact, knowledge has 
been estimated to be doubling every seven years. Half of 
what students learn in their first year of a technical field 
at college (e.g. vet students) is obsolete by the time they 
graduate (Ives et al). We-and out clients:c--are bombarded 
by information on a daily basis. Consider this typical list 
of regular education sources: 

. Professional publications 
SwineHealth & Production, JAVMA, J Animal Science, 
Am J Vet Research, CanadianVeterinary Journ.al, Cana-

. dian Journal of Veterinary Research, Pig Information & 
News.Also scanning the international refereed literature 
by Current Contents, Commonwealth Agricultural Bureau 
CD (e.g. VetRecord,J Livestock Science, etc.) 

/4 

. . . 

Other reading for personal interests 
Harvard Business Review, Sloan Management Review, Les' 
Nouvelles, Meat Focus International, Meat Science: 
American Management Association, etc. 

My reading stack continues to grow. I can'ttake it any~ 
more! How can I deal with this ever increasing mass of · · 
information? And even if I read and learn all this infor- · 
mation today, I am out of date tomorrow .. How can we use. 
our information sources most effectively to stay on the . 
leading edge of knowledge? · 

"There's no such thing as. information overload; if 
information is really useful, our appetite for it is insa• . 

. tiable" (Davenport) . . .· 

We have two distinct types of literature that are equaily 
important. That is, literature pertaining to the science and . 

· to the art of veterinary medicine~ I read Swine Health and · 
Production to learn about new scientific information per.:.· .. · · · 
tinent to my clients' needs. I skim National Hog Farmer, 
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The power of information 

Feedstuffs, and other lay publications to know who is do- your own hotne. This technology is all currently avail
ing what and how they ate doing it; the art of veterinary able, and can be had for the cost of a personal computer 
medicine, and modem. 

We readthe scientific literature for one of three primary 
reasons: 

• to know what is in the literature, just in case we need 
to knowit, · 

• to research a particular problem or question that we 
need to solve, or · 

• to stimulate new ideas. 

For staying abreastof the art of veterinary medicine, a 
network of colleagues will be as important tomorrow as 
it is today. With the revolution in electronic communica
tion made possible by the Internet, you can now expand 
that network of colleagues to span the globe. For example, 
for the cost of an Internet email account (usually less than 
$20 per month), you can subscribeto an electronic dis
cussion group like SWINE·L. This group now includes 
some .400 subscribers from23 countries, from places such 

Most of us try to read this literature for the first reason; as Australia, Denmark, Greece, Croatia, and Indonesia. 
that is just in case we need to know it. But the piles are These swine-interested persons ."meet" on the Internet to 
getting bigger and we are feeling more behind. every day. discuss various topics relating to swine production and 
When you really examine all these sources, much of the health-sharing information and.in the process, collabo
information is duplicative and not particularly useful to- rating to produceknowledgeon a globalscale. Will people 
day. We are sufferingJrom information overload. It might who have access to forums like this one have a competi-
be useful next month, but by then I have forgotten the tive edge? . · 
specifics; The solution: "just-in-time" learning rather than "If information Is power and money, people won't 
"just-in-case" learning.Thatis, given a certain problem, share it easily ... [while] raw data is not information; 
we will have the skills to achieve education "just-in-time" and accumulating data is not the same as interpreting 
to apply to the task at hand. it and putting it in a usable form'' (Davenport) 

There will be new ways to retrieve scientificinforination Unfortunately, I think we veterinarians overestimate the 
"just-in-time." For example, you cari now access from your value of much of our information. The result is "informa
home or office a World Wide Web (WWW) site that is a tion paranoia" and a reluctance to share. We often are 
veterinary literature index. This service has over 100 vet- afraid that our producers might have equal, or even ear
erinary journals in the English language and is updated Iier, access to information. We, asvets, have no corner on 
daily. It is provided free of charge to the veterinary com- the information market or right to first access. Remem
munity by the veterinary libra,ry at the University of her, the rate-of~adoption curve-innovative producers will 
Montreal (http://brise,ere.umontreal.ca/~jettejp/ learn about and adopt new techniques before 85%of the 
vetjr.html). You can .search the literature using key words rest of us have even considered adoption, Any attempt to 
and identify the articles that you need. You willsoon be restrict or slow down access to the latest information is 
able to link to the journal's corresponding site and order futile. The strength of our profession is in the interpreta
an electronic copy of the manuscript to be sent to you tion, integration, and application of the information. And 
instantaneously. volumes of information are worth very little without this 

process of contemplation, discussion, and replication; that 
Other exciting technologies exist that could make access is, the foundation of new knowledge. 
·to information even easier. For example, when all sources 
of swine information are published electronically on the How db we help our producers make decisions? Often, 
Web (and many journals, including the Jourrial of Animal we and our producers are paralyzed liy indecision. Why? 
Science, currently are being electronically published on Perhaps, for lack of the appropriate information. We of
the WWW), citations to other articles could be linked by ten have no data. We need to know where the farm is now 
hypertext to the complete referenced article. This means before we can project where could it be and how we might 
that by clicking on the citation in the text, you could down- get there? 
load instantly the entire article being cited, to determine "Managers prefer to get information from people 
for yourself how the study was done, how the cited au- . rather than computers; people add value to raw infor-
thors interpreted their findings, etc. Once downloaded to mation by interpreting it and adding context. And, 
your ownpersqnal computer, you could save the file in most of the information people really care about isn't . 
your own personal electronic archive(i.e., store it on your on computers" (Davenport) 

hard drive), so that you could later perform keyword . In other indUstries, most managers don 'trely on computer
searchesthrough it electronica1Iy, if you wish. With wide~ based information to make decisions. These managers get 
spread cooperation among publishers, visits to the library two-thirds of their information from· face4o-face or tele
could become a thing of the past; instead, all swine~re~ phone conversations and acquire the remaining third from 
lated literature could be accessible in the convenience of documents; most of which are from outside the organiza-
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tion. We in the swine industry collect production and 
financial records to help us make effective decisions. Are 
we using our information effectively? Think about how 
you try to change the behavior of your producers. How 
do you communicate your message? Piles of data and in
formation will work for a few. But this amount of infor
mationcan also be overwhelming. Nuggets of knowledge 
will work for most. 

Production information 
Veterinary practices are in a fortunate position where you 
can serve as data bureaus for swine farms. One objective 
of a bureau is to take this information and create value 
(knowledge) for your clients. Two examples follow. 

Example 1 
Group close-outs were available for 201 groups from one 
farm. Genetics, feeding program, and management were 
similar across all groups. However, 123 groups were raised 
in confinement while 78 groups were in open-front, 
Cargill-type facilities. The following data were collected 
over a 12 month period: 

Weight in 
Weight out 
ADFI 
ADG 
FE 
Mort. rate 
$ medication I pig 
$feed I ton 
$feed I pig 
$feed /lb 

Inside 
46.6 
240 
5.09* 
1.63* 
3.12* 
2.18 
$1.25* 
$135 
$40.60* 
$0.21 * 

Outside 
46.8 
241 
5.49 
1.59 
3.47 
2.30 
$1.56 
$138 
$46.05 
$0.24 

* those values with an asterisk were different at < 
0.05. 

From feed costs alone, this producer is paying $5.45 more 
per pig raised outside. If the facilities were turned 3 times 
annually, this equates to $16.35 per pig space. Over 10 
years with 300 pigs/group, this equates to an opportunity 
cost of approximately $33,000 (discount rate of 8%), 
which is approximately half to two thirds the cost of a 
new finishing facility. Now, addon the benefits of a leaner 
carcass, lower medication costs, and better working envi
ronment for stockpersons. 

Example2 
Benchmarking performance with other producers is criti
cally important to knowing where one stands. Although 
it does not proyide the "answer" or explanation why, it 
indicates how a producer compares to peers. A bureau is 
uniquely capable of providing this service for its clients. 
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In the graph below, the owner of farm 2 can clearly see 
that ADG is substantially lower than the rest of the data
base (represented as farm 1). 

y = 743 • 0.034 • normal (x, 0.8361911, 0.1205531) 
y = 146 • 0.034 • normal (x, 0.6716439, 0.1067322) 
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Financial Information 
Financial records are used for: 

• Financial reporting & Benchmarking 

• Cost accounting 

• Decision making 

• Tax accounting 

The Farm Financial Standards Committee (FFSC) is an 
independent group of agricultural financial experts who 
have given their time "to develop and publish standard
ized Financial Guidelines for Agricultural Producers." The 
most recent report was published in July 1995. This re
port is a valuable and informative reference. · 

The National Pork Producers· Council has also had com
mittees meeting throughout the past year with the goal of 
developing guidelines for the format and interpretation 
of financial and production records and accounting across 
the pork industry. Members of these committees repre
senting all segments of the industry have developed rec
ommendations for definitions, production and financial 
measures, and a chart of accounts which make sense in 
our industry and are consistent with the GAAP and FFSC. 
By following these guidelines, we can make more accu
rate comparisons of the geographically and managerially 
different segments of the swine industry. In addition, the 
industry may be better positioned to attract new invest
ments and compete in the capital markets. 

Financial reporting & benchmarking 
Financial measures, in conjunction with produCtion mea
sures, enable us to analyze past versus present versus fore~ 
casted performance. This can be very useful for assessing 
the general trend within a farm. We use a set of financial 
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ratios to gauge performance. These various measures can 
be categorized into liquidity, solvency, profitability, re
payment capacity, and financial efficiency (see reference 
3 for details). 

The FFSC gives us three cautions when examining and 
using financial records: 

!.Financial records used in a vacuum are absolutely 
meaningless, 

2.Management dm use .a firm's historical financial 
records to analyze the trends. However, care must be 
taken to not refine the measures past the point where 
the accounting records realistically can support them. 

The power of information 

Example 2 
We were given access to the Agro Corporation financial 
records (AGBase records) database for 55 far1ns where 
the primary source of income was pork production (011 
01/94 to 12/31194). Given the precautions listed above, 
such a database can be useful for benchmarking financial 
performance. 

3. We must be careful when we benchmark a firm's Cost accounting 
financial indices with industry peers. There have been Traditional farrow-to-finish swine herds have become 
times when the generally accepted wisdom of the in- separated into enterprises that are individually tracked. 
dustry has proven to be false. These generally are: 

Example 1 
We were recently asked to compare the financial perfor
mance of 7 farm owners who wanted to form a partner
ship and build a new unit together. In comparing them
selves, they also wanted to maintain the anonymity of their 
records within the group. The financial records they sub~ 
mitted ranged from detailed historical income statements 
and balance sheets with complete federal tax returns to 
not enough information to calculate standard financial 
ratios for a single year. Using that data, the following 
graphs were produced. The differences in equity position 
are easily seen, giving each potential partner the ability 
to evaluate their comfort with the other partners. 
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• the breeding, gestation and farrowing enterprise, 

• the nursery, and 

• the finisher. 

To evaluate these enterprises, record systems must include 
production and financial measures. 

Emphasis on cost measures alone can be as hazardous as 
using financial reporting indices alone to evaluate a farm. 
Non financial aspects to also consider include: product 
quality, inventory, productivity, innovation, and the work 
force. 

Decision making 
Recently, NPPC conducted.a national study of pork pro
ducer competencies (1995). One of the conclusions was 
that one of pork producers' greatest challenges "is to evalu
ate new technology and new management practices and 
then select and implement those practices that will im
prove profitability." For example, should a producer adopt 
segregated early weaning (SEW), ali-in-all-out, AI, split 
sex, and phase feeding? 

Decisions are made based on intuition or analysis of pro
jected cost: benefit. Surveys of farmers' decision-making 
processes indicate that the majority prefer to base their 
decisions ori detailed and realistic plans, established pro
cedures, an understanding of the practical cause and ef
fect,. and an outline of the risks involved. This implies 
that to effect change on the farm, we veterinary advisors 
need to base our recommendations on a financial analysis 
of the proposed change. In the absence of data, either a 
decision is not made or we base our decision on intuition. 
The problem with intuition is that we are prone to an illu
sion of superiority, self-serving biases, and 
overconfidence. So, we first need financial data to inform 
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Frequency distribution of Net Profit Margin and 
Operating Profit Margin (using value of farm 

production rather than gross revenues) 
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Frequency distribution of asset turnover (using 
value of farm production rather than gross 

revenue) 
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us of the farm's current status. Then, with this informa
tion, we will compare alternative strategies. 

Frequency distribution of percentage equity 

·y =53 • 0.1 • normal (x, 0.5976304, 0.2024304) 

%_EQUITY 

Frequency distribution of return on assets (ROA) 
and return on equity (ROE) 

ROAy =52 • 0.1 • normal (x, 0.0361988, 0.1111151) 
ROE y = 52 • 0.1 • normal (x, 0.0220727, 0.2243237) 
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analysis, but also includes an assessment of the produc
ers' management ability and willingness to take on risk 
and debt. Once the analysis is done, the resulting infor

Example ' mation clearly indicates the least attractive option. Con
We were recently asked to help a farm family make a de- verting the site into all finishing and purchasing isoweans 
cision. The producers have 800 sows at two sites and some (with the assumptions) had a negative rate of return (ROR). 
finishing contracts. Their options were to do one of the Adding an additional 400 sows has the highest ROR on 
following: the new investment, but may not be as attractive as huild:

1. stay "as is", 

2. change the existing nursery and finishing into sow 
housing such that the herd would increase to 1200 
sows with contract nursery and finish, · 

3. change one site into all finishing and buy isowean 
pigs, or 

4. change one site into all finishing and build a new 1400 
sow farrow to wean unit. 

Although the producers had all of the data needed to ana
lyze their decision, they did not have the ability to com
pare alternatives. They were paralyzed by indecision. 
Selecting the correct alternative begins with a financial 
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ing a new 1400 sow unit. The producer now has an analy
sis to help determine the most enticing option. (See table, 
next page.) 

"I've had enough information. Just give me some 
answers"(anon) 

References 
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management. HarvBus Rev 1994; Mar-Apr 119. · 
3. Financial Guidelines for AgriculturaJ Producers. Recommen
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The power of information 

Stay "as is" Additional New 1400- Finish-only 
400 sows sow unit lsoweans 

PROFITABILITY & 
LIQUIDITY 
Rate of return on added 50.10% 25.80% -% 
investment 
Years to turnover farm 7.5 5.2 3.8 999 
intermediate. debt 
Surplus as a percent of -41.10% -25.70% -4.60% -159.30% 
payments 
Cash farm expense as % 91.30% 90.30% 89.80% 110.60% 
of income 
Farm interest as % of 7.70% 6.70% 7.20% 13.30% 
value of production 
Farm debt payments as 30.30% 25.00% 23.00% 52.20% 

. % of value of production 

SOLVENCY 
Current percent in debt 54.60% 56.90% 64.50% 54.60% 
Current & intermediate 53.70% 55.40% 62.80% 53.70% 
percent in debt 
Long term percent in 35.70°/o 41.10% 58.70% 35.70% 
debt 
Total percent in debt 45.90% 49.30% 60.60% 45.90% 

STANDARD FINANCIAL 
GUIDELINE MEASURES 
Liquidity 
Current ratio 1.83 . 1.76 1.55 1.83 
Solvency 
Farm debt to asset ratio 45.90% 49.30% 60.60% 45.90% 
Farm equity to asset 54.10% 50.70% 39.40% 54.10% 
ratio 
Farm debt to equity ratio 84.80% 97.30% 154.00% 84.80% 
Profitability 
Rate of return on farm 6.30% 9.00% 11.60% -10.70% 
assets 
Rate of return on farm 5.50% 10.80% 18.10% -25.90% 
equity 
Operating profit margin 14.70% 16.90% 18.80% -43.40% 
Repayment Capacity 
Term debt coverage ratio 58.90% 74.30% 95.40% -59.30% 
Efficiency 
Asset turnover 42.50% 53.40% 61.60% 24.70% 
Operating expense ratio 87.50% 87.20% 86.60% 107.30% 
Depreciation expense 1.80% 1.90% 2.70% 1.60% 
ratio 
Interest expense ratio 3.90% 3.20% 3.10% 3.30% 
Net farm income ratio 6.80% 7.80% 7.50% -12.20% 
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copies (nominal charge) contact John K. Gunderson at 303-740-
4236 (ph) or 303-74.1-4202 (fax). • 
4. Pork producer Competencies. NPPC national study conducted 
by AgriBusiness Group. Indianapolis, IN. 1995 

Appendix 1. Guidelines for 
effectiveuseofunonnation 
(Davenport) 

• most of the information people really care about isn't 
on computers, 

• managers prefer to get information from people rather 
than computers; people add value to raw information 
by interpreting it and adding context, 

• the more complex and detailed an information man
agement system is, the less likely it is to change 
anyone's behavior, 

• if information is power and money, people won't share 
it easily, 

20 

• the willingness of individuals to use a specified in
formational format is directly proportional to how 
much they have participated in defining it or trust oth
ers who did, . 

• to m~e the.most of electronic .communications, one 
must first learn to commuriicate face-to·-face, 

• raw data is not information; and accumulating data is 
not the same as interpreting and putting it in a usable 
form, and 

• there's no such thing as information overload; if in
formation is really useful, our appetite for it is 
insatiable. 
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Virulence fa~tQ.rs of Streptococcus suis 
Marcelo Gottschalk, D.V.M., Ph.D. 

Groupe de Recherche sur les Maladies I~fectieuses du 
Pore (GREMIP),. Faculty ofVeterinary Medicine, Uni
versity of Montreal, P.O~ Box 5000, St-Hyacinthe, Que-
bec, Canada. J2S 7C6 · · 

Streptococcus suis is one of the most important bacterial 
swine pathogens wotldwide and it is associated with cases 

· of meningitis, arthritis, septicemia and sudden death. 1 

There are currently 35 described serotypes of S. suis. 2 

Untypable strains are infrequently isolated and their im
plications in clinical disease are, in general, negligible. 
Table l shows the distribution of the 6 most prevalent 
serotypes isolated from diseased pigs in Canada between 
1990 and 1995.3 Serotype 2 is still the most predominant 

· capsular type; however, other types such as serotypes 1/2 
and 3 also appear to be important. Most strains of ser<:i-'. 
type 2 are isolated from systemic infections (meningitis, 
septicemia, arthritis, endocarditis) while other serotypes 
are frequently isolated from cases of pneumonia. Never
theless, cases of meningitis and/or septicemia due to se
rotypes other than serotype 2 can also occur. For example, 
serotype 9 seems to be the most important serotype in
volved in cases of septicemia and meningitis in 
Saskatchewan, Canada (Dr. Chirino Trejo, personal com
munication; 1993): Finally, serotype 2 is the only type 
isolated from cases of human meningitis and endocardi
tis in North America (unpublished observations). 

The aim of this presentation is to summarize our present 
knowledge on virulene<e factors. In this paper, only those 
·associated with S. suis serotype 2 strains will be discussed, 
since no studies on the virulence of other serotypes are 
available. 

Virulence factorS associated with 
Streptococcus suis serotype 2 
It is now accepted that highly virulent a~d completely 
avi;ulent S. suis capsular type 2 strains do exist. In fact, 
we and others have demonstrated that, givf<n in similar 
concentrations to young pigs, .some strruns are able to kill 

the animals in a few hours, whereas other serotype 2 strains 
are completely harmless.4•5•6 So it appears that informa
tion given by serotyping is no longer sufficient to identify 
virulent S. suis strains. Studies on virulence factors of this 
pathogen have increased in recent years~ Different bacte
rial structures or products, such as the capsule, fimbriae, 
extracellular and cell-wall-associated proteins and hemol
ysin, have been foreseen as virulence factors. 

The capsule 
Th,e specificity of the serotype is based on the composi
tion of the capsule. Sine<e serotype 2 seems, in general, 
more pathogenic than other serotypes, the cap,sule ·was 
early thought to be one of the most important virulence 
factors. The polysaccharidie capsule is an important viru
lence factors for other bacteria which have similarities 
with S. suis, such as Streptococcus pneumoniae, which 
cause pneumonia and meningitis inhumans, and Strepto
coccus agalactiae or grm,Jp B streptococci, which cause 
meningitis in babies. With these bacteria, it is clear that 
the capsule protects bacteria from phagocytosis; antibod
ies against the capsule help phagocytes to ingest and di
gest bacteria. These antibodies completely protect ani
mals from infection. However, the pathogenesis of the 
infection caused by S. suis serotype 2 is less well under
stood .. British ·researchers p()stulated. that bacteria gain 
access to the cerebrospinal fluid compartment in associa
tion with monocytes migrating along normal pathways, 
and that the virulence of a particular strain is related to 
their ability to survive within phagocytes.7 This hypoth
esis would relegate the role of the capsule as virulence 
factor to a position of secondary importance. Some con
tradictory results were obtained by our laboratory on this 
subject: 

The capsule rriight be considered as an important viru
lence factor since: 

• It possess sialic acid, a known virulence factor for 
other bacteria.(antiphagocytic factor)8 

Table 1: Distribution in percentage of the 6 most prevalent Streptococcus suis capsular types between 
· 1990 and 1995. · · · 

Capsular type 
2 . 
1/2 
3 

.4 
7 
8 
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1990 
32. 
9 
14 . 
4 
3' 
7 

1991 
21 
12 
12 
4 
7 
6-

.. 1992 
23 
13 
13 
5 
'7 
7 

1993 
19 
8 
10 
3 

·y_ 
8 

1994 
24 
9 

,',10 
. 5 

'6 
7 

1995 
18 
14 
12 
8 
8 
7 
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Table 2: Distribution of muramidase-released protein (MAP) and extracellular factor (EF) among strains of 
Streptococcus suis serotype 2 isolated from diseased pigs in different countries13•14•15•16•17 

% of positive 
strains· 

No. of 
Country strains EF MRP 
·Germany 57 19 47 
The Netherlands 111 77 89 
U.S.A. 41 68 56 
Australia 12 42 75 

'MAP+ EF* "MAP* EF-

• Spontaneous9 and well characterized transposon-de
rived obtained unencapsulated mutants (unpublished 
results) are significantly more phagocytosed and less 
virulent than the respective parent strains 

• In vivo grown bacteria show a marked increase in the 
thickness of the capsule10 

On the other hand, the capsule might not be considered 
as a crucial virulence factor or, at least, as a virulence 
marker, since: 

• Virulent and non-virulent strains are capsulated and 
no difference could be found in .sialic acid concen
trations between strains of different virulence 
degrees 11 

• In vivo grown virulent and non-virulent bacteria show 
a marked increase in the thickness of the capsule11 

• Capsulated virulent and non-virulent strains are simi
larly phagocytosed12 

• High amounts of a monoclonal antibody directed 
against the capsule protect only partially against the 
infection caused by thehomologous strain (unpub-
lished observations) · 

Conclusion 
The presence of the capsule (serotyping) can not be used 
to establish the virulence of a S. suis serotype 2 isolate. 
The capsule might be a virulence factor but it is certainly 
not a virulence marker. 

Muramidase-released protein and 
extracellular factor 
Recently, research has focused on the characterization of 
protein profiles. Vecht and co-workers have reported that 
two proteins were detectable only in virulent strains of S. 
suis capsular type 2.4,1 3 The first protein, which is known 
as muramidase-released protein (MRP), is a 136 kDa cell
wall~associated protein. The second one, called extracel
lular factor (EF), is a 110 kDa extracellular protein. At 

. 22 

%of positive strains with the phenotype 

MRP+ MRP+ MRP- .MRP-
EF+ EF- EF+ EF- Other 

19 3.5 0 40 * 37.5 
77 0 0 11 12* 
56 0 12 18 ** 14 
42 33 0 25 0 

first, three different phenotypes were recognized: 
MRP+EF+, MRP+EF- and MRP-EF-:-. Most isolates from 
diseased pigs were MRP+EF+, whereas most human iso
lates and isolates from clinically healthy pigs were 
MRP+EF- and MRP-EF-, respectively, Two double an
tibody sandwich enzyme-linked immunoassays (ELISA) 
using specific monoclonal antibodies (MAbs) against 
MRP and EFhave been developed and are used to differ
entiate virulent from avirulent S. suis serotype2 strains. 13 

In addition, when culture supernatants of MRP+EF
strains were tested using MAbs and rabbit polyclonal an
tibodies raised against EF and MRP, related proteins of 
variable size (EF* and MRP*) and with a higher molecu
lar mass were recognized. It seems that the EF* proteins 
are not necessarily related to virulent strains; the associa
tion of MRP* proteins with virulent strains is not known. 14 

The distribution of these phenotypes among strains iso
lated from diseased pigs in different countries is shown 
in Table 2. As it can be observed, only one study was 
carried out in North America. 

We have just finished a study in our laboratory using Ca
nadian strains. Atotal of 101 field strains of S. suis cap
sular type 2 from different farms were studied. Of these · 
strains, 85 came from diseased pigs (28 from cases of 
pneumonia and 57 from cases of systemic diseases); 13 
strains came from tonsils of clinically healthy animals 
(from herds where no clinical cases of s~ suis capsular 
type 2 were diagnosed); one strain was isolated from a 
case of bovine abortion. and two strains were of human 
origin and isolated from a case of endocarditis and from a 
case of meningitis. Most of these strains were isolated 
and/or characterized by the Diagnostic Laboratory of 
Bacteriology, Faculty of Veterinary Medicine, University 
of Montreal, St-Hyacinthe, Quebec, Canada. Other strains 
came from provincial laboratories, either in Quebec or in 
other Canadian provinces. Production of MRP and EF 
was studied using monoclonal and polyclonal antibodies ·· 
as previously described. 13Western blot results obtained 
with the Canadian S. suis strains are shown in Table 3 .. 
Since it has been suggested that S. suis is not a primary . 
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Table 3: Distribution of MRP. and EF phenotypes in 98 Canadian strains of Streptococcus suis capsular 
type 2 isolated from diseased (85 strains) or clinically healthy (13 strains) pigs 

Number of Strains Isolated from 

Diseased Pigs 

Phenotype 
MRP+ EF+ 
MRP+ EF
MRP* EF
MRP-EF-

Systemic* 
Infection. Lungs**.·· Total 

0 (0) t (1) 1 (2)*** 
12 (21) 
0 (0) 
44 (77) 

8 (28) 
3 (11) 
17 (61) 

20 (23.5) 
3 (3.5) 
61 (72) ·. 

0 (0) 

0 (0) 
0 (0) 
13 (1{)0) 

'Strains isolated from septicemia, meningitis, endocarditis and/or arthritis 
"Strains isolated from cases of pneumonia 
'"This strain also produces the hemolysin 

cause of pneumonia and strains isolated from lungs are 
less virulent\ the Canadian strains used in this study and 
isolated from lungs in cases of pneumonia were studied 
separately from those isolated from animals suffering from 
other infections,. such as meningitis, septicemia, en
docarditis and arthritis. Nevertheless, most results were 
similar for both groups of strains. Most strains (72% )iso
lated from diseased pigs were MRP-BF-. In fact, only 
one strain (isolated from a pig with meningitis) was 
classified as MRP+EF+.A total of20 (23.5%) strains were 
MRP+ (and EF-) and a only 3 strains produced the MRP* 
phenotype. On the other hand, all the strains isolated from 
clinically healthy animals were MRP-EF....:. The two hu
man and the bovine strains presented also the MRP-EF
phenotype. Finally, none of the Canadian strains presented 
the phenotypes MRP+ EF* or MRP-EF+ already 
described. 13•14 · 

Conclusion 
The production ofMRP and/or efprotein is probably not 
related with virulence in strains from North America. The 
ELISA test developed in the Netherlands can not be used 
in North America to differentiate virulent from non~ viru
lent strains. 

Hemolysin 
A hemolysin, .another extracellular protein, has recently 
beeh described for S. suis. 18•19 Mice and pigs immunized 
with a vaccine containing the purified hemolysin were 
protected against a lethal S. suis serotype 2 challenge, 
indicating that the hemolysin appeared to be protective 
against the infection. 20•21 Since different capsular types of 
S. suis produce the hemolysin it was suggested thatthe 
hemolysin may be used as a cross protection factor in 
vaccines. In fact, isolatesofS. suis serotype2 from most 
European countries seem to be hemolysin-positive (Table 
4). 
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Table 4: Production of hemolysin by european 
strains of Streptococcussuis serotype 222 

Country 

The Netherlands 
Denmark 
France 
England 

Italy* 

No. of 
strains 
tested·· 

25 
37 
17 
10 
52 

%of 
hemolysin
positive 
strains 
84 
58 
53 
90 
66 

'Dr V. Sala. Personna! communication (1996) 

There are no data available on the production of hemol
ysin by North Americanstrains.It seems that near 35% 
of strains from UnitedStates produces the hemolysin (Dr. 
M.M. Chengappa, personal communication, 1996). We 
decided to test the production of hemolysin by the Cana
dian strains described above: Only one strain ( 1%) pro~ 
duced the hemolysin; this strain, which seems to have an 
''European profile'' is also the single MRP+EF+ strain 
foundin the study (Table 3), 

Conclusion 
The production hemolysin is not related to virulence in 
strains from North America. The fact that most Canadian 
strains are hemolysin-negative probably precludes the 
potential use of a purified hemolysin-based vaccine in 
Canada. · 

Other potential virulence factors 
Fimbriae are presentin most strains of different serotypes 
and different virulence potentiai.23 It is not known if these 
fimbriae are structurally and/or functionally different in 
virulent and non-virulent strains. In addition, other cell-
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wall proteins have been related to virulence24·25 ; however, 
protein profiles of virulent and non-virulent strains are 
very similar. Our group has recently described the pre"s
ence of an immunoglobulin-binding protein26, which may 
interfere with opsonization of antigens and prevent or 
decrease the phagocytosis. However, once more, this pro
tein is present in virulent as well as in non-virulent iso
lates of different serotypes. Finally, albumin- and myo
sin-binding proteins could also contribute to the 
dissemination of S. suis serotype 2 in the host.25 Further 
studies on these proteins are needed. 

Relation between virulence 
factors and protective antigens of 
Streptococcus suis serotype 2 
Protection by immunization using vaccines seems to be 
an important feature in the control of S. suis infections, 
since other control strategies such as medicated early 
weaning, do not seem to provide good results. However, 
equivocal results have been obtained with bacterins. Au
togenous vaccines have been used but because no con
trolled trials have been reported, their effectiveness is 
questionable. Our results seem to show that protective 
antigens are not necessarily related to virulence factors. 
In fact, animals vaccinated with a live avirulent MRP
,EF- and hemolysin-negative strain were completely pro
tected against a-lethal challenge with a virulent MRP+, 
EF+ and hemolysin-positive strain.6 In addition, antibod
ies against the EF protein did not protect pigs against a 
challenge with a EF+ strain. On the contrary, vaccinated 
animals were more severely affected than control animals 
(Dr. A.A.C. Jacobs, personal communication, 1995). 

Concluding comments 
Despite the fact that several research groups have been 
working on S. suis during the last 10 years, very little is 
known on the virulence factors of this bacteria. 

At least, we know that North American strains are com
pletely different from European strains. In addition, the 
following criteria cannot be used as indicative of 
virulence: 

• The presence of a capsule (serotyping: a serotype 2 
strain does not mean a virulent strain) 

• The production of MRP and/or EF 

• The production of hemolysin 

The development of a test which can be used to differen
tiate virulent from non-virulent S. suis serotype 2 strains 
is still to come. The struggle with serotypes of S. suis 
other than serotype 2 has yet not begun. 
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Vaccination trials against Streptococcus suis 
Montserrat Torremorell1, Mike Mohr2 and Carlos Pi joan 1 
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Meningitis caused by Streptococcus suis is becoming a 
more severe and uncontrollable problem. Nursery mar~ 
talities rates of 4'--5% are often seen, but higher rates-up 
to 15%-have also been reported. These high mortality 
rates seem to be associated with high health production 
systems that have weaning ages of 18 days or less. Farms 
infected with PRRSv, especially following an acute out
break are also prone to experience a more severe prob
lem. Numerous measures to control meningitis by Strep
tococcus suis have been attempted but have not usually 
proven successful. Such measures include high antibiotic 
treatments and/or vaccination of the piglets or the sows. 
There is at present a lack of appropriate tests to evaluate 
the immune response to natural infection or to vaccina
tion, with therefore no information available on the dura
tion of maternal immunity or on its effect on protection. 
Immunity stimulated by killed vacCines has given vari
able results with doubtful cross-protection among sera
types. Also, the effect of humoral or cellular immunity on 
colonization of the piglets by virulent and nonvirulent 
strains of S. suis is not understood at present. This lack of 
information makes understanding the role of immunity 
in the control of S. suis meningitis more difficult. 

Recent work has suggested· that the early stages in the 
pathogenesis of S. suis may involve dissemination of the 

. bacteria surviving within macrophages. This suggests that 
protection may depend on stimulation of cellular immu
nity, something that is unlikely to happen with killed vac
cines using conventional adjuvants and injection routes. 

We have recently conducted field trials trying to better 
understand vaccination against S. suis. Our goal was to 
evaluate S. suis control based on two different strategies 
of proteCtive immunity stimulation. 

·Protective immunity :Vaccine 
trials 

ventory of 900 heads. This farm had up to17% nursery 
mortality in September 1995. The animals showed acute 
CNS Signs and Streptococcus suis serotype 2 was isolated 
from the CSF of the clinically affected animals. Follow
ing several visits and numerous necropsies, it was found 
that S. suis meningitis was the main, if not the only, mor
tality cause. At the start of the trial, the farm was using a 
commercial autogenous vaccine(see below) at weaning 
and 2 weeks later. 

Piglet vaccination 
Two autogenous vaccines and a commercial bacterinwere 
evaluated. One of the autogenous vaccines (experimental 
autogenous) was prepared inour laboratory with aS. suis 
serotype 2 meningitis isolated from the farm, it had an 
oil-in-water adjuvant and was administered intraperito
neally. The other autogenous vaccine (autogenous), was 
commercially prepared with a serotype 2 "brain" isolate 
recovered from the farm 10 months previous to the trial. 
It had an aluminium hydroxide adjuvant and was.adrnin
istered intramuscularly. The commercial bacterin was pre
pared with a serotype 2 strain, oil~in-water adjuvanted, 
and was administered intraperitoneally. 

Three hundred and thirty 15-day-old pigs were randomly 
distributed into 4 groups and allocated into a twelve pen 
room: 

• group A pigs were vaccinated with the experimental 
autogenous and placed in 3 pens of 30 pigs each 
(n=90), 

• group B were vaccinated with the standard autogenous · 
and placed in 3 pens (n=90), 

• group C were vaccinated with the commercial bacte
rin in two pens (n= 60), and 

• group D were left unvaccinated (n= 90). 

Pigs were vaccinated at weaning and revaccinated after 
ten days. Animals removed from the pens (sick animals) In order to measure protective immunity against S. suis, 
and dead animals were used to evaluate the effectiveness two different attempts were made: 

• intraperitoneal vaccination of piglets at weaning with 
intramuscular revaccination ten days later, and 

• vaccination of sows before farrowing at days 77 and 
98 of gestation. 

Protective immunity was measured indirectly through 
mortalities of pigs during the nursery stage .. 

of the vaccines. 

Following this trial a new vaccination protocol was started 
in the farm, Piglets were then vaccinated intraperitoneally 
at 5 days of age, and revaccinated at weaning and 10 days 
later intramuscularly with the commercial oil~in-water 
vaccine. This program was followed for six months, until 
a decision to vaccinate the sows was taken. At that point 
we decided to evaluate the effectiveness of sow· 

Both trials were performed ()n the same farm but at dif- vaccination. 
ferent times. The farm was a two-site unit with a sow in-
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Sow vaccination 
Sows were vaccinated with the same oil-in-water com
mercial bacterin at days 77 and 98 of gestation. Piglets 
were observed during the nursery stage and mortality rates 
were used to evaluate the effectiveness of this vaccine 
protocol. Two consecutive groups of 330 pigs were evalu
ated. The last group to receive piglet vaccination without 
sow vaccination, and the next week group, which came 
from vaccinated sows. 

Vaccine trials results 
Results from the piglet vaccination trial can be seen in 
Table 1. Pigs vaccinated intraperitoneally with the au
togenous vaccine showed the best results in both de,creased 
mortality and decreased number of animals removed for 
treatment. These last differences· were significant at p < 
0.1. However, the nonvaccinated pigs had lower mortal
ity (5.5%) and less pigs removed for treatment (12/90) 
than expected; based on previous groups of weaned pigs 
on that farm that had an average mortality of 17%. Pigs 
receiving the commercial vaccine did very well for the 
first 4 weeks after weaning, but experienced high mortal
ity (10%) during the last two weeks. 

; 

The piglet vaccination program that followed this first trial, 
resulted in a decrease of nursery mortality rates to 2-3%. 
However, some weekly groups of pigs during the year 
had mortality rat~s as high as 5%~ Also; the vaccination 
program has some undesirable effects: five-day-old pig
lets, vaccinated intraperitoneally, showed inapetence af
ter one day of vaccination from which they later recov
ered. Small, focal lesions of peritonitis were observed in 
some of these nursery pigs. These lesions had not been 
observed during the experimental vaccination trial in 
which the intraperitoneal vaccination was performed in 
older animals. 

Results from the sow vaccination trial indicate that ma
ternal immunity might play an important role (or not) on 
the piglets'S. suis protective immunity. Nursery mortal
ity rates were reduced by half. Nursery mortality for the 
first 2 weekly gorups of pigs born from vaccinated moth-
ers was 1.1% and 2.2% respectively. ·· 

Discussion 
Results from these trials demonstrated that protective 
immunity against s. suis is not completely achieved with 
killed vaccines. Intraperitoneal vaccination was chosen 
because it has been shown with other antigens to result in 
higher levels of antibodies and increased cellular immu
nity over the more conventionalintramuscular route. Re
sults from these trials showed that intraperitoneal vacci
nation against S. suis can result in improvements in death 
loss and number of animals requiring individual treat-
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Vaccination trials against Streptococcus suis 

Table 1, Results from piglet vaccination · 

A 
No. of sick sa 
animals 
No. of dead 3a 
animals 
Total pigs (N) 90 

a experimental autogenous 
b standard autogenous 
c commercial bacterin 
d non-vaccinated controls 

Groups· 
8 G D 
12b 11b 12b 

4a 6a . sa 

90 60 90 

Superscript differences are significant at p<0.1 

'ments. However, it can have undesirable postvaccine ef
fects. Because of this; even though mortality was de
creased to 2-3% in nursery pigs, the owners decided to 
switch to a sow vaccination protocol due to its lower cost 
and easier iniplemenhttion: This protocol also resulted in 
a further decreasein mortality to very acceptable levels. 

It is difficult to arrive at definitive conclusions on & Sztis 
vaccination based on this triaL The farm was experienc
ing high mortalities in November 1995, but by the time 
of the start of the trial, these seemed to be decreasing. 
This coincided with the time that the farm was also stabi
lizing its sow inventory. It's important to note that the 
farm was also infected with PRRSv. Serology in March 
1995 showed only a few positive sows })utthe farm had a 
new PRRSv outbreak in December 1995 suggesting that 
the many sows were naive; The farm had started vacci
nating piglets against PRRS in September 1995. The ef
fect of this PRRSv vaccination on the S. suis problem is 
difficult to evaluate, since no information on this is av~l
able at present. It is also possible that. some of the high 
mortalities previous to the trial might be due to other 
ethiologies and not onlyS. suis. However, it seems prob
able that the vaccine was efficacious in lowering the mor- . 
tality to more maneagable levels, but not capable of achiev
ing a total control ofthe problem. 

Because mortality due to S. suis in nurseries tends to be a 
fluctuating problem, the exact impact of vaccination is 
difficult to gauge, since the program was initiated when 
mortality on that farm was already decreasing. However, 
since vaccination was implemented, fiist as an IP vaccine 
in piglets and later as sow vaccination, mortality h&s re
mained low, suggesting that vaccine has played a role in 
stablizing this problem. 
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Field case presentation of Streptococcus suis 
Mike Mohr, DVM 

Case history 
!.Coughing finishing and nursery pigs 

2. Increasing nursery mortality 

3. Increasing nursery morbidity 

Farm history 
1. 2 - 1,000 sow units 

2.Expansion from 1 site (300s)- 2 site (500s/continu
ous flow)~ 3 site (l,OOOs/AI-AO) production system 

3.0iltbreak problems worsened following each 
expansion 

4. Same genetics and closed herd multiplication schema 

5.Facilities similar (old sow unit with new modern 
nursery) 

6. Similar disease status (PRRS negative) 

?.Nursery morbidity and mortality nonresponsive to 
treatment therapy 

8. Similar disease progression time table 

Diagnostics · 
1. Clinical Signs: Table 1 

2. Serial blood testing 

3.Postmortem exams 

4. Tissue submissions to multiple labs 

5. Live pig submissions 

Treatments 
1. Injectable programs 

2. Water medication programs 

3. Vaccination programs 

4. PRRS vaccination programs 

Today's ·performance results 
l.No nursery cough 

2.Reduced nursery mortality/morbidity 

3.No finisher cough 

4. Continued nursery performance gains 

5. Changing clinical Streptococcus suis signs 

Additional tables and figures follow ... 

Table 1. Clinical signs 
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Early Signs 
Acute deaths 
Few CNS signs 
Few stiff joints 
Sneezing 
No Tx response 

Middle Signs 
Fuzzy pigs 
Chronic deaths 
Massive mortality 
Cough I Sneezing 
Some Tx response 

Late Signs 
No crusty eyes 
Sick pigs in sickpen 
No cough 
Chronic deaths 
Good Tx response 
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Field case presentation of Streptococcus Suis 

Table 2. Nursery treatrryent 

Date Room Treatment Date Room Treatment 
19-Jan-95 1 Denagard 13-Mar-96 5 PRRS Vx 
16-Nov-95 6 Pen. Inject. 18-Mar-96 2 . Pen. Water 
16-Nov-95 7 Pen. Inject. 22-Mar-96 2 Pen. Water 
4-Jan-96 All Pen. Inject+ 22-Mar-96 5 Pen. Water 

Denagard 26-Mar-96 1 PRRS Vx 
12-Jan-96 1 Pen. Inject. 30-Mar-96 2 Pen. Water 
12-Jan-96 2 Pen. Inject. 4-Apr-96 2 Pen. Inject. 
22-Jan-96 1 Pen. Inject. 4-Apr-96 3 Pen. Inject. 
22-Jan-96 2 Pen. Inject. 5-Apr-96 2 PRRS Vx 
22-Jan-96 4 Pen. Inject. 16-Apr-96 4 Pen. Inject. 
23-Jan-96 8 Denagard 17-Apr-96 2 Pen. Inject. 
31-Jan-96 4 Pen. Inject.. 17-Apr-96 3 PRRS Vx 
31-Jan-96 8 Pen. Inject. . 19-Apr-96 3 Pen. Inject. 
1-Feb-96 3 Pen. Inject. 23-Apr-96 4 PRRS Vx 
1-Feb-96 7 Pen. Inject. 3-May-96 8 PRRS Vx 
5-Feb-96 3 Pen. Inject 9-May-96 7 PRRS Vx 
6-Feb-96 4 Pen. Inject. 15-May-96 5 Trib. Water 
8-Feb-96 8 Pen. Inject I PRRS 15-May-96 6 Trib. Water 
12-Feb-96 4 Pen. Inject. 15-May-96 7 Trib. Water 
14-Feb-96 6 PRRS Vx 15-May-96 8 Trib. Water 
14-Feb-96 7 Pen. Water 17-May-96 6 Myco Vx 
14-Feb-96 7 PRRSVx 24-May-96 6 PRRS Vx 
14-Feb-96 8 Pen. Water 31-May-96 5 PRRS Vx 
16-Feb-96 4 Pen. Water 3-Jun-96 1 Trib. Water 
16-Feb-96 6 Pen. Water 6-Jun-96 1 PRRS Vx 
21-Feb-96 4 Pen. Water 6-Jun-96 2 Trib. Water 
21-Feb-96 7 Pen. Water 14-Jun-96 2 Trib. Water 
24-Feb-96 5 Pen. Water 18-Jun-96 3 Trib. Water 
28-Feb-96 5 Pen. Water 21-Jun-96 2 PRRS Vx 
28-Feb-96 8 Pen. Water 26-Jun-96 4 Trib. Water 
4-Mar-96 5 Pen. Water 28-Jun-96 3 PRRS Vx 
1 0-Mar-96 1 Pen. Water 3-Jul-96 4 PRRS Vx 
1 0-Mar-96 2 Pen. Water 11-Jul-96 8 PRRS Vx 
1 0-Mar-96 5 Pen. Water 26-Jul-96 6 PRRS Vx 
13-Mar-96 1 Pen. Inject. 
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Mike Mohr 
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Date· 
3-Feb-95 
3-Feb-95 
31-Mar-95 
3-Apr-95 
24-Apr-95 
24-Apr-95 
22~Jun-95 

22-Junc95 
7-Sep-95 
11-0ct-95 
16-Nov~95 

. 16-Nov-95 
5-Dec-95 
5-Dec-95 
5-Dec-95 
23-Dec-95 
4-Jan-96 
26-Jan-96 

· 26-Jan-96 
26-Jan-96 
26-Jan-96 
26-Jan-96 

. 26-Jan-96 
26-Jan-96 
26-Jan-96 
26-Jan-96 

26-Jan-96 
17-Apr-96 
14-May-96 
14-May~96 
14-Jun-96 

Table 3: Diagnostic summary · 

Age (wks) 
8 
3-8 
3~8 

0 
5 
14-19 
15 
14-19 
6 
8 
6 
7 
8 
14 
15 
4-6 
25 
0 
1 
3 
6. 

6 
9 
1 "2 
2·9 
3-10d 

sows 
sows 
16 
22 
5-6 

Result 
. Strep 
PRRS IFA
PRRS VI
low RBC 
PRRS IFA-/PRRS VI
PARS IFA-/PRRS VI
PARS Elisa-IMp+ 
PRRS-/Mp-/SIV
Strep2 
Strep5 
Strep7/Hps/Asuis 
PARS Elisa- . 
Strep 
PARS Elisa· . 
Mp+ 
Strep/Asuis/Hps · 
Mp+ 
PRRS(.67-3.24) 
PRRS(2.42) 
PRRS(1.35-2;92} 
histo PRRS 
PRRS(1.65·1.99) 
PRRS{.66-2.15} 
Strep, histo PRRS 
Hps,Strep 
PARS IFA+,histo 
PRRS,Hps··. 
PRRS(.99-2.22} 
PRRS(.59·2.46)/VI~. 
PRRS(.89-2.4}/Mp+ 
PRRS(.55-1.88)/Mp+ · 
PRRS 30% (.51-1.8} 
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Field case presentation of Streptococcus suis 

Figure 1: Farrowing Performance 
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Figure 2: Nursery Deaths 
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Colonization patterns"by Streptococcus suis in 
• young pigs 

C. Pijoan; M. Torremorell; M. Calsamiglia 
University of Minnesota 

There has been an apparent recent increase in the presen- taken 4 months later, when PRRS virus seemed to be sta
tation of acute S. suis outbreaks, predominantly in nurs- bilized. This sampling was taken from pigs born to moth
eries and occasionally in early finishing stages. These ers not vaccinated to S, suis. The last sampling was taken 
outbreaks seem to be related to early weaning away from 2 weeks later, from piglets born to vaccinated mothers 
the sow herd, either by SEW or by strict all in/all out (Table 1). 
techniques. Other risk factors may include PRRS virus 
infection and perhaps solid partitions between nursery Table 1. Sampling conditions 
pens. 

We have hypothesized that early separated weaning re
sults in increased disease with organisms that are mem
bers of the common mucosal flora of the pig, and that 
colonize some piglets before 15 days of age. The idea is 
that the chance of developing clinical disease in a par
ticular group of weaned pigs will depend on the preva
lence of colonized pigs at weaning. Populations with large 
prevalence of colonized pigs will not suffer disease be~ 
cause colonization of the entire population will proceed 
quickly in the nursery and most pigs will be colonized 
while they still have some maternal protection that will 
prevent the onset of disseminated, clinical disease. On 
the other hand, populations with a low prevalence of colo
nized pigs will have clinical problems because spread of 
infection in the nursery will be slow and some pigs will 
be colonized when they no longer have maternal 
protection. 

We have been studying colonizatio11 patterns with S. suis 
in nursing pigs from farms that have unacceptably high 
nursery deaths due to this organism. Our preliminary re
sults appear to partly confirm the hypothesis that nursery 
coldnization is largely responsible for S. suis disease. 

Farm: This is a large ( 1000 sows) 2-site system with nurs
eries located in the same site as the mother herd. How
ever, the farm uses very strict all in/all out so that contact 
between nursery pigs and mother herds is minimal. The 
farm has suffered relatively high mortality in the nursery 
associated with S. suis meningitis. Isolation attempts from 
CNS of dead pigs yielded pure cultures of S. suis sero
type 2. All meningeal isolated belonged to this serotype 
and had identical antibiotic sensitivity profiles. 

Four samplings of ±90 nursery pigs were conducted. 
Thirty pigs each of 5, 10 and 15 days of age were sampled 
each time by swabbing the oropharynx. The first sam
pling was conducted when the farm appeared to be PRRS 
negative. The farm then suffered an acute reproductive 
case ofPRRS and the second sampling was taken 3 weeks 
after the onset of this problem. The third sampling was 
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Sample PRRS Sow vaccination 
to S. suis 

1 No No 
2 Yes, No 

clinical 
3 Yes, No 

stable 
4 Yes, Yes 

stable 

Sampling 1 and 2were studied for total S. suis coloniza
tion, in an effort to gauge the impact of PRRS virus on 
colonization patterns. In samplings 3 and 4, all S. suis 
isolates were. serotyped and all serotype 2 isolates were 
further studied by REP/PCR to determine if they were 
identical to the virulent strain prevalent on the farm. 

Colonization patterns were unexpectedly high. Most pigs 
were colonized by 5 days ofage where 70-90% of ani
mals yielded positive cultures, PRRS virus infection ap
peared to increase the total colonization prevalence since 
values from the second sampling were higher than those 
from the first. However, this might also reflect that the 
first sampling was inadequate since values from that sam
pling, especially from 5 day-old pigs, appear to be low 
(Table 2). · 

Table 2. Total colonization with S. suis at different 
ages 

Age 
Sampling 5 days 10 days 15 days 
1 10% 43.3% 43.3% 
2 57% 67% NT 
3 90% 54% 44% 
4 93% 75% 80% 

Vaccination of sows against S. suis had no effect on S. 
suis colonization. If anything, it appeared to increase colo
nizatiori since values from sampling 4 were higher than 
those from sampling 3. However, when colonization only 
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by serotype 2 strains was studied, sow vaccination (with 
a serotype 2 commerical oil vaccine) appeared to reduce 
prevalence (Table 3). However, none of the serotype 2 
strains isolated was similar to the virulent strain found on 
the farm. 

Table 3. Colonization with serotype 2 strains 
---

Sampling 
3 
4 

5 days 
58% 
26% 

Age 
10 days 15 days 

25% 18% 
0% 5% 

These studies revealed some features of S. suis 
colonization: 

• Total colonization prevalence is very high, even in 5 
day-old pigs, where most animals are colonized. 

• Prevalence tends to decrease with age, although this 
may only reflect technical difficulties of isolating S. 
suis from older, i:nore contaminated animals. 
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Colonization patterns by Streptococcus suis in young pigs 

· • Prevalence tends to increase following .PRRS virus 
infection. . · · 

• Unlike total colonization, prevalence of serotype 2 
strains is relatively low, suggesting that this may partly 
explain why strains of this serotype tend to be more 
virulent. 

• Sow vaccination did not alter total colonization, but 
· appeared to reduce specific colonization by serotype 
2 strains. 

• Colonization by the farm's virulent strain was much 
delayed.· It was not detected in any of the samplings. 
This delayed colonization may also partly explain why 
this strain is more virulent. 
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Gilt pool managementto maximize longevity 
and lifetime performance 
Dale W. Rozeboom, PhD 
Department of Animal Science, Michigan StateUniversity 

study a certain factor of interest. Retrospective studies of 
·sow longevity are useful, but care was taken in their in
terpretation as often management differences on individual 
farms were not taken into account. · 

·Effect of nutrition during 
rearing 

Sow longevity can be defined in several ways, such as 
number of litters per lifetime, average herd parity, sow 
age at death or culling, and percent of sows culled or re
moved by a given parity. Which measure best reflects life
time productivity ofthe sow is debatable. Litters per life
time is most easily obtained in the retrospective analysis 
of commercial herd records, however it is less likely to 
be reported in published reports of controlled experiments 
evaluating the effects of nutrition, management scheme, 
or some other environmental factor on sow longevity. In the U.S., the practice of separate-sex feeding of bar-

rows and gilts is growing in popularity. Opportunity to 
Lifetime performance or productivity of sows may also feedand~anage gilts, startingveryearly in life, foropti
be characterized using several different measures, such mum sow reproductive performance and sow longevity 
as pigs born alive per sow per lifetime, pigs weaned per now exists. However, very little research into this matter 
sow per lifetime, and weight weaned per sow per life- has been conducted by American scientists. For years 
time. The positive relationship between lifetime produc- European swine producers have practiced restrictive feed
tivity and longevity is well established. Greater longevity ing in the grower and finisher phases and researcher~ there 
is equivalent to more third to sixth litter sows in the herd, have sought to identify the effect ofnutrition during rear
and these females are more prolific than younger sows. ing on sow longevity. 
Currently, however, culling rate estimates of 50% or 
greater are not uncommon in modem swine enterprises, Limit-feeding gilts during rearing increased sow longev-
suggesting that many females do not produce more than ityin research conducted in the Netherlands.1•2•3 From 12 
three or four litters. to 38 weeks of age, gilts were fed one of four energy lev-

els: 3M (ad libitum), 2.5M, 2.1M, and 1.8M (M is me~ 
In the balance of this review, each possible factor related tabolizable energy necessary for maintenance); the 2.5M, 
to the culling of sows will not be discussed. Rather, the 2.1M, and 1.8M would be comparable to 83%, 70%,and 
focus will be primarily on how feeding and management 60% of ad libitum, respectively. A brief summary of re
of the replacement gilt during rearing affects removal of productive performance is presented in Table 1. Dutch 
these same females from the breeding herd as sows. Pro- Landrace gilts were heavier and older at first estrus than 
spective research reports about factors affecting sow Ion- normal U.S. breeds. Restrictive energy during rearing 
gevity are limited because of significant time commit- delayed pubertal estrus slightly: Conception rate was de
ments and difficulty in controlling all other conditions to · 

Table 1. Reproductive performance of gilts fedone of four energy levels from 12 to 38 weeks of age 

· Energ~ level 
3M 2.5M 2.1M 1.8M ·. 

Percentage ofgilts 
first estrus by week 38 69 75 71 68 
Age at firstestrus 234 237 237 244 . ..,. 
Live weight at first estrus ( 139 131 118 109 

,_ 

kilograms) 
Percentage pregnant after 39 . 38 45 44 
first mating 
Parity one litter size {alive) 9.2 9.0 8.3 8.9 
Number of litters per first~ 3.~ 2.3 3.5 4.0 
parity sow· 

Adapted from den Hartog1•2 and den hartog and Noordewier3 
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Gilt pool management to maximize longevity andlifetimepeiformance 

Age 
Increases 

Tr.ial 
Durationb 

·Relationship to Reference 
· longevityc 

cs. 
cs 
c 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 

Unlimited 
Unlimited 
P5 
Unlimited 
P6 
P4 
P4 
Unlimited 
P5 
Unlimited 
P3 
Unlimited 

NR, AP=3,4 
NR, AP=3.8 
NR, 53% culled 
NR, AP=5.0 
NR, 31%culled 
NR, 48% culled 
NR, 62% culled 
NR, AP=4.3 
NR, 19% culled 

Legat.iltand Dagorn28 

. Chapman et aF 9 

Brooks and Smith30 

Clark etal. 31 

Morrow et al. 32 

· Kirkwoodand Thacker33 

Young et al.25 

Wittman and Gundel34 

Gauthier et al.35 

Pigtale~16 · NR . 

·Unlimited 
Unlimited 
Unlimited 

NR, 39% culled 
Negative 
Positive 

Rozeboom et al. 15 

Nogueraand Gueblez17 

Zikovic et al.20 

Pomeroy18 Positive QUadratic 
Positive Quadratic Milojic and Simovic19 

a Age defined as: 1) chronological©= d from birth, 2) chronological and sexual (estrus including 
pubertal) confounded (CS). · · 
b P =parity at which study terminated,. . .. . . 
c ·· NR = no relationship; mean percent culled before termination .of trial or AP = average number of 
litters produced. · · 

creased when gilts were given morefeed. Litter size (only 
parity one shown) did not differ for any parity. Gilts reared 
on lowerenerg.y(2.1M and 1.8M) tended to farrow more 
litters before being culled. Reproductive disorder 
(anestrus, no conception, abortion) was the primary rea
son for culling sows in the Dutch trial. 

Decreased sow longevity as. a result of high feeding level 
during rearing has also been observed by Sorenson et aU 
12.5% and46% offemaleslimit~fed and given ad libitum 
access to feed (30minutes two times daily, from six weeks 
of age until mating) during rearing respectively, were 
culled over eight parities because of leg disorders. Nutri
tion during rearing was not related to any other reasons 
sows were culled. 

Other research efforts also conducted in Europe reported 
no irnprovementin sow longevity with restrictive feeding 
during rearing. Snoeyen5 and van Erp6both reported that 
the number of gilts culled during rearing was decreased 
with 10%-20% feed restriction from 25 kilograms to 100 
kilograms compared to ad libitum feeding. Of the gilts 
that were not cu1led before breeding, those given ad libi
tum access to feed during rearing produ.ced more litters. 
Nielsen and Danielsen 7, Kirchgessner et al. 8, andSiminins 
et aP also observed that more full-fed gilts were culled 
during rearing because of feet and leg problems compared 
to· gilts reared with limit feeding. However, the. number 
of sows culled later did notdiffer, suggesting no improve-

ment in sow longevity with controlled feeding during 
rearing. 

In the studies cited above, restrictive feeding during rear
ing consistently resulted 1n fewer feet and leg disorders 
in young gilts. In addition to nutrition, feet and leg disor
ders are also associated withother factors ,including floor 

. structure, degree of crowding, and genetics. Other come 
mercia! systems and breeds need to be evaluated. Fur
thermore, delayed puberty and estrous irregularity in gilts 
can be the result of inappropriate feed restrictions imposed 
not only during rearing but also during holding in the re
placement gilt pool. Such a response would increase gilt 
culling, be counter~productive, and costly. 

Another area of interest relative to the effect of nutrition 
during rearing on sow longevity centers on the impor
tance ofdietary calcium(Ca)and phosphorus (P), Nimmo 
et al. 10 reported that 30% of gilts reared on 0.65% Caand 
0.50% Pfrom weaning to 98 kilograms had to be culled 
early in their first gestation because they had become 
physically disabled. No such problems were encountered 
by gilts fed 0.975% Ca and 0.75% P, levels considered 
appropriateJor maximum bone mineralization. The Cal
cium and phosphorus levels associated with decreased 
longevity in this studywere levels recommended for maxi
mum growth rate by the National Research Council 
(NRC).U In contrast, research by Arthur et al. 12, Grandhi 
and Strain 13, and Kornegay et al. 14 demonstrated that feed
ing higher than NRC 11 recommended levels of Ca and P 
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Dale W. Rozeboom 

Table 3. The influence of gilt breeding age on lifetime performance of Cam borough 15 females 

<200 200- 210-
210 220 

No. gilts 1105 1176 1266 
Parity/lifetime 5.10 5.05 5.18 
Born 48.9 48.8 49.9 
alive/lifetime 

Adapted from Pigtales16 

during growth and development· did not improve sow 
longevity. · 

Effect of age at first breeding, 
conception, or farrowing 
Over the past 30 to 40 years the recommendation on when 
to first breed replacement gilts has steadily decreased from 
greater than 9 months of age down to 7 or less. With ef
forts to reduce nonproductive days in the breeding herd 
the question arises: "Does breeding these females at an 
early age in life decrease litters per lifetime?" In response, 

· there is ample survey and experimental data using vari
ous genetics and in different production systems, indicat
ing that age of gilts at first successful breeding is not re
lated to culling rate (Table 2). Age at first breeding ranged 
from approximately 138 to 315 days of age. Gilts were 
bred at puberty in several trials. 

Rozeboom and others at the University ofMinnesota1S, 
conducted a study to determine the influence of gilt age 
at first breeding on reproductive performance and lon
gevity through three parities. Treatments consisted of 
breeding gilts at first, second, or third. estrus. Gilts and 
sows were bred using artificial insemination. After first 
breeding, all females. were treated similarly. After three 
parities, 39% of .the gilts serviced had been culled with 

Age at breedingd 
220- 230- 240- 250- >260 
230 240 250 260' 
1459 1129 925 607 1022 
5.10 5.14 5.27 5.16 5.07 
49.0 50.1 51.8 49.8 49.1 

Further dissenting views have been presented elsewhere. 
Noguera and Gueblez17 reported a linear decrease in lon
gevity as age at first farrowing increased: 

parity attained = 5.89- [0.006 (age] 

The studies of Pomeroy18, Milojic and Simovic19, and 
Zikovic et aJ.2° suggest the opposite-that increasing age 
of gilts at first successful breeding increases longevity
agreeing with a traditional producer perception. Sow cull
ing in the first three parities, as reported by Zikovic et 
aJ.2°, decreased linearly from 57.7% to 34.0% as age at 
first conception increased from (200 to ~300 days; thus 
average number of litters per sow per lifetime increased· 
from 4.0 to 5.8. 

Conflicting longevity responses are most likely the result 
of differing managerial and environmental factors (e.g., 
culling criteria, lactational feeding, breeding systems), 
which differed not only among studies, but also within 
studies. Prospective studies where these factors are care
fully controlled demonstrate no consistent effect of age 
at first successful breeding on sow longevity. 

Effect of body reserves at first 
breeding, conception, or 
farrowing 

no relationship to age at first breeding (202 and 210 days . In many studies where the relationship between age and 
for gilts retained and culled, respectively). Sows were longevity is evaluated, it quickly becomes clear that we 
culled for weaning-to-estrus interval of >50 days, single are not examining a pure effect of time, rather we are 
failure to conceive, or locomotive failure. studying the effect of physiological development includ,. 

Pig Improvement Company has suggested that age at first ing the accumulation of body reserves in that time. Pro~ 
service is an important consideration when attempting to ducers may be less concerned about gilt age, than they 
maximize lifetime productivity of the Camborough 15 are about adequacy of body reserves and durable frame-. 
gilt. I6 An analysis of over 8500. sow records is summa- works necessary for long-term reproductive performance.· 

rized in Table 3. Litters per lifetime did not differ with Survey data of Gueblez et alY, shown in Table 4, indi
age at :Qrst service. However, lifetime born alive was great- cate there is a positive relationship between gilt backfat 
est for gilts first serviced at 240-250 days of age, but only depth at 100 kilograms body weight and the ability to 
statistically different from those gilts initially bred when farrow four litters. These findings are consistent with those 
less than 210 days, between 220,.230 days, and when over of King et aJ.22 who reported that the number of litters 
260 days of age. produced by females (mean= 3.2l)was positively corre-
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lated (.17) to their backfat depth measured at entry into 
the breeding herd as gilts. Consequently, gilt development 
recommendations to producers from industry and several 
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Gilt pool management to maximize longevity and lifetime peiformance 

Table 4. Sow retention rate (% to 4th parity) as influenced by days to and backfat taken at 1 00 kilograms 

Days to 1 00 ·kilograms 
< 140 140-150 150-160 160-170 > 170 

Retention rate (%) 28.5 34.0 36.0 39.5 45 

Backfat thickness at 1 00 kilograms (mm) 
< 14 14-16 16-18 18-20 > 20 

Retention rate (%) 

Adapted from Gueblez et al.21 

28 36 39 40 46 

universities are to delay breeding until gilts have a backfat 
depth of 18mm or more and weigh about 130 kilograms. 
The trend towards leaner genotypes encourages such rec
ommendations, especially in light of the reduction in to
tal body fat often experienced by sows as they progress 
through reproductive cycles. 

About the survey of Gueblez et aJ.21, Kirkwood23 writes 
"the data merely reflect the consequences of subjecting 
improved pigs to conventional management," and suggests 
that when modern females are subjected "to good man
agement that minimizes weight and condition loss during 
lactation, there is no association between live weight or 
backfat depth at first successful breeding and subsequent 
reproductive performance." This conclusion is supported 
by the findings of Kirkwood ~t al. 24 (Table 5), Young et· 
al. 25 (Table 6), Newton and Mahan26, and Rozeboom et 
al. 15 In these experiments there was no effect of weight, 
backfat depth, or body tissue reserves on the ability of the 
gilts to produce up to four litters. 

Disagreement between studies suggests that the effect of 
live weight and backfat depth at first breeding on longev
ity appear to be related to other factors mentioned earlier, 
such as housing, breeding systems, lactation length, litter 
size or milking intensity, nutrition through successive re
productive cycles, and culling criteria. Based on the ma
jority of evidence presented, with excellent management 
and precise feeding of. gilts and sows, gilts may be bred at 
younger ages, lighter weights, with less backfat, without 
affecting sow longevity. 

References . 
1. den Hartog LA. The effect of energy intake on development 
and reproduction of gilts and sows. 1984. Ph.D. Dissertation. 
Agricultural Univ., Wageningeh, The Netherlands. 
2. den Hartog L, Energy intake and fertility. Pig Int. 1985; 
April: 16-18. 
3. den Hartog L, and G Noordewier, Effect of energy intake on 
age at puberty in gilts. Neth J Agric Sci. 1984; 32:264-280. 
4. Sorenson M, et al., Different feeding intensity of young gilts: 
Effect on growth, milk yield, reproduction, leg soundness and 

1996 Allen D. Leman Swine Conference 

longevity. Report No. 14 from the National Institute of Animal 
Science, Denmark. 
5. Snoeyen P. De invloed van het voerniveau van opfokzeugen 
op de latere gebruiksduur van fokzuegen. 1979. Internal report. 
Dept. of Anim. Nutr., Agric. Univ. Wageningen, The 
Netherlands. 
6. van Erp M. De invloed van het voederniveau van opfokzeugen 
op de latere gebruikseigenschlippen. 1980. Internal report. Dept. 
Anim. Nutr., Agric. Univ. Wageningen, The Netherlands. 
7. Nielsen HE and V Danielsen. Nutrition and breeding lifetime. 
In: 35th Annu. Meeting EAAP, Commission on Anim. Nutr./ 
Commission on Pig Prod., August 6-9, 1984, The Hauge. 
8. Kirchgessner V, et al., Zum EinfluB der aufzuchtintensitat auf 
die spatere reproduktionsleistung von sauen. Zuchtungskunde 
1984; 56:176-189. 
9. Simmins P, et al., The effect of plane of nutrition during 
rearing and pregnancy on longevity of sows studied over eight 
parities. 44th Annual Meeting of the European Association for 
Animal Production, Aarhus, Denmark, August 16-19, 1993. 
10. Nimmo R, et al., Effect of level of dietary calcium-phospho
rus during growth and gestation on performance, blood and bone 
parameters of swine. J Anim Sci. 1981; 52:1330-1342. 
11. NRC. 1979. Nutrient Requirements of Swine (8th Ed.). 
National Academy Press, Washington DC .. 
12. ArthurS, et al., Restricted energy intake and elevated 
calcium and phosphorus intake for gilts during growth. IV. 
Characterization of metacarpal, metatarsal, femur, humerus and 
turbinate bones of sows during three parities. J Anim Sci. 1983; 
57:1200-1214. 
B. Grandhi R and J Strain, Dietary calcium-phosphorus levels 
for growth and reproduction in gilts and sows. Can J Anim Sci. 
1983; 63:443-454. 
14. Kornegay E •. et al., Reproductive performance of sows fed 
elevated calcium and phosphorus levels during growth and 
development. A cooperative study S-145 Committee on . 
Nutritional Systems for Swine to Increase Reproductive 
Efficiency. J Anim Sci. 1984; 59(Suppl. 1):253(Abstr.). 
15. Rozeboom D, et al., Influence of gilt age and body composi
tion at first breeding on sow reproductive performance and 
longevity. J Anim Sci. 1996; 74:138-150. . · 
16. Pigtales, Longevity comparison of Camborough and 
Camborough 15 females brought into herds 1c1-90 through 12-
31-91 part 1: days from arrival to first service. Pig Topics 1995; 
14(No.4):1-4. 
17. Noguera J and R Gueblez, Incidence de I' age. a la premiere 
mise-bas et de la taille de la premiere portee sur la·carriere de la 
truie. J Rech Porcine en France 1984; 16:135-144. 

37 



Dale W. ·Rozeboom 

Table 5. The influence of gilt breeding weight on sow longevity 

Live weight at breeding (kilograms) 
<81 :::>120 

No. gilts 
initially bred 
Sows having 
four litters (%) 

14 26 19 12 21 

67 57 58 47 55 43 

Adapted from Kirkwood et al.24 

Table 6. Relationship among age, live weight, or backfat of gilts at breeding, sow productivity, and sow 
longevity 

Estrus at mating 

·p <.05, L = linear. 

No. 
Age 
Live weight 
(kilograms) 
Backfat depth 
(mm) 
No. completing 
four parities 

Adapted from Young et al.2!\.26 

1 
63 
168.1 
108.1 

19.6 
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The influence of the gilt pool on weaned pig 
qutput· 
Gary D. Dial, Chalard Duangkaew, Vicky King, and Chris· Rademacher 
College of Veterinary Medicine, University of Minnesota, St. Paul,MN 55108 

Introduction Despite a broad, general understanding in the swine in
dustry·. that weaned pig output. is a critical· measure of 

One of the objectives of the breeding herd is to produce breeding herd performance, the factors that drive weaned 
as many weaned pigs as possible, commonly called ollt:- pig output are still by and large not understood. We have 
put. The maximization of weaned pig output not only in- been studying individual farms using the PigCHAMP® 
creases the number of pigs available to enter the growing information system in order to develop a better under~ 
stage of production, but it also results in weaned pig pro~ standing of the relative importance of the factors 
d1,1ction costs being reduced. In manufacturing, it is com- influencing breeding herd output. Using a statistical tech
manly understood that rnarginal cost effects on produc- · nique called regression analysis, we examined weekly 
tio!l costs resultin fixed costs (e.g., depreciation and taxes) changes in performance parameters over a period of one 

·being spread across a higher number of units, when out- year in 19 herds farrowing in weekly batches. Average 
put is increased without changes in the physical plant. breeding female inventories ranged from 186 to 1390. 
Marginal costing also applies to weaned pig production 
by the breeding herd. In addition to these effects, it is 

. important to realize that when we consider the breeding 
herd in isolation from the subsequent growing pig phases 
of prdduction, some of the coststhat are typically classified 
according to their cost behavior as variable. costs behave 
more liRe fixed costs. Forexample, improvements in 
\Veaned pig output do not require additional laborers to 
be hired, so lab0r costs do not change. Thus, efforts to 
ia~;rease weaned pig output typically result in substantive 
improvements in the cost of producing a weaned pig. 

Relative importance of factors 
influencing weaned pig output· 
Figure 1 shows the inter-relationship among the variables 
contributing to weekly production of weaned pigs that 
we examined. Included in the figure are R2·values, which 
reflect the proportion of variation in a measure that are 
accounted for by its components, For example, the num~ 
ber of pigs weaned/litter contributes abut 2% of the week c · 

to-week variation in no. pigsweaned/week,whereas no~ 
females that farrow and are subsequently weaned/week 

Figure 1. lnter-relationshipbetween the factors influencing weaned pig-output 

FIGURE 1 ~Inter-relationship between the Factors. Influencing Weaned Pig Output 
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contributes about 96% of the variation. This indicates that counted for about 26% of the variation in weaned pig 
across farms, females farrowing/week is substmitially output, versus 6-9% for smaller farms; whereas, females 
more important than pigs weaned/litter in its influence on.. farrowing/week accounted for only 73% of the variation 
weaned pig output. in the large farms and 91-96% in smaller farms. This may 

indicate that smaller farms have a more difficult time Several other conclusions can be drawn from Figure 1. 
By examining the left branch of the productivity tree, one . achieving targets for the number of farrowings/week. 

can see that the number of preweaning deaths/litter con- If the number of sows farrowing per week is substantially 
tributes nearly twice as much to the number of pigs more imp0rtant than the number of pigs weaned/litter, it 
weaned/litter as total-born litter size. Mummy and still- is important to understand how farms differ in the rela
birth rates have relatively modest effects on weaned pig tive importance of factors driving farrowings per week. 
averages. One interpretation of this data is that while live- An examination .of individual farms revealed that, rela
born litter size was important on these farms, preweaning tive to number of females served, farrowing rate contrib
mortality deserved special attention in efforts to improve uted more to the number of sows farrowing in only 1 of 
weaned litter size. the 19 farms. In that farm farrowing rate contributed ap

Examination of the right branch of the productivity tree 
reveals that across the 19 farms, the number of females 
served each week contributes nearly all ofthe week-to
week variation in number of sows farrowing. Surprisingly, 
farrowing rate was relatively unimportant. This caused 
us to further examine the factors that drive number of fe
males served/week. Figure 1 demonstrates that there are 
5 populations offemales comprising a service group: sows 
served a second or greater number of times after being 
unsuccessfully served at the first post weaning service 
(repeat breeders), sows served less than7 days following 
weaning (normal returns), sows having delayed returns 
to service (delayed returns), sows removed from the breed
ing herd prior to being served (preservice removals), and 
replacement gilts. Across farms, normal returns accounted 
for about three-fourths of the variation in number of fe
males served/week, whereas replacement gilts accounted 
for only about 14% of the variation. Repeat breeders, de
layed returns, and preservice removals did not contribute 
or contributed only modestly to the number of females 
served/week. 

Compilation of data across farms reveals information that 
is somewhat generalizable to similar farms in the indus
try. However, we recognized considerable farm-to-farm 
variation in the relative importance of production traits in 
their effects on weaned pig output. When farms were ex
amined individually for farm-to-farm differences, the 
number of females weaned/week was found to contribute 
at least 70% of the variationin pigs weaned/week in 18 
of 19 farms. About 50% of the variation in weaned pig 
output for one farm was contributed by both pigs weaned/ 
week and females served/week. 

While the number of farms examined was relatively small, 
we noticed some trends in the relative importance of pa
rameters that appeared to be related to farm size. When 
farms were categorized into small ( <250 sows, n=6 farms), 
medium (450-700 sows, n=7 farms) and large farms 
(> 1000 sows, n=6 farms), the importance of weaned pig 
litter size was found to be greater in large farms than in 
the two smaller farm categories. Pigs weaned/litter ac-
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proximately 53%, whereas number of females served ac
counted for only 37% of the variation in number farrowed.· 
In the remaining farms, farrowing rate accounted for 8-
40% and number of females served accounted for 40-80% 
of the variation in number farrowing. 

There was considerable variation from farm-to~farm in 
the relative importance of the factors driving the number 

.'Of females served each week. In 5 ofthe 19 farms, the 
'number of gilts served per week contributed over 40% of 
the variation in total number of females served; in these 
farms, gilt services was the mostimportant factor. In the 
remaining 14 farms, the number of normal returns was 
the most important factor influencing weekly services, 
ranging from 30 to 70%. Eitherthe number of repeats or 
delayed returns was typically the third most important 
factor driving number of services, but neither ever ac
counted for more than 25% of the variation in number of 
services. 

Similar to its effects on number of pigs weaned/litter and 
females farrowed/week, farm size appeared to influence 
the relative importance of gilts served and normal returns 
on· number of services/week. As farm size got smaller, 
the importance of gilt services increased. As farm size 
dropped from large to medium to small, the importance 
of gilt services rose from 19 to 28 to 40%. Correspond
ingly, the importance of normal services fell from 55 to 
50 to 44%. 

Conclusions 
Our findings revealed that the measures of performance 
in common use by the swine industry, such as litter size, 
farrowing rate, andpreweaning mortality, <;lo not contrib
ute as much to weaned pig output as the number of fe
males served. In turn, the number of weaned sows return
ing to service within a normal period is the most important 
factor affecting weaned pig output on most farms. On 
some farms, especially smaller farms, the number of gilts 
served is the most important factor affecting weaned pig 
output. However, it is important to recognize that at the 
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time that a service group is being formed, the number of 
sows returning to service following weaning cannot be 
easily changed. Thus, it appears that making sure that 
sufficient number of service..:eligible gilts are present in 
the gilt pool may be the best tool to ensure that service 
targets and, thus, weaned pig targets are met. 
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Managing the Gilt Pool: Economics of 
Acclimatization Length 
John Deen and Matthew Turner 
College ofVeterinary Medicine, North Carolina State University, Raleigh, NC 27606 

In this paper we wish to discuss the need for an economic 
analysis of the demand for gilts by a sow herd and the 
quantity and quality of those gilts required to meet that 
demand; particularly examining the role of acclimatiza
tion. This, in part, is a reexamination of gilt economics as 
the role of the sow herd has changedin the face of multi
site production. The sow herd has become a fixed cost in 
swine production, with a high emphasis on a consistent 
supply of piglets that is produced efficiently. 

It is, of course, the aim to produce gilts as inexpensively 
and as quickly as possible. This is constrained by the need 
to have gilts that are productive, durable, and predictable 
in their performance. A number of studies have evaluated 
the qualities of age and estrus management; these studies 
cover a wide area and are sometimes contradictory. Gilts 
with a high growth rate attain puberty earlier that gilts 
with a low growth rate in Swedish Yorkshire gilts1, though 
age, rather than body weight or backfat thickness, seems 
to be the primary factor that influences the onset of 
puberty.2 

Weight at mating has been shown to have an effect upon 
subsequent production in some studies. The average num
ber of pigs per litter over three parities in three groups 
averaging 120, 135, and 150 kilograms in weight at breed
ing were 10.37, 11.35, and 10.47, respectively.2 Most of 
this difference in litter size was in the younger parities. 
However, in an observational study, gilts bred at an older 
age had a shorter expected herd life than gilts bred at a 
younger age. Infertility was the major cause for culling. 3 

Likewise, in another study, gilts selected for a lower age 
at puberty-hence a lower age at breeding-gilts were 
less likely to be culled and had a shorter weaning to 
remating interval.4 A quite consistent effectis seen in 
breeding on second estrus, with 9.5 to 10.4 to 9.5 pigs 
born from breeding on first to third estrus, respectively. 5 

In another study, when bred at first heat, 7.8 pigs were 
born on firstestrus, 9.8 pigs on second, and 10.4 on the 
third heat. There was a trend for the pigs to be lighter at 
birth as the age at mating was increased. Conceptions rate 
for first, second, and third heats have been estimated as 
83%, 86%, and 94%, respectively.6 

Conversely, Legault and Dagorn7 reports that for sows 
completing five parities, productivity was unaffected by 
mating age. However, the food utilization efficiency was 
6% better for gilts that were mated earlier. Likewise, 
Roozenboom et al8 concluded that breeding can be 
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achieved by 170-190 days of age and not affect sow lon
gevity through three parities. 

It appears that there are often marginal increases in pro
ductivity and longevity with improvements in estrus man
agement and increases in age and weight. As in most cases, 
these effects must be evaluated in individual systems as 
genotype, nutrition, mating methods, and farrowing man
agement may all affect the optimal breeding program for 
gilts. Retrospective studies of records may be useful but 
are biased as gilts retained at heavier weights or later es
trus cycles are probably not selected. Probably the great
est benefit of breeding on second estrus is an increase in 
farrowing rate that makes the gilt a more predictive part 
of the breeding group. Unfortunately, much more effort 
has been placed on studying litter size. As well, all these 
studies assume available slack capacity for developing 
gilts. If this is not available, it appears that breeding on 
the earliest observed estrus is preferable. 

The problem at hand, however, is placing a value on gilts 
with differing backgrounds. Current economic studies 
have assumed a demand for gilts that is equivalent to sup
ply. In most sow herds it is the demand that defines the 
value for the gilt. That demand is defined by the breeding 
target and the supply of sows to be rebred. Let's take a 
sow herd with a breeding target that weans weekly. There 
are a few different positions that a sow herd can be in, 
each with its own costs and benefits: 

optimal condition: 

weaned sows- involuntary culls- voluntary culls+ 
prepared gilts = breeding target 
the case in which supply exceeds demand and may be 
expensive, particularly if gilts are costly: 

weaned sows- involuntary culls- voluntary culls + 
prepared gilts > breeding target 
the position that may be expensive as either voluntary 
culls must be reduced and/or unprepared gilts must 
be used. This either increases the cost of production 
or decreases productivity: 

weaned sows- involuntary culls~ voluntary culls+ 
prepared gilts < breeding target 
and 
weaned sows- involuntary culls- voluntary culls+ 
prepared gilts + unprepared gilts 2:: breeding target 
the position that is particularly expensive as it 
probably creates slack space in the system and 
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has a high level of opportunity costs asso
ciated with it: 

Weaned sows - voluntary culls ~ involuntary 
culls + prepared gilts + unprepared gilts < 
breeding target 
Unfortunately, the scenario changes from week to 
week. Each variable can be quite inconsistent, cre
ating inefficiencies in the production process. It is 
problematic to create a constant supply of gilts each 
week, but it is· an even greater problem to tailor the 
supply to the weekly demand. 

The demand varies greatly from week to week, par~ 
ticularly because of changes· in the characteristics 
of each weaned group, First, the number of sows 
weaned can vary, as is shown in Figure 1. This ex
ample involves a 1,400 sow herd that has a breeding 
target of 70 inatings per week. Figure 2 shows the 
parity distribution of 24 groups of weaned sows as a 
proportion of a breeding target of 70. As the distri
bution in the first parity shows, the introduction of 
gilts is far from constant. 

Figure 3 shows the availability of sows based on 
the total sows weaned minus the involuntary and 
voluntary culls. The difference between the breed
ing target and the available sows is the weekly de
mand for gilts for the 24 groups. 

If the supply can be tailored to the demand, then the 
costs are minimal. If the supply is designed to be 
constant, then there will be costs associated with 
under- or over-supply of gilts. The optimal target 
supply is based on the definition of the costs associ
ated with the scenarios previously listed, This is 
farm-specific, depending on the cost of gilts, their 
expected performance, and the reasons and causes 
for culls, etc. 

If we take· a scenario in Figure 4 and have a system 
where 16 gilts are delivered each week and are ready 
to breed, we could have: · 

A) an oversupply of giltswhich would increase 
the inventory in 3 weeks but would involve car
rying costs and, if space is limited, compromise 
the capacity of the herd or waste gilts, 

B) an undersupply of gilts so that voluntary · 
culls are curtailed, and 

C)· an undersupply of gilts so that the breeding 
target is not met. 

The costs of scenario C far outstrip A and B so that 
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Figure 1 : Number of weaned sows and returns 
available to a breeding group 
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Figure 2: Proportion of breeding target by parity 
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Figure 3: Sow availability based on type of culling 

90 -,-------,-:c'-------,-'---.· 

80 

70 

~··so 
0 
rn so 
=It 

40 

Total Sows 

-involuntary culls 

- parity culls 

-other culls 

the effort should be to reduce the risk of the latter 30 
happening. Figure.S shows the cyclicity that often 
occurs when. a monthly delivery system is used for a 
herd with a chronic shortage of gilts. Some of this 
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Figure 5: Demand and supply of gilts based on a 
delivery of 64 gilts every 4 weeks 
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Figure 4: Demand and supply of gilts on a 
delivery of 16 per week 
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three-week cycle of gilt inputs is showing up in Figure 2. 

This method presents an over-simplification as the gilt 
supply also has some inherent variation. Furthermore, the 
differentiation between involuntary culls, voluntary culls 
and retained sows is based on an arbitrary and subjective 
classification in many cases. It has, however, the ability 
to characterize the pressures of gilt supply. It does exhibit 
the basic economic rules of breeding gilts: 

• breed any gilt to meet the breeding target 

• the cost of breeding a gilt early must be balanced 
against the cost of retaining a voluntary cull. In most 
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cases it appears that it is more benefit to breed a 
gilt early than to keep a sow of questionable 
productivity 

• the ability to retain and acclimatize gilts is a func
tion of the number of gilts delivered and the fre
quency of delivery 

This also exhibits the cost of variability in age in sow 
groups. It would be of benefit to stabilize the parity 
profiles between each group. The best control is through 
keeping the introduction of gilts as constant as possible. 
This may involve replacing productive sows but would 
create a more consistent population. This consistency 
may also increase the consistency of the progeny both 
in health and weight and aid in stabilizing diseases such 
as PRRS. 
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Purchasing criteria for pork raw materials in 
Europe and Japan: The Danish experience 
Oivind Hoen 
Ex·ecutive Marketing Director, DANSKE SLAGTERIER (The Federation of Danish Pig Producers and 
Slaughterhouses) 

Before going into detail on my, I would like to give you a 
short description of the structure of the Danish pork in
dustry and our sales and marketing. You need to know 

. that to understand the way we work. 

Pig production in Denmark has risen steadily in the last 
few decades: from 11 million pigs a year in 1970 to about 
20 million today. The pork industry in Denmark is to a 
very great extent based on the cooperative movement, 96% 
of all pigs being delivered directly to one of the 22 slaugh
tering plants owned by the four cooperative slaughterhouse 
companies. The Danish pork industry has changed rap
idly-from 54 slaughtering plants in 1970 to 22 today. 

For the slaughtering plant the cooperative form means 
direct supplies (i.e. no live markets). The cooperative form 
of organisation is of importance to my subject because it 
means that we have: · 

• joint research and development in the breeding field, 
which gives a uniform raw material; 

• a common payment system for the entire sector based 
on objective measurement of meat percentage and 
weight; 

• joint research with respect to quality etc., including 
development of equipment for measuring quality 
parameters; 

• joint marketing research, enabling continuous map
ping of the customers' quality requirements; 

• joint marketing activities, enabling communication 
of the quality advantages. 

All of these activities are carried out by our organization
the Federation of Danish Pig Producers and Slaughter
houses-which has the task to help pig producers and 
slau~hterhouses to improve quality and reduce produc
tion costs (i.e., to improve our competitiveness). 

Lastly, I want to say a few words about our sales and 
marketing structure, since you need to know a little about 
that in order to understand my later description of quality 
requirements. 60% of Danish pork exports go to other 
EU countries. Our principal overseas markets are Japan 
and the USA .. With regard to the product assortment, 63% 
are raw materials or tailor-made cuts for the processing 
industry. 

Denmark was among the first pork exporting countries to 
present the carcass in main cuts and export them to the 
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markets paying the best price. This improved the price 
obtained for a half carcass. There are two reasons for this 
development. First, slaughtering, cutting, and processing 
are to a great extent separate activities in our main mar
kets. Second, there has been extensive specialization of 
the individual processing companies' product lines; this 
has led to a desire for as much of the necessary deboning, 
derinding, and defatting o( the cuts as possible to be car
ried out by the suppliers. This trend has continued, and 
Denmark now specializes in supplying "customised" cuts 
to the various markets. This is a stronghold that has con
tributed to our international reputation as a quality 
supplier. 

As you will have seen from the foregoing, our main cus
tomers are processors, particularly in Europe and Japan. 
The customer requirements made by the processors in 
Europe and Japan are naturally of importance to us for 
fulfilling specific orders here and now. However, map
ping customer requirements and an ongoing dialogue with 
our customers on possible future requirements are also 
important since that gives us the possibility of steering 
the joint research and development of quality character
istics and quality-promoting production and measuring 
equipment in a direction that strengthens our position in 
relation to our competitors. The dialogue with the cus
tomers also provides us with a basis for choosing the right 
marketing activities. 

What, then, are the customer requirements we encounter 
in our main markets-Europe and Japan? An analysis has 
been carried out by the Aarhus School of Business in 1996 
with a view to prioritising the purchasing criteria of the 
processing industry in Europe. The processors assessed 
the above criteria on a 5-point scale, 5 being very impor
tant, 1 being unimportant. This analysis shows, not unex
pectedly, that price and terms of payment are the princi
pal parameters, followed by microbiology, delivery as 
specified, uniformity, low PSE/DFD and no residues (Fig
ure 1). On the other hand, such criteria as flavour, fat 
marbling, tenderness and juiciness are of far less impor
tance to processors than we are accustomed to from the 
retail trade. 

The aim of the research has been to judge the individual 
supplier countries' performance with respect to the 
prioritised criteria (Figure 2). The supplier countries com
pared were Germany, France, the U.K., the Netherlands 
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Figure 1 

Figure2 

The 15 most important purchasing criteria 
of the processed meat industry 

I 
Price and terms 
Microbiology, salmonella 
Delivery as specified 
Uniform meat quality 
LowPSE/DFD 
Delivery on time 
Residues, antibiotics 
Uniform cuts 
Taste/no distaste 
Colour 
Fresh (not frozen) 
High lean meat percentage 
pH-value 
Confidence 
With rind/no damages 
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"The countries was assesed on a 7 -point scale, 1 being very unsatisfactory, .7 being very satisfactory •• (Source: Den Danske Slagterisektors Konkurreneeevne i Europmisk Belysning, Delrapport I) Chart 2 c:ls 

and Denmark because there is a lot of trade in raw mate- house companies to supply pork of uniform quality and 
rials between these countries. cuts that live up to the agreed specifications. 

For the eight most important criteria, Danish pork lies · The German slaughterhouse companies are particularly 
level with or above its European competitors, but with strong on the meat quality criteria (flavour, colour, and 
respect to colour and Ph-value, Danish pork has a poorer pH-value)--precisely the criteria which Danish pork has 
image than several of its competitors. Danish pork's most difficulty with. British pork has the poorest image 
strongholds in relation to the processing industry are mi- on almost all criteria, while Dutch and French pork· is 
crobiological quality and the ability of Danish slaughter- judged to be of medium quality. 
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Figure3 · 

Fi~re4 

Important Items to be Included in a 
Japanese Quality Assurance Scheme 

Medicine residues in meat 
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The most important purchasing criteria of 
the Japanese processed meat industry 
Price/quality ratio 
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As far as purchasing criteria in Japan are concerned, I 
have the results of an analysis carried out for the Euro
pean Commission in August 1994. Figure 3 shows that 
medicine residues is a very important issue in Japan. The 
most important purchasing criteria of the Japanese pro
cessing industry is price in relation to quality, freshness 
and delivery on time (Figure 4). The preference for cuts 
from the main supplying countries was measured. There 
is a preference for Danish bellies and loins in Japan, 

whereas shoulders and hams are preferred from Taiwan 
(Figure 5). 
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What do we in Denmark do to make optimum use of this 
information? Here, we need to look at our weak sides as 
well as our strongholds. 

In the case of our weak sides, we must answer questions 
of this kind: 

• Just how serious are these problems for our customer? 
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FigureS 
Preferred producing countries by the 
Japanese processed meat industry 
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• What will a solution to the problem cost in terms of 
development costs, development time, productivity, 
yield, etc., and what price premium can we achieve? 

• How far are we from our closest competitors, and 
what are their possibilities of improvements? 

• Will the customer preference that lies behind the prob
lem become stronger or weaker in the years ahead? 

In the case of our strongholds, we have to answer ques
tions of the following kind: 

• How important is the advantage we have over our 
competitors? How much is it worth in dollars and 
cents to our customer today and tomorrow? 

• Is it a lasting advantage or are competitors catching 
up on us? 

• Can the advantage be documented and is this docu
mentation valuable to our customer for his or her 
marketing activities? 

• Can our product's advantage be reliably documented 
sufficient to enable us to use it in our own marketing 
of the final product? 

A combined evaluation of the answers to these and simi
lar questions enables us to allocate the industry's joint 
resources to projects that improve our competitive posi
tion in the best way by accentuating our strongholds and 
remedying the weaknesses. 

side and therefore these factors are part of the "Danish 
Pork Improvement Programme". This action plan for con
tinuous improvement of pork is market-oriented in its 
concept and the quality targets are therefore updated regu
larly on the basis of research as shown earlier. With re
gard to pigment/meat colour, it is important to remember 
that Danish pork comes from young, lightweight pigs with 
a relatively low pigment content. The pigment concentra
tion in meat is closely related to the age of the animal. 
However, with good curing technology a satisfactory meat 
colour can be achieved with Danish pork. Considerable 
research has been carried out on the influence of the pig
ment content on cured meat colour. The current results 
are not conclusive and further research is progressing. The 
genetic relationship of pigment content to other quality 
traits will be investigated as a basis for a decision about 
the future breeding strategy for pigment content. 

The pH-value of the meat is generally a little lower in 
Danish pork due to the short transport time from farm to 
slaughterhouse and the great attention given to consider
ate pre-slaughter handling in Denmark. Some export mar
kets have a wish for a somewhat higher ultimate pH level. 
In order to find ways to satisfy the market requirements, 
several investigations are in progress in Denmark to es
tablish methods to increase the ultimate pH level in Dan
ish pork. In the shorter term a limited increase can be 
achieved by feed withdrawal for a period of time before 
transport from farm to slaught~rhouse. 

In order to accentuate our strengths, the four slaughter
As regards our weaknesses, you will remember that our 

house companies work closely together in this area and 
image with regard to colour and pH-value was on the weak 

have created a National Quality Assurance Scheme pro-
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viding detailed documentation about quality and safety mum level of PSE compared to electric stunning which 
aspects of was used previously in Denmark. 

• Primary pig production; 

• Transport from farm to slaughter; 

• Slaughtering; 

• Cutting, deboning, and packaging. 

The Danish National Quality. 
Assurance Scheme 

Primary ·production 
The integrated structure of Danish pork production has 
led to a national system to support and advise pig produc
ers. The continuous progress in quality and productivity 
of Danish pig production is based on a national pig-breed
ing system where approximately 65 approved breeding 
herds select the future breeding stock according to the 
breeding targets stated by the National Committee for Pig 
Breeding and Production. This ensures fast progress in 
the quality characteristics of the Danish pig population. 

Pig nutrition and management aspects of pig production 
are controlled by Danish legislation and EU directives. 
The industry conducts research and development in these 
areas to be able to give up-to-date advise to the pig pro
ducers via the national extension service. 

Pig health is monitored by regular visits to pig farms by 
the local pig production advisor together with the veteri
nary practitioner. 

The combination of these activities contributes to the qual
ity of Danish pork and ensures a good level of animal 
welfare on the farms. The influence of pig production on 
the environment is also being limited as a result of the 
activities 

Transport from farm to slaughter 
The treatment of pigs from the moment they leave the 
farm until they are stunned is considered as a whole. Most 
of the factors in this sequence of events are important for 
rveat quality and influences animal welfare. A set of rec
ommendations for good pre-slaughter pig handling prac
tices at the farm, by the haulage contractor, and at the 
slaughterhouse has been in operation for a number of 
years. These recommendations will ensure that the total 
transport system will protect herd health and ensure opti
mum meat quality and animal welfare. At the same time 
they ensure rational pig collection and transport. 

All slaughterpigs in Danish export slaughterhouses are 
stunned in the carbon dioxide process. This stunning 
method has resulted in improved meat quality with a mini-
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Slaughtering 
The slaughter process in Danish slaughterhouses is char
acterized by a high level of hygiene combined with an 
excellent standard of workmanship to ensure the quality 
standard of the carcass. meat. All Danish export slaugh
terhouses are approved both by the European Union and 
by the USDA. 

The evisceration process is particularly important for hy
giene. This process has recently been modified in Danish 
slaughterhouses to reduce the risk of carcass contamina-
tion even further. ' 

After weighing, all carcasses are classified according to 
the lean meat content in the complete carcass and in the 
major cuts. This classification is automatic to ensure ac
curacy of the measurement. The meat content is used as 
basis for graduated payment to the pig producers, but is 
also an important factor in ensuring uniformity of finished 
cuts. 

At the end of the slaughterline the carcasses are trans
ferred to chilling. The carcass chilling process is impor
tant to ensure control of bacterial growth and thus a good 
shelf-life of the meat. Effective carcass chilling is also 
important formeat quality, mainly to ensure a low inci
dence of PSE. Virtually all Danish pig abattoirs employ 
rapid tunnel chilling. 

Cutting, boning, and packaging 
In the temperature equalization after the chilling tunnel 
the carcasses are sorted automatically according to car
cass weight and lean meat content. This facilitates a se
lection of major cuts according to quality. 

The majority of Danish pork is, as I have mentioned ear
lier, exported as boneless and trimmed cuts, which are 
often tailored according to individual buyers' 
specifications. 

By a combination of the selection mentioned above and 
the high standard of workmanship in Denmark it is pos- . 
sible to produce cuts of superior and uniform quality which 
can fulfill tight specifications. 

Discussion 
I will end my presentation by giving an account of how 
the quality strengths and the Quality Assurance Scheme 
are used as a marketing tool in Japan. I have chosen Ja
pan since this is a market where US and Denmark are 
competitors. 

Denmark and Danish pork are not immediately well
known terms to the Japanese consumer; however, the 
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Danish suppliers have a good image with the Japanese 
processors. In 1994, a well~respected Japanese research 
company conducted an analysis among Japanese import
ers, meat processors, and retailers. The purpose of the 
analysis was to uncover the image of various pork suppli
ers. This analysis demonstrates that Danish suppliers have 
a better image than all the other suppliers of pork in terms 
of 

• the ability to supply large quantities 

• the ability to adjust to the market 

• the willingness to make long term contracts and build 
long term relationships · 

• the ability to deliver on time. 

The only point where the Danes had a low score was within 
·the area of promotion. We have now embarked upon 
changing this through the campaign which has been 
launched to make the word 'Danish' familiar to the Japa
nese. The background for the campaign is: 

• Japanese consumers require more information. Ac
cording to an analysis, 40% ofthe Japanese consum
ers are not satisfied with the information they are given 
on meat and meat product. 

• The Danish Quality Assurance Scheme to a large ex
tent provides the answers to the concerns of the J apa
nese consumer in terms of the raw materials used in 
the final meat products. 

• The origin and quality of the raw materials can be 
used in our efforts to create preferences with the Japa~ 
nese consumer. 
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The goal of the campaign is therefore: "To establish a 
premium image for products from Japanese processors 
produced on the basis of Danish raw materials." The strat
egy to achieve this goal is twofold: 

• The use of the DANISH logo on Japanese proces
sors' retail packs. 

• A media campaign. 

As regards the use of the DANISH logo on retail packs 
from the Japanese processors we have obtained partici
pation of 20 major pork-processing companies. This im
plies that approx. 25 million consumer packs with the 
DANISH logo will be distributed all over Japan each 
month. This is an effort that will yield results in the long 
term, and a prerequisite for success is cooperation with 
the processors. 

I hope that this has given you an impression of how we 
use market research to direct our research and develop
ment work and how the quality parameters can be docu
mented and serve as a platform for the marketing of raw 
materials from Denmark. 
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· Following the chain: A. consumer quality audit.·· 
. . 

summary.··· 
Conducted QY Cintado, Inc., with cooperation of Sue Levy, Bozell; and~' Michele 
Hanna; NPPC . 

Consumer QualityAudit 
summary 

. . 

Most significant consumer 
·.·.· .. problems · 

In assessing quality throughout the pork chain, an under- . ·· ·.. ·.·. · · .· · ·· · . · ·. ·. · . ·. . .·· 
standing of the perceptions and attitudes of the ultimate Lack of familiarity with pork, proper 
product end user, the consumer, is· imperative in order to. preparation, recipes, and its versatility 
establish: ·· · · The study confirmed the understanding that consumers 

suffer from an overall lack of familiarity with today's pork. 
• the foundation of learning required to best discern . This barrier hinders pork's ability to be top-of-mind when 
the consumer's needs, wants and expectations;· consumers are pl~nningmenus or making meal decisions 

. • provide the proper knowledge Inputs into the.entire at the meat case, thus limiting .~::onsumer usage. Accord-
pork chain and subsequently; . . ing to NPPC Usage Study findings, perceived consump

tion of fresh pork ranks third behind fresh poultry and 
• both improve current available product and develop fresh beef on a monthly basis. This data reports that pork 

new products that boost frequency of pork consurilp-: is not included in the top tier of fresh meat options, there-
. tion and enhan~e demand. . ·. fore, demonstrating that it is less of a top-of-mind choice 

The key to quality is s~tisfying the ~onsumer. · or option for consumers. . 

By applying the total quaiity management principle of.· Lack of familiarity also translates to limited corisum~r . 
the "Customer ·is King", the Pork Chain Quality Audit knowledge as to: . 

· first looked to the consumer and set the following objec- ·. • the overall diversity of fresh pork cuts; 
tives for the research that led•to. the .Consumer Quality 
Audit: · · · 

• identify barriers preventing co~sumers from using· 
more pork; · · · · .·· 

• understand how consumers 
· evalua.te pork quality; and; 

.• assesshow. well pork satisfies 
key quality criteria iri the 
marketplace. 

With these objectives in mind, the 
Consumer Quality Audit employed .. · 
a unique methopology of taking 
consumers shopping and then ob
serving them in their homes pre
paring a meai with the· pork pur- . 
chased during the shopping trip .. 

. By accompanying the consumer 
throughout this process, the study 
tracked attitudes, perceptions, and 
habits from the meat case to the 
kitchen. 

FRESH PORK 

FRESH POULTRY 

.FRESH FISH 

. Soun:e: NPPC Pori: o..,.; Study 

Baoe: Mcol Ellen (21.937) 
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. . 

• how to prepare fresh pork once they get it home; and, 
. . . . . - . 

• pork's versatility beyond just chops, roasts and ribs. 

%OF REPORT:t:D MEAT CONSUMPTION 

28.42 

30 

. ·.'k 
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In fact, consumers' inability to 
think about pork, most 
specifically, beyond pork chops 
was not only seen in the Audit, 
but collaborated findings from 
various other NPPC studies in
cluding the Pork Usage Study. 
The data demonstrates that con
sumers, when eating pork at 
home, are overwhelmingly using 
chops by over a two-to-one mar
gin, with roasts and ribs com
prising the majority of other 
pork uses. Obviously, this lack 
of familiarity is stopping con
sumers from experimenting with 
pork either by using new reci
pes, using new cuts, cutting up 
the product available, or substi
tuting pork in everyday dishes 
that normally call for chicken or 
beef. 

PAST TWO WEEK USAGE OF FRESH PORK CUTS 

a.eraPrimt 

NcaollbeM 

SOURCE: NPI'C Pat Uu&e Sludy 
0...: PuiTwoWeetPai<Uotn(l3.359) 

However, beyond experimenta-
tion, when consumers do prepare pork they are very un
skilled at its proper preparation.-This limits their oppor
tunity to have an optimal "pork experience." A majority 
of consumers choose to overcook pork due to safety con
cerns they have about the product. Unfortunately, with 
today's leaner product, this leads to dry, flavorless prepa
ration and a poor quality meal for themselves and/or their 
families. 

Additional research to the Audit supports consumer's 
negative perception regarding pork preparation, especially 
when compared to its chief competitors. According to the 
NPPC/MARC Meat Attitude & Perception Tracker, 
consumer's perception of pork consistently ranks last on 
the attitudinal measures of "ease of preparation": and 
"quick to prepare." 

Finally, these barriers in consumers' minds are bolstered 
by their perceptions of what they read in cookbooks and 
experience out-of-home. Many popular cookbooks pro
vide only a few recipes that seem outdated, lengthy, and 
complicated-with archaic cooking instructions (as mea
sured by current USDA and industry standards )-to con
sumers. Separately, consumers believe that they don't see 

77% 

Average II CutS Used In Past Two Weeks: 2 

40 .. 70 •• 

many pork dishes when they dine away from home. Thus, 
these factors further enhance the perception that pork is 
difficult, time-consuming, and complex to prepare. 

Perceived nutritional deficiencies 
Again, the Audit reinforced consumer perceptions uncov
ered in several NPPC studies that pork is nutritionally 
inferior (less regarding vitamins, minerals, and nutrient 
density, and more pertaining to its overall "healthfulness") 
to other meats, but most significantly poultry. While there 
is strong and continual playback of The Other White Meat 
message, which is not surprising as total awareness stands 
at 80% of all adults, many consumers have yet to be able 
to translate awareness to attitudinal shifts regarding pork's 
amount of fat, calories, and cholesterol. 

In addition, the shopping trips revealed that, depending 
of the level of trim fat and marbling, oftentimes excess 
amounts of both of these only served to reinforce con
sumers negative perceptions about pork's healthfulness. 
A more in-depth discussion of consumer's reactions to 
the product in the meat cast follows. 

Table 1. Attitudes towards fresh pork (on a -1 00 to + 1 00 scale) 

Low fat 
Low calories 
Low cholesterol 

Bench 
-35 
-29 
-32 

Wave I 
-29 
-28 
-28 

Source: NPPC/MARC Meat Attitude Perception Tracker, 11/93 
Base: Target Consumers (1 ,500) 
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Wave II Wave Ill 
-32 -30 
-28 -27 
-30 -30 
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Inconsistency in product and packaging 
and meat case display 
A problem that can be tracked from farm gate to dinner 
plate is the inconsistency in the product that is delivered 
to the consumer. Inconsistency in product quality and 
uniformity were primarily driven by consumer's percep
tions of an reactions to the following: 

Amount of fat 
This is undeniably the strongest visual cuefor respon
dents in selecting fresh meat for quality. In fact, visual fat 
on products (epitomized by vac-packed boneless loins 
packed fat side up) was most consumers' first impression 
of the meat case and it strongly reinforced the perception 
of pork being "bad for you," 

In addition, consumers closely monitor intramuscular fat, 
or the marbling of the pork to assess quality, and consider 
it a greater negative versus the exterior fat that they can 
trim themselves. An InterGroup™ meat case survey con
ducted with consumers in 125 stores across the country 
(and done in conjunction with the Consumer Quality Au
dit) found that too much marbling was the single prob
lem noticed most often in the meat case and, in turn, con-

Following the chain: A. consumer quality audit summary 

sidered a major concern. Noticed almost as often, by 66%, 
was the amount of exterior or trim fat, but it was only 
considered a major concern by 40% due to consumers' 
ability to trim at home. 

Color 
Inconsistency in color due to· both muscle variation and 
stress and handling related problems provides nothing less 
than confusion at the meat case for consumers. Respon
dents, when asked, believe that "fresh" pork is pinkish in 
color and not grey, brown or red. Anything that is not the 
expected color is believed to be of poorer quality and 
potentially spoiled. Supported by the InterGroup, color 
variation in the same cut was the fourth most noticeable 
characteristic of the product in the meat case and consid
ered an even greater problem than the prevalence with 
which it was found. In addition, over 30% reported that 
the pork was too dark in color in the meat case thus coun
teracting their belief that good quality, fresh pork is to be 
pinkish. 

Texture 
A direct corollary to quality is the textural appearance of 
the meat. Pork that exhibits a slick residue or granular 

NOTICED IN THE MEAT CASE 

Too mucb Internal fall 

Not enough variety 

Too mucb color var.n in same 

Not enough ~election within 
type of cut 

Too mucb blood In 

Too mucb liquid In 

Not enoush consistency in size 
cuts within same packase 

20 

SOURCE: InterOroupnc. Base: 125 Meat Case Interviews 
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bone and fat deposits (due to poor 
cutting) is not considered fresh. 

SATISFACTION WITH QUALITY OF FRESH PORK 

Purge or presence of blood 
While presence of blood and wa
ter in the package doesn't neces
sarily translate to poor quality pork, 
it is regarded as an inconvenience 
by respondents thus affecting their 
overall purchase decision at the 
meat case .. Over one quarter of 
InterGroup™ survey respondents 
found too much blood or liquid in 
the package and a greater number, 
31%, found that to be a major 
concern. 

Somewhat Satisfied 

Packaging 
Packaging is a chief indicator of 
quality. Consumers believe that 

51% 

packaging reflects the care and concern a store has for its 
product and customers. Looking at packages, consumers 
commented negatively regarding: 

• pooror sloppy layout of cuts within the package; 

• lack of visibility of cuts (one covering another); 

• inconsistency of cuts sizes and colors within a single 
package (often seeming like not cut from the same 
loin); 

• loosely wrapped cellophane; and, 

• what consumers considered as unflattering pink meat 
trays. 

In addition, vac-packed tenderloins were viewed over
whelmingly as negative thus severely discounting the 
quality of this cut. 

Meat case 
Presentation of the product at the meat case was found to 
be very important to consumers and another measure of 
the store's concern. A well-stocked and organized meat 
case gives the sense that the product is fresher and pro
vides the consumer with a greater power of choice and 
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Satisfied 
6% 

creativity. When disorganized and poorly merchandised, 
serious quality concerns are raised and the consumer's 
confusion about fresh pork is further compounded, 

It is important to realize that these inconsistencies in prod
uct and presentation are quality issues which directly im~ 
pact consumer's perception of value. Poor quality and 
poorly merchandised pork is not considered a "good value 
for the money." But, oftentimes, simple merchandising 
techniques and training an eye on quality backroom man
agement can add value for the consumer and, in tum, sup
port pricing commensurate with consumer perception. 
Overall, the InterGroup™ study found that 51% of re
spondents were only somewhat satisfied with the quality 
of fresh pork they found in the meat case, 26% were ei
ther not very satisfied or nor satisfied at all, and a mere 
23% were very satisfied. Thus, quality is having a direct 
impact on the level of satisfaction consumers experience 
with pork. With only 23% of consumers very satisfied, 
the industry can recognize. that there is a tremendous 
amount of room for improvement, especially when it 
comes to "delighting" the consumer. 

/996 Allen D. Leman Swine Conference 



.· . . "• . . . ·_ .... ·. ·. .. .• :· _., . ·. · .. ·_·.·. 

Meat quality: A fetaile~'SperSpective 
Jolin Story, .Sr . 

. Director of Meat Operations,' Fairway Foods, Northfield, Minnesota . ·· .· . 

Meat quality is a term that cannot be easily defined be~ the retaillevel, we ~ould provide consumers with branded 
cause it means different things to different people. A meat quality that is more dependable. However, until packers 
scientist's or researcher's idea of quality is not necessar- have a firm grasp of the animal traits and production prac

. ily the same as that of a. retaii · meat operator, and the tices that provide eating quality time and again, it will 
ret~ler's idea, in turn,' niay be different froin that of a not be possible to assure good eating experiences by the 

· consumer. However, regardless of the defiriition, the pur- appearance of the product-one attractive meat cut may 
suit of quality is important. Each segment of the market- eat well while an equally aitr!lctive piece would not be as 
ing chain is responsible for ensuring that the standard of· appetizing. · 
quality demanded by the next segment of the chain is met. 

In the absence of case-ready meats, what can a retailer do 
As the purchasing .agent for.consuiners; retailers have a to controlthe quality qf the product cominginthe back 
key role to play in assuring and improving·meai: quality. door more effectively? Better··evaluations of packer 
The consumers need, expect, arid deserVe our help in de~ specifications and trim ori meat received is one practice 

· .livering the kinds of meat products that satisfy their ex..: that is a must for the successful retail meat operation. 
pectations and live up to their standards of quality and Furthermore, retailers must liave a better handle on what 
wholesomeness. Today that job isn't easy. There are they sell and how that relates to the product coming in. 

significant inconsistencies in quality among all of the spe- o. ne way to determine a product's value is to perform ac
. cies and consumers often don't know what to expect from 

curate· cutting. tests on the meat primals and subprimals 
. one shopping trip, or one eating occasion, to the next. If used. This will determin~ the yield and help assess the 
they, shop for their meats at different stores, the chaiienges · 

value of the product to the. retailer. Cutting tests have been · 
· for consistency are compounded. 

used for years by successful retail meat managers who 
It's no better for the retailers themselves. Cutting yields wantto keep a good production and marketing record of 
are variable and there is no product consistency from one the meat they buy arid· sell. The best arid most accurate 
box to th.e next, either with yields or with appearance. method of using these tests is in conjunction with Com-

.· Appearance is of particular concern with pork. Pmk color puter Assisted Retail Decision Support (CARDSt 
inconsistencies have been a negative factor in the indus- CARD. s··.. ft d I db th · N 0· .·1 · ·. . . · h. · . · d · . • . ts. a so ware program eve ope · y e a on a 
try for· too long. T e amount of wet, gray, or very ark L' s· t k. d M . ·.t :B d · · · 0· ·· 'th ..... 

k . 1 · • · k . · · . . . tve • oc an ea · oar m coopera on wt 1.exas 
por ts much arger than the por mdustry admtts, such · A&M U · · t t · d t T · aki th · h 
poor product appeat"ance certainly has had a detrimental . · . . ~versi Y; <>: at re. at ers m m . ng etr .p~rc as
. ·· t th · f fr h k d t. Ad. · ..h • mg dectstons. It 1s espectally useful m determmmg the tmpac on e Image o . es por . pro uc s. vewsmg .· al . f . · : . · b · . 
th t t t b. u'f 1· · k k 1 · t · h 1 ·f· v ue o closer~tnmmed product y evaluaung labor cost.s a. ou s . eau u , pm por om cu s ts muc ess e - . . 1 · : ·. 
£ ti h th · t h b tif 1 · k k 1 . and yte d so that retatlers can compare the value of pur-
ee ve ~ en .ere are no enoug · . eau . ~ pm. · por om · chasing options among various suppliers. When used in 

cuts avatlable. As a result, these mconststenctes lead to b. . . 0. 'th d t · CARDS al h 1 
· 'fi h · k 1 f k · .1 A.· d' com ma. on wt scanner a a, . can so epa 

stgm cant s nn . osses or por at retat . ccor mg to t .1 fi d th t fi bl · d t · 
the July 17, 1995 issue ofFeedsiuffs magazine, it is not re at er n e mos pro ta e pro uc mtx. 
uncommon for pork to register an annual15% shrink in For instance, under previous operating systems al-inch
the meat case, a figure that can have a disastrous impact trini boneless pork loin might have been preferred by re
on a retailer's bottom line. Compare pork's shrink to 5% tailers, since this product would be less expensive and the 
for beef and 1% for pmiltry__:_,.itisobviously a consider- · back-rooin trimriling waste and labor costs would not have 
able problem. · · .been factored into department profitability. But by using 

. . . . . . . . . · . CARDS a meat department manager would find that a 
When It comes to trtm and yteld consistency, retatlers. try .. · : . ·. . ·; . . . · 
t · 1 ur 1 1 tn' b f d k t fit th closer-tnmmedlom, wht.lemoreexpenstveperpoundtm-o compensa e. vve c ose y m ee an por o . e . . . · · . . · . · · · . 

· · 'fi t. · f · · d' 'd al. t .1 ·. 0· · A. ·d··· ually, ts actually more profitable for the retatler and would .spect ca tons o our 11,1 tVI u re at opera ons. n - . ·· . · b · · ' · h . · · 
k t d I I tn. ·. th · d . ts th · encourage leaner products ackthrough the c am. pac ers o !!.Y are more c ose y mmmg e pro uc · ey · · · ·. · 

send to us in order to. address the consistency and quality CARDS will be especially helpful in evaluating case-ready 
problems we've Identified for them.In addition to these products from packers, since it will directly show that 
measures, we need to determine If consistency can be · closer:-trimmed: products with higher yields can reduce 
.controlled further. · · in~house labor costs and pass on value to the consumer, 

. Case-ready meats offer one opportunity to control many 
quality vari&bles. By eliminating .the potential changes at 
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while at the same time maintaining a profit for the re
tailer. Of course, there is some groundwork that is needed 
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before the industry will be able to obtain and evaluate the 
results they need to do the job thoroughly. One necessity 
is an updated URMIS system. URMIS, or Uniform Re
tail Meat Identity Standards, is a Meat Board-developed 
system that encourages retailers to adopt a universal cut 
language for their customers. Different parts of the coun
try, or different retailers, might have had different names 
for the same cut before instituting URMIS. In adopting 
the system, retailers could label any retail cut uniformly, 
reducing consumer confusion at the meat case. 

With an updated URMIS system, the industry can insti
tute standard Universal Product Codes (UPCS) for the 
cuts. This gives stores the chance to collect sales data on 
cuts sold. When a: cut is scanned, its UPC code identifies 
the cut, how much it weighs, and how much it costs. With 
organized files, meat managers can understand the prod
uct mix and make proper department improvements. Since 
meat is a random weight item, the technology has lagged 
behind that of other dry grocery items. However, as scan
ning has becomeperfected for random weight items, the 
need for its use at retail has become critical for efficient 
meat department management. Scanning has also been 
put into use further back in the production chain, with 

· packers and processors utilizing the technology in track
ing their own products out the door. 

The Meat Board has been updating the URMIS program 
and working with the UPC Committee to update UPCs 
for meat products while the scanning technology was be
ing perfected. An URMIS manual and UPC listing have 
been published recently by the Meat Board acknowledg
ing the newest improvements. Of course, the meat indus
try movement toward the adoption of UCC/EAN 128 
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(Case Code) will be essential in following the product 
from the producer/processor all the way to the consumer. 
Adopting the system will lead to ECR,category manage
ment and other improvements in meat case efficiency. 

All these advances are part of a concept called value-based 
meat management, which helps retailers recognize the true 
value of the meat products they buy and sell. By having 
this knowledge, retailers can start to communicate demand 
signals from their customers-the consumers-all the way 
back through the meat-marketing channel. Considering 
the trends toward leaner meat and the streamlining of re
tail meat operations that are now held more and more ac
countable for profitability, the concept of value-based meat 
management cannot be taken lightly. The changes that 
value-based meat management systems bring to the re
tailer provide demand-based decision-making capabili
ties that lead to profitability. In addition, the. ability to 
better evaluate the products retailers receive from suppli
ers make them better managers in the long run. 

In our business, consumer confidence is critical. One of 
the most important ways we can build that confidence is 
to assure consumers of a consistent product. Possessing a 
good grasp of the handling and marketing of product is 
one way that we, as retailers, affect consistency and ob
tain the data and actual demand necessary for passing in
formation back down through the production channels. 
Awareness of thisknowledge will allow us to be able to 
do our part in re-establishing meat as a great, nutritious. 
food source. 
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Antemortem diagnosis of proliferat~ve enteritis . 
. . . . . . . '• 

Coml.ie Gebhart, PhD · · · 
Department of Veterinary PathciBiology, University of Minnesota 

Introduction · toplasm of the crypt epithelial cells. The presence of the 
intracellular organisms can also be confirmed.byelectron 
miCroscopy. More specific identification of the orgarusm 
in these lesions as L. intracellularis can be achieved by 
immunochemistry staining of fixed tissues. A specific 
monoclonal antibody, which is not readily available, is 
required for this test.7 . 

Porcine proliferative enteritis or enteropathy cPih is a 
transmissible disease of weaned pigs of all ages, The dis
ease presents either as a hemorrhagic· syndrome that re~ 
suits in acute, sudden death or as a nonhemorrhagic syn
drome that causes chronic weight loss. Both 
manifestations are characterized by proliferation of the 
intestinal cryptal epithelial cells, thickening of the walls . Antemortem diagnosis of proliferative 
of the ileum, jejuimm, or large intestine, and the presence enteritis 
of small, curved-shaped intracellular organisms in the 
apical· cytoplasm· of proliferating· cells.I The identity of Recently, a number of techniques have been described 
these intracellular ·organisms and their relationship to the for the detection Of L. intracellularis in live pigs. These 
pathogenesis of the disease has only recently been techniques include: . · 

resolved. • Indirect fluorescent antibody· technique 

Etiology of proliferative enteritis 
Using moiecular biology . techniques,·· the intracellular 
oganism has been identified as a new genus and speeies, 
Lawsonia iritracellulai-is (previous vernacular name was 
ileal symbiont intracellularis), a member of the family: 
Desulfovibrionaceae.2•3 The organism is an obligate in~ 
tracellular bacterium and does not grow on conventional 
microbiological inedia. It will grow iritracellularly in cul
tured enterocytes. Experimental transmission studies us
ing pure cultures of L. tntracellulatis grown in entercicytes 
as oral challenge inoculum for conventional pigs has con
sistently reproduced lesions of PE.4•5•6 · · 

The lack of ~ntemortem diagnostiC techniques has lim
ited investigations of the epidemiology, prevalence, and 
economiC impact of PE. Now that the etiologic agent has 
been identified, ·specific antemortem diagnostic assays are 
being developed to detect the disea_se _in live animals .. 

. . 

Postmortem diagnosis of proliferative 
enteritis. ··. 

Cd'nventionally, PE has been diagnosed in anith~ls based 
on lesions seen at necropsy and on microscopic examina
tion of the tissues using special stains. The primary gross 
lesions of PE normally occur in the ileum, but the cecu'm 
and colon may also be affected. Gross lesions, however, 
are not presentiri all cases ofPE and may often be con-
. fused with other enteric lesions. 1 . 

Staining of histologic sections using Warthin-Starry or 
Ziehl-Neelsen silver stains reveals the presence of the 
numerous curved~shaped intracellular organis~s of PE; 
The organisms are typically located within the apical cy-
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Confirmation of a clinical-diagnosis of PE may be 
. obtained by the demonstration of L. intr'acellularis 

in feces using a specific monoclonal antibogy in an 
indirect fluores_cent antibody staining technique. 1•7 

Availability of this' technique is Iiinited by the need 
for a specific monoclonal antibody and by the 

. difficulty_ of growing L. intracellularis for antigen 
· proguction. Also, the t~chnique lacks sensitivity for 
·diagnosing inapparent cases of PE. The indirect 
fluorescent antibody technique maybe useful in clini
cal cases when the animaf is actively excreting the 

·organism. · 

• Serological assays Methods described -for serologi
cal diagnosis of PE have employed whole bacterial 
antigen incorporated into an indirect-fluorescent an
tibody·· or enzyme-linked· immunosorbant assay 
(ELISA) using L. intracellularis organisms extracted 
from the intestines of pigs with PE. 1•8 Several ELISA 
assays using L. intracelluiari~ cultured in enterocytes 
are currently being developed. Serologic assays may 
not be effective f,or routine diagnosis of PE due to the 
weak systematic immune response of L. iniracellu
laris~infected pigs. Again, difficulty in preparing 
sufficient antigen may also limit the usefulness of 

. these serological techniques. 

• DNA probe hybridization A specific DNA probe has 
been developed that identifies L. intracellularis from 
feces of diseased pigs.9 Hybridi:z;ation of this probe 
with bacterial DNA extracted from pig feces detects 
the presence of the organism at a concentration of 
107 organisms per gram of feces. 10 This method is 

· sufficient to detect L. intracellularis in the feces of 
pigs withclinical signs of PE. Results-of hybridiza-

57 



' i 
!-
1 

'I 

·Connie Gebhart 

tion wit~ this probe agree with those obtaine!d from, Validation of the L 
· histologic postmortem examin-ation~ This technique·.· • - · l''- 1,;. • · - - . -cifi PCR -- · -
is cumb~rsome, however, a11:d lacks sensitivity for- _zntrace tUutns-spe __ . C .· _ . assay 
routine 4iagnostic use. 

• Polymeiase chain reaction assay Recently, 'a poly- Materials and methods -
merase 2hajn reaction (PCR) technique has been de- Intestines and feces from 111 pigs from,_ an experim(mtal' 
vel oped ~or the detection-of L. intracellularis in fe- reproduction experiment were evaluated . .A fecal sample 
ces.11 Primers prepared from the specific DNA probe was collected from eaeh pig prior to' necropsy. At necropsy, -
provide the basis for a· sensitive assay to detect L gross pathology scores of inte~tines were assessed. Intes
intraceli~laris shed in the feces of live pigs. This as- tinal samples (including ileum/jejunum, cecum, and co
say j_s b~sed on the amplification of a 319 bp DNA: Ion) were collected from each pig, fixed in 10% ·neutral -
fragment of L. intracellularis. The amplified DNA is buffered formalin, and processed for routine histopathol-

.·-. then tra~sferred to a nylon membrane and the ogy. Sections were stainedby·the Warthin-Starry silver 
-specificity of the product is confirmed by hybridiza- st~in and examined for the presence of the intracellular 
tiort witlithe L. intracellularis~specific probe:As few bacteria in the epithelial cells. . . . 

as 101 L.i intracellularis organisms purified from il1• Total DNA was extracted frolll fecal samples by thy di
testinal q,.ucosa or 103 organisms p\}rified fromfeces 
cari be d~tec_ ted. Both experimentally and naturally. atomaceous earth~guani<;Iine thiocyanate procedure: A 

·large scale or muitipl~x J>CR procedut_e was_used involv.:: - infected pigs were found to be shedding 'L intracel-
ing the use of 2 sets of primers 'directed. to the. chromo:

lularis by this technique. Use of these primers to 
- some and to the 16S rDNA of L. intrq_cellularis. 

_ . specifically amplify L. intracellularis DNA fromfe- . 
ces of iliseased pigs is a sensitive and specific tech- -

-nique fo~ diagnosis of PE without necropsy. Results 
' Results of the comparisons between gross pathology, 

• L. intrac~llularis-si,Jecitic multiplex PCR assay A Warthin-Starry silver .stain, and PC~ assay are shown in 
- hrrge-scije or multiplex PCR procedure was devel- Table l. A positive PCR result was obtained fro_m the 

oped inv?lving the use of2 s~ts of primers targeting feces of 36 (32%). of the pigs; of these, 29 were either 
both the chromosome and the 16S rDNA of L. intra- positive by silver stain andior had gross lesions of PE. A 
cellularisJ2 This assay increases the specificity for negative PCR resulfwas obtained from the feces_ of 75 
detectin~ L. intrac~llularis froiil fecal samples and (68%) of the pigs. Of these, 71 were negative by ~ilver 
eliminat~s the need to confirm positive PCR results stain; 1oofthe71 appeared grossly positive; butthegross 
by hybri~z;ation with a specifi~: probe. observation could not be confirmed by Jlist<?patlio}ogy. 

• Multisp~cies multiplex PCR assay Recently, DNA 
primers that are __ specific for each of the bacterial Discussion 

.·--.·_.: 

agents- :_ of porciri'e enteritis-Serp-ulina Results of this validation study indicate that the PCR as-: 
hyodyse~teriae, Salmonella spedes, and L. intracel- say is a sensitive-and speCific ·diagnostic technique .for 
lularis-M~er(! identified. A multispecies multiplex detection and identification' ofL. intrace_llularis in fecal 
PCR ass~y was then developed that allows. sii:nulta- samples.ThePCRtechnique was more sensitive than his
neous detection and identification of each of these · topatliology for detecting the presence of L. zntrqi:ellu~ .··. 
agellts in borcin~ feceS. 13 The assay allows detection laris and may set the standard for definitive diagnosis of . . -
and identification of si11gJe or combinations of these PE. Useofth,e PCRassay may enable detection of organ~ 
agents in! a sirigle reaction with DNA obtained .di- isms.in feces before lesions are apparent on histqpathol:-•· 
reedy frdm feces. This assay may reduce the time, cigy or when .autolysis of tissues prevents reliable ·histo..: 
labor, and expense assoCiated with searching for each . logic examination~ . . . . . 
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agent individually usirig standard techniques or indi-
vidual PqR assays. · · 

I r• 
-I I 

! 

Table 1 ~ ~iagnosis of PE in pigs by gross pathology, Warthiri-Starry silver staining of intestinal sections, .. 
· · .· i • .··.•· and PCR assay of feces. . · . · ·· .. · . . . . .• · 

PCR+ 
. PCA..; 
Total., 

WS+/Gross+ 
19 (17%) 
1 (1 %) -
20 {18%) 

WS+/Gross-
2 (2%) 
3 (3%) 
5 (5%) 

WS-/Gross+ 
8 (7%) 
10 (9o/o) 
18. (16%) 

WS-/Gross:-
7 (6°io) · .· 
61 (55%) ... · 
68 (61%} 

·Total 
•. _36 (32%) 
75 (68%) 
111 .(1 00 
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Antemortem diagnosis of proliferative enteritis 

Summary porcineproliferatiye enteropathy,Jnt J Syst Bacterial. 1995; 
45:820~825.. . • . . 
4. Gebhart, CJ, etal., Etiology of prolif<!rative enteropathy. Proc 

Porcine proliferative enteritis is a common disease of Am AssocSwine Pracf 1994; 264~266, 
weaned pigs resulting in proliferation of epithelial cells 5. Lawson, GHK, etal.,Intracellularbacteria of porcine . 
of the intestine. The etiologic agent of the disease has proliferative enteropathy: cultivation and rnaintenimce in vitro. J 
been recently identified asL. intracellularis (ileal sym- Clin Microbial. 1993; 31:1136-1142. 
biont intracellularis), an obligate intracellular bacterium. 6. McOrist,. S. eta!., Reproduction of porcine proliferative 
Identification of this. intracellular organism has allowed enteropathy with pure cultures of ileal symbiont intracellularis. 
the development of specific antemortem diagnostic as- Infect fmmun. 1993; 61:4286-4292. 

7. Lawson, GHK, et al., Serological diagnosis of the porcine Says cor· sens1.t1've a .. nd· spec1'fic· de· tection of th. e. organism . . . d 
1

' proliferative enteropathies: implications for etiology an 
in live animals. Analysis of feces by PCR probably repre- epidemiology. Vet Rec: 1988; 122:554-557. 
sents the best antemortem method currently available for 8. Holyoake, PK, eta!., Enzyme-linked immunosorbent assay 
diagnosis of PE. It is sensitive, specific for L. · intracellu- for measuring ileal symbiont intracellularis-specific immunogloc 
laris, and reagents for the assay are readily available. bulin G response in sera of pigs. J Clin Microbial. 1994; 

32:1980-1985, 
The use of these assays for antemortem diagnosis of PE 9. Gebhart, c:J, eta!., Cloned probes specific for the intracellular 
will facilitat~ disease monitoring in the field and experi~ Campylobacterclike organism of porcine proliferative enteritis. J 
mentai studies of the pathogenesis and epidemiology. of Clin Microbial. 1991; 29: 1 o 11-1 o is. 
the disease in live animals. Data obtained from thesestud- 10. Jones, GR, eta!., Use ofa DNA probe to detect the intracel
ies will enable evall1a.tion of prevention and control mea- lular organism of proliferative enteritis in the feces of swine. Am 
sures forPE in pigs. · J Vet Res. 1993; 54:1585-1590. 
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Treatment and control of proliferative 
enteritis: Research and empirical information 

I 
Nathan Winkelman, DVM 
Swine Health Center, Morris MN 56267 

Introduction 
Porcine proliferative enteritis (PE or ileitis) is one of the 
most significimt causes of diarrhea in grow-finish pigs 
worldwide. The etiology is a gram negative, microaero
philic, obligate intracellular bacteria Lawsonia 
intracelluldris (Ll) formerly Ileal Symbiont (IS) 
intracellulari~. 1 PE is characterized by a thickening of the 
small, and a~ times the large, intestine. Pathognomonic 
pathological lesions consist of the proliferation of imma
ture crypt cells in the intestinal epithelium and the pres
ence of these free floating bacteria intheapical cytoplasm. 
Three primary pathological lesions of PE have been de
scribed: pordine intestinal adenomatosis (PIA), porcine 
hemorrhagic! enteropathy (PHE) and necrotic enteritis 
(NE).2 i 

I 

Also, three clinical forms of the disease exist: chronic, 
acute, and inapparent forms. 3 The prevalence of the 
chronic diarrhea and wasting disease of grower-age pigs 
seems to be decreasing, most likely dueto improved sani
tation and he~lth technologies such as all-in-all-out pig 
flow. However, the acute hemorrhagic form is increas
ingly more common in those "high-health" herds in late 
finishing pigs and open or gestating gilts. The inapparent 
form is in thdse pigs without diarrhea but which are posi
tive on fecal. shedding and/or intestinal pathology. It is 
considered c:Ommon but the economic significance is 
unknown. ' 

Treatment arid control of PE has been problematic be
cause of the lack of in-vivo scientific testing of antibiot
ics. The purppse of this paper is to review new informa
tion regarding the specific treatment and control of PE. 

I 

Treatment of proliferative 
enteritiS-Research information 

Methods of determining antibiotic 
effectiveness 
Prior to scien~ific consensus regarding the exact etiology 
ofPE in 1991, treatment was entirely empirical, based on 
response to clinical signs of feed-grade, water, and in
jectable antiQiotics. However, other more specific meth
ods of determining antibiotic effectiveness are just now 
becoming aviilable: in-vitro cell culture systems, in-vivo 
trials with hamsters and pigs challenged with either pure 
culture or mu:cosal homogenates of Law sonia intracellu-
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lar, and field studies in naturally occurring swine PE 
outbreaks. 

In-vitro analysis 
L. intracellularis is very difficult to culture. It must be 
grown on rat enterocyte cell lines at specific 0 2 require
ments. In-vitro models suffer from the problem of assess
ing any sub-MIC (minimal inhibitory concentration) ef
fects, the effects of variations of inocular strengths, and 
the lack of assessment of any host response.4 However, it 
is a good starting basis to explore antibiotic sensitivities, 
but this information must be comparecJ to actual in-vivo 
(pig) challenge trials to determine its validity. 

Table 1 generally suggests that those antibiotics which 
can localize in the cytoplasm of the cell where LI is nor
mally located are most effective. The macrolides, tetra
cyclines, pleuromulins, quinolones, and penicillins could 
effectively treat pigs with PE. The aminoglycosides, amino 
cyclitols, and bacitracins may not. 

hi-Vivo challenge trials 
Hamster challenge trials 

Hamster challenge models have been used as inexpen
sive PE studies because the same Lawsonia organism 
causes pathognomonic lesions in both hamsters and pigs. 
Chlortetracycline7, carbadox, and erythromycin have all 
shown to be very effective against LI vs. controls in 
hamsters. 

·Pig challenge trials 

PE can be reproduced by challenging pigs with LI via 
either pure culture or intestinal mucosal homogenate.from 
infected PE pigs. The advantage of pure culture is a pre
determined dose of an isolate of known origin can be given 
and the lack of other agents in the challenge inoculum. 
The advantage of an intestinal challenge is that it better 
mimics the natural disease in terms of clinical signs, mor
tality, and gross pathology and it is less expensive. Both 
challenge models have become reliable controlled trial 
methods to compare antibiotic effectiveness vs. positive 
and negative control pigs for the prevention or treatment . 
ofPE. 

Tiamulin, as a water medication ( 180 ppm) and feed grade 
(50 gmlton and 150 gm/ton), has been tested in two small 
pure culture trials.9•10 Results indicate tiamulin is an ef
fective antibiotic for the treatment and prevention of PE; 
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Treatment and control of proliferative en,teritis: Research and emp_iricallriformatiorz 
. - . . 

however, the sample size was too smalUo show statisti:- the 1970s to control PE, by pulsing oliquindox ( quinolone) 
-. cal significance... , · ·· for sevel) out of twenty-one days throughout the grow-

._ · · ' . . . · · · · · . · . · finish period.12 It is apparently effective in: the field be~ 
Carbadox (50 gm/ton),eryt}lromy,cin (70 gm/ton- expe~~ cause the incubation period of Llis quite long at apptoxi
mental drug) and chlortetracycline (1 00 and 500 gm/ton). 
also have sho'wn to be statistically significant feed-gr~e :tnatdy 14 days. The therapeutic pulse provides a treatment 

level of antibiotic while the growth promotant allows the 
antibiotics against PE in mucosal challenged pigs vs. con- . 
trois in performance data (ADG, ADFI;F/E),. clinical pig to build a natural inimunityto the disease. Although 

this strategy has not been proven in controlled trials, ty-' 
scores, and gros·s andhistopat~olo~icallesions.6•7 losin (lOO gm/ton)and t~tracyclines c3oo _ 500 gm/ton) 

·Neomycin-oxytetracycline (150/150 gm/ton) and arecominonlyusedathighlevelsfora 10tol4day "pulse" 
virginiamycin ( 10 gm/ton) were not effective therapeu- and followed by a growth ptomotant leyel (100 gin tetra~ 
tics to control PE vs. controls. This is surprising ·due to cycline, 20 ~ 40 gm tylosin, 25 gni. virginiatnycin, etc.) 
the low in-vitro MIC of tetracyclines and virginiamycin. for 14 to.2 lcc;lays in those .herds with ahistory of PE, then 
It may be the level of antibiotic was too low for the LI the rotation is repeated. It is recommended to use an anti
challenge given. Further titration studies at higher ap.tibi- · biotic wit~ proven effectiveness against PEas the growth 
otic levels may reveal new infotrila:tiqn~ . · ,-. promotant for better control. · 

Field trials Acute outbreaks of PHE in late finishing and in gilts in 

·Tylosin was shown to be an effective antibiotic when used_ isolation are becoming more common. This usually oc-
t 100 mit s: 21 d t t · t PE · fi tr 11 d curs about two weeks after a significant "stress'' such as · -a . g on 10r ays o rea . . - m our con o e · 

field trials. sIn another field trial, 100 gm/ton was an ef- mixing/sorting pigs, weather extremes of both heat or cold, 
fective treatment, however 40 gm/ton was not statistically widely fluctuating barn temperatures, shipping stress, 

extreme overcrowding, •and/or combinations· of two or 
difference than controls.11 ·' more ofthese stresses. Pulse medication with chlortetra-
These trials corroborate quite well overall with in-vitro cycline, tylosin,-lincomycin or tiamulin at the stressful 
antibiotic...sensitivjty analysis: rilacrolides; tiainulins; chlo- ·. times should control PE infections later. In -the face of a 
rtetracycline and carbadox are effective PE therapeutics. PHE outbreak, water medications (tiamulin, lincomycin, 
Other challenge studies with lincomycin, lincomycin/. spectinomycin; etc.) are used. Clinically ill pigs are also 
spectinomycin, neomycin, virginiamycin, and others are injected with antibiotiCs (tylosin, lincomycin, 
currently in progress. · · spectinomycin), but respond orily in about half of these 

PHE cases; 

Control of proliferative - · · . ~ . -. . . - . . -. 
te ·ti . - v · ·· ·ca1· .:;...;~ •ti - Continuous medication. . en n ~..c,IDp:tr.J llU.0riU3 ~n . This is the most cOmJ:l!.OIJ method of controlling the· 

· · · · ·· chronic diarrhea and wasting form of PE. Feed antibiot~ 
· Pulse medication ics are very cost effective methods of control. Carbadox, 

· ·Pulse medication is based on the use of treatment level tip to 50-~ 75 lb, followed by tylosin at 40 - 100 gm/ton 
("pulse1') of an antibiotic on an intermittent basis. In be- · for 21 days is a common regime. However, new research 
tween pulse doses, a growth promotant antibiotic level is is revealing many other antibiotic options to control and/ 
used. The strategy has been used widely in Australia since or treat the disease. If PE is not under control, antibiotic 

regimes should be changed and the confounding associ-

Table 1: In-vitro· MIC of antibiotics to Lawsonia intracellularis 

High MIC-
<1 ppm . 
ampicillin 
carbadox * 
chlortetracycline* 
difloxacin 
erythromycin* 
penicillin 
virginiamycin 

<4 ppm 
tiamulin * 

· tilm icosin 

Intermediate MIC 
·<32.ppm 
lincomycin -
spectinomycin 
enrofloxacin 

<64 ppm 
tylosin** 

* Antibiotics confirmed effective against Ll in controlled challenge trials.S, 7 
**Antibiotics confirmed effective against PE in controlled field trials;8 
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Low MIC 
>128 ppm 
apramycin 
ceftiofur 
geritamycin 

·neomycin 
zinc bacitracin 
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' Even though ~he PCR test will elucidate much about the 
epidemiology of PE, it is not yet sensitive enough to 
confidently detect carrier herds or carrier pigs unless they 
are diarrheic.~At this time all herds are potential carriers. 
Serological t6sts and vaccination will also likely play a 
role in preve~ition ofPE in the not-too-distant future. 
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Performance expectations of different ma.ting 
systems 
W.L. Flowers, PhD ' 
Department of Animal Science; North Carolina State University 

The rapid adoption of artificial breeding technologies by 
the swine industry has resultedin.an increased number of 
mating systems available for producers to evaluate and 
use. These Include natural service, on-farm A.L, boar-stud 
A.I. and combination matirigs. For this presentation, the 
following definitions will_ be used for these mating 
systems: 

• natural service: natural matings. with boars; 

mined by application ofbackpressure in the presence of 
a boar. The gen~ral consensus ~ithin the swine industry 
is that "standing Jo be bred by a boar" is the definitive 
criterion for determination of estrlJs infemales. · 

Based on this observation, it is reasonable to speculate 
that accuracy· of estrus detection would be greatest with 
natural service since it is the only regimen in which fe
males are given the opportunity to be bred by a boar each 

• on-farm A.I.: A.I. with semen obtained from boars time they are mated. Combination matings would rank 
second because the timing of the. first mating is deter

housed in the same facility as sows; 
mined by the acceptance of the boar by the sow: Finally, 

• ·boar-stud A.I.:A.I. with semen obtained from boars on-farm and boar-stud A. I. mating systems would be ex-
housed in an off-site facility; and pected to have the highest frequency of mistakes with 

detection of estrus because sexual receptivity is deter-
• cc,>mbination matings: natural service followed by 

A.I. (either on-farmor boar-stud). mined predominantly by the breeding technician via the 
back pressure test. The only exception to this would bejn 

For each of these mating systems to be successful, three situations in which vasectomized boars are usedto deter
tasksmust be accomplished: accurate identification of minethefirstday of estrus. The frequency of mistakes in 
estrus females; use of high quality semen for insemina-. detection of estrus in systems that use vasectomized boars 
tion; and effective deposition of semeninthe female re- in conjunction with A .I. would be similar .to that of com
productive tract. In theory, it has often· been stated that· bination matings, 

there should be ho difference in terms of reproductive . It is important to recognize that mistakes in detection of 
performance amongthesedifferent ri:J.atirig systems if each 
is performed correctly.I However, in practice, actual per~ estrus· occur in natural mating systems. Several research 
formance levels often fall short ofexpect~tions and large studies indicate that the efficiency of identifying the stand
differences in farrowing rate and litter size commonly ing reflex is reduced significantly when direct contact of 
exist. While many explanations are possible for these sowstoboars is not provided.4 In fact, a separation of as 
observed. differences,. most deviations probably ate due little as_l meter between the sow pen and boar can ham
to the efficacy with which each of the threebreeding tasks. per identification of receptive females. Furthermore, con-

. · · tinuous exposure of females to boars results in habitua-' are performed routinely within. a given system. The ob-
tion and fatigue, two situations in which both the number 

jective of this presentation is to discuss factors inherent . . 
of animals exhibiting estrus and the duration of the stand-

within each of these mating ~ystems that influence the ing reflex are reducep. s Consequently, errors associated· 
accuracy of estrus detection, semen productioninsemi- . with_e_ strus dete_ction_ c_ a_n contribute_. s_ignificant_ly_ to re-
nation procedures; based on this information, I will pro- · 

duced reproductive perfonuance on.farms using natural 
vide speculative projections as toreasonableperformance service. 
expectations for each. · 

Detection_of estrus 
Accurate detection of estrus is criticaL for· reproductive 
success because all inating systems use the first day. of 
"standing heat" as the reference point upon which the tim
ing and frequency of matings is based. Pooridentification 
of the first day of estrus creates situations in which matings 
do not occur close enough to ovulation to ensure optimal 
fertility. 2•3 Natural and combinationmating systems rely 
on the boar to identify estrus females; in boarcstud and 
on-farm A.T. systems sexual receptivity usuallyis deter~ 
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Use ofhigh-quality semen-
Insemination of adequate numbers of fertile spermatozoa 
is. an absolute requirement for success in every mating 
system. Use· of high quality semen. involves ·two basic 
components: (a) management/production of semen and 
(b )identification of sub-fertile semen, With regard to boar 
management, no inherent differences exist between the 
four types of mating. systems; In other words, most op
erations ensyre that the basic needs of boars are met in 
terms of housing, nutrition, etc. regardless of whether they 
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are used naturally or artificially. However, natural servfce 
does have an: advantage over all other breeding systems 
because spermatozoa essentially are released from the 
epididymis apd deposited in the cervix simultaneously 
with minimal human intervention. In the other mating 
systems, there usually is a time intervalof 12 to 24 hours 
or longer between collection and insemination. While 
manipulation, of semen via humans inherently is not bad, 
the probability of damage to semen increases as handling 
and storage time prior to insemination increases. In gen
eral, semen viability begins to decline as soon as it is col
lected with significant reductions occurring as early as 
48 hours postl·collection. 6 Consequently, in terms of man
agement of semen, a logical ranking of the four mating 
systems would be: 

1)natural s~rvice; 

2)combina~ion matings; 
' 

3)on-farm A.I.; and 
I 

4)boar-stud, A.I. 

Combination !matings are ranked second because of the 

conduct these evaluations is more likely to be present in a 
boar-stud than on-farmA.l. system. On-farm A.I.would 
be ranked second provided that semen is counted and 
evaluated microscopically prior to insemination. With 
combination and natural mating systems, the likelihood 
of insemination of poor quality semen is the greatest due 
• to the fact that semen from every insemination can not be 
evaluated. It is important to reiterate that this is due to the 
fact that sub-fertile boars normally are not detected as 
soon in systems using natural service compared to their 
A.I. counterparts. 

Collectively, mistakes associated with maintenance of 
semen quality probably are fewest with boar-stud AI. 
Although it ranked last in terms of semen management, 
its superiority in terms of identification of sub-fertile se
menwould be expected to create a situation in whichonly 
high quality insemination doses were used, thus; effec
tively negating any disadvantages inherent in other areas 
of semen production. Based on the same logic, on-farm 
A. I, combination matings and natural matings should be 
ranked second through fourth, respectively. 

presence of qne natural mating. On-farm A.I. is ranked,· Insemination quality 
ahead of boar7stud A. I. because, in general, semen is used 
locally and within a short time interval after collection 
when boars are housed "on-site" rather than at a remote 
location. 

i 

Identificationiof sub-fertile semen usually is based on a 
combination 6f at least three criteria: 

• total numbers, 

• motility, and 

• morphol<~gy. 

In most natuialmating systems, routine evaluationsof. 
semen quantity and quality are not conducted. Thus, sub
fertile boars often remain undetected for extended peri
ods of time. lin a recent summary Of semen evaluations 
from commercial swine operations in the southeastern 
United States; 1 out of every 10 boars were judged to be 
subfertile based on semen evaluations.7 Moreover, are
cent retrospec#ve analysis of production records estimated 
that about 5~ of the boar population in the U.S. is 
hypoprolific (Jl standard deviation below the mean of all 
boars in term~ of farrowing rate and/or litter size).8 Col
lectively, thes~ data indicate that sub-fertile boars are nor~ 
mally present

1
within most swine operations. · 

In contrast, with boar-stud A.I. and-to a lesser extent-. 
with on-farmA.I., semen routinelyis evaluated and ejacu
lates or insem1nation doses that do not meet a minimum 
standard are npt used for breeding. Thus,it is reasonable 
to speculate that insemination of poor quality semen is 
least likely to bccur in mating systems that use boar-stud 
A.I. In addition, the equipment and technical expertise to 

! 
• I 
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Insemination quality is a difficult concept to define and 
few objective studies have been conducted concerning its 
effect on farrowing rate and litter size. However, most 
operations with excellent reproductive performance usu
ally try to obtain some assessment of how well estrus sows 
accept semen during mating regardless of whetherit comes· 
from a boar or an insemination catheter. Criteria com
monly used for evaluation of inseminations are: 

• expression of the standing reflex by the sow during 
breeding;. 

• "locking" of the catheter or boar's penis into the 
cervix;· 

• time required for insemination; and 

• leakage of semen from the reproductive tract during 
and/or after insemination. 

A common assumption within the swine industry is that 
natural matings usually are of higher quality than artificial 
ones. This is based upon the belief that mistakes in semen 
deposition are more likely to occur with A.I than natural 
service because humans are responsible for stimulation, 
catheter placement, and infusion of semen into the repro
ductive tract rather than boars. While this assumption prob
ably is true, the advantage of natural mating over A. I. in 
terms of insemination quality is most likely small. In fact, 
a recent retrospective analysis of common problems as
sociated with natural and artificial matings revealed that . 
poor catheter placement and insemination techniques oc
curred infrequently and caused only minor reductions in 
farrowing rate and litter size.9 Consequently, due to the 
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Performance exp~ctations.of different mating systems 

Table 1. Relative Ranking of Mating Systems with respect to Accuracy of Breeding Tasks* ·· 

Mating System 
Natural Mating 
Combination Mating 
On-farm A. I. 

. -Boar-stud A. I. 

. . 
Estrous Detection . 
1 
2 
3.5 
3.5 

* Most accurate system is designated by a. rank of 1. 

.. 
lack of definitive evidence· about the assessment of in-
semination quality ·and its effect-on reproductive perfor
mance, it is assumed that mistakes during the deposition 
of semen occurwith equal frequency in all four mating 
systems. However, the severity of a mistake during in-

. semination, although small, would. be expected to be 
greater in systems using A.l. than natural_service; this is 
due to the fact that reduced nuinbers. of spermatozoa are 
used for' breeding with A.I~. 

Performance expectations 
· A brief summary of how each system ranks in terms of 
the accurate, repeatable performance of three breeding 
tasks is illustrated in Table 1. · 

In addition to these ninkings, estimates of reductions in 
reproductive performance due to mistakes· in estrus de
tection, semen production, and insemination skills must· 

. be made in order to develop realistic performance expec
tations for each system. These estimates must also include 
some measure of the frequency or probability of the oc
currence of these mistakes within each type of mating 
system. These two pieces of information can then be com
bined to make speculative predictions concerning repro-
ductive performance. · · 

. Semen ProduC.tion ... ·. 
4 
3 
2 
1 

Insemination s 
·2,5. 
2.5. 
2.5 . 
2.5 

In prospective and retrospective data from studies that h~ve 
examined the. effect of estrus detection, s'emen produc
tion and insemination procedures on farrowing rate and· 
litter size were used as the basis for.generation of the nu
merical values assigned to reductions in reproductive per
formance due to inaccurate completion of the three breed
ing tasks.4•5;9•10•11 These assumptions are summarized in 
Table 2. The last column in each row contains perfor
mance expectations for farrowing rate and litter size for 
each type of mating system. · 

Performance expec~ations presented in Table 2 should be 
viewed as speculations. In addition, it is important to re
member that the values given for reductions represent an 
average value; within each system, some operations may 

. have higher or lower figures than those contained in the 
table. For this reason, the relative order and magnitude of 
these reductions probably are more important than their 
actual value. For example, for on-farm and boar-studA.I. 
detection of estrus is likely to be the factor which is most 
limiting in terms of. achieving acceptable reproductive 
performance, while for natural and combination mating 
systems, it is quality problems associated with semen 
production. · 

Table 2. Estimations of effects of mistakes in breeding tasks on reproductive performance for each mating 
system · 

Estrus Semen Insemination 
Mating S~stem Base. Detection Production Skills Ex~ectation 
Farrowing rate (%) 98.0 
Natural Mating ~3.0 -7.0 -1.0 87.0 
Combination -4.0. ..:5.0 -1.0 88.0 
Mating 
On-farm A.l. -9.0 . -4.0 -2.0 64.0 
Boar-stud A.l. -9.0 -3.0 -2.0 .. 85.0 

Litter siz~ 12.0 
(number) 
Natural Mating -0.1 -0.7 -0.1 11.1 
Combination -0.2 -0.6 -o.1 11.1 
Mating 
On-farm A.l. -0.6 -0.5 ~0.2 10.7 
Boar-stud A.l. -o.6 -o.3 -0.2 10.9 
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Alternative models. for boar studs· 
Larry Ritter DVM, MS 
Farmlarid Industries, Kansas City,·Missouri 

The United States swine industry has seen a rapid expan~ 
sion of artificial insemination (AI) use during the last 5 
years. In contrast, the European AI industryhasbeenex
tensively used for alonger period of time, and its struc
ture and technology ate considered moremature. Several 
structural models of AI boar studs exist in the United States 
today, each with their advanta,ges and· disadvantages. As 
the swine industry rapidly changes and the United States 
AI industry matures, boar studs will evolve.ipto fewer 
but more structurally consistent types. 

Profit centers 
. + Advantages . .. . .· . . 

• User: More choices in genetics, supplies, delivery, 
etc. Profits can also flow back to the pro d u c e r I 
owners 

• Center: Profits allow for genetic and technology 
improvements 

+ Disadvantages 
• User: Higher cost 
• Center: More overhead 

·By ownership 
· + On farm collection 
+ Custom collection 
+ Retail collection 

The various system models, as they exist toda.y', are di
verse in scope, depending on their unique mission t() fulfill. 
Defining the UnitedState's boar studs may be done by 
econ~mic purpose, ownership, technicalassistance, ge
netic sourcing, technological evaluation, and/or by deliv
ery systems. A discussion of each classification will fol
low, realizing that they are interrelated· and that each stud 

· will have its unique set of classifications. The potential On farm collection 
combinations ~f types within these classifications are Boars may be housed separately, or within the same build
numerous, thereby presenting our swine industry with a ing which breeding occurs. Typically, the boars serve just 
wide range· of quality, price, and technical assistance op- . the unit which owns the females, although may serve other 
tions for semen needs. · farms in close proximity. 

By economic purpose · 
+ Cost centers (Wholesale) 

• OnfarmAI 
• Integrators with centralized bq11r studs 
• .Produc~r groups with centralized boar studs 

+ Profit centers (Retail) 
• Genetic companies 
• Corporate owned boar studs 
• Individually owned boar studs 

Personnel trained to collectsemeh, and to process these
men once obtained, may be solely dedicated tothese tasks, 
but may also be assigned to other duties throughout the 
day. Semen is·collected, extended~ and inseminated.in a 
step-wise manner. 

The cost of the collection and insemination process is least 
among the. three systems to be compared. Wasted doses 
are more common with smaller number of boars in that 
an additionalboar may have to be collected. for just a few 
doses. 

Each of the above types have their unique advantages and Custom·· collection 
·disadvantages t() the user, and to the center: 

Cost centers 
+ Advantages 

• ·User: Eliminates one tier of profit . 
• Center: Gains efficiency by·standardizing outputs 

+ Disadvantages 
• User: Choices are limited (genetics, delivery, supplies, 

etc.) 
• Center: Flexibility isdecreased(factorylikeapproach) 
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Boars are housed , collected; and their productivity ·ana
lyzed. The semen is analyzed, extended, packaged, stored 
and deliveredwith the technological base established 
within that stud. This wholesale approachis based on that 
fact that the boar studs do not own the boars. Ownership 
may be either: · . 

+ Genetic companies (Receive a royaity.per dose) 
+Producer groups · 
+ Individual producers 
+ Corporations 
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When owned'by producer groups or individuals, the ge- inseminations, semen handling and storage, and insemi
netic cost/dose can be variable, depending upon the doseS . nation technique need to be taught to new users. 
used per boar! per year. 

Contracts for.the variable costs are varied. Expenses to 
be negotiated are: 

' 

+ Shipping cost 
+ Isolation cost 
+ Veterinary pare and testing cost 
+ Feed and housing cost 
+ Minimal use cost 
+ Salvage value 
+ Death loss i 

+ Delivery C<?st 
+ Exceptioiu;:ost (extender, bag vs. tube, etc.) 

Retail sales stud 
The facilities and boars are owned by: 

+ Individuals' 
+ Groups of individuals in various legal structures 

C . I + orporatw?s 

The genetic sdurcing is influenced by supply/demand and 
is decided upon by the owner(s). Typically, amenu of 
available boars is offered to clients. Catalogs may be avail

The continual education of new technology, and trouble
shooting units experiencing decreased AI results, are nee~ 
essary ongoing functions of an AI system. This technol
ogy transfer may be obtained by: 

+ University personnel 
+ Private consultants 
+ AI companies internal techniCal support personnel 
+ Breeding companies internal technical support 
personnel 

By sourcing of genetics 
+ Single source 

• On farm 
• Genetic companies 
• Producer groups 

+ Multiple source 
• On farm 
• Producer groups 
• Custom collect 
• Multi source retail AI centers 

able, listing the choices of boars, and will indicate an in:- By technological evaluation of 
dex value, suqh as BLUP, EBV, MLI, and TLI. · & b . .· ·ality. · · · semen oar qu . 
This model may be considered ''Value Added" in that the 
profits may aUow for a variety of services to be offered, 
such as: 

• AI schools • 
+ On farm tr~ining in heat detection and insemination 
+ Genetic counseling (geneticist on staff) 
+ Volume discounts 
+ Alternative sourcing network 

By teclu)ical assistance 
Producers who have not been utilizing AI are hesitant to 
attempt a procedure that can drastically decrease farrow
ing rate and p~ofitability if not done correctly. Therefore, 
ownership in a boar AI system· needs to accept the re
sponsibility to' correctly train new users in the correct use 
of AI. Breeding management, heat detection, timing of 

! . . 
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+ Semen concentration by color 
+ Spectrophotometer and a basic microscope for motil-
ity and live/dead ratio ·· 
+ Spectrophotometer and a phase contrast microscope for 
morphology exam 
+ Software programs to track boar's productivity 
+ Extensive research & development in semen evaluation 

By delivery systems 
+ Same day courier 
+ Guaranteed overnight delivery 
+ Regular ground UPS or similar service 
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Common issues associated with on-farm A.I. 
use 
W.L. Flowers, PhD 
Department of Animal Scie~ce, North Carolina State University 

There is no question that use of artificial insemination • duration of estrus is negatively related to weaning~ . 
(AI.) within the swine industry has increased tremen- to-estrus interval, i.e, sows with a short weaning to 
dously in the past 5 years. Recent estimates indicate that estrus interval have a long estrus; 

about 25% to 30% of the sows currently are being bred • weaning-to-ovulation interval was less variable than 
with some form of AI. in the U.S. As a result, in terms of the weaning-to-estrus and estrus-to-ovulation inter-
the percentage of sows bred artificially, the swine indus- val; and 
try in the U.S. is at the same level as several European 
countries, such as Great Britain, Germany and Denmark, • there was no indication that sows with weaning-to-
that commonly are considered to be leaders in the use of estrus intervals of 7 to 10 days were less fertile than 
AI.' Consequently, numerous· questions on a variety of those with return periods of less than 7 days. 
subjects have accompaniedthe increased use of AI. For 

f h · d t · .1 bl f. h' h It is important to note that, in this study, sows were in-some o t ese Issues, a a Is avm a e rom w IC 
seminated with 3 billion spermatozoa that Were 24 ± 6 

scientifically based recommendations can be made. For 
hours old. From a physiological perspective, these data 

others, similar information is lacking and current prac- indicate that the reproductive system ofthe sow may be 
tices in these areas are at best educated guesses. The ob- more "forgiving" with regard to timing and frequency of 
jective of this presentation is to provide answers to some 

matings than once believed. From a practical perspective, 
of the most commonly asked questions associated with these results add credence to the recommendation that 
AI. in swine. In some instances, basic information nee~ females should be bred at least once each day they will· 
essary to answer the question is lacking. In these situa-

stand. Consequently, it is conceivable that for weaned fe
tions, answers will be based on the best information avail~ 

males a relatively simple mating regimen can be devel
.able at the present time. It is important to remember that. 

oped for all sows. 
the answer to some of the questions discussed depends 
upon unique aspects of the production system in which One aspect that the study from the Netherlands did not 
AI. is being practiced. Where appropriate, these situ a- address was the effect of more than one mating from 0 to 
tions will be highlighted and discussed in detail. 24 hours prior to ovulation on reproductive performance. 

Timing·and frequency of 
matings 
The correct timing and frequency of matings is a topic of 
much debate within the swine industry. The classic "fer
tility curve" described by Dziuk and Polge is often used 
as the blueprint upon which breeding regimens are based. 2 

It is important to recognize that this work was based on 
induced ovulation. In other words, these investigators set 
the ~iming of ovulation in the experiment by giving ani~ 
mals an injection of hCG. They developed their "fertility 
curve" by breeding females at various time intervals rela
tive to the injection of hCG. This classic study does not 
address relationships among the onset of estrus; the onset 
of ovulation relative to estrus and weaning, and fertility. 
Recent work from the Netherlands that used real-time 
ultrasound to monitor ovulation.has. provided the follow
ing information about these important relationships3: 

• inseminations from 0 to 24 hours prior to OVI}lation 
result in high (> 90%) fertilization rates; ' 
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In other words, it has been demonstrated that a single 
mating during this time will produce high fertilization· 
rates, but it is not known if more than one during the same 
period will significantly improve fertility. Future studies 
will need to address this issue. Since it probably is not 
practical for every swine operation to use real-time ultra
sonography for determination of ovulation, other steps 
need to be taken to determine the optimal breeding regi
mens for an operation. A realistic approach for determin
ing this are as follows: 

1. establish a breeding regimen; 

2. monitor reproductive performance for at least 50 to 
75 litters; and 

3. evaluate performance and make adjustments, 

Gilts and sowsthat did not conceive at their post-wean
ing estrus or return to estrus during gestation (rebreeders) 
present a more challenging situation than weaned sows 
in terms of breeding management. This is due to the fact 
that expression of estrus and not weaning is the biologi
cal cue upon which breeding regimens are based. Conse
quently, detection and duration of estrus t'n these two 
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groups of ani:mals probably can not be separated from 
timing and frequency of matings. Although definitive data 
is lacking, it is a common belief that gilts and rebreeders 
exhibit shorter and more erratic estrous periods than 
weaned sows.: Based on this observation, both gilts and 
rebreeders should be bred at least twice--'-{)nce at the first 
expression of !the standing reflex and then 24 hours later. 
If the normal breeding regimen ol1 an operation inclu"des 
three matings per female, then gilts should be bred AM + 
PM/ AM due to their tendency to exhibit short estrus peri~ 
ods.4 For rebreeders, it is common within the industry to 
arrange the three matings.in an AMI AM+ PM sequence. 
However, there is no definitive data to suggest that this is 
better than an AM + PM/ AM. 

Boar exposure during 
insemination 
The primary 1benefit of boar contact during artificial 
matings is to facilitate and intensify the standing reflex 
associated with estrus. Pheromones predominantly pro-

' - - . 
duced in the boar's saliva help stimulate this behavior.~ 

" j 

The insemination process technically is easier and can b{! 
done faster when sows exhibit a strong standing reflex. 
Consequently,' on most operations, boar exposure during 
mating is incl~ded as a standard operating procedure. 

I 

It is important to recognize that there are "correct" and 
"incorrect" w~ys to supply boar exposure during insemi
nation. Since pheromones in the saliva are the key com
ponent, it is iiJ\lportant that sows be in dose contact with 
the boar during insemination. If sows are bred in crates, 
moyement of fhe boar in the alley in frontof the crates 
should be restricted to no more than 5 to 6 crates. If sows 
are housed in 'pens, enhancement of boar exposure dur
ing insemination can be accomplished by moving females 

I - . • - - . 

in estrus to a p~n adjacent to a boar pen for. insemination. 
This is a better strategy than moving a boar to a pen of 
sows, because'. the concentration of pheromones should 
be higher in the area where the boar is housed than in the 
pen for sows. l;'hus, an increased exposure of pheromones 
and standing reflex would result by moving the sows to 
the boar. 1 

Use ofv~sectomized boars 
Use ofvasectotnized (V-boars) or epididiectomized (didi
boars) boars i~ another form of pre-mating stimuli that . I . . . 

can be used in 'conjunction with A. I. In theory, use of va-
sectomized m~les should enhance the detection of estrus 
and stimulation of the cervix because a sterile male is 
allowed to br~ed an estrous female before an artificial 
matingis administered. On some operations this technique 

I . 

has improved reproductive performance, while on others 
it has not. Based on research data, a positive response to 
use of a sterilff male prior to A.I. would be expected to 

increase performance if one or more of the following con
ditions exists: 

1. detection of estrus is suboptimal; 

2. insemination doses contain less than 2.5 billion sperm 
cells; or 

3.A.I. occurs within 1 hour afterthe sterile rriatin~V 

Consequently, if none of these situations are present; then 
use of vasectomized boars in A. I. programs would not be 
expected to significantly enhance farrowing rates and lit
ter sizes. 

Use of oxytocin 
Oxytocin is a naturally occurring hormone that stimulates 
smooth muscle contractions. Uterine contractions are re
sponsible for transport of semen from the cervix to the 
site of fertilization in the sow. Consequently, attempts have 
been made to use oxytocin before or during insemination 
to enhance fertility via improved· sperm transport. Addi~ 
tion of oxytocin to semen prior to insemination is of lim
ited usefulness for this purpose because of its short bio~ 
logical half-life and the presence of compounds in boar 
semen that can attach to oxytocin and render it inactive. 
In contrast, an intramuscular injection of 5 i,u. of oxyto
cin 2 to 3 minutes prior to breeding has been shown to 
improve farrowing rates and litter size, but only in situa~ · 
tions where semen ofredu~ed fertility was inseminated, 
Consequently, if fertile semen is inseminated by an expe
rienced technician, use of oxytocin as a pre-breeding 
stimulus offers no significant advantage to A.I. programs.6 

Evaluation of semen fertility . 
Evaluation of the percentage of spermatozoa exhibiting 
progressive forward nmtility is the most commonly used 
indicator of both viability and fertility of porcine semen 
within the swine industry, Moreover, total numbers of 
spermatozoa in insemination doses routinely are adjusted 
based on motility estimates in order to ensure a certain 
number of motile cells areinseminated. Results from ex- · 
periments examining the relationship between motility and 
fertility are shown in Table 1. In thi,s particular study, 
ejaculates where evaluatedfor motility and grouped into 
10 categories, 90 to 100%, 80to 89%, etc. Aportion of 
each ejaculate was used in an in vitro penetration test,· 
while the remainder was extended and used to breed sows. 
These data indica:tethat the percentage of motile sperma'
tozoa is an imprecise indicator of fertility for porcine se~ 
men. This is evident in that no differences in farrowing 
rate and litter size were observed among ejaculates ex
hibiting greater than 60% motile spermatozoa. Thus, 
within the range of motilities commonly observed in the 
swine industry, 60 to 90%, there is no evidence that ejacu
lates with high motilities have a correspondingly high 
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Co#zmon issue$ assoc;iated with on-farm A. I . . use 

Table-1. Relationships betwe~n:Estirnatesqf Fertility and Motility for Porcine Semen .··.· .. 

Motility (%)* 

·95~2 
82.3 

.· 76.1 
62.1 
52.4 
44.2 
32.7. 

· s.e~m. 

N~* 

75 
. 73 

64 
·.,>sa 

. 54 
38 
35 

In vitro 
. -penetration rate 
'%. . 
aa.sw ··.· 
79:9"',J< 
84.2w,x 

.. · 14.7x . 
49.6Y > 

. 33.9Y_. 
17.3z 
6.2 

.. .:- .. :.,' 

Farrowing rate· · 
(%) . 

84.9X ... 

-87.8x 
86~7X 

• 86.9x 
··· 75.2Y 
. 72.3Y-
52.2z. 
4.3 

. -. '~ ... 

Number b 
alive 

· 10.4x 
.10;2X· 
1Q;3X' 

· .1o.ox 
9.3Y 
9.2Y 
a.~:z 

-··o.3 

*Mean pertentage of spermatozoa exhibiting progressive forward motility with each category. 
**Number of ejaculates evaluated iri each category: Number of replicates for in vitro penetration tes.t and 
farrowing rate per ejaculat~were 3 andS, respectiv~ly. . .. . .-.. .· . -

.w.x.v.z Means within the sa.rn~ column with different superscripts differ (p <~05). :· 

. fertility. Identification ofother seminal ~ru-ameters ~ore-_ ~esponsible for p~rfmmingA.L These data demonstrate. 
illdiCative of fertility than motility would be a valuable ·· thatreproductive performance can be affected significantly 

-· practical managementtool for the swine industry. If such by the breeding technician imd that small average differ
a test existed, then ejaquliites, inseirnnation doses and in.: etices between technicians can lead to large total differ'

. dividuall:>oars could he screened for fertility prior to use. ences over.time.'Thus, developmeljt ()f good tr~ningpro~ 
. >and reproductive' perrormance from A.l. matings shmild, grams for hew. breeding personnel and performance 
in theory, be fairly predictable... . .. ·monitoring for experienced ones' is animportantchallenge 

· · · ·' · for swine operations using A.L 

Insemination_ skills_ofbreeding ._ 
t hni · · · - . Water quality 
. ec. crans .. --------------------

. -. · . .. . · . -· · · . · ·. . · · · .. · .. _ . · · The influence of water quality on semen quality is an 
The importance of the technical expertise of tlw bree9ing important consideration for A.l. programs. It istnie that 

. ·technician iri swine A. I.. programs ,cannot be overempha-. · 
poor water quality can have a negative effect oh semen 

sized. Results from a recent study (Table 2) demonstrate viability and fertility. However, specific guidelines . for 
. that the technician c~ti have a tremendous impact on re- ·water quality are still being established. In general, there 
productive performance. In this particular sWdy, techni- are three organizations-the American Society for Test
.cians were assigned to breecl15 sows pet week over 15 ing and Materials (ASTM), the College of American Pa
. we~ks. They performed their assigned matings sfmulta- · 

·.- thologi~ts (CAP), and theNational Committee for Clini-
neously and used semen fro~ the same boars. All other calLiib __ oratory Stand_· ards (NCCLS_ )~that .b_ ave_ published 
production variables were similar except for the person . 

·Table 2. Effect of A. I. Breeding Technician on Reproductive Performance of Sows 

Technician* .. · 
. '1 

2 
3 

'4 
5 
6 
s~e.m. ***· 

Farrowing rate (o/o) 
91.5"' 
87.2" 
82.3x 
9Q,2X 
91.3~ .. 
65,4Y 
5.1 

*Each technician bred 221 sows via A. I. 

Number bcnn alive 
· ·10.3x 

1o.sx 
t_o.3x · .. : ?·. ,. 

10.2X ;· . > 

10..4x 
~ ?.s:Y •·. 
. ().4 

Total pigs produc . 
206QX . _<· 

1995x,y 
1'864Y 

. 2do9x 
·--2070x 

·. 1050Z 

**Total pigs that were born alive fromthe 221 matings· performed by each technician. 
***Standard error of mean. · · . · _-. .. . -. .. · · · · . · 
x,y,z Means within the same column with .different superscripts differ (p ~.05); 
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specifications for water quality and methods for prepara
tion of water of a specific quality. Each organization has 
slightly different standards. In general, water quality is 
classified into three different categories-Types I, II, and 
III. Descriptions and guidelines for each category of wa- · 

mdsis without distillation, bllt usually must be pol
ished after production.Type III water is used for most 
general laboratory procedures including preparation 
of stock solutions and rinsing of analytical samples 
and equipment. 

ter are contained below (and in Table 3): 
I 

• Type I 1is the highest purity level and generally re-
quires a combination of deionization with distillation, 
filtration and reverse osmosis. Type I water is com
monly used in trace-metal analyses which requires a 
minimum of ionized constituents. 

• Type II' water can be produced by double distillation 
in a glass still. Type· II water is used in procedures 
that req~ire water free of organic contamination or 
pyrogens. 

i 
• Type IU water can be produced by single-distilla-

tion ion' exchange without distillation, or reverse os-

· In general, for swine A.I., Type II water is most com- · 
monly used. For Type II water used in A.I. laboratories, 
ASTM guidelines are the best ones to follow, especially 
for total bacteria count. Type III water can be used pro
vided that the silicate levels and total bacteria counts meet 
the standards for Type II water. 

Recent work conducted at N.C.S.U., indicates that the 
length of storage prior to insemination is an important 
consideration in terms ofthe influence of water quality 
on semen viability and fertility. In this particular study, 
BTS semen extender was made with either Type I, II or 
III water. Semen from a single boar was mixed with ex-

· Table 3. Water Purity Requirements for Types I, II and Ill Water 

Type I Type II Type Ill 
~lectrical Resistivity 
minimum (megaohm-cm@25°C) ASTM 16.7 1.0 1.0 
I CAP 10.0 2.0 0.1 

NCCLS to.O 2.0 0.1 

' 
Total Bacteria Count 
maximum (colony forming units/mL) ASTM 0 10 

CAP 10 104 

NCCLS 10 103 

Particulate Matter 
maximum {particles/!> 0.2 microns) ASTM 

CAP 0.0 
NCCLS 0.0 

Silicate (Si02 ) 

f")1aximum (mg/L orppm) ASTM· . o.o 0.0 10.0 
CAP 0.05 0.1 1.0 
NCCLS 0.05 0.1 1.0 

Total Matter 
maximum (mg/L or ppm) .ASTM 0.1 0.1 1.0 

CAP 
NCCLS 

i 
G;olor Retention 

I 

minimum (retention of potassium 
permanganate in minutes) ASTM 60.0 60.0 10.0 

CAP 60.0 60.0 60.0 
NCCLS 60.0 10.0 

"-" indicates that there is no measurement required or taken. 
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tender made from each type of water and viability and in 
vitro fertilization rates were monitored over time. In gen
eral, these data indicate that if semen is used within 3 
days of collection, then the quality of the water used to 
make extender has minimal effects on both sperm viabil
ity .and fertility. However, if semen is stored more than 3 
days prior to use, then extender made with Type I and 
Type II water produces higher viability and fertility scores 
than that made with Type III water. It is important to note 
that these studies were only conducted with BTS semen 
extender. The influence of water quality on sperm viabil
ity and fertility in other types of semen extenders is not 
known atthe present time. However, it is likely that high 
quality extenders that are formulated to maintain sperm 
viability for extended periods of time would exhibit a simi
lar pattern when made with high quality water. In addi
tiqn, it is conceivable that they may also be able to im
prove the longevity of spermatozoa when produced with 
low quality water. In other words, the ingredients in the 
long-term semen extenders may be able to neutralize some 
of the negative properties of low quality water. At the 
present time, definitive studies addressing this possibility 
have not been conducted. 

Warming semen prior to 
insemination. 

Common issues associated with on-farm A. I. use 

productive anatomy. help insure that semen will not be 
exposed to extreme temperature fluctuations. First, very 
little fluid is present in the uterus andoviduct. After in
semination, .semen can be thought of as entering a rela
tively "dry" incubator. Consequently, the semen is warmed 
in much the same way as it would be when placed in a 
water bath or in a heated room. Second, a temperature 
gradientexists between the cyrvix and oviducts with the 
cervix being several degrees cooler than the oviduct. Col~ 
lectively, these two features of the sow's reproductive tract 
minimize the importance of the temperature of semen prior 
to insemination. All things considered, allowing semen 
to. warm to room temperature prior to insemination is a 
precautionary step that helps prevent any potential tem
perature shock of semen during insemination, even though 
the chances of any usually are. small. · 

Summary 
In summary, use of swine A.I. is i~creasing rapidly. Pro
jections from some industry analysts estimate by the year 
2000 artificial matings will be more common than natu
ral ones. Accompanying the growth of A.I., there are many 
on-farm issues that will need to be addressed by the swine 
industry. Research will provide the theoretical answers to· 
these questions~ However, it will be the responsibility of 
the swine veterinarian/consultanrto assist individual op~ 
erations with the practical and economic application of 

Because temperature differences between semen and other . this information. 
liquids or equipment is critical during collection and ex-
tension, it seems plausible that the temperature differen
tial between extended semen and the female reproductive 
tract would also be critical. Hence, warming semen prior 
to insemination has received considerable attention by. 
many individuals involved with the A.I. industry. 
Definitive studies evaluating the fertility of sows bred with 
semen warmed prior to insemination have not been con
ducted. However, based on the anatomy of the female re
productive tract and· the effect of temperature :xariation 
on stored semen, a educated guess about the importance. 
of this practice can be made. · . 

The ideal "temperature" situation for semen is to cool 
slowly after collection and. processing, be maintained at a 
constant temperature during storage and be warmed up 

' steadily prior to insemination. The worst scenario for se-
men is to be exposed to temperature fluctuations during 
processing, storage, and insemination. At leastin terms 
of warming semen, fluctuations between high and low 
temperaturesis more detrimental to semen viability than 
the rateat which it is warmed. Twoaspects offemale re-
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Assessing financial performance of swine farms 
Michael Boehlje 
Department of Agricultural Economics, Purdue University 

Assessing the financial performance of the swine opera
tion and interfacing production performance and financial 
performance is essential for successful management of 
the swine business. Measuring and monitoring produc
tion parameters such as feed efficiency, pigs per sow or 
crate per year, days to market, death loss, etc. are impor
tant to understand and control physical performance, but 
the "bottom-line" is how does physical performance im
pact the profitability, risk, and other financial dimensions 
of the business. This information is not only important to 
the producer, it is essential to the lender or investor in a 
swine operation. 

This discussion has two purposes. First, to briefly review 
the financial analysis measures proposed by the Farm Fi
nancial Standards Council (FFSC) as essential to assess 
the financial performance of farm businesses. Second, we 
will introduce the duPont financial analysis system which 
is a very useful technique to evaluate the impact of changes 
in production efficiency on financial performance. 

Assessing financial performance 
The Farm Financial Standards Task Force (FFSTF) Re
port, released in 1991, provides guidelines for reporting 
and analyzing financial information for agricultural pro
ducers.4 This section summarizes the major recommen
dations contained in that report along with information 
from the University of Illinois which might be used for 
comparison or benchmarking the financial performance 
of hog farms. 

The FFSC recommends five financial criteria: 

• liquidity 

• solvency 

• profitability 

• financial efficiency 

• repayment capacity 

To determine the extent to which each criterion can be 
met, the FFSC recommends 16 measures, each specific 
to a criterion.I.2 

Liquidity 
Liquidity measures the ability of a farm business to meet 
financial obligations as they come due in the ordinary 
course of business, without disrupting the normal opera
tion of the business. Two measures of liquidity are rec
ommended in the Report. Those two measures, along with 
their calculations, are: 
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current ratio = 
total current farm assets 

total current farm liabilities 
working capital = total current farm assets - total current farm liabilities 

Solvency 
Solvency measures the amount of borrowed capital, leas
ing commitments, and other obligations used by a busi
ness relative to the amount of owner equity invested in 
the business. Solvency measures provide an indication of 
the firm's ability to repay all financial obligations if all 
assets are sold, and an indication of the ability to con
tinue operations as a viable business after a financial ad
versity. 

Three measures of solvency are recommended, because 
members of the Council do not prefer one measure over 
the other two measures. The three measures, along with 
their calculations, are: 

debt/asset ratio = total farm liabilities 

total farm assets 
. . total farm equity 

eqmty/asset ratio = 
total farm assets 

d btl 
. . total farm liabilities 

e eqmty ratto = 
total farm equity 

The basic calculation for each measure does not differ 
from what many analysts currently use. However, deferred 
taxes resulting from the sale of farm assets would be in
cluded in each liability class. This practice ensures that 
both owner and creditor are aware of the impact of poten
tial tax liabilities. 

The ratios can be calculated using either the cost or mar
ket value approach to value farm assets. The ratios are 
more meaningful for comparisons between farms when 
the market value approach is used to value farm assets. 
However, due to the impact of fluctuations in market val
ues of farm assets, they are more meaningful for com
parisons between accounting periods for an individual 
farm operation when the cost approach is used to value 
farm assets. 

Profitability 
Before discussing profitability measures, the difference 
between net farm income from operations (NFIFO) and 
net farm income should be noted. Net farm income from 
operations does not include the gains or losses from the 
sale of farm capital assets, whereas net farm income does 
include the results of such transactions. 

Three profitability ratios are recommended. The ratios, 
along with their calculations, are as follows: 
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(NFIFO + farm interest expense - value of unpaid family 

labor and management) 
rate of return on farm assets = ----=----'----------

average total farm assets 

(NFIFO - value of operator and unpaid family labor and 

management) 
rate of return on farm equity = --=------------

average total farm equity 

(NFIFO + farm interest expense - value of operator and 

unpaid family labor and management) operating profit margin ratio = __,_ __ .:..__ ___ .:::.._____;. ____ _ 
gross revenue 

As was true for the liquidity and solvency measures, the 
basic calculations for the profitability ratios are the same 
as currently used by many agricultural analysts. Four 
points, however, need further explanation: 

First, NFIFO is used to calculate the three profitability 
ratios because including the gain or loss from the sale of 
a farm capital asset can distort the result, particularly when 
the asset is farm real estate. 

Second, all three ratios are calculated on a before-tax ba
sis to avoid distortions that can result from various tax 
provisions. Also, in practice, it is often difficult to sepa
rate taxes on farm income from taxes on nonfarm income. 

Third, the recommended approach for valuing operator 
and unpaid family labor as well as management for a sole 
proprietorship is to use owner withdrawals. The Report 
states that owner withdrawals should not be deducted in 
the calculation of net farm income, but should be deducted 
in the calculation of the three profitability ratios. 

Fourth, the rate of return on farm assets and the rate of 
return on farm equity can be calculated using either the 
cost or market value approach to value farm assets. The 
ratios are more meaningful for comparisons between farms 
when the market value approach is used to value farm 
assets. The ratios are more meaningful for comparisons 
between accounting periods for an individual farm op
eration when the cost approach is used to value farm as
sets. 

A fourth measure of profitability is net farm income, 
which is an absolute amount. It would be taken directly 
from the income statement. 

Financial efficiency 
Financial efficiency measures the intensity with which a 
business uses its assets to generate gross revenues and 
the effectiveness of production, purchasing, pricing, 
financing, and marketing decisions. Five financial 
efficiency measures are recommended in the Report. 
Those measures, along with their calculations, include: 

asset turnover ratio = 
gross revenue 

average total farm assets 
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Repayment measures 

Term debt and capital lease coverage 
ratio 

is computed by adding 

Net farm income from operations 

Total nonfarm income 

Depreciation expense 

Interest on term debts 

Interest on capital leases 

from this total subtract 

Total income tax expense 

Owner withdrawals 

the result is divided by the sum of 

Annual scheduled principal and 
interest payments on term debts and 
capital leases 

Capital replacement and term debt 
repayment margin 

is computed by adding 

Net farm income from operations 

Total nonfarm income 

Depreciation expense 

from this total subtract 

Total income tax expense 

Owner withdrawals 

from the result, which is the capital 
replacement and term debt repayment 
capacity, subtract 

Payments on prior period tmpaid 
operating debt (loss carryover) 

operating expenses (excluding interest and depreciation) operating expense ratio = _!__..::....__,__..:...._ _ __:::. ___ __:. __ ..:... 

gross revenue 

depreciation expense 
depreciation expense ratio = 

gross revenue 

interest expense 
interest expense ratio = 

gross revenue 

. . . net farm income from operations 
net farm mcome from operatiOns ratiO = 

gross revenue 
The asset turnover ratio measures capital efficiency. When 
it is multiplied by the operating profit margin ratio, the 
result equals the rate of return on farm assets. The other 
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Michael Boe~lje 
four measure:s of financial efficiency are called operational 
ratios and reflect the composition of gross revenue. Each. 
is calculated 1by dividing_ the respective component by ~i
ther gross revenue (e.g., interest expense+ gross revenue) 
or value of farm production. The sum of the four opera-
tional ratios equals 1.0. . 

I .. • . 

RepaYJllent capacity 
The repaym4nt capacity criterion differs from the other 
four criteria because it is used to measure the borrower's 
repayment dapacity for term debts and capital leases, 
rather than t6 measure financial position or performance 
of the business. 

Two repayJent capacity measures are recommended. 
Both measures include nonfarm income because a high 
percentage of farmers and ranchers rely em both farm and 
nonfarm inc~me to help service term debts and capital 
leases. Thesd measures enable the analyst to evaluate the 
borrower's r~payment capacity, regardless of the source 
offunds used to make payments. The two measures, along 
with their c~lculations, are provided below. 

The recommendations of the FFSC are currently being 
implemented by lenders and farm record accounting firms. 
For comparison (benchmarking) purposes, Table 1 (fol
lowing page) summarizes the available information from 
the University of Illinois farm records for hog farms for 
the years 1991-94. Some of the recommended measures 
are not included because historical datais not available. 
In similar fashion as hog producers are using data from 
production records to evaluate their production efficiency 
compared to other producers, the data of Table I can be 
used to benchmark financial performance. 

The duPont financial analysis 
system 
Many swine producers are asking questions about the 
impact of changes in management practices on financial 
performance. For example, how will improved pig flow 
scheduling that would increase the utilization of build
ings and facilities impact return on assets or equity? Or 
what if phase feeding is used to improve feed efficiency 
and lower cost-how much does that impact asset and 
equity returns? What about negotiating a lower price for 
feed ingredients or a lower interest rate, or a higher pre
mium for finished hogs-what is that worth in terms of 
ROA and ROE? The duPont financial analysis system can 
be used to .answer these questions. 3 

Fundamentally, for any business there are two primary 
ways to enhance operating performance as measured by 
return on assets: 

• increase operating profit margins, and 

• increase volume per dollar invested or capital turn
over. 

equity. Thus, there are three levers that impact bottom
line financial performance: 

• operating profit margins, 

• capital turnover and. 

• leverage. 

Each of these primary levers or drivers are impacted by 
the specific decisions on cost control, efficiency and pro
ductivity, marketing choices etc, so this analysis format 
can capture the impact of almost any management deci
sion that is made.- · 

The relationship between these three levers and how they 
are impacted by management decisions is summarized in 
the duPont financial analysis system. The basic concept 
underlying the duPont system can be. summarized math
ematically as: 

............ 

Thus, multiplying the operating profit margin times the 
turnover ratio results in the return on assets (ROA) (Equa-' 
tion 1), and multiplying the ROA minus an interest cost 
adjustment times a financial structure ratio results in the 
return on equity (ROE) (Equation 2). Fundamentally, any 
decision that influences product prices, per unit costs, 
volume or efficiency/productivity (output per unit of in
put) will impact profit margin or .turnover ratio. And any 
decision that affects the amount and type of debt and eq
uity used will impactthe financial structure as well as 
cost. So this simple. model . allows one to determine the 
financial impact of any of the numerous decisions that . 
might be made to manage the farm business. 

The mathematical relationships of the duPont system are 
graphically represented in Figure 1. The top of Figure 1 
summarizes operating performance; the bottom represents 
the financial structure. Only six data entries are needed to 
complete the analysis summarized in Figure 1: 

• gross revenues (or sales), 

• fixed costs, 

• variable costs, 

• interest costs, 

• total assets, and 

• equity. 

Operating performance can be augmented through the use These values are easily obtained from even an elemen
of debt. or leverage to generate the ultimate performance tary balance sheet and income statement for the farm busi
measure for the individual investor-return on investment ness. 
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Assessing financial peiformance ofswine farms 

Table 1. Financial characteristics of Illinois hog farms 

1994 1993 1992 1991 4-year 
average 

Number of farms 157 169 179 182 172 

Liquidity 
Working capital $78,790 . $103,622 $84,206 $78,026 $86,161 
Current ratio: 
Upper quartile 3.25 3.70 3.71 4.76 3.86 
Median 1.60 1.85 1.79 1.83 1.77 

Solvency 
Net worth (market) - . $530,266 $512,348 $490,630 $486,344 $504,89 
Debt/equity ratio: 
Upper quartile 28.8 26.1 18.7 20.3 23.5 
Median 56.0 48.0 45.1 42.9 48.0 

Debt/total asset ratio: 
Upper quartile 23.9 21.3 16.3 18.0 19.9 
Median 35.9 32.9 31.2 30.4 32.6 

Profitability 
Net farm income $5,823 $45,988 $43,814 $19,531 $28,789. 
Return on farm assets: 
Upper quartile 3.3 10.6 10.6 6.3 . 7.7 
Median 0.2 6.8 6.8 2.1 4.0 

Return on farm equity: 
Upper quartile 1.9 15.1 13.0 5.5 8.9 
Median -3.6 6.0 6.0 -1.5 1.7 

Repayment capacity 
Debt/farm operating 47.80 5.41 5.62 12.20 17.76 
inc. 

Financial efficiency (as 
a % of gross farm 
returns) 
Interest expense ratio: 
Upper quartile 4.4 2.7 3.7 3.6 3.6 
Median 8.7 5.9 8.0 9.0 7 .. 9 

Operating expense 
ratio: 59.5 49.0 47.0 56.1 52.9 
Upper quartile 71.6 58.9 56.5 64.0 62.8 
Median 

Depreciation expense 
ratio: -9.1 7.4 6.6 8.0 7.8 
Upper quartile 13.5 11.1 9.5 . 11.6 11.4 
Median 

Farm operating 
income ratio: 18.0 32.5 37.0. . 25.0 28.1 
Upper quartile 7.9 23.3 23.9 13.4 17.1 
Median 

Asset turnover ratio: 
Upper quartile 0.37 0.49 0.39 0.39 . 0.41 
Median 0.25 0.36 0.29 0.27 0.29 
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Figure 2 illustrates the use 
of the duPont arialysis sys
tem for an illustrative farm 
with gross revenues of 
$1,000,000, fixed costs of. 
$210,000, variable costs of 
$560,000, interest costs of 
$80,000, assets of 
$3.,000,000 and equity of 
$2,000,000. Following the 

. format of Figure 1, the op-

· Figure 1. DuPont Financial· Analysis· System· 
. ' . . 

. Operating Performance 

~ minus I Fixed l'"i.nus I Van.· "abl~ I equals rN.;"l~ 
. ·. Ej (-) . Cos1s. · (-) : Cosls (~! ~ ) 

c([!;l pltis btl~~ -~1 ... 1..... _ 
. · ~ ( +) llxpense (-+-) Revenue ( =) Profll Margin 

erating performance can be 
calculated as operating 
profit margin times tUrnover 
ratio. Thus; the profit mar-

. gin of 0.31 multiplied times 
the turnover ratio (volume 
per dollar of assets) of 0.33 
results in a return on assets 
(ROA) of 0.102. This ROA 
minus the interest cost ad
justment multiplied by the 
finaricial structure ratio gen
erates a return on equity 
(ROE)of0.1125 or 11.25%. 

.·. ' 
.· . ';:;t:.· I (1 "=-'"I~ '-,-_ ___J 

.· . -~ 
~ divldcdby~c,quals ~·Turnover I 

·. ~ (-+-) ~- (-;) · Ralio · . 

Financial Structure 

The duPont analysis system 
can not only help us under-
stand the drivers of financial Figure 2. An Illustration of the DuPont Financial Analysis System 
performance, but can . also 
be· used ·to· evaluate strate- Operating Performance .. 
gies. to improve perfor-
mance. For example, if · · · 
overall performance is be- • ··EJ.ooo,ooo .. · .m~:; ~ m~~us 1;:1_6o,ooo .. · .-c~-~~. ~ -)· . 
low expectations, a funda- c=J c=J D 
mental question is what is . 
the impact of various paths ·c . . . . . 

· to improve it? What ifi re- ..;(Q plus D) dividcdby~cqua~ ~ ·. 
duceoperatingcosts?What ~ (+)~ C-+-> ~ c=> ~ · 

. __ ... 

if I do a better job of mar- · . .· .· '-
keting and increase prices ·. · r-:'l 
and thus revenues? What if . ·~~ ~ 
I increase revenues by in- · . .· ;,;r 
cre~ing throughput or capi- c::J dividcdbrB""Js r-:-~· · 
tal turnover-i:e., getting CJ ·c-+-> l,ooo,ooo f·> ~ .· 

(0-;,-G\ 

·~ IJI251' 
more output without more 
investment (and thus fixed 
costs)by pushing my facili-
ties harder-getting more. · Financial Structure · --------- ' · 

l!r~~;~;~~!r~rf~~~ i~t~ _j-l"r",'l"'." 17-~[~J . · .. · .• · ···. • ·•, · · '•• • •·· ····•· .• 
"downtime"? What if I in-
crease or decrease debt uti:. . . 

similar to those identified earlier can not only indicate 
their impact, but suggest which one has the most poten- . 
tial to improve perforinance. · 

·,::--.·· 

• lization? By reflecting the appropriate adjustments in the· 
six data entries that would result from these decisions, · 
their impact on bottom-line performance can be deter
mined. For example, assume that management Wants to 
assess the impact ·on ROA and ROE of increasing · 
throughput by 10%. Figure 3 traces through the impact 
of this adjustment <a 10% increase in gross revenues and A final comment 
a 10% increase in variable costs) for the firm reflected in 
Figure 2;ROA is increased to 11.8% and ROEtoJ3.7% 
with this: adjustment. A comparison of various strategies 
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Financial performance assessment requires evaluation of 
·. financi!U. records and ratios, but it is much more than that. , . 
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Assessing financial performance of swine farms 

Figure 3. Impactof Increasing Through-put Using the DuPont Financial Analysis System 
Operating Performance 

B ·:::-EJ-: EJ·,::· a-) 

((. [::1 plus I.:J). div.ided byr.-:::lequals ~ .u<+>u {-7--) ~{=) ~ 

' limes~ (*)~ 

-""" c=1 dividedby~equals ~ 
t:::J. (-7--) ~ {=) ~ 

The financial performance 
of a firm is exhibited by its 
capital structure; its ac
counting, control and plan
ning systems; its relation
ship with lenders and 
investors; its asset control 
and risk-management strat
egies; and its procedures 
for analyzing new ventures 
and exiting from current 
ones that are not perform
ing. These later issues re
quire information and 
documentation beyond that 
available from balance 
sheets and income state
ments-documentation 
that can only comefrom a 
detailed and intimate 
knowledge of the human 
resources and managerial 
skills and capacities of the 
business. 

limes 

(*) EJ 
Financial Structure 

References 

r..:.-:::J·~·•r:;::;:;l•"~ I ~;-l----------CJ (-7--) ~ {=) ~ 

1. Barnard, Freddie L., 1990. "Recommendations on Financial 
Criteria and Measures: Farm Financial Standards Task Force", 
Journal of Agricultural Lending, Vol. 4, Issue 1, American 
Bankers AssociatiC?n, Washington, D.C.: pp. 2-6. 
2: Barnard, Freddie and Michael Boehlje 1995. "Evaluating 
Financial Position, Performance, and Repayment Capacity for 
Agricultural Businesses", Journal of American Society of Farm 
Managers and Rural Appraisers, pp. 73-79, 1995. 
3. Boehlje, Michael, 1994, "Evaluating Farm Financial Perfor
mance", The Journal of American Society of Farm Managers 
and Rural Appraisers, 58(1):109-115, June 1994. 
4. Recommendations of the Farm Financial Standards Task 
Force: Financial Guidelines for Agricultural Producers. 1991. 
The American Bankers Association, Washington, D.C. 

1996 Allen D. Leman Swine Conference 79 



Using records for deci~ion making: what it 
helps to know when pricing weaned pigs 
William E. Marsh, Ph.D. and Doris E. Mold, M.S. 
University of Minnesota, College of Veterinary Medicine 

Farms-like any businesses-must be profitable to sur- larly interesting, the design, establishment and fine-tun
vive and grow. Profits represent the difference between ing of the chart of a financial accounts is critical to sue
income (revenue) and total (fixed and variable) costs. cess when using financial records for analysis such as that 
Managers are comforted by knowiedge that income from illustrated in this paper. . .. 
product sales exceeds the cost of producing those prod- For the period January 1 to December31, 19XX, 1352 
ucts, and should be concerned when the reverse is true. litters were farrowed in this herd, and 1298 litters weaned 

Unfortunately, precise estimation of the cost of produc- ·with an average of9.0 pigs weaned per litter. As the out
ing products of farm businesses is fraught with difficulty. put of the production system is weaned pigs, then thede
There are many contributing reasons including the com- nominator we need is 1298. Dividing $295,723 by 1298 
plexity of farm businesses, lack of suitable records, and a reveals an expense of $227.83 per litter. This figure can 
legacy of financial accounting practices that have evolved also be considered as the break-even income amount. 
to facilitate income tax reporting rather than tight financ1· al That is, based on the available data, the average income 
management. Historically, agricultural producers have per litter weaned must be more than $227.83 ifihe enter- · 
been price-takers. Prices of products have been largely prise is to generate profits. If the average income per lit-
determined by perfect competition in a free market gov- ter weaned is less than $227.83, the production Qf weaned 
erned by the forces of supply and demand, and on occa- pigs will have lost money over the period of analysis. 
sian, moderated by government interventions designed 
to guarantee consistent supplies of food to consumers. 

Markets where buyers, sellers, and animals gather together 
provide a wonderful mechanism for spreading infectious 
disease. Having realized that moving pigs around the coun
try to sell them is both unnecessary and sometimes dan
gerous, the industry is turning to contractual and other 
arrangements to determine the terms of exchange.' How
ever, the lack of widespread public trading of weaned and 
nursery pigs makes establishment of a fair market price 
to the buyer and seller difficult. In fact, the responsibility 
falls on the weaned pig producer to know his unit cost of 
production and factor in a reasonable profit margin to ar
rive a fair sales price. 

Financial accounting and 
production data 
Figure 1 is an illustration of the expense side of a cus
tomized Profit and Loss Statement generated by a financial 
accounting software package. By use of built-in filters, it 
is possible to select just those accounts (and sub-accounts) 
that apply to analysis in question. In this simple example, 
we will examine a situation where a breeding female herd 
produces early weaned pigs for sale to other producers. 

For the period January 1 to December 31, 19XX, total 
expenditure is stated as $295,723.34. Various categories 
of expenditure are listed under accounts and sub-accounts 
shown in the figure. Although the naming and arrange
ment of various accounts may not appear to be particu-
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Manipulating financial data for 
decision making · 
Reports produced by financial accounting packages are 
typically unexciting. However, the ability of to direct out
put into a format that may be incorporated by electronic 
spreadsheet packages provides the mechanism to manipu
late the numbers in various ways. A sample spreadsheet 
template is shown as Figure 2. · 

In generating this template, the first step was to divide the 
main account totals Figure 1 by the number of weaned 
litter(1298). That done, the main account names and cor
responding per litter totals were copied into the third and 
fourth columns. The next step is to sort the entire table 
based on the descending order of the values in the fourth 
column. 

Formulae in the second column provides the percentage 
contribution of each expense category to the total or break
even amount. Data in the first column show the cumula
tive contribution of expense categories to the total. For 
example, feed-related expenses, hired labor and depre
ciation account for 34.4, 20.2 and 19.5% of the break
even amount. Together, they account for 7 4.1% of the to
tal. Moreover, inclusion of the next four categories 
(interest expense, repairs and maintenance, utilities, and 
animal health) accounts for 95% of the total. 

Some financial analysts have be known to go to extraor
dinary lengths to accurately allocate overhead costs across . 
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multiple enterprises. While this may viewed as are
warding exercise by the purist, it may not ~lways be 
worthwhile in exercises such as this. For example, 
even if the figure for fuel oil and gasoline were ac
tually double that shown by the financial records, 
the effect on the bottom line would be only $1.77 
per litter. On the other hand, a 5% error in estima
tion of feed-related expenses amounts to $3.92 per 
litte{: This information helps to put each piece of 
financial information into context and focus atten
tion onto those items towards the top of the list where 
the consequence of incomplete or incorrect data is 
more severe. 

In our illustration, depreciation accounts for 19.5% 
of the cost of producing weaned pigs. Although de
preciation is a non-cash cost, it comprises a 
significant portion of the total. Referring to Figure 
1, we note that the sources of depreciation are build
ings and breeding pigs. Interpreting depreciation 
figures from financial accounts is often difficult, 
particularly where tax regulations encourage rapid 
depreciation over aperiods significantly shorter than 
the useful life of the asset. As a check on the breed
ing pig depreciation figure, we can run a quick 
calculation: 

(Average replacement breeding female 
purchase price -Average cull breeding 
female price) ( Average culling rate 
= ($225.00- 120.16) ( 0.425 = $31,412.69 
... which is very close to the vale for DEPRECIA- . 
TION, BREEDING PIGS in Figure 1. The building 
depreciation figure should also be verified in a simi
lar manner. 

Benefits realized from the effort involved in detailed 
accounting of feed-related expenses in pig produc
tion are great. We recommend using separate sub
accounts at least to the levels of energy, protein, 
supplement, minerals, base mix, and premix. It is 
also desirable to account for individual energy and 
protein sources if others in addition to corn and soy
beans are used. If feed costs are out of line, account
ing "to this level can help determine to what extent 
the two components--quantity disappeared and price 
paid-contribute to the problem. 

Setting the price for the 
product 
The columns to the left of Figure 2 provide a sensi
tivity analysis based on the number of weaned pigs 
sold per litter. As this herd is currently weaning 9.0 
pigs per litter, a tentative conclusion is that the 
weaned pig price must average $25.31 to break even. 
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Figure 1: Profit and loss statement (selected accounts) 
Jan 1- Dec 31, 19XX 

$ $ 
ANIMAL HEALTH 

PIG 
Vaccines 3,894.00 
Pharmaceuticals 4,659.82 

TOTAL ANIMAL HEALTH 8,553.82 

CUSTOM HIRE 
MANURE HANDLING 2297..46 
FREIGHT & TRUCKING 

Livestock 921.58 

TOTAL CUSTOM HIRE 3,219.04 

DEPRECIATION 
BUILDING 26,349.40 
BREEDING PIGS 31,411.60 

TOTAL DEPRECIATION 57,761.00 

FEED-RELATED EXPENSES 
FEED INGREDIENTS 

Enerqy 
Corn 42,420.98 

Protein 
Soybean meal 28,836.73 

Supplement 7,282.00 
Minerals 3,310.00 
Base mix 7,255.52 
Premix 8,341.20 

FEED PREPARATION EXPENSE 3,018.72 
FEED DELIVERY EXPENSE 1,324.00 

TOTAL FEED-RELATED EXPENSES 101,789.16 

FUEL, OIL & GASOLINE 2,297.46 

INSURANCE 3,439.70 

INTEREST EXPENSE 
OPERATING 14,628.46 
TERM - NON REAL ESTATE 16,822.08 

TOTAL INTEREST EXPENSE 31,450.54 

LABOR (HIRED) 59,708.00 

MISCELLANEOUS 3,855.06 

PROFESSIONAL SERVICES 
CONSULTING 

Veterinary corisultinq 1,791.24 
Other 1 ,375.88 

TOTAL PROFESSIONAL SERVICES 3,167.12 

· REPAIRS & MAINTENANCE 
BUILDINGS I IMPROVEMENTS 7,333.70 
EQUIPMENT 4,880..48 

TOTAL REPAIRS & MAINTENANCE 12,214.18 

SUPPLIES 
PIG 1,194.16 

TOTAL SUPPLIES l, 194.16 

UTILITIES 
ELECTRICITY 2,985.40 
LP GAS 2,789.85 
TELEPHONE 1,298.85 

TOTAL UTILITIES .7,074.10 

TOTAL COST I 295,723.34 I 
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Figure 2: Cost structure and break everi prices for various numbers ofweaned pigs sold per litter. 
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84.8. 10.6 INTEREST EXPENSE ·. . 24.23 2.42 2.69 3.03 3.46 4.04 

. 88.9 4.1 REPAIRS & 9.41 0.94 ' 1.05 1.18' 1.34 1.57 
MAINTENANCE 

' . '' 

-92.1. 3.2 UTILITIES '7.22 . 0.72 0.80. 0.90 1.03. 1.20 
95.0 

.. 
2.9 ANIMAL HEALTH .·6.59 0.66 0.73 . 0.82 0.94 ·t-.10 

96.3 1.3 MISCELLANEOUS ... 2.97 '0.30 '0.33. 0.37 0.42 0.50 
97.4. L2 INSURANCE 2.65 0.27 0.29 0.33 ·. 0.38 .0.44 

98.5 1.1 PROFESSIONAL .·2.44 0.24 0.27 0.31 0.35 , .. 0.41. 
SERVICES 

,, .. 

99.3 0.8 FUEL, OIL & GASOLINE. 1.77 0.18 0.20 '0.22 0.25 · .. 0;30 ... 
·99.7 0.4 SUPPLIES . 0.,92 0.09 . 0.10 0.12 0.13 ' . ' 

0~15 

. 100.0. 0.3 CUSTOM HIRE 0.71. 0.07 o~o8 0.09 ···0.10 0.12 

' 

Total·· 100 BREAK-EVEN $227.83 $22.78 $25:31 $28.48 $32.55 . $37.97 

~." . . . . . : .. - . ;· . 

While this is true, a producer contemplating entering the .. · • what is to be don~ withthese pigs; and 
weaned pig business for the first time 'must be sure to ·.. · · ·. · · · · · · · · · · 
understand that not every pig. \veaned will meet' . " can the herd consistently produce a sufficient pro
specifications set down by buyers. Norll}al variations hi ·· .•. portion.of salable pigs to satisfythe,neeMofbuyers. 

weaning to conception interval. and gestation length in: The sensitivity analysis in Figure 2 is helpful in calculat.:. 
hf:rds practicing once:.. per-week weariing, causes the wean- ing the break-even price per head for declining numbers . 
ing age range of 95% of pigs farrowed by parity 2 and . of weaned pig sales per litter. If only 7of9 Pigs weaned 
older sows to be about 7.6 days. By this conventio~. we pet litter were sold in the primary market, an average price 
expect approximately 68% of weaned pigs to .share a of $32 per head would not be sufficient to cover. all costs 
weaning age range of3.8 days (Le. + 1 standard deviation . of production in this model. However, the operati<m may 
from the mean.) Thus, if a buyer insists on maximum 4- . still be profitable depending upon the revei:me raised by 
day age spread, only about two-thirds of weaned pigs marketing the remaining two pigs sold -in: the. sefdndary 
would qualify for sale if weimings occurred on a once:- market or raised to market weight on thefarm.· · 
weekly basis.2 Clearly twice-per-week weaning is highly 

. desirable. when producing for this specialized market. sununary 
·Whatever the weaning policy; it is very important .to -----;;..._,;...· .... _ _..... --~.....-· ·-.· ........... .-· . ·.·· ·c; 
consider: . . . . . . As we see Jess and less public trading .of gr~~iri.g and ·, .. ·. 

• how many weiined pigs will fall outside acceptable • market weight pigs, pork producers must lear:n to use their · 
•; age and weight ranges; · production and financial recordstohelp them price their 

. . . - . 
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Using records for decision making: what it helps to know when pricing weaned pigs 

products and to negotiate favorable contract arrangements 
with buyers. By using a simple spreadsheet decision-aid 
template we have illustrated the importance of focusing 
attention on and verifying those items thatcontribute most 
to the cost of production of weaned pigs. Effort should be 
expended on recording, understanding, and building 
confidence in the accuracy of the seven categories that 
account for 95% of production costs. While the remain
ing six categories each account for less then 2% each of · 
production costs, they are likely under control may not 
warrant extensive analysis. When weare comfortable that 
financial figures are accurate and complete, sensitivity 
analysis should be used to illustrate the effect of chang
ing levels ofproductivity on. the bottom line, and the need 
to· set a reasonable product price to ensure profitability. 
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Current research on the effects of PRRSV in· 
breeding age pigs 
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Raymond R. R. Rowland, PhD; Christopher C. L. Chase DVM, PhD; JulieK.Nelson, -
MS1; Kurt D. Rossow, DVM, PhD2 

1Department ofVeterimiry Science, South Dakota State University; 2Departmetit of Diagnostic M~dicine, Uriiversity 
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Porcine Reproductive and Respiratory Syndrome (PRRS) _ rilyfocusedon the use of the polymerase chain reaction 
has emerged as perhaps the most economically important (PCR) for the detection of PERSV in boar semen.6 This 
disease of swine in the 1990s. Evidence accumulated from assay detects a portion of. the PRRSV ·genome and is a 
field observations and experimental studies over the past sensitive test which can detect as few as 10 virions per 
several years indicate that PRRS has many different clini- rnL of boar semen. 6 We found a 94% correlation between 
cal forms. These include subclinical infections, the clas- the PCR test and the "swine bioassay" w!J.1ch detects rep
sica! "abortion storms," mild reproductive failure and in- Heating virus.5 Therefore, we have concluded that, in most 
fertility, and endemic respiratory problems in suckling and cases, if semen is· positive for PRRSV by PCR, it should 
nursery pigs.1•2 While much evidence has been accumu- not be used for insemination. · 
lated on the etiology, epidemiology, pathogenesis, and 
diagnosis of PRRS, there is still little information on the 
pathogenesis of the virus in breeding age animals. Since 
the introduction of the PRRS virus (PRRSV) onto most 
farms is via either infected breeding. stock or semen, it 
seems prudent to understand the interaction between 
PRRSV and breeding age pigs. This discussion is intended 
to present what is currently known on the replication of 
PRRSV in boars, and preliminary data on the role of con
genitally infected pigs in the epidemiology of PRRSV. 

We have focused on these two areas_because artificial in
semination will continue to increase in usage in the swine 
industry, and PRRSV is one of the few viruses transmit
ted by this medium. In addition, pigs congenitally infected 
with PRRSV (pigs born live to gilts/sows infected in late 
gestation) tend to be viremic for extended periods oftiti1e 
and may be important reservoirs of PRRSV in farrowing 
and nursery units. 

PRRSV infections in boars 

Transmission studies 
, During the last few years, progress has been made to de

termine the role of the boar in the transmission of PRRSV. 
Studies have confirmed that PRRSV is found in boar se
men and can be transmitted iri either raw3 or extended 
semen4 to seronegative gilts or sows. However, transmis
sion through boar semen may notconsistently occur.5 We 

. believe there may be a minimum infectious dose that is 
necessary for transmission -of PRRSV through artificial 
insemination. Studies are in progress to develop a quanti
tative test for PRRSV in boar semen. In the meantime, it· 
is prudent to regard any amount of PRRSV in semen as a 
possible source ·of transmission. Our studies have prima-
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Duration of PRRSV shedding in semen and 
its relationship· to viremia and serostatus 
after field exposure 
Several experimental studies have given us indicati_ons of 
when a previously PRRSV exposed boar's semen may be 
free of the virus. Collaborative. studies between South 
Dakota State University and Iowa State University have 
indicated that, out of eight boars, shedding of PRRSV in 
semen occurred from 5-13, 3-25, 5-25, 7-25, 3-35, 3-47, 
3-56, and 5-92 ·days after intranasal exposure to either 
PRRSV isolate VR-2332 or VR-2402.6•7 Using these mim
bers, the average duration of shedding in semen is 39~40 
days after initial exposure. In four of eight of these boars, 
intermittent shedding of PRRSV in semen occurred. The 
longest interval between positive samples was 11 days. 
Therefore, at this time, we recommend quarantining boars 
for six to eight weeks after initial exposure and then test
ing at least one semen sample for PRRSV by PCR An 
alternative to quarantine may be to test boar semen once 
weekly at least two to three times. An optimum seinen 
sample for PCR testing for PRRSV is 10 mL of raw se-
men which is transported to the laboratory on ice. 8 _ ·-

Boars appear to be viremic only within the first two weeks 
after exposure, which is a relatively short period of time . 
compared to the duration of shedding of PRRSV in se
menY Boars can also be seronegative and still shed 
PRRSV in semen, although we observed this scenario only 
during the first two to eight days after initial exposure .. 
More commonly, boars cari be seropositive and not be _ 
shedding PRRSV in semen.7 · . 
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Current research onthe effects ofPRRSVin breeding age pigs 

Vaccination of boars with RespPRRS® 
Studies involving extra-label vaccination of boars with 
the modified-live PRRS vaccine (RespPRRS®) have 
shown that vaccine virus can be shed in boar semen.9•10•11 

In our studies, when boar semen was collected three times 
per week for 50 days p'ost vaccination (DPV), we detected 
vaccine virus in semen from five of five vaccinated boars. 
These boars shed vaccine virus in semen from 9-14, 11-
14, 7-39, and for one dayonly in the remaining two boars 
(at 7 and 11 DPV).9 A study at the University of Minne
sota reported three boars shed vaccine virus from 6-15, 
9-12, and 15-21 DPVwhile a study in Denmark demon
strated that four of five vaccinated boars shed vaccine vi
rus in semen during the first 14 DPV 10•11 When vacci-. 
nated boars were then challenged with wild-type PRRSV 
at 28 (three boars) and 35 DPV (five boars), no shedding 
ofPRRSV was detected in the semen.10·11 However, at 50 
DPV, three of five boars shed wild-type virus in semen at 
one day only (e.g., eight days post challenge (DPC) and 
15 DPC) and the remaining boar shed intermittently from 
4-24 DPC.9 In summary,these studies indicate that in the 
majority of cases, most boars will shed vaccine virus 
within the first three weeks after vaccination and will be 
protected from shedding of wild-type PRRSV if exposed 
during the first 28 to 35 days after vaccination. However, 
there may be a limited dura.tion of immunity since some 
boars did shed wild-type virus after 50 DPV. There is also 
some boar variability in the duration of shedding of vac
cine virus and challenge virus. · 

We have studied the effects of vaccination on semen qual
ity. Mean values were obtained from samples collected 
three times weekly from five vaccinated and two non-vac
cinated boars. During the 50 DPV period, percent for
ward movement of sperm was lower in vaccinated boars 
vs. non-vaccinated boars with mean values of 3.51 vs. 3, 
respectively (P:5:.03) and percent normal sperm morphol
ogy of 97 vs. 88 (P:5:.01), respectively. Following chal
lenge at 50 DPV, percent forward movement in vaccinated 
vs. non-vaccinated boars was 3.34 vs. 2.46 (P:5:.01) re
spectively, percent motile sperm was 97 vs. 65 (P:5:.01), 
respectively and percent normal sperm morphology was 
71 vs. 49 (P:5:.03) respectively.9 More dramatic effects on 
semen quality were seen after challenge virus was given 
to Vaccinated boars than within the 50 DPV period. We 
do not know whether the vaccine or the combination of 
vaccine and challenge in our study were responsible for 
the effects. 

Pathogenesis of PRRSV in boar semen 
We have previously described the presence of PRRSV 
predominately in the ''cell fraction" of semen after cen
trifugation.6·7 Our current studies have also identified 
PRRSV in the semen of vasectomized boars indicating 
that the virus does not need to enter semen through sperm 
cells (unpublished data). Preliminary immunohistochem-
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istry and quantitative assays indicate the virus rriay be 
present in seminal macrophages, which may increase in 
number after PRRSV inoculation. We inoculated seven 
boars with PRRSV arid necropsied them at three weeks 
post-inoculation. None of the boars were viremic at the 
time of necropsy and six of seven boars were shedding 
PRRSV in semen. Tissues which were positive by virus 
isolation consisted of tonsil (six boars), inguinal lymph 
node (four boars), mesenteric lymph node (two boars), 
penis (two boars), thoracic lymph node (one boar), epid
idymis (one boar), thymus (one boar), liver (one boar), 
lung (one boar), testicle (one boar), ductus deferens (one 
boar), heart (one boar), fecal (one boar) a11d preputial gland 
(one boar). Tissues from which all seven boars were posi
tive by either VI or PCR included tonsil and thoracic 
lymph node. These findings indicate that the source of 
PRRSV in semen is predominately from viral replication 
in lymphoid tissue and not necessarily from the repro
ductive tract itself. Further studies are needed to define 
the role of lymphoid tissue in the dissemination of PRRSV, 
particularly dissemination into boar semen. 

Conclusions regarding PRRSV 
shedding in boar semen · 

• The presence of PRRSV in boar semen should be 
considered a potential source of transmission of the 
virus to seronegative sows or gilts. 

• The PCR test is a useful test to detectPRRSV in boar 
semen since neither serostatus nor viremia may be 
adequate indicators of when boars are shedding 
PRRSV in semen. 

• IfPRRSV is detected by the PCRtest, it is mostlikely 
infectious virus. 

• A minimum of 10 mL. of raw semen transported to 
the laboratory on ice is recommended for the detec
tion of PRRSV by PCR. 

• The duration of PRRSV shedding in semen has been 
· estimated to be approximately 39-40 days after ini

tial exposure. Therefore, to I essen the risk of PRRSV 
transmission through boar semen, boars can be quar
antined for six to eight weeks and a semen sample 
can be tested for PRR.SV, or two to three semen 
samples collected once weekly could be submitted 
for PRRSV detection. 

• Extra-label vaccination of boars with the RespPRRS® 
vaccine will result in the vaccine virus being shed in 
semen, usually within the first three weeks after vac~ 
cination. Vaccination of boars, in general, eliminated 
or reduced shedding of wild-type virus in semen af
ter challenge. Some semen quality parameters may 
be effected by the vaccine, particularly after vaccina
tion and subsequent exposure to challenge virus. 
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DavidA. Benfield 

• PRRSV replication in lym
phoid tissue such as the ton
sil and lymph nodes (tho
racic and inguinal) appear to 
be the predominate source of 
virus in boar semen. Prelimi
nary immunohistochemical · 
results illustrate that PRRSV 
may be found in non-sperm 

Figure 1. ELISA SIP ratios of long term viremic pigs 

. cells. 

PRRSV infection 
in sows/gilts 

Gilts/sows and long term 
viremic pigs. (LTVP) 
Acute PRRS in the breeding herd 
is associated with an increase in 
stillbirths, mummies, and 
preweaning mortality, resulting 
in a decrease in total and liveborn 
litter sizes.1•2 For some time we 
have pondered the significance of 
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pigs that are live-born to gilts/ 0 
sows infected with PRRSV after 
85 days of gestation. Many of 
these pigs often appear to be un-
thrifty or weak at birth, and rrtay 
either die, gradually improve and 
gain weight or become "drop- 0 
off' pigs in the nursery. 1•2 Ex peri-
mentally, a high percentage of 
these live-born pigs are viremic 
at birth and remain viremic for 
extended periods of time. Our experiments, which are still 
in progress, indicate that many ofthese pigs are still 
viremic at six to seven weeks after birth. Others have re
ported that these pigs may remain viremic as long as 11 
weeks after birth. 12 For lack of a better term, we have la
beled these animals "long term viremic pigs (LTVP)." 
Although our experimental results . are preliminary, we 
have been monitoring clinical signs, viremia and serostatus 
of pigs born alive to sows inoculated intranasally at 85 to 
90 days of gestation with either the prototype VR-2332 
or the 23983 field isolates of PRRSV. Pigs remained on 
the sow until weaned at 19 days of age. Data from a lim
ited number of litters, lead us to the following conclusions: 

• Infection of giltS!so\¥s between 85-90 days gestation 
does not necessarily result in a high number of still
births and abortions. The four sows used in our study 
farrowed between 114 and ns days, and averaged 
two.stillborn pigs per litter. 
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• Most of the· pigs born to sows infected in late gesta
tion are viremic atbirth. In our study, 31/40(77,5%) 
of the live-born pigs were· viremic. This is similar to 
a previous report in which 33/44 (75%) pigs born to 
gilts infected at 90 days of gestation were found to 
be infected with PRRSV. 12 

• The nine pigs born aviremic were quickly exposed to 
· virulent virus from littermates, as all were viremic 

within one week after birth. These pigs were 
confirmed to be aviremic at birth by virus isolation 
and polymerase chain reaction. 

• Approximately 50% of the pigs born live to these sows 
were unthrifty and weak at birth. The remaining pigs 

. appeared rather robust and healthy. In our study, 17 I 
40 ( 42.5%) of thesepigs died 1 to 22 days after birth. 
Several that died in the first week were too weak to 
adequately nurse, and probably died as a result of 
starvation, 
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• In the pigs that died, PRRSVwas isolated from vir
tually every tissue examined, including 18/25 umbili
cal cords. 

• Approximately 40% of the pigs developed severe 
dyspnea (thumping) within 2 to 14 days after birth. 
Secondary Streptococcus suis infection was diagnosed 
in 22 of the surviving pigs beginning at 10 days of 
age. 

• Viremia persisted in the surviving pigs in the pres
ence of rising S/P ratios of PRRS antibodies as deter- ··. 
mined by ELISA (Figure 1). 

• At six to seven weeks of age, the level of viremia 
appeared to be declining as fewer and fewer pigs were 
positive for virus by virus isolation. However, viral 
RNA was still detected using the polymerase chain 
reaction, which is more sensitive than virus isolation. 

• Studies to determine how long LTVP.shed.virus are 
in progress, as are experiments to demqnstrate if 
PRRSV persists in various tissues of these pigs for a 
·period of time after viremia declines or is eliminated. 

Implications of our results onLTVP 
Based onour limited experimental data, we postulate that 
~ubpopulations of LTVP probably exist in most· swine 
herds experiencing chronic PRRSV problems in the faF 

" rowing and nursery units. Although we are not certain 
when and for how long LTVP shed virus, it is highly prob
able that viremic pigs with rising antibody titers are shed
ding virus most of the time. The presence of LTVP · in 
herds can also provide answers to other observations on 
the epidemiology of PRRSV 

ing, · LTVP are still viremic and become a source of 
virus for naive pigs mixed in commingled nurseries. 

• Persistence of PRRSV in large herds with high gilt 
replacement rates results from the introduction of 
naive gilts into a ppsitive herd, and the existence of 
"negative subpopulations" ofgilts persisting in the 
herd; 13 In addition, subpopulations of LTVP are cre
ated in these herds as a result ofinfection of naive 
gilts late in gestation. The LTVP then perpetuate 
PRRSVin both the farrowing and nursery units. 

• The management protocol developed by Dr. Scott 
Dee14, which involves immune stabilization of the 
breeding herd (no viral spread to breeding animals) 
and nursery depopulation may also reduce or elimi
nate subpopulations of LTVP. This results in fewer 
reservoirs of PRRSV in the herd and a gradual im
provement in the herd production profile. 

• Vaccination of breeding age females to reduce the 
risk of PRRSV infec;:tion in late gestation would pre
sumably either preverit the birth· of viremic pigs or 
substantiallyreducethe number of pigs born infected 
with PRRSV. . 

• Serological profiling ofantibodyin pigs from farrow
ing to weaning may provide a tool for the 
identification of LTVP. Early identification of pigs 
with rising antibody titers and a persistent viremia 
may allow for early elimination of LTVP, which 
would reduce the viral load in the nursery and the 
incidence of chronic PRRS. 
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Strain variation in PRRS virus 
Michael P. Murtaugh, PhD~ Vivek Kapur, BVSc, PhD~ Kay .Faaberg, PhD 
Department of Veterinary PathoBiology, University of Minnesota 

The nucleotide sequences of genes for the structural pro- showed that while European and US isolates of the PRRS 
teins of the porcine reproductive and respiratory syndrome virus may have evolved from a common ancestor, there 
virus (PRRSV) was determined for 10 isolates from the was substantial variation at the nucleotide and amino acid 
midwestern United States. Comparisons among strains levels. For instance, there was only 55% identity in the 
showed that variation in primary nucleotide sequence be- amino acid sequence of ORF 5 between the US andEuro
tween isolates ranged from 2.5% to 7.9% for each of six pean isolates. 
genes. In contrast, a previously described PRRSV isolate 

In order to determine the amount of genetic variation 
(Lelystad strain) from Europe was, on average; 35% dif-

among isolates recovered from infected swine in the US, 
ferent from US clones. These results provide direct mo-

and to understand the molecular mechanisms that govern 
lecular evidence that US and European PRRSV isolates 

the evolution of the PRRS virus, nucleotide sequences from 
represent genetically distinct groups of the same viral fame· 
ily. Open reading frame (ORF) 5: a putative envelope pro- ORFs 2 through 7 of ten US isolates were characterized~ 

The results reveal substantial nucleotide diversity among 
tein, was the most polymorphic, and ORF 6, the viral 

the individual isolates,and suggest that the virus is evolv
membrane protein, was the most conserved. This indicates 
that substantial differences in the levels of nucleotide di- ing by processes other than the simple accumulation of 

random neutral mutations. Moreover, the data indicate that 
versity occur among individual ORFs, and suggests that 
the virus is evolving by processes other than the simple intragenic recombination has played an important role in 

the genetic diversification ofPRRS vi.rus 1"solates, and that accumulation of random neutral mutations. Statistical 
evolutionary pressure has· acted to maintain primary amino analysis provided evidence for intragenic recombination 
acid structure of individual ORFs. 

or gene conversion in ORFs 2, 3, 4, 5, and 7, but not in 
ORF 6. However, even though evidence ofrecombination 
is present, the amino acid sequence of PRRS virus pro
teins tends to be conserved. 

Introduction 

Methods 
The VR~2332 strain of the PRRS virus was a fourth cell 
culture passage of ATCC VR-2332 grown on CL2621 
cells8, The other virus strains were field isolates cloned by 
the University of Minnesota Veterinary Diagnostic LaboPorcine reproductive and respiratory syndrome (PRRS), 
ratory by limiting dilution. The isolates are described in 

characterized by late-term abortions and stillbirths in sows 
Table l.Viral stocks were grown on CL2621 cells; Cells and respiratory difficulties in nursery pigs, was reported 

in North America in 1987', and in Europe in 19902; The were cultured in MEM supplemented with 4~10% fetal 
virus is recovered primarily from alveolar macrophages calf serum in a 5% humidified COz atmosphere at 37oC. 

of infected swine and is a small, enveloped positive- Total RNA from infected cell supernatants was isolated 
stranded RNA virus3• It is classified in the arterivirus group by acid· guanidine phenol extraction9 and reverse tran-

. which includes the PRRS virus, equine arteritis virus scribed. For PCR reactions, primers were synthesized 
. (EAV), lactate dehydrogenas~celevatingvirus (LDV), and based on VR-2332 sequence and designed to amplify re~ 

simian hemorrhagic fever virus (SHFV), based ori mor- gions encompassing each ORF. Briefly, 20 J.!l of eDNA 
phology, genome organization, transcriptional regulation, was amplified in a 100 J.ll reaction volume. Nucleic acids 
and> macrophage specificity.4 were denatured at 94 T, followed by 30 cycles at 55°C for 

30 seconds, 72°C for 45 seconds, and 93°C for 45 sec
The American and European isolates, VR-2332 and 

onds. Automated DNA sequencing reactions were per~ 
Lelystad virus (LV), respectively, show a high level of 

formedaccording to the directions provided bythe sup
molecular and antigenic variation. A comparison of 24 field 

d · 1 · 1 t f E. · d N th plier (Applied Biosystems Inc.,· Foster City CA) using a sera an seven vua 1so a es rom • urope an or 
America (5) found that the European and American iso- PE 480 Thermocycler. Sequencing primers were selected 
lates were immunologically distinct and had nojcommon from sequences within the PCR fragments. The nucleic 

acid sequences encoding ORFs 2 through 7 of the isolates 
antigens. The complete 15 kb nucleotide sequence of a 
European isolate (Lelystad strain) of the PRRSvirus6, and are deposited in GenBank with the following accession 

numbers L39361 (IA-1), L39362(IA-6), L39368 (NE-1), the structural protein coding region was characterized from 
the US isolate VR-23327 were determined. These studies L39367(M0-1), L39365 (KY-1 ), L39364 (KS-1), L39363 

(IL-l), L39366 (MN-1),L39369 (SG-1), andU00153 (VR-
2332): 
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Table 1: Properties of 10 PRRS virus isolates from the midwestern United States 

Isolate 
VR-2332 
IA-1 
IA-6 

· NEc1 
M0-1 
KY-1 
KS"1 
IL-1 

MN-1 
SG-1. 

Date of Isolation 
12/89 
5/91 
9/91 

. 4/91 
3/92 
9/91 
5/92 
3/92 

12/90 
11/91 

*Porcine alveolar macrophages 

Origin 
Minnesota 
Iowa 
Iowa 
Nebraska 
Missouri 
Kentucky 
Kansas 
Illinois 

Minnesota 
Minnesota 

Source 
lung 

· .lung, heart 
tissue 
lung 
lung, spleen, heart 
lung· 
lung 
lung, brain, heart, 
spleen 
lung 
brain, lung 

PAM* vs CL262 
positive/positive 
negative/positive 
positive/positive 
positive/positive 
positive/positive · 
negative/positive 
negative/positive 
positive/positive 

positive/positive 
negative/positive 

Table 2: Properties of nucleotide sequences of 6 ORFs characterized from 10 PRRSVisolates 

Gene Sequence Number None hanging Changing Total Signif. 
length of substitutions* substitutionst Diversity* (p value)§ 

variable 
sites 

ORF2 771 134 0;119±0014 0.030±0.004 0.050±0.004 .0110 
ORF3 765 145 0.143±0.016 0.042±0.004 0.065±0.005 .OCHO 
ORF4 537 98 . 0.141±0.020 0.034±0,005 0.058±0.006 .. 0010 
ORF5 603 157 0.213±0,022 0.063±0.006 
ORF6 525 60 0.1 01±0.015 0.018±0.004 
ORF7 372 64 0.135±0.023 0.027±0.005 

*number of nonchanging substitutions per nonchanging site12 

t number of changing substitutions per changing site12 

+total nucleotide diversity12 

§probability of recombination, significance level is p<.05. 

0.097±0.007 .0001 
0.038±0.004 .4080 
0.050±0.006 .0001 

·Table 3: Pairwise comparisons among midwestern US isolates of the PRRS virus forthe region encoding 
ORFs 2 through ORF 7* . 

IA-1 IA-6 IL~1 KS-1 KY-1 M0-1 NE-1 SG-1 VR23.32 
IA-1 0.045 0.055 0.053 0.071 0.073 0.059 0.058 0.047 
IA-6 146 . 0.048 0.059 0.072 0.077 0.055 0.063 0.045 
IL-1 180 157 0.052. 0.074 0.079 0.059 0.065 0.049 
KS-1 172 193 168 0.072 0.074 0.050 0.064 0.0.37 
KY-1 232 235 242 236 . 0.047 0.066 0.064 0.054 
MN-1 181 194 180 108 218 . 0.073 0.047 0.065 0;032 
M0-1 239 252 256 241 153 238 0.073 0.065 0.061 
NE-1 192 180 193 162 216 152 237 0.058 0.025 
SG-1 188 204 211 208 208 211 212 190 0.050 
VR2332 154 145 159 122 175 103 200 83 162 

*Percent differences and total number of nucleotide differences are presented above and below the diagpnal, 
respectively.· .· · 

Sequence data were assembled and analyzed with com~ sylvania State University, Happy Valley PA), and PAUP 
puter programs and phylogenetic analysis of the compiled 3. i .1 10• The robustness of the phylogenetic analysis and 
sequences was. performed with distance-matrix, maxi..: significance ofthe branch order was determined by boot
mum-likelihood, and parsimony methods, with PHYLIP strap analysis", with 2000 replications. Individual ORFs · 
3A (J. Felsenstein, University ofWashington, Seattle WA), were analyzeiffor pairwise comparisons asdescribedY · · 
the programs NJTREE and NJBOOT (T.S. Whittam, Penn-
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ReSults .and discUssion 

Properties of PRRS virus :gene sequences·· . 
Complete nucleotide s~quences ranging. from 3256 to 
3260 bp of ORFs 2 through 7 were deteri:illned for the .l 0 · 
PRRSV isolates. Alignment of the full length nueleotidef 

· sequences from the 10 isolates ·resulted in a coi}.serisus 
· .. sequence of 3266 bp with ~(total of 611 polymorphic 

nucleotide sites (Table 2). The total nucleotide diversity 
of individual ORFs ranged from0.038 ± 0.003for ORF 6 

· to o:o97 ± 0.007 for· ORF 5, with a mean riudeotidedi- · .. ··· 
·. versity foi:"all six· QRFs of 0.060 ±0.008 (T~ble:2): This 
indicates tha~ there are _substantial qif(erences in the ley-, 
els:of .total nucleotide diversity among the individual 
ORFs, and suggests tliat the viruS' is evolving by mech~h 
nisms other than the simple accuinulati(m of random neu- . 
tral mutations. For instance, it is possible that host selec-

. tive pressure may play a role in enh.a11cjng the nucleotide. 
substitution rate for specific ORfs. An alternate hypoth
esis is that intra genic. recombinatipn. has occurrep iri . 
specific regions of the viral genome, r~sulting in an el
evated or depressed nucleotide substituti,on. rate in these 

. regi9ns .. 

-i 

· Patt~ms of nu~leotide. substitution 
. ....• :. 

,..._------~..--··. IAl 

~------------ IA6 

a....;.,; ______ _,_;..__ ILl 

,.....---------,- KSl. 

'---------- MNl 

.. ,'.". 

. VR2332 ·. 

,............, _________ SGl 

-98 ,.......-------- I<Yl 

·. 100 . 

~--------------MOl 

One me¢.od of determining whether there. is evolution~ Figure 1 .. Dendrogram showing relationships among · 
ary pressure .on specific genes to mutate ill response to the 1 0 PRRSV isolates from the midwestern U.S. 
host selection or to increase the fitness ofthe organism is, characterized in this study. The figure is an unro.oted · 
to obtain the ratio of the number of nucleotide substitu- bootstrap tree for the 3266-bp fragment constructed 

'tions that result in amino acid replaceinent to those that with the program PAUP 3:1.1 10• The values {e~g., 88 
·do not, since only changes w}lich alter the .a.Inino acid and 1 00) adjacent to each 'node represent the . 
seqiumce of a protein have thepotential to "affect its func~ · percentage of 1000 bootstrap trees that supported 

_ tion\Since the nmnber()fhucleotide substitutions between the, Clusterin-g to the right. Values <50% are not . 
all possible pairs of sequences is large, and in many in~ shown ... ·· . . . . . . 
stances there are two or more nucl~()tide differences within· · · · · · • · · · · • • · · 
a single c<;>don, it is difficult to distinguish between sub~ ·. . •· · ·: . . . ·. . , ··•·• ·.·. · ·· .· 
stitutioris whi.::h do or do not change protein sequence by 7.9% for the isolates ILl and MO 1 (Table 3): A phyloge-

. . netic tree constructed for the comple_te region seque_nced simple visual examination. Hence; a· statistical method 
which discriminates ·b'etwe~n these types of di.fferences -indicates that the ten US isolates grouped together into 
was usedto show a three- to five-fold excess oflike ver~ three clristers;coll.sisting of isolates IAl, IA6 and ILl; 

·I"k. ··b'· ·· · ' th · ·. · aRF·· ·di · -KSl,MNl,NEl apdVR2332;•arrdSGl,KYl,andMOi 
sus un 1 e su stitutwns m e st.(( co ng reg10ns (F" l) H - . tli . · d £ · . · 
(Table 3). For instance, in the ORF 5 coding region, a: .•~ur~: '.-o~eve_r,smc;,th.eretseVI ence oo~tragemc _· . 

. valueof0.213±0.022 was obtainedforlikechanges while : ~ecdmth m;ti~ 10 II1allY0 . e J~n~~equeices c aracter- . 
a value of 0.063 ± 0.006 was obtained for unlike changes, .tze ' .. e ·hen1. rogramfprhesent~. 10 . difW.re .. represdie.ntsthan 

· ti f3 38·1 s· ·1 1 £ th ORF6 . th averagep yogenyo t eregwnan .maynotpre ct e 
art~ 0 0 

5·· 6.: 1: -"T· ·h. ~m~ ardi_ . y, ·1· ()rt'h et .th . se,quel nt?e~ ,. e .actual evolutionary history of these viruses:Wheri the 
.ra to was · , : . ts m ca es a ere ts evo u tonary · . . . ·. · · · · · , . .· 
· · · t · · 'th . · · . · tru ·t .... · ·f.th · ···:· · .. 1·_ .· nucleottde sequence from the correspondmg region of the_ 
pressure o conserve e pnmary s. c ure 9 . . . ese v~r~ E . . . . . PRRS . ._ ·. 1 L .1 . d · . · 1 d d 

roteins. · · ·· · · · · . •. · uropean . vtrus tso ate, e ysta vtrus_, was me u . e . 
p ·in the analysis; it always'Clustered as an outgroup with a 

Ph 1 · 1 · hi · ' ; · '' · ·. . branch length of, on average, more than an order of mag-
Y ogene11c re auons . ps among P~SV. . nitude longer than the distance b.etween any two of the 

isolates . . . . . ' us isolates. · · - · · 
Pairwise comparisons ofthe iO nucleotide sequences re--. 
vealed mean nucleotide divergence ranging from a low 
of2.5% for the isolates •NEl .and VR2332 to a high' of . , · ·, 
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Intragenic recombination in PRRS virus rus. It is likely that regions such as ORF 6 will be better 
genes .. for reconstructing theo true evolutionary history of the 

Prompted by the finding of heterogeneity in nucleotide species. 
substitution rates among the PRRSV gene sequences, we. 
examined the pattern of distribution of polymorphic sites 
in individual ORF allele~ for evidence of intragenic re
combination or gene conversion. An analysis of 611 poly
morphic nucleotide sites revealed strong evidence for in
tragenic recombination. In a pairwise comparison of the 
10 viral strains, the observed differences were all highly 
significant (P- 0.005). These data provide strong statisti
cal evidence for intragenic recombination in the PRRSV 
genome. In addition, a plot of the distribution of observed 
gap lengths and the probability of occurrence of the same 
gap length in 10,000 randomly permuted sequences re
vealed the presence of several fragments between 9 and 
68 nucleotides in length that may represent intragenic re
combination events (data not shown). 

In order to identify specific genes of the PRRS virus ge
nome in which intragenic recombinational events may 
have occurred, the six individual ORFs were analyzed. 
The data provide statistical evidence for intragenic recom
bination in ORFs 2, 3, 4, 5 and 7, but not ORF 6 (Table 
2). Further, an examination of the pattern of variation 
among the 10 PRRSV sequences by the construction of a 
haplotype plot revealed several possible intragenic recom
binational events. For instance, the haplotype plot of ORF3 
(Figure 2) from isolates MNl, ILl, and KSI show that 
isolates ILl and MNl have a similar pattern of nucle
otide substitutions at the 5' end of the gene, and that this 
pattern is quite distinct from that of isolate KS 1 in the 
same region. However, in the central portion ofthe gene, 
ILl and KS 1 have virtually identical sequences, both of 
which are substantially different from that of MNl.This 
indicates that some regions of the PRRS virus genome 
may have different evolutionary histories. Simply put, the 
PRRSV genome may represent a mosaic of RNA frag
ments from several distinct genetic backgrounds. 

Taken together, the data indicate that a majority of the 
genes in the PRRS virus genome are likely to have had 
one or more episodes of intragenic recombination. An 
important implication of these results is thatthe construc-
tion of phylogenetic trees of ORFs 2, 3, 4, Sand 7, all of 
which have evidence of recombination, may not be of 
value in determining the evolutionary history of this vi-

MN1 I I Ill 

IL1 I I Ill 

KS1 Ill II II I I 

How old is the PRRS virus? 
Epidemiologic studies suggest that the PRRS virus has 
only been recently introduced into pigs; the disease was 
detected in North America in 1987 and was subsequently 
identified in Europe in 1990. However, the age of the 
PRRS virus, that is, the time sinceit diverged from its 
most recent ancestor, remains unknown. Studies of mo
lecular evolution have shown. that the rate of nucleotide 
substitutions in genes and genomes may be used to pro
vide estimates of the time of divergence of a species13 • 

For the influenza yirus, the rates of nonchanging substi
tution sites per year of the hemagglutinin, neuraminidase, 
and nonstructural protein genes were estimated to be 
0.014, 0.011, and 0.009, respectively14• Based on the as
sumption that the mutation rate of ORF 6 represents the 
overall mutation rate for the virus in the absence of re
combination, and that the overall non changing nucleotide 
substitution rate is the same for influenza and PRRS vi
ruses, we estimate that the total amount of nucleotide 
variation in the sample of ten isolates that were examined 
can be accounted for by 6 to 14 yrs of virus evolution 
(mean- 9 yrs). These results are consistent withthe epi~ 
demiologic observations that suggest that the virus· 
emerged as a swine pathogen approximately a decade ago. 
Estimates of the time of divergence of US from European 
strains are more difficult to obtain since the levels of varia
tion between the isolates are extremely high. For instance, 
the ORF 6 gene for the Lelystad virus and the US strains 
has, on average, only 45% sequence identity. Moreover, 
the degree and nature of genetic diversity among Euro
pean PRRS virus isolates is also unknown. 

In sum, our results indicate that PRRS virus isolates re
covered from swine in the midwestern US are evolving 
by both the accumulation of random neutral mutations, 
as well as by intragenic recombination. Further, the data 
indicate that there is substantial nucleotide variation be
tween US and European PRRS virus isolates. 

I I IIIII I I II 

111111 II I 

111111 II I 
Figure 2. Schematic representation of the pattern of variation in ORF 3 among 3 isolates of PRRSV. The 
open rectangles represent the 765 bp ORF 3 gene from isolates MN1, IL 1, and KS1, and the vertical lines 
indicate the position of polymorphic nucleotide sites in the gene. 
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Dual Infection ofPRRS Virus in Newborn and. 
Postweaning Pigs 
HanSoo Joo, DVM, PhD; Bong Park, DVM, MS 
Department of Clinical and Population Sciences, University of Minnesota 

Newbompigs are expected to be protected from PRRS SN titer of 1 :2 atthe challenge(?daysof age). Both large 
virus infection if they suckle the colostrum of immune and small plaque viruses were isolated· from the piglets 
sows. Under field conditions, activeinfection occurs com- after challenge withPRRS virus MN-HL (Table 1). Dual 
manly in piglets between 6-8 weeks of age on endemi-. infection with large and small plaque viruses was evident 
cally infected farms. This finding supports some degree in 3 of 10 challenged and 4 of 10 contact control pigs at 
of protection against infection/in newborn pigs. Recently, 21 days of age (2 weeks post-challenge). 
a significant protection of viremia upon homologous chal-
lenge was demonstrated in the piglets. when their sows Dual PRRS virus infection in 3-
were exposed prior to conception and the piglets were. 
fedthe colostrum. 1. week old pigs 
Piglets can also be bornwith virus and/or specific anti
body to PRRS virus. 2 These pigs are usuallyweak at birth 
and may die or survive without major health problem. 
The survived pigs become persistent carriers and a major 
source of virus transmission. In such cases, a protective 
immunity did not play a role in inhibiting viremia. In gen
eral, protective immunity against PRRS virus is still poorly 
understood. 

In this report, we report a persisting viremia of in utero 
infected pigs and results of subsequent challenge to the 
pigs with a plaque marker virus. Using the plaque marker 
virus, a dual infection was also demonstrated in 3-week~ 
old pigs. 

Dual.PRRS virus infection in 
newborn pigs 
Two late-term pregnant sows were inoculated intramus
cularly at 86 daysofgestation with PRRS virus MN-HS, 
a small plaque variant (<2 mm in diameters). The MN
HS strain has been demonstrated to be low pathogenic 
for late-term pregnant sows.2 The sows delivered healthy 
litters with 12 and 13 liveborns, respectively. Ten healthy 

. pigs from each ·litter were selected and bled at 1 and 7 
days of age for virus isolation. At 7 days of age, 5 piglets 
from each litter were challengedintranasally with PRRS 
virus MN-HL, a large plaque variant (~2 mm in diam
eters). Theremaining littermateswere maintained in con
tact with challenged pigs. 

Of 10 selected liveborns from litters A an dB, small plaque 
PRRS virus was isolated from 5 and 2 pigs at 1-day of 
age, and 10 and 8 pigs at 7 -day of age, respectively (Table 
1). All pigs at different ages showed high PRRS virus 
IFA titers, ranging 1:64-1:1,024. However, SN titers of 
the pigs were negative or very low. Seven of 20 pigs had 

94 

----------~------------------~~~ 
Ten 3-week-old seronegative pigs were used. Sjx pigs were 
housed in an isolation room and inoculated intranasally 
with PRRS virus strain MN-HS. The remaining 4 pigs 
were housed separately and used as controls. At 14 dflYS 
postinoculation (PI), 6inoculated, and 4 control pigs were 
housed in a room and challenged intranasally with PRRS 
virus MN-HL. Following challenge, virus was isolated 
and plaque size of the isolates were determined. 

A short term viremia was evident in 5 of6 pigs following 
the initial infection. Dual infection of MN-HS and MN
HL was demonstrated in 4 of 6 challenged pigs. Infection 
of the large plaque virus was evident in all 4 control pigs 
(Table 2). 

Present results demonstrated dual infection of PRRS vi
rus MN-HS and MN-HL in newborn and postweaning 
pigs. Such demonstration was possible because PRRS 
virus with different plaque markers was available. Vire
mia was persistent in the newborn pigs ofthe sows in
fected during a late term gestation, and virus. spread oc
curred readily within the littermates, despite ofsuckling 
the colostrum. These results suggested that protection of. 
the piglets from PRRS virus infection by maternal immu- . 
nity may notal ways occur. Failure to provide a protective 
immunity in this study may have been due to a short du- . 
ration (28 days) between infection and colostrum produc
tion in the sows. A complete protection of viremia in new
born pigs reported was probably due to the longer duration 
and sufficient immunity produced by the sows. 

The small plaque virus maintained the characteristic of 
small plaque in diameter during the passage in the sow 
and the piglets. However, the large plaque virus appeared 
to be changed in diameters during the passage in pigs 
showing both large and small plaque viruses. 
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Table 1. Virus isolation and plaque size determination from pigs of sows infected with. 
PRRS virus HS strain at 86 days of gestation 

Days of age 
Group Pig No. 1 7 10 14 17 
Challengea A1 s LS LS s 

A2 s s LS LS LS 
A3 s s s s 
A4 s s L LS 
A5 s s s s s 

Contact A6 s s s s s 
A? s s L L 
AS s s s s L 
A9 s s s s 
A10 s s s L 

Challengea 81 s s s s 
82 s LS s s 
83 s s s 
84 s s s s 
85 s s s 

Contact 86 s L s L 
87 s s s L 
88 s s s s 
89 s s s LS LS. 
810 s s s 

a Challenged pigs A 1-5 and 8 1-5with HL virus at 7 days of age 
-= No virus isolated; S = Small plaque virus isolated; L = Large plaque virus isolated 

Table 2. Virus isolation and plaque identification of PRRSV isolates 
in the experimentally exposed 3-week old pigs 

Days after primary exposure 

21 
LS 
s 
s 
s 
s 
s 
s 
s 
·s 
s 

LS 
s 
LS 

LS 
s 
s 
LS 
LS 

Pig8 0 4 7 11 14 18 21 25. 
81 
82 s s LS LS 
83 s LS L 
84. s s s 
85 s LS s s 
86 s LS s s 
93 s LS s 
94 L LS s 
95 LS LS LS 
96 LS L LS 

28 

s 
LS 
s 
LS 

s 
s 
LS 
LS 

a Pig 81-861nfected with HS virus atdayO and with HL virus at day 14; Pigs 93-961nfected withHL virus at 
day 14 
-= No virus isolated; S = Small plaque virus isolated; L = Large plaque virus isolated 
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Pathogenesis of the porcine reproductive and 
respiratory syndrome virus 
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Introduction· 
Porcine reproductive and respiratory syndrome (PRRS) 
is a new disease characterized by severe reproductive fail
ure in sows and respiratory disease in nursery and grow
ing pigs. 

The etiologic agent was first isolated in Europe1 and des
ignated Lelystad virus (LV). In 1992 in the USN an anti
genically distinct but structurally related strain was iso
lated. 3 It has been reported that the causative agent of 
PRRS preferentially replicates in vitro in primary cultures 
of swine alveolar lung macrophages4, although it is able 
to grow in other susceptiblecelllines,4•5 

The genome of the PRRS virus has eight open reading 
frames (ORF).6 ORF-7 is predicted to code for the nucleo
capsid protein, and ORFs 2, 3, 4, 5 and 6 probably en~ 
code viral-associated proteins. 

The purpose of this presentation is to review the scientific 
discoveries in the understanding of the pathogenesis of 
the PRRS virus, mainly the pathogenesis on the repro
ductive tract. The molecular mechanisms of the patho
genesis on infected cells will also be discussed. 

Viral pathogenesis on the 
reproductive tract 
PRRS has an incubation period that can vary between 5 
and 35 days.7•8 Pigs become infected with the PRRS virus 
by direct contact or by aerosol exposure. 1 The virus pri
marily replicates in alveolar macrophages, although oth
ers have indicated a first replication in the nasal and bron
chial epithelia.9 From the lung, the virus is able to spread 
in the blood alone or in association with leukocytes or 
monocytes. Viremia can be detected from 1 to 56 days 
post-infection. 8 The virus reaches different organs via the 
blood, including the spleen, where spleen macrophages 
probably support viral replication. 

- In pregnant sows, the virus can reach the placenta and the 
fetus, thus inducing fetal death. In the placenta, the virus 
is not strictly associated with the blood cells as isolation 
is possible in both serum and in peripheral leukocytes. In 
pregnant sows experimentally infected with the virus, a 
higher incidence of transplacental infection was observed 
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in those that were exposed to the virus after 90 days of 
gestation. This fact was in correspondence with the main 
reproductive failures observed as premature farrows, or 
still-borns. In the fetus, the virus was isolated from lung, 
liver, kidney, serum and other corporal tissues; the virus 
was not. successfully isolated from mummified and· au
tolytic fetuses. 10 

Although the PRRS virus induced reproductive failure, 
experimentation during early-term gestation is more 
difficult; therefore, the pathogenesis during this period is 
poorly understood. During this period, researchers have 
described sows returning to estrus and low conception 
rates that could indicate that early transplacentary infec
tion is possible, causing the end of gestationY In one 
study, researchers exposed sows oranasally to PRRS vi
rus during early (at or about 30 days of gestation) or late 
(at or about 90 days of gestation). Although all sows de
veloped PRRSV-specific antibodies, transplacental infec
tion occurred in all of the litters exposed to PRRS virus 
during late gestation, but only in 2 of 8 litters exposed at 
30 days of gestationP On the other hand, exposure of 
gilts to PRRS virus near the time of conception did not 
reduce conception rates, even though maternal infection 
with the virus at the time of conception could lead to trans
placental infection of embryos. 13 Also, intrauterine expo
sure to PRRS virus at the time of breeding does not have 
an effect on conception, based on studies in which the 
virus has been mixed with semen and inseminated into 
sows1\ although semen containing PRRS virus could re
sult in transplacental infection of embryos. 

In experimental infections of sows in the second-third of 
gestation, researchers observed that the virus was not 
present in the fetus, but when the virus was inoculated 
directly irito the fetus, viral replication could be supported. 
This suggests more than a failure in the susceptibility of 
the fetus, but a difference in placenta permeabilityP Ex
perimental infection of sows in late gestation by the in
tranasal route rendered significant lesions in the placenta 
as multifocal vasculitis. This could possibly lead to fetal 
death by hypoxia. Microseparations in the mother~fetal 
epithelial joinings may also occur. Because of the impor
tance of epithelial cells. in nutrient transport in the pla~ 
centa, this could cause the delayed development observed· 
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in live-born pigs.160tber authors, however, have observed 
only miometriallesions.17 

Diminished semen quality was first reported in artificial 
insemination centers where semen from infected boars 
was used. 18 Subsequently, differences in quality were ob
serveu in semen collected from boars experimentally in
fected with the PRRS virus versus semen from uninfected 
control animals. PRRS infection seems to decrease sperm 
motility in spermatozoa with normal acrosomes and in
crease the number of total abnormal forms such as the 
number of distal cytoplasmic droplets or tail abnormali
ties.19 Other studies, however, reported a decrease in vol
ume and arise in pH of the ejaculate but reported no post
PRRS exposure changes in other morphological semen 
features such as concentration or motility.20 Thus, these 
studies indicate thatthe PRRS virus can cause changes in 
semen quality, but these changes are not consistently ob
served. The virus clearly seems to be shed via semen20·21 
for at leastseveral weeks, although in a recent study this 
phenomenon was not consistently observed-probably 
dueto differences in the pathogenicity of the viral strain 
used. 19 Although the virus has been isolated from the bul
bourethral gland of one boar euthanized at 101 DPF2;it is 
not known ifthe presence of the virus in semen is due to 
its ability to multiply in the reproductive tract or if it is 
the result of the viremia. Experimentally, it has been pos
sible detect seroconversion and clinical sings of PRRS in 
sows inseminated with semen taken from animals infected 
by the intranasal route. These sows showed a delayed re
turn to estrus, suggesting that the PRRS virus from in
fected semen can cause early infertility in sows.21 

Viral pathogenesis on target cells 
The interaction between viruses and their hosts often re~ 
suits in death of infected cells. Sometimes viruses may 
benefit from such cytopathic reaction; for example, it may 
facilitate the exit of virus progeny from cells. The mecha
nisms used by viruses to produce cytopathic effects (CPE) 
in their host cells are not well understood. Such knowl
edge is essential to understanding the viral pathogenesis 
and development of novel antiviral therapies. Viruses can 
camse CPE by disrupting a variety ofcellular processes, 
including synthesis of nucleic acids and proteins, main
tenance of cytoskeletal architecture, and preservation of 
membrane integrity.23 

Several viruses, including chicken anemia virus, influenza 
virus, or human immunodeficiency virus, cause CPE by 
induction of a mechanism called apoptosis on target cell. 
The term apoptosis is derived from the Greek, meaning 
"falling off' (e.g., leaves), and describes an active and 
physiological type of cell death characterized morpho-
logically by nuclear fragmentation and cellular breakdown 
in apoptotic bodies and biochemically by chromosomal 
DNA fragmentation into oligonucleosomes.24 
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The PRRS virus is also an apoptotic-induced virus; more
over, in the course of the characterization ofthe viral prod
uct encoded in ORF-5 gene of the PRRS virus, it was. 
observed that its expression in mammalian cells as a single 
PRRS virus protein led to a rapidly-:acting and intense 
cytotoxicity. The ORF-5 gene product is, probably, the 
viral gene responsible for the apoptosis observed both in 
tissue culture cells infected with an adapted strain of PRRS 
virus and in swine alveolar macrophages with a PRRS 
virus field isolated. 25 

Conclusions 
Even though the. data obtained on the pathogenesis of 
PRRS virus in the reproductive. tract. can vary between 
different experimental studies (probably due to viral strain 
variation), it.seems dear thatthe virus is able to be trans
mitted by semen, and causes differences-albeit incon
sistent differences'-in the quality of the ejaculate of in" 
fected boars. In sows, the PRRS virus infection does not 
appear to influence in the conception·rate. Reproductive 
failure occurred more frequently during late-term gesta
tion comparedtnearly-term gestation. 

The PRRS virus is able to induce in infected cells a mode 
of cell death known as apoptosis, which occurs under 
normal physiological conditions. The protein encoded by 
the ORF"5 of this virus is a cause of this virus-induced 
cell death. This cell-mediated death may play an impor
tant role in the virus induced pathologies and warrants 
future investigations. 
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Single-site production {SSP): have I missed 
·something? · 
NeilS. Shantz, BSA, DVM 
Warman Veterinary Services, Warman, SK, Canada 

The great plains of Western Canada span an .area from 
central Manitoba to the foothills in Alberta. Centrally lo
cated on these plains is the inhabited area of Saskatchewan. 
The Canadian shield lies to the north of us in its fairly 
constant frozen state and to the south, of course, the great 
plains of the United States. Saskatchewan is an immense 
space characterized by high-quality air, large tracts of 
cultivated land, a low hog population, and the lowest cost 
cereal grains in North America. Based on this heavenly 
description of my home territory you may more quickly 
understand my probing question: multi-site/segregated 
early weaning-have I missed something? Let me explain 
further. 

Saskatchewan has a very modest swine production base 
of about 60,000 sows. Facilities built in the 1970s and 
early 1980s were very conventional. Some compartmen-

' talizing ofthefacilities occurred, but ultimately most ar-
eas of production were housed in a "continuous flow" 
environmfmt. By 1980 we began the first depopulations, 
which allowed even the poorest facilities to be restocked 
with pigs free bf A. pleuropneumonia, Mycoplasma 
hyopneumonia, swine influenza, PRRS and, of Course, 
pseudorabies. Access to stock of this health level has ac
tually been possible in Western Canada since about 1972. 
In our practice alone we have assisted with at least 40 
depopulation/repopulation procedures over the past 15 
years. I am only aware to date of one of these barns be
coming re-infected with Mycoplasma hyopneumonia. 
Presently, about 75% of the sow herds we visit are Myco
plasma hyopneumonia-negative. 

In 1988 we began to see a riew style of single-site pro
duction (SSP) facility built. They were essentially three 
barns built within 100 ft. of each other. One barn houses 
the breeding herd, one the farrowing and nursery rooms, 
and the third one the grow-finisher rooms. All of these 
barns are 400c-1200 sows farrow .to finish .. Most recently 
600 sow units, with plaris to double to 1200 sows, have 
been the norm. This effort to re.ach a minimum of a 600-
sow base was an attempt to maximize the efficiencies of 
marketing, with a minim1,1mof one semiload ofhogs going 
to market each week. In addition, this sizeimproved the 
efficiencies of feed preparation with computerized mills 
that will handle up to a 1200 sow farrow to finish unit on 
a daily basis. The ali-in-all-out (AI----AO) room system 
was applied not only in farrowing and nursery, but also 
right through to marketing. In some barns the design al
lows for only one move after nursery, while others em-
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ploy up to three moves. Through-the-wall designs are very 
common. Until 1994 there were only a few of these units 
in our praCtice (Le., five farms~approximately 4100 
sows); in the last two years, hpwever, this base of sows 
has almost doubled and it will increase by 30% again in 
1996 to totalfourteen farms representing 10,500 sows. 
The modern SSPJartn in our area processes 90-95% of 
all feed on-site from purchased ingredients. Distance has 
been atremendoils factor in driving this trend~ommer
cial feed mills are frequently two.hours from the farm . . 
site. Owners of these farms have developed good basic 
nutritionalknowledge, that hasfrequently included for
mulating their own diets facilitated by an independent 
nutritionist. The movement of pigs, feed, and people is a 
critical variable cost in our region. 

Prioritizing Preventative 
Medicine Strategies in SSP 
Assuming that SSP would remain, we needed to priorize 
preventative medicine strategies. We wanted a system that 
was predictable and sustainable. Thus the following list 
outlines the important health and facility strategies which 
I perceive tobe part of our basic production systems: 

• Single source of genetics, either of equal or higher 
level than is presently perceived on the farm. Main
taining as stable a breeding herd as possible from a 
disease perspective. This means focusing on the dis
ease status and the frequency of entry of all replace
ment stock, as well as detailed attention to daily com
fort of the breeding herd. 

• AI-AO rooms from farrowing to marketing. Mix
ing of age groups usually only happens when about 
70-80% of the pigs from a contemporary group have 
been marketed. 

• AI-AO rooms have allowed for improved sanitation 
in the grow-finisher stage where typically very poor 
sanitation practises have been followed. 

• A ventilation system thatis extremely predictable. 
Minimum temperature fluctuation (i.e., 1 o C ex:cept 
in warm weather). Very controlled relative humidity 
in farrowing and nursery rooms under minimum ven
tilation conditions. Adequate heat for total pig com
fort in all areas and a design to prevent recirculation 

' of exhausted air, thus allowing for ideal air quality 
with low dust and ammonia levels. The equipment 
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Table 1 Case Study Saskatchewan Feeder Barn {50- 230 lbs): Improved Health/Improved Genetics 

Days Barn Lbs. $1 
in Mort Index Feed turns per gain/sq pe 

Period barn o/o (premium) conv. year ft pen sp 
<::1980 145 3.5 102.5 3.4 2.2 48 31 
1980-91 108 1.0 105 3.2 3.1 68 45 
1991-93 93 <1.0 108.5 2.8 3.6 79 . 53 

Table 2 Farrow to Finish 400-Sow Unit: Depopulation/Repopulation & AI-AO 

Born 
F.R. Alive/Litter PMFY 

Before 94 10.7 22.7 
{1991) 
After (3 95.6 11.3 25.8 

rs 

Table 3 MERGE 20 - SSP - 800 sows: AI-AO to 
Market - 30 months 

Breeding Herd 
Weaning Age 

Weaning Weight 

Weight at 56 days 
Mortality in Nursery 
ADG in Nursery) 

Weight at 150 days 
Mortality in Gro-Finisher 
ADG in Gro-Finisher 

Market (1995) per inventoried sow 
Feed Intake (Postweaning) 

Feed Conversion (Postweaning) 
Feed Conversion (Whole herd) 
Mortality (6irth to Market) 

799 
23 
days 
17.6 
lbs 
571bs 
0.6% 
1.19 
lbs 
233 lbs 
1 .5% 
1.87 
lbs 
23.1 
4.62 
lbs 
2.76 
2.99 
8.9% 

now available allows us to accomplish all these goals. 
Much of the initial product came from Denmark and 
Holland. 

• Creating a weaned pig that is very stable from a dis
ease perspective. This meant developing pigs at wean
ing that were similar in their exposure to disease and 
consistent in their immune system response. This has 
meant maintaining a weaning age of, at least, 17 days 
and preferably 21 days. A portion of our farms still 
wean at 26 days with exceptionally good success of 
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Post 
Weaning AdjDTM 
Mortality (230 lbs) WHFC 

3.8 185 

2.1 145 2.99 

control of the "suis" diseases and PRRS virus. We 
have what we describe as a Strep suis cough occur
ring in many of the units at 17-21 days of age. I per
ceive this to be the time when complete colonization 
of the Strep suis bacteria on the tonsil may be occur
ring, especially for those pigs not previously exposed. 
Remember in our area that many of these units are 
free of Mycoplasma and A. pleuropneumonia. 

• Minimizing mixing after weaning. The barns have 
been designed for pens of 1.5 to 2 litters that will not 
be mixed once grouped at weaning time. Usually sex
ing occurs at this time, as well. About 10% of the 
pigs may be regrouped later for improved uniformity 
on a pen or room basis. 

• Vaccines have only been a small part of controlling 
respiratory diseases in our unit. PRRS vaccine has 
not been used in the breeding herd or the growing 
pig. Mycoplasma vaccine has been used in the breed
ing herd most frequently for acclimatization. 

Tables 1, 2, 3, and 4 illustrate some of the production 
levels that· have been sustainable and predictable in our 
region after depopulation and/or AI-AO facilities. 

Reviewing the Multi Site! 
Segregated Early Weaning/Age 
Segregated Rearing Concept 
There have been a variety ofindependent studies show
ing the production and financial impact of early weaning 
and segregated production. Dr. Kirk Clark's research at 
Purdue University reported in1994 was clear in its per
formance results. 
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Table4 Warman Veterinary Services: 5 Year PigCHAMPData Summary 

Sow Inventory 
No. of Farms 
Ave. Sow Inventory 
Farrowing Rate 
Born Alive/Litter 
Stillborns/Litter 
PMFY 
PWM(%) 
Ave. Age at Weaning 
Sow Death(%) 
Replacement Rate(%) 

1991 
.. 6322 

27 
234 
83.4 
10.5 
0.7 
21.9 
9.8 
24.4 
2.6 
50.4 

TABLE 5 Results of SEW Research 

Continuous 
SEW Flow 

Average Daily Gain 1.92 1.20 
lbs/day 

Feed Conversion 2.60 3.60 

Feed Intake lbs/day 5.00 4.30 

Days to 230 pmmds 140 220 

Mortality 2.00 7.00 

1992 
7603 
28 
272 
82.3 
10.5 
0.7 
21.6 
9.6 
24.9 
3.1 
47.0 

1993 
9032 
31 
291 
84.6 
10.5 
0.7 
22.2 
10.7 
24.7 
3.6 
55.9 

1994 
11711 
33 
355 
84.8 
10.7 
0.6 
22.3 
10.0 
24.1 
2.6 
38.3 

1995 
13903 
40 
348 
85.1 
10.7 
0.6 
22.5 
9.6 
23.7 
3.4 
40.0 

DE Paul Yeske9 summarized reports produced by Dr. Ralph 
Vinson7 and Dr. Rodney Johnson8 in areport.given at the 
Western Canadian Association ofSwine Practitioners in 
October 1995. 

Thi$ summary highlights the importance of improved 
genetics and AI-AO facilities on a gross revenue basis. 
These three reports all gave encouraging signals to the 
technologies of early weaning and segregated production. 

. However, it has been my impression over the last 24 
months that the initial concept, as it was clearly envisioned 
and described, is not being applied in a holistic system in 
many of the pig production units that have adopted it. 
Thus I see some of the following headlines or quotations 
appearing in the last 12 month period: 

It is noteworthy to observe that the vaccination of the sows 
in the research procedure had limited impact on disease 
transfer. Antibiotics, when used on the sows and piglets 
during the procedure, had no influence on those organ
isms that were lost and those that the piglets retained. 

"Strep suis and SEW-the one that got away"10 

"PRDC-these respiratory outbreaks seem to be worst 
in third site of the better functioning segregated early 
weaning three site systems"'' 
"If you wean 22 good pigs a year and they reach 110 
kgs in 160 days or less and they have a feed to gain of 
less than 3 and you continue to improve at the rate 
you have in the last 5 years, then you have nothing to 
fear from SEW"12 Other technologies, such as pulse medication, AI-AO 

procedure, and partial depopulations have, over the years, 
not been able to demonstrate the reported economic re
turns of segregated early weaning. Dr. Nate Winkleman 
translated these technology benefits into the economic 
v<ilue of a 10-week-old feeder pig. 

"Clear messages of caution about segregated early 
weaning production systems were expressed by swine 
specialists, veterinarians from the U.S. and Canada, 
when they met recently" 13 

Table 6 Economic Impact of Nursery Strategies 

AII-I n-AII-Out 
F10 System 
Partial Depopulation 
MMEW 
SEW 
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Value Added ($) 
$1.50 
$3.60 
$4.12 
$7.65 
$7.65 
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Even with these words of caution I would assume that the 
trend will continue toward segregated production units. 
Many of these systems, however, have had to compromise 
health and animal care programs in order to maintain pig 
flow numbers and space efficiencies. These are the prin
ciples of integration and business control. However, has 
the predictability of growth been sustained. Sustainable 
growth is after all the 'ffactory principle" of a predictable 
swine production system. 

Issues· or·concern in SSP 

Diseases 
There continues to be the potential for chronic disease 
expression in the units that I have described, Most nota
blyare the manifestations of Ileitis and the activity ofthe 
"suis" diseases (Strep suis, A. suis and H parasuis). An 
emerging clinical disease is Spirochaetal-like colitis. Por
cine Respiratory Disease Complex (PRDC) is· a complex 
that I hope not to be confronted with, although many of 
the single etiologies creating this problem exist in our 
barns. A larger and larger percentage of our units· are b~
coming positive for PRRS virus, although•our perception 
is that the strains are extremely mild and clinical manifes
tation of the diseases have been almost non-existent in the 
modernSSP units. 

Facilities · 
The cost of our buildings, as you can well imagine, are 
extremely high, but they need to be built for a wide range 

of weather patterns. The costs of ventilation equipmentis 
also high; however, we are now experiencing the successes 
that this better ventilation equipment can bring. Space uti
lization, especially in the grow~finishersections, where 
uniformity of growth is still not optimum, will continue 
to be a concern, as will the labor that we put into sanita~ 
tion of the grow-finisher sections. · 

Marketing . 
Uniformity of growth and working within a very narrow 
core area for marketing are two critical factors that will 
continue to impact the efficiencies of our single-site pro
duction units. 

Conclusions 
Optimizing performance on a single-site becomes a logi
cal business decision, at present, in most areas of 
Saskatchewan. The added cost of site preparation, trans
portation, and labor of multi-site cannotbe economically 
justified. For thesmaller single-site producers that are not 
large enough to see the benefits of large-volume market
ing, his or her first priority must be toupgradehealth and 
genetics and then to become a part of a marketing net
work. In the past 12 months I have participated in an ex
pansion that has not involved a depopulation. The facility 
that was removed was 27 years old. This client of a 400 
sow farrow to finish unit chose to build a modern AI
AO room facility from farrowing to market that·would 
maintain age segregation by air space. The initial perfor-

Parameter Gross Improvement/Pig IRR7 ROI 

Improved Genetics7 $7.00 19% 4.8% 

All-In-· All-oue $2.00-3.00 ·s6% 

Segregated Production 7'8 $1.00-2.00 17% 1.8% 

Early Weanini $0.50.- 1.00. 53% 0.3% 

Phase F eeding7'8 $2.00 108% 1.0% 

Split sex feeding7'8 $2.00 1.0% 

. A.I.7 . $1.00-3.00 2.1% 

Marketini $1.00 -2.00 

Total $16.50-22.00 37% 11% 
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mance data, with the breeding herd positive for Myco
plasma, will be presented at the conference. 

Remember our goal is to obtain sustainable performance 
while creating predictable volume and qul!lity of product.· 
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Benefits and problems of multjsite production 
Howard T. Hill, D.V.M., Ph.D. 
Director of Veterinary Services, Murphy Family Farms, 2501 North Loop Drive, Ames, lA 50010 

Improved nutrition and genetics have had a profound im- the medication of pigs was far less important in develop
pact on the profitability of pork production. However, ing high health status pigs than the separation of offspring 
health continues to be the limiting factor that determines from the adult herd. Harris coined a term "ISO WEAN" 
our ability to takeadvantage of the biological potential of for this modified MEW procedure. SEW or ISOWEAN 
the properly fed high-lean pig. In the past, breeding stock procedures have been used successfully to eliminate a 
suppliers used a variety of strategies, such as cesarean variety of infectious diseases such as pseudorabies, My
sections, to derive high~health-status breeding stock that coplasma hyopneumoniae; transmissible gastroenteritis, 
were cascaded through a pyramid system. Unfortunately, Actinobacillus pleuropneumoniae, and porcine reproduc
overtime the health status of breeding herds deteriorates tive and respiratory syndrome (PRRS). Success in elirrii
and producers are faced with the dilemma of how to eco- nating various infectious agents is dependent on the dis
nomically regain health status of the production system .. ease in the sow herd being quiescent and the age of 
Wholesale depopulation and repopulation of sow herds weaning. Viral diseases tend not to be chronic with per
is too expensive to use as a routine to improve health. sistent shedding of organisms, whereas bacterial diseases 
Many infectious diseases that affect the nursery/grow/ tend to develop local sites of infection and long-term shed
finish phase of production do not adversely affect repro- ding. Therefore, if one is trying to eliminate a bacterial 
ductive performance over a long period of time .. Many disease it is important to wean pigs early while protective 
diseases that do affect the sow herd can be minimized maternal antibodies are still high, thus preventing the 
using either vaccination and/or natural herd immunity. The transmission of disease from the sow to the pigs. Based 
goal, then, is to have a cost-effective system that allows a on work by several researchers, Connor published a list 
certain level of "acceptable" diseases to be present in the of diseases that can be eliminated by SEW and suggested 
sow herd and break the cycle of disease by modifying pig a weaning age for each disease. 1 (see Table 1) 
flow, production systems, and utilizing certain biological 
aspects of the pigs' immune system. 

Segregated early weaning (SEW) accomplishes this goal 
in an efficient manner if one is aware of the limits of some · 
aspects of this technology. SEW is not the panacea for 
pork production. SEW, as we know it today, and all the 
modifications that have been made and will be made in 
the future are just tools that we need to use effectively in 
the various production systems, large and small, with 
which we deal. 

History of SEW 
The origin of SEW was the brain trust of two ingenious 
swine production scientists who were looking for a better 
and more economical way of, first, producing high-health
status breeding stock and, second, producing high-health
status commercial pigs. Dr. TomAlexanderdeveloped the 
medicated early weaning (MEW) program to eliminate 
certain infectious diseases from breeding stock without 
depopulating the sow herd or utilizing expensive cesar
ean sections to produce high-health~status pigs. This MEW 
procedure produced pigs whose health status was similar 
to cesarean-derived pigs. In addition, these pigs had mark
edly improved feed efficiency (FE) and average daily gain 
(ADG). Dr. D.L. Harris modified the MEW procedure in 
order to use the system in both breeding stock and com
mercial operations. During this time of development, it 
became apparent that the vaccination of the sow herd and 
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Table 1. Recommended weaning ages for 
successful disease elimination 

Disease/agent 
APP 
M. hyo. 
PRRS 
Bordetella 
Pasteurella mu/tocida 
Strep suis II 
Leptospira 
TGE 
PRV 
Parvo 

Days 
16 
21 
21 
10-12 
10-12 
<5 
10 
21 
21 
21 

Often producers and veterinarians have widely varying 
definitions of the term "early weaning". The various 
definitions for weaning age are listed below in order to 
create some consistency in terminology: 

Table 2. Definitions for weaning ages 

ultra early wean 
early weaning 
conventional weaning 
traditional European weaning 

< 14 day 
14-19 days 
20-25 days 
> 25 days 

There is no question that early weaned or ultra early 
weaned pigs that are segregated from the adult popula-
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tion and other age groups of pigs will have statistically 
improved health, growth, and efficiency~ Improvements 
will be determined by several factors such as baseline 
performance of pigs in comparative conventional or one
site systems. Genotype, nutrition, and the avoidance of 
the lateral introduction of disease will also significantly 
affect the level of improvement. Moore2 reported a $16.06 

. advantage per pig in one study comparing high-health 
versus conventionally reared pigs, 

Immunity-SEW vs. 
conventional 
The level of maternal antibody titers in neonatal pigs is 
dependent on the level of immunity in the dam, the amourit 
of colostrum consumed by the pig, and the timing of co
lostrum intake. Ideally, one would want all dams to have 
uniformly high levels of antibodies and all pigs would 
consume equal amounts of colostrum shortly after birth. 
This, of course, is not reality. Sows have varying levels of 
antibodies, artd pigs consume different amounts of colos
trum. Thus, the levels of maternal immunity in any popu
lation of neonatal ·pigs are variable. The· persistence of 
these antibodies will also vary. Immunoglobulins against 
various disease agents degrade at different rates, and the 
growth rate and resulting expanding blood volume of the 
pig will also effect maternal antib~dy levels. · 

The weaning of pigs early-,-'-while circulating maternal 
antibodies are high-is essential to the success of SEW. 
It is essential that the flow of SEW pigs be maintained so 
that lateral transmission of disease does not occur as ma
ternal antibodies disappear. SEW pigs will become to
tally· susceptible to a host of infectious diseases as their 
maternal antibodies wane. In conventionally reared pigs 
that stay on-site, exp.osure to many diseases occurs dur
ing the time of declining maternal antibody and the re
sidual antibody tempers the infection often causing the 
disease to be subclinical. 

SEW/Pig Flow to Optimize 
Success • 
To optimize the success of SEW the following key points 
should be considered: 

• stabilization of disease in the sow herd; 

• one must use the appropriate weaning age for the dis
eases present in the breeding herd; upper weaning 
age limit must be enforced; 

• single-source nurseries and finishers; 

• short fill times, 3 to 4 days; 

• all-in-all-outnursery and finisher sites; 
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• complete wash arid disinfection between groups; 

• appropriate down time between groups to allow for 
drying of the facilities; 

• · strict biosecurity to prevent the lateral transmission 
of diseases. 

When one examines this list of criteria that would opti
mize SEWusing three-site production it should be obvi
ous that, in fact, very few operations in the U.S. are oper
ating under these strict rules. 

It is difficult to economically justify the space and facili
ties it requires to be able to single-source nurseries and 
finishers and operate them all-in~all-out by site. One 
needs to develop vetylarge sow farms in order to single
source nurseries that have a 3-4 day fill time and are run 
ali-in-all-out by site. The other option is to build smaller 
nurseries and finishers but the inefficiencies of. smaller 
facilities make this impractical. The usual compromise is 
to move from a three-site to a multisite nursery opera
tion. These two terms are not synonymous. Multisite is a 
form of three-site production, but it allows for the rapid 
filling of nurseries by allowing weaned pigs to flow from 
multiple sow farms into a nursery. 

Pitfalls ofm1.lltisite production 
Far too many producers and veterinarians have been con
vinced that if one early weans pigs, mixing multiple 
sources of pigs into a nursery will not create health prob
lems. It is true that if one needs to mix pigs, the younger 
this can be done the fewer health problems one will incur. 
If all of the donor herds were of an equal health status 
and this was a consistent phenomenon then the mixing of 
weaned pigs from multiple sources would not create un
warranted health risks. Theoretically, herds could be 
profiled using various diagnostic tools, including serol
ogy, to match a common health status. Unfortunately, the 
health status of aherd is dynamic and can change rapidly. 
The problem is compounded by the increasing number of 
herds from which weaned pigs are mixed. As the number 
of herds increases, the likelihood increases that one or 
more herds will have an active infection that is transmit
ted to the weaned pigs in spite of the early weaning and 
segregation. This is particularly true with PRRS where 
even in well-immunized herds minor episodes of clinical 
disease recur. If a PRRS outbreak occurs, it is usually 
accompanied by multiple infectious etiologic agents that 
are also manifested clinically. This often results in what 
we recognize today as porcine respiratory disease com
plex (PRDC). Again, the greater the number of sources of 
pigs, the greater the potential for multiple infectious 
agents. These various agents tend to be compounding 
rather than just additive when expressed clinically. This 
is a professional way of saying that these groups of pigs ' 
with PRRS and multiple infectious agents end up as 
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"wrecks" and result in poor performance and high 
mortality. 

Godbout et aP recently reported on a study where they 
evaluated the impact of multisource (MS) vs. single-source 

. (SS) on growth performance 'of SEW pigs in the nursery 
, and finishing phase. (see Tables 3 & 4) 

Table 3. Impact of SS and MS on nursery 
· performances 

Trait 
ADG 
Mortality 

ss 
387 g/d 
1.63% 

MS 
325 g/d 
4.03% 

Table 4. Impact of SS and MS on finishing 
performances 

times, and weaning age. It is essential·to manage nurser~ 
ies in some form of all-in-all-out production and man
datory thorough cleaning al1d disinfecting between groups. 
If one must operate the nursery facility all-in~all-out by 
room, then people flow and biosecurity become very im
portant so contamination of young pigs does n,ot occur 
from older pigs in the barn or on the site. Absolute pre
vention of lateral transmission of diseases is impossible 
when facilities are operated by room but minimizing dis
ease transmission will havehealth and production benefits. 

In my opinion, operating commercial multisite produc~. 
tion systems using greater than two or three sources of 
weaned pigs is a health nightmare waiting to h,appen. 
Breeding stock companies using this technology have beeq 
quite successful in producing high-health-status pigs. 
However; we must remember that there are major differ
ences that one would not be aware ofunless the syste1ll 

-~===------~=:::-:--:--:----~~--:-:----~-=--=-- was studied in detail. These multi site systems are typi-, Trait ss MS p 
ADG 837 g/d 776 g/d <.01 
FC 2.62 kg/kg 2.81 kg/kg <.01 

·Mortality 0.92% 2.68% <.05 

There were significant improvements in ADG and mor
tality in the single source pigs in the nursery. It is inter.., 
esting, though not surprising, that there were also 
significant improvements in ADG, feed conversion (FC), 
and mortality in those pigs as they were fed in the finisher. 
The health consequences observed in nursery pigs from 
multiple sources have a negative impact throughout the 
life of the market pig. · 

Conclusions 
The advantages of SEW and three-site production are tre
mendous b()th from a health and production standpoint. 
However, this technology is not without pitfalls if one is 
forced to ma:ke too many compromises of the health rules 
of production. The challenge for producers and veteri
narians advising them is to make the compromises that 
have the minimal negative impact on health. The major 
factors to consider are all-in-all-out by site, building, or 
room; number of sources of weaned pigs, nursery fill 
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· cally starting with relatively high-health-status breeding 
herds, limitedsow farm sources for weaned pigs, opti
mized pig flow, the farms are locatedin areas ()flow hog 
density, and biosecurity is practiced with a vengeance. 
The bottom line is that these newerproduction systems 
offer some real benefits, but they must be operated using 
the rules of good herd health management. 
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Evaluation of the effects of immune system 
activation versus disease on pig growth 

. . 
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DVM, PhD; J.J. Turek, PhD 
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Management programs forimproving the health status of Table 1 a: The sequence of antigens used for 
pigs have been developed and are being refined. Examples moderate and intense antigenic challenges. 
of these technologies include aii~in--aii-out (AIAO)pro- · -~----.......... -.....,........,...-........;;. .......... _........,;"--__;,-~-
duction, off-site nurseries, grow-finish units, and medi
cated early weaning programs.These.health management 
programs produce differences in the duration and inten
sity of individual and combined diseases and an animal's 
immune system response to antigens. In most cases, im
. mune system responses are a reflection ofthe disease sta~ 
tus. The effects of initial antigen exposure and disease 
effects must be separated and evaluated to make further· 
refinements in commercial production health management 
programs. Two trials have been conducted to evaluate the 
impact of immune system activation via antigenic chal-

. lenge'on pig growth .. 

Triall: Effect of antigenic 
challenges_on growth-and 
composition 

Antigenic .. Challenge 
Age Moderate More Intense 
12 V1 V1 
21 V2 V2 
28 V1' V1 
35 V2 
42 V3 
49 V4 V4 
63 V3 
84 V4 V4 

. ... . . . . . . . . . 

ter. The pigs were slaughtered when the pen averaged 
approximately 260 lb. Midline carcass backfat, carcass 
length, and optical probe measurements were recorded. 

The mean live weights for the three antigen treatments 
are shown in Table 3. The antigen treated pigs were 
significantly lighter than the control pigs at 28 days of 

One hundred-forty terminal._cross barrows were weaned age. The magnitude of the weight differences between 
and transported to an off-site nursery at 10-14 days of the three treatments increased up to 107 days of age and 
age, i.e., segregated early weaned (SEW). Seventy-six of decreased thereafter. After 107 days of age, the antigen 
these barrows servec::l as controls and received no anti- · · treated pigs· grew faster (p<.05) than the • control pigs, at 
genic chaiienge and were part of a lean growth evaluation 2.56, 2.52 and 2.24 lb mean average daily gain, for the 
trial. The remaining 64 barrows received either a moder~ intense, moderate and control pigs, respectively. The an~ 
ateor more intense level of antigenic c:hallenge. Antigens, tigen challenged pigsrequired 5.6 more days to reach 230 
including a lipopolysaccharide and vaccines (either lb and 3.6 more days to reach the mean end weight of264 
modified live or killed), were given between 12 and .84 pounds. · · · 
days of age, at times correspondill.g to expected· cmnrll.er-
cial exposure based on antibody titers from 12-84 days In the nursery, antigen challenged pigs had significantly 
of age (Tables la and b), Pigs were randomly assigned lower growtn rates and feed intakes (Table 4). There were. 
to nursery peJ;lS with 8-'-9 pigs per 4 x 4ft. pen. The pigs no significant differences in feed conversion. The means 
were fed a series of diets designed to maximize lean for the growthrate, feedintake and feed conversion are 
growth (Table 2). Nursery pigs were weighed and feed shown in Table 5:The unadjusted means and means ad
consumption was recorded at 7 to 10 day intervals. At 52 justed forinitial weight of the period have differenrinter
days of age, the pigs were transported to an open~ front pretatioll.~ From 53..c.:93 days of age, the antigen chal!.:mged 
building. Within each treatment group, four pigs were pigs grew more slowly and had lower: feed intakes 
randomly assigned to each 6xl2ft.pen. · · (p<OOl). However, when the data are adjusted fordiffer-

enc:esin initial weight of each growth phase, the feed in
In the open-front unit, pigs were weighed and feed con- takes and growth rates are almost identical. The majority · 
sumption was recorded biweekly. Real-time ultrasonic ofthe reducedgrowth and feedintake in the antigen treated 
measurements, including tenth rib backfat depth and loin pigs is caused by their lighter initial weight. Overall, when 
eye area, were taken from approximately 70 lb body differences ininitial weight are accounted for, there are 
weight at biweekly intervals untilthe day before slaugh-
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Antigen 
Vt . 
Strepbac® w/lmugin® 
Parashield' 
Litterguard L T 
E coliLps 

.. V( 
E colilps 

v2 
. T()xivac AD 

. SC-54 
Vs 
MaxiVac"Fiu 
v4 
Respisure' 

PneuPac" 

Table 1 b: Antigen information 

Source 

(Strep suis bacteria) Oxford Lab .. 
(Hemophilus parasuis bacteria) Grand Lab 
(E coli vaccine) SmithKiine Beecham 
sustype 055:B5 50 mg/kg in PBS Sigma 
Chemical 

sustype 055:B5 50 mg/kg in PBS Sigma 
Chemical· 

(Atrophic Rhinitis, Past mult Aa.D toxigenic 
strains) Nobl Lab · 
(Salmonella) Nobl Lab 

· .. (Influenza) Syntro~Vet 

· (Mycoplasma hyopneumonia) Smith Kline 
Beecham 
(Actinobacillus, pleura pneumonia bacteria, 
Serotypes 1 ,5,7) Schering Plough 

Table 2: Formulated values (as-fed basis) of crude protein (CP), lysine and percent added fat of diets fed 
during each growth phase* · · · · 

l , .... · 

Feed Diet. Age, day CP o/o Lysine o/o Fat 
Additive Added 

Nursery 12-22 22.1 1.55 · · Apramycin 2.0 
Nursery 23-44 21.8 1.50 · Carbadox 3.5 
Nursery-Grower 45-72 20.0 1.32 - Carbadox 5.0 
Transition·. · 73-86 19.0 1.25 Tylosin 5.0 ·. 
Grower 86-107 18.0 LOO Tylosin 4.0 
Finisher ·1 07 -market ·17 .. 1 .90 Tylosin 4.0 

*The first nursery diet contained 6% spray dried porcine plasma, 24% lactose, and 5% fish meal, the second· 
nursery diet contained 2% spray dried whole blood meal, 5% fish meal and 16% lactose. The nursery grower 
diet contained 1.0% spray dried whole blood and 1.0% fish meal. · 

no significant treatment effects from 54 days to an aver- There were no significant differencesi~ dressing percent, . 
age weight of 264 pounds. · optical probe percent lean, or backfat depth (Table 7). 

Carcasses ofthe control pigs tended to have larger loin 
The mean adjusted backfat thickness and·loin eye area depths (p<.10) and longer carcasses than.antigen treated 
measurements are shown in Table 6.· Overall, there are pigs (p<.04). · · 
no. significant differences between the antigen treatments 
for backfat thickness. However, the antigen treated pigs . Insulin-like growth factor-1 (IGF-1), a growth factor im-:
did have substantially smaller loin eye areas at 72 lb portant in regulating growth, was different at 63 days of · 
liveweight .. The differences in loin eye area became age (P<.05) for the three treatments. Mean concentrations. · 
smaller as the pigs become heavier. At 2641b liveweight . were 61.2, 103.0, and 62.1 ng/mL for control, moderate, 
the antigen challenged pigs had only a 0.17 in2 difference and interise treatments, respectively. · · 
in loin eye area.· 

\ 108 1996 Allen D .. Leman Swine Conference 



Evaluation of the effects of immune system activation versus disease onpiggrowth 

Table 3:Mean liveweights and days to230 and·264pounds liveweight 

Control Moderate Intense 
Age. Mean SE Mean SE Mean SE Prob 
12.0 8.8 .13 8.8 .20 8.6 .20 .91 
19.0 11.5 .17 11.2 .26 11.1 .26 ;60 
23.0 14.3 .22 13.0 .34 13.4 .34 .09 
28.0 16.8 .27' 15.0 .41 15.2 .41 .04 
33.0 23.1 .38 20.6 .59 20.3 .59 .01 
44.0 37.4 '.58 34.7 .92 31.7 .92 .001 
54.0 51.5 .71 45.2. 1.10 43.9 1.10 .001 
65.0 64.5 1.3 56.7 2.0 51.9 2.0 .001 
79 94.1 1.9 82.0 .·2.9 78.5 2.9 .001 I· 

93 128.0 1.9 112.4 3.0 108.6 3.0 .001 
107 162.1 2.5 142.0 3.8 138.7 3.8 .001 
121 197.0 2.5 180.4 3.8 176.0 3.8 .001 
135 227.3 2.6 209.6 4.0 204.3 4.0 .001 
146 253.0 2.6 239.6 4.0 239.2 4.0 .005 
Days to ·230 Jb 136.6 .9 142.0 1.4 142.4 1.4 .001 
Days to 264 lb 151.8 .8 155.6 1.3 156.0 1.3 .02 

Table 4: Impact of antigenic challenge on rate and efficiency of growth in nursery pigs 

Control Intense 
Mean SE Mean SE Prob 

Period 1 - 12-23 days ofage 
ADG, lb/day .49 .03 .38 .04 .43 .04 .04 
Feed Intake .64 ,02 .49 .04 .54 .04 .05 
lb/day \ 

Feed Conversion 1.30 .08 1.28 .13 1.27 .13 .98 
Period 2 - 23-44 days of age 
ADG, lb/day 1:10 .04 .98 .06 .87 .06 .02 
Feed Intake 1.54 .04 1.33 .07 1.24 .07 .004 
lb/day 
Feed Conversion 1.70 .06 1.38 .1 0 1.42 .1 0 .89 
Period 3 - 44-54 days of age 
ADG, lb/day 1.39 .05 1.15 .08 1.23 .08 .04 
Feed Intake · · 2.32 .03 1.82 .05 1.93 .05 .01 
lb/day 
Feed Conversion 1.66 .10 1.58 .15 1.57 .15 .22 

Table 5: Least square means for growth rate, feed intake, and feed conversion. in finishing 

Unadjusted Means Means adjusted for initial weight 
Control Moderate Intense Control Moderate Intense 

Mean SE Mean SE Mean SE Prob Mean SE Mean SE Mean SE Prob 
54-93 days of age 
Avg. daily gaing, lb/d 1.96 .03 1.78 .04 1.72 .04 .001 1.88 .03 . 1:86 .04 1.82 .04 .30 
Feed intake, lb/d 4.80 '.07 4.18 .11 4.10. . ,11 .001 4.50 .05 4.49 .09 4.49 .09 .99 
Feed Conversion 2.45 .04 '2.36 .06 2.38 .06 .18 3.40 .04 2.41 .06 2.46 .06 .59 
93 days of age - 26411) 
Avg. daily gaing, lb/d 2.35 .04 2.28 :o6 2.34 .. 06 .35 2.32 .04 '2.34 .06 2.40 .06 .23 
Feed intake, lb/d 8.02 .06 7.73 .10 7[61 .10 .002 7.88 .. 05 7.89 .09 7.83 .09 .81 
Feed Conversion . 3.43 .04 3.43 .06 3.27 .06 .08 3.42 .04 3.44 .06 3.30 .06 .. 18 
54 days of age - 264 lb 
Avg. daily gaing, lb/d 2.18 .04. 2.10 .06 2.11 .06 .24 2.12 .04 2.16 .. 06 : 2.19 .06 A7 
F;eed intake, lb/d 6.73 .04 6.44 .07 6.31 .06 .002 6.57 .04 6.61 .06 6.54 .06 .67 
Feed Conversion 3.11 .04 3.09 .06 3.00 .06 .39 3.16 .04 3.05 .06 2.96 .. 06 .23 
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Table 6: Least squares means for real-ultrasonic measurements. 

10th Rib Backfat; in Loin Eye Area. in2 

Control Moderate Control Moderate Intense 
Weight SE Mean SE Prob Mean SE Mean SE SE Prob 
72 
88 
120 
153 
189 
248 

.01 .32 .02 

.01 . .42 .02 

. 01 .55 .02 

.90 

.50 

.92 . 

2.22 .. 03 1.90 .05 .05 .• .004 
. 2.60 .03 2.53 .05 .05 .. 05 

3.26 .04 3,25 .06 .06 .21 
.02 .70 .03 
.02 ,86 ;03 
.03 1.17 .04 

.98 

.82 

.65 

3.77 .04 3.60 .06 .07 .10 
4.56 .08 4 .. 38 .10 .10 .14 
5.59 .07 5.40 .09 .09 .17 

*Adjusted for liveweight. 

Table 7: Least square means for the carcass measurements* 

Control 
Varla~e Mean SE 
Dressing percentage 74.1 0.35 
Fat depth, in 1.20 0.04 
Muscle depth, in 2.25 0.073 
Optical probe, % lean . 49.7 0.38 
Mid/ineCarcass Measurements 
Backfat last rib, in. 1.30 
Backfat 1Oth rib, in. 1.35 
Carcass length, in. 31.8 

*Adjusted for liveweight. 

.0.04 
0.04 
0.13 

.. Moderate 
Mean SE 
74.0 0.44 
1.25 0.05 
2.17 0.04 
48.8 0.46 

1.36 0.06 
1.37 0.06 
31.2 0.22 

Intense 
Mean SE 
73.7 0.44 
1.21 0.05 
2.16 . 0.04 
49.2 0.46 

1.31 0.06 
1.38 0.06 
31.0 0.22 

Pr 
.42 
.61 
.09 
.30 

.52 
.. 82 

.04 

Table 8: l;ffect of antigen exposure and commercial health status on 
· liveweightgrowth, thymus weight, and IGF-1 levels 

Variable Age SEW 
Liveweight, lb 24 16.6 

95 132.7 
Thymus weight, g 24 19.9 

95 205.8 
IGF-1 ng/mL 24 92.9 

95 121.7 
pg TNFa./mg DNA 95 10.5 

5 pigs per treatment per age. 

Trial2: Evaluation of antigen 
Exposure versus disease 
exposure 
The second trial utilized three treatments: (1) conventional 
commercial health status pigs managed via continuous 
flow; (2) SEW; and (3) SEW with the moderate level of 
antigen exposure to produce similar immune systerri acti
vation as the commercial herd environment. Large thy
mus glands have been previously observed in medicated 
early weaned pigs. 1 Immune system activation did not 
reduce growth rates, cause thymus atrophy, or lower IGF-
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Treatment 
SEW + Antigens Commercial Herd-
17.7 13.2 
127.5 93.5 
17.9 9.3 
203.2 nA. 

. 96.5 20.1 
114.4 50.5 
37.1 61.6 

. . - . . - . 

1 levels to the extent Of commercial. environment expo
sure to disease (Table 8). The increase in IGF-1 levels at 
95 days of age is in agreement with the30% higher IGF.., 
1 levels in medicated early weaned pigs at 49 days of 
age.2 

Discussion 
The sequence of antigens was designed to simulate com
mercial herd antigen exposure. During the time of anti..: 
gen challenge; treated pigs in trial one had substantially 
lower feed intakes, lower growth rates, and SIIlaller loin 
eye areas than control pigs. 
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Table 9: Average daily gain, days to 230, average daily feed intake, and feed conversion of finishing pigs 
in AIAO versus conventional continuous use management system* 

Item ADG Days to 230 · Average Daily FIG· 
Feed Intake 

A lAO 1.73 ±.01 *** 172 ± 0.8***, 5.26 ±.05*** 3;03::!::.02 
Continuous 1.54 ±,01 183 ± 1.1 4.89 ±.05 3.18±.03 
Barrows 1.66 ±.01 ** 176 ± 1.0** 5.26 ±.04*** 3,18 ±,02 
Gilts 1.62 ±.01 180 ± 1.0 4;.89 ±.04 3.03 ±.03 

*Summary of 6 replications, total of 132 pens. (Cline et al., 19~2), 
**P<.05, *** P<.01 

When the growth perf~rmance of SEW and conventional mycoplasma titer lev(M were similar for the two 8 week 
weaned ·pigs have been compared, the largest percentage treatments (isolation or disease exposure), the pigs ex-

, improvement in growth has b.een from weaning to 7-10 posed to more substantial disease·exposure had substan
weeks of age. This is likely due to the fact that young tially increased coughing (8 vs. Opigs of 16 per treat
pigs are in an energy dependent growth phase, primarily ment), lung lesions ( 16 vs .. 0), percent lung involvement· 
gaining lean (i.e., protein and w~ter) and thus are sensi- (10.4vs, 0%) al1d slower growth (62.6 vs. 67.0 kg at 18 
tive to changes in energy or pr~tein intake.3 weeks of age). · 

Although designed to reflect commercial herd antigen A trial conducted with a mycoplasmal pneumonia vac~ 
exposure, the antigenic challenges to SEW pigs in the cine (Respisure, SmithKline Beecham) also indicated that 
two trials did not reduce performance level to those ob- the duration and/or severity of disease affected pig 
served in commercial production. Barrows raised in the growth.6 Ohe hundred-fifty pigs were randomly allocated 
source commercial herd via conventional weaning fol~ to one of three treatments. Treatment one pigs wt:<rein
lowed by all~in'--all-outmanagement, averaged 179 days jected with a Mycoplasma hyopneumoniae vaccine at 7 

· to 230lb with 1.05 in backfat a:t 245 lb livewyight The and 21 days ofage; treatmenttwo pigs were vaccinated 
antigen challenges provided in the first trial only accounted at 6 and 8 weeks ofage, and treatment three pigs served 
for 13% (5.6/43) of the difference between the control as non-vaccinated controls. At two months of age, all pigs 
and commercial pigs for days to 230 pounds. Eighty-seven were moved into pens within a continuous-flow, grow~ 
percent, 37.4 d.ays ofthecontrolversus commercial envi- ing-finishing facility. Twenty~one control pigs, 13 treat
ronment differences must be. accounted for by the com- mentl pigs, an<;l5 treatment 2 pigs were observed cough
bined effects of increased in:imune system activation via ing .between 2.5 and 5.5 months ofage. Pigs in both 
actual disease, direct disease effects via cell damage, and vaccinated groups gained7.7% morethan the control pigs,, 
release of other response mediators, management, and (P<.05) during the finisbing ph~se. Days to 230 lb for 
overall environmental conditions. pigs in both vaccinated groups was nine days less than 

All · . . 11 t . . t .·d· 1.· 1 · . con. trol pigs. Pigs in. both vaccinated groups consumed · -m-a -ou managemen an mycop asma pneumo-
nia vaccination research also indicate that sev'~rity and/or more .feed ( + ?.9%) than the control pigs during the 

finishing phase. duration of disease c::mses depressed growth and feed in-
take. In a Purdut:< study, AIAO pigs grew faster and more Many investigators have used the amount of respiratory 
efficiently than the controls4 (P<.O l).Average daily gain disease at slaughter as the measur~ to relate to pig perfor~ 
and days to 230'for theAIAO was 0.19lb more and 11 rrtance. Using radiographic studies, it was found that cu
days less, respectively, than the control group (Table 9). · mulative lifetime pneumonia was significantly correlated 
Ninety-four percent ofthe coqtrol pigs had lung lesions to liveweight at 180 days of age (r2=.42) so.that every 
indicating the presence of pneumonia, with a.n average of 1% increase in average lifetime pneumonia reduced 180 
15.1% of the lung infected. Fifty-two percentoftheAIAO . day weights·by 3.22 pounds. From farm to farm with 21 
pigs had evidence of lesions with an average of4.1% of to 23 day weaning, many herds may have similar anti
the lung infeCted. body levels but have different levels ofdisease. Stocking 

den~ity, cubic feet of air space per pig, production system 
Research evaluating isolation-management procedures 

(continuous flow; all in/all-out) and disease interactions 
also indicate that the level of disease .exposure andclini- (PRV, PRRS) likely all play a role in increasing the dura~ 
cal signs of disease affect growth. Research was conducted · · 

· tion and severity of respiratory disease.8 PRRS in a group in which pigs weaned at four weeks of age were assigned· 
toone ofthree treatments; treatments included isolation of 90 SEW boars has little effect on growth. The boars 

sneezed and reduced feed consumption for 2 to 3 days 
at four weeks of age, isolation at eight weeks of age, and 
continuous flow managed grbw-finishingbarn.5 Although 
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and continued to grow rapidly. The boars averaged 142 References 
days to 230 pound live weight. -----------------

Enteric diseases can also substantially reduce pig growth. 
Intestinal tissue damage can reduce· absorption of nutri ~ 
ents for a prolonged period of time. SEW pigs are not · 
enteric disease free pathogenic. E. coli have been found 
in 28 and 56 day old SEW pigs without clinical signs of 
the disease. Injection of E. coli LPS has not been shown 
to be a good model of actual disease as its effect can be 
ahnost entirely inhibited by oral aspirin or injections of 
indomethacin.9 Serial injections of E. coli LPS can cause 
desensitization. Certainly, serial injection of E. coli LPS 
does not reproduce the reduced growth as do the actual 
chronic disease symptoms. In these trials and others, in
jection of antigens did not reduce growth, increase. the 
variability in growth rate,or cause the morbidity of ac
tual disease. Also,IGF-llevels could not be reduced by 
antigen exposure as in pigs with actual d1seasf(. Based on 
these results and the results of others, it is likely that stress
immune system responses, occurring when the animal is 
in a prepathological or pathological state, reduce lean 
growth (protein accretion) and not the initial antigen ex
posure and recognition. 10 

Summary 
The study of disease, immune system activation, envi
ronmental, and stress effects on swine growth is in its 
infancy. We hypothesize that immune system activation 
is among several correlated responses of the pig to dis
ease. that result in reduced growth performance. Thus, 
additional research in this area is needed ifthe swine in~ 
dustry is to realize the genetic potential of high lean growth· 
genotypes to result in the most economical production of 
lean pork. 
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How we help our clients reach their potential 
Han8onLectU.re . . . ' . ··.'-.'· 

· TimothyJ. Loula, DVM 
Swine Vet Center, P.A., St. Peter, Minnesot~ U.S.A. 

I am extremely. proud and honored to hav~been chosen 
to present the Hanson lecture at this Leman C~nference.J 

·was one ofAl Leman's first swine students when he came 
to the University of Minnesota in the '1970s and I owe 
much to. him for my early development and practice phi
losophies. Dr. Jim Hanson~s name was synonymous with 
continuing education during my early practice years, not 
only providing stimulating meetings for .veterinarians and 
producers, but also many times recommending me as a. 
presenterwhich always forces·me-into·~ higher learning 
curve. · · · 

. . 
There has been much concern over the ·last five to seven 

. . years about the·rapidly changing swine industry and how 
it will negatively impact the swine veterinarian. Conceiv~ 
ably, there may be very few swine veterinarians needed. 
to service· the swine industry. In hi~ 1986 Howard Dunne 
Memonal Lecture; Dr. Ralph Vinson sal.d that the 1990s 
would be the last decade for private swine practice. But 
he w~nt onto say. that with given adaptations, the '90s 
may be the best decade of private practice. · . · · 

. Producers, large or small, that have adapted have been 
very .successful in the '90s~ as have many veterinary 

., 

Decide· what you're going to do. · 
and do it now! · . ··· · 
The swine industry has always been in'a constant state of 
change, the rate ofwhich has accelerated during the last 
5-10 years. The practice and your profe~sional career must 
keep pace with the industry changes; y~u don't neces~ar~ 
ily have to be the leader of change, but you n:mst at least 
be an early adapter~ · · · 

Several things come. to mind when reflecting on my 18 
years of practice. Knowing what to do isn't enough if you· 
haven't deveJoped the self discipline to actually do it . 
Through the years, there has been an evolution ofcurrent 
trends and these are what gettalked' about ~nd imple
mented with clients. It's .what you're currently "selling." 
It seems incredible. at times that it has taken qs this long. 
to adapt, but most people can change just so many things 
at once. Examples of some of these ch~ni:ges are: . 

Ultra sound pregnancy checking 
Regularly scheduled herd helilth visits 
Batch farrowing schedules 
Records .· ... pract1ces. · · 

· Crated gestation 

··Practice growth, praetic~··. · ... 
development, long term business 
planning ••. 

Building design 
Standat:dized 
Natural. ventilation 
Cost effective 

Single stage nursery 
PRVeradication · 
NPDs . . .. . 

Genetics ·· .. 
All-in.:........:all-out · 
Nutrition': .·.:· 

All of the above are made easy if you can make yo~~ ~li-. 
ents successful (i.e., profitable). I don't believe there's 
ever been a pork producer who consistently made money 
who didn't expand. We. have clients that have not lost 
money during any of the last 18 years (possibly for a month 

b · · Sow co.nfinemerit ~ati.ort 
or a quarter, ut not for an en*e year), Expansion of ex~ 
istii1g clientele improves prac~ice economics because time Phase feeding 
can be devoted to pork productimt rathei:than to the.if~..;· . Split sex feeding 
velopmentofnew clients~ · .· .· · .. · · • · Blood meal •· · ... · ·. · .. · 

. . . . · Mystery Pig Disease- SIRS ---7 PRRS·~ PRRSVacci-
It all sounds simple. However the key is to ''make· the nation ~ PRRS Eradication. 
client successful" and that is what Dr. Bob Morrison has Pork Quality Assurance 

. given me as my mission today:.__,:to ·explain to you how. SEW 
th~ veterinarians at the Swil)..e Vet Center (lllyselfalong Multi~site 
w1th Drs. Yeske; Jacobs; Mohr, Reicks and Mohr) have 
tried to develop our clientele. Of course, we fully realize 

Contracting 
Business structure · , : .. 

' that the clients could say thatthyy developed us! ·. · 
. . . . ·' 

Per~~nnel train1rig and employee management 
Employee manuals . · · · .·. · ·. 
Marketing· · · · · 

1996'illen D. LemanS~ine Co~ference 113 



Timothy J. Lou/a 

Networking 
A.I. . 
Nursery-Finisher 
Future(Create your own opportunities) 

Carcass quality 
Feeding high-priced corn 
Salmonella eradication 
Export programs 
Sexed. semen 
Genetic engineering 

To change is difficult. Not to changewhen it's necessary 
can be catastrophic to your business or career. 

. Leadership 
Producers can be and often needto be led or convinced of 
the need for change. Most are conservative in nature and 
must be sold on new ideas. To be a successful salesman, 
one must:.· 

Have broad experience. Continue to increase your basket· 
ofskills and eliminate your weaknesses. 

Have great knowledge of the swine industry. (Be an idea 
person:) 

.Mostbusinesses focus on what is in front of them, even 
getting caught up in the day-to-day running of the busi
ness. Part of our jobs, as outside observers of a business, 
is to see the big picture, identifying and pointing out weak 
~reas to the producer andthen providingwritten solutions 
or recommendatipns. 

For example, imagine you are called to a farm to work on 
a continuingAPP problem in the finishingbarn. Your ini
tial suggestions would focus on short term therapy, but 
you might also suggest that the finishing bam would make 
a very adequate crated gestation facility. The· producer 
could expandthe herd and network or contract finish (im
proving pig flow) and possibly depopulate. the facility 
during the expansion. These suggestions accomplish the 
mission of your visit which is to control APP, but ihthe 
process you've improvedthe producer's overall herd 
health and pig flo~ which will help to control any orgap-. 
ism he may encounter in the future.· At the same time, . 
you've expanded your client base. 

Realizing weakness in the production systemormanage
ment team is critical, as these:!. bottlenecks impede long 
t~rtn progress. Any organization is only as good as its . 
weakest link. The problem is that most organizations need 
help in identifying the weak links and also in eliminating 

Have conviction that the new ideas or technologies are them. . 

important; . · . . Everybody can think of farms that need help in one or 
Have gained confidence from the producerthatyourideas more of the following areas: 
will and do work, · · 

"Deliver the goods." Do what it takes to get results. 

Benchmark performance as you make changes. 
10 weeks .. 
Year to date 

. Annual goals 

Treat the client's farm as if it were your own. 

The above list did, has, and will have the ability to keep 
me or a team of veterinarians very busy. It;s interesting to' 
note that little of the above "service work" has much to 
do with traditional swine veterinarymedicine (diagnos
tics, post mortem ~xams, blood testing, epidemiology, 
etc.). · 

You do have control over your destiny. Never, never, never 
underestimate your ability to influence; either directly or 
indirectly, the direction your clients or employers will take, 
their subsequent growth, and that of your practice or 
career. 

Identifying customer needs
Seeing the big picture· 
"The obscure we eventually see. The completely obvi~ 
ous, it seems, takes longer." - Edward R. Murrow I 
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Buildings 
Pig flow 
Management 
Personnel management 
Employee training 
Records 
·Genetics 
Financial records and accounting 
Nutrition 
Health management 

Identify weaknesses, convince the owners of their exist
ence, andplan a solution. 

Deliver the goods 
Service, service, service! This is the cornerstone of.suc
cess.Always try to deliver more than the customer expects ... 

I, 

Know more than they think you should. Be a student of· 
the pork industry. 

Read. 
Attend meetings. 
Network. 
Learn as you work, Living thej~b is a great educational 

experience. 
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contii:lUally bring new ide~s to tl}e taqle .... 

Establish yourself a~. a professiona,L 

;, .· 

~ .' ,. . .. ": 

·. How~e helpourclients reach theirpotential · 

. + Soft~are 
••supervisors · 

. t·. . . ',;· 

·Contribute by knowing·and urider~tanding· related • . . . .. . 
businesses; · · · · ' ·· • Personnelmanagement:Have invited'guest speakers . 

·· + Accounting 
· + Office and staff 

Human res~ilrces .. · ' ' in from pharmac~utical':e:ompa,nies. · .· ·.··. . ... ····· 
Accounting . . . . . ·.. . . ·... . . . • Records:. . . · ·· · · .. · · · · · 
Business structl.u'e · . . · · '· .. · .·... · ·. .· . . ··. ·· + PtgCHAMP®, blire'~\,1 .. 

,, ' Make the farins work. Too 'often today~ the system is . + Written records anaiysis .· .. · . ' ' ' 
· designed correctly, but ''down on the· farm" perror~ +Data ·base application special r.eports 
. maJ1ceis lacking. Identify wiiat must be done anc,i do • Meeting agendas. · · · 
whaJ it takes to accortlplishcit., > . ' . ' .. . . ···.. . . ·.. . ' . . ' 

.Pe~ple are often einbaira,ssed to adm~~ that they dmi't .• ·. . .. ., 

Provide prompt written reports; ·. . 

. • Make yourself availa,ble through multiple forms of 
coii)munic_atiop.: : ··~ _. ·· 

know how ~0 'do something or ddn'.t understand a con
cept. Lead themthrdugh theproc~ss and continue. to lead 
them until' they are~ convinced o.r uritil ii becomes thei'r 

·.· .. , idea. . . ., . . 
. " . ~· . •:' · Cell phone ; ·• · 

· Voice rriail 
·.Fax .. ·: · .. 

Internet E-mail · 

.·."_;_-,_ .. ·. You·cair s6e how you can bring things to.the client that 
.··add to your value while helping th~m to become success

.. ; '.:,·. ' fuland grow: "Value is one ofthose;litb.StractioQ~ that ev

. . Make contact~ with related oonsultants. 1<iww when. to 
. seekhelp. 

eryone understands best when it ts absent." - Robert B~ 
Tuckerc·2 · • · . · · · · 

Do what it takes to follow through witq yhui ideas and . Understand \.vijy G1ients choose todo business with you 
· · ye .. iir.afte.r ·Y·. ·e~~:fand.-.. ~tinderstandthattoda ... Y'I) Clients are recommendations, Ofteri people don't k11ow how. to ac:- · · · · 

.· comp1ish certain tasks;though you thjnkthey should; Be volunteers; . . . ·. < . • 

.. prep' . area t(f shOw them exactly·. how. to do thiri.gs by p· ro- . . . . ._·. . . . . . .. · . . '• ·. .· • . .·. . . . . 
vidirigconstiltation lri the follo~ing areas: ' . . . . . . It takes more than luck 

. . . . . . . . 

Building design·· Armand H8Jnmer,.past president of Occidental Petroleum, ·. 
• 2o;ooo+ slides of pig b'arns that help .show clients what once.: said that his. success was based on luck. He worked -
. not tob\lild as well as. leading edge tethnologies. •• · · · 7 days/week, .14 'J:iours/day and he just kepi getting luckier 

. . · ~ Educational prod11cerfield Hips· ··.· · ·. · · · and luckier! · · · · · 
• St_ate Pork Producer;~ · · · .. . 
+World Pork Expo · · 
+Different states ~North Cwolina, Illinois, Iowa .. ·· 
+ Europe . - . · · · · , · · 

+Chile · · · · 
~· Peer groups 

Understand pig flow · '· . . . 
• Batch systems . • . . . .,.. . . 
+ Cqmputer program d6signed by Dr. Mike ·:Mohr 
• Slide presentations:. · <,. · · · 
+ 2-site · 
+ 3~site 
+.SEW 

"'". 

, Becoming successful for 1nyself ati·d others iii ~ur pra~~ 
·. tice h~s .Qot ·J:;een.easy.~ J.t takes ··~-Iotoftime. to keep tip, 

· . witb.ri¢w tec)1nplbgi~s W:l},ile holding d<}.wri yorir dayjob. 
Clients' calls mayqften niean aninterruption: offamily .· 

..• schedrih!s. Howeyb,r, surroundjng yourself with good, 
dedi'c;ate!;l people\vho share many. of the s'ame thoughts 
and beliefs as you do, is a very rewarding and enjoyable . 

· experience. ' 

Rem~rnbet tha,t it's n~t the actual g~al or destin~tion that · 
· isfun andenjoyabl~,ratherit's the journey to gefihere: · 

. . 

Makedme···· 
•·Multi,..site . . · . ·.. ·. .· · · · · . . . . . 

• • Management . - . . . . Developing ci~ents and/or business takes time.You must-
+ Wtite or 'assist in the. wrltfng or' farlli pro~u~tioh be pi:eparea, both mentally and from accimniitmenfstand-

ina.nuals ·· . . . . . . . ... ··. point, to take the: work on. Tgo many practicing veteti-. ·.·. 
t Provide typewritten instructionsfor: . . ~ nariaris are tbo. bqsy b~ing bus}tJo take the extra time 
0 Vaccina.ti.on s.chedules · _ .. ··. · .. . . necessary io Work with cliehts:lo move them forward. · 

0 Washing procedur~s A dramatic chang~·far Drs. Jacobs,Yesk~'and myself came··· 
0 Loa~7out procedures . · ·. '' · '. in December of 1990 when we left mixed anjmaf practice 
0 Others · , and established:the. "Swi'ne Vet. Center," ari exclusively 
• Business developmerit~assess I1~eds · · swine practice; · · · · · 
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. We were freed up from the day-to-day rurming of an emer- .. 
gency-type clinic and could take the time to work on our 
clients' needs which resulted in the explosive growth ~f 

Pace the client 
You must continually read the: client to set the pace of 
information transfer and client growth. This can change· 
from year-to-year and even froinvisit-to-visit, depending 
on a hostof external and internal factors .. 

our new practice. 

Another surprising development was the discovery that 
producers often perceived that we were too busy to work 
with them in our former practice and, hence,. didn't call 
or a8k for more. The first year in our new business, we 
received calls from these people saying "You should have 
more time now to help mef' · 

I won't deny that having enough time is stilla huge prob
lem within our practice. because of the volume Of work, 
but it's importa,rit that: 

The customers perceive that you have time for them. 

You deliver (follow through) on what you said you would 
do. 

You don't promise morethan you can deliver; it's far worse· 
th~n not promising enough. . . . 

. . 

This reading of the client on a visit-by-visit basis is cru
cial to your success. On some visits; the client may be ., 
open for criticism, wanting to know everything that's 
wrong with the organization and ready for the proverbial 
"kick in the pants." However, a "positive only" approach 
is needed on the days when that client is very nervous 
about the future (for whatever reason) and needs a shoul
der to cry o~: 

. . 

Failure to properly read the client can turn visits into 
significantly negative experiences that will requite future 
visits to regain lost ground, · 

"They still keep score in dollars" 
Yo~ follow the "MMFI" rule ("Make Me Feel Important"). . _ Harvey Mackay3 
A business guru once said to treat every customer as if 
"MMFI" was stamped on their forehead. Treating people I have almost never had dissatisfiyd custo111ers that were 
in this manner goes a 'long way in cementing. a business profitable (high production, low posts), espeCially if they 
relationship. achieved profit above their expectations. Profitable eli~ 

. ents are. normally open .to ne\\' ·ideas, new· technologies · 
. Make time for the right clients (i.e., identify clients' with and expa~ion. The easiest way to eJ{pand yoJ.Ir business 

the potential to become successfulin their own produc- is to make your clients hfghly profitable. · ·. · · 
tion unit as welL as those that have the potential to be
come agribusiness people). Your eJ{tra effort shoul<i go ~o · 

· these individuals. Those who are continually "sold" and 
never buy, should quit getting "sold." Don't become frus
trated with clients who won't listen to you; life's too short! 

' . 

Match veterinarians and clients· 
It's very difficult, if not impossible, to be·everythingto 
everyone. Within the clinic, there arediffereri.t skill levels: 

Observation 
Systems analysis 
Financial 

. Cash flow modeling 
Diagnostics 
A. I. 
Others 

. . 

Record systems, or more accurately, record use ~nd ~f1aly
sis, are still a weak area on many farms .. ·· 

Production records musr be kept up-to-date. weekly irt 
· order to be used proactively for farm improvement and to 
be able to "keep score.'' Games that go too lotig get bor
ing and the players lose interest. If weekly· production . 
numbers are acceptable, so will be the quarterly and year 
to date numbers. Make farms "live and die" on weekly 
and 10 week cumulative records. 

Financial records, including the profit andloss statement, · 
should be run monthly: Nursery and finishing close-outs 

· should be done weekly. Early identification of losses or 
slippage in profitability will focus attention immediately 
on correcting problems. · 

The focus of yourself and your practice must be clear: 
Make your producers profitable and more successful. J'he. . 

Clients may want to work with only one veterinarian be- selling of yourself has to be real; the cli~nt will know if.·· 
cause of personality compatibility, but it is Often In .their · you truly live this philosophy. The satisfaction gained from 

· best interest to use a team approach in order to take· ad- being part of a successful team is the true .reward of 
vantage of individual specialties. Each farm needs a lead practice. 
Veterl'nan'an tha·t d1'rects thi._·s team as needed. Match the . · 

"The mark of a· good salesperson is that his customer' · strengths of the team members with the weaknesses of 
the client. · doesn't regard him as a salesperson at all, but a trusted 

and indispensable adviser, .an auxiliary employee who, 
fortunately, is on someone else's payroll." .: Harvey 
Mackay 4 · 
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Motivation _- . .... 

Always have a goal or a: dream. 
Faith moves mountains! Have. a "can do" atti.tude. 
Cheerleaders ... there's a reason why they have them. 
Surround yourself with people who like people. . Be excited about your job. . · 
Help other people to be excitedabout their jobs; · . 
Be confident and enthusiastic. · 
Plan on being successful. -· 
Be positive. · 
B.e compassionate. 
Have a sense of humor. 

_Focus on prioritization. 
- Recognize all, especially work well done. 

Show respect to all. 
Motivate by example; 
Don't be an elitist or have· a bad attitude. It's bad for your 
business and. your health, ·, · 

Practice future-

How we help oitr clients reach thi!ir potential 

.Be_ flexible . 

The, swine industry is as strong today as it has ever been. 
A successful swine veterinary practitioner who has kept 
current will be a sought after individual somewhere in 
the industry. ·worry about bein:g good at what you're do~ 
ing. The rest will take C!:U'e of itself: . . . 

Leadership, production andprofit o:rientedservice, inoti
vation .. : this_ is how we have helped ou_r clients re.ach their 
potential~ tiiese'things have_ also-been the key contribu
tors tq the growth of our practice. . 

. ' . " ~ '. . "' . ·. 

Hopefully you 'Uunder~tand that this paper has highlighted 
_our practice beliefs, ·philosophies and goals. Every facet 
of our practice can always be (and must be) improved in 
order to stay abreast of the rapidly changing swine indus
try_andprovide value'-added service to our clientele. 

--· .· ·. : 
- . . . -
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Life-long learning: Taking control of your 
education 
Scott A.· Dee, DVM, PhD; Diplomate; ACVM 
Swine Health Center, Morris MN 

. Dedicatedto a. man who lit the fil:e and another who applied the gasoline~Richard Dee andHanSoo · Joo. 

Introduction to be a disadvantage when pursuing an agricultural based 
career, I saw it as an advantage, I catne tothe paity with 

It is a great pleasure to discuss this topic with you today. an open mind, with no preconceived ideas on how things 
I must thank Dr. CharlesCasey and the Leman confer~ needed to be done, or what was supposedly significant or 
ence program planning committee for not only the honor, insignificant. While !spent considerable time on swine · 
but also the challenge. I have never presented a philo~ farms prior to veterinary school, perhaps no particular 
sophical paper, particularly to a scientific audience. There~ experience influenced me as much as the summer I spent· · 
fore, l hope I can convey a meaningful message· without on the Mayo Clinic research farm. Here I learned the value 
the help of terminology such as "Materials and Methods", of the animal model as a component of the research pro~ 
''Results", or "Conclusions." Despite my inexperience, this cess. I saw the effects of Myasthenia gravis iii a herd of 
topic is· of great importance to me and a welcome relief goats, Von Willebrand' s hemophilia in a herd of pigs, as
following the recent completion of my PhD defense. I sisted with heart transplants in dogs, and stl.ldied the re
mustfirst say.thatthe last three years have been the best nal function of hibernating bears and its potential appii
ofmy prpfessionallife.They have been stressful attimes, cation· to human patients undergoing dialysis for kidney 
but full of excitement and many rewarding moments. The impairment. This wouid be a fascinating experience for 
feeling of completing a graduate degree while in practice anyone of us, but it was especially exciting for a 19 year 

. has been so beneficial that I highly recommend it to all Of old boy with an interest in becoming a veterinarian. 

you. The biggest question revolves around how to get it My desire to pursue educational goals is due to my strong 
done. · family background. My father was not only a successful 
The subject of this lecture is "taking control of your edu- · businessman for IBM, he was a true educational vision
cation." The key word is control, for this concept is easy ary whO instilled the importance of education into all his 
to discuss, but difficult to understand and practice. In the children at an early age. My dad possessed the foresight 
rapidly evolving profession of veterinary medicine, the to understand the need for post-graduate education in or-· 
necessity of maintaining a healthy diet of continuing edu- der to survive in the ·1990s and beyond. He realized that . 
cation is critical for a number of reasons. Many of us make bachelor's degrees were stepping stones in the education 
a living based on our ability to successfully inform eli- process, and it was his goal that his children would not 
ents of new developments in the swine industry. We are a only attend college, but would also earn master's degrees. 
very important part of the decision making team and our This was the. first example of true educational evolution· 
inputneeds to be based on current data. We must also be . that I had experienced, and this concept will be revisited 
informed of the latest technologies which are currently . later in my lecture. Considering this thought process took 
being developed at a frightening pace. We as practitio- place during the mid to late 1950s, he was indeed ahead 
ners must understand that our required level of education of his time. With his guidance, I developed effective study 
is constantly increasing, undergoing an evolutionary pro- habits while in the third grade, habits which are still ef
cess. This is important, not only to better serve our clien- fective to this very day. Thanks to my dad, I realized the 
tele, but also to provide our mental processes with new value of time at a very early age, and how important it 
information to stimulate creative thought. During the re- was not to procrastinate. 

mainder of this lecture, I will attempt to provide you with My mother also deserves a great deal of credit, for she . 
some insight on my educational background, my philoso- was the one who effectively reinforced the principles es
phy on the importance of educational evolution, as well tablished by my dad. Originally trained in elementary 
as how to carry out the process of successfully initiating· education, she gave up her career in order to be at home 
~mdcompleting an educational experience. with the children. My dad worked very long hours, fre-

My roots 
I was notraisedon a farm. I am originally from the city 
of Rochester,. Minnesota. While some may consider this 

quently traveling abroad. It was my mother's constant 
presence and her warm and gentle personality that helped 
make learning a positive. experience, one which remains 
enjoyable to this day. My mother also stressed the need 
for strong reading and writing skills, as well as the need 
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for fhienc_Y in foreign languages; As of this writing, my 
brother, sister and I· each speak at least one f6reign lan
guage and I hope to expand this skill in the future. ·· 

I was· also. very fort1.m~te, at a !:datively young age, tq. 
becom{! associated with the UniverSity of Minnesota 
Swine Medicine group.Thanksto Toni Molitor, Iwasablf.'! 

. to meet people who influenced my career. and my life~ 
people such as thelate AlLeman, Carlos Pi joan, Tom 
Stein, Bob Morrison, and of course, HanE)oo Joo .. This 

. group of scientists, as well as many others; taught meto 
think in a creative,. abstract manner. Theycontinue to chai

. lenge me to this day to imprOve my ievel of education. 
HanSoo, Tom and Carlos. have aJso been extremely in

. · strumental in helping me complete my veterinary and post 

Life-long learning,· Taking ~ontrol of your education 

Inmyopinion,we allpossessacertainlevelofdrive. Why 
are you here? Insteadof'Sitting in this hotel, you couldbe 
outin·the fieldmakirig money!.In .. fact, you.have spent 
some of your hard eamedsalary to travel and register for 
this conference, and you have left your home and busi~ 
ness for two to three days! I believe we do what we do 
because we}oveit, andthat we are innately driven to ex
cel, toimprove our kno\Vledgeand levelofskill. Dr. Casey 
challenged meto attempt to explain how practitioners can 
best_ fit continuing education programs into their already 
hectic schedules, but before I provide some specific rec~ 
om01endations on. hmv. to accomplish your goals, allow 
me to revisit my dad'sconcept of t?ducation evolution and 
explain howl feel it pertains to the future~four profession . 

graduate degrees, andlhave been extremely fortunate and ·· ·· ·· · · 
privileged to have been associated with them for the past i\n example of educational 
Js years, . ·• · . ~vohttion: Veterinary practice in 
It has also been a great experienteto be part of a very theye. ar 2005 . . . . . . .• 
unique; diverse group of practitioners at theSwineHealtl) 
Center. As equalpartriers, we all support andshar~a com
mon bond.to maintain thehighest ltwel of education within 
ourpractice. Attimes, due to all our activities, relation
ships may become. strained and tempers short; however, 
we&ll seemto care enougl1aboutoneanother to support 
each other's professional goals and desires .. 

1\tlosfimportantly, I have avery sl!pportive wife who un
derstands the desire I have to pursue new educational 
opportunities;Whenlbegan my PhD progtam,Iwasalso 
in the process of completing my board certification in 
microbiology, building a house, .getting married, as· well 
as maintaining a full time practice; Not only did all these 
a~tivities ·.call for.extensive travel, they'ftequently · occu
pied my thought processes to sucll an extent that, while I. 
~as phys~cally at home, I was distracted and mentally 
~Istant. Lisa deserves much credit for putting up with this 
hfestyle. I appreciate her very much and owe her a great 
&ai. . . • 

Drive: The "Fire Inside''. · 

Let'sJookinto. the. future and ·explore the needs of the . 
private swine practitioner in the US 10 years from now. 
The number of~wine oper;:ttionsinour country has con
tinued to decrease, while their size continued to increase .. 
The number ofpeople who control our industry have also 
decreased while the number. of swine practitioners have 
maintained .~.steady-state. or. perhaps slightly increased. 
~~ela~ of supply and demand hastaken effect and prac- · 
tttwners are now ·~applyil).g'' for positions as consultants 
t() S\Vine companies, as well as the"family farm corpora~ 
tion." Veterinarians are competing for the opportunity to 
work with an agribusiness; The significance of the DVM 
degree has lessened .and now is the equivalent of the 
bachelor's degree. Educational evolution has again taken 
effect! Due to the combination of the aforementioned fac
tors, the private practitioner oftheyear 2005 not only has 
a DVM degree, but a master's or a PhD as well. He or she 
is also board certified in a veterinary specialty area, such 
as microbiology, nutrition, or swine production imd health. 
Due to the effect of porcine reproductive and respiratory 
syndrome and subsequent disease problems which 

.Iwasby_ no means the most intelligent person during my emerged throughout the decade, the emphasis onthe role 
scholastic years. Several of my high school and college of the DVM has changed from one oriented towards pro
"advisors" told me to seriously pursue another career, due duction to one which focuses on a greater understanding 
to the fact they felt I didnotpossessthe required level of of the epidemiology and pathogenesis ofinfectious dis
intelligenceto be a veterinarian. L\Vas rejected from vet- ·eases of swine. Global thinking is away of life, a~d the 
erinary school two times and I used to walk the halls of pr~ctitioner is also multi-lingual, possessing. the ability 
the school at night,· hoping for the. day Iwould. gain my to speakSpapish,,German, or French, Finally, he or she is 
~cceptanc~. Therefore, while cranial capacity is definitely very familiar,with analyzing production and financial . 
~mportantmordertocompletean educational experience, ~ecords and works daily with a computer. Sound famil
It must not be the only factor. There i~another factor called mr?Many of these trends ate alreaqy in place! While this. 
drive. Drive is the burning desire in~ide oneself to excel is not meant to ~care anyone, this.is my vision regarding 
~nd to _achieve difficult tasks. It is hard to explain and the needfot advanced education; Whetherit will come to 
Impossible to measure; however, it is necessary to sue~ pass is impossible to predict; however, I. would ·not be 
cessfully accomplish the goals oflik ·· . surpriseqiftherequirements bfpost-gradu~te education 

beyond the DVM degree does not become a reality some-
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day. We have already seen many of the previously de
scribed changes in the swine industry over the last 10 
years. Who's to say the next 10 will be any different? 

How to get it done 
Now it is time to discuss how to achieve successful 
completion of educational experiences before educational 
evolution comes to pass! 

Set reasonably unreasonable goals 
Challenge yourself! What do you really want to do? A 
reasonable goal is one many can attain, without a great 
deal of effort. In contrast, a reasonably unreasonable goal 
is the dream you have had for a long time, the achieve
ment you desire to fulfilL It requires a higher levelof com~ 
mitment, diligence and perseverance, but you know deep 
down in your heart and soul it is what you really want and 
need. This is the educational experience of your life! Go 
for it! Do not wait for the opportunity. Make the opportu
nity happen! Run with it and do not look back! The rea~ 
sonably unreasonable goal is a thrilling experience, scary 
at times, but just imagine the level of satisfaction when 
it's finished! 

The fine line of study design 
In order to get the most out of your educational experi
ence, itneeds tobe designed correctly. It is critical to 
develop a project which can be applied to a problem which 
is important to the industry. During the initial stage of 
your program, it is important to survey the existing ques
tions or problems which are causing problems for your 
clients. Make a list ofthe top five in order of significance 
and of interest to you. If designed correctly, the educa
tional experienceis not only helpful and informative, it 
may also be profitable. My project was based on develop
ing a control measure for post-weaning PRRS. At the time 
my program began, no effective control strategies were 
available, and it was easy to justify the time. I did not 
reduce my practice output or take a leave of absence at 
any time during my PhD program. I remained a full, ef
fectively-functioning member of our staff. While I did 
focus on PRRS cases, I always remained in contact with 
my existing clients. 

Practice the principle of immersion 
Once you decide on your program of study, immerse your
self in it. Think of immersion as living in a foreign coun
try where you cannot speak the language. You must force 
yourself to master the language in order to communicate! 
'J:'he same principle holds true for learning. Live'within 
your project! Think it, talk it, read it, write it, eat it, sleep 
it. Immersion not only enhances long term memory, it 
stimulates new ideas. 
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Avoid procrastination 
Procrastination, or the wasting of time, is not an option if 
>educational experiences are to be successful. In my opin-
. ion, time is the most valuable resource we have today. I 
personally cannot stand to waste time, almost to a fault. I 
have found myself working while driving or while sitting 
on the toilet.· Lately, the decision to purchase exercise 
equipment appeared to be centered around whether I · 
would be ableto "work and work out" at the same time! I 
jokingly refer to my PhD asthe "35,000 foot thesis" due 
to the fact that a great deal of it was written in a plane or 
an airport. While I may take this concept to the extreme 
and do not recommend you developing any of my afore
mentioned bad habits, I do feel strongly about the nega
tive relationship between procrastination and the success~ 
ful completion of an educational experience~ 

Record your observations 
In my opinion, one ofthemost effective means of culmi~ 
nating the learning process is to record your observations. 
Publications are effective learning tools, requiring a lit
erature review and a way to record observations and 
thoughts in an organized fashion. It is also an experience 
for one to go through the peer review process. While it 
may be potentially humbling, if provides an understand~ 
ing of your strengths and weaknesses, as well as new in
sight. Recording your observations also becomes easier 
over time, and is very helpfultoall of us as we explore 
the literature.in an effort to gain solutionsto existing prob
lems. Publishing is also an excellent means to establish 
yourself as an expert in a specific field. 

Delegate authority 
Do not try to do everything yourself! Delegate authmity! 
Many veterinarians do not do this very well and end up 
feeling responsible for. all facets of their program. This 
not only adds extra work, it delays the learning process. 
During my PhD program, our staff was involved in the 
processing of the thesis. One person was directly respon
sible for the typing of the literature review, while another 
was involved in the processing ofthe publications. I am 
fortunate to have such energetic, considerate people at 
the Swine Health Center, who treat my work like it is 
their own. By delegating authority to these people they 
stay busy, productive, and happy. They take personal pride 
in their rolein the production process, be it a herd letter, 
thesis, or a drug trial. Therefore, I suggest providing mem
bers of the staff with the opportunity to get involved. It is 
crucial to not only reward them monetarily; but to show 
them· that you appreciate their efforts by treating them 
like human beings on a daily basis. They have their own 
problems and responsibilities and they need to be handled 
with respect at all times, notjust when you need some~ 
thing done! 

( 
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Strive for closure. 
As difficult as it is to initiate an educational experience, it 
is harder to finish the job. It takes discipline, patience and 
stamina to accomplish closure, particularly in the face of 
the. daily challenge of private practice; however, you owe 
it not only to yourself, but to the faculty of the graduate 
program yoi.J have enrolled in. These dedicated people 
have worked very hard,· for no extra monetary reward1 to 
help us improve our chances of success. They have worked 
during the weekend, on holidays, putting in overtime hours 
preparing these programs. The inability of students .. to 
complete their degrees is a negative reflection on our lead
ers in academia, somet}ling they do not deserve! There
fore, I challenge all of you who have started a: graduate 
program to finish the job! Until you do,· you have accom
plished nothing! 

Veterinary medicine: A life of 
unlimited opportunity 
We are a bless({d group. We belong to the greatest profes
sion in the world, and we are part of an active, highly 
respe~ted organization. We have unlimited opportunity 
to improve our level of knowledge and enhance our suc
cess.· For our profession to advance and our clients to 
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·benefit, we need to continue to raise our learning curve 
and to take advantage of the many educational opportu
nities within our industry. 

Whatwill be the challenges we will face due to the dy
namics of today's swine industry? What will we need to 
compete in the future? My father understood the concept 
of educational evolution as it pertained to the bachelor's 
degree. Will the DVM degree follow suit? Will advanced 
degrees be required by those who control the industry in 
the future? Will you be ready if it happens? Time and time 
again, I hear the late AI Leman's voice in my head, ring
ing out loud and clear, asking that uncomfortable ques~ 
tion, "Would you hire you?'' We must remain on the cut
ting edge, consistently improving our education. Again; 
it takes time management, discipline, and persistence, but 
knowing the talent that exists among the professionals in 
this audience today, I see a bright future for the US swine 
industry. The opportunity to complete a successful edu
cational experience is there, but it is up to you to take it! 

Thank you again for the oppoitunity to speak to you to
day and I wish you well in your future endeavors. 
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·Dropping the ball on SEW and PRRS 
Barry Wiseman 
PIC, Franklin, KY 

The problem with not yet finishing your Ph.D. atthe Uni~ 
versity of Minnesota is that they can give you titles such 
as "Dropping the ball on SEW and PRRS'' and expect 
you to write a paper and give a presentation on the topic. 
The natural assumption on hearing this title is that there 
has been something wrong with thewaythat we-the vet
erinary profession. and the swine industry-have ap
proached these two topics. While it may be argued that 
hindsight is twenty-twenty, . the US swine industry and 
the veterinary profession have been far more aggressive 
than the rest of the world in addressing ways .to under-. 

At the same time the·us industry· was explorii1g imple
mentation of isolated-weaning technologies, we also be
gail to see the clinical. syndrome now known as PRRS: 
Although these two events seem unrelated, Dr. Stephen 
Morse of the Rockefeller University has said that rarely 
do emerging infections appear without a reason~ Disease 
emergence can be viewed as a two'"'step process: · 

• introduction of the agent into a newp()pulation, and 

• establishment and dissemination within the :!'lew popu
lation (adoption). 

·stand the PRRS-and SEW. The US has had far .more-aerO- - - - · · , -
Factors that promote either or both of these steps tend to 

nyms for either PRRS.or Isowean® than any other indus-
lead to new disease emergence similar to what we have 

try inthe world. Surely, this alone must indicate a higher .·seen with PRRS. Regardless of what factors Jed tothe 
level of intellectual capitalthat has been invested in both 
topics. · emergence ofPRRS,it is certainly a situation with which 

the swine industry has been presented and one that we 
· Medicated early weaning (MEW) was first described in will address. · · 

modem literature by Dr, Tom Alexander and some co- · 
Swine practitioners and researchers have discussed niany 

workers from PIC. The purpose of MEW was to elimi- strategies for controlling PRRS at meetings like this one. 
nate some endemic diseases from a herd and allow These include: · 
repopulation with the same. genetics but at an elevated 
health status. Dr. Hank Harris, and many others associ- • feedback strategies (what to feed back and how 
ated with PIC, spent several years modifying MEW much), 

(MMEW) to make it easier and less costly, although the • Dr. Dee's nursery.depopulation strategy, 
general purpose was to elevate health status of the off-
spring over the sows from which they originated; they • sow herd stabilization strategies, 
first reported the· superior performance over .littermates . • Dr. McCaw's McREBEL, and 
that remained on the farm. Dr. Harris first proposed three-
site production as a way to exploit the benefits seen by • multiple vaccine protocols. 

rearing weaned pigs off~site in 1988 and.:_by 1990-the We have had good experience using multi site SEW tech
first 2000-sowthree-site farm was well in production. As · nologies to eliminate PRRS from pig flow. New diagnos-

. a parallel trend, in the late 1980s veterinary and industry tic techniques, such as PCR and the differential PCR, 
meetings included the presentation of different protocols . continue to be made available; undoubtedly, new tech
whereby certain pathogens were eliminated or reduced nologieslike these will enable us to understand and con-
and performance was enhanced. trol PRRS in the future. 

This research resulted in the development, by both cor
porate and networked or independent producers, of sev
eral three-site and multisite production systems. What 
precisely are the differences between multisite and three
site? Neither term refers to the number of sow herds from 
which the pigs originate; they refer specifically to pig flow. 
Three-site refers to continuous~ftow sites, with ali-in
all-out rooms or buildings. Multi site refers to aU-in-all
out sites where there are no more than 2 weeks of pro
duction on any site. This differentiation is pertinent 
because, in my experience; multisite systems seem to 
outperform three-site systems in the long run. 
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There are several observations one can makewhen evalu
ating our progress as an industry and a profession in rela
tion to PRRS and SEW.The early adopters have been 
aggressive in addressing both ofthese issues. Their natu~ 
ral philosophy tends towards the adage of "ready,· fire .• 
aim" instead of the classic "ready, aim, aim, aim ... ". This 
has had two effects. By making mistakes much quicker, · 
the· knowledge base has grown more rapidly. However, 
this speed takes away from· some of the focus and scope · 
of understanding by reducing the time spent in analysis 
or "aim." 
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As we continue to learn about new operating systems such · In summary, as an ihdl}stry we have made greatprogress 
as SEW-based technoiogies or new· diseases, we rnust ·in the adaptation of SEWtechnology.Additional research 
strive to maintain focus .. No individual operating system in this.area will continuet() define the constraints ofindi
offers a panacea; instead, each differs from the others With vidual operating systems, such as ''how old?", '"how far?", 
respectto its relative benefits and constraints. It behooves or "how many?". It will also be an imp<)rtanttoolto learn 
us to remember theprinciplesthat Dr. Alexander's MEW more ab?utthebiologyofgrowth ofthe pig. PRRS con
technology was founded on: . tinuesto be significantto our industry; probably more so 

than iri Europe; Economic drivers will continue. to cause 
• sows do not seem affected by the endemic diseases · 

that exist in the nurseries through finishers; and . new tools and technology to be made accessible. It is our 
responsibility to further our understanding of the defining 

• newbom.piglets are not infected immediately at birth 
with these endemic diseases: 

It is criticaho understand these two principles to consis-
. tently and successfully apply SEW technologies anci in
terprettheresults. They infer a "stable';sow herdwitha 
level of herd immunity which. keeps the endeJ1lic herd 
diseases .under control and, alternately; }hat SEW tech
nologies would beineffective where this stability did not 
exist. Coincidentally, many are suggesting that this sta-. 
bilityis required for control of PRRS~ · 
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principles of any issues tllat our industry addresses. We 
will do thaf by maintaining open minds with a degree of 
skepticism and addressing our questions through the 
scientific method. · · 
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The role of mycoplasma in c~rrent re_spiratory
disease outbreaks. in finishing swine 
Rlchm~d F. Ross, DVM, PhD . . 
Veterinary Medical Research InstiW,te, Iowa State University ... 

hitroduction. ·positive could have been higher in.a subpopul_ation of 
..;_---~--~-~---~--·-· _. grow:.fi:nishpigs from among the 221 cases studied. . 

During the pa~t·twelv~·mmiths, outbreaks. of r~spira~qry Unfortunately, the emergence ofPRRSYandreemergence 
disease in finishing swine have been reported with increas~ ofSN in outbreaks of gmw-finish swine :pneUillODia in a 
irig frequency. These outbreaks have.apparently oc_curred setting with what is undoubtedly a high lev~l of infection 
in swine rearing areas throughout the country. It ts well · withM. hyopileumoniae is virtually ililpossibleto sort out 
known that finishing swine have a high prevalence of en- It se~ms likely to me that the 'co-existence ofthese .infec-: 
zootic or mycoplasmal p_neumonia and that they have a dons is a dynamic process with M. hyopneumoniae often 
re'tatively high frequency of exacerbated disease associ- b~ing a major' and widespread co.;infection or a sequel to 
ated with a variety of pathogens such a:s Pasteurella prior PRRSVinfection withinterludes of SN infe~tion. 
tnultocida, Actinobacillus pleuropneumoniae, Salmonella · · . · · · 
choleraesuis and Streptococcus suis. However, recently Mycoplasmas have a remarkably rapid rate of antigenic 

· · k bl · h · · variation·, the organisms can re-present multiple, surface reported outbreaks have been remar a e m t etr mten-
sity. According· to Halburi,2, necropsies· from outbreaks antigenic motifs. The immune response of the host in these 
of what is commonly called porcine respiratory disease circumstances may or may not be able to cope. Couple 
complex (PRDC) are commonly characterized by 30 to this with the possibility that strains of the orga:irismprob-
70% pulmonary consolidation. · · ably differ in virulence, it becomes a remarkably variable 

process. Fundamental predisposition to other microbial 
Evidence that Mycoplasma hyopneumoniae infection is infection can be effected throughtissue damage caused 
widespread in swine populations derives from pathologic, by oXidative damage, .metabolic interruption of host ~ell 
microbiologic and serologic studies. A Minnesota survey metabolism, and possibly other damage caused by toXIns 
for gross lesions at slaughter indicated 100% of 125 herds produced by the mycoplasma. Also, very important!~, 
with typical "enzootic pneumonia" lesions and 75% of these organisms are thought to cause enhanced susceptl
pigs affected (Pointiri et at3). More specific evidence of bility to other disease through nonimmunebinding to:Fc 
the high prevalence of the organism in pneumonic lungs portions of Ig, IgA protease production and modulation 
of slaughter weight pigs can be obtained through culture of the host immune response as described in my second 
procedure. In a remarkable study published by Yamamoto paper for this conference. 
et al. 4, it was found that 93% of pneumonic lungs of pigs 
at slaughter weight in Japan were culture positive forM. 
hyopneumoniae. Recent comprehensive serologic surveys Salient questions 
have not been conducted; however, Young et al.s, using In the absence of comprehensive, well structured studies 
the complement fixation test on 7321 serum samples from to characterize the temporal characteristics of PRDC, I 
Iowa breeding stock, found 22% of sera and 60% of herds will approach this issue by addressing five questions. 
with antibodies to the organism. This survey undoubtedly . These questions are imbued with layers of additional ques
underestiniated the herd infection level because of the tions; however, they do provide a basis for attempting to 
nature of the CF antibody reSponse toM. hyopneumoniae. sort out some of the critical issues confronting the swine 
Taken together, all available evidence indicates that grow- practitioner in PRDC. 
finish swine with pneumonia have an extremely high prob-

ability of infection with M. hyopneumoniae. What is the influence of management 
Fortoday's discussion, we are asked to contemplate what strategy, paJticul&ly multisite production? . 
role this organism has in the current outbreaks of PRDC Current management strategies could have a strong ten-

. in grow-finish swine. Halburl.2 and Dee6 indicate in their dency to result in subpopulations of pigs that are com
observations that M. hyopneumoniae is a major compo- pletely free of one or more of these important respiratory · 
nent, along with PRRS virus and SI virus in these out~ disease agents. If kept free of these agents or if they are·, • .. 
breaks. Zeinan7, in a study of 221 cases of "PRRS virus . kept at very low levels of infection, pigs willclearly be 
pneumonia" found only 7.7% with M. hyopneumonit:ie. much more likely to escape PRDC. However, it seems to 
Although data are not presented in the paper by Zeman, it methat it is likely that not all groups of pigs in an opera
can be deduced that the actual percentage mycoplasma tion,regardless of the high health status strategy utilized, 
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will go through all stages of production without at least a the pathogenesis of pneumonia associated with M. 
low level of infection with at least one or more of these . hyopneumoniae in grow finish swine. In my view; a study 
agents. conducted by Mefford9 provides evidence that pneumo-

nia in young pigs (probably caused by bacteria) contrib
While I do not have the direct experience that many of utes to pneumonia at slaughter typical of mycoplasmal 
you·have, I do have the experience of repeatedly having pneumonia; this implies a role forpredisposing damage 
great difficulty in locating M. hyopneumoniae-free swine 

in M. hyopneumoniae disease. Viral infections, which are populations. Over and over again, I have found that herds 
claimed to. be free of the infection, were not free at all. so dominant now, surely have the potential also to predis-

The fundamental principle is that, unless a herd is regu- · 
pose to more severe mycoplasmal pneumonia. 

larly monitored for presence of the agent, probably with Alternatively, the mycoplasma itsel{ may, in some way, 
serology, it i.s impossible to make certain that it is really be predisposing or immunosuppressing the pig so that the 
free. M. hyopneumonicw infections are well known to have viral agents, PRRSVand SIV, can more seriously assault 
the ability to remain subclinical; regular clinical moni- the pig's respiratory tract. Clearly, careful studies of 
toring, post-mortem examinations, histopathology and model, induced infections as well as temporal studies of 
slaughter checks may not provide sufficient assurance that outbreaks should be conducted to sort out these 
a herd is free of M. hyopneumoniae. Therefore, I simply relationships. 
will not believe that a herd is free of the organism unless 
it has been monitored regularly clinically, through 
necropsy assessment ofdead pigs, slaughter examination, 
and regular serological profiling with a sensitive serologic 
test such as the ELISA. I believe that we can assume that 
multisite production schemes result in some subpopula~ 
tions of pigs that are free of M. hyopneumoniae and some 
that are infected. This view is substantiated by the com
ment by Halbur2 that his studies have indicated 30-40% 
of swine in typical grow-finish units are seronegative to 
M. hyopneumoniae in late grow~finish phase. The co-min
gling of these populations, along with a series of other 
stressors and infectious agents, can result in full-blown 
primary mycoplasmal pneumonia. Evidence obtained 
many years ago by Betts8 indicated that pigs in fully sus
ceptible herds in England often experienced high mor
bidity and mortality with enzootic pneumonia. 

So how does rearing system contribute to the emergence 
of PRDC? Is it a consequence of development of naive 
subpopulations which, when exposed, develop much more 
severe disease? Definitive epidemiologic studies with ac
curate diagnostic work-ups should provide useful insight 
to this issue. 

What are the dynamic interactions now 
occprring between PRRSV, SIV and M. 
hyopneumoniae? In what way do these 
agents contribute to the pathogenesis of 
infection caused by the other agents? 
It has long been held that M. hyopneumoniae is a primary 
predispo~ing agent in classic mycoplasmal or enzootic 
pneumonia. I think that it has to be remembered that many 
infections precede M. hyopneumoniae in the porcine res
piratory tract. The most common bacterial agents are M. 
hyorhinis, Bordetella bronchiseptica and H. parasuis. 
Now we have the high frequency of infection in weanling 
pigs of PRRSV. I submit that predisposing infections, or 
at least interacting infections, have always been a part of 
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What is the likelihood that M. 
hyopneumoniae has changed as a. 
consequence· of rearing. strategy, use of 
antibiotics, or vaccines? 
In a way it is embarrassing to have to acknowledge that, 
in spite of M. hyopneumoniae being isolated in 1965, we 
still do not have a rapid and efficient system for isolation 
of the organism from naturally infected swine. The point 
is, even if we wanted to explore the potential that M. 
hyopneumoniae strains extant in field outbreaks of PRDC 
or other pneumonia have changed; we do not have 
suffiCient funding or methodologies to seriously address 
the question. I believe that it is an important question and 
would like to see funding agencies have the same opinion! 

As mentioned in the second paper that I will present, 
mycoplasmas have an enormous repertoire of surface an
tigens and have remarkable ability to reconfigure their 
surface antigens quickly. Given this capacity for genetic 
switching, it seems likely to me that field strains of the 
organism have . changed, and that they will continue to 
change. What are the roles of rearing strategies, antibiot
ics or vaccines in these changes? Do these types of hu
man interventions influence emergence of particular sub
populations of the mycoplasma? We don't know. 

Does the present complex PRDC present 
unique problems for the diagnostician? 
Classic methods for diagnosis of porcine respiratory dis
ease include classic understanding of the dynamic and 
clinical picture presented, gross lesions, microscopic le
sions, isolation of the agent or specific detection of the 
agent by immunofluorescence or immunohistochemistry. 
Detection of antibodies to the organism is a highly useful 
method for as;sessment of herd status. It is not my inten
tion to spend a lot of time reviewing all aspects of mak
ing a diagnosis of M. hyopn~umoniae disease. I will sim
ply make a couple of points that I believe are critical to 
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determination of the role of M. hyopneumoniae in an out
break ofPRDC. 

• Serology. I recommend the use of ELISA serum 
profiling to determine that· antibodies to M. 
hyopneumoniae are present and that titers are increas
ing consistently with the development of clinical 

vel oped. Indeed, it would be wonderful if essential infor
mation for alternative template could be superimposed 
upon each outbreak of PRDC so that the swine practitio~ 
ner could efficiently and effectively reach a decision about 
how best to reduce or eliminate the threat of this enor
mous problem for clientele. 

signs. References 
• Necropsy and microbiologic· assessment. Animals ------------------

should be manifesting typical, acute "PRDC." The 1. Halbur P, Changing trends in the porcine respiratory disease. 
usual histopathology coupled with complex. Proc. Pork 96 Summit. Tempe, AZ. To be published. 
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immunofluorescence testing is essential.Finally, cui-· tainty of decision making. Proceedings of the Allen D. Leman 

Swine Conference.J990; 38-57. 
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is costly and may require up to six weeks. in the lungs of pigs. Proc. Seventh Int. Cong, Pig Vet. Soc. 1982; 
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How does one determine the potential and . 5. Young T, et al. Prevalence of antibodies to Mycoplasma 

optimal times for intervention to control or hyopneumoniae in Iowa swine. Am. J. Vet. Res. 1983; 1946~ 
. 1948. 

reduce the impact of this now multifactorial 6. Dee S, The porcine respiratory disease complex: Are sub~ . 
disease? populations important? Swine Health and Production. 1996; 
In addressing this final question, it is important to repeat 4:147-149. 
that an accurate diagnosis must be made and the tempo- 7. ZemanD, Concurrent respiratory infections in 221 cases of 
ral relationship ofthe various infections must be defined .. PRRS virus pneumonia: 1992-1994. 1996; 4:143-145. 
It seems to me that how one approaches intervention de- 8. Betts·A, Respiratory diseases ofpigs. V. Some clinical and 

epidemiological aspects of virus pneumonia of pigs. Vet. Rec; 
pends enormously upon understanding which· infection 1952; 283. 
seems to be the trigger point. A single post-mortem will 9. Mefford D, et al. Field efficacy evaluation oflong"acting 
not provide such information. I would plead that a sys- oxytetracycline and/or Bordetella bronchiseptica bacterin for 
tematic approach be developed between diagnosticians improving performance while reducing disease severity in pigs 
and practitioners to develop an understanding of how this from an endemic rhinitis herd. Proc. Am. Assoc. Swine Pract. 
problem is evolving (Halbur1.2). Careful epidemiologic 1983; 21-28. 

study of these infections may also provide valuable evi-
dence that some risk factor(s) are critical in setting the 
stage for development of PRDC. As information evolves, 
it may be that alternative scenarios or models can be de-
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Foodborne salmonellosis: Impact on public 
health and economics 
Dr K. StOhr, Dr F.-X. Meslin 
Division of Emerging and Other Communicable Diseases, Surveillance and Control, World Health Organization, 
1211 Geneva 27, Switzerland 

Introduction 
WHO considers foodborne diseases to be one of the most 
widespread health problems in the world. In developing 
countries, up to 70% of all diarrheal diseases in children 
under the age of five may be of foodborne origin. Overall 
about 1300 million diarrhea disease episodes are estimated 
to occur annually in children below five years of age re
sulting in over 3 million deaths. 1 

Foodborne diseases can be caused by a wide range of food 
contaminants which are either of biological (bacteria, 
parasites, viruses, or molds) or chemical nature. The clini
cal course of the disease in man varies considerably, from 
mostly mild to life-threatening. Sequelae occur in a small 
proportion of cases (2-3% )2 but they can entail substan
tial long-term expenditure.3.4 For instance, shiga-like
toxin-producing Escherichia coli-infections can result in 
haemolytic uraemic syndrome, with renal failure requir
ing life-long intensive care. 

When consumers are questioned about their concern re
garding the safety of foods, many of the interviewees are 
more afraid of residues (pesticides), heavy metals, and 
other chemical contaminants than of biological food con
taminants. However, there are clear indications that the 
majority of acute foodborne diseases are due to biologi
cally contaminated food, and bacteria play a leading role 
in this category.A variety of diseases caused by foodbome 
bacteria occurs in many countries although to a different 
extent. They include: cholera, salmonellosis, shigellosis, 
typhoid, campylobacteriosis, brucellosis, bovine tubercu
losis, andE. coli-infections.5 

The problem of foodbome diseases is not restricted to 
developing countries as shown recently with egg-borne 
salmonellosis now reported from all continents and with 
Entero-haemorrhagic E. coli infections (EHEC) in humans 
in, e.g., Japan, Sweden, Germany and the USA. For ex
ample, the UK Food and Drink Corporation estimates in 
its 1994 report that foodbome illness, principally salmo
nellosis, is costing the British economy about UK£ 1 bil
lion annually.6 

In this document we. shall concentrate on foodbome sal
monellosis as the leading cause for infectious foodborne 
diseases in many parts of the world. 
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Salmonella prevalence 
During the last decade, reports of salmonella cases in 
humans have increased in many parts of the world. Fig
ures 1 and 2 show how salmonella prevalence has evolved 
in some countries since 1980 (first year of reporting = 
100). 

In many countries the reported number of salmonellosis 
cases has gone up steadily since about 1984/85. This aug
mentation of reported salmonella cases in humans, par
ticularly noticeable in Europe, was also reflected in the 
morbidity of human salmonellosis in the countries con
cerned. Reported morbidity reached levels of 150-350 
bacteriologically-confirmed salmonellosis cases per 
100,000 inhabitants. Particularly high rates were reported 
in the Czech Republic, Poland, Slovak Republic, Austria, 
and Germany. The former USSR ranges iri the middle of 
the listed countries with about 75 cases per 100,000 (Fig
ure 3). 

One important reason for the rise in salmonellosis cases 
is certainly the dramatic increase in the number of cases 
of Salmonella enteritidis, a poultry-associated agent which 
is mainly transmitted through eggs and broilers to humans. 
S. enteritidis is only rarely transmitted through feed in 
the poultry operations. Transmission occurs mainly ver
tically through eggs and infected animals and is main
tained in the environment and through animal vectors (pri
marily mice). These epidemiological characteristics 
require a change in the general approach to salmonellosis 
control and emphasis must be placed in poultry opera
tions on cleaning, disinfection and vector control, com
prehensive monitoring systems throughout the poultry 
production chain, application of vaccines, competitive 
exclusion preparations, and the tailored use of 
antimicrobials.7•8•9 

Even though Salmonella strains (mainly S. enteritidis and 
Salmonella typhimurium) derived from poultry or eggs 
cause a significant proportion of human salmonellosis, 
other food commodities must not be neglected. Until the 
emergence of S. enteritidis, pork and beef were consid
ered to be the most important sources for human salmo
nellosis cases in many developed countries. During re
cent investigations in Denmark10, for example, enteric 
salmonella were found in 6% of the pigs sampled in a 
national survey of 1363 pig herds in 1993/94. In 22% of 
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Figures 1 and 2: Trends in reported salmonellosis cases in humans (first year of reporting=1 00) 

the her:ds sampled, at least one Salmonella serotype was in the pig herds. In Denmark, pork was considered as the 
found. The- predominant serotype was S. typhimurium primary source of about 15% of all-salmonellosis cases 
(64% ofall samples). Enteric Salmonella were also found in humans in 1994 (20% poultry; 26% eggs, 14% travel, 
infresh pork (0;7%) and at the retail level (2.5% in fresh 26% unknown). The prevalence ofsalmonellosis in Den
pork; 0.06% in heaHreated pork) during a continuos mark was 82.3 cases per 100,000 inhabitants in 1994. 
monitoring program initiated in 1993. The distribution of 
serotypes in pork at slaughterhouse and in outlays of re-
tailers largely reflects the distribution of serotypes found 
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Figure 3: Prevalence of salmonellosis (cases per 100 000 inhabitants) 

Reasons and causes for the 
observed increase in 
salmonellosis 
There are some explanations for the general upward trend 
in the number of reported .salmonellosis casesin humans 
and for the differences observed between countries. 

• Onemajor reason is the emergent.e ofS. enteritidis, 
its worldwide spread amongst poultry fiqcks and its· 
subsequent transmission to humans viaeggs and poul- · 
try meat. Figure 4 shows the increase in reported S .. 
~enteritiais cases in humans since 1980. The new epi
demiological characteristics of this bacteria have en- · 
abled it to enter the food chain at unexpected sites, 
thus dodging ctirrent measures for salmonellosis con
trol. In many countries S. enteritidis accounts for the 
majority of salmonellosis cases in humans (F'igure 
5). . . 

The situation regarding S. enteritidis came to a head 
in Europe between 1988 and 1992. Countermeasures 

· at different points of the egg and poultry production 
chain were initiated shortly after the first sign ofan 
emerging problem. Ministers lost their seats and the 
media launched a huge press campaign. Since then, 
public awareness has been very high regarding the 
potential health risk associated with the consumption 
of raw or under-cooked eggsbut also with beef in the 
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recent past. Egg consumption dropped noticeably in 
many countries as it did recently with beef in con
junction with the assumed link between bovine 
spongiforrn encephalopathy (BSE) and the new vari-

. ant ofCreutzfeld-Jacob disease. Pork has not yet come 
in the-forefront of scientific and public discussion in 
conjunctionwith the emergence and control of 
foodbome diseases, 

However, S\\feeping success in the controLof salmo
nellosis has not yet been achieved in many countries. 
Prevalence rates ofSalmonella enteritidis in humans 
have remained high in many countries or have, gone 
down by only 10-15%, although all feasible food 
safety measures for.S. enteritidis control at the 
postharvest level have already been exhausted (for 
example, "use by'' dates, compulsory refrigeration of 
eggs during transport and storage, regulations on com
mercial Usageof eggs and egg products, education of 
food handler andconsumers). · · · 

Additionally, our. better awarenessof the problem and 
the heightened sensitivity towards salmonellosis by 
the public have led to improved reporting. However,· .. ·~ 
data are only available from a comparatively small 

·number of developed countries .. Proper.surveillance 
systems arelackinginmany otherparts oftheworld 
where data are often collected, ifatall, for adrninis~ 
trative reasons rather than for disease control and 
epidemiological analyses. The foodborne disease 
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. Figure 5: Increase in reported human s .. enteritidis cases (1980=1 00) 

problem is far more serious, however,inthe develop
ing world. Mariy of these countries lack the resources 
to carry out foodborne' disease surveillance programs 
and pertinent data on the prevalence of food borne 
diseases are not available. This, in tum, makes any 
evaluation of the economical impact difficult. 
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• Another factor which has also significantly infiijenced 
the observed increase in foodborne disease cases is 
the improvement in stanc}ards of living leading, in 
many countries, to an increase in consumption offood 
of animal origin. This has subsequently resulted in a 
heightening of risk of transmission of zoonotic agents 
via food to humans. · 
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• World meat production has substantially increasep 
over the last 30 years, particularly swiftly in the de
veloping world. Whereas the population in develop
ing couptries increased between 1980 and 1992 by 
28%, meat production raisedby 78% 11 and.44% of . 
the meat is currently being produced in the develop-
ing world. · · 

-
The range of costs has been estimated in a few individual 
.outbreaks of salmonellosis from an economic point of 
view: 

• Ten outbreaks ih food service· establishments in the 
USA - US $57,423 to US $699,40013 . 

• Changes in consumer habits have also added to the·· 
observed upward trend in salmonellosis in humans~ 

• Salmonellosis outbreak at a. European Summit Con
. ference - US $317,000 14 · · · 

• Two outbreaks due to manufactured food in the UK -
£ 379,000 and£ 14.6 ~illion15 . In some developing countries, urbanization has 

· changed methods of food preparation that ensured · · 
food safety in the past. Food service establishments. T~ese figures are already indicative of the possible 
are patronized more often and tqe mass production financialcon&equences of salmonellosis outbreaks involv-

ing many human beings. Interesting though the figures 
of animals is often not backed up by appropriate 
slaughter-house and food inspectiqn services. Further-· ·might appe!ll', the number of salmonella cases occurring ~ . 
more, the growth of the meat market is mainly due to during outbre~tks is comparatively low. Recent studies 

· have shown that s.noradic, individual· cases account for 
the expansion of the poultry sector; . Ghicken meat, - r · · 

the overwhelming majority of reported salmonellosis 
which is generally more likeiy_ to be. c~ntaminated 

cases.16;17•18 These single-family cases, which are much· 
with salmonella, has gained considerable ground in 

·the agricultural sector due to the relative ease of mass less spectacular for the public and the media, often. elude, · 
production compared to other livestock. our attention though they generate most of the costs of 

.· .... salmonella illness in the public sector and individuals. 

Investigations on economical 
impact · 
When dealing with the control and prevention of an indi
vidual (given) disease the most significant questions are 
certainly: · 

Costs associated with 
salmonellosis· 

. . . . . : . 

The economical losses due to salmonellosis in hunians 
. -

occur largely in the following sectors: public health, costs 
to individuals and society, and costs to industry. These 

• Are we tackling the right problem? · costs do not completely reflect ilie impact of reported sai-
l h t t · d tif th · t d .· monella episodes on public health and economics. Intan-

• n w a erms can we 1 en Y e tmpac an conse-. gible factor~, such as pain and suffering: are very difficult 
querices of the disease? . to evaluate in financial terms:·· · -

• What is the price society has to pay for the occur~ . · . . · · . 
Table 1 shows the costs of a single salmonellosis case in renee of this problem andits control?~_·· ·· 

.. different countries. 12.19•2° Figp.re 6 depicts the. calcuiated 
• Do we have enough convincing arguments to com-' . annual costs for salmonellosis (in US dollars) based on 

pete successfully for public healt}) spending? . . · the costs for a single reported salmm:idla case (Table 1), 

. Answers to these. questions could lead·to.a co~s_olidated_. . the reported prevalence, a fixed exchange rate (DM 1 :52; 
appraisal-of the economical impaCt pf a disease. Cost- . :£ "1:0·63; CA$: 1.3?) and anannu&l_infl11tion rate of 2%. 

benefit analyses for its control· and prevention. will be- Fo~ Germany, with a rather well established surveillance 
come indispensable in the future as they will provide the , system, calculated costs would have amounted to approxi
rationale for the choice of preventive strategies at the most · mately US $150 million in 1994 to the public health sec-
effective points of intervention. tor;· i!ldividuals and society. 

·At least three factors have directed the attention of econo- The data on. which the analyses were made include-re
mists and others to the financial and social impact of sal- ported cases only, but only a small proportion of 
monella infections: .. · · · . food borne disease episodes ever come to the attention of 

public health authorities. This also holds true for coun-
• The dramatic increase in the recorded.number. of sal-

monella infections tries where. surveillance and reporting. systems function 
well. Probably only one out of t~n episodes of salmonella 

~ Evidence which suggests that costs associated with diarrhea is notified in industrialized countries. Urider"-re
foodbotne diseases, particularly salmonella, are high porting in developing countries is much higher and it is 

estimated that less than 1% of foodbome illness enters 
the public heruth statistics.5 

. . . . - . 

• Attention placed on containing public health expen
. diture and pressure on resources in this sectori2 

132. 
. . . 
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Table 1: Cost for reported human Salmonella cases. 

Country 
· England/Wales~ 
:Canada 
. Germany · 
USA 

Cost 
UK £788 · 
CA $1,350 

. .DM 1,250 
us $1,350 

80 

Reference 
Socket, P .N. et.al1991 
Todd, E; 1989 
Krug, W. et.al1983 • 
Todd, E. 1989 

·us$ 

Figure 6: Proportion of S. enteritidis in' all reported salmonellosis cases in humans 

Although the unreported salmonella episodes usuiiliy do 
not need medic at treatment, the._ costs. they. generate to 
sotiety are substantial (about 115 of a reported cas~). An 
analysis in Germany revealed th3;t costs for unreported 
salmonellosis cases account forabout2/3 of the total costs 
to the public sector. 20 , _ 

·. Costs to the public and society are enorm~us. In the USA 
it is estimated to amount to nearly $4, billion which equates 
to an annual spending on-salinonellosisof $160 per iii
haBitant. This amount would represent 5.9% of the total 
annual health spending per ~apitli in the USA. 

Salmonellosis· control in humans 
and animal food Production .. _ 
The. public and commercial reaction to the emergence and 
spread of s. enteritidis in poultry exemplifie~ both the fra
gility and the importance of animal· food production 
(cattle, sheep, goat, pig, poultry) in the development of 
foodbome diseases. Just looking into the recent past (S; 
enteritidis, cryptosporidiosis, EHEC, BSE) one must ex~ 
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pect more of those events to occur in the future. The pig 
industry is unlikely to be exempt from these developments. 

New infectious pathogens will emerge; animal produc
tion processes will change as changes occur in consumer 
habits, slaughter technologies, and the meat processing 
industry. Any of these changes will affect, in one way or 
the other, the tran~mission of infectious agents from ani~ 
mals to humans. · 

Recent developments make it even more obvious that the 
veterinary profession has to. play a. major s~pportive role 
in the production of safe and wholesome fodd of animal 
origin. V¢terinary skills, kno"'leqge, and.resources are 
needed fo'r the prqtection of,human health fromfoodbom~ 
diseases._Infectious agents C?nterthe food chilin at the farm 
level and veterinarians must provide the technical sup
port and expertise to ~stablish safe meat production and 
processingtechriologies. There is no doubt that food safety 
has to start at the primary production level, where pro
duc~r decisions and production technologies can pro
foundly influence all later stages of the food chain. 
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Preharvest animal food hygiene 
All partners along the food chain have the collective obli
gation of providing safe and wholesome food to the con
sumer. However, their fields of responsibility and interest 
differ which means that their individual efforts and ex
penditure for increased food safety may not necessarily 
be repaid. This often creates not only a financial barrier 
for cooperation but also a psychological one. 

The establishment of an integrated Quality Assurance 
System could help resolve this problem. Food hygiene 
lends itself to an integrated system approach from the farm 
to the table, as the most promising mechanism to over
come the segregation of each of the involved sectors of 

Salmonellosis is an example of how the implications of a 
zoonotic disease extend beyond the borders of a single 
sector of the society. 

Costs and benefits of foodborne diseases control are dis
tributed among different sectors of the economy. The need 
for "responsibility sharing" is intrinsic to all programs 
for the control of zoonotic diseases but this is obviously 
poorly understood in some countries. This appears to be 
one of the main reasons why zoonoses still have a 
significant impacton public health and economics in many 
parts of the world. 
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lntersectorial and 
interinstitutional cooperation 
It is essential to recognize that health authorities alone 
cannot solve the problem of foodborne diseases. It re
quires a national commitment and the collaboration ofall 
parties concerned with health, agriculture, finance, plan
ning, and commerce, as well as the food industry, the bio
medical and agricultural scientific community, and the 
consumer. 

Stressing the importance of the preharvest sector of the 
food production chain does not imply neglecting or re
ducing awareness for intervention at other sites of the food 
chain. Improved food technologies, strengthening of edu
cation for food handlers, general health education, and 
community participation are of outstanding importance. 
Real breakthroughs in the area of prevention of salmo
nellosis will need to be built on the epidemiological char
acteristics of the mostimportant zoonotic Salmonella 
strains (S. enteritidis, S. typhimurfum), the source of which 
is the animal industry. 
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What's coming in f9od ~-arety and,pork 
quality?· · 
Thomas Blaha 

The following two major tendencies have a great impact 
on the swine industry: 

• in developed countries, hunger is-as a rule-not only 
unknown to most people, but there is even a surplus 
of food, and 

s~ale production· of former times. It is, however, of al
most no importance whether the consumer's distrust is 
due to a real or a perceivedrisk, since ttte impactofthe 

. consumer's beliefs on the swine industry is severe any
way, with no difference between real and perceived risks. 

• in developing countries,· the improving standard of·. There are two more aspects that influence the perception 
oftoday's meat production: · 

living is leading to an increasing demand for me~,tt-
mainly for pork in prospering, non-Islamic countries. First, the pattern of diseases in food animals relevant to 

food safety have changed over the decades from the clas
The first tendency results in the fact that there is a grow~ sic zoonoses-such as tuberculosis and brucellosis, which 
ing variety of foodstuffs competing with meat. A lot of 

can be diagnosed either clinically or at slaughter-to these Competl.ng foodstuffs are even tho.ught to be . 
emerging pathogens such as salmonella, yersinia, toxo"healthier" than meat, which is quite a burden for the prod-

uct in societies in which health and fitness considerations plasma, arid cil.mpylobacter, among others. Emerging dis
. eases in humans (e.g., E. coli 0157:H7) and mass out

play an ever more important role in consumers' buying breaks of salmonellosis as in the Schwan's ice cream case 
decisions. Consequently, consumers are increasingly con-

support the distrust in food. cemed with the safety and quality of meat as well as with 
the prevention of the development of drug-resistant bac- Second, the use of antibiotics in food animals· is more 
teria strains due to the use of antibiotics in food animals. and more often blamed for the increase in the number of 

drug-resistant bacteria causing human diseases. This ten~ 
The second tendency results in the fact that competition dency should not be underestimated, since there are not 
is intensifying in the global swine industry, especially with only a small number of physicians and public health 
respeCt to access to new markets. 

officers that attack animal production: Dr. Nakajima, Di-
Figure 1 shows an advertisement at the meat counter of a rector General of the World Health Organization (WHO), 
St..Paul food market with the indicative name "Whole stated in the latest WHO report in May 1996: "We are 
Foods" that provides a taste of the future consumer's standing on the brink of a global crisis in infectious dis-
demands. eases ... " Giving several reasons, he added: 

This advertisement mirrors the consumer's belief that meat 
poses a risk to human health through drug, hormone, and. 
chemical residues. The media contribute significantly to ·. 
the general distrust in food, particularly meat products. 
Only a few people know that nowadays food is safer than 
it bas ever been, although one should be aware of the fact 
that one failure in modem large-scale production can af
fect many more people than the same failure in the small-

"Making matters worse are modem types of food pro
duction. Antimicrobials are used·in meat production 
to increase growth, but not usually in sufficient 
amounts to kill microbes. Drug-resistant bacteria are 
then passed through the food chain to the consumer." 

All this means that swine industry is facing remarkable 
changes in the years to come. These changes should be 
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Figur.e 1: Store advertisement 

ABOUT OUR MEAT 
Our fresh meat and meat products come from animals 
raised naturally without hormones or antibiotics. · 

Our naturally raised meat products come from animals 
raised under humane conditionswith sufficient space, 
neither caged nor restrained. 

Our naturally raised meat and meat products contain 
no nitrates, preservatives, or chemical additives. 
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seen as • both challenges and opportunities for pork pro
ducers, packers/processors, and the allied indgstry, as well 
as for the veterinary profession. Competitiveness in pork 
production will be more dependent on the reliability of 
the safety and quality of meat than, on quantity and prices. 

There is. a general recognition that food .safety in meat 
cannot be provided sufficiently by justtelling people to 
cook their food properly. Moreover, the classic manda
tory meat inspection-even the striCtest application of 
USDA-FSIS Haphazard Cntical Control Point concepts 
(HACCP) to slaughter and processing----;:-are no longer 
sufficient to improve the safety and quality offood and to 
meet the upcoming demands of the consumer for safe, 
wholesome, and high-quality food. The emerging patho:. 
gens-pathogens that cause neither clinical· disease nor 
visible lesions in animals-demand a new approach: fed
enil animal production food safety (APFS) pro.grams and 
producer-driven voluntary pre-harvest food safety/qual
ity programs must be coordinated to develop efficient 
pathogen risk-reduction strategies along the whole food 
chain. 

To understand our-the swine practitioners' and the swine 
researchers'-roles in the proc:ess, it is important to un
derstand the "quality cascade" (Figure 2) that determines 
the design of any food safety/quality assurance pro grain. 

THE "QUALITY CASCADE', 
IN THE PORK CHAIN 

Consumer 

tO 
Retailer 

to 
Wholesale 

to 
Meat Processor 

to 
Packer 

to 
Pork Producer 

tO 
· Veterinarian 

~=Demands 
c:> =Offers 

Consumer demand causes the retailer to ask the whole- · 
saler for products that meets the consumers' quality de-

. mands. This makes the wholesaler ask the meat proces
sors for products of a certain quality that meet the retailers' 
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demands and so on back to the pork producer. At first 
sight, it seems as if each production level can do nothing 
but react to the demands of the following production level. 
However, there is the possibility to foresee future de
mands; this foresight provides the opportunity to 
proactively offer products with food safety/quality prop
. erties that distinguish them from other products on the 
. market. The more these properties meet the upcoming 
demands of the. market, the more market leadership can 
be obtained for the suppliers of these products. In the light 
of this "quality cascade", food safety/quality issues are 
both dem.ands and offers. . ·· 

It is true that it is decisive what you offer, however, it is 
even more decisive when you offer: if you wait until the 
following production level purchasing your product de
mands certain quality characteristics from your product, 
it is definitely too late to offer products with these char
acteristics, since it has already turned irretrievably into a 
demand. The NPPC QAP applying the principles of 
HACCP and Good Management Practices (GMPs) to pork 
production on farm-level is a step in the right direction. 

To take advantage of this development-to tum the new 
challenge of upcoming food safety/quality concerns into 
an opportunity for the swine practitioner-it is not enough 
to serve the QAP just as a verifier. Although they are at 
the end of the "quality cascade", swine practitioners can 
play an active role iri the process by supporting their 
client(s) in producing the intermediate product (slaugh
ter hogs) in a way that makes it a special offer to the 
packer/processor instead of being a product that tries hard 
to meet their demands. . 

The provision ofhigh-quality/high-health hogs by groups 
of networked producers-'---Or groups planning to create 
networks-capable of producing large quanitites of such 
a product would be a much more attractive prospect for 
the packer/processor given the fact that an adequate sup
ply of high-health hogs would allow them to use this qual
ity as a marketing advantage. The swine practitioner or 
the specialized veterinary clinic can be the catalyst for 
the development of production strategies that result in 
products with a potential market leadership. 

Figure 3 shows a data flow model that mirrors the "qual
ity cascade" of Figure 2 and can provide a product with 
distinguished, certifiable food safety/quality properties. 
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Data Flow for 
Food Safety/Quality Programs · 

Monitorins~ 

_Systems 

USDA-FSIS 
Stadstics 

uanspon 
lainse 

euthanasia. 
bruiseS, injUries ~ 

meatinspccdon 

biiCieriology controls 
· salmoneliamonit!lring 

classification of carcasses 

Swine 
Practianers & 

. VeLCiinies 

Clwificadon 
ofhog· . 

supplyins 
port 

ptOducels. 

• pre-harvest residu~ risk reduction . 

·• . triChina-fre~ CertificatiOn ' ~: :: 

• pre-harvest emerging pathogen reduction 

• animal well-being improvement 

• stress decreasiJ'!,g and. pte-slaughter haQdlirig 
il'!lprovement . · · -

. - . ·: . 

~ • environmental controls 

It is quite obvious that there is im utgeritneed for more 
applied and~ basic science inthe field offood slifetyiqual-
ity programs such a~: · ··~ · ''~ 

~ ~ .• knowledge of farn:i-relatediisk'factors 

·. • development of inexpensive, sensitive;~ and~ specific 
rapid tests for detecting residues lilld pathogens at' all 
production levels 

• design of risk-reductionstrategies throughout the food 
chain (rto general statements~we need specific pro-
grams for each production site) . 

. • improved methods fot~vector and rodent con~ol · · 

One burning quesclon for pork producers ~dwadays is: 
"how can pork production increase its competitiveness ·. 
without sacrificing the pork·producers' independence?"· ~ 

- The answer is to find new channels for providing distin
guished high-quality (high-value) pork to the market by~ 
developing new farm-to-fork linkages. If swine practitio~ ' 
ners and researchers face up to the chilllenge ofupcom- .· 
ing food safety/quality demands, the veterinary·profes~·~ 

The criteria to be recorded (Figure 3) are not complete, 
but suitable to start a distinguished food safety/quality 
program. However, once an information system has been 
implemented, it is easy to include additional food safetY/ 

sion can contribute consideni.bly to adjusting our pork 
production to the future.~ · ~ 

quality data to this system such as: ~ 

·., . . '· ~- . -· ·. 

'· ... ' -.-:::. 

138 1996 Allen D. Leman Swine Conference . 



An overvie·w on vaccination for porcine 
reproductive and respiratory syndrome 
William L. Mengeling, DVM, PhD; Kelly M. Lager, DVM; Ann C. Vorwald, BS 
Virology Swine Research Unit, National Animal Disease Center, USDA, Agricultural Research Service, P.O. Box 
70, Ames, Iowa, 50010, USA 

Porcine reproductive and respiratory syndrome (PRRS) 
is believed by many to be the most economically impor
tant virus-induced disease currently faced by the swine 
industry. The PRRS virus (PRRSV) can cause clinical 
disease, perhaps potentiate the effects of other pathogens, 
and interfere (via national embargoes)with free access to 
international markets. 

Since the initial recognition of PRRS in the United States 
in 19871, it has become endemiC throughout theUnited 
States and much of the rest of the world, Control has been 
problematic in large part because infection can persist for 
at least several months even in clinically normal pigs. 
Consequently, many of the conventional strategies for 
cont~olling ·the spread ()f animal viruses have proved to 
be ineffective for PRRSV. 

The recent introduction of an attenuated live virus vac
cine (RespPRRS®) for the prevention-of the respiratory 

. component of PRRS2 offers new hope in the battle against 
this costly disease. While the primary purpose of vacci
nation is to protect against clinical illness should tbe vac
cinated pig subsequently be exposed to virulent PRRSV, 
it also has the potential to interfere with the spread of 
virulent virus by increasing the threshold of infection and 
decreasing the magnitude and duration of shedding. 

Despite the potential benefits of vaccination, relatively 
little is known about the safety and efficacy of vaccina..: 
tion for PRRS, especially as it relates to the prevention of 
reproductive failure. And although some of what is known 
about other attenuated virus vaccines may apply, any ex
trapolation of such information must be interpreted cau:. 
tiously because of some unique features that characterize 
PRRSV infections. Notably, unlike most other pathogenic 
viruses ofswine, PRRSV can persist for weeks or months 
following initial infection (including RespPRRS® as evi
denced by one of our recent studies3), and development 
of protective immunity, at least as measured by the ap
pearance of virus neutralizing antibody in the infected 

· pig's serum, is slow to develop.4 

Most of our studies on the use of PRRS vaccines have 
focused on the prevention of reproductive failure. By 

congenitally infected virus carriers that may subsequently 
shed virulent virus), and, perhaps, the ability of vacci
nated dams to impart.passively acquired (colostral) im
munity to their offspring during. a time when they are, 
presumably, most susceptible to the respiratory compo
nent of PRRS. 

Although we still have a great deal to learn about PRRS 
and PRRS vaccination, we are. making progress, and in 
the remainder ofthis discussionwe'll concentrate mainly 
on several ofour studies designedto evaluate the safety 
and efficacy of vaccination for the prevention ofPRRSV
inducedreprodtictive failure. Thus far we have tested the 
only commercial vaccine (RespPRRS®) that was licensed 
and commercially available to us at the time of our stud
ies, and three attenuated strains of PRRSV{NADC-8, 
NADC-9, and NVSL-14) that we developed in our labo
ratory. The concomitant attenuation of several strains was 
based on our hypothesis that the most effective vaccine 
for the prevention of either the respiratory or reproduc
tive component of PRRS may comprise several strains of 
PRRSV to increase its effectiveness against heterologous 
challenge. · · 

Many of our studies have dealt with vaccine safety, partly 
because safety is a complex issue to evaluate, but mostly 
because we believe that is the primary issue relative to 
the commercial use of vaccine; i.e., one might accept a 
vaccine that is effective in 7 5% of the vaccinates because 
it might still be costeffective, but it is quite another mat
ter to accept a vaccine that is 75%, or even 95%, safe. 
Please keep in mind that what we present hereafter in re
gard to vaccine. safety was determined in our clean "ideal" 
isolation facilities in the absence of many of the addi
tional stresses of disease and husbandry that are some
times associated with commercial swine production. 
Moreover, for our experiments we have purchased pigs · 
and pregnant gilts almost exclusively from a single specific 
pathogen-free source herd, and so the possible role of 
genetic differences remains to be addressed. 

Experimental-design 
achieving this goal, we also assume sonie corollary • The mainparameterswehave used to evaluateboth safety 
benefits, namely, a decrease in the likelihood of ttimspla- and efficacy are: 
cental infection (and thus a decrease in the number of 
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• Liveborn pigs vs. stillborn pigs vs. late-term dead 
fetuses (i.e., fetuses that die after exposure of the preg-" 
nant female to PRRSV late in gestation) 

• The incidence of transplacental (congenital) infection 

• The incidence of neonatal virus transmission 

• Neonatal survival 

• Neonatal weight gains. 

In general, our experimental design has been to expose
either by intramuscular injection or oronasal administra
tion-pregnant females to .a selected strain of PRRSV 
(either virulent or attenuated) late (on or about day 90) in 
their first gestation and then evaluate their subsequent 
reproductive performance based on the criteria listed 
above. Immunity that might have developed as 'a result of 
this initial exposure was tested by challenge of the same 
female late (on or about day 90) during her second gesta
tion with one or up to 20 heterologous strains of PRRSV. 
In one notable exception, we vaccinated pregnant gilts at 
day 60 and then challenged them with virulent PRRSV at 
or about day 90 of the same gestation and compared their 
ensuing reproductive performance with gilts only vacci
nated at day 60, gilts only challenged at or about day 90, 
and gilts neither vaccinated nor challenged during 
gestation. 

In total, several dozen gilts (comprising a number of dif
ferent studies that will eventually be presented in formal 
written reports) have been tested as described above and, 
as you might imagine, the data derived from observations 
and the thousands of tests performed with samples col
lected from gilts/sows and their pigs are voluminous. 
Consequently, we won't attempt to present such informa
tion in detail. Rather, we will give our interpretations and 
some examples of the data relative to what we perceive 
are practical issues of vaccination for PRRSV-induced 
reproductive failure. Keep in mind, however, that the rela
tively straightforward approach in the following question 
and answer format leaves out many of the "ifs, buts, and 
unknowns" that are part of almost any experiment, i.e., 
the things that make an exception to almost every rule. 
Moreover, our interpretation is only as good as the data 
we currently have at our disposal, and as we gain more 
information we may have to modify our position in some 
instances. 

Results and interpretations 
Can vaccination prevent PRRSV-induced reproductive 
failure? From what we have seen thus far, the answer is 
yes. Gilts exposed during their first gestation to either· 
RespPRRS® or any of the three attenuated strains devel
oped in our laboratory appear to be protected against the 
severe clinical consequences that can follow subsequent 
exposure to virulentPRRSV during their second gestation. 
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For example, one gilt exposed to attenuated strain NADC-
8 (another gilt exposed to attenuated strain NADC-8 was 
not pregnant at the time of subsequent challenge), two 
gilts exposed to attenuated strain NADC-9, two gilts ex
posed to attenuated strain NVSL-1'4, and two gilts ex
posed to strain RespPRRS® on or about day 90 of their 
first gestation farrowed essentially normal litters follow
ing challenge with 20 field strains of PRRSV on or about 
day 90 of their second gestation. That is, they collectively 
farrowed 73 live pigs, one of which was congenitally in
fected, one stillborn pig which was not congenitally in
fected, and seven mummified fetuses that, based on crown~ 
rump measurements, had died well before challenge. In 
contrast, two control gilts that had been treated similarly 
throughout their first and second gestations (except they 
were not exposed to PRRSV during their first gestation) 
collectively farrowed six live pigs, five of which were 
congenitally infected, three stillborn pigs, all of which 
were congenitally infected, and 17late-term dead fetuses, 
i.e., fetuses that died after, and probably as a result of, 
challenge and transplacental infection. 

In another experiment, four gilts that were vaccinated in
tramuscularly with RespPRRS® at day 60 oftheir first 
gestation farrowed essentially normal litters following 
challenge with a virulent strain ofPRRSVat or about day 
90 of their second gestation. Collectively they farrowed 
59 live pigs and two mummified fetuses that, based on 
crown-rump measurements, had died well before chal
lenge. None of these pigs were congenitally infected. 

Can we be sure that vaccination (immunization) of fe
males will completely prevent transplacental infection if 
they are subsequently exposed to virulent PRRSV during 
gestation? Our answer is probably not, but as a practical 
issue we have no idea of its probability. Recall that in the 
first experiment cited above, one of 71 pigs of females 
exposed to attenuated strains of PRRSV during their first 
gestation and challenged with 20 strains of virulent 
PRRSV during their second. gestation was congenitally 
infected. However, this might be considered a worst-case 
scenario in.thata massive dose of 20 strains (106 median 
cell culture infective doses of each strain in a total vol
ume of 10 mL) was administered to each gilt at a stage of 
gestation that we expected to be most v~lnerable totrans
placental infection. 5 

Is an occasional case of congenital infection important? 
We· think so because ·of its importance in regard to the 
persistence of PRRSV on a particular farm. That is, a con
genitally infected carrier pig provides a source of infec
tion for both littermates and other pigs (creating the po
tential for more persistently infected carriers), especially 
if it remains in relatively good health and is transferred to 
the nursery. 

Can attenuated strains of PRRSV cross the placenta? The 
answer is yes. If a nonimmune pregnant female is exposed 
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to vaccine virus during late gestation, there is the possi
bility of congenital infection. For example, in one experi
ment we found at least some. of the liveborn pigs of all of 
four nonimmune gilts exposed to strain RespPRRS® at or 
about 90 days of gestation were congenitally infected. 
Could it happen if the female is vaccinated or otherwise 
exposed to attenuated virus during early gestation, e.g., 
at 30 days of gestation? We are unsure, but based on ob
servations with virulent virus, we assume that the likeli
hood of transplacental infection with attenuated virus is 
much less during early gestation than during late 
gestation.S 

In the absence of transplacental infection can attenuated 
strains be transferred from a dam to her stickling pigs? 
We think so. We base our answer on the findings of two 
experiments in· which we failed to detect· congenital in
fection (i.e., by testing sera collected within 24 hours of 
birth) of pigs of pregnant gilts exposed to strain 
RespPRRS® during gestation, but later detected the virus 
in the serum of some of the same pigs. 

In one of these experiments we failed to detect PRRSV in 
any of the sera collected shortly after birth from all of the 
pigs of four gilts that were vaccinated intramuscularly at 
day 60 of gestation with strain RespPRRS®. Yet we later 
isolated this strain from the serum of one of these same 
pigs that was kept in isolation for several weeks after 
weaning. Although we can't exclude the possibility that 
the pig was congenitally infected and we missed it, we 
think it is more likely to reflect postnatal infection via 
virus shed by the dam. The fact that we can sometimes 
identify PRRSV in alveolar macrophages collected from 
gilts and sows 8 weeks after initial exposure lends sup
port for such an interpretation. 

In the other of these experiments we also failed to detect 
PRRSV in any of the sera collected shortly after birth 
(i.e., within the first 24 hours) from all of the liveborn 
and stillborn pigs (a total of 25 liveborn pigs and one still
born pig) of two gilts exposed to strain RespPRRS® on or 
about day 90 of gestation. However, when a second se
rum sample was collected when the pigs were 21 days 
old, we isolated the virus from 14 of 23 of these same 
pig~ (two pigs were crushed by their dam within about 24 
hours of birth and were not tested a second time). 

Does congenital infection with PRRSV affect neonatal 
survival and neonatal growth rate? Our answer is definitely 
yes for virulent strains and maybe for attenuated strains. 
There is no doubt that congenital infection with virulent 
PRRSV can adversely affect growth rate and can cause 
neonatal death. However, the effect of congenital infec
tion with attenuated strains of PRRSV, i.e., those with 
sufficient attenuation to be used as vaccines, may depend 
largely on the general health status of the herd. That is, 
we have no experimental evidence to indicate unequivo
cally that congenital infection with an attenuated strain 
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such as RespPRRS® has any clinical relevance, even 
though the virus can persist postnatally for at least sev
eral weeks. Nevertheless, the lymph nodes of such pigs 
may beenlarged--,-somewhereintermediate between non~ 
infected pigs and pigs infected with a virulent strain of 
PRRSV. Consequently, we might speculate that congeni
tal infection with an attenuated strain may have some de
bilitating effect, or predispose to other infections, but we 
simply don't have any convincing supportive evidence. 

Before leaving this issue, there is one additional point we 
will make about the relationship between PRRSV and 
neonata.l growth. During one of the first experiments we 
did to test the effect of virulent PRRSV on reproductive 
performance of pregnant gilts, we had a litter of three 
congenitally, and persistently, infected pigs (Six litter
mates died in utero, presumably as aresult of transpla
cental infection.) that developed the classical "thumping" 
respiratory distress that has been described in some field 
cases of PRRS-without question these were the best 
cases of thumping we have ever seen. They often were in 
a "dog sitting" position and labored with every exhala- · 
tion. In fact, their respiratory distress was so severe that 
when they were restrained for collection of a weekly blood 
sample, we believed their struggling and associated dys
pnea were surely the prelude to imminent death. How
ever, they not only survived each of these episodes, but 
they gained weight, on average, fasterthan the controls
with an average weight on day 21 of 12.5 pounds vs. 10.9 
pounds for three noninfected litters of 10, 10, and 9 pigs 
of the same experiment. In all probability, the available 
milk made the difference, but this observation illustrated 
to us that there may not always be a direct link between 
infection and weight gains even though it is common for 
pigs congenitally infected with virulent PRRSVto "waste 
away" and die. 

The final questions we'll address are whether pigs can be 
protected from the clinical effects )of neonatal infection 
with virulent PRRSV through passively acquired (colos
tral) antibody, and whether passively acquired antibody 
can interfere with vaccination. Unfortunately, we have no 
comprehensive answers to either of these questions, even 
though such answers are critical to the prevention and 
control of PRRS. What we have seen, however, is that 
there appears to be no interference with virus replication 
in pigs that suckle seropositive gilts exposed to attenu
ated PRRSV late in gestation, i.e., on or about day 90. 
When such pigs, and control pigs that had suckled 
nonimmune gilts, were infected when they were two to 
three weeks of age with heterologous virulent strains of 
PRRSV, the persistence and magnitude of viremia were 
similar. 

A similar study done with pigs that suckled seropositive 
gilts that were vaccinated on or about 60 days of gesta
tion suggested that there might be some protection, as 
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evidenced·. by. the incidence. ami magnitude of viremi~. . . • Vaccination· with attenuateq PRRSV can reduce or 
against the homologous attenuated strain of PRRSV .· ···prevent the clinical effects of subsequent exposure of 
(RespPRRS®)_, but still no protection against a beterolo- · ptegnantfemale~ to heterologous as well as honiolci.,. •· · 
gous vitulent strain of PRRSV (NADC-9). Conversely, gous strains ofvirulentPRRSV .. 
we ha,ve some indication that viremia is reduced or pre~ · · · 
vented in pigs that suckle sows.that were first exposed to • Maximum ·protective effects of vaccination depend 
·pRRSY.during their fir~t gestation. If so, it may be that. on vaccine being admimstered well before (:;:;.30 days) .. 

• · exposureto virulent PltRS. Y. .. · 
there is hope for protection through passively acquired · 
antibody, but to have such antibody effective, it must be 
as a result of exposure of dams at least several months 
before farrowing: Alth6ugh protectibn through passively 

· acquired antibody would be desirable in most cases, it 
. also presents the dilemma of when to administer an ~t-

tenuated virus vaccine' so as to be effective. 
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·The deCision on. using PRRS ·vaccine in tJie 
. breeding herd: When and how to use it 
Scott A Dee1, DVM;·Jih.D~ 
1SwineHealth Center, Morri~. MN . 

·~ •. , . ' 

:'· ..... ,. ··, . . . . '· . . .. :· . 

·. Literature-reVIew ._ . rent scie~tific dataavailabie. This paper will discuss the 
author's "prindpies and procedures for describing when 
and how to use: the current! y available vaccine in the breedPor~ine reproductive and respiratorY s-y~dronie (PRI~S) 

is iri economically significant disease of pigs throughout ing herd .. 
theworld.1 Priorto 1993, no effective control measJJres ·· ··· · . 
were avaiiable.· Iil1994, the first paper discussing the use . ·Question 1: .W4e11 iouSe the. 
of nursery depopulation (ND~ for the control of post wean- VaCCine . . .· . . 
ing PRRS was described.2 During the summer of the same 

year; the first, coiiiJDercially available vaccine (RespP~S® · · Obviously, there ne~ds. to· be a definite-rea.S~n. to use the · 
NOBLLaboraiories/Boehringer Ingelheim Ammal product, particularly when it is not currently approved 
Health) for immunization against the disease entered the for the use in adult swine. !tis also important to commu
. rharketplace, Although the product was initial,ly approved .. nicate the reasons for this need, as well as the potential 

· only for use in pigs from 3. to 18 weeks 9f age, it was risks of using the product in the breeding herd. Written 
. frequently used in pregna~t and open sows, boars, a~d records~ diagnostic proof of PRRS virus infection, and . 

replacement gilts. Various routes of administration were . documented production and economic losses are all im
also practiceg, ranging from prebreeding~ during !acta- portimt for establishing w,e:need to use ,this product in 

. tion, 'and pregnancy. . . this manner. . . . ·, ' . . . '.. . . ' . . .• . . . . 

Frequ~ntly t~e presence o~ PRRS virus subp~pula~on~ in SerolQgital assessment over time is atso an important part 
chromcallymfected breedm!rher<is wa_s reported. Usmg of the deCision making process, ln the past, the indirect 
a battery of serologic tests, it was demonstrated that f()}; · fhiorescent antibody test (IF A) has been very helpful in 
lowing natural infection, not all animills generate~!l' con- the determination of viral activity by stage of production.6 

sistent serologic response to the PRRS virus. It appeared Specifically, through the observation of antibody_dyna~
from these data that some animals appea{seronegative ics detected by this test; it was possible to determme 
ov~r a six month testing period. On the oth.¢r h~md, ifthe · wheth~rtheinfection was acute or chronic, 11-nd whether 

. shedding ~f virus took place within the 'pojmlatio~·-· arri~ virus transmission was taking placein a specific stage of 
· mals may shift from one subpopulation·(~eronegative) t? production. During the last year, the ELISA test ~as be- . 
. another (acutely infe<;ted). It was concluded that the pres-. come ~ommercially available. 7 Since the ELISA IS auto-

. ence ofbreedirtg herd subpopulations may eJ.Ihance peri.: . mated it reduces the risk for human error during the pro
ads of virus transmission within chronicallyiti:fected farms . cessin~ and reading of results. and is especially valuable 
and this may lead in tum to. subsequent transmission ~of when handiing a large volume of samples. The ELISA 

.·virus to piglets during lactation and at weaning: provides results_by meansbf an S~ ratio, and_samples. 

Numerous papers have dtscribedtheimportanc~ of con- withratios.ofless than 0.4 are considered negative. 

trolling the sp.t:ead of virus in the breeding herd· if post Unfortu~ately, data from the ELISA is difficult to inter"
weaning control .mel!-sures for PRRS are to be success:- · pret in the same manne.r one would interpret IFA t~ters. 
ful.2 •3•4·s. Therefore, perhaps the greatest challenge .to the Therefore one cannot assess changes in the magmtude 
swine practitioner today is to ·de.velo{J measures of con-· of SIP ratibs in the same way as titer values. Despite this · 
trolling breeding herd transmission of virus; Obviously, inherent disadvantage, it is still possible to .. assess the 
if the subpopulation theory is reill, the application of ~a~" PRRS.virus activity iri infected farms by consistently sam
cination to the breeding herd is alikely means of Jlllm- pling·over time. It is recommended to collect a minimum 

· mizitig the variation in virus exposure: There!ore, o~e. may · of 30 samples on a monthly basis. The sample size may 
hypothesize that elimination of subpopulations w1ll sub- have to increase to 45 to 60 samples in herds with breed
sequent~y prevent the spread of vir"'s betw~en the adu,lt . ing inventories of greater tban oi equal to 1,00~ sows. 
populatiOn and between the dam and offspnng. .. . . This is a practice that needs to be consistently earned out,· 

Unfortunately, specific breeding herd vacCination regimes and as the population of the breeding herd gets larger, the 
do not exist Therefore, the decision to .use the vaccinein importance is magnified. From my experience, there are 
the breeding herd is a complex one: As always, questions three serologic p~tterns. which are frequently 
such as these must be answered based on the most cur- demonstrated: · 
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The seronegative naive herd 
Obviously, the vaccine should not be used in a PRRS
free herd unless the risk of infection from area spread is 
inevitable. If the product is going to be used in this fash
ion, it is best to vaccinate the herd during the start-up 
phase, vaccinating gilts at selection (six months of age) 
and maintaining the herd vaccination program during a 
non-pregnant period, i.e. seven days post farrowing. It is 
important to remember that the use of the product in a 
seronegative herd may result in the vaccine virus being 
shed, particularly under conditions of stress. 8 Therefore 
the risk of serologic confusion is magnified in this case. 
This must be taken into account prior to making the deci
sion to use the vaccine in the negative herd, and, in gen
eral, I do not recommend use in this situation. 

The seropositive stable herd 
The seropositive stable herd is one in which PRRS virus 
infection has been diagnosed in the past; however, the 
herd is clinically normal and reproductively sound. I am 
not routinely using vaccine in these herds and if I do, it is 
strictly limited to open sows or replacement gilts. This 
latter issue is critical, especially if gilts are naive or serol
ogy has indicated a mixed serostatus. Gilt vaccination has 
been discussed in great length, and I have received anum
ber of questions concerning a program I implemented 
approximately one to two years ago, which considered of 
the recommendation of two vaccinations of replacement 
animals prior to insertion into the breeding herd. 5•9 This is 
only necessary .in naive animals and is based on recently 
reported data summarizing the kinetics of the cell-medi
ated response in naive pigs. 10 According to these data, 
following exposure to virus, the primary T-cell response 
is detectable within four weeks and for up to 10 to 11 
weeks post exposure. In contrast, the anamnestic response 
that is generated following re-exposure is detected within 
seven days and appears to be of a greater magnitude. While 
the issue of the duration of the secondary response has 
not been addressed at this time, these preliminary data 
indicate that animals which are exposed twice to PRRS · 
virus appear to respond more quickly, and with a greater 
magnitude. The interval between vaccinations that we 
chose to implement was 30 days. This is based on the fact 
that a low percentage, i.e., 10 to 20% of vaccinated ani
mals, may still be viremic at 25 days post-vaccination. 11 

Not only did this strategy appear to make sense 
scientifically, it also seemed to fit in well with gilt pool 
scheduling. Following a second dose of vaccine, a 14 to 
30 days period is then allowed prior to introduction to the 
sow herd. Using these strategies, we have not observed 
evidence of viral shedding to other members of the breed
ing herd following entry. 
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The active herd 
This is a farm with clinical and diagnostic evidence of 
PRRS related disease and serologic evidence of subpopu
lations. A sampling of at least 30 animals may indicate 
up to 10 to 15 animals which are seronegative, as well as 
a portion which have S/P ratios or IFA titers indicative of 
active infection. It may be impoD:ant to test seronegative 
animals for the presence of serum neutralizing antibodies 
or to serially test these animals over the next two to three 
months. Clinically, there may not be evidence of repro
ductive disease, but one may observe problems in the far
rowing and nursery areas. Certain sows ( 5 to 10%) may 
be anorexic, agalactic, and piglets may be depressed, 
scouring, or dyspneic. Piglet condition at weaning is poor, 
unlike the opposite extreme one sees in a stable herd where 
pigletcondition is excellent at weaning, but rapidly dete
riorates one to two weeks later following loss of colostral . 
immunity and subsequent infection from older pigs. In 
this case, I have found use of the vaccine very helpful at 
stabilizing the breeding herd and preventing piglet infec
tion prior to weaning. I would like to continue with this 
thought process and discuss how I use it when presented 
with the active herd situation. 

Question 2: How to use the 
vaccine 
As previously discussed, the vaccine has been used in a 
number of ways to control the actively infected breeding 
herd. In my opinion, there is rio standard protocol which 
can fit every farm. Each farm is an individl!al entity and 
requires careful analysis prior to use of the product. I 
would like to review three programs which have gained 
some popularity in the past two years and analyze their 
advantages and disadvantages, and finally present some 
data from a few cases I have been working on over the 
last year and a half. 

Strategy 1: Quarterly vaccination 12 

This method is based on vaccination principles for pseu
dorabies virus. As stated, all animals are vaccinated on a 
quarterly basis. Obviously this program rapidly exposes 
the entire herd to vaccine virus and if subpopulations are 
present, is probably quite effective at eliminating them. It 
is also very easy for laborers to carry out, especially in 
very large production systems, and this feature may en
hance its use in these situations. However, there are a few. 
disadvantages with this program. We know at this time 
that vaccination of the third trimester sow will result in 
transplacental transmission of vaccine virus; piglets can 
be born infected and subsequently transmit vaccine virus 
to litter mates. 13 This does not appear to be detrimental to 
piglet performance; however, these studieshave been car
ried out under ideal laboratory conditions without the pres
ence of concurrent field virus infection or bacterial patho-
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· gens. In my opinion, this is not a desirable condition to 
promote. I am also not convinced that sows need four 
vaccinations of a modified live vaccine virus ori an an
nual basis. According to durati(;m of immunity stUdies,· 
naive gilts vaccinated 28 to 30 days prior to breeding were 
protected against homologous and heterologous virus · 
challenge during late gestation.13 In other studies, piglets 
from naive gilts vaccinated 28 to 30 days prior to breed- . 
ing also appear to be resistant to challenge following a 
three week lactation period, indicating successful trans
fer of passive immunity.14 Therefore, based on these data, 
duration of immunity induced by vaccination appears to 
be at least five to six months in length and preempts the 
use of quarterly vaccination programs. 

. Strategy 2: The 6/60 program12 

The 6/60 program consists of a multi-vaccination approach 
with product given either 6 days post farrowing, 60 days 
of gestation, or both. The strong point ofthis program is 
its safety, for it requires no vaccination of third trimester 
females. Its disadvantage is the time it takes to fully im
munize the herd. In order to vaccinate all breeding ani
mals at 60 days of gestation or 6 days of lactation, a con
siderable amount of time is required. This results in the 
maintenance of subpopulations for prolonged periods of 
time. Observations from the field following implementa
tion of this program indicate that "after approximately 12 
months, improvements are noticeable." While this is only 
an observation, one might hypothesize that due to the time 
it takes to implement this program, the persistence of sub
populations may result in viral shedding within the breed
ing herd population. The other argument with this strat
egy is that "by doing nothing, the problem may resolve 
on its own, if given enough time." 

Strategy 3: Controlled infection 
This is a new strategy that we have designed which fo
cuses on rapid elimination of subpopulations without vac
cination during the thirdtrimester. 15 1t also takes into ac
count the kinetics of cell mediated response previously 
discussed. Following the decision to use the product in 
the breeding herd, the vaccine is given to all sows up to 
70 <;Jays of gestatiop. including lactating and open sows. 
All boars are also vaccinated. All designated animals are 
vaccinated in one day, and third trimester sows ate then 
vaccinated when they reach day seven oflactation: Thirty 
days following the initial injection, the process is repeated. 
All sows which are non-pregnant or up to day 70 Of ges
tation are vaccinated, including boars. Again, third tri
mester sows are vaccinated at day seven of lactation. Due 
to the avoidance of third trimester vaccination, this pro
cess does require approximately two to three months be
fore all breeding animals are vaccinated twice. Gilt vac
cination is continued as previously discussed. Following 
completion of the breeding herd vaccination, further use 
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of vaccine is determined by the goal of the farm. If the 
farm is attempting to eliminate PRRS virus, (seedstock) 
vaccine usage is eliminated in the herd. Iri contrast, in 
herds which are required to maintain va_ccination, due to 
the high risk· of reinfection from area spread, sows are 
vaccinated at day seven of lactation to maintain immunity. 

In my opinion, this strategy is of the highest level of safety 
and efficacy, does not require continuous vaccination of 
pregnant sows; and provides each breeding animal with a 
maintenance program o( two vaccinations per year if the' 
product use is maintained in high risk farms. Using this· 
strategy, we have documented potential elimination of 

·virus and.data will be presented on these cases during the 
Leman meeting . 

Conclusions 
The decision of hoW' and when to use the PRRS vaccine 
in the breeding herd is indeed a complicated one and re
quites thorough analysis of <:;linical signs, production, and 
diagnostic data on an individual farm basis. It is impor
tant that practitioners assess each farm individually and 
not try to create standardized programs which try to fit all 
farms despite pressure from swine producers. Based on 
our experiences, when used correctly, vaccination of the 
breeding herd can be a very safe and effective tool for 
preventing the infection of piglets prior to weaning and 
to aid in the control of the reproductive form of PRRS. 
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PRRS vaccination: Decision to vaccinate 
- - . -nursery p1gs 

Steven C. Henry;-DVM; Lis~tM. Tok~ch; ])VM -
Abilene Animal Hospital, P.A.,Al:>ilene, KS _ 

Introduction Herd2· 
- - -

We are still searching for reliable ways tb avoid the ef~ This herd is a 300 'so\V farro~-to-"finish gilt multi plica-
- fects of porcine reproductive :and respiratory syndrome : tion herd and is supplied from a PRRS negative specific 

(PRRS) in our clients' herds. ResPRRS® vaccine is 2 years pathogen free (SPF) purebred breeder~ Iriitial clinical in- - · · 
old. Our practice, like so many other~. is trying this neW fection occurred in February 1995- with reproductive as 
tool in herds suffering- from PRRS infections in nurs~ry _ ~ell as nursery illnesse·s~Vaccin~tion was begun in March 
pigs. While medical science is nev~r exact, our expecta- of 1995witli full dose vaccination of the sow herd at ap-

- tion is for. a predictable and stable result from yacdna~ proximately 70 days ofgestation~ Piglets were vaccinated 
tion. To date the effects of vaccination, in our practice," with full dose ResPRRS® at weaning. Rooms for nursery; 
are unpredictable. Iri ari effort to find a predictable pat- growing, and finishing at~ managed AI-AO by group. 
tern, we are collecting information froin client herds that · Sampling was done in rnid"'May as the incidenc~ of nurs
continue to experience clinical PRRS post-vaccination _ ery respiratory illriess~s and morta1ity associi:tted \Yith _ 

In the herds examined in these case studies, the PRRS PRR~ had continued with no improvement (Table 2). -

virus causes morbidity and mortality in nurseries and _. H_ e: r-d_-- 3 
-growing/finishing. In each case history, the virus was ei-

. ther isolated or, lacking isolation, the combined informa- ------~---------------------
-A commercial herd-of300 sows, this farrow-to-:finish herd tion from clinical. presentation, histopathology; and- se-

- - - - - ex:perienced severe clinical PRRS in J ai:lliary, -1995. Vac-
rology was used to ma:ke the. diag11osis. - - dnation of the sow herd was with ii3 dose of ResPRR.S® 

In the diagnostic plan, serum saln.ples were collected from at 90-day intervals and pigs were vaccinated with 1i3 dose -
10 pigs in each of varied age groups. These groups _repre~ intranasally (II1il) at weaning. Sampling was conducted in
sen ted key ages for movement from one stage to the other_ . May of 1996 (Table 3)> --

- in the production systems. Virus isolation was conducted 
on pooled samples of serum as well as ELISA serology -Herd 4 
to measure PRRS titers. Differentiation of isolated virus __ ......_ ____________ """"':"_"""""" 

was conducted when possible; Vaccination of tlJ.e sow herd Initial infection of this herd was in.l989. The 1,500 sow 
and duration of the infection within the herdwer¢ also farrow-to-finishis a three site system: but with replace
considered. ment gilts retairiedarid reared on "site 2. No identifiable 

Herdt 
reproductive cli11ical PRRS events .have been diagnosed 
in the herd. s_ince the 1_989. infection, but nursery infec
tions have been. constant and persistent since that time .. 

This was. a farrow-to-finish herd of 1,400 sows.on a single Piglet. vaccination was begun· with. the approval of the 
site which utilized all..:in......:..albout (AI-AO) by room and vaccine in 1994 with various dosage and age regimens. ·· 
week of production. The clinical· recognition of PRRS Because of poor response, the stabilization of the soW'herd 
infectio11 was tw(), months.· after the vacc;ination pJ:ograin with vaccinewas attempted. The sow herd was vaccinated 
was begun.This was a new facility in 1990 stocked with, en masse· in June arid September, 1995 and then .contin-

. high-health animills. It wasn't the cliniCal history ofPRR.S . uedwith vaccinationimmediatdyp()st-farrowing~ Piglets · 
but a high likelihood ofinfectionfrominbom;td replace- were vaccinated at weaning with 113 dose ofResPRRS®. 
ments that led to the decision to vaccinate. animals. Whole Sam piing wasdone in March of 1995 as the. sow herd and 
sow herd vaccination (1/3 dose) was: conducted in July piglet vaccination had been in pla,c~ _for more than six 

·. and again in October ofl995:.cwith ~accination of piglets· months, yet morbidity and mortality contiimed (Table 4). 
at weaning beginning in November (ll3 dose intnimus~ 
cularly (IM) at 21 days}. A clinicaJ PRRS outbreak oc
curred in farrowing and in nursery ariiinals in January, 
1996. Sampling was conducted iri May, 1996, afterthe 
clinical brea:k had subsided (Table 1)._ · 
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HerdS 
The herd is a 2,000 sow herd that is .a multi-site system. 
The herd practices early weaning at rio greater than 12 

.·.. days and not less than 10 days of age. Clinical. reproduc-
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Table 1: Herd 1 data 

Class Number Age DPV ELISA ELISA ELISA VI Virus 
(days) * +1- mean range differential 

Growing 10 80 60 10/0 2.33 0.84-3.85 Neg 
Growing 10 100 80 10/0 1.82 1.16-2.59 Pas ResPRRS 
Growing 10 120 100 .1 0/0 2.56 1.35-3.51 Neg 
Growing 10 170 150 10/0 1.51 0.62-2.23 Neg 
Growing 10 200 170 10/0 1.29 0.48-1.66 Neg 

* Days Post Vaccination 

Table 2: Herd 2 data 

Class Number Age DPV ELISA ELISA ELISA VI Virus 
(days)· +1- mean range differential 

Suckling 10 17 NV 5/5 1.26 0.74-2.15 Neg 
Nursery 10 56 35 0/10 0 0 Neg 
Growing 10 84 65 10/0 1.51 0.76-2.33 Neg 

Table 3: Herd 3 data 

Class Number Age DPV ELISA ELISA ELISA VI Virus 
(da~s} +1- mean range differential 

Suckling 10 17 NV 4/6 0.65 0.47-0.86 Pas 
Nursery 10 56 35 10/0 1.88 1.23-2.41 Pas 
Growing 10 84 65 10/0 1.47 1.07-1.87 Pas 

Table 4: Herd 4 data 

Class Number Age DPV ELISA ELISA ELISA VI Virus 
(da~s} +1- mean range differential 

Suckling 10 17 NV 2/8 0.72 0.48-0.95 Pas 
Weaned 7D 10 27 7 4/6 2.42 0.7-3.86 Pas 
Weaned 14D 10 35 14 4/6 1.15 0.99-1.36 Pas 
Debilitated 6 42 21 1/5 1.11 1 .11 Pas 
Growing 10 77 56 10/0 2.26 1.24-3.42 Pas 

Table 5: Herd 5 data 

Class Number Age DPV ELISA ELISA ELISA VI Virus 
(da~s} +1- mean range differential 

Weaned 10 12 NV 7/3 0.95 0.4-1.52 Neg 
Nursery 10 34 0 8/2 1.06 0.43~1.59 Neg 
Growing 10 56 16 10/0 1.46 0.74-2.24 Neg 
Growing, ill 5 60 20 5/5 1.37 0.97-2.29 Neg 
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tive PRRS infection resulted in maJor reproductive losses 
in 1994. Vaccination of the sow herd post-farrbwing was 
begun in late 1994 and piglets were vaccinated at 30 days 
of age with 113 dose of ResPRRS® IM. Sampling was 
conducted in April of 1995 as continued nursery moit&I
ity .and morbidity seemed associated with PRRS virus 
(Table 5). 

Conclusion 
This report summarizes our efforts to learn the reason for 
the apparent continued c:linical PRRS infections in, vacci
nated pigs. We contiime to collect data from the field to 
attempt to define the effects of PRRS in post-vaccinated 
herds. A predictable and reliable method for PRRS virus 
control eludes us at this time. 

{ ·. 
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My views on PRRS vaccine use 
Timothy J. Loula, DVM 
Swine Vet Center, P.A., St. Peter, Minnesota U.S.A. 

I hesitate to put my views on PRRS vaccination in print 
because it is such a·. "living history" topic. RespPRRS® 
modified live vaccine is at this time the only federally 
approved vaccine forPRRS, but it is only approved for 

. use in piglets between 3 and 18 weeks of age. 

When standard health control procedures such as all~in-
. all-out, partial depopulation, and SEW fail, farm or pro

duction system PRRS vaccination protocols have obvi
ously necessitated vaccinating pigs outside of the approved 
time frame. Protocols have evolved by trial and error due 

Modifications of the vaccination 
program 
Some herds seemed to destabilize (increased number of 
NIPs, lower farrowing rate, and more poor-doing litters) 
4-5 months post vaccination, so we advised administer- . 
ing a booster dose ofRespPRRS® to all animals. Herds 
experienced very few problems with this booster and most 
actually had few problems from then on. 

to the lack of controlled scientific research studies involv-. Quarterly vaccination program 
ing the vacCination of breeding-age animals. This extra- Dr. Ralph Vinson was one of the first veterinarians to rec
label use of PRRS. vaccine must only be done with full · ommend quarterly vaccination of all sows. This technique 
consent of the. herd owner under a valid client/patient had been used successfully in PRV eradication programs 
relationship. and would conceivably keep the immunity of all animals 

Early use 
Our practice focus has always been to stabilize breeding 
herds for PRRS as well as for most other diseases. Stabi
lized (immune) sows will send passively protected pigs 
to the nursery/finisher. If those phases are all-in-all-out 
or segregated production systems, the pigs have the op
portunity to be very healthy. Production systems will con
stantly break down with PRRS if the virus circulates, ei
ther continuously or periodically in the breeding herd. 

RespPRRS® was first licensed in June of1994. My asso
ciate, Dr. Loran Jacobs, was one of the first to use the 
product on sows shortly after its release·. He vaccinated 
an entirebreeding herd during a mild clinical outbreak 
with one full dose, all on the same day. As you recall, 
immunologists were saying that this vaccine would re
main in the circulatory system for an extremely long pe
riod and that, quite possibly, only one dose of the vaccine 
would be needed in an animal's lifetime. The herd vacci
nated by Dr. Jacobs seemed to have a positive response. 
Other herds were vaccinated in a similar manner shortly 
thereafter. 

First problems encountered 
Occasional herds (approximately 20%) experienced prob
lems after whole herd vaccination, including: 

• weakborn pigs, stillborns, and mummies, often lead
ing to a5-10% increase in preweaning mortality; 

• poor breeding performancefor 2-3 weeks post~vac
cination resulted in a 10% decrease in farrowing rate. 
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in the herd very high at all times. The quarterly PRRS 
vaccination program seemed to work except in the occa
sional herd that· experienced the difficulties mentioned 
above associated with whole herd vaccination. 

"6/60" vaccination program 
My associate, Dr. Michael Mohr, coined the term "6/60'' 
when he switched the quarterly vaccination program to 
administering the vaccine at 6 days post-farrowing and 
60 days post-breeding to avoid the problems experienced 
in the whole herd or quarterlyprograms (when sows were 
vaccinated in the last trimester of pregnancy). The "6/60" 
program was and is very successful in clinically keeping 
the immunity level of the herd high and thereby stabilized. 

Other procedures and comments 
Vaccination of replacements 
All replacement animals are vaccinated twice, at least 4 
weeks apart and at least 3 weeks prior to breeding. Re~ 
placement animals coming in prevaccinated receive 1 
booster dose shortly after arrival. 

Starting a vaccination program 
When starting an unvaccinated herd on a PRRS vaccina
tion program, vaccinate all sows that are 60 days or less 
in gestation. Also begin the post-farrowing vaccination 
protocol. It will take· approximately 60 ·days before the· 
entire sow herd has gotten its first injection, so stabiliza
tion may be slow. 
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Vaccine spread 
One must also be aware of the potential spread of the vac
cine from animal to animal and that the above-mentioned 
problems may occur when attempting to get the herd vac
cinated if the vaccine "moves" to animals in the last tri
mester of pregnancy. This is especially pertinent in a na'ive 
herd. 

Potential reasons for perceived vaccine failure 
• Improper handling of the modified live vaccine. 

• Using a needle which is too short. 

• Vaccination of the entire herd could spread PRRS 
virus from pig to pig. 

Reduction of extensive vaccination 
program 
We feel that many herds are now stabilized based on high 
reproductive performance, good quality litters, and the 
ability to produce serologically negative multi-site pigs. 
In many herds, breeding herd vaccination is now being 
reduced to one dose given at either 6 dayspost-farrowing 
or 60 days post-breeding. Most vaccine companies will 
try to license breeding herd vaccines during the open pe
riod, so the 6 days post-farrowing protocol is the safest. 

Some producers and veterinarians feel that they want 
higher protection post farrowing and are staying with the 
60 days post-breeding protocol. We currently have herds 
using one or the other of these protocols and will evaluate 
them as time goes on. 

Isolation procedures 
Isolation is always important, but this is one situation 
where PRRS has actually helped us to convince clients 
who had not previously adopted them of the need for good 
isolation practices. 

• Perform a "vet-to-vet" to help ensure that the source 
herd is not experiencing clinical PRRS and that no 
"hot" (actively infected) animals are delivered to the 
client's farm. 

• Request information from the source farm on its clini
cal and serological PRRS history (looking for poten
tial strain differences). 

• Understand pig flow on the source farm. 

• Request PRRS vaccination history of the source farm. 

• Isolate incoming animals in a separate building for at 
least 42 days and preferably up to 60 days if there is 
any question on the PRRS status during late finishing. 

• If the source herd is vaccinating for PRRS, the ani

My views on PRRS vaccine. use 

• If the source herd is not vaccinating for PRRS prior 
to delivery, vaccinate the animal upon delivery and 
again 4 weeks later. 

• Run cull sows through the isolation facility to further 
stabilize gilts before they are brought into the herd. 

Piglet vaccination 
Ideally, proper stabilization of the sow herd and proper 
pig flow thereafter will alleviate all future PRRS prob
lems. However, it is obvious that this is not the case in 
every situation because nursery/finishing problems can 
persist after breeding herd stabilization. The first thing to 
do is to look forthe PRRS virus by clinical observation, 
serological testing, virus isolation, and other diagnostic 
tests. An area of the farm that harbors PRRS virus can 
result in every group of pigs breaking down. It could be 
one phase (i.e., nursery, grower, or finisher), a specific 
building, or areas of the farm that have poor pig flow or 
inadequate internal biosecurity measures, 

Vaccination at weaning 
Originally, this was tried to alleviate PRRS problems in 
the nursery. In some cases, partial doses of the vaccine 
were used (1/Sth-dose to full dose). Some nurseries con
tinued to experience problems, due to infection occurring 
too soon post weaning for antibodies to establish protec
tive levels, because sow herds were not yet stabilized or 
for both reasons. Some farms also complained of "knock
ing" the pigs (seeing depression) at weaning, although 
we observed very little of this. 

Intranasal vaccination 
In an attempt to override maternal antibodies and draw
ing on previous experience with PRV (right or wrong!), 
intranasal dosing of RespPRRS® was administered at cas
tration (7-10 days of age). This seemed to protect nurser
ies sufficiently, but we had more complaints of break 
downs at 4-5 months of age. 

Combination intranasal and 
intramuscular vaccination program 
For convenience, the intranasal dose was brought down 
to first processing (less than 3 days of age) and a booster 
dose was given intramuscularly at 2-4 weeks into the nurs
ery (5-6 weeks of age). The intranasal dose was for nurs
ery protection and the intramuscular dose was for protec
tion through market weight. Often, a split dose (half-dose 
intranasal and half-dose intramuscular) was used in this 
program. Getting the vaccine into the pigs at least 30 days 
prior to the expected break period helps provide a high 
level of protection. 

mal should be vaccinated again shortly after arrival. This program has been very successful to date, although 
most p!'oducers are not happy with the cost and labor as
sociated with it. 
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Early intramuscular vaccination program 
With emerging scientific data beginning to show that eard.y 
intramuscular vaccinations are giving lasting protection 
against the PRRS virus, producers have begun to switch 
the split intranasal/intramuscular program to one early · 
intramuscular injection given at less than 5 days of age. 

At this time, pigs on this program are approximately 4 
months of age. 

Confounders 
PRRS controlcan obviously be achieved in different ways; 
and each farm must be individually evaluated both clini
cally and serologically to determine the control program 
or combination of programs that will be most effective. 

The success we've had in our practice with the PRRS 
vaccination program must be evaluated in conjunction 
with other factors, including: . · 

• Most incoming gilts and boars are vaccinated for· 
PRRS prior to delivery. 

• Isolation practices ar~ and have been practiced for a 
long time. 

• All farms go all-in-all-outall the way to market. 

• .80% of the pigs use some form of multi:-site. · 

Additional comments 
Science often has trouble keeping up with what needs to 
be done in the field when veterinarians are facing disease 
challenges such as PRRS. As the swine industry shrink!; 
(consolidates), very good networks have developed. The 
above programs are often worked out after consulting with 
many practitioners across the country.· Meetings, E-mail, 
the Internet, and fax machines have all contributed to this 
n~tworking ability which helps us to stay very current 
with disease·trends imd vaccination· protocols that are 
being used across the nation, covering a large proportion 
of U.S. pork production. 

Tincture of time · 
PRRS control takes time. We will often tell producers that 
it may be a year before a herd "turns the comer." Piglets 
already infected in-utero may contaminate a production· 
system for 11-12 months after a vaccination program be
gins. Early disappointment needs to be critically evalu
ated, but it must be noted that programs often just need 
more time to be_successful. 
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PRRS-remaining questions 
There are still more questions than answers pertaining to 
PRRS: 

• When is a herd stabilized? 

• How do we really judge a control program? 

• What are the roles of strain variation and heterolo
gous infection? 

• What is the amount of colostral antibody il)terference 
in piglets when dosed intramuscularly vs. 
intranasally? · 

• What is the proper dosage of vaccine? 

• When and how often· to. administer a booster 
vaccination? 

• Why can infected and/or animals vaccinated multiple 
times still read serologically negative for PRRS on 
the IFA and Elisa tests? · · 

• . What is the true measurement and duration of pro
tection? CMI? 

• Why do some herds break with PRRS after 
vaccination? · 

• What role does disease interaction play in the PRRS 
scenario (Mycoplasma, SN, PRCV, HPS, Salmonella, 
etc:)? 

Summary 
Today we have learned to live with PRRS. Controlpro
grams are still evolving as time and clinical evaluations 
occur and as science ·attempts to prove or disprove our 
clinical impressions of the programs outlined in this paper. 

Evaluate the herd to fully understand how and where dis
ease is occurring. Implement a total disease control pro
gram utilizing proper isolation practices, all-in-all-:-out 
pig flow, multi:-site production, partial depopulation; and 

·vaccination to put PRRS behind you. Convince the client 
up .front that it may take from 6 to 12 months before herd 
stabilization/PRRS control is accomplished; That will help 
to reduce early critiCism and frustration if the control pro
gram doesn't seem to be immediately successfuL 
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Setting. up a· financial records service bureau 
Neil D. Sullivan, E. A. 
Ag Financial!rax Specialist, Farm Credit Services ofMNValley-MarshallOffice, 302 O'Connell Street, Marshall, 
MN·56258 .. . . 

A financial records . servic~ bureau can be profitable as 
well as complimentary to other services provided. Before 
starting a service bureau, you need to consider the vari
ous reasons for the producer to keep financial records as 
well as your motivation to offer the service .. Having a clear 
understanding of these issues first will aid you in the de
cision-making process as you _set up your service bureau. 

Why do producers need to keep 
financial records? · · 
The three basic reasons producers need to keep financial 
records in addition to their production records are. profit 
management, credit analysis and. tax accounting. 
Records for profit management are kept fbr the producers 
benefit, while the others are used by a third party. 

The most important reason, and probably the least uti
lized reason, for producers keeping financial records is 
for a producer's own profit management. If producers 
manage their business based on sound financial criteria, 
they will be viable in the long run. Tax accounting and 
credit monitoring will then become incidental, as they will 
be part of the overall plan. With. profit management, the 

better acceptance by lenders. A more. complete account
ing of non-tax items such as family living expenses is 
beneficial. In some instances, a projected cash flow is used 
to determine the future viability of a unit or expansion 
project: When the producer utilizes expanded accounting 
features, the integration between modules becomes much 
more important. A bank reconcilement report will add 
credibility to the reports to re-assure lenders, accountants, 
and consultants of the completeness of the data. 

Themostcommonreason for financial records is tax ac-
counting. Anyone gen~rating $400 or more in gross farm 
sales is required to file an income tax return. In addition, 
the IRS requires adequate documentation supporting the 
numbers on the tax return. The threat of IRS penalties, as 
well as the potential for overpaying their taxes, has pro
vided the primary incentive for most producers to keep 
financial records. Generally these are done on the cash 
basis and often times are single entry records listing only 
items that affect the tax return. · · 

Why do I want to begin a 
financial records service bureau? 

producer will be less inclined to look atbottom line profit There are two primary reasons· for setting up a service 
or net worth and more inclined to look at operating bureau for financial records: profit and access to.infor
efficiency, return on assets, cost accounting, actual verses mation. It is possible to operate a serviee bureau with a 
projected cash flows, and how they use their cash profit. focus on both motivations; however, knowing how they 
It is this profit management, when used in conjunction relate will help you set up your bureau. 

with production analysis, that assures the manager that If profit is your primary motivation, you may operate with· · 
presentoperations are operating at peak efficiency as well 

a high volume, highly mechanized input process. Using · 
as expanding at a. viable rate, . Coordinating financial 
records with production records will not only validate the technology and less expensive data entry personnel to 

information; but will also indicate any diminishing rate i~o~~ea;o~;;~~te~~ t~eq~ii;~~~o~~~~s~~~ :~~~::;~~ 
of return to achieve additional production. For example . · . . . 
'f . ak h t · · £ d. ffi . ' tlve pncmg structure. You may also choose to operate your 1 a manager m es c anges o mcrease ee e . c1ency or . b · . 1 · · . . . 
· · · l'tt b · t th. · II · t t bt · th . . serv1ce ureau on a ow .volume, h1gh serv1ce concept. p1gs per 1 er u . e avera cos . o o am ese gams · . . . , · . . · . 

· d th dd'f al · ted th h · .11 Here you find the larger, more complex chents w1th a va-
exctebe s .rteha 't 110n revenue genera . ' e c anges w.1 · · riety of needs. By catering to their varying needs, you 
no e wo 1 . b f f II . 'd I . 'I ecome more o a u serv1ce prov1 er, not on y comp1 -
Approximately 40-45% of the producers operate on bor- , ing data; but also analyzing and interpreting it. These eli
rowed funds. Before a lender agrees to comrriit to a line ents may be willing to pay ten tinies what the average 
of credit they like to see a track record of financial perfor- client is willing to pay, but also require much more per- · 
mance to help evaluate capital debt repay capacity sonalized service. Most of these operations are unique 
(CDR C). This credit monitoring may begirt with tax not only in the nature of their business, but also in their 
records, but will also inClude market value bahmce sheets business needs: W~th proper segmentation, it is possible 
to determine net worth, liquidity, collateral, inventory to deliver ymir service with both methods through the same 
changes and change in accounts payable. W1th this infor- . bureau, thus, allowing you to meet the needs of a wider 
mation in Farm Financial Stand¥ds format it will have . ar_ray· of clients. ·.. . . . . - . 
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You may want to begin a service bureau for finanda,l . Looking at a three to five year averag~ and trend may 
records in order to provide added value for your custom~ work for an operation that is static; but. an operation uri~ 
ers through the use of the information. If the services your dergoing an expansion cannot determine the true impact. 
clinic offers compare very closely with that of your com- of the expansion under these circumstances. To help an 
petition, it may be that an offering of value added ser- agricultural producer analyze their financial performance, ' 

. vices makes the difference. If your clinic offers a service you need to compile a market based balance sheet as op~ . 
bureau for production and financial records, this may be posed to the cost basis balance sheet used by most com.:. 
a competitive advantage over the· neighboring clinic. mercial businesses. By computing the changes in.inven-
. · ·· · · tories, prepaid expenses, and accounts payable, you can 

Customers are looking for solutions to complex problems ·· 
. thencomplete a cash income statement with·accrual.ad-

these. days arid having access to detailed financial and 
· · justments in accordance with the FarmFinancial·Stan-

production information is a key to finding these solutions. 
If a customer knows that you Ullderstand the interrela- dards to identify the true value of farm producti()n for the 

. tionship between the herd health program and the return ·. year. . . 
. on investment of a particular veterii:uu-y recommendation,. An accrual iricoine statement can be used to· deterfnine 
they will see you in a different light. They will come to operating efficiency,You may also analyze how much of 
you because you understand this interrelationship. Not· the unit's profit is going towards interest as well as owner 

. that you have. to be a financial expert, you just need to draws. The balance of pfofit, if any; is retained earnings 
understand this interrelationship. You can go find the in the form of debt reduction or asset growth. In the agri-· 
financial expertise from other sources that can be deliv:.. cultural environment, an accrual income statement is nec
eredthrough your cliniC. There are organizations willing · essary as w~ll as the cash basis income statement., · 
to form alliances that can offer the financial and consult- · ·. · · 

·· · · More and more, we are seeing producers who want cost 
irig services through your clinic~ This allows you to focus · · · · 

. . accounting information on the various profit and cost ceri-
-· on your core business and let someone who has the e:x:-

ters within their operation'a.s opposed to mere enterprise pertise offer the services through your clinic as part of an -
alliance. · · · · · reporting. There are four basic tnethods of costaccouriting: 

Regardless of your motivation for providing a financhil ...• • Ry phase of production · 
~ • By location · · · ·_ .· 

records burea,u, you need to industrialize the process and. · · · · 
manage therela:fionship. Using techi10logy, highly • By enterprise or commodity 

· • By individual group··· 
. efficient data entry personnel, orthird party illliances, you 

· can streamline the compilation process to serve as many Byallocating cost centers t~ appropriate pro~t- ce~t~rs, 
clients as quickly and efficiently as you can. You then· youcananalyzetheprofitabilityofvariousaspectsoftheir 
manage the reliitionship by providing the personai analy:.. .business as well as the whole business. Since cost aceount
sis and interpretation through consultation and by coor- ing provides information for management puq)oses, there 
dinating a team of experts to deliver a consistent message are not many rules and regulations associated with it like 

·to your clie11ts. there are with tax code. The rationale that makes sense to 
the producer according to the wayhis busiriessis struc-' 

Necessary features ··of an- tuted wm dictate how cost accounting is done. Therefore,·_ . 
• · ~ · your software needs to be able to ·adapt to these.111ethods. · . 

8CCOUDting S01.lware program Dataintegrity, as it flows between the tax reeords and 
. - . . . cost accounting record~ as well as between cost 'and profit 

The software programthat you choose to use in your ser- centers, is essential. · ·· ·· · 
vice bureau will have a'great impact on the effectiveness . . . . .. . . . _ . . . 
of your service bureau .• The program rieeds to be flexible _ Produc.ers. considering a major expansion oi those on. a . 
to nieetthe varying needs of producers yet it still need~ to · tight credit limit will mo~t likely complete a cash flow 
have enough controls initto assure accuracy and provide ;projection estimating income and (!Xpenses_fort11e riexh 
for some. degree of standardization. Itshould have the 12 months, 5 year~ or 10 years. These should be com-

. financial Sophistication necessary to provide detailed in- , pleted not only in terms of dollars,lmt also by quantities. . 
formation applying commercial concepts; however, it still · The real val·ue to .cash flow· projections is to continually.·. 
needs to have an agricultural orientation due to the nature monitor actual performance to projected;.identifying vari-
of agriculture production. · · · ances and analyzing why thereis a variance. · 

. . 

Cash basis records, although they may be required for tax Remember that most producers keep finanCial records for . 
purposes,. don't often reflect a true picture of an operation's tax compliance. Ultimately, all· financial records will be .. 
perrormance, espe~ially if the client lsdoirigany kind of. used to prepare a taxretprn. With this in mind, the records·. 
tax management. The prepaying of expenses and the de~ need to be compiled in .. accordance with thedient's tax 
ferring of sales will distort real value of farm production. elections. This would be their methodof accountirig(cash 
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vs. accrual), CCC elections, crop insurance elections, tax · computer, print~r. copy machine, file cabinets and calcu
year-end, payroll, and the capitalization. of certain ex- lators. The required capabilities of your computer will be 
penses. Additionally, s.ome entities require a cost basis dictated by the software you intend to run. Generally, the 
balance sheet to be attached to the tax return. minimum requirements needed will be less than the rec-

ommended capacities; this may allow you to utilize older 
The software you choose needs to be flexible enough to existing equipment to get off of the ground. To maximize 
meet the needs of the full spectrum of your client base the efficiency of your office, however, you will want to 
from top to bottom. From a consistency standpoint, you upgrade to current technology as soon as possible. With 
will want to work with one software package that can be technology changing as quickly as it does, you may want 
as basic as the individual looking. only for tax records, to get into a planned replacement schedule where you do 
and as thorough as the client looking forin depth profit some upgrading every year. If you have multiple process
analysis and cost accounting. With one software pack~ ing sites within your office, you will want to install a lo
age, you can maximize the efficiency of the input process 
through standardization. 

Staffing 
As you begin to set up your service bureau, you need to 
consider the abilities and expertise of the staff you pres
ently have in house. The staff that you hire depends not 
only on the number of clients you have, but also on what 
services you intend to offer. Do you intend to compile 
data merely for database purposes or for supplementing 
production records? Or, do you intend to follow through 
with the preparation of tax returns; business plans, and 
action plans? Classes of employees you will need to con
sider are: 

Input/Output personnel These are the data entry per
sonnel. They will also print, assemble, mail and file re
ports. They should possess excellent keyboarding skills 
and be highly organized. 

Review personnel These are the analytical types that are 
responsible for quality control of financial information. 

Consultants These are the people that will provide·the 
personal data interpretation for the client. Generally this 
will be the person who manages the relationship with the 
client because of this close association; however, this role 
may be filled by the production consultant, financial con
sultant, or the tax consultant. 

Tax personnel To round out the financial package for your 
clients, you will want to provide, or haveaccess to, some
one knowledgeable in tax law to providetax planning and 
preparation services. 

Segregating functions in this manner not only helps you 
to industrialize the process and manage the relationship,· 
it also allows you to utilize existing staff when available 
and contract with allies for functions you cannot efficiently 
provide at the time. As your bureau grows, you· can add 
staff on an evolutionary basis as the need arises. 

Equipment 
You may already have the equipment in your office nec
essary to run your service bureau. This would include a 

1996 Allen D. Leman Swine Conference 

cal area network (LAN)system to allow information shar
ing among workstations while maintaining one central 
data storage ·location .. Probably the most valuable piece 
of equipment you should .. have is a tape backup·system 
that would automatically backup your data on a regular 
basis. Always having a current. backup of data will let 
you get your system up and running again with limited 
disruption when an equipment malfunction occurs. 

Data 
The control of data once it has been keyed into the com
puter is also very important. The accumulation of data 
for all producers may give you an insight into the chang
Ing trends of the industry that give your producers a com
petitive edge. However, the dissemination of this infor
mation must be controlled if that advantage is to be 
maintained. The confidentiality of individual producer data 
must also be maintained at all times. 

Networking 
The highly successful relationships will be ones where 
you can provide a wide array of services-from veteri
nary services, to prodpction management, to financial 
management. There will be many levels within each of 
these categories. This does not necessarily mean your 
bureau has to provide all of these services directly. It can 
be very difficult to be an expert in all areas, and the scope 
of your client base may not be large enough to justify 
hiring staff to fill all of the positions. The key will be to 
recognize where you and your staff can provide the ex
pertise. If you cannot fulfill all of these functions directly, 
an alternative might be to form alliances. with accoun
tants, lenders, financial planners, and other consultants to 
help industrialize the processes. By networking with an 
ally, it is possible to provide a service even though you do 
not provide the service directly, thereby allowing you to 
continue to manage the relationship. Networking with 
allies will also provide cross-sell opportunities as you 
promote each other's services. 
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Conclusion 
We have reviewed three reasons why producers keip 
financial records. Presently, the only reason most produc
ers keep any financial records is for the benefit of lenders 
or tax accountants; however, the trend has begun to re
verse the order of importance. Progressive producers are 
aware of the importance of profit management and are 
starting to place it at the top of the list. Mega trends in· 
agriculture reveal that we are making transitions~ .. 

• From Iron Farming to Information Farming 

• From a "Way of Life" to a business 

• From growth goals to profit goals 

• From checkbook management to financial 
management 

Presently, there is a vacuum in producer understanding of 
financial information. Education is necessary to open the 
eyes of more producers. Once they learn how to work 
with financial management, they will desire more financial 
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information. What they need is a leader to promote 
financial management with thein. 

We have reviewed various motivations to provide a 
financial records service bureau. An effective service bu
reau will need to provide a streamlined compilation pro
cess with a variety of options, as well as provide the edu
cation and analytical expertise to interpret the information 
with the managers either directly or via alliances with other 
experts in the field. The better decisions we can help them 
make, the more profitable they will be, thus keeping more 
business in rural America. 

After looking at the reasons for keeping records and for 
providing a service bureau to assist your producers, we 
were then able to look at some specific alternatives re
garding software, staffing, equipment, data usage and 
networking with alliances. 
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Use ofrecords.to manage the performance of 
the grow-finish phase ofprod~ction 

·Gary D. Dial,t Chris Rademacher,tBntd Freking,<j[ Mark Weaver§ 
tCollege of Veterinary Medicine, University of Minnesota, St. Paul, MN; '][New Fashion Pork; Inc., Jackson, MN; 
§Swine Graphics Enterprises, Webster City, IA · 

. . . 
It has been said all-too-often-butit remains true-that Traditional map.agemerit practices have thwarted the col
the grow-finish phase of production is; by far, the lection of data that would have allowed a better under
financially most important phase of a cornmer~i~l swine standing of grow-finish production measures and their risk 
operation. It is the stage where most production costs are factors. 
incurred. Relative to other production phases, grow-:-finish 
contributes the largest portion of total feed cost/market 
pig, the greatest single cost of production. And, since the 
growing pig spends more time in this phasethan in ariy 
other phase of production, groW:-'finish also incurs the high
el't facility cost/pig, the second greatest production cost. 
Relative to weaned pig and feeder-pig_ enterprises, the. 
grow-finish enterprise ha,s the greatest pig-to-pig .varia
tion in revenues. Inherent with this variation,is a greater 
opporluniiy for revenue enhancement than occurs with 
the sale of either weaned pigs or feeder pigs~ · 

Tra,ditionally, most producerl' have used continuous flow 
management of their grow-finisp facilities making it 
difficult to.track feed_disappe~ance and ·determine the 
weights of pigs as they pass through the grow~ finish phase. 
Thus, computations of standard measures ofgrowth per
formance have, at best, b~en estimates and have had little . 
diagnostic value. Because the majority of production costs 
are incurred during t}le grow-finisl!. phase, financial end
points of production have been added to biological end
points as measures to be monitored in the as.sessment of 
grow-finish performance. The inherent diffi(fulties.of in~ 

Both production costs and market revenues fqr the grow~ terfacing financial information systems with production 
finish phase are driyen by biological perlormance. If pigs management systems has retarded the merger of financial 
grow slowly, facility utilization drops, resulting in higher with biological.data into asingleinformation system. Until 
facility costs/pig. Throughput of the operation, called ca.,. recently, producers have noi only been.unable to capture 
pacity utilization, is also reduced with slow growing pigs, apd report biological information, but it h&.s been rare for 
since either fewer pigs can. be grown in the facility or. them to have access to accurate financial information. This 
pigs have to be sold at lighter weights. When pigs lack of access to integrated biologic~ and financial data 
inefficiently convert feed to gain, feed costs, on both a has retarded the development of diagnostic tools for use 
per pig and per kg basis, are increased .. On the revenue Of!. the grow,..finish enterprise. 
side, variation in the growth performance ofpigs can re~ 

I · · d · ·k 1 ( .c ) . d Times, however, are changing. Fully integrated inforrna-su t m mcrease mar et sort ass. non-contormance an 
variable carcass quality, causing. premiums to suffer. Thus,. tion systems are now bec:;oming available. The swine in-
for both cost and reveriue reasons, it is essential that the dustry ·has moved to ali-in-all-out production-. Swine 

production is becoming a business with a.clear foc:us on faetors influencing the biological performance of the grow- -
ing pig be understood. . · both enterprise profit and return on investment. This busi-

ness atmosphere has created a demand for diagnostic tools 
In contrast to the breeding herd, therearerelatively few for use in troubleshooting grow-finish productionprob
biological endpoints monitored during the grow-finish lems. While it is tempt~ng to jump right in to grow-finish 
phase; the most common ones being average daily_feed troubleshooting, there are several fundamental steps that. 
intake (ADFI), average daily gain (ADG), the efficiency must be accomplished before the biological problems of 
of conversion of feed to gain (FE), percent mortality._ the grow-finish phase can be efficiently and ef;fectively 
(%M), and number of turns per pig space/year (turnover managed. It is esse.ntial that producers with farms having 
ratio). One might, therefore, expect grow-finish diagiios- grow-finish production problems: -
tics to be simple. ~ut, the opposite is true: trdubleshoot
ing problems in grow-finish phase of production are typi
cally difficult and frequently frustrating. Norms and targets 
of production are. less well understood than those for tlie 
breeding herd. The interrelationships between production 
endpoints have been less clearly defined. The identities 
and relative impact of influencing factors, called "risk 
factors" in medical terminology, on endpoint measures 
of grow~ finish production have not been well elucidated. 

. . 
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• become deeply committed to keeping and using 
_ records so that' accurate, comprehensive, and sustain
able information systems are established, . 

• ·understand how parameters are calculated, so that they 
· can anticipate error~ In data collection and reporting, 
and avoid erroneousjnterpretation of data, 

• develop farm-specific norins and targets for produc-
tion parameters, ·· · 

157 



Gary D. Dial 

• learn how to identify the suboptimal parameter(s) 
whiCh has (have) the greatest influence on produc~ 
tion costs and/or revenues, and 

• be able to identify those risk factors most likely to 
influence the suboptimal production parameter(s). 

Only then, can a strategy for reducing the detrimental 
influences oflimiting factors be successfully developed 
and implemented. A good record system is absolutely 
essential for the diagnosis and management of a produc
tion problem, whether it be a nutritional, disease, health, 
environmental, or mariagement.related. 

This review describes the fundamentals of using records 
to manage the grow-finish phase of production. It begins 
with an overview of the "why's and how's" of keeping 
grow-finish records, continues on with a discussion of 
standards of production, and conciudes with procedures 
for the identification of the risk factors associated with 
various types of suboptimal growth performance. 

Why keep grow-finish records? 
In the past, swine producers have relied on visual obser
vations, empirical impressions, and a crudely kept records 
when managing their grow-finish enterprises. Swine busi
nesses typically grew outof diversified agri-businesses, 
where pig production was seen as a way of adding value 
to crops being produced. There was limited business ori~ 
entation,· and producers weie primarily concerned. with 
making enough money to support their lifestyles. Most 
were not worried about financial endpoints routinely 
monitored in other business fields, such as return on in
vested capital. Efficiency was not a concern; product qual
ity was never discussed. 

In recent years, a business approach has emerged in the 
swine industry, fueled, in part, by the influences of busi
ness people entering the pork production from either out
side the agriculture sector or from more progressive agri~ 
cultural commodities, such as poultry. These new entrants 
have not only been interested in biological efficiency, but 
they have brought a keen focus on financial efficiency. 
Increasingly, they are also turning their attention to prod
uct quality. Consequently, there is a growing realization 
in the swine industry that the process of producing pork 
is like a manufacturing process, and this process must be 
controlled if it is to be profitable. As has occurred in the 
manufacturing businesses, information systems will be 
the hubofswine production control systems. 

What does the future hold for production information sys
tems? We belieye that: 
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Grow-finzsh records will become the feedback, moni
toring, and control system regulating the speed and 
efficiency of the pork manufacturing process and the 
quality of the pork produCt being produced. 

Increasingly, the swine industry is coming to realize that 
pork production is like a manufacturing businesses, in 
which inputs are converted intoproducts valued by con~ 
sumers. As with any other business, the swine production 
process in the future will be based upon conclusions drawn 
from data analysis. Data will be captured and used by 
producers to monitor ongoing processes and, thereby, 
determine when a process is either "out of control", in 
the manufacturing sense, or not reaching a production 
optimum. It will be used to identify those factors that are 
causing the process to be aberrant and then to prioritize 
them according to their relative importance. Data will be 
used to determine when and how to intervene at appro
priate points during the growth phase to correct the cause 
of the problem. In addition, similar to manufacturing busi
nesses, information systems will allow capacity utiliza
tion to be optimized while, at the same time; improving 
product quality. Those producers having access to accu~ 
rate and comprehensive databases and the ability to use 
them will have a competitive advantage in both cost re
duction and revenue maximization. 

What kind of information will be captured? Production 
information systems will become the central data collec
tion. tool used to synthesize data coming from multiple 
sources. Data will flow into them from the feed mill, the 
processing plant, accounting packages, environmental 
management software, and health management systems. 
Information systems also will be used to capture data per
taining to either an individual pig or a group of pigs, called 
pig-level information. Examples include gender, diet, the 
application of a management practice, and diagnostic test 
results. Farm-level information also will be captured, in
cluding such th1ngs as building or equipment design, ge
netics, production system, and health status ofthe herd. 

How will data be captured? Some data will continue to 
be manually entered into the swine production software .. 
Thus, efficiency, flexibility, and built-in data integrity 
checks will remain a priority. Traditionally, data capture 
of grow-finish information has been at pen side or in the 
feed mill followed by subsequent manual data entry into 
the software. This has been fraught with clerical errors; 
as more than one person dealt with the data before it made 
its way into the database. To expedite efficiency and ac
curacy of data capture, hand-held devices will commonly 
be used in the future to capture data and upload it directly 
into a processing computer. Some data, such as carcass, 
feed, and environmental data, will be captured electroni- · 
cally and transferred by modem or direct linkup to the 
production software. As the cost of this new technology 
becomes more reasonable, data will be transferred in the 
future among computers via the airwaves. 

Will the swine production information system meet all of 
the needs of a producer? Analyses unforeseen by authors 
of software systems will always require that a suite of 
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software products be used together to address the appli- tion level, and each group of pigsJoses its identity upon 
·cations of users. It is likely that the principle software entry. Continuous flow operations make it difficult to cal
used by producers to manage· their farm operationswill culate time and growth variables, since there· is no set 
remain the production software. But, data will flow out of endpoint for a group and the population is continuously 
it into other data management· systems. Financial pack- changing. We feelthat if data integrity is imperative, as is 
ages will receive kilograms, pigs, and days captured by usually the case, locations must be· managed aU-in-all
the production information· system and use it to generate out, either by room, ·ba:rn, or· site.All-in,--all-out allows 
reports to be used for internal management applications data for specific groups of pigs to be captured as· they 

. and for external reporting (i.e. credit, taxes). Raw and progress through the grow-finish enterprise. Thus, accu
compileddatawill be exported to decisionaids and simu-. ratefeed, fimmcial, marketing as wellas biological infor
lation. models, which will use· it to assist producers in mation can be collected for each group .. Group close-out .. 
choosing a course of action to follow. And, as users look reports. and profit:loss statements can subsequently be 
toward more flexible ways of handling their data, it will generated for each group. Fortunately, propelled by the 
become a routine task to export data into database sys- inherent production advantages of ail-in-all-out and the 
terns, spreadsheets, and graphic programs. desire for group-level data, the swine industry is moving 

How will swine production information systems be used? rapidly toward the broad scalejmpkmentation of all-in'-
allcout production. . . 

Software· will become specialized toward specific· appli-
cations. For example, accounting software will be used A critical element of keeping records that will beuseful 
to capture information to be used for both external and for troubleshooting problems of the growing pig is giv
internal reporting of financial summaries. Production soft- ing each groupitsown unique identification.To facilitate 
ware will not only be used to monitor a production pro- diagnostic efforts, the identification number should, in 
cess, allowing the identification ofthe need for interven- itself, give specific information about that group. Data 
tion, but it will increasingly be used to manage the such as the year placed, stage of production, grower ideo
production process. Producers wiii. use their production . tity, barn identification, number of turns ofthe barn dur- · 
software to determine when to administer atreatment, a . ing that year, and gender can be coded into a group ID. 
manageme,nt procedure, otto change a diet or.the envi-. For example, with the group ID 9564323, 95 refers to the 
ronment. In addition, production software will become year pigs were placed, 6is the code for the finishi11g stage, 
vital tools forboth solving production problems and for 4 refers to grower who owns the barn, 3 represents the 
optimizingproduction efficiency. As producers learn to barn number, 2 repre.sents the turn number for the barn, 
use their databases and to share their databases with oth- and 3 is the code for gender, in this case mixed sex pigs. 
ers; swine information systems will becorne industry re- The use of group codes not only facilitates diagnostic ef
search tools for identifying new production and business forts when problems occur, but they also allow individual 
technologies: farms to conduct database analyses. directed toward im-

proving production: The standardization of codes across 
Establishing a grow-finish record farms allows multiple farm files to be merged into larger 

· databases. By virtue of their size and because constituent 
system farms have different production systems, multifarrn data-

. · · · · · bases have considerable value in addressing the produc-
In order to have useable records, information. systems must tion issues ofa group of farms. They also are essential for 
be set up right. When beginning to design a grow~ finish establishing production targets for farms having similar 
record keeping system, the firstthing thatneeds to be done· production systems and those in a similar geographic 
is to lay out a detailed floorplan ofallthe buildings. This region. 
plan must be accompanied by indications of how and at 
what ages pig are moved among rooms. Rooms must be The movement of pigs to a new location provides an op
clearlyidentified by numeric or alphanumeric codes. The portunity to capture beginning and ending weights for that·. 
fee~ bin serving each location needs.to be identified, along group, Individual pig weights allow the computation of · 
with its capacity and the type of feed it will hold. By al- weight variation, a key determinate of facility utilization 
lowing a pictorial depictionof the grow-finish enterprise, and ADG. Since it is not feasible to collect individual 
flo()r plans allow a determination ofwhat data can be col- weights on all but. a few farms, only group weights are 
lected where. · usually cqllected. Group weights can helpyou estimate 

facility utilization, but they are only a crude estimate. They 
Pig flow through a barn also determine the type of data do not consider the time·froinwhen the average pig is 
that can be collected. Ail-in-all-out production allows a removed from a rooll1 until the slowest growing pig is 
producer to track a group of animals individually, whereas moved out. The compilation of group weights at entry 
combining groups together ina continuous~flow bamdo and exit allowsthe cakulation·of group-to-group varia~ 
not. In a continuous-flow systern, data is kept at a loca- · tion, \¥hich is essential fordiagnostic efforts, as discussed 
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below. To be optimally useful, weights should be taken at appearance on a room basis is sufficient. When pen feed 
ages consistent with industry practices. For example, pigs intak~ cards are use4, they. should include targets for the 
typically enter the nursery at14 to 25 days, weighing 4 to amount of feed to be given to each pen by average weight 
7 kg (9 to 15 lbs); they typically leave the nursery phase·· of the pigs in the pen. Only the feed that is hand-deliv
at 9 to 11 weeks weighing 18 to 25 kg (40 to 55 lb); and ered into the room, typically the prestarter and starter di
they 1.1s1.1ally are sold in U.S. markets at 24 to 28 weeks . ets,is recorded; feed that is automatically delivered into 
weighing 230 to 260 lb. By weighing pigs at these times, the room is tracked at the bin level. 
reference standards will be more readily available. 

Feed intake monitoring during the finishing phase is at 
By taking weights at several times during the growth phase least as critical as it is during the nursery phase. With 
of a subset of pigs, growth curves can be established for larger groups of grow-finish pigs in which feed bins are 
use in subsequent performance monitoring. As subsets of filled relatively frequently, feed intakes are typically de
different subpopulations are tracked over time, ri:mltiple termined at the bin 'level. When daily estimates of feed 
growth curves can be established for different sexes of intake are required, the amount offeed delivered to a rep
pigs, dietary regimens, health statuses, different ambient resentative feeder in a room can be captured using iridi
conditions and seasons, and different facility types. The vidual weigh-hoppers or weigh-meters located libove the 
establishment of growth curves allows the performance feeder. As with the nursery phase, the routine monitoring 
of a current group to be related to a reference standard at of feed intake allows problems in a room to be .identified 
any point in time during the growth phase. When adjusted as they occur, instead of after a group has been closed 
to standard weights using a growth curve, the performance . out. In addition, feed intake monitoring allows diets to be 

· of groups having different beginning and ending weights changed as nutrient in~ake needs change with age. · 
can be inore accu_ rately camp_ ared tha __ n wh~.n unadjusted 

As an adjunCt to feed intake monitoring, water intake can 
parameters are .used. Thereby, growth curves are useful be monitored. Water meters can be placed in the water 
to evaluate current performance as well as to identify,op-

line ·serving each individual room. After standard water 
portunities to improve performance. intake curves have been 'created, the daily or twiee daily 

When pigs are moved in or out of a group, dates need to recording of water intakes allows the· identification· of 
be recorded as well as the number and weights of pigs~ · problems in consumption as they emerge. Tracking water 
Recording pig movement information l.s essential for pro- - consumption is easier than feed intake monitoring. How:. 
duction measures to be accurate. In particular, any time· ever, in our experience, feed intake falls for a room be:..·. 
animals are removed from a group, the date, number of fore water intake does; thus, water monitoring is an ad- · 
pigs, weight and type of removal should be recorded. junct rather than a replacement for feed intake monitoring. 
Types of removals inclu,de sales of weaned, feeder, cull, 
pre-market or market pigs, deaths, and transfers to other Ambient environmental effects on pig performance and 
groups. If pig movements are not tracked, data becomes health have long been established. Traditionally, high:low 
inaccurate and less useful in troubleshooting. thermometers have been used to capture daily tempera- . 

ture extremes for both nursery and grow-finish pigs. While · 
Groups ~f pigs should be assigned to a iocation. Each . these thermometers are simple to use, they fail to prov':ide . 
location should be served by a separate feed bin and feed the producer a mean temperature and with a permanent 
managemerit.system. Because feed is the largest cost of record of the fluctuations that occur between the times' 
production for any phase of production, the amounts and thatthe thermometer is reset. Typically, they aie read only. 
types of each diet should must be recorded for each group. once or twice daily and, thus; do not give a very accurate 
This not only allows the computation of_the total feed depiction ofthe ever-changing environment in which the 
cost, on a per pig and per lb of gain basis, but it also al- pig is living. They also do not give any indication of other 
lows the determination of the .amount and cost- of each measures of ambient conditions, such as humidity, wet
diet used per pig. Accurate feed records allow feed bud- bulb temperature, air velocity, or gas levels. To fill this 
geting, a powetrul tool for controlling feed costs. need, manufacturers of ventilation equipment are devel- · 

Nursery diets are the most expensive diets fed to the grow
ing pig. The time of entry into the nursery is also the most 
critical stage in the weaned pig's life. The monitoring of 
feed intake during the initial 7 to 14 days after. pigs are 
weaned allows troubleshooting of performance problems 
and ensures that nursery·· diets are changed as appropri-. 
ate. The amount of feed delivered to a. pen of pigs should 
be recorded onto feed intake cards, preferably on a pen. 
basis. With small groups of pigs or when the weights of 
pigs in a group are relatively uniform, recording feed dis,-
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oping computer systems that both drive ventilatien -sys
tems and, through remote sensing, capture data on the 
ambient environment. As this data is merged. with bio
logical data in production software, the producer can de~ 
termine temporal relationships between performance anQ, .. ·· 
ambient conditions. · 

Traditionally, treatments arid pig mortalities are recorded 
on room logs. While mortality events are routinely re
corded into production record systems, morbidity events, 
such as treatments and the occurrence of clinically ill pigs,- · 
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are not captured. As production information systems im
prove in their ability to present data in formats more use
ful to producers in their decision-inaking, morbidity as 
well as mortality events will be captured. Then, it will be 
necessary to capture dates, number and identities of pigs 
treated, drug dosage, duration oftreatment, and response 
to treatments at the room, pen, or individual pig levels. In 
addition.to·morbidity and mortality information, results 
of disease diagnostics will be captured, including results 

. of blood tests, necropsies, and tests done on collected 

it will become commonplace for them to be paid on an 
individual carcass basis for an assortmentof quality pa
rameters; perhaps; including such things as meat color, 
water holding capacity, ·and pH; As the amount of data 
collected increases, producers will want this data to be 
captured by their production software. The integration of 
carcass parameters with production information will al
low producers to troubleshoot pork quality problems, just 
as they now use their production records to diagnose bio.., 
logical problems . 

specimens. Capturing this information will not only as- Th di f k t" d t · h th t hal · erecor ngo mar e mg a atsper aps emos c . -
· . sist the producer in understanding more fully how to man- lenging of all grow-finish data collection. The difficulty 

age a disease process, buUt also will allow them, forthe 
lies in the inconsistencies b~tween packers in how mea-

first time, to fully understand the impact of disease on S1Jremerits are made and how da~a is reported to produc
. production. Producers and their veterinarians will b~ able 

· ers. Different processing plants have different ways of 
to gauge the efficacy of treatments. Retrospective data- determining backfat and differences in how they calcu-
bases will be used to better understand the epidemiology late lean premiums; sort loss is calculated d,ifferently from 
of tqose diseases that cause reduced performance but little 

plant to plant. These .differences make comparison of many 
mortality. 

carcass parameters across packers meaningless. As the · 
When a pig dies, several key bits of data must be col- industry. moves toward standardized techniques for as
lected. The date, weight; number of deaths ·andthe pri- sessing and reporting quality scores, plant-to-plant com
mary reason or clinical sign is valuable in diagnosing a parisons. will become more valuable. But, for the. time 
problem. In addition, recording clinical signs, such as di- being, individual carcass data can beusefully merged with 
arrhea, lameness, or pneumonia, will· assist the user of biological, feed, and financial data as .long as it comes 
the database in diagnosing the disease. Because of from the same processing plant Because it is time con
difficulties in establishing a diagnosis without laboratory suming to manually enter individual carcass data into the 
confirmation, observed symptoms, not a specific disease production software, electronic capture of the data directly 
or etiology, s}:10uld be recorded. froin the processing plant will become a standard proce-

Traditionally, most farm-accounting has been done for dure. Individual carcass data will not only allow averages 
externaJ reporting, either for credit or tax applic.ations .. to be· calculated for carcass traits, but itwill also allow 

· · the variation in traits to be determined. 
Increasingly, producers want access to information for 
managerial reasons, called internal re{>arting. In the fu- Carc~ss data that can be captured at the present time on 
ture, it is likely that accounting software packages will be an individual animal basis· at most processing plants in
used to capture financial information and, perhaps, some eludes: carcass weight, backfat, Join eye depth, % lean, 
biological data, such as unit sales. This will allow the pro- carcass base price value, % yield, grade, lean premiums 
ducerto generate enterprise financial statements and to or deductions, sort loss, net carcass value, and condem
use the other capabilities of the software; including such nations. Lot-level information not currently available on 
things as payroll, accounts payable, ·and inventory man..:· an individual pig basis includes: the amount of trimming 
agement. Financial data will be integrated with biologi- and the standard yield used by the processing plant. Once 
cal data in the production software. In this fashion; costs the data is stored· in the production database, it can be 
and revenues can· be allocated to location or group, and exported to marketing decisions aids, for further analysis. 
profit: loss statements generated by location; stage of pro- · · · 
duction, group, or enterprise. As finanCial data becomes Definitions and calculations 
available, grow-finish diagnostics will include biological 
as well as financial endpoints. · 

Historically, producers have only captured unit sales and 
revenue information in their production software when 
marketing their swine. Beca~se this information was sum
mary data, it generally was captured by manual data en
try. As processing technologies emerge to better differen
tiate carcasses of different quality, producers will be paid 
according to the quality of the pigs that they sell. Pres
ently, U.S; producers are now paid on the basis ofbackfat, 
the only measure of quality currently used. In the future, 

1996 Allen D. Leman Swine Conference 

In order for production parameters to be meaningfully 
interpreted, the formulas used in their calculation must 
be understood. · 

Average daily gain 
ADG mediates its influence on the profitability of a com
mercial operation through its effects· on facility utiliza
tion and farm output. While there is considerable varia
tion on its importance as a biological variable, there can 
be little doubt that on farms in which grow-finish space is 
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limiting, ADG contributes significantly. to the. farm's points in order to correctly al\ocate gain to specific rooms · 
profitability; ADG can be crudely estimated from days to or phases of production; Less inten~ive. systems relate 
market Either days on feed or days to market can be used weaning weights to sales weights in the computation of 
to estimate .the "age" of pigs, which together with pounds ADG, arid therefore do ·not allow the deli.neation of ADG 
of liveweight marketed allows ADG to be calculated. Po- for the various production stages of the growth phase.All 
tentially useful formulae to be used in the absence of com- record systems require a reconciliation of pig inventory • · 
puterized records include: . with pigs entering, sold, dying, and' moved. Because of 

. . . inherent inaccuraCies in determining pig weights and num- · 
days in facility ~ .· · · avera~e ptg mventory · • days in period . bers, the use ofrolling aver~ges with monthly incre~ents · · 

no. ofp1gs sold or moved · . · · to 3-to~6-month averages wlll decrease.Al)G fluctuatiOns ... 

ending inventory 
days on feed = . · . • 30.5 days (avg. no. of days per month) 

pigs added per month . . . .· Feed efficiency . .· . . .. . ... 
. While feed is the largest single expense in pork produc-

daystomarket = ____ .(.:...cu_rr_e_nt...:.p-=ig:....in_v_en_to_ry::.-...,..•_36-5:....) ---- tion, whether grow-finish, nursery, or weaf1ed-pig, it is 
(no. of pigs weaned per year • postweanmg survival rate) . the least stable of all inputs.Nutrient costs vary. daily; and 

d k cirrrent pig inventory. k . . a! . .d. the amount of ingredients used in a diets change dramati-
ays to 111ar et = · · . · • mar etmg mterv m ays · _c_ally as the pig ages .. Also, the abiiit_y of t. he pig· to n~. ofpigs sold per marketmg . · . . . 

efficiently utilize nutrients varies throughout the year with 
. days to niarket --~ . (7 • aver~ge nursery inventory) + (7 • a~erage gro~- finish inventory) ·. changes in ambient conditions. The health statUs and gen~ 

· . no.ofpigsweanedperweek no.ofpigsmovedmtoG/Feachweek der ofthe pig are also knowQ.to effect its nutrient needs 
The PigCHAMP® information system computes days to. ·and, thus, diet costs. Thus, FE is one of the most impor- . 

· market or days per stage of production according to the tant predictors of feed cos:tfuriit ·gain· and,. thereby, is of-
following formula: ten one of the most fmportant measures. of overall pro-

. ductivity, margin ·over all tosts (i.e~ profit). · 
d · • k, .· . · ·.: · - total im. of live pigs· · . .. ·. ··., .. 
ay~ to mar et = · · . . · · .. · . ··· Comparisons of FE among ptodilce_r_s are not r~ason_ able . (no. of market pigs sold +-no. of others sold +no. of transfers + 

. . .. ' .· • .. . without first considering diet costs, since the use of ex~ 
. no of removals + no. of pigs moved out) pensive ingredients ·in a diet may allow a competitive FE 

Average daily. gains . computed from hand-held record& that is negated by high feed costs per unit gain. Similarly,· 
· ·.commonly overestimate growth rates because they do riot special feed manufacturing· procedures may increa,se the . 

. account for the weight gains of dead pigs or the gains of . efficiency offeed conversion, while the marginal feed cost/ . 
poor-performing pigs moved back in production. Systems unit ga1n falls; Since both pigs and pits consume grmn, 
that· use ear-notching or group identification records to FE calculations are often corifounde~ by feed·wastage. 
~etertnine the age of marketed pigs often give erroneous Further, as discussed with ADG, some FE calc~lation~ · 
ADG for the same reason; Computerized record systems . do not consider the weight gain of pigs that die _or are · 
estimate ADG based upon pig-days and, thus, depend upon . destroyed; thus, these calculations· will overestimate FE .. 
entry and exit weights and dates for live and, sometimes, relative to those systems that consider dead pig weights .. 

. dead pigs. Computerized record systems differ in how pig- FEfor a given phase of pro~uction can be estimated with
days are counted for dead pl.gs. Some include deitd-pig o:ut using computerized records with the fqllowing 
days; others do riot. In systems that consider clead pigs, formula: · ·· · · · · 
calciilations of ADG include pig-days prior to mortality 
in the denominator. Depending upon how death weights 
are handled, a high death rate may or may not have a 
significant effect on ADG computations. The formula that 
PigCHAMP® uses for calculating ADG is: · · 

(totalliveweight out - totalliveweight in) 
ADG= 

FE = . . . lbs. feed delivered for agiven time . .. . · .. 
· · . (no. of pigs marketed during a giyen time • average lbs. gain) 

I'igCHAMP® calculates FE using the forrntila: . ··. 

FE = . .. . (total feed in'- total feed out}, 

{totalliveweight out - totalliveweight in) .. 
. total no. of live pig days 

Where: Average daily feed intake .· .·. .· .. ... . ·. .·. _ 
As with FE; calculations of ADFI ai-e confounded l:>yfeed. . - · 

totalli~eweight out= (totallbs. sold + lbs. removed + lbs. transferred + lbs. moved out) .. wastage;· therefore, ADFI is really an estimate feed di~.: ·· · 
totalliveweight in ~ (totallbs. moved in + lbs. purchased)' appearance, not feed intake. ADFI does not take in~o ac~ · 
ADG is simple to .calci.date in theory; but ADG calcula- count nutrient density of the ration. Pigs fed diets p.igh In: 
tions ofteri prove quite difficult in practice since they re- · fibrous ingredients, such as hatley, or relatively low in 
quire scales to record initial and final weights. More rig~ energy, such as sorghum~rililo, typiCally will have i;thigher. 
orous systems record pig weights at strategic movement ADFI than pigs fed rations high in energy1 such as :a 
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corn: soy diet supplemented with fat. Pigs typically eat to 
meet their energy needs. Thus, ADFI is less meaningful 
than average daily nutrient intake. Mon'"thly records of 
ADFI together with a knowledge of nutrient density of 

· the diet allows diets to be regularly reformulated to as
sure. the provision of the minimal daily nutrients for opti
malperformance. Records of ADFI also allowfor more 
dynamic responses to changes in piglet performance, such 
as seasonal changes in ADFI or changes in ADFI occur
ring with environmental or health stresses. In the absence 
of computerized record systems, ADFI can be estimated 
by the formulae: 

ADFI = 

ADFI = 

lbs. of feed delivered 
(average no. of pigs in inventory • average no. of days per pig) 

lbs. offeed delivered per month 

(ending pig inventory • 30.5 days[avg. no. of days per month]) 
PigCHAMP® calculates ADFI using the formula: 

ADFI = (totallbs. of feed delivered - total feed left unused) 
total no. of live pig days 

Mortality 
High mortality rates cause the following: lower ADG by 
reducing the total LB liveweight marketed (numerator) 
and by increasing the total number of live pig days (de
nominator); higher FE by reducing the total live weight 
marketed (denominator); andreduced estimates of ADFI 
by'reducing total live pig days(denominator). Mortality 
can be reported in terms of annualized or standardized 
mortality. They can be estimated without the use of com~ 
puterized records using the formulae: 

m 1. ed 1. {no. of pigs dying in a given time period • 365 days) 
-ro annua IZ morta 1ty = -'---'-''--'C......:::-....:::...__,_.!,_ __ ~...:....:.-

( total no. of pigs in a group • no. of days in time period) 

m d d' d al' no .. · of pigs .. in a group dying , lOOmo -;o stan ar 1ze mort 1ty = 11 

total no. of pigs in the group 

m d d' d 1. no. of pigs dying per u.nit of time , IOOmo 
-ro stan ar 1ze morta 1ty = 11 

no. of pigs entering during that time 
Annualized mortality allows comparisons between farms 
and between groups having different lengths of produc
tion. While initially more difficult to use, annualized 
mortality adjusts for the days at a given production stage 
that a pig is at risk of dying. Standardized mortality is 
more commonly used, but by not being adjusted for in
ventory days, does not allow comparisons between stages 
of production on the same farm or comparisons across 
groups having different inventory lengths. It also does not 
allow contrasts among multiple farms. In production sys
tems using standardized mortality, 2% mortality in a 
prenursery having a 3-week pig-inventory period cannot 
be equated directly to a 2% mortality in a grower having 
an 8-weekpig-inventory period. High mortality rates not 
only are typically associated with high medication costs, 
but also require that feed, non-feed variable costs, and 
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fixed costs (including feeder pig costs) be spread over 
survivors, resulting in higher production costs for each 
marketed pig. 

PigCHAMP® calculates mortality according to the 
formula: 

(no. of deaths + no. destroyed) 
% standardized mortality = 

(no. entered + no. purchased + no. moved in) 

Turnover ratio 
Facility costs together with other fixed costs, such as taxes 
and depreciation, are the second leading cost of produc
tion for the grow-finish phase, thus, justifying turnover 
ratio as a measure ofgrow-finish efficiency. Facility utili
zation is commonly estimated by measuring facility turns 
per given time unit (e.g. turns/animal space/year). It 
reflects the capacity utilization of facilities used for the 
growing pig. Turnover ratio can be estimated from the 
formula: 

. . 365 days per year 
fac1hty turns per year = . ·. · 

interval (in days) between consecutive groups of pigs in a given location 
PigCHAMP® calculates turnover ratio using the formula: 

. • (no. marketed + no. sold as breeders + no. moved out) 100 turnover ratiO = . . • 
no. of pig days 

The numerator utilizes pigs. Producers do not sell pigs, 
they sell kilograms (pounds) of pork. A more accurate 
method of estimating efficiency of facility utilization is, 
therefore, based upOn a calculation of pounds pork pro
duced per unit floor space. 

lb f 2 lbs. liveweight marketed 
s. per oot = 

floor space available for pigs 
PigCHAMP® calculates this measure of facility utiliza
tion using the formula: 

((lbs. marketed t lbs. sold as breeders t lbs. moved out) • 365 days) 
lbs. per fooe = _.:.:_---:-------,--------'---'--'-

(total fe available for the group [including pens, aisles, partitions, and 

feeder spaces; inside barn dimensions ]• no. of days in time period) 

Other calculations and definitions 
Several additional terms used by PigCHAMP® are also 
useful in troubleshooting grow-finish problems. 

total pig days = sum of days that all of the pigs were in a location during the reporting period 

. . total pig days ' · 
avg. p1g days m a group space = ----~· ~· .-:..::...-'------

(no. of pigs sold + no. of other sales + no. of transfers + 
no. of removals + no. moved out) 

total pig days 
avg. days to market = --------'-..:....=---"-----

(no. of market pigs sold + no. sold/moved for breeding) 

. total pig days 
avg. mventory = 

total no. of days in period 
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feed tlu . . · total feed cost ·. -
cos mtgam = .. · 

((wt sold + wt. moved out) - (wt. purchased + wt. moved in)) 

e d tJ . total feed cost 1ee cos ptg = . . ., . 
· (no. of p1gs sold + no. of other sales + no. moved out) 

Special considerations 
Before generating the reports to be used in diagnostic in
vestigations, there are several things that should be 
considered. 

•• Continuous flow operations require that feed and ani
mal records be captured by location. All-in~all-out 
production allows group-level information to.be re:.. 
corded by location. Records kept op continuous flow 
operations tend to be-much less accurate than those. 
kept for groups of pigs. Thus, if accurate records are 
desired, ali-in-all-out production flow must be used. 
Location-based records, in which multiple groups of 
pigs having different ages and weights use the same 
location, can only be used to estimate production 
parameters. 

• Some production software d~ not c~nsider the weights 
·of dead pigs in the calculation of FE and ADG; 
whereas others do. In systems that do not indude dead 

· pig weights, FE calculations refer to the amount of 
feed consumed to produce an amount of liveweight . 
gain and ADG refers to the average daily liveweight 
gain. When mortality is high, total weight gain dur
ing the period will be reduced. Thus, in the calcula
tion of FE, the denominator will be reduced, result
ing in a poorer (higher) FE. Because the numerator is 
reduced in the calculation_ of ADG, a group's ADG 
will be reduced when mortality is elevated; 

- • In order for weight gain calculations to be _represen
tative of the population of pigs being assessed, at least 
90% of the entry and exit weights should be recorded, 

· Similarly, at least 90% of the market data should be 
available for reports to b~ truly meaningful. Produc
tion software programs handle missing information 
differently. Missing data can result in highly errone
ous summary information. Before running reports, 
data integrity should be c.hecked to confirm its com

. pleteness and accuracy. 

• The weigh~s of pigs and feed used in calculations are 
typically obtained when physical inventories are 
taken. At the time inventories are taken, both the num
ber of pigs and their average weight should be taken; 
the weight of feed remaining in feed bins also-should 
be estimated. The amount of feed remaining in bins 
should be deducted from the group's total feed con
sumption when a group is closed out. If this is not 
done, both ADFI and FE will be inflated. . 

•. Accurate inventories Of pigs and feed must be taken 
. if weight gain and feed consumption areto be calcu-
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lated. If production reports are to be generated only 
after a group is closed out, inventories at the begin
ning and ending of a. production phase will suffice. 
However, if production records are to be used to moni
tor the progress of a group of pigs, animal invento
ries. will need to be taken at least as· frequently as 
reports are generated, usually at monthly intervals. 

• In order to get accurate estimates of most production 
parameters, reports should be ·generated on grbups 
that have been closed out. Additional data entry should 
not be allowed for closed~(mt groups; all production, 
feed, marketing, and financial information should al-' 
ready have been eJ?tered when a group is closed out. 

• When, reports are being ge~erated during the growth 
phase, they should be run within a few days (5 days 
at most) of when the last animal and feed inventories 
have been taken. 

• When accurate inventories of pig numbers and 
amounts of feed in bins are not taken at regular inter
vals, usually monthly, longer reporting periods will 
give more accurate production summaries .. 

• If feed deliveries occur just prior to geqerating a re
port, the computer will assume thaqhe feed has been 
consumed and overestimate both ADFI and F:G. 

•. Unless weights ofpigs are taken at periodic intervals 
throughout the growth phase, ADG and FE calcula
tions are not meaningful. Growth curves can be used 

··to obtain average• pig' weights· by age; However; if 
growth curves are used to estimate weights, produc
tion parameters ai-e only estimated. Among other 
~hiilgs,_the characteristics of growth curves will vary 
with gender, health, genetics, and diet of the group. 

. . 

• The movement of pigs from one group to another can 
. have a substantial effect on each group's performance. 

For example, moving-15-20% of the slow growing 
pigs from an older group to a younger one may be 
associated with the former's performance being im
proved and the latter's performance appearing worse 
than it actually is, when both are eventually closed 
out. Thus, knowing the history ofa group is critical 
to interpreting its production measures. The propor~ . 
tion of pigs being moved in .and moved out of groups 
should be coqsidered before records are interpreted. 

Establishing norms and.targets 
for production parameters 
The next step in troubleshooting growth performance is 
to establish norms and targets for the measures to be as
sessed. Targets vary with the starting and ending weights 
of the pigs being evaluated. For example, pigs entering 
the grow-finish phase of production at ~m average of 451b 
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different way. Many of the factors are common to several 
of the endpoints. One explanation for the commonality 
of risk factors comes from the fact that FE, ADG, and 
ADFI are related to each other, as shown below. 

(9 weeks of age) and leaving at 240 lb (23 weeks) might 
be expected to have aADG of approximately 1.65 lb/day, 
a FE of 2.95, and a standardized mortality rate of 2.5% 
during that growth period. Pigs entering the grow-finish 
phase at lighter weights generally would be expected to 
have lower ADG, better FE, and higher %M. In contrast, ADFI = ADG • FE 
pigs entering the grow-finish phase at heavier weights lbs. feed consumed/day = lbs. bodyweight gain/day • lbs feed consumedllbs bodyweight gain 
would likely have a higher ADG, poorer FE, and lower ThroughouttherangesinADFiseenoncommercialfarms, 
%M, At the other extreme, pigs completing the grow-finish there is a positive relationship between ADFI and both 
stage at heavier weights would be expected to· have a ADG and FE (Figure 1). As ADFI increases, FE becomes 
higher ADG, higher FE, and, perhaps, higher mortality higher (poorer) and ADG increases. The relationship be
than pigs completing this phase at lighter weights. Thus, · tween ADFI and ADG is linear. ADFI accounts for. ap
reference standards are most meaningful when they en- proximately 80% of the variation in ADG, indicating that 
compass the weight ranges of the pigs being assessed. the two are very highly related. Because of their strong 
Growth performance reference standards for nursery and relationship, ADFI and ADG are considered together in 
grow-finish pigs are given according to beginning and the following discussion of risk factors. The relationship 
ending weights in Tables 1 and 2. As mentioned earlier, between ADFI and FE is curvilinear; the rate of increase 
growth curves can be used to adjust growth parameters to in FE declines at higher ADFI. ADFI accounts for only 
standard beginning and ending weights so that more ac~ about 10% of the variation in FE; thus, the two are not 
curate comparisons can be made to reference standards highly related. Similarly, ADG and FE have a negative, 
and more meaningful contrasts made across groups and linear relationship. That is, FE tends to improve as ADG 
farms. increases. ADG accounts for less than 10% of the varia-

tion in FE; thus, the two are not highly related. 

Risk factors associated with 
reduced growth performance 
Factors recognized as influencing growth performance can 
be categorized as ambient environment and season; build
ing and equipment design; health status; management; 
nutrition, feeding management practices, and delivery 
systems; individual pig and group factors; and the type of 
production system. Some of these are farm or barn-level 
factors, such as facility design, nutrition program, and 
production system, and affect all groups produced by the 
farm or pass through a paiticular barn. Others are group
level factors, such as gender and health status, and affect 
only a specific group or a subset of groups. Each factor 
affects the various measures of growth performance in a 

Average daily gain and average daily feed 
in~e · 
ADG is the consequence of a complex interaction between 
feed intake and efficiency of ingested nutrient utilization. 
As FE is held constant, pigs that eat more tend to have 
higher ADG. Thus, the .measurement ofADFI is para
mount in troubleshooting problems of ADG. Because of 
the high correlatibn between ADG and ADFI, the two 
measures change in paralleL When attempting to diag
nose problems involving either ADFI or ADG, one would 
expect that increases or decreases in either one would be 
accompanied by corresponding changes in the other. 

ADFI and ADG are often calculated incorrectly because 
of mistakes in data collection. Erroneous estimates can 

result from inaccurate estimates of the amount 

0.94 1.03 . 0.16 

of feed remaining in bins when groups are 
closed out, which causes the numerator in the 
ADFI calculation to be off. There can be a fail
ure to account for the inventory days associ
ated w.ith dead pigs or pigs moved out of a 
group, a denominator error in the ADFI calcu
lation. Errors in the calculation of ADG are 
often due to mistakes in estimates of live pig 
weights or the weights of dead pigs or pigs 

1.62 1.85 0.43 
2.70% 5.00% 3.0% 
27.35 29.94 4.48 

193 337 152 
18;47 18.31 2.88 
58.97 63.10 9.64 

190 332 149 
10.14 12.17 3.37 
48.10 53.65 9.82 

Limits: Weight at placement: >10 and <30 lbs; weight at exit: >30 and <70 1~. 

1.61 
5.07 

2.32% 
295 

52.22 
248.14 

232 
2.88 

1.42 
4.37 

0 
39 

38.83 
202.12 

193 
2.24 

1.51 
4.72 

0.90% 
152 

45.00 
229.00 

222 
2.52 

1.61 1.70 
5.05 5.46 

1.80% 3.00% 
237 356 

52.21 59.99 
231.00 253.87 

235 245 
2.81 3.17 
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1.80 
5.85 

3.65% 
65 

65.41 
279.73 

5n 
3.85 

0.17 
0.66 
2.3% 
237 
9.71 

230.71 
20 

0.58 

moved out of a group not being considered. 

Several factors have been observed to effect the 
voluntary feed intakes of ad-libitumcfed pigs 
(Figure 2). Management practices such as mix
ing multiple pens or groups of pigs, multiple 
pen-to-pen moves postweaning, and frequent 
sorting and regrouping of pigs disrupt social 
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hierarchy and transiently depress ADFI. 
In general, aiJ.ymanageinertt practice that 
disiupts the social hierarchy of a pen can 
depress feed intake by 50% or.more for 
at least a week. Sin,ce not all pigs are af"' 
fected equally, a common ~equelae to 
mixing, sorting, and moving Is reduced 
gains arid increased·variatiori in weights. 

. . 
Suboptimal ventilation rates and air dis~ 
tribution, and ineffective evaporative cool
ing, especially during the summer, cause 
increased expenditures of energy for ther
moregulation while depressing. feed in- . 

. take. ADFI changes.with season, partly' 
• in responseto circannual ch;:mges in am
bient temperature and partly. because· of 

·.· photoperiodic influences: When pigs are . 
exposed to temperatures above their 
· thermoneutral zones, as. often occurs in 
confinement, J\])FI is depressed; thus,the ~ 
nutrient density 'of the 4tet must be in
creased in order fora pig's daily need~to . 
be met. In contrast, pigs exposed to tem
peratures below their thertnoneutral zone, 
such as pigs housed outside or in lots dur:. 
ing the Winter,· must consume more en
ergy to meet their metabolic needs. The 
thernioneutral zone is 18-28 "c (65-:82 "F) 
for pigs weighing 20-50 kg (45-llOlb) 
and 10-20 oc (50-68 °F)Jor pigs up to 
market weights. Feed intake will decrease 
at approximately 1 g/kg liveweight per 
degree celsius above the . upper critical · 
temperature. A~ ambient temperature falls 
below the lower critical temperature, 5 g 
of feed/kg liveweight is required to com- · 
pensate foreach degree celsius drop iri · · 

· temperature.· Because of seasonal changes · 
in ADFI; nutrient insufficiencies may oc
cur unless diets are changed with season. 

. Figure 1. Two-way relationships between ADFI, ADG; and FE, 
. with the third variable held constant at its mean value; 

Feed efllclency as a function ot average dally feed lntab' · 
~ . . . 

:.3.8 .-------""---.--------'-----r-----.,.-'-....;..;..-.._ ....... _, 

2.2 ~--..;,-------'-~-------J.~-____,.---...;.......__,_....,.._.....,.:._~ 
1.71! 2 2.25 2.1$. 2.75 

aveiagil dally feed Intake (kglplg/day): 
,·.: 

. Feed. lflk:llncy as a fu1!ctlon. ot average dally .gain 

3.8 .--........,,.--_,...---r----"'----,c----"'""'::'---,--'-------,1 

. 2:2 1-:..---:-~--L-------.J'-'--....._...___-L-.~--'--..O.......--.J 
· o.e o.675 o. 75 · o.825 . · o,s · · 

I!YerBge daBy gain (kg/plgtd.YJ · 

'Average dillly gain as a function ot average ciaDfleed lntBke ·. 

0.95 ~----~+-'----~-t----'-~--+---'------1 

/'··· 
0.9 r--c----'---',-.......,_-1---~~-+~~---'--+--...,.."'--~-4 

"5: .[>,~ .. · ·.· .. •.. v .. :D. 0.85 r-"-··-· ----~·~-:-----:---:--t----'-~---'--:::>"4-----'--~--1 

i / i 0.8 r---'--'---~,-j--~---./-'-+7""'".· .. =-""_ .·.:::::..:.....,....__-+~ ·• ...__.__-. ..,.... -'-----1 

Being difficult to ·measure, temperature · 
fluctuations are commonly ignor~d oh 
commercial farms. Changes in tempera
tUre, especially.those greater than 2-3°C 
(5 °F), require several days before pigs 
fully acclimate to ·reach physiological 
steady state. Temperature fluctuations are 

~ 0.75 ·----1--....;..;..._;_;;.-'--"--...,.l 

~ i 0.7t------,-,'-f-:;.,..··/"'-----+------+--:--:------:-'i 
e· /,.,-

. associated with reduced ADFfand poorer 
growth performance. They also increase 
susceptibility to diseases, which adversely 
affect appetite. 

. .. 

HumiditY extremes al.~o affect pig perfor
mance: Pigs have difficqltyin cooling 
·themselves at high humidities and, there-. 
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Figure 2. Inter-relationship among the factors influencing average daily feed intake 

FIGURE 2 - Factors Influencing Average Daily Feed Intake 
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fore, eat less. At low hl.lmidities, pigs ar~ increasingly design may influenceADFI and feed wastage both through 
predisposed to pneumonia; as a result of bacterialpatho- the pig's spatialrequirements at feeder-space level and 
gens impinging deeper in the lungs and lung clearing feed delivery mechanisms. Inadequacies in trough depth 
mechanisms being compromised, . or head clearance, trough lip height, depth and contourof 

Dietary factors, feed management; and feed delivery sys- trough, and length of trough per nominal feeding space 
tern comprise, perhaps, the largest set of factors . can effectively limit the number of pigs/feeder space. Poor 

. influencing ADFI. Pigs fed pelleted diets consume less feeder design can result in pigs having to adopt unnatural 
postureswhile eating, resulting in pigs needing a longer · thanthosefed meal diets. Presumably the reduction in · · · 

ADFI th t. · "th. 11 t d d" t · ·d t. . d d time to eat; thereby, dominarit_pigskeep subordinate pigs . . a comes wt pe e e · te s ts · ue o re uce 
· from accessing feed. If a feeder is improperly designed, feed wastage. Diets ground finely to improve FE may be 

less palatable. ADFI varies with grain type, with feed in- feed may bridge in its reservoir, restricting access to feed. 
take typically falling as the com in a diet is replaced by Some feeders are particularly susceptible to wicking, 

· which not only predisposes the feed to bridging but als.o certain cereal grains. While yet to be proven, producers 
have long thought that pigs fed freshly harvested grains, to spoilage. Ease of adjustment of a feeder's nose baffle 
especially com, ·have higher ADFI than those that fed and agitator responsiveness affect the speed at which feed 

grains harvested during the previous seasons. Feed con-
taminated with mycotoxin, ·especially vomitoxin or 
aflatoxin, is consumed ata lower rate than uncontami
nated feed. 

With conventional multispace ad libitum feeders that are 
in good condition and adjusted regularly, feed wastage 
varies from less than 2% to almost 8% offeed offered, 
with the average being from 3.0 to3.5%. For poorly de
signed feeders in poor condition or feeders not regularly 
adjusted, feed wastage can· be as high as 20%. Feeder 
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flows from the reservoirinto the trough. 
. . . 

Stocking density and number of pigs per pen can influence 
feed intake by restricting accessto feeders. The feed in
takes of finishing pigs become compromised somewhere 
between0.5 and 0.65m2/pig (5.5 and 7.0 ft2/pig).ADFI 
improves 3 to 5% for each 0.1 m2 (1 ft2) increase in space 
allowance above 0.3 m2 (3 ft2)/pig for grower pigs (20~50 
kg; 45~110 lb). Similar modest increases in feed intake 
are observed for pigs up to market weight when stocking 
cie11sities increase above 0.65 m2 (7}t2). When the i:mm.-
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Figure 3. Inter-relationship among the factors influencing feed conversion efficiency 
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ber of pigs/pen exceeds 35 pigs or so, the amount of ac- quel)tly associated with lower ADFI. There is growing 
tivity and aggression in the pen increases, resulting in re- evidence that several high health technologies being · 
duced ADFI. Pen configuration, location of feeders in broadly implemented across the swine industry today are 
pens, and number of feeder spaces per pig are associated associated with improved feed intakes. These technolo
\Yith reduced ADFI, especially if access to feed is re- ·. gies include single-sourcing of pigs, all-in~all~out by 
stricted, as when stocking densities are high. Pigs grown building or site, segregated early weaning, multiple-site 
in high stocking densities often establish strict social hi-. production, and single-age groups/site. Presumably;these 
erarchies With negative effects on the feeding of subordi- technologies influence feed intake by improving the health 
nate pigs. · · · status of the pigs. Segregated early weaning appears to 

Access to water affects feed intake. ADFI is reduced if also- influence feed intake by altering the pig's immune 
t · t · 1. 't d h th . t system,. which has indirect effect_son the pig's appetite. access o wa er IS 1m1 e , as w en ere are oo many . 

pigs per waterer. Water i_ntake may be limited when the 
water flow rate is either insufficient or the flow rate is too 
high from nipple waterers for a pig to drink comfortably. 
The effects ofinadequate water delivery systems is com
pounded during periods when water intake increases, as 
during the suriurier months; · 

Genetic programs that select for FE without correspond~ 
ing emphasis 011 ADFI.can resultin terminal hogs with 
reduced appetites, and subsequently low ADG. Gender 
affects feed intake. Gilts have"lower appetites than males. 
It remains controversial whether barrows or boars have 
the highest feed intakes. _ 

Both chronic and acute diseases, whether respiratory, en~ 
teric, or systemic~ can depress ADFI. Acute diseases typi
cally cause transient and profound effects on feed intake; 
whereas chronic disease have subtle, more persistent ef
fects on feed consumption. Practices that allow diseases 
to be spread among pigs having different health statuses, 
such· as commingling pigs from different farms, are fre~ .. · 
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Feed efficiency . . .. 
As with ADFI, unrecorded feed deliveries and errors in 
estimating the iunount of feed remaining in a bin cause 
FE to be inaccimite." Thus, FE should always be viewed 
in light of ADFI. If ADFI appears tobe abnormally low, 
then FE will be found to be better than it actually is. In 
this case, the numerator in the FE calculation 1s lower, 
c~using FE to be improved. Similarly, overestimating pig 
weights can cause FE to appear artificially low. In this 
instance, the denominator is too large, resulting in a low 
FE. As. previously mentioned, failure to record weight 
gains of dead pigs causes FE to be inordinately high, es
pecially on herds with high mortality rates. Also, errors 
in recording the transfer weights of pigs moved out of a 
group will cause FE to be poorer than it actually is. 

The factors causing suboptimal FE are similar in some 
respec~s to those influencing ADFI, but different in other 
respects (Figure 3). Similar to ADFI,.number of pigs per· 
pen and stocking density affect FE; presumably FE im-
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mals having reduced growth heterosis .or to use genetic 
lines not aggressively selected for growth performance. 
FE is subsequently compromised. In addition, the failure 
to feed nutrient dense rations to genetically improved pigs 
having high lean accretion rates also may be associated 
with suboptimal FE. 

Both acute ancl chronic diseases have detrimental effects 
on FE as the immune responses of the pig divert energy 
from growth to combatting infection. Because. they re
duce both the prevalence and severity of select diseases, 
high health technologies, such as all-in-all-out by site 
and segregated early weaning, are associated with im
proved FE. 

Mortality rate 
Mortality rates are typically calculated as the sum of deaths 

Several types of feed-related inadequacies detrimentally and pigs destroyed by the producer. Because of the ten
affect FE. When associated with feed wastage, feeder dency for producers to under-report deaths, mortality rates 
design or feeder adjustment commonly cause reduced FE. need .to· be reconciled by taking a physical inventory of 
Wet feeders have been observed in some studies to have the group. That is, producer-recorded mortality should 
better FE than dry feeders; however, this has not always equal the difference between the group's current inven
been borne out in trials on commercial farms. Subopti- , tory and the number of pigs sold or transferred to another 
mal FE occurs with improper feed milling, especially in- group. As indicated earlier, the correction of standard
adequate mixing of nutrients and suboptimal fineness of ized mortality for days in the period to create an annual
grind. PeJleted feeds generally have greater FE than meal ized mortality parameter allows groups and farms having 
rations. Deficiencies in nutrient intake, whether caused different period lengths to be compared. Mortality rates 
by elevated temperatures or impropedy formulated rations, may be inflated when the total number of pigs in the group 
are associated with reduced FE .. Protein, especially lysine, is understated. The denominator in the mortality rate cal
is a nutrient commonly deficient in finishing ratipns. Pro~ clilation should not only include the number of pigs en
tein insufficiencies occur \vith improper lysine: calorie iering from ~n earlier stage of production and the nu1Ilber 
ratios, which allow pigs to eatuntil their energy needs are purchased, but it should also be adjusted for pigs traps
met while not consuming sufficient protein. InsuffiCiencies ferred into the group from other groups. 
in energy are especially common in nursery and grower · 

proves ~s reduced feed intake allows improved digest
ibility. FE tends to be better when there are less than 300-
400 pigs/air space. Pigs fed on perforated floors, such as 
total slatted floors, tend to have lower FE than those fed 
on solid-concrete floors or partially slatted floors, presum
ably because feed wastage is reduced. Being exposed to 
broader temperature extremes, pigs housed in open-front 
buildings and those reared in lots, whether dirt or con
crete, tend to have poorer feed efficienCies than those 
housed in conventional confinement buildings. Feed 
efficiencies are worse during the cooler.months, especially 
in hogs exposed to the inclement weather, as an increas
ing proportion of consumed calories are used to meet in
creased metabolic needs. Daily temperature fluctuations 
and daily temperatures exceeding the thermoneutral zone 
are associated with poorer FE. 

pigs, which often cannot consume enough energy to meet Mortality rates on commercial farms. typically show a 
their growth needs before they are satiated. While the biphasic pattern in the nursery and a multiphasic pattern 
financial advantage varies with the cost of grain, the fail- in finishing. Mortality usually peaks within the first two 
ure to add fat to summer diets may result in suboptimal weeks after pigs are placed in the nursery. Similarly, an 
FE. Some mycotoxins, such as aflatoxin, cause reduced initial peak ofmortality is commonly observed during the 
FE through pathological effects on internal organs and initial 2 to3 weeks after pigs are placed in the finishing 
tissues. Diets that do not contain growth promotants, such phase. However, a second peak of mortality .is also ob
copper sulfate or ~mtibiotics, andthose containing antibi- served in many multi-site production systems approxi
otics that are less· effective as ·growth.promotants, espe- mately 8 to 12 weeks after placement of finishing pigs. 

cially during the early· stages of growth, are associated Mortality rates are influenced by a set of factors that some-
with reduced ADFI. what overlap those of ADFI and FE (Figure 4). Mortality ·. 

Pigs fed liquid diets or fed on the floor are typically limit 
fed, even though on somefarins they are fed so as to con~ 
sume nearly the same as pigs having unrestricted access 
to feeders. Limit feeding is often associated with reduced 
feed wastage and increased digestibility associated with 
slower gut motility, resulting in reduced nutrient require
ments/unit of gain. 

Deviation from a sound genetic program remains wide
spread on the commercial swine farms Of North America. 
It is not uncommon for producers to use backcross. ani-
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rates are.influenced by building design,.·health, produc
tion system, management, and nutrition. Greater numbers 
of pigs per pen and pigs per room, higher stocking densi
(ies, and frequent mixing and sorting detrimentally affect 
mortality, as they do for ADG and FE. Mortality is usu
ally higher when pigs are commingled from multiple 
sources than whenthey are single-sourced. Similarly, fa
cilities used continuously have higher mortalityrates than 
those managed in an all-in-:-all-out fashion. Multiple-site 
production and single-age groups/site reduce transmis-
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Figure4. l_nter-relationship_ among the factors,influencing growing pig mortality rates 

No. transferred from similar 
llt aJdar productiOn stage 

sion of diseases among pigs of different ages, thereby re- Thrnover ratio 
ducing mortality rates. · · · Thrnover ratio refers to the number of times a' group would 

In some· farms, pigs placed during the wiriter have higher pass annually through a facililty at its current ADG ~ Higher 
mortality rates than those placed during warmer seasons; turnover ratios are achieved with higher ADG and with 
in other farms, mortality rates are highest during the sum- shorter inventory duration~. Downtime for a facility re
mer. Pigs exposed to extremes of temperature and to daily fers to the time'that the space is unoccupied by pigs.It 
temperature fluctuations are more susceptible to diseases. typically includes the time taken to clean the facilities 
Clearly, numerous diseases acutely affecting the p~g cause and the time from Cleaning until the next group arrive~, 
iticreased mortality, a notable example being Actinoba- When down: time is considered in estimates of facility · 
cillus pleuropneumonia. In addition, chronically infected ·utilization, the terin "faeility turns" is commonly used, _ 

pigs (Porcine Reproduction and Respiratory Syndrome), ADG mediates its affects on the profitability of a farrow
those having resolved infections but persistent lesions (e.g. to-finish enterprise through· its effect on turriover ratio, 
salmonella), and those complicated by secondary patho- similar in manufacturing businesses to a term called ca
gens (e.g. Mycoplasnia hyopneumoniae) alse have higher pacity. utilization (Figure 5). As shown, -ADG has ·two 

. mortality rates. Growing swine reared in closed herds or effects. 
in high..: health herds typically have reduced mortality rates 
relative to herds receiving breeding stock from multiple 
sources or herds that obtain stock endemically infected 
with pathogens.Flqoring, ventilation, waste management,_ 
and gating around a pen ()f pigs aff~ct its exposure to 

· pathogens and, .thus, its mortality rates .. 

Access to diets that are highly palatable allows pigs to 
rapidly initiate their growth phases. In contrast, pigs feed 
diets that are not consumed readily will not only grow 
more slowly but will often· have higher mortality rates. 
While increasingly rare, nutrient deficienCies (e.g. sele.:. 
nium/vitamin E) occasionruly occur on commercial farms 
causing increased mortality. . 
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• When space is _limiting, ADG ·effects the weight at 
which pigs can be sold: The most profitable weight is 
typically that added during the late stages.ofgrowth. 
Pigs that grow slowly often· do not have time to 
achieve target market weights, so they ar~ discounted. 

• ADG also affects the number of groups that can be 
grown in the system. When entire groups grow slowly, 
there may not be sufficient facilities to hold them, 
requiring that groups be'sold at light weights or that 
they be· sold before entering the next phase of 
production. · .· 

Whether affecting market weight or group capacity, ADG. 
has a substantial effect on the profitability of a swine en~ ·.· 

·'.•. 
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Use of records to manage the peiformance of the grow-finish phase of production 

Figure 5. Inter-relationship among the factors influencing the 
capacity utilization for a farrow-to-finish operation 

No. Preweaning OeathsiUtte~ , 

terprise. As demonstrated in Figure 6, ADG exerts its ef
fect on profitability through fixed costs. As ADG slows 
down, the total weight marketed through a facility_ falls. 
Consequently, there are fewer pounds across whtch to 
spread fixed costs. · · 

·Feed costllb gain 
Feed constitutes the greatest portion of total cost of pro
duction, regardless of production phas.e. It, therefore, is 
one of the most useful diagnostic measures of grow-finish 
performance. Feed cost/lb gain is comprised of fee~ 
efficiency and feed cost (Figure 7). In order for compan
sons to be meaningfully made, the composition of feed 
costs must be determined. By definition, the calculation 
of feed costs should include the cost of feed delivered to 
the bin from which it will be fed. Thus, the cost of growth 
promotants; grind, mix, and delivery charges; and shrink 
occurring during manufacturing and delivery should be 
included. Because it comprises feed costs, inaccuracies 
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in the calculation of FE will make estimates of feed cost/ 
lb of gain erroneous. 

Overview of how growth 
parameters affect profitability 
The inter-relationships between the factors affecting the 
profitability of a farrow-to-finish farm are shown in Fig
ure· 8. As jJ.Jst discussed, FE exerts its effects through feed 
costllb gain and, thus, through variable costs. ADG af
fects profit by influencing the number of pigs marketed 
and the average Iiveweight of marketed pigs. It, thus, im
pacts the total pounds marketed from a farm. In tum, to
tal weight marketed combines with both revenues and 
variable costs; It joins with revenues received/lb to create 
the total revenues of a farm. Similarly, it combines with 
total cost/lb to generate the total variable costs for a time 
period. When total variable costs are subtracted from to-

Text continues ... 

171 



Gary D. Dial 

172 

Figure 6. Inter-relationship among the factors influencing fixed costs of production 

Total Fixed Costs 

Facilities & 
Equipment 
Depreciation 

Taxes 

Insurance . 

Fixed Costs/Lb 

Totallb Marketed 

No. Pigs Marketed 

No. Pigs/Group No. Groups 
Marketed 

Weight (lb) of 
Pigs Marketed 

Entry Weight (lb) 

ADG 

Days of Inventory 
Space Available 

Entry Weight 

Exit Weight 

ADG 

Figure 7. Inter-relationship among the factors influencing feed costs 

Ingredient Costs 

Nutrient Costs 

Growth Promotant 
Cost 

Grind, Mix, 
& Delivery Costs 

Feed Wastage 

Shrink 

Total Feed Consumed 
(lb) 

Body Weight Gain 
(lb) 

Exit Weight (lb) 

Entry Weight (lb) 

1996 Allen D. Leman Swine Conference 



·Use of records to manage theperformance ofthegro~~finishpha8e of production 

Figu·re S.lnter-rehitionship arnpng ttie factors influencing the profitability pf a farrow~to-finish' operation . . '. . ···, . . .. .. . . .· . 

·": 

· · · tal revenues, margin over variable costs(MOVC) res~lts, 
the adjustment of MOVC for total :ijxed 'costs gives tqe . 

·· total profit for a fann,. We feel that an understanding of 
these inter-relation~hips is an essential prelude to the ,ef: ... 
fective.troubleshooting' of th~ grow--finish phase. of . 
production. · · · 

•. :>· 
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The records bureau: a valuable practice asset 
Peter B. Bahnson, DVM, PhD; Barry Kerkaert, DVM; Gordon Spronk, DVM; Robert 
Morrison, DVM, PhD, MBA 

Purpose and goals of the 
commercial records bureau 
The commercial record bure~m has a simple goal: develop 
knowledge to make farms produce more efficiently and 
profitably. Attaining knowledge implies data collection, 
but if we stop at this point we have only created work for 
ourselves. Transforming data into knowledge requires a 
combination of good sense, good tools, an understanding 
of computer software, and the ability to ask insightful 
questions. 

The records bureau may be used to evaluate the perfor
mance of individual farms or groups in two general ways: 
relative to absolute, externally derived values, such as the 
PigCHAMP® annual database, or relative to internally 
derived values, such as a locally defined peer group. As 
an example of the comparison to externally derived val
ues, our genetic supplier may claim that a particular ge
netic line can produce a 12.0 total born. We could then 
compare performance of all our bureau farms that .have 
this genetic line to this standard. Unfortunately, such po
tential is often not obtainable in commercial settings. 
Comparing performance to farm peers, termed 
"benchmarking," allows us to understand strengths anel 
weaknesses on a relative scale. This works well if the peer 
group is appropriately designed; however, it can also be 
misleading in two ways. First, comparing very diverse 
groups of farms may lead to the pursuit of problems that 
have no practical solution. Second, if we compare farms 
that are too similar, we may miss important problems. 
For example, among 10 farms using a single genetic line, 
all may have similar total born. Based on the benchmark 
alone, we would conclude that total born was not a prob~ 
lem for any of the farms. However, if the genetic line 
tended toward low total born, this may be the most im
portant problem for all the farms. 

We can also use the records bureau to evaluate the perfor
mance of groups of farms. We can define the group based 
on business structure, shared suppliers, genetic lines, pro
duction type and other factors. Defining both a narrowly 
defined group and a broadly defined group is important. 
The narrow group emphasizes variation within a category, 
while the broadly defined group emphasizes variation 
between categories. 

Finally, the records bureau, properly set up, can strengthen 
the position and influence of the practice among the farms 
that it serves, and can bring in new business for the prac
tice. Most often, farms no longer need the veterinarian to 
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perform common surgeries, vaccinations or medical treat
ment. Producers can carry out most of the traditional vet
erinary services more cheaply, and often in more timely 
and efficient manner. What most producers need is knowl
edge of where problems and opportunities lie. Veterinar
ians already either have, or can readily acquire, all the 
essential characteristics to develop knowledge base. 

Collecting information 
The bedrock of knowledge is good data; the facilitator of 
data is the form, and the form should directly reflect the 
knowledge needed. An ideal form collects every detail 
needed for the analysis, but nothing in excess. Creating 
forms with excessive detail rather than only necessary data 
inspires producers to leave portions of it blank. Unfortu
nately, they may very often leave out the important bits 
and record the trivia. The second essential characteristic 
of the form is that it should be useful to the producer while 
it is still in the barn. For example, the sow card should 
contain the sow's history and be useful when making cull~ 
ing decisions. 

While transferring ·data from the form to the computer 
can take place at the farm or bureau level, the latter has 
several advantages. With small-mid sized farms, bureau 
data entry allows for labor specialization that would not 
otherwise be possible. Further, bureau personnel can 
evaluate quality of data at the time of data entry. Finally, 
they may motivate producers to do a better job recording 
data if they know that a second party will be "checking 
up" on their performance. 

Storing and organizing 
The computer has become one of the most potent forces 
to encourage uniformity in data structure across our in
dustry. Uniformity creates its own problems, of course, 
since one size does not necessarily fit all. One profound 
strength of uniformity, however, is that comparison be
tween farms is possible. This greatly enhances the value 
of bureau data, and makes it possible to examine multiple 
farms' data. The PigCHAMP program, for example, has 
put forth a standardized list of definitions for events and 
outcome variables, as well as standardized reporting for
mats. Similarly, PigMON( has provided a standard set of 
health parameters for growing pigs. We will limit our dis
cussion to bureau systems using the PigCHAMP and 
PigMON programs for the balance of the paper. 
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Quality should be critically assessed at the data entry step, Although it is beyond the scope of this paper to describe 
whether this is done on~ farm or in the bun~au. Standard this process in detail, the important point is that with cia
procedures must be established to react to each common tabase skills and some elbow grease, one can summarize 
form of data problems. For example, we should immedi- and analyze data to answer a variety of questions. An 
ately track missing mating events so that we can properly important point to remember is that you must define your 
calculate farrowing rates. Discrepancies in pig invento- question as carefully as possible· before you start. The 
ries should be followed back to the barn and/or farm office, greatest time saver is knowing exactly where you want to 
both for reasons of data quality and for inventory control. go. 

The bureau can provide a valuable service by generating 
standard farm-level reports on a regular, predefined sched
ule, and sending these to the proqucer by fax transmis
sion or mail. This is true even though farms may be able 
to produce standard PigCHAMP reports on their own. The 
simple process of generating the reports can act as a trig~ 
ger to stimulate systematic evaJuation of the information 
on the farm. 

Further processing of the data can be done inside· 
PigCHAMP or. by exporting data from PigCHAMP to 
other software. PigCHAMP includes reports that allow 
for comparisons between farms. For moderate and smaller 
bureaus, these reports may be the only tools needed to 

· compare the biology offarms within the bureau. Multiple 
farms can be summarized either as individual farm or as 
combined data. For example, yoti can calculate the repro
ductive and growth performance variables for 25 indi
vidual farms in a bureau, then calculate means, standard 
deviations, and percentiles across the farms. 

It is also possible to export data summaries from 
PigCHAMP into other data management programs. This 
is necessary if you need more detailed analysis, if you 
wish to combine PigCHAMP data with that of other soft
ware, or if you need to process many farms. The database 
management programs introduced in the past several years 
are relatively easy to use and very flexible. Examples 
would include Microsoft's Access®, Borland's Paradox®, 
and Lotus' Approach®. Good familiarity with importing 
and exporting data is necessary for the systems to work 
properly. In brief, the basic steps in the process are as 
follows:· 

. . 

1. Run a summary report in Pig CHAMP using multiple· 
farm: farm comparison report, or run any report de
sired. If not using the multiple farm report, reports 
must be run for each farm separately. 

2. Open each report in a spreadsheet, and reformat so 

. . 

Adding data from other sources greatly enhances your 
ability to answer broad ranging questions. For example, . 
you may want to compare and contrast growth perfor
mance based on lung lesion prevalence. If you, have col
lected both PigCHAMP and PigMON data, joining these 
two sources is possible. Similarly, you may record car
cass data in aseparate database. By this approach it is 
possible to combine the data even though the carcass data 
was not entered into PigCHAMP. 

At· times the primary software you use, such as 
PigCHAMP or an accounting package, simply does not 
create report or report variables you need. By creating an 
open database, the variables and reports· one creates are 
limited primarily by creativity and time. 

It is possible to use a sp~eadsheet and omit the use of 
database and statistical analysis software. An advantage 
to this approach is flexibility. You may find it easier to 
perform a transformation or summary, at least the first 
time. However, this flexibility also means that the data 
less structured and introducing errors is easier. Analysis 
can be more time consuming if you repeat the process 
frequently. Spreadsheets are good to use when starting a 
bureau. Over time switching to the database/statistical 
package approach may be best for your bureau. 

Statistical software is useful for analysis that is too com
plex for spreadsheets and/or database software. Many 
companies produce excellent products. Ease of use and 
quality of graphical output are the most important char
acteristics for bureau applications. Cost can also be an 
important factor, since the price is variable among com
panjes. Most bureaus will find that a simple package, such 
as the Statistix® software (Analytic Software, Tallahas
see, FL) will be adequate. 

Knowledge 
that data is one row per farm. Our goal is not to collect information but to gain insight. 

3. Import into the database software. Knowledgeof this sort requires more thought that com-
4. Add data to the database from other sources, if de- puting power. Definition of what questions to ask and 

sired. For example you might add financial summa- . which comparisons to draw is the most difficult and im
ries not recorded in PigCHAMP from an accounting portant step of the process. 
database. 

5. Summarize with the tools provided by the database, Definition of the peer group depends in part on the ques-
or export to a software packagefor in-depth analysis .. tion asked and the data that is available. If the bureau is 

modest in size, all farms would be included. As the bu
reau grows defining several peer groups may be possible. 
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For example, comparing all farms practicing 14-day wean
ing to each other may be useful; a second peer group might 
be all farms with 19- to 24-day weaning. Comparisons 
with closely related farms are an "internal benchmark." 
An "external benchmark'' compares farms with produc
tion systems that more distantly related. Both compari
sons can be useful. The first tells us primarily how well 
we carry out the strategythat we have chosen; the second 
primatjly evaluates out strategy. 

Results of applications: 
Pipestone experience 

neutral third party. This can simplify data exchange while 
maintaining the neededlevelofconfidentiality. 

The logistics of a Records·· 
Bureau 
A key element to success is to attract or develop people 
dedicated to the bureau. This person should show a pas
sion for detail and a good understanding of the basics of 
pig production. Standardization· of data collection helps 
standardize terminology, allowing quick and efficient data 
entry. Our practice had chosen to use PigCHAMP and we 
have found it to be sufficient in accumulating datafor the . 

As. the swine industry· continues to change, veterinarians breeding herd. For our growing pig production we record 
are faced with new challenges. How do we. fit in this new; data in PigCHAMP, but then also use a spreadsheet and a 
demanding industry? How do we provide the services re~ statistical package. We us~ an Excel® template that we 
quired by the existing traditional clients in· an attempt to . have developed to generate· a profit and loss· report for 
help them maintain their competitive advantages, and how each group of pigs and to provide a cross ch~ck for our 
do we fit with the larger, integrated swine systems? PigCHAMP reports. We use the Statistix program for more. 

· detailed analysis and comparisons. At the Pipestone Veterinary Clinic we have been provid-
ing PigCHAMP bureau services since the first introduc- We focus on the following principles: 

· tion of PigCHAMP in the early 1980s. Since then, our • Fast turnaround time. 
bureau records system has become an important part of 

· · · • Accuracy and quality control. 
the practice. We currently process information for 40 

• A passion for detail. breeding herds and n~arly 40 growing pig herds: This 
• A focus on benchmarkingandanalysis. system has been a valuable assefto the veterinary clinic 

in three specific areas: It is our goal to have the shortest turnaround time pos-
sible. Since this is critical to maintaining client satisfac• Helping our clients focus on efficiency and profit. 
tion, getting the completed report back into their hands is • Building databases with accurate biological and 

financial information which aids us in strategic . the first priority. Typically, breeding farms fax their data 
planning. Friday or Saturday. The data is then keyed into the com-' 

puter Monday, Tuesday, and Wednesday. We fax reports 
• Enhancing our credibility and attractiveness to new back to the farm as soon as the data b~comes available. 

clients. 
Growing pig records are processed on Thursdays and Fri-

Where doestherecords bureau begin? First and foremost days, and sent out before theweekend. 
you must develop an appreciation for the bottom line re-

How does the bureau service payback to our elinic? We suits, and not justto keep records for the sake of keeping 
regard this service as cost center that adds value to our 

records. Start small, keeping only the essential data and overall service. We don'texpect to generate a profit from 
u.sing th .. atdata tomaketimely and accurate decisions. In 

. the service directly .. The knowledge gained is. critical to 
response to a question or inquiry; the veterinarian can make sound decisions and to develop credibility with our 
easily respond with an accurate, timely answer rather than clients. As a result, we are not dependent on other sources 
a good clinical guess. That gets the.clients attention and of information to help us make production and economic 
prompts them to develop a new level of trust and respect. decisions. · 

Sharing summaries among bureau farms has allowed use
ful comparisons or benchmarking, essential· components 
in the evaluation of farms. Comparisons might include 
production system vs. production system, producer vs. 
producer, site vs. site etc. This part of the equation is not 
as sirnple as it seems. Many producers are willing to learn 
but reluctant to share data. The competitive nature of the 
industry dictates that any edge that is gained in produc
tion can mean an advantage to the bottom line. A veteri
nary clinic can serve as a confidential, professional, and 
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. . 

We provide comprehensive summaries and comparisons 
with all farms at an annual meeting of farms using our 
service. We take this opportunity toincludeexternal speak
ers, both industry and fellow veterinarians, to share their 
insight with our clients. Client response has been very 
positive. We feel confident that we have a quality data
base which allows us to form sound decisions based on 
real world information. 

•• 
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Pathogenetic factors in, and pathogenesis of, 
mycoplasmal pneumonia> · 
Richard F. Ross, DVM, PhD 
Veterinary Medical Research Institute, Iowa State University 

One of the earliest sequential characterizations of myco
plasmal or enzootic pneumonia was provided by 
Whittlestone. 1 He described the dominant features Of the 
gross lesions in the disease in three phases (early, estab
lished or mid stage, and recovering lesions). According 
to Whittlestone, gross lesions appeared at the earliest be-' 
tween seven and 28 days after infection; these were char
acterized as "pale grey, indistinctly defined. lobular le
sions," Mid-stage lesions, seen between 17 and 40 days 
after inoculation, were more wide-spread, deeper red in 
color and, near the end of this stage, more clearly demar
cated from adjacent normal. lung. Convalescent lesions 
(without bacterial complication) in Whittlestone's study 
were seen in pigs between 69 and 262 days afi<irinocula
tion. These consisted of "shallow, branching fissures. of 
collapsed alveoli adjoining areas of alveolar emphysema." 
M. hyopneumoniae disease is very often complicated in 
the field by bacterial agents, some of which are primary 
pulmonary pathogens. · 

Better understanding ofthepathogenesis ;:tnd, very im
portantly, development of better methods for treatment 
or prevention of infectious disease can be. obtained from 
study of how the organism cal!ses disease. It has been 
well documented that the virulence process utilized by 
mycoplasma pathogens is very complex, involving attach
ment/colonization, cytotoxicity, competition for sub
strates, and evasion and modulation of the host response. 
These processes are not measured by a single effect but 
by expression of a rrmltitude of gene products (adhesins, 

. nutdent receptors, mitogens, polysaccharide polymers and 
metabolic intermediates). Several authors have summa
rized the putative pathogenesis. for mycoplasmal respira
tory disease in more detail. As presented by. Tryon and 
Baseman2 and as presented in a concept map by Krause3, 

components of this complex process include the following: 

• Specific attachment oradherence to the respiratory 
epithelial cells. There is really a rather remarkable 
heterogeneity among the mycoplasmas themselves in 
how they attach to cells. Some mycoplasmas are flask 
shaped or filamentous and have a differentiated at
tachment organelle; others have no descriptmorpho
logic identity and no apparent attachment organelle. 
Some species attach to the epithelial cell membrane, 
while others attach to the cilia. 

• Oxidative damage. Almost all mycoplasmas produce 
hydrogen peroxide and other oxygen radicals. It is 
postulated that reactive oxygen molecules secreted 
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. by the organism, when in close approximation to the 
. eukaryotic cell membrane, may be an important viru

lence attribute. It is also plausible that other toxic 
moieties are produced by the mycoplasma which are 
involved in damaging the eukaryotic cell. The conse
quence • of this damage is localized tissue disruption 
and disorganization. 

• Capsules, slime layers and other surface structures. 
The consequence of these mycoplasmal products is 
not clearly understood. However; it is likely that they 
help the organism evade the host immune response 
and they may be involved in attachment to host epi
thelial cells .. 

• Metabolic interruption of host metabolism. Mycoplas
mas produce RNA and DNA exo- or endonucleases. 
These are likely involved in helping the mycoplasma 
to acquire preformed purines and pyrimidi11es for 
growth. In addition, they produce arginine deiminase 
and phospholipase,. the functions or implications of 
these enzymes not being understood. 

The chronic pathogenesis is also likely very complex and 
dependent upon inflammatory and proliferative host re
sponses and evasion or alteration of the host immune re~ 
sponse. Again, Tryon and Baseman2 and Krause3 have 
described many of these features of mycoplasma patho
genicity. Components of this process mayinclude the 
following: · · 

• Nonimmune binding to Fe portion of immunoglobu
lins. A nmpber of mycoplasmas and many bacteria 
are known to bind in a nonimmune fashion to the Fe 
component· of.irilmunoglobulins. This is a random, 
nonspecific binding distinct from that which occurs 
between the Fab portion of a specific immunoglobu
lin and its reciprocal antigen. The significance of this 
type of mycoplasmal/immunoglobulin binding in vivo 
is not understood. 

• Production of IgA protease. It is well known that 
immunoglobulin A is an important protective immu
noglobulin, particularly in mucosal secretions. Quite 
an umber of microbes, including some mycoplasmas, 
produce a protease which has the ability to cleave 
IgA. It seems reasonable.to assume that this activity 
could contribute to pathogenesis of mycoplasmal 
disease. 
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• Antigenic variation of surface accessible proteins or cess. 11 The 97Kd protein seems to be an important irnmu
lipoproteins. This phenomenon has been well char- n:ogen. Recently, Chen and co-workers demonstrated that 

· acterized for another porcine mycoplasma by Wise two additional proteins of 28.5 and 57 Kd competed for 
and others.4 As described in a recent presentation on binding of M. hyopneumoniae to porcine cilia. i2 If evi~ 
the biology of mycoplasmas, Dybvig5 indicated that dence from study of several other important respiratory 
''the picture that is emerging suggests that my cop las- pathogenic mycoplasmas is any indication,it is very likely 

·mas possess dynamic chromosomes with recombi- that attachment by M, hyopneumoniaeis a multifaceted 
nation systems that regulate the expression of large process involving hydrophobic interactions and not just 
gene families and are.capable ofgenerating extraor- one protein but several. 

dinary rates of antigenic diversity." Dr. Dybvig M. hyopneumoniae was shown to produce hydrogen per
pointed out that the complexity ofsite-specific DNA oxide by DeBey13; however, I should cautionthatthe im
inversion systems that regulate the production of re- portance of peroxide in pig pneumonia is not at all cer-
striction and modification enzymes and.of key sur- tain. Pathogenic and nonpathogenic mycoplasmas alike 
face proteins is unparalleled in conventional produce hydrogen peroxide. · 
eubacteria. Therefore, mycoplasmas are very com-
plex! This in spite of the fact thatmycoplasmas have • Geary and Walczak14 have shown thatthere are toxic ef
a small genome and seem to have lost a lot of at- fects produced by M. hyopneumoniae in certain types of 
tributes along the way such as certain biosynthetic tissue cultures. DeBey15 has demonstratedthat infection 
pathways, ability to synthesize a cell wall, etc. of newborn piglet tracheal rings caused ciliostasis and 

ciliary loss.· In addition, she showed that the organism 
• Modulation of the host immune response. Mycoplas-

needed to be inclose proximity to the ciliated epithelium 
rna. s ar· e·potent polyclonal activators of. immun. e cells·, · · 

of these tracheal rings in order to exert these effects. 
they induce cytokines and may be immunosuppres-
sive as well as have proliferative. or stimulatory Evidence that M. hyopneumoniae · has . an 
activities. immunomodulatory effect .cal1le from studies by 

Th · .·. · · · d t d" · f t. h . ··th Kishima. 16 In that study, we demonstrated that the organ-. ere are many gaps m our un ers an mg o e pa . o- · · 
ism had the ability to suppress the transforming effect of 

genesis of mycoplasmal disease, including M. 
non-specific .mitogens on porcine lymphocytes. Subse

hyopneumoniae disease in swine. Utilizing information 
· t db" · th I.h tt t dt d "b d quently, Messier17 demonstrated that the organism has a genera e yo ers, ·. ave a emp e o escn e propose 

direct nonspecific stimulatory (mitogenic) effect on par-
major aspects of how a mycoplasma induces disease. Now, cine lymphocytes. More sophisticated approaches to un- . 
l will fill in a few aspects Of what we do know about M. 
hyopneumoniae in relationship to the· proposed mecha- . derstand the immunorilodulatory effects of the organism 

are needed. 
nisms for mycoplasma virulence .. 

Observations made by Whittlestonei indicated that the Zielinski18was not successful in an initial attempt to dem
causative agent, Mycoplasma hyopneumoniae, could be onstrate that M. hyopneumoniae has the ability to switch 

surface antigens such as demonstrated in several other 
detected in touch preparations of exudate prepared from important mycoplasmal· pathogens. However, Artiushin 
affected airways. Also, Wegmann et al.6 were among the 
first to demonstrate the mycoplasma in close proximity and Minioni9 recently documented the genetic heteroge

neity existing among .field isolates ofM. hyopneumoniae. 
to ciliated bronchiolar epithelium in such airways. Sub- A lot of additional work is needed inthis area. 

· sequently, several investigations have provided strong 
evidence that the organism is often found in very close · More sophisticated approaches are now needed to pro
proximity to the cilia of epithelial cells.7 This observa- vide a much ·better . understanding of how M. 
tion has been repeated many times by immunofluorescence hyopneumoniae influences the course of primary enzootic · 
examination of acute and mid-stage lesions of affected pneumonia and how it enhances susceptibility to bacte
lung.8 Utilizing a series of studies, we have demonstrated rial pneumonia. This understanding should provide the 
that M; hyopneumoniae attaches to red blood cells, tissue basis for development of improved vaccines, and possi
culture monolayers, ciliated epithelial cells in cultured bly other llleasures, for control of the disease. 
sections of newborn piglet trachea and to the ciliary tufts 
of single ciliated cells.9 Zhang was able to develop an in 
vitro system for studying attachment of the organism to 
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SEW and'Mycoplasma hyopneumoniae: Field-. . . 

experiences 
Allan R; Carlson, DVM, Swine Health Center, Morris, MN 56267 

Introduction There appears to be a wide vanation i]) performances re
. corded on farms pr_acticing_ SEW or MMEW from which 

· Mycoplasma hyopneumoniae is a primary respiratory M. hyopneumoniae has been detected in the offspring. 
pathogen of swine. However; the impact . M. Some of the variation is the result of co-infections with 
hyopneumoniae has on· growth and' performance is de:. other organisms that vary in pathogenicity betweeri farms. 
pendent upon other factors such as erivironnient quality, Some ofthis.vari'ation appears to be the-result of environ
number of head per air space, the influerice of other bac- mental and management differences in which the pigs have 
teria and viruses, and pig flow practices (ali-in-aU-out been reared: This paper will review the-effects of Myco
(AI-AO) vs. continuous flow). 1·2•3•4 Mycoplasma. plasma hyopneumoniae on farms that have implemepted 
!zyopneumoniae infections in swine have traditionally been SEW or MMEW technology .. _ _ - . -
associated with chronic pneumonia, often as co-infections 
with Pasteurella multocida and other bacteria (enzootic 
pneumonia).1•2·3 Mycoplasma associated pneumonia in 
swine is known to result in depressed growth rate and 
deteriorating feed efficiencies. 1•3 _ · · · 

Segregated Early Weaning (SEW), Medicated Early Wean
ing (MEW) and Modified Medicated Early Weaning 
(MMEW) are management and procedural techniques 
used to produce healthier, more efficient pigs.5•6•7•8•9 There 
is little doubt that SEW and variations of this technology 
(MEW, MMEW) have improved performance and 
efficiency of pigs in the growing period. These improve
ments have been well documented and producer testimo
nials support these data. Increasingly, the producers we 
service are adopting this technology in their own opera
tions or collectively, by utilizing "common" nurseries, 

Mycoplasma hyopneumoniae 
occurrences. 
M. hyopneumo~i~eappe~sto be a "iate" colonizer~olo
nizing piglets later in the lactation period. The degree of 
colonization will vary depending upon weaning age, im~ 
mune status of theherd (gilt vs. sow), environment; 
influences of other diseases, etc. The exact weaning age 
at which M. hyopneumoniae can be eliminated using 
SEW /MMEW appears to be herd dependent. Our clinic's 
experience as well as others h~ve shown that M. 
hyopneumoniae can be eliminated-in pigs weaned in less 
than 14 days of age.8 It does appear in most cases that 
weaning in less than 21 days is needed to eliminate M. · 
hyopneumoniae in pigs. However, with >14 day weaning 

· ages in SEW /MMEW situations, not all of the piglets may 
have escaped colonization and a proportion of these pigs 
may be colonized. These pigs may act as "seeders"·of 
Mycoplasma in the nursery/grower/finisher stages. 

· Within which pigs from multiple farms are placed together 
to produce larger, healthier groups. SEW, MMEW and 
MEW all have. as a common procedure separation of the 
piglets from the sow. Strategic mediCations are used to 
prevent or reduce colonization or remove active infec-

This is important because the majority of SEW IMMEW 
tions that the piglets may have acquired while wi~ the pigs that are moved into the nursery are not colonized by 
sow in the case of MEW and MMEW. Several organisms 
have been well controlled and even eliminated from M. hyopneumoniae, but yet initially have colostral im

muriity to help ward off colonization. As the pigs mature, 
weaned pigs from known infected sows using SEW tech- · however, passive immunity wanes and more pigs will 
nologies. These organisms include Actinobacillus become susceptible toM. hyopneumoniae and can become 
pleuropneumoniq,e, Pasteurella multocida; Haemophilus- infected. This is possibly not unlike what has been de..: 
parasuis, and M. hyopneumoniae. 10 

scribed previously for other organisms. 11 These "subpopu-
The use of SEW /MEW IMMEW technologies has reduced lations" of susceptible animals may- not be exposed to 
the incidence and severity of M. hyopneumoniae in grow- Mycoplasma until later in the growing period as more of 
ing swine. In fact, many farms have been suq:essful in the population becomes infected with M. hyopneumoniae. 
controlling M. hyopneumoniae through SEW technolo- This may explain the pneumonia breaks in off-site grow
gies and have produced pigs .that are not only free of le- ing facilities that appears to begin later, often at 18 ~22 
sions and clinical signs of Mycoplasma pneumonia, but · weeks of age. Reports of M. hyopneumoniae "outbreaks" 
serologically free as well. appear to have increased in incidence in the mid- to late-

finishing period on farms that have adopted SEW or 
Recent experiences by our group and others has raised MMEW technology. · 
the question of the importance of the affects of M. 
hyopneumoniae in SEWJMMEW production systems. 
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Table 1: Farm A 

Stage I Stage II ·Combined Grow- Total 
Finish 

ADG (Ibid) 
(-1 0,000) on-site NA NA 1.09 1.87 
(2, 1 00) off-site NA NA 1.06 1.86 
(3, 169) off-site (PRRSV) NA NA 0.75 1.79 
(8,936) off-site NA NA 0.88 1.84 

FE (lbllb gain) 
on-site NA NA 1.80 NA 
off-site NA NA 1.57 2.96 
off-site (PRRSV). NA NA 1.67 3.00 
off-site NA NA 1.85 3 .. 00 

FC (Ibid) 
on-site NA NA NA NA 
off-site NA NA NA 5.50 
off-site (PRRSV) NA NA 1.26 5.40 
off-site NA NA 1.62 5.49 

Death% 
on"site NA NA .44 NA 
off-site NA NA .69 0.70 
off~site (PRRSV) NA NA 2.02 1.14 
offcsite NA NA 1.02 1.76 

Avg Wt Out (/b) 
on-site NA NA 69.3 240 
off-site NA NA 68.3 238 
off-site (PRRSV) NA NA 47.3 237 
off-site NA NA 57.7 222 

Avg Wt In (/b) 
on-site NA NA 13.2 68 
off-site NA NA 10;0 66 
off-site (PRRSV) NA NA 9.7 .55 
off-site NA NA 10.3 58 

·Days.· 
on-site NA NA 52 91 161 
off-site NA NA 55 93 163 
off-site (PRRSV) NA NA 49 101 171 
off-site NA NA 54 89 160 

The number of reports and experiences ourclinic has been toms from death, severe prostrationwith dyspnea, cough
involved with suggest several factors may be involved that ing, to as few clinical signs as a mild non-productive 
explain these increased occurrences ofM. hyopneumoniae . . cough. M. hyopneumoniae that has occurred in the ex
In some cases, these "outbreaks" are, often due to co-in- ample farms has not appeared to cause severe pneumonia 
fections of M. hyopneumoniae, porcine reproductive and problems, but is detectable clinically by increased cough- . 
respiratory syndrome virus (PRRSV), swine influenza ing. When "outbreaks" of pneumonia have occurred, most 
(SIV), and a variety of bacteria. These outbreaks are con- of the time clinical sings have been subtle. 
sidered different, as conventionally weaned pigs often 
experience these types of infections and disease earlier in 
the growing period. Field reports of outbreaks of pneu-
monia that have been occurring in SEW animals are char-
acterized by variations in severity of pnem,nonia symp-
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Table 2: Farm B 

Stage I Stage II ·Combined Grow~ Total 

ADG(/b}d) 
(1306) on·site . 0.54 
(21 04) off·site NA 

FE (lbllb gain) 
(1306) on·site 2.09 
(2104) off-site NA 

FC (Ibid) 
(1306) on-site 1.13 
(21 04) ott-site NA 

Death% 
(1306) on-site 0.69 
(21 04) off-site 

Avg Wt Out (!b) 
(1306) on-site 28 
(21 04) off-site NA 

Avg Wt In (!b) 
(1306) on-site 11 
(21 04) off-site 11 

Days 
(1306) on-site 27.75 
(21 04) off-site 14 

Case studies 

Farm A 
On Farm A, the apparent elimination of M. 
hyopneumoniae significantly improved performance of the 
growing pigs. However, other observations by the pro
ducer include fewer non-salvageable pigs, fewer treat
ments, and quickened facility tum-around time as pigs 
are shipped out at a more similar time. Pigs are serologi
cally and gross lesion free of M. hyopneumoniae. This 
farm did experience PRRSV, which affected the nursery 
more severely than the finisher. 

FarmB 
On Farm B, we were not successful in eliminating Myco
plasma from off-site reared off-spring. This was likely 
due to a wide variation in weaning ages. However, the 
animals produced from the off-site facility achieve same 
market weight 7-10 days earlier than animals that are 
reared at the location of the breeding herd. This is despite 
the fact that continuous flow from 70 lb to market is prac
ticed off-site andAI-AO is practicedat the sow site. There 
does not appear to be a difference in the number of "tail
ender" or low-marketable pigs reported between the two 
farms. There are fewer treatments given to individual pigs 
reared in t1Je off-site facilities than on-site. Additionally, 
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Finish 

1.40 0.96 1.77 1.48. 
NA l.O 1.88 1.55 

1.69 1.74 3.67 3.10 
NA NA NA NA 

2.72 2.07 6.43 4.96 
NA NA NA NA 

0.76 1.45 . 2.80 4.21 
1.70 0.80 2.47 

64.0 236 
65.0 232 

25.75 
NA 

27 55 97 168 
40 54 89 159 

more pneumonia treatments (feed) have been used in on
site reared pigs. 

FarmC 
On Farm C, an on-site weaning farm, the health status as 
determined by walk-through observations, slaughter 
checks, and serology is not different than that of Farm B. 
However, the performances are different, particularly ADG 
is less, andlow-marketablepigs are increased. Vaccina
tion appears to have maintained performance, and the pro
ducer reports that fewer low-market pigs are produced 
and building turnover is faster: 

FannD 
Fim:n D is an 880 sow, 3 site production unit. M. 
hyopneumoniae infeCtion in the rearing pigs may not af
fect performance at the nursery site, and the affe_ct at t?e 
finishing site is difficult to ascertain. Floor feedmg With 
pelleted feed is used. Few pigs actually displ~y clinical 
signs of M. hyopneumoniae. Seroconverswn to M. 
hyopneumoniae occurs at 18 - 20 weeks of age. .. . 

FarmE 
Farm E was arion-site weaning, continuous flow unit from 
55lb to market. Off-site weaning has been practiCed since 
January 1996. With the increased sow herd size,AI-AO 
production is now achieved in growing-finishing. M. 
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Table 3: Farm C 

Stage I Stage II Combined Grow- Total 
Finish 

ADG (Ibid) 
(2,956) Pre M. hyo vac . NA NA 0.92 1.61 1.40 
(5,880) Post M. hyo vac NA NA 0.87 1.58 1.37 

FE (lbilb gain) 
Pre M. hyo vac NA NA 2.06 3.1 2.82 
Post M. hyo vac NA NA 1.97 3.1 2.90 

FC (Ibid) 
Pre M. hyo vac NA NA 1.7 5.4 4.30 
Post M. hyo vac NA NA 1.6 5.4 4.04 

Death% 
Pre M. hyo vac NA NA 3.8 1.23 5.03 
Post M. hyo vac NA NA 2.7 1.61 4.31 

Avg Wt Out (/b) 
Pre M. hyo vac NA NA 61 243 
Post M. hyo vac NA NA 59 241 

Avg Wt In (/b) 
Pre M. hyo vac NA NA 14 61 
Post M. hyo vac NA NA 14 59 

Days 
Pre M. hyo vac NA NA 51 113 183 
Post M. hyo vac NA NA 52 115 186 

Table 4: Farm D 

Stage I Stage II Combined Grow- Total 
Finish 

ADG (Ibid) 
(1 0, 199) Pre M, hyo vac 0.389 1.33 1.07 
(17,864) Post M. hyo vac 0.320 1.20 1.03 1.80 .1.44 

FE (lbllb gain) 
Pre M. hyo vac 1.149 NA NA 
Post M. hyo vac 1.187 NA 1.52 2.50 

FC (Ibid) 
Pre M. hyo vac 0.40 NA 
Post M. hyo vac 0.39 NA 4.6 

Death% 
Pre M. hyo vac 0.26 0.88 
Post M. hyo vac 0.30 1.44 1.1 2.82 

A vg Wt Out (/b) 
Pre M. hyo vac 18.0 67.8 
Post M. hyo vac 17.14 64.5 245 

Avg Wt In (/b) 
Pre M. hyo vac 12.5 18.0 
Post M. hyo vac 12.08 16.8 

Days 
· Pre M. hyo vac 14.73 36.8 
Post M. hyo vac 13.83 37.0 44 103 162 
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Table 5: Farm E 

Stage I Stage II Combined Grow- Total 

ADG (Ibid) 
(4,728) on-site NA 
(1, 1 08) off-site (nursery) NA 

FE (!bllb gain) 
on-site NA 
off-site (nursery) NA 

FC (Ibid) 
on-site NA 
off.-site (nursery) NA 

Death% 
on-site NA 
off-site (nursery) NA 

Avg Wt Out (/b) 
on-site NA 
off-site (nursery) NA 

Avg Wt In (!b) 
on-site NA 
off-site (nursery) NA 

Days 
on~site NA 
off-site (nursery) NA 

hyopneumoniae status as determined through clinical 
signs, slaughter check, and serology is negative. Dramatic 
improvement in performance has been recorded thus far 
in the finishing as a result of off-site weaning, and on-site 
finishing AI-AO production. 

Discussion. 

Finish 

NA 0.75 1.58 1.35 
NA 0.98 (750) .. 1.50 

1.79 

NA 1.98 3.28 2.88 
NA 1.99 3.01 2.87 

NA 1.50 3.9 
NA 1.97 5.4 NA 

NA 2.60 4.70 7.30 
NA 3.24 1.20 3.52 

NA 49 240 
NA 77 239 

NA 13.0 49 
NA 10.5 77 

NA 48 139 188 
NA 66 86 166 

swine production systems and better biologic and financial 
records, the cost of pneumonia in growing pigs is being 
determined. It is apparent that pneumonia on these farms 
has a cost considering ADG, low market pig numbers, 
etc., but qualifying and quantifying this has been difficult. 
There has been more data generated recently that seems 
to coincide with the adaptation of SEW technology. This 
may be the result of better, more definable groups being 

Genetics on Farms A, B and C are identical. monitored and data recorded on farm. Overall, this should 
be considered an added benefit, if not a necessity, in de

These five farms illustrate the variability of effect M. termining overall SEW success. 
hyopneumoniae has on growing pigs. Given the same 
genetics, nutrition and management practices, rearing pigs These farms that measure feed intake and pig weight gain 
off-site appears more advantageous than rearing on-site may discover that during acute Mycoplasmosis feed con
regardless of the status of M. hyopneumoniae. M. sumption decreases, as well as ADG decreases. There is 
hyopneumoniae appears to cause poorer growth and per- some evidencethat feed efficiency (FE) may be poorer as 
formance on the farms not practicing AI-AO production well. The degree of which ADG and feed efficiency are 
or off-site weaning. affected on individual farms and will vary depending upon 

The question that needs to be answered is exactly how · 
costly isM. hyopneumoniae in SEW/MMEW pigs? The 
economic impact of M. hyopneumoniae associated pneu
monia has been studied by others which have shown in
consistent results as to its significance. 2 However, it· is 
likely that conditions in research situations compared to 
that of field situations vary significantly so that compari
sons may be difficult. With the advent of more intensive 
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co-infections with other agents and pig flow. 
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SEW and Mycoplasma hyopneumoniae: Field experiences 

Table 6: Case study farm information 

Farm Herd Farrowing App PRV PRRSV Weaning 
ID Size Schedule M. hr_o. Status Age 

A 450 weekly (-) (-) (-) (+) ~14 d 
Repopulated 1994 

B 550 weekly (-) (-) (-) (+) 16 d 
Repopulated 1995 

c 235 bi-weekly (-)(-)(-)(+) 18 d 
Repopulated 1994 

D 880 weekly (-) (-) (-) (+) 18 d 
Repopulated 1992 

E 220 weekly (-)(:}(-)(-) 16 d 
Repopulated 1990 

Considerations regarding 
Mycoplasma hyopneumoniae 
control 
There are a number of considerations that we have dis
cussed in our group regarding Mycoplasma infection con
trol with SEW/MEW/MMEW: 

• Weaning age, particularly the oldest age of pigs be
ing weaned, is critical. Set a maximum weaning age, 
preferably 18 days or less if the goal is to better con
trol and/or eliminate Mycoplasma infections. If an 
average weaning age is used, a wide variation will 
occur. This is particularly a problem when producers 
are only weaning once per week. (Example: If the 
weaning age average is 17 days, weaning once per 
week will result in a variation of 14 to 21 days of age 
for the pigs.) 

• Transferred/fostered pigs get too "old" if they are not 
"tracked" when moved. These pigs may act as "seed
ers" in off-site nurseries. Piglets that are transferred 
or fostered should be identified with ear notches, tat
toos or ear-tags that can be dated. 

• Pigs produced from young herds (repopulated and/or 
herds with high replacement rates) seem to have an 
increased incidence of M. hyopneumoniae pneuma-
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MMEW Offsite Facilities Onsite Facilities 
or SEW 
MMEW Site II Br-Gest-Fa 
3 site Nursury 8 rooms 250 head 

A lAO 
Site Ill 

Finish 250 head 
A lAO 

MMEW Site II BR-Gest-Fa 
onsite & Nurseries 2 rooms- 2 - I Stage nurseries AIAO 
2 site Henway Decks 2 - Prenurseries AIAO 

A lAO 2 ~ Stage 2 nurseriesAIAO 
2 rooms Stage 2 Finishing 6 rooms AIAO 
2 rooms I Stage 

Finish 2 bldgs continuous 
flow 

onsite BR-Gest-Fa 
2 PrenurseriesAIAO 
2 Stage II nurseries AIAO. 
9 rooms finishing AIAO 

SEW 2 Prenursery rooms AIAO 
3 site Site Ill 

Stage II nurseries AIAO 
Finishing AIAO Site Ill 

onsite & 2 Stage I nurseries AIAO 3 I Stage Nurseries AIAO 
SEW 3 2 Stage nurseries AIAO 
(5/6) 2 2 Finishers, AIAO as of 
site 3/96 

nia associated breaks. Vaccination of gilts for M. 
hyopneumoniae appears to decrease this incidence 
and severity, as it may help to provide better colos
tral protection. Additionally, vaccination may reduce 
M. hyopneumoniae infection between adult animals, 
thereby reducing shedding to piglets. 

• If possible; determine the cost of M. hyopneumoniae 
pneumonia in growing pigs. Medication (nursery) 
and/or vaccination has been reported to be cost ef
fective on some farms, but not all farms. Good feed 
and pig weight records are essential. 

• Obtain a thorough and accurate diagnosis of the pneu
monia problem. M. hyopneumoniae often is associ
ated with other bacteria and viruses resulting in com
plicated infections. Other diseases (e.g., PRRS) may 
be as or more important considerations when trying 
to determine what to do. The information gained from 
serology can help to establish what, when, and if in
tervention is needed. Seroconversion to M. 
hyopneumoniae on ELISA may be as early as 2 weeks, 
likely averaging 5-7 weeks (range 2- 12 weeks). 
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Cell-mediated and antibody responses in pigs 
following vaccinl)tion·with four different 
Mycoplasma hyopneumoniae bacterins · ··. 
EileenL. Th(lcker1, DVM, PhD; Br(ldJ. Thacker, DVM, PhD; and H. Jayappa, MVSc, PhD 
1 Veterinary Medical Research Institute, Im.va State University 

Protective immunity induced by vaccination against My
coplasma hyopneumoniae, the causative agent of enzootic 
pneumonia, has. been demonstrated· experimentally by 
challenge studies and measurement of antibody .titers. 1 

Studies of mycoplasma infections in rodents and humans 
have indicated that cell-mediated immunity (CMI)is in
volved in protective immunity.2•3 In: an earlier study, pe
ripheral blood lymphocytes (PBL) obtained from pigs 
inoculated with M hyopneumoniae were shown to be sen
sitized by 3 to 4 wee}(s after vaccination, with maximum 
response detected at weeks 6to 9.4 However, it is not clear 
whether the magnitude of the CMI resp()nse, as measured 
by PBL proliferation assays, correlates with protection 
against challenge with virulent organism. In this study, 
CMI and antibody response was measured following vac
cination with four commercial M hyopneumoniae 
bacterins and compared to the responseofthe animals to 
challenge as measured by lung lesion scores. 

Results 
. '. _- - -- ' ~ .. . . 

Fifty M hyopneumoniae~free pigs were randomly assigned 
to five groups. Groups A, B, C, arid D were inoculated 
with one offourcommercial M hyopneumoniae bacterins 
according to the manufacturers' directions. GroupE re
ceived no vaccinations. Standard lymphocyte prolifera
tion assays were performed on -7, 28, and 45 days post 
vacCination (DPV). 5 PBL proliferation to media only 

Table 1. Group mean stimulation indices from 
lymphocyte proliferation assays on PBL from pigs 

inoculated with commercial M hyopnel.imoniae .· 
bacterins 

Vaccine 
Groups 
At . 
B 
c 
D 
E 

-7DPV~ 

1.7 
. 2.0 

1;1 
1.4 
1.5 

· Days Post Vaccination 
t n=1 o pigs/group . · 

28 DPV 
4.1 
5.5 
6.2 
4.2 
2.2 

45 DPV 
1.7 
10.3 
12.6 
2.9 
2.1 . 

(negative control), PHA (positive control), and a M 
hyopneumoniae membrane preparation were tested in trip
licate; Stimulationindices (SI) were calculated as .follows: 

. mean CPM in stimulated cultures 
mean CPM in negative control culture 

A CMI immune response was detected within 28 ·days of 
vaccination with each of the commercial bacterins (Table 
1). Between 28 and 45 DPV, the percentage of animals 
showing a significant CMI response (:2 4.0) varied be
tween 40% for vaccine A to 90% for vaccine B. The mean 
SI at 45 DPV ranged between 1.7 for vaccine A to 12.6 
vacCine C ( Figure 1). No statistically significant differ-

Figure 1. Stimulation indices and percentage.of lung lesion at 45 DPV 
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ences in SI were observed between the vaccines at 28 or 
45 DPV due·to the large variation between individual 
animals within each group. 

Serum antibody levels were measured by ELISA.6 All 
vaccinated animals demonstrated seroconversion follow-. 
ing vaccination,' while the control animals showed no in
crease in titers (Table 2). There were statistically 
significant differences (p<.001) when antibody levels be
tween vaccine groups were compared by one-way analy
sis of variance. 

Following challenge (at 51 DPV), the percentage of lung 
surface exhibiting pneumonia was determined by image 
analysis (Table 3). All pigs in the non-vaccinated control 
group had gross lesions of pneumonia with tlie percent
ages varying from 20.2% to 2.0% (mean= 9,1 %). The 
mean percent of lung lesions in vaccinated pigs ranged 
form 0.6% for vaccine C to 4.9% for vaccine B. Each of 
the vaccine groups, with the exception of C, had pigs with 
significant percentages of pneumonic lungs. However, the 
mean percentage of lung with lesions (pneumonia) was 
significantly less for all vaccinated groups as compared 
to the non-vaccinated control group. 

The highest mean stimulation indices at 45 DPV was 
found for vaccine C which also had the lowest mean lung 
lesion score, suggesting a potential relationship between 
CMI response and protection .. However, when linear re
gression analysis was used to evaluate the correlation be
tween lung lesion scores and stimulation index for indi
vidual animals, no correlation was found. Similarly, there 
was not a strong correlation between antibodylevels and 
the percentage of lung lesions (Figure 2). 

Discussion 
There appears to be minimal correlation betweenthe in 
vitrolymphocyte proliferation assay, antibody titers, and 

Table 2. Mean optical density from ELISA 
performed on sera from pigs inoculated with 

commercial· M hyopneumoniae bacterins 

Vaccine -7DPV' 
At 0.068 
B 0.099 
c 0.070 
D 0.118 
E 0.059 

. days post vaccination 
t n=1 0 pigs/group 

· 28 DPV .. 45 DPV 
0.385 0.242 
0.493 0.427 
1.144 1.040 
0~378 0.202 
0.028 0.046 

Table 3. Group mean percentage of lung surface 
exhibiting pneumonia as determined by image 
analysis for four commercial M hyopneumoniae 

bacterins 

Vaccine Group 
A (n=1 0) 
B (n=1 0) 
C (n=8) 
D (n=1 0) 
E (n=1 0) 

• Number of pigs 

Percentage· of pneumonic 
lung 

0 
1' 
0 
1 
4 
0 

1-5 
7 
5 
7 
5 
3 

5-10 
1 
4 
0 
0 
3 

>10 
1 
1 
0 
1 
4 

severity of lung lesions. Of these assays, serum antibody. 
levels appeared to be the best indicator of protection 
against M hyopneumoniae. One shortcoming of this study 
is the use of peripheral blood lymphocytes and systemic 
antibody levels.to assess protection against experimental 
M hyopneumoniae challenge. Measurement of localized 
lymphocyte response and mucosal antibody levels may 

Figure 2. Antibody levels and percentage of lung lesions at 45 DPV 
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be required to completely understand the mechanisms of 
protective immunity induced by vaccination. 
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Decision making on vaccinating ag~inst 
Mycoplasma hyopneumoniae infection 
Th. Blaha 1, F. Delbeck2, E. grosse Beilage2 _ 

1College of Veterinary Mec:licine, University of Minnesota., 2Veterinary School _of Hanover, Germany· 
. . . . .•..... . . :.,·· . 

There is a remarkable difference between vaccines against obs_ervations have led to the terl11 Mycoplasma lrtdticed 
·monocausal infectious diseases caused by high-virulent Respiratory bisease(MIRD).that is.\Videly used.hi Eu-

·. pathogens such as the viruses offoot..:and-mouth disease, ·rope. In addition to aggravation of theM. hyo, infection 
hog cholera, and pseudorabies on the one hand and vac- by secondary infections, the severity of the clinical symp
cines against multifactorial infectious diseases caused by tonis and pathological lesions as well as the in-herd pat
low-virulent pathogens such as Pasteurella, Haeinophilus tern of the diseaseis apparently influenced by environ-
and Mycoplasma on the other hand. Tlie natural immune mental and management factors. · · · 

response to the first group of pathogens is a completely The managemenffactor thattnost influences the.eXp()'" 
. protecting, long:-term immunity; that of the second group sure of the different age groups in a herd toM. hyo.-aild 
is only a partly protecting, short-term immunity. The first thus mostinfluences the herd antibody profile--::is the pig·.· 

· group causes disease almost in disregard to the animals' · · 
. condition; the second group needs support by factors de- . flow into arid within the herd. Fot example: . 

creasing the animals' defense mechanisms to produce Case 1' • · ·~ · · 
clinical disease. This means, in tum, that vaccines against In one~site hog operations, susceptible ap.!mals are con~ 

. the first group are capable of being the main-if not the tinually being introduced to a heard of m6re-or-less ini- · . 
. only-me. asure necessary to controlthe disease, whereas 

mllne animals tha:t are shedding M. hyo. In this case, the . 
in the case of the ~econd group, a number ofmeasures are ·. population is constantly split up into several subpopuht-" 
necessary to control the disease. Except when using · · 
specific pathogen-free (SPF) procedures, eradication is . tions resulting in an active M. hyo. infection; · . 

often only possible (or economically reasonable) in dis- Case 2 
eases·ofthe first group. As for diagnosis;there is again a 
remarka. hie difference between the two groups of diseases. .·In multiple-site hog operations, weaners are still protected 

by decreasing materna.! antibodies and placed into M. hyo.
In the first group, presence of the.pathogen establishes a free nurseries. These animals, however, are subsequently· 
positive diagnosis and immediate veterinary intervention taken to a finisher unit where M. hyo. is circulating. This 
is needed. In the second group, detecting the pathogen . results in' an active M. hyo. infection. 
establishes only a. tentative diagnosis since the causative 
agents are often found in clinically healthy herds. There . Case 3 
is,however, no sharp distinction between the two groups, In hogoperations in ~hich all age ~oups are evenly ex
and there is a broad variety of infectious diseases that fall posed to M. hyo., there is a gapless transition from pas-, 
somewhere in~betwee~ that possess characteristics of both sive. maternal immunity to an actiyely acquired protec~ 
~mips. . tive immunity. Iri this case, M. hyo. can be present over a 

long period oftime.withoqt causing any disease, i.e., the 
resultisaninactive~M. hyo. infection. 

. One of these "in-between" diseases is Enzootic Pneumo
nia (EP). It·· has been shown that Mycoplasma 
hyopneumoniae (M. hyo.) is undoubtedlythe primary 
agent of EP, fulfilling the Koch's Postulates. However, CaSe 4 
the clinical symptoms are not specific and can hardly be In multiple-site hog operations with striCt all-in~all-:-out ·. 
distinguished from respiratory diseases due to such patho- . pig flow, where the infection chain is efficiently internipted 
gens as A<;tinobacillus pleuropneumonia . (A.pp. ), Pas- several times, M. hyo. can again be present, but only as ·. 
teurella multocida (P.m.) and Haemophilus pdrasuis inactive infection. . . 

(H. ps.). Because theM. hyo. infection is limited to the , These examples illustrate why every herd is a unique epi~ 
respiratory epithelium, the humoral immune response to demiological entity with respect to M. hyo.. infections. 
M. hyo. is weaker and shorter than that to a pathogen caus- · · · · · · · · ·. · · 

· · Table 1 shows that different.exposure patterns can result·· 
.·. ing a sy. steniic. infection. Immune response also varies. · · · 

jn different antibody profiles as. deterniined by ta.king 
from animal to animal, even under similar conditions, e.g.; blood samples from the different age groups (AG) of a : 
within one herd. It is genera.Ily recognized that the clini- herd. · · · 
cal expression of the M. hyo. infection is complicated 

.·. mostly by secondary or concomitantinfections~ These 
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Table 1: Different antibody profiles due to different exposure patterns 

Exposure AG1 AG2 AG 3 AG 4 AG 5 
None·· 
Case 1 ++ + + ++ +++ 
Case 2 + +++ ++ 
Case 3 ·++ + +++ +++ +++ 
Case 4 + + + 

AG 1: replacement gilts;AG 2: lactating sows; AG 3: weaners; AG 4: 60# hogs; AG 5: 150# hogs 

These profiles demonstrate that single blood samples 4.M. hyo. is causing an active infection, but the appli-
tested forM. hyo. antibodies do not indicate if theM. hyo. . cation of.the vaccine was not tailored to the specific 
infection is active or inactive, since negative results can epidemiological conditions of the herd in question. 
be obtained in active infections (see Case 2), and positive Concluding from this, the decision to vaccinate a herd or · 
results can be obtained in inactive infections (see Case· not should,be made OJ1ly after.answering the following 
~· t• ques wns: 
Ever since vaccines against M. hyo. have been available, · LIs M. hyo. present in the herd? If yes, is M. hyo. caus-
reports on both their efficacy· and efficiency have been ing an active or inactive infection? 
controversial. There are four major reasons for vaccina-
tion failures: 2. IsM. hyo. the only pathogen contributing to the clini-

LM. hyo. is not present in the vaccinatedpopulation; cal problemsin the herd? If no, which respiratory 
the decision to vaccinate was made since the clinical pathogens are present in the herd apart fromM, hyo.? 

signs were thought to be due to mycoplasmas. . 3.ls M. hyo. "supported" in developing disease by en-
vironmental and managerial factors decreasing the 

2.M. hyo. is present in the vaccinatedpopulation, but animals' defense? 
·the infection is inactive. · 

Question 1 can be answered by determining the antibody 
3.M. hyo. is causing art active infection leading to clini- perdprofile; i.e;, 5 tolO blood samples perAG should be 

cal signs and catarrhalic lung lesions, but both are assayed forM. hyo. antibodies. Figure 1 shows a profile 
exceeded by similar clinical signs and lesions due to 
other pathogens. . · · · 

10 

8 

6 

4 

2 

·~ ~ 
0-:j. 0~. 

Cj ~0fb.~ 

Figure 1: M. hyo. antibody profile ota herd with an 
active infection (10 samples perAG). 
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Figure 2: M. hyo. antibody profile of a herd with an 
inactive infection (10 samples per AG). 
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indicating an active M. hyo. infection, whereas Figure 2 If environmental and managerial conditions have adverse 
shows a profile indicating an inactive M. hyo. infection. effects on the animals' defense, the vaccination against 

M. hyo. will be of only minor benefit, unless the risk fac- r 

If M. hyo. is not present or ohly inactively present in a · tors increasing the probability of respiratory disease are 
herd with respiratory problems, the vaccination against removed. 
M. hyo. will not be of any benefit. If no further diagnostic 
measures are taken, the vaccine will be blamed for the Once thedecision to vaccinate is made, justified by a sound 
vaccination failure. analysis and monitored by clinical examinations as well 

Question 2 can be answered if an accurate differential 
diagnosis is established that isbased on clinical, epide
miological and laboratory results. 

If other respiratory pathogens are concomitant, the vacci
nati<;>n against M. hyo: will not be of benefit, unless suit
able control measures are coupled with the vaccination, 

Question 3 can be answered if pig flow, management, 
housing conditions, and (especially) ventilation are care
fully analyzed. 
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as by slaughter checks, the control program must be con-. 
tinued at least for several months. Any control program 
against multifactorial infectious diseases needs time to 
show its benefit. 
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