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The science behind serologic 
sampling 
Ian A. Gardner BVSc, PhD 

Serologic testing plays an important. role in monitoring 
and maintaining the health status of swine herds. A primary 
goal of serologic testing is to discriminate between infected 
and non-infected animals, but the ability to make this 
distinction is not perfect: typically, the distributions of test 
responses of the two groups overlap to some extent. 1 

Serologic results are usually measured on a continuous 
scale (e.g., optical densities in an ELISA) or an ordinal 
scale (e.g., titers ofl :4, 1:8, 1:16 etc.) but usually a cutoff 
value is set, above which animals are considered positive 
and below which animals are negative. Given that the true 
infection status of animals is known, sensitivity and 
specificity can be calculated at the selected cutoff. 
Sensitivity and specificity are inherent properties 
(measures of validity or accuracy) of a serologic test but 
test performance (predictive value) is influenced by the 
prevalence of antibodies in the population. The prevalence 
of detectable antibody in tum depends on the rate of 
infection with age and time, antibody persistence, and the 
rate of antibody loss. These and other biologic and human 
factors affect how well the test results reflect the true 
infection status of the animal. 

Interpretation of positive 
and negative results 
Positive serologic results could be due to current or past 
infection (true positives), vaccination with or without 
natural exposure, nonspecific agglutinins, cross reactions 
with antigenically related organisms, or errors in handling 
and testing in the laboratory. Seropositivity is therefore 
not equivalent. to presence of infection. Serologic results 
may be negative if an animal is truly non-infected (true 
negatives), if an animal was recently infected and a low 
concentration of antibodies was not detected using the test 
system, or if an animal was tolerant to infection (false 
negatives). Incorrect handling of the blood samples, 
technical errors in conducting the test, and nonspecific 
inhibitors and toxic substances may result in false negative 
results. 

Department of Medicine and Epidemiology, University of 
California, Davis, California. 
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Estimation of test 
sensitivity and specificity 
Ideally for new tests, results should be available to show 
how a serologic test compares with the "gold standard" 
for a disease. A "gold standard" is a diagnostic method or 
combination of methods that determines absolutely and 
without error whether a disease is present in an animal. 
For some diseases, no "gold standard" exists. In other 
cases, this. perfect diagnostic method is not practical to 
use in the field due to cost, labor, or invasiveness, so we 
use other less expensive and more practical methods. 
However, results of the selected "silver standard" must 
be close enough to those of the "gold standard" to allow 
its use in diagnostic decision making. Using these 
standards, the sensitivity and specificity can be calculated 
but few tests in veterinary medicine have good estimates 
for these parameters. For some diseases, sensitivity and 
specificity may be difficult or costly to determine, but such 
characteristics should be known for any test that is used 
in a national or regional eradication program. 

Sensitivity is the probability that a test will correctly 
identify infected animals. The higher the sensitivity, the 
more infected animals will be identified and the fewer the 
number of false negatives. Buyers of breeding stock or 
importing countries usually want tests, of almost 100% 
sensitivity to minimize the risk of introducing new 
pathogens. 

Specificity is the probability that a test will correctly 
identify non-infected animals. Sellers of breeding stock 
usually want 100% specificity to maximize their chance 
of selling animals. 

Sensitivity and specificity are generally considered "fixed" 
values, although for some diseases the amount of the agent 
or stage of disease (clinical or subclinical) may affect test 
sensitivity, and specificity may differ by geographical 
region because of differences in crossreacting organisms. 

To establish these measures of test performance, sera from 
animals of known infection status must be tested. Often 
experimental infections are used to determine these 
parameters, although field samples (if a "gold" standard 

1 
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Figure 1 .. Frequency distribution of serologic titers for infected and non~infected c:mimals. For a cutoff 
valu~ of1 :8 as positive, sensitivity = 97.1% and specificity = 94.4%. 

is available) are preferable for these detennill~tions. In· 
~xperimental studies, it is difficult to replicate the variation 
m: 

tabulated in a.2x 2table, and sensitivitY, specificity, and 
approximate confidence . intervals can be calculated} 
Ideally, there should be at least 1 00 infected and ·1 00 nol1-

• challenge doses of organisms infected animals to obtain rel~tively precise estimates of 
• the timing of exposure among animals in the herd, and test characteristics. Using the data from Figure> 1 the 
• housing and environmental factors including possible following table (Table 1 )was constructed using a c~toff 

exposure to cross-reacting organisms~ of 1:8 as positive. 

~~als chosen for testing should be representative {age, · Note iii Figure 1 that the frequency distributions of res~lts · 
chmcal status, etc. )of the individuals in populations when~ fornon-infected and infected animals overlap in the range 
the test. will be used. If the test will. be used primarily to 1:4 to 1 :l6 .• A cutoffofl :8 might be appropriate tobahmce 
detect subclinical infections, evaluating only clinical cases false positives and negatives, b.ut.iffalse positiVes (100% 
will tend to overestimate the. sensitivity of the .. test . Non- . ·specificity) are not allowed, the cutoff should be increased · •. 
. infected. animals shoulq include healthy animals. as well to 1 :32. In this case, sensitivity would decreaseto 81. 7%; 
as those with other conditions' that need to be differentiated· · If false negatives { 1 OO'<o sensitivity) are riot· allowed; the 
from theinfection under study. Test results should be cutoff should bemovedto 1:4-specificitywoulddecrease 
evaluated in a· blinded inanrter to avoid the------'--:----:---:--_;__;._ __ -:-________ _ 

potential for biased interpretation. .. 
---~~~~--~~----'---~~~~---

Frequency distributions of test responses by 
infection. status can be plotted in a bar graph 
(Figure 1 ). ·For a specific cutoff value ·results 

· can be classed as positive or negativ~, crbss-

2 

Gold Standard 
+ 

Test :1 r ~1 ~::-;1;.._,._~85~5-. -I 
104 90 

Estimate (95% Cl) 
Sensitivity 

=101/104 = 97/1 (91.2 ~ 99.3) 
Specificity 

= 85/90 = 94.4 {86.9- 97.9) 
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o*-~~~~~~~~~~~~~~~~~~~ 
0 

.· ·. · Prevalence . · .... ·· ·. . . . .· 
Figu,re 2. Th~relationstiip between ~redicti.ve value and prevalehce for a test with sensitivity = 97.1% 
arid specificity= 94:4% . . 

to 83 .3%. Changing the cutoff shows the inverse 
relationship. between .seitsitivityand specificity. • Selection 
of an appropriate cutoff value for test interpretation will 
depend on a number offactors, including; 

• the purpose ()f testing; 
• the relative cost offalse positives and false negatives; 

. • the st~ge of an eradication program;if any; and 
• the availability' of corifirmatorytests; · 

. . . 

Although diagnosti~ laboratories like toreport results as 
positive or.negative ~t a single cutoff, different cutoffs. 
might be appropriate given .different circUmstances for 

· testing. 

One consequence ofinlperfectly specific tests is that using 
multiple tests increas~s the chance of abnormal results in 
otherwise he<1lthy animals. For example, if 10 independent 
tests, each ofspecificity 9?%, ~ere performed onasingle 
animal, the probability ofat least 1 positive test would be · 
1-(0.9)10 c>r 0.65. . . . 
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Predictive Values 

· Predictive values are probabilities tl)at answer the two 
related questions: 

• what proportion· of the test~ positive animals are truly 
infected; and . · . .. · 

• what proportion .of .the test-negative animals are. truly 
notinfected? 

Predictive values depend on sensitivity (se), specificity 
(sp), and;]Jrevalence. Predictiye value curves can be 
generated to graphically show . the impact of prevalence 
onthese estimates (Figure 2). As prevalence decreases, 
the predictive value ofa positive test decreases but the 
predictive value of a negativetestincreases .. 

Despite use of an accurate test (sensitivity = 97.1%, 
specificity = 94.4%) in the. above example, most test 
positives will be non-infected (false positives) if the 
infectionis present inthe herdat low prevalence. This 
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frequently occurs iri the latter stages of an eradication 
program. Clients need to be made aware that if eradication 
is attempted by testing and culling and/or segregation of 
positives, many non-infected animals will be unnecessarily 
removed as part of the program. Of the two test 
characteristics, it can be shown that specificity exerts a 
greater influence on the predictive value positive than does 
sensitivity, and hence, in the final stages of disease 
eradication it is wise to use tests or testing strategies with 
higher specificities to minimize unnecessary culling. 

Some general strategies that can be used to improve the 
predictive value of a positive test result, especially when 
disease is rare, include: 

• testing ''high risk" groups....-those with clinical signs 
rather than apparently healthy animals; 

• increasing the cutoff titer for the test to increase speci
ficity; 

• using a new test of higher specificity; and 
• retesting positives on the first test with a test of speci

ficity close to 1 ~nly those animals that are also posi~ 
tive on the second test are considered positive 

Use of multiple tests for 
the same pathogen 
Two or more tests can be applied to animals either 
simultaneously or sequentially and the results interpreted 
in series or parallel. In parallel interpretation, an animal 
is considered positive if it reacts positively to either or 
both tests-this increases sensitivity but tends to decrease 
the specificity of the combined tests. In series 
interpretation, an animal must be positive on both tests to 
be considered positive-this· increases· specificity at the 
expense of sensitivity. 

Example: 

4 

. Test 1: Se = 50%; Sp = 98.7% 
Test 2: Se = 60%; Sp = 98.6% 

Test 1 Test 2 Infected Non-infected 
+ 30 70 

+ 50 80 
+ + 70 30 

Both tests in 
"parallel" 

Both tests in 
"series" · 

50 7620 
200 7800 

Sensitivity Specificity 

15/200 = 75% 7620/7800 = 97.7% 

70/200 = 35% 7770/7800 = 99.6% 

A modification of the above· approach might be used to 
screen animals or herds for a particular infection. The first 
test might be very sensitive and inexpensive. Those testing 
positive are retested with a second test of high specificity 
to identify false positives. As a cost-saving measure, 
animals testing negative on the first test are considered 
negative and are not tested with the second test. 

Estimation of true 
prevalence based on herd 
test results 
When a test of known performance characteristics is used 
in a herd there are often positive results. True prevalence 
(TP) can be estimated from apparent prevalence (AP = 
no. positives/no. tested) with the formula:3 

TP= AP + Sp- 1 
Se + Sp- 1 

For example, a seroprevalence of 10% obtained with a 
test of sensitivity of97.1% and specificity of94.1% (cutoff 
of 1:8 in Figure 1) gives a true prevalence estimate of 
4.5%. If sensitivity and specificity are not known, this 
adjustment cannot be made. After adjustment for sensitivity 
and specificity, a negative or zero estimate for TP might 
suggestthat infection is not present in the herd. 

Herd infection status 
Often in herd monitoring, we are primarily interested in 
determining whether a herd is infected rather. than 
estimating prevalence per se. The factors that affect 
sensitivity and specificity at the herd level are: 

• sensitivity and specificity of the individual test; 
• niunber tested; 
• prevalence of infection in the herd; and 
• number of positives ( 1, 2, 3, etc.) used to class the herd 

as positive . 

The mathematics involved in these calculations are 
complicated and interested readers should refer to other 
published material. 4 

Frequently, practitioners are required to interpret herd · 
results with incomplete knowledge of individual test 
characteristics. The apparent prevalence ( 0-1 00%) and 
number of reactors (0 ton) are usually bothconsidered in 
determining the status ofthe herd. Usually if there is a 
high percentage of positives, the answer to the question 
about herd infection is clear cut. But what if a low apparent 
prevalence, e.g. <20%, is detected? In these situations, 
knowledge about specificity alone would facilitate 
judgments about the herd's infection status. To avoid 
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complications created by sampling, we will ~ssume that 
the whole herd is tested. 

Suppose that all sows in a 100-sow breeding herd were 
tested for Actinobacillus pleuiYJpneumoniae and five 
reactors (test positives) were detected, i.e., seroprevalence 
is 5% .. However, an important question is whether the herd 
is infected or not. Without knowing test characteristics, 
one approach in the absence of a detailed herd history 
might be to slaughter the reactors and culture lungs, tonsils, 
nasal cavities, and other appropriate'tissues to determine 
whether the reactors were infected (culture is of course 
imperfect).· If test specificity were known, however, a more · 
rational judgment could be made which might do away 
with the need for slaughter and culture. For example, if 
the test had Sp = 0.95, the expected number of positives 
in a non-infected herd oflOO sows would be 5-exactly 
what W() found on our test;. if Sp was< 0.95 the belief that 
these were false positives would increase since the · 
expected number of false positives would be >5; if the 
test had Sp = 0.999, having five reactors would be most 
unlikely if the herd was really non-infected. · 

Herd status is most accurately determined by testing all 
animals but this often is unnecessary and not cost-effective, 
especially if most herds are infected at moderate prevalence 
(>30%). In Denmark, routine serologic monitoring of20 
pigs in SPF herds seems to have worked well for early 
detection of most respiratory infections. Five to 10 pigs 
may be sufficient to adequately define herd status if the 
infection is likely to be present in a herd at high prevalence 
(>50%) 

Using tests to manage the 
risk of introducing 
pathogens 
Serologic testing can play an important role in reducing 
the risk of introducing new pathogens. Suppose that a swine 
producer is interested in introducing 100 gilts froma large 
breeding herd with a low prevalence (1 %) ofA. 
pleuropneumoniae into his herd, which is free of the 
infection. The probability of introducing infection (at least 
infected gilt) if 100gilts are randomly selected from herd 
A can be calculate~ and equals l-(0.99)100 or 0.63. Thus 
there is a high risk thatdisease will be introduced if animals 
are introduced without testing, quarantine, and isolation. 
If we have a test of sensitivity = 0.9 .and specificity = 1 
and introduce only gilts that test negative, what is the 

1994 Allen D. Leman Swine Conference 

The science behind serologic sampling 

probability that disease will be introduced because of false 
negative tests? The predictive value of a negative test can 
be calculated and be shown to equal 0.99899. Thus, the 
probability that at least one infected gilt will be introduced 
equals 1-(0.99899)100 or 0.1 0-a substantial reduction in 
risk. Quarantine and possibly treatment may further reduce 
this risk but the only way that the risk could be totally 
eliminated is to purchase from "infection-free herds" or, 
if. this was not possible, to use a test with sensitivity of 
100%. 

For health matching of herds, it is always better to use 
data including histories and serologic profiles of the 
complete herd rather than relying on test results of 
purchased animals. To unequivocally establish "freedom" 
from a particular pathogen, every animal in a herd ·must 
be tested with a test that is. 100% sensitive. 

Conclusions 
Interpreting serologic test results is a combination of 
science, art, and experience. Practitioner decision-making 
would be facilitated if better data were available on the 

· sensitivity and specificity of commonly used serologic tests 
to monitor swine health. Furthermore, for most serologic 
tests it would seem appropriate to consider cutoff values 
for interpretation (positive or negative) as variable points 
that can change according to the needs of the end users of 
the tests. Whether testing provides cost-effective 
information for management of swine health is another 
importantconsideration: decision analysis5 can be used to 
address this question but this topic is outside the scope of 
this presentation. · 
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Serology and identification of 
Haemophilus parasuis 
"Alicia Mendez Trigo :pVM, MS 

" " 

(sera was provided by J)r. Brad Fenwic}(). Rabbit ." 
hyperimmune sera against serotypesl to 9of H. parqsuis 
were positive on the test " · . " . 

Haemophilus parasuis infection in swine herds has 
become a common disease in modern producti~n systems. 
Previously, the disease was sporadic artdlimited to piglets 
that were transported or stressed. Currently, the disease 
shows different epidemiological patterns.1 One is observed Isolate ide ntifi ca ti 0 n" 

" "whenH. parasuis-:infected animals are introd1,1ced into a 
naive population. The disease spreads rapidlythrough all According "to the annual reports of the Minnesota 
ages of the herd. The first casualties during the outbreak Veterinary Diagnostic Laboratory, "-'7 there has been an 
are characterized by sudden deaths as early as 1-14 days increase in the number of reports of cases with septicemia " 
after the "infected animals are" introduced. Cyanosis and " "" and pneumonia due to H. parasuis (Table 1). Case;: records 
generalized congestion is the only macroscopic change from.Oxford Veterinary Laboratories also show an 
observed in these acute cases. Culture of several organs increase in the. number of cases (Table 1 ). At the Illinois 
usually reveals abundant, pure growth of H. parasuis. Department of Agriculture Animal Disease Laboratory 
Later cases will show the typical serofibrinous (Galesburg, Illinois), approximately 15%ofthe cases with 

"polyserositis and polyarthritic lesions. Another pattern 
of the disease occurs when naive animals areintroduced 
into an infected herd. In this situation, the newly arrived 
apimals will be the only ones showing clinical signs. 

The use of a serologic test that could assist in identifying 
animals exposed to H. parasuis offers obvious 
advantages jn controlling and preventing the disease. 
Nielsen2 described a modified complement-fixation test 
to identify seropositive animals. Agglutinating and 
complement-fixing antibodies have been detected as early 
as day 6 post experimental inoculation.3 The diagnostic 
laboratory of Oxford Veterinary Laboratories developed 
an ELISA test to • detect IgG in serum. This test is a 

" . component of the respiratory panel of the Exposure Serum 
Antibody Profile (ESAP) system. The antigen used in the 
testis derived from an isolate proven to be virulent under 
experimental conditions. This strain experimentally 
produced severe, diffuse polyserositis. Immunologically, 
the strain has a type I pattern in Western blot analysis, 
The sensitivity of the test in experimentally infected SPF 
pigs is 87.5%. Sera from SPF pigs experimentally 
challenged with Actinobacillus pleuroneumoniae 
serotypes l, 5, or 7 or Pasteurella multocida were tested 
in the H. parasuis ELISA, yielding a specificity of 100% 

Oxford Veterinary Laboratories, Worthington Minnesota 
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Table 1. H.· parasuis cases reported at the Uni
" versity of Minnesota and at Oxfor:d. Veterinary 
Laboratories from 1989 to 1992 

Respiratory 
cases 

Septicemic 
cases 

1990 
69 
15 

1991 
104 
42 

polyserositis are detetminedto be due to H parasuis and 
50% to Streptococcus suis.8 

An important 'consideration in confidently identifying H 
· parasuis in the laboratory is the close relationship between 

this bacteria and otherHaemophilusspecies. H parasuis 
belongs to the V~factor-dependent group of the 
Pasteurellacede family. This group inCludes other 
Haemophitus species, such as the taxon minor group and 
taxons C,D, E, and F,which are frequently isolated from 
swine.9-11 The pathogenic significance of these bacteriais 

·yet undefined. In the ·laboratory they can be easily 
misidentified asH parasuis if specific biochemical tests 
are not included irt the identification (Table 2). · 

It is known that H parasuis forms part of the nasal and 
tonsillar flora of healthy swine. More than. one serotype 
can be isolated from normal or ill animals. 12 Kielstein et 

" . 
al., described 15 different serotypes of H.parasuis and 
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·· Se~low and identification o[Haemophilus parasuis 

Table 2: Biochemical chara:ctenstic:otsom~e HemophiJus 
·.in. swine· ,· : .. ·.' 

, ... 
· :-·.. .. · · ~- ··· · ~--· taxOn: 

H. ·. taxon taxon taxon taxon .· "minor · 
parasuis c · D E · · .F group" 

indole •-.., ':~~~: .·; .r, .. " - :·+·· ····. . ··~. ·-. '; 

urease - ·- - :,;. 

catalase + + + . '·. 
·<7._; 

arabino~e. +· v -: 

o~(+). raffinose + + v 
0-(-) mannitol ,:. 

.;. + 
o .. ( .. );~orbitoJ . 

::.:·-~<;-~. · .. · <<· ;~~· 
.. 

:-.+ -·-: . ; "'·' .·;·· 
.. 

· classified 'them by ~~U;'Vinderi~ ih·;SPF\pigs-.a~ Jii~hly 6.~ual re~ofthe Minneso~ v~~na~;;l>iagnostic LabOratory. Uni

. Viiulen~ nioderat~ly vJ.tuten( and n·qn,viriJlent: However, ' versity ofMitlnesota. Minnesota ASncultural ExpCrlmental Station. 1991;63-

. they alSO repoti¢'the pre'sen~ OfSOple ~arU!biljtY in the' '6S. ' : · ... •V; 

virUl~rice in J>~tween isolate!! of the ~arne serotype. ll . . . . . 7. Annual ~epqrt of the M~~o~ Veterinary Diagito~c Laboratory. Uni-
> . · . · · 'vi;riity 6t'Miiuuisota. Minri~~ Agri~1tU'ra1 Ji,q,e.;m~w stati~ l992;s8- , 

59. . .·.:··c 

~Summary · .... - ~-
.:.. < 

•. 8~ i:lo~fiin~'OC.Tiieyir_i9~sfo~.ofilaem'aphti~spari:i~~~s. Swineffith . 

• : The H. parasuis ELISA test ~uld assisfin deWnnin:ing · and Pr~d: 1994;2:1 ·• · · · . · ' · 
the prese~ce of exposure to H pilnisuis. in.;swin~ ~erds., •· 9:. M~lier ·( 'Kili~IJ M. '-V' fa~or-d~p~ndent · n;embe~s ·of the f~il;, • ··· 

Identifying .H_ • parpsuis isol .. tes $hould, .. illclude _indole, · Plisteu~lldceae in ihe porcine uP}!er respirlltciry ti-ai:t J Ciin Microbial. 
. . . . . 1990;28:_2711-271~. . . .•. . . . . . 

catalase imd atabinos'e. tests in order to differentiate them 
·· •. from other Haemophi[us. specie(' • , .. -.·,· ,, . . · ·. . • . . . · 10. Rapp-OabriebonV.t #~e#,ophilusparasui/The·;wociation ofser<~var 

~ prevaience, pathogehlcity, and iminuilogeilicit}-. Proceed Allen D. Leiman 
•. swuie conference; College of Veterinary Medicine. University ofMiimesota. 
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Serology of Mycoplasma 
hyopneumoniae · 

Carlos Pijoan, DVM, PhD 

Serology to Mycoplasma· hyopneumoniae has been a 
problem for many years, mainly because of cross reactions 
due to Mycoplasma jlocculare, a nonvirulent. but very 
coli:unon organism in pigs. The specificity of mimy tests, 
including CFf, agglutination, or traditional ELISA, have 
proven to be tool ow for practical use. A hemagglutination
inhibition assay is used in some countries but has not been 
popular in the United States. Another problem with this 
microorganism is that, because it is a non-invasive mucosal 
colonizer, it produces a rather feeble lgM-lgG response, 
which hampers the use of traditional bacteriological 
serology such as plate agglutination. 

• Recently, two assays have surfaced that have resolved the 
problem of cross reactions. The Tween-ELISA and the 
competitive ELISA have both been shown to be specific. 
There are, however, some important differences between 
.the two tests that are shown in Table 1. 

As can be seen, the Tween-ELISA test, which is used more 
extensively in the United States, has the advantage of 
greater sensitivity and lower price, which makes it very 
appropriate for serum profiling. Some commercially 

available tests (in Europe) have poor specificity, but the 
tests in the United States seem to perform better. The main 
drawback is that these tests are not commercially available 
as kits, which forces the practitioners to send tlie sera to 
the few places where testing is available. 

The competitive ELISA is not widely used as yet in the 
United States, but is available commercially. It is a rather 
expensive test and seems to have low sensitivity, although 
it has .a high specificity. It was developed to monitor 
negative high-health herds, which it does very well. 

A fmal statement must be made about interpreting these 
tests when used in sertun profiling. The time delay between 
infection and seroconversion can be considerable. The 
Tween-ELISA becomes positive in experimentally 
challenged pigs within 2 weeks, but naturally infected 
animals take longer, usually 4 weeks. The competitive 
ELISA takes even longer. We found a 6-8 week delay 
between the onset of peak pneumonia and positive 
seroconversion. This delay in response has to be taken 
into account if the serum profile is to yield useful 
information in control and treatment schemes. 

Table 1. Performance of two currently available assays for M. hyopneumoniae 

Tween-ELISA Competitive ELISA 
Antigen: Membrane fractions Cloned Membrane Protein 
Specificity: Variable High 
Sensitivity: High Average 
Commercially Available: Not in USA Yes 
Allows Titration: Yes No 
Price: Average High 
Time Infection to Seroconversion 3-4 weeks 6-8 weeks 
Main Use Serum profiling Herd Monitoring 

College of Veterinary Medicine, University of Minnesota 
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Actinobacillus pleuropneumoniae 
serology 

Brad Fenwick, DVM, PhD. 

The disease characteristics of porcine pleuropneumonia 
caused by Actinobacillus pleuropneumoniae (App), as 
well as the changing nature of the pork production industry, 
have made it increasingly important to serologically 
identify pigs that may be subclinical carriers. For the same 
reasons, it is equally vital to identify those pigs that have 
no immunity to App. Because the majority of App 
infections are subclinical, because transmission occurs 
almost exclusively via subclinically infected carrier pigs, 
and because isolating the organism from carrier pigs is 
extremely difficult, serologic assessment is the only 
reliable means available to measure and thus effectively 
limit the risk that clinical disease will occur in a given 
herd. The modern management practices that cause herd 
immunity to decline over time and that allow pigs of 
differing immunological status to be present in the same 
herd makes it increasingly important to know the serologic 
status of the herd. 1 

Perhaps more than other disease, after an outbreak of 
pleuropneumonia the owners ask; "I never had this disease 
before and nothing has changed. So, why now? Where 
did it come from? How can it be stopped?" As many 
producers and their veterinarians have learned, retrospec
tive analysis of the risk factors that contribute to the oc
currence of clinical pleuropneumonia can be very expen
sive. The proper strategy is not to hope pleuropneumonia 
will not occur and it if does, limit the losses associated 
with the outbreak. It is far better to systematically assess 
the relative risk that the disease will occur and take the 
necessary actions to limit this potential. Regardless of 
management practices or facilities, serology offers the 
potential to proactively protect the economic well-being 
of the herd from the potentially devastating consequences 
of clinical pleuropneumonia. 

Overview 
Numerous serologic tests for App have been developed 
and several are available to the practitioner. The 

Department of Pathology and Microbiology, Kansas State 
University 
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importance of routine serologic testing in limiting the 
occurrence of clinical outbreaks of pleuropneumonia has 
repeatedly been demonstrated. Examples include: 

• matching the serologic status of feeder pigs that are 
derived from several production herds; 

• matching the serologic status of a herd with that of re
placement or new breeding stock; 

• confirming the success or determining the basis for fail
ure in early weaning programs; and 

• determining whether a clinical disease outbreak was 
the result of lateral introduction, a breakdown in man
agement practices or facilities, or differing levels of 
immunity within the herd. 

Determining the predictive ability of the App serologic 
assays to detect naturally infected pigs has not been 
possible because of the difficulty in confirming infection 
by bacterial isolation or pathologic lesions. An App 
international reference bank ofknown infected and control 
serum at Kansas State University has been of considerable 
value in developing and critically comparing these assays. 
In general, a minimum of 30 serum samples from adult 
pigs is necessary to reliably determine a herd's serologic 
status, 

As with many of the serologic tests used in veterinary 
medicine, there is no organized system to validate the 
various assays use to determine the App serologic status 
of pigs. No certification process is necessary for 
laboratories to offer these assays and defined methods of 
quality control and assessment of test results are not 
available. As such, the veterinarian who requests these 
assays necessarily assumes much of the responsibility for 
how these tests are interpreted and used (or abused). Given 
the lack of procedural and reagent uniformity, comparisons 
of different assays from different laboratories can be 
confusing. 

It is best to get to know one assay at a time. To do this, 
discuss the assay with the laboratory director prior to 
sending in serum samples. Include your own positive and 
negative controls, which you have selected carefully. Send 
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Brad Fe.nwick · 

duplicate samples to the laboratory at the s~e time and compared to CF tests and thus, they tend to error on the 
submit the same . sample several· times over a periOd of· side of caution when used to identify herds or pigs that 
weeks or months: Inform the laboratory ofyour·fmdings, may be infected with App. The pr:actitioner should be :i=.!'Y wo~king together .can the value of the test be . aware that there is con8ider:ablevariabilityllithereliabllity .· 

... · e an4 unproved, · . of the ELISA tests that ar~ c~ntly avaih1bl~ .. J''ot .the 
Even a relatively poor serology test can be useful if it. most Part, this is due to the differ(mt antigen preparatl.~ns 
provides repeatable results and the limits ofthe assay are that are being used, the methods~ of establishing ~agnostic. . 
well understood. For example~ changes in the serologic cut-offs, and the various ways the resultS are reported. 
status associated with stage of production in the same herd · · Ne~ertheless, a consensus appears to be developing as to · 
can help encour~ge the producer to modify management which antigen preparation provides the ·best compromise 
procedures or redesign faciii'ti,es to limit the. risk of ~ between sensitivity and specificity. 6,8,9 ··. . . .. ·• . .··.· . . . • 

disease outbreak. N aiurally, the influence of test sensitivitY . . . . . . . 
and specificity on its predictive vatue·mii$t be taken into Toxin neutralization. · 
account · · . . ·· .. ·. ' · Seve~alt~xin neutralization ass~ys h~~e been dev~loped · 
<;om plement fi:xa ti 0 n . for detecting ~e presen.ce of antib9dies that neutralize. the 

. . .· . toxiits produced byApp. These range from sophisticated 
The compleme11t fixation (CF) test has be·en the cross titration~ ofsemi~purified to~iri and ser:um·(as 
serodiagnostic "gold" stand~~I"d for App. 2-4 During the past measured by the spectrophotori:letric detection. of the 
few years, its value. has· been questioned because the CF release of cell contents Ho visual indications. ~f the ability . 
1:estreli~s heavily onigM antibodies and therefore becomes of serum to prevent lysis of red blood ~lls that have been 
less . reliable as . the.· time between infection . and . testing spontAAeously exposed to crude:: App ctdture supe~atants .. 
ittcreases. Pigs infected at 3 monihs ofage often are CF Both m_ethods llre .valuabl¢ lA. identifying pigs that might 
negative by slaughter.· the CF. test detects antibodies to· be earners ofApp.. . . . · · 
surface antigens (especially capsule) and thus may fail to To~irt neutralization tests iire. intenhediat~ between the . . 
detect pigs infeeted with untypable strains of App or field CF' and ELISA· tests in teims .6f the ·riumb~rs of fats~ 
$~ains that diffc;:~ significantly from the strain. used ·in the positive and false negative results. The advantage of these 
assay; Pig~ infectc::d with the biotype 2 strains of App assays is that they detectresistance toim.,OrtantVirulence · 

· (NAD.independent) J;)lay be serologically negative by the factors and current vaccines .do ,~of complicat~ .· 
CFtest.·· · ·. ·· ···· ·· ·· · · m· te t n· 'fth 1 '" · ··· · · ·· . . rpre a on o . ~. resu ts.. vaccm~s IIlay cause pigs. fu .· 

The CF test hils ve~ :few'·false positive results but has a test positive by both the CF .and ELISAtests~ but do not .. 
rehitively high number ·of false negativ~ result~;. Relying . induce· cytotoxin-neutralizing titers·.· ·.On.· the . other hand, .. 
on the CF test to identify infected herds of pigs that might the. neutralization. tc;:sts are complicated.·. to ~rform and 
be carrying App is hazardous. While a positive CF. test are more expensive. huddition, ~¢$e assays are ollly of · ·• 
provides diagnostically valid information, a negative CF .·. value in detecting neutralizing aQtibodiesto the most~JCti.~e 
result .is .of little value: . Evc::n though the CF. test f~rm~ of the. toxins· and thus are only useful in detectittg 
underestimates the incidence of the disease, it has beena ptgs Infected vvith App. serotypes l, :5~ 9,) 0,~ and .H .. 
valuable aid in organized porcine pleUIPpneumonla control FoJ1unately,serotypes 1 and. S are o:(particular conce~ in 
prowa.lils: In these cases~· even a vety• few .CF-positive North AmeJ:ica. Finally, there are indications that cross : . · 
tes~ are.· taken . as evidence that~ a herd is infected with neutralizing ~tibqcJjes qan "c:: indpced.fqllo~g.itt{ection. · 
App and. appropriate herd-based control measw-es initiated.. . by some ·strains of bacteria .that. produce related tox,ins · 
The message from this js that a single positive. CF test (e.g., Actinobacillus suis), · · · · 

should be taken seriously rather than relegated to 
laboratory error. . Recommendations . 

Agglutination and ELISA Serology plays a particularly criticiJI role itt·C<>ntrolling .· 
porcine pleuropneumonia. To be most effective, you should 

lt1 contrast to CF tests, the available agglutinati~n and select the ass.ay f4at best matches :the objective and• the. 
ELISA tests for App tend tO overestiinate the OCCUrrence $pecifi~ circ1imstance of the herd.. For example .. if the .. 
. of the disease because of a higher frequency of false . highest objective is to deteet App-infected pigs, tlte CF 
positive tesults.;s-7 The adyantage of these tests is that test would be a poor choice. On the other hand . if the 
they generate significantlyfewer .false negative results objectiv¢ is to confirm that the clinicaldise~e i~.~aused 

by App and not some other organism, tlie CF te~t w~lltd 
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Eradication. of Actinobacillus pleuropneumoniae 

be best. . If the herd has been vaccin3;ted, ·all the assays •. 3. LombinLH, S Rosendal, WR Mitchell. Evaluation.ofthe complement 
· £ th · · · 1" • · · uld b · fl · · filflltion test for the diagnosis of pleuropneumonia of swine caused by 

except or .. etoxu1 neutra tzatlon assays wo. . . •. eo esser }!aemopflilus pleuropneumoniae. CanJ Comp Med.1982; 46:109-114. 
value. Finally. given that most infectio~s withApp an': 
subclinical. it is unwise to ignore serol6gic results just . 4~. Qul)ll~sonA.· ... E~al\lationof different antigens.on the complement" 

· · · · fixation test for diagnos.is of Haemophilus pleuropneumcmiae 
because there . are no clinical signs and/or on slaughter. (parah(Jemolyticus) infections in swine. Am J ~t Res .. 1979; 40:1564-
checks typicallesions are not observed. ·· ·· · 1567. . · . 

In conclusion •. applying diagnostic serology to reduce the s. Mittie KR R Higgins s LariViere, p Leblanc. A 2-mercaptoethanol tube ·. 
· agglutil)ationtest for diagnosis of Haemophiluspleuropneumoniainfec-

potential economic loss associated with clinical tions in pigs. Am J ~t Res.1984;4 s:715-719. · 

pleuropneUm.oriia requires a working understanding ofthe 
strengths an. d weaknesses of the. various ser. ologic tests. 6. Bosse JT, R Friendship, s Rosendal, BW Fenwick. Development and 

Eyaluatiori .of a Mixed·antigen ELISA for Serodiagnosis and Actinobacillus · 
. The veterinarian nitist also have the ability to relate these pleuropneumoniae SerQtypes l, 5, and 7 Infections in Commercial Swine 

findings totheuriique management practices and facilities . Herds. J Mit Diagn lnvest.1993;•5:359-362: . . . 

on each farm in.a manner thatJimits the likelihood that 
clinical diseasewilldevelop. The data is clear: control of 
App requires reliable information on the serologic status 
of .the pigs in question and this isbest accomplished _by 
routine serologic examinations using assays whose value 
is well understood. 
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Capabilities and limitations of 
pseudorabies serologic assays 
Monte B. McCaw, DVM, PhD 

The veterinruyprofession is exceptionally well armed with 
serologic tests to detect, monitor, control, and eliminate 
pseudorabies. virus (PRY) from herds and geographic 
areas. The PRY serologic arsenal now includes the first 
assays capable of distinguishing vaccinated versus infected 
swine. We have a. variety· of tests which, when fully 
understood, allow us tQ investigate the interactive 
dynamics of virus circulation, immunization, and 
management in swine production units as they affect PRY 
diagnosis, control, and elimination. 

The most commonly used or informative assays include: 

• serum neutralization test; 
• latex agglutination; 
• standard ELISA; 
• IgM capture ELISA; 
• differential (gpX and gpl) ELISA. 

Table 1 summarizes many of the capabilities and 
limitations of PRY serologic assays. Each of the listed 
assays detect a different subpopulation of the antibodies 
produced by the pig in response to PRY infection. 

Assay characteristics 
Serum neutralization tests (SNT) detect a functional sub
set of antibodies that can inactivate or "neutralize" infec
tious viruses. The SNT is the mily assay listed that exclu
sively measures protective antibody levels. The SNT 
antiboqy test is also the only quantitative test listed. How
ever, results (titers) will vary between laboratories based 
upon the virus strain, serum-virus incubation time, addi
tion of compliment, and cell line used to perform the test. 
Therefore, comparisons of published results such as 
antibody titers stimulated after vaccination can be made 
only if sera from pigs immunized with different products 
are collected in similar manners and are tested simulta
neously in a single laboratory. SNT antibody titers of 
nursery pigs can be used to determine whether vaccine 
failure in finishing pigs in the same herd was due to 

Department of Food Animal and Equine Medicine, College of 
Veterinary Medicine, North Carolina State University 
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neutralization by passively acquired antibody at the time 
of vaccination. · . 

Only SNT titers can be used to. predict the youngest age 
groups of pigs that·can be effectively imlllunized. (they 
can· be "vaccinated" at ·any age} irf that herd. It is the 
author's experience that the half-life of passively acquiied 
neutralizing antibodies is 12 days.· To determine the age 
to vaccinate nursery pigs determine the number of two
fold titer decreases needed to reach a 1:4 titer. This is the 
number of half-lives of time needed before the SNT.will 
reach 1 :4. Add [number of half-lives needed x 12 days] to 
the age in days at bleeding to detei:mine the age to 
imlllunize the pigs. 

Latex agglutination (LA) assays detect anti-PRY aggluti
nating antibodies, another functional subset of antibody. 
These antibodies are able to bind with enough strength to 
cross-bridge between different particles (PRY-coated latex 
beads), causing agglutination. Agglutinating antibodies are 
either lg- or IgM-class antibodies. Latex agglutination 
detects PRY antibodies very early after infection since it 
detects PRY-specific lgM (appears 3-5 days after initial 
infection). This is earlier than any other commercially 
available PRY serologic assay. LA can be 11sed to reliably 
detect PRY antibodies at the onset of clinical signs for 
rapid antemortem diagnosis in finishing or breeding swine. 
LA tests can also be used to quickly (in 2-3 hours) screen 
isolated groups of valuable but potentially exposed pigs 
that could be immediately removed from the premises if 
found to be PRY seronegative. LA or Std ELISA should 
be used to test new herd additions in isolation because of 
the short time to seroconversion and assay sensitivity. 

Standard ELISA (Std ELISA) detects the broadest range 
of antibodies of all the PRY tests, but they do not represent 
any specific immunologic function antibody subset. Std 
ELISA is the most sensitive assay available and is used to 
test sera from herds of unknown PRY infection status or 
pigs for interstate shipment. The Std ELISA is fast, 
economical, and reliable, therefore it is used extensively 
by all diagnostic laboratories processing large numbers 
of samples. The Std. ELISA first detects antibodies later 
than LA because it only measures anti-PRY lgG antibody. 
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Capabilities and limitations o[pse~dorabies serologic assays 

Table 1. Characteristics of PRV diagnostic serology assays 

Passive Test or 
Days to Antibody antibody Duration Time to antibodies 

Assay conversion Quantitative subtype persistence post-infection results senitive to 

SN 10~12 + Neutralizing 10-12wks Life 2•3 days Detergents 
Alcohol 

ELISA 5-7 Nonspecific 16wks Life Same Resistant day 
latex· 3-5 Agglutinatin ··ufe 2-3 hrs Resistant Agglutination (lgM + lgG) 
Differential 14'-28 Single 16-18 wks Life Same Resistant* ELISA. glycoprotein day 

Freeze/thaw 
lgM ELISA 3-5 lgM <3days 4-Swks· 2days Store at 40C 

or-700C 

The IgM-antibody-capture ELISA (MACELISA) detects reduced field strain virus replication in previously 
only PRV-specific IgM antibodies. IgM antibody is the vaccinated animals which decreases the amount of 
first class of antibody produced after infection, and is only diagnostic antigen (gp I or gp X) available to stimulate 
present in serum for a limited time. The MACELISA diagnostic antibody response by the pig. The DifELISA 
detects a PRV -specific antibody response 3 days after is a poor choicefor associating PRV infection (determined 
infection. The MACELISA is the only assay that. can be by seroconversion shortly after clinical signs occurs) with 
used to determine whether pigs have been recently infected endemic pneumonia or other secondary bacterial disease 
with PRV since the IgM antibody response is only problems in PRV -infected herds because it may take a long 
detectable for 28-35 days after infection. Serum samples time for seroconversion after infection. 

to be tested for IgM antibody must not be frozen and The delayed antibody response does not apparently affect 
thawed repeatedly (occurs in self-defrosting -2ooc the sensitivity of the gp I ELISA for detecting infected or 
freezers) or stored for long periods at -2ooc. Best results latently infected swine. The sensitivity of the gp I ELISA 
are obtained from samples held for a few days at 4oC or (99%) is nearly equal to the Std ELISA while the 
long term at -70°C. These recommendations should be sensitivityofthegpXELISAislower(85%). Thisrequires 
followed for any serum samples from pigs at the beginning . testing more animals to acquire the same confidence levels 
of a PRV outbreak to be tested by LA. of detecting infected animals in groups of pigs with a low 

Differential ELISAs (DifELISA)·are the most advanced prevalenceofinfection. ThegpXELISAisstill veryuseful 
serologic diagnostic tool available to the veterinary for testing groups of vaccinated pigs, but it cannot be used 
profession. Dif ELISA detects· antibodies to single viral for testing individual swine for shipment. 
glycoproteins, gpi or gpX, that have been genetically 
deleted from vaccine (attenuated) strains ofPRV. It is the 
only assay that allows differentiation between vaccinated 
versus infected animals. DifELISA enables the evaluation 
of vaccination and management programs for the control 
ofPRV circulation within infected swine herds. 

Vaccinated breeding stock and finishing animals in infected 
herds can be tested regularly for antibodies against gp I or 
gp X (infection) and therefore evidence of continued virus 
circulation. Dif ELISAs now allow economical elimination 
of PRV -infected swine without interrupting normal 
production practices if proper vaccination and management 
programs are implemented. 

However, Dif ELISAs have very important limitations. 
Time to seroconversion can be as long as 28-35 days post
infection following low-dose challenge of vaccinated pigs 
(McCaw, unpublished observations). This may be due to 
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Factors that affect 
antibody responses 
The time to seroconversion, the amount of antibody 
produced, and the duration of the antibody response can 
be affected by three factors. Passively acquired antibody 
can reduce or block the antibody response after exposure 
or vaccination. SN titers· are lower or are nonexistent after 
challenge or vaccination, respectively. Std ELISA antibody 
response was apparently blocked after vaccination of 
passively immune pigs that were partially protected against 
challenge 3 months later. IgM antibody responses were 
delayed and reduced·after challenge of passively immune 
pigs. Previously vaccinated pigs may have a ionger time 
to seroconversion on the Dif ELISAs after exposure than 
nonvaccinated pigs. Vaccinated or previously infected pigs 
also did not produce an IgM antibody response after 
experimental challenge. The dose of virus pigs are exposed 
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to also affects· the amount of time to seroconversion, 
particularly .. the Dif. ELISA lmtibody response in 
previously vaccinated pigs. 

Summary ofapplications 
SNT-quantifying the amount of passively acquired 
antibody · 

LA -detecting early infections, testing herd additions 

· Std ELISA-creening unknown infection status herds, 
testing herd additions, testing pigs for shipment 

MACELISA-determining whether pigs have .been 
recently infected with PRV · 

Dif ELISA-monitoring PRV infection circulation in 
vaccinated breeding·stock and finishing pigs 
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Serology of porcine: reproductive 
and respiratory syndrome (PRRS)· 
virus infection · 

HanSooJoo 

Serologic diagnosis ofPRRS is currently performed using 
one of four methods: 

• indirect~ fluorescent antibody (IF A); 
• imniunoperoxidase monolayer assay (IPMA); 
• serum neutralization (SN); and 
• enzyme-linked immwiosorbent assay (ELISA). 

Seroconversion can easily be detected in infected pigs 
using these techniques. However, simply testing antibodies 
in herds may not always provide enough information to 
implicate PRRS as the cause of clinical signs, because 
low pathogenic strains or virus variants may be prevalent. 

Indirect fluorescent 
antibody 

· The IF A, commonly used in North America, and the IPMA, 
more popular in Europe, are similarly high in sensitivity 
and specificity, but both rely on subjective endpoints and 
cannot be automated. The tests have been performed using 
porcine alveolar macrophage (PAM) cells but can be 
readily adapted to CL-2621 or MARC-145 line cells. 
Antibodies detectable by IFA or IPMA are measured by 
the. immunoglobulins that could react to the infected cells. 
Thus, the antibodies indicate the evidence of PRRS virus 
infection but have little association with the protective 
immunity. 

Antibodies to PRRS virus by IFA can be detected as early 
as 6 days post infection (PI), and the highest antibody titers 
are reached between 2-3 weeks PI. Although no data on a 
half-life of the antibody titers are available, IFA antibodies 
are estimated to last.between 4 and 6 

system incubates for 45·60 minutes for each serum dilution 
to react with infected cell mono layers. There is no problem 
with ~e sensitivity of this system with sera collected during 
the antibody-rising phase, but it appears to lose its 
sensitivity with sera' of the antibody-decreasing phase. 
Recently; our work has shoWn that the ability of the IFA 
test to detect antibody titers during the decreasing phase 
could be much enhanced by employing a longer incubation 
time (15 hours). This indicates the presence of slow
reacting antibody in sera during the decreasing phase. For 
routine diagnostic and epidemiologic work, the 45-60 
minutes incubation should be continued. However, the 15-
hour incubation could be used if more sensitive test results 

. are required. 

For a herd diagnosis, a sample size of 30 will provide 
95% confidence of detecting a 10% or higher prevalence 
level of PRRS. Because finishing pigs have a higher 
seroprevalence, a sample size of 10 should afford the same 
confidence interval at a prevalence level of30% or more.1 

. Serum neutralizing 
antibody 
Serum neutralization antibodies develop later in the course 
of PRRS infection and are regarded to be less sensitive 
after an acute infection. The SN test is also labor intensive 
and the endpoint is subjectively determined. Recently a 
modified SN test has been developed to improve its 
sensitivity. 2 The modified test can detect SN antibodies as 
early as 9-11 days PI with consistently higher titer results 
(Table 1 ). The SN test was modified by adding fresh PRRS 
virus antibody-free swine sera, which may provide 

months PI. Sensitivity of IFA test for 
sera of pigs during the antibody
decreasing phase has been debated 
because IFA antibodies could not be 

Table 1. Serum neutralizing antibody responses 
of 3-week-old pigs following PRRS virus infection 

measured in some animals when SN 
antibodies could. The current IFA test 

Department of Clinical and Population 
Sciences, University of Minnesota 
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Pig SN method 
1 Conventional 

Modified 
2 Conventional 

Modified 

7 9 

8 

SN titers after infection days 
11 14 28 32 35 41 45 

2 6 32 32 
2 8 32 8 8 64 32 

4 8 
32 16 4 2 2 128 128 

56 
16 
64 
8 
16 
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complement. It· ~as been well documented with other 
Arteriviruses that fresh complement or high 
antibody: virion ratios are required for neutralization. This 
may be true for PRRS virus as well. 

Enzyme linked 
immunosorbent assay 
Researchers have. also developed an ELISA for PRRS 
antibody detection. By some reports the ELISA is equally 
specific and more sensitive than the IPMA. Other studies 
have determined the ELISA to be less sensitive and to 
produce undesirable background levels in some negative 
animals. Recently two research groups (ldexx Co. Maine 
and Dr. Cho, Agriculture Canada) have developed a 
sensitive and specific ELISA system. The Idexx· system 
detects antibodies. to both United. States and European 
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strains but the results are expressed as an ELISA S:Pratio. 
Dr. Cho's system reads the ()D va;lues directly, and ·the 
OD values of <0.2 and ~0.3 ,ru:e J.Jegative and positive, 
respectively. Until a more reliable ELISA can be 
generated, it is not being widely used. If an ELISAcan be 
well standardized,_ it has,. the poteJ.Jtial to becolne an 
importat:lt diagnostic tool because it can be automated and 
performed economically on a· large scale. · · 
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Serology today: 
What's the value ofthe tests? 

Chris· Chase, DVM, PhD· and David Hurley, PhD 

Serology is conventionally used as a "snapshot" in time 
of what pathogens a herd has been exposed to; based on 
the detection of antibodies. Serology has been used as a 
reglilatory tool to prevent the spread ·of disease, ·as an 
epidemiological tool to estimate the prevalence of a disease 
in a geographic region, and as a: management tool for 
accessing disease-control strategies in a herd. Only 
recently has serology been used proactively in swine herds 
to screen the pathogen exposure of potential breeding stock 
(health matching)1 or as a preprogranuned series of regular 
tests to form a "photo album" of the pathogen incidence 
of the herd. This discussion will deal with the qualitative 
aspects and value of serology. 

Serological testing 
methodology 
Serological tests.have progressed greatly over the last 20 
years from the less sensitive secondary binding tests to 
the more sensitive primary binding tests. Primary binding 
tests allow antigen and antibody to combine, and measure 
the amount of immune complex formed. 2 Enzyme-labeled 
immunosorbent assay (ELISA).and fluorescent antibody 
(FA) tests are the most commonly used primary binding 
tests in the diagnostic laboratory. Secondary binding tests 
involve a second reaction after the antigen-antibody 
complex has formed. This may be agglutination ofRBCs 
(hemagglutination inhibition), RBC lysis following 
complement activation (complement fixation) or 
preventing virus growth in cells (serum neutralization). 
Sensitivity and specificity of serology tests will increase 
as more ELISA tests are routinely used. 

Biological variability of 
serological tests 
Variability of serological tests falls into two categories: 

• inherent variability of the test; and 
• variability between laboratories. 

CC: Department of Veterinary Science, South Dakota State 
University, Brookings, SD; CC and DH: Flandreau Veterinary 
Clinic, Flandreau, SD 
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Secondary binding tests have larger inherent variability 
because they rely on a pooled source of a second biological 
reaction, i,e., complement, a cell line, red blood cells, etc. 
Tests can vary within a laboratory from day to day as test 
components and laboratory personnel change. This 
variability is even greater between laboratories, because 
few tests or reagents are standardized among laboratories. 
Laboratories run comparison tests to check each other but 
tests using commercially prepared and standardized 
antigens in the ELISA format are only widely available 
for pseudorabies in swine. 

Guidelines for using 
serological tests 
For serology to be used as a tool forthe swine herd of 
today and tomorrow, it must be based on more than the 
single test measured after a disease outbreak. We still make 
that occasional "Hail Mary" call from the diagnostic lab 
saying "We couldn't isolate anything, so let's do serology 
to see if we can fmd anything." In our practice, we have 
been using serum profiling to: 

• monitor clinical disease and biosecurity;3•4 

• evaluate vaccination procedures; 
• provide a baseline for the herd's health; and 
• match health status between a source and recipient herd. 

With monthly and quarterly testmg of the sow herd and 
finishing unit for PRY, we routinely screen a subset of the 
test for the pathogen(s) of greatest concern or which have 
been the biggest recent problem in that herd (PRRS, 
Streptococcus suis, etc.). The sample size must be 
determined by the typical prevalence of the pathogen in 
the herd (the lower the prevalence, the more samples are 
needed)5 and the confidence level of the test required to 
make management decisions (the higher the desired level 
of confidence, the more samples are needed). 1 Sequential 
testing of the same animals through each phase of the 
operation is valuable in· understanding the dynamics of 
that pathogen's ecology on the farm and aids in identifying 
those production areas at greatest risk. 
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Interpreting serological titers still results in a lot of middle 
or suspect ground. 6 High titers usually indicate active 
infection, but only through sequential tests can one 
understand the ecology of the exposure. The use of 
declining titers to time vaccinations is theoretically okay, 
but without determining the isotype the tests can be 
misleading. Using serology to evaluate vaccination 
efficacy and, more importantly, protection is also 
somewhat suspect. A cellular response affords much 
greater protection against PRV than an antibody response, 
and one can't measure the cellular response with this type 
of test. As currently applied, serology does not define the 
ability of the antibody or the immune system in protecting 
the animal from disease. 

Serological testing is being used as a tool to eradicate PRV 
The strength of this procedure is based on the great 
sensitivity and specificity of the ELISA tests used. This 
testing strategy makes use of statistical methods along with 
test results to defme the negative population.7 

Future of serological 
testing 
As producers and veterinarians focus on managing disease, 
serological.testing and profiling will continue to increase 
in scope. Increasingly, ELISA tests will be developed with 
more tightly defmed specificities and sensitivities so that 
we can better define prevalence and eradication parameters 
for a wide variety of diseases. ELISA testing will allow 
us to automate several tests into one procedure and 
decrease the costs of each. test, making profiling a very 
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affordable management tool. Tests for maternal antibodies 
and/or primary vaccination responses will need to be 
commercialized to increase uniformity and to allow us to 
clearly understand how to schedule vaccinations and 
respond to pathogens. A national system of laboratory 
standards must be implemented, based on the new 
technology, to decrease the variability between laboratories 
and standardize their internal validation systems. 
Continuously developing serologic testing will give the 
swine industry a clearer picture of how to chart its future. 
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Nutritional economics: 
Are you ready for the year 2000? 
Kernkamp Lecture 
Jim L. Nelssen, Mike D. Tokach, and Robert D. Goodband 

The major factor determining current and future fmancial 
success in the swine industry is gaining access to 
technology and implementing it. Visionaries of the swine 
industry commonly believe information technology· will· 
be in fewer hands and will be more tightly controlled. Only 
time will tell if these visionary experts are correct. 
However, as a technologist in a rapidly changing swine 
industry, you must be in tune with· the often-referred-to 
"technology treadmill" if you expect to have a decision
making role in a futuristic swine business. In fact, the 
economic success ofyour clients and the community you 
live in will be determined by your ability to adopt and 
adapt new technology. Your ability to network technology 
will determine whether you will be a player in the swine 
industry in the year 2000. 

For the last 5 years, our swine team at Kansas State 
University has been working under the assumption that 
technology will be in fewer hands. In 1991, we initiated a 
futuristic technology program entitled "Vision 2000" to 
streamline information and research to our Kansas swine 
industry. Upon the advice of many swine producers, 
veterinarians, and allied industry friends, we next 
developed a blueprint flowchart targeting what key 
technology areas will dictate economic successin the swine 
business (Figure 1). From this flowchart, we have 
prioritized and concentrated our research and educational 
efforts, Our goal is not to be all things to aU people. Our 
goal is to conduct cutting-edge swine nutrition research 
emphasizing the economic return of such technology to 
the producer. Our second objective is to disseminate this 
information to veterinarians, consultants, swine producers, 
and allied industry friends. 

Several review papers could be written on each component 
of the KSU blueprint outlined in Figure 1. I would like to 
focus my efforts on a small part of the blueprint-the 
economics of swine dietetics. It is natural for me to select 
this area, not only because it is the single biggest factor 
influencing economic success in the swine business, but 
because it is the area to which I've dedicated my 
professional career. I will try to incorporate current 

Department of Animal Science, Kansas State University 
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industry standard practices with a vision of swine 
production in the year 2000. These comparisons will 
highlight the financial implications in each segment of 
production. 

Nutritional technology for 
segregated early-weaned 
pigs to 50 lb 
Multiple-site production will be the industry standard in 
the year 2000. Segregated early weaning (SEW) is an 
exciting technology for increasing the efficiency of swine 
production and improving health status. Coordinating SEW 
production through producer groups will allow many swine 
businesses to remain competitive into the 21st century. 
Successful implementation of SEW programs has been 
made possible by giant strides in the nutrition and feeding 
of very young pigs. Nutrition programs for young pigs 
now include highly palatable and highly digestible 
ingredients that lead to increased performance and 
decreased mortality. Expensive skim milk products have 
been replaced with spray-dried porcine plasma and spray
dried blood meal as protein sources in the diet for young 

·pigs allowing for improved performance. 

. Diet sequencing in SEW nutrition programs present new 
challenges in nursery phase feeding. Proper diet sequencing 
is critical for maximizing performance and minimizing 
feed cost. Results of a recent trial conducted at Kansas 
State University' revealed that a traditional three-phase 
nutrition program should be altered for SEW management. 

. Because of economic considerations, a less complex 
transition diet is used in SEW phase-feeding programs. 
The recommended composition of a four-phase nutrition 
program and the traditional three-phase nursery program 
are outlined in Table 1. As an example of the potential of 
SEW technology, a recent trial using 320 pigs weaned at 
7 days of age weighed an average of 52 lb at 49 days of 
age and mortality was 0%. This demonstrates that early
weaned pigs can be fed dry diets and perform very well. 

A major concern about the widespread use of SEW by the 
commercial swine industry is conversion of traditional 
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Figure 1. Model to Maximize Profitability in a Modern Swine Production Operation 

Pig Production Business 
• Greater profits realized through 

formation of producer groups 
. or integration 

Arrow represents interactions (information, materials, people) 



Nutritional economics: Are you readyfor the year 2000? 

Table 1. Sequence and composition of phase
feeding programs for early or cOnventionally 

weaned pigs 

Early.Weaning 
(1 0 to 17 days of age) Pig Weight 

Conventional 
·weaning 

SEW Diet 
Transition Diet 
Phase 2 
Phase 3 

5-10 lb 
10-15 lb 
15-251b 
25-50 lb 

Phase 1 
Phase 2 
Phase 3 

SEW Diet 
Corn-based 
1.7%-1.8% Lysine 

. 0.48%-0.50% Methionine 
18%-25% lactose 
7o/o-1 0% Spray-dried porcine 

plasma 
10o/o-15% Soybean meal 
6% Added fat 
1%-2% Spray-dried blood 

meal or 3o/o-6% select men-
haden fish meal . ' 

Pelleted 
Ingredient cost: $640-$800/ 

ton 
Purchase cost: $720-$1 000/ 
ton 

Transition diet 
Corn- and soybean meal-

based 
1.4o/o-1.5% Lysine 
0.38-0.43 Methionine 
15%-20% Lactose 
2%-3% Spray-dried porcine 
.. Plasma 
2%-3% Spray-dried blood 

meal or select menhaden fish 
meal 

3o/o-5% Added fat 
Pellet or meal form . 
Ingredient cost: $350-$400/ 

ton · . 

Purchase. cost: $400-$500/ 
ton 

Phase 1 
Corn-based 
1.5%Lysine 
0.4,2% Methionine . 
15o/o-25% Edible-grade dried 

whey or lactose equil. 
15% Soybe.an meal 

6o/o-8% Spray-dried por
cine plasma 

5% Added fat 
0%-3% Spray-:dried. 

blood meal or select 
menhaden fish meal 

Pelleted 
Ingredient cost: $500~ 

$600/ton 
Purchase cost: $620-

$800/ton 
Phase 2 

Corn- and soybean meal
based 

1.30% Lysine 
0.36% Methionine 
1 0% Edible-grade dried 
whey or lactose eqi.Jil. · 

2%-.3% Spray-dried 
blood meal or select. 
menhaden fish meal 

Oo/o-3% Added fat· 
Meal form 
Ingredient cost: $180-
.. $210/ton 
Purchase cost: $200-

$240/ton 
Phase 3 

Corn- and soybean 
meal-based 

1 .20% Lysine 
0.33% Methionihe 
No added specialty 

ingredients 
Ingredient cost: $130-

$145/ton 
Purchase cost: $140-

$160/ton 
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swine production units into multiple-site production 
.. ·and the actual cost to raise a SEW pig to 50 lb 

· body weight. Veterinarians can serve as consultants 
to aid in designing and· implementing SEW 
technology in the commercial swine industry. 
Importantly, veterinarians can also serve as 
consultants to help reduce the cost of feeding the 
SEW pig to 50 lb., . 

Independent producer purchasing groups are rapidly 
growing in popularity to reduce swine feed costs. 
Several veterinarians are facilitating the start-up 
of new purchasing groups to lower SEW diet costs 
to the independent producer. Through· producer 
networking and use of the previously described 
KSU four-phase program, fe~ costs per pig have 
been substantially lowered (Table 2}. 

Ironically, both programs use exactly the same diet 
formulations and similar ingredient sources. The 
difference of$3.30 feed costs (45% higher cost) is 
totally due to purchasing power. Producer 
purchasing groups will greatly reduce the feed cost 
of producing SEW pigs in the year 2000. In fact, a 
·1 000 sow unit producing 22. pigs per sow per year . 
that uses off-site nlirseries can save $72,600 
annually in nursery diet costs simply by joining a 
purchasing group. · 

Nutritional technology 
fo~ growing-finishing 
swtne 
Improved swine genetic lines will continue to 
increase lean gain and improve lean efficiency 
through the year 2000. Many producers will be 

··· selling pigs with percent lean in excess of 60%. 
. Nutritional requirements for growing~finishing 
swine will be determined more aceiu-ately in the 
future using growth modeling techniques. as 
described by Schirickel (1993). Phase-feeding 
programs for separately fed b.arrows and gilts in 
growing-finishing barns will be managed ali-in-all
out by bam and possibly by site. Pigs will be fed a 
minimum, of two grower diets and two finisher diets. 
Although diets will be somewhatgenotype-specific, 
feeding recommendations will be modified based 
on improved lean gain and e:fficiency2 from the 
current lysine needs outlined in Table 3 ' . '' . 
Producers that are the most effective purchasers of 
grain, soybean meal, and basemix will be the lowest 

. cost pork producers oflean. In fact, the use ofbidded 
basemix illust~ates the need for .networking 
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Early weaning 
(1 0 days old) 
SEW Diet 
Transition Diet 
Phase II 
Phase Ill 

Table 2. Economic assessment of SEW diets 

Pig weight (lb) 
7-10 
10-15 
15-25 
25-50 

Diet Use (lb) 
3 
6 

14 
45 

KSU 
Cost 
$1.08 
$1.32 
$1.61 
$3.26 

Typical 
Feed Costs 

2.25 
2.52 

.1.86 
$3.94 

· Difference 
1.17 
1.20 
.25 
.68 

Total Price Per Pig $7.27 $10:57 $3.30 

Current prices for KSU diets of $720/ton for SEW, $440.00/ton for transition, $230.00/ton for phase II, 
and $145/ton for phase Ill diet. 

Typical industry prices of $1500/ton for SEW, $840/ton for transition, $265.00/ton for phase II, and 
$175/ton for phase Ill diet. 

Table 3. Dietary lysine Intake of high lean growth pigs required to optimize lean gain and efficiency 
· from 50 to 280 lb 

Weight, 
lb. 
50-90 
90-130 
130-170 
170-mkt. 

Gilts Barrows 
Lysine % Lysine g/d Lysine % Lysine g/d 

Total Digest. Total Digest. Total Digest. Total Digest. 

1.20 1.00 18.5 15.5 1.15 1.00 18.5 15.5 
1.10 .94 22 18.5 1.05 .88 21.5 18.0 
1.00 .84 23 19.3 .90 . 76 22.0 18.5 
.80 .67 26 21.8 . 70 .59 23.0 19.3 

Table 4. Economic Assessment of Bidded Basemixes for Growing-Finishing Pigs-Cost 
Per Ton of Feed 

Base mix 
Grower 1 and 2 
Finisher 1 and 2 

Basemix contains 3 lb of lysine. 

KSU Costs 
$16.00 . 
$12.50 

Typical Costs 
$21.00 
$17.50 

producers together(Table 4). The basemix would contain 
everything except the grain and soybean. The basemix 
contains macro and micro minerals, vitamins and will 
fortify the complete diet mix with 3 lb per ton of synthetic 
lysine. 

will define the nutrient needs of pigs fed each carcass 
modifier. .. 

Nutritional technology for 
the breeding herd 

Using the example of a 1000-sow farm that finishes 21,500 
pigs annually, the economic savings of using a bidded 
basemix would be $30,000 annually. Bidded premixes can 
be used to further lower diet cost, relative to a bidded 
basemix. It should be noted that the nutritional programs 
are identical-only the method of purchasing has been 
changed. Specifications for bidding basemixes are 
provided in Table 5. 

Feed technologies such as carcass modifiers will be used 
by the year 2000 to increase carcass leanness, if found to 
be cost effective. Carnitine, chromium, and ractopamine 
are the most promising carcass modifiers, Future research 
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As sow productivity continues to improve with producers 
striving to reach 25-28 pigs per sow per year, nutrient 
requirements need to be periodically reevaluated for these 
high-producing sows. Previous nutrient recommendations 
were based on sows nursing approximately 7.5-8.5 pigs 
during a 28 day or longer lactation period. Through trial 
and error, many producers are fmding higher nutrient levels 
provide improved sow and litter performance based on 
their sow's feed intake, litter size, and lactation length. 
The swine industry has made some great strides in the last 
3 years trying to address these increased production rates 
and the nutrient requirements necessary to support them. 
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Table 5, Specifications for Swine Basemixes 

Guaranteed nutrient levels per pound .of 
base mix 

Item Units Starter (a) Grower (b~ Finishing (c~ Sow (d) Source 
Vitamin A USP 110,000 100,000 100,000 100,000 A 650 
Vitamin 03 USP 16,600 15,000 15,000 15,000 03400 
Vitamin E IU 440 400 400 400 E 50% 
Vitamin K mg 44 40 40 40 MSBC 100% (Menadione 
Vitamin B12 mg ,33 .30 .30 .30 B12 600 
Riboflavin mg 80 75 75 75 Riboflavin 95% 
Pantothenic mg 285 260 260 260 Cal Pan 1 00% acid 
Niacin mg 500 450 450 450 Niacin 99.5% 
Choline mg 1,650 1,500 1,500 5,000 Choline Cl 60% 
Biotin mg 2 Biotin 
Folic acid. mg 15 Folic acid 
Zinc mg 1,650 1,875 1,650 1,500 Zn sulfate or oxide 
Iron mg 1,650 1,875 1,650 1,500 Ferrous sulfate 
Manganese mg 400 450 400 360 Mn oxide or sulfate 
Copper mg 2,050 185 165 150 Cu sulfate 
Iodine mg 3 3.3 3 2.7 Ca iodate or EOOI 
Selenium mg 3 1.1 1.5 .9 Na selenite 

Calcium % 16.2 16.5 20 16.5 Limestone, Oical or 
Mcneal Phosphate 

Phosphorus % 9.3 8.65 7.5 9.0 Oical or Monocal Phos 
Lysine % 2.66 2.93 3.75 Lysine-HCI 
Methionine % 1.11 OL-Methionine 
Salt % 9.5 10.0 10.0 10.0 NaCI 

(a) Feeding rate for this basemix: Phase II Starter diet: 90 lb/ton. This basemix is to be included in a 
corn-soybean meal diet with 200 lb/ton edible grade, spray-dried whey, 50 lb/ton spray-dried blood 
meal. Fat (60 lb/ton) can be included as an option. This basemix can be used with corn and soybean 
meal in Phase Ill diets at 90 lb perton if 5-7 lb of salt is added separately. 

(b) Feeding rate for this basemix: Grower diets (50 to 120 I b): 80 lb/ ton. 

(c) Feeding rate for this basemix: Finishing diets (120 to market): 60 lb/ton. 

(d) Feeding rate for this basemix: Gestation and Lactation diets: 100 lb/ton. 

All phases of the reproductive cycle are closely related 
and influence each other. A nutritional practice in one 
phase may have its most important effect in some other 
phase. Many sows, especially first and second litter sows, 
lose extensive protein and fat during lactation and are in 
poor condition at weaning. It would appear logical to feed 
such sows liberally in the postweaning period. However, 
if the postweaning period is short, 5-l 0 days, these sows . 
could still enter gestation in poor condition. There has been 
some controversy as to whether high levels offeed intake 
in early gestation will decrease embryo survival in gilts. 
Recent evidence3 suggests that increasing feed intake of 
gilts for about 2 weeks after mating will not increase 
embryo mortality as long as feed intake is limited for the 
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first 48 hours after mating. In addition, the additional feed 
will put extra weight and condition on the gilt. For sows 
that are in good condition at time of mating, increasing 
feed intake to as much as 8.0 lb per day will not affect 
embryo survival. If the sows are in poor condition at time 
of mating, increasing feed intake up to 8.0 lb per sow per 
day for the first 2 weeks of gestation will significantly 
improve embryo survivaP 

The period between day 75 and day 100 of gestation is a 
critical period in the development of the mammary gland 
of gilts and sows. High feed intake by sows during this 
period reduces the number of milk secretory cells present 
in the mammary gland at farrowing· and, therefore, milk 
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yield during ·lactation is reduced with the result that 
litter weaning weight is reduced. Feed intake should 
be increased from day 100 to day 112 to maintain sow 

Table 6. Subsequent litter size of second parity 
gilts fed different lysine levels in the first lactation 

condition and enhance litter birth weight. _ __;. ___ '""""'"------------'""""'"--
Dietary Lysine, % 

Inadequate nutrient intake during lactation will reduce Item .62 .84 · 1.06 1.31 1.51 
milk production, increase sow weight and condition Born Alive 9.74 9.48 9.79 10.92 10.56 

11.0 loss and impair subsequent reproductive performance. Total Born 10.3 9.8 10.4 11.6 . 
Therefore, it is important to encourage the lactating 
sow to eat as much feed as possible during lactation. 

Over the past 5 years, lysine is the amino acid that has 
been most intensely investigated for lactating sows. Recent · 
research4-7 suggests that the lysine requirement is much 
greater for high-producing sows than previously suggested. 
However, not all of these trials have yielded the same 
response with this· in mind. 

How does a producer determine the lysine needs for their 
sows? Pettigrew performed regression analysis on litter 
growth rate and lysine intake from several trials and 
determined that 11.8 g oflysine is required for every pound 
of daily litter weight gain. A daily maintenance 
requirement (22 mg per 75 lb body weight (BW) or 
approximately 2 g per day of lysine for a 330-lb sow) 
should be added to. this requirement, while the lysine 
contributed fromtissue breakdown (approximately .2 g 
lysine per lb BW loss}should be subtracted to provide an 
estimate of the sow's requirement. Based on expectedfeed 
intake, the g per day requirement. can be converted into a 
dietary percentage. For example, if a 330-lb sow weans a 
litter weighing 135 lb at 21 days, the litter birth weight 
was 35lb, and the sow lost 10 lb during lactation, the sow 
would require 56 g lysine per day. 

100 lb litter gain per 21 days= 
4.76 lb per day; 4.76 lb per day x 11.8 g lysine per lb 
= 56 g lysine for litter gain; 56 g lysine for litter gain 
+2 g lysine for maintenance -2 g lysine from tissue 

breakdown = daily lysine need of 56 g 

Once the optimal lysine level for litter weight gain 

Campbell et al., 1993 (unpublished data; personal 
communication). 

that a high lysine lactation diet fed to gilts results in an 
increase in subsequent litter size(Table 6). 1° Campbell, et 
al., 10 reported a 1.2 pig increase in the subsequent 
farrowing when gilts were fed a 1.30% lysine diet during 
their first lactation. This is an interesting finding that may 
provide insight into the second-parity dip in litter size often 
seen in swine herds. However, further research is necessary 
to verify these results. I firmly believe that modeling will 
be used to establish lysine needs of the high-producing 
sow of the future. 

Another area of controversy concerns the. level of other 
amino acids for the lactating sow. The ARCH and NRC12 

suggested ratios are compared in Table 7. These ratios 
are in relatively close agreement for all amino acids, except 
for valine. As reviewed by Richert, et al.,13 there is 
considerable evidence that valine is an important amino 
acid for milk production. 

We conducted a field trial that demonstrated that the NRC 
ratio12 was more accurate than the ARC ration concerning 
,valine. Based on these results further research .is in 
progress to determine the valine requirement of the high
producing sow. Kansas State University and the University 
of Minnesota conducted a cooperative experiment to 
determine the valine requirement of sows nursing 10 pigs 
for an average lactation length of 25.7 days; All diets were 
foqntilated to . 9% lysine with all other amino acids at 

has been determined for your herd, there still remains ___ T;_a_b-le_7 ___ A_R_C_a_n_d_N_R_C_·_a_m_i-no_a_c-id-ra-t-io_s_f_o_r --

the question of sow longevity and the potential effects .lactating sows (a ,b) 
that lactation feeding may have on the subsequent _..;. ______ .;__ ........... _~--!.......:......:._ ____ __;. _ __.. 

litter size. The lysine or protein requirement for 
optimal litter weight gain is lower than that required 
to minimize nitrogen loss and muscle catabolism 
during lactation. King, et al.,9 had reported that first 
litter gilts nursing nine pigs required a 1.08% lysine 
diet (40.5 g per day) to maximize litter growth rate 
when feed consUlllption was 8.25 lb. However, to 
minimize nitrogen loss, a 1.30% lysine diet (48.8 g 
per day) was required. Coincidentally, the lysine level 
required to minimize negative nitrogen balance from 
King, et al./ corresponds with recent data suggesting 
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Amino Acid 
Lysine 
Isoleucine 
Met& Cys 
Threonine 
Tryptophan 
Valine 

(a) ARC11 

(b) NRC12 

ARC Ratio (c) 
100 
70 
55 
70 
19 
70 

NRC Ratio 
100 
65 
60 
72 
20 

100 

% Difference 
0 
7 
9 
3 
5 
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(c) Typically limiting amino acids are listed as a per
cent of lysine. 

1994 Allen D. Leman Swine Confercmce 



Nutritional economics: Are you ready [or the year 2000? 

Table 8. Effect of Increasing lactation -dietary valine on sow and litter performance (a} 

Valine Diets (Valine % of Lysine} Probability 
Values 

.75% .85% .95% 1.05% 
Item (83.3%) 94.4%} (105.6%) (116.7% Lin Qua cv 
Daily feed intake to d 21, lb/d 13.9 12.9 
Daily lysine intake to d 21, g/d 56.7 52.8 
Daily valine intake to d 21, g/d 47.4 49.9 
Litter wt., d 21 137.7 . 137.9 

·Litter wt gain to d 21 103.3 103.8 
Avg. piglet wt atd 21 13.58 13.55 
Sow wt change, d 21 3.22 -4.75 

Days of lactation as Covariate 
ADFI 14.17 13.18 
Avg. daily lysine intake, g 57.8 53.8 
Avg. daily valine intake, g 48.3 50.9 
Litter wt at weaning 168.0 167.9 
Litter wt gain d 0 to weaning 133.6 133.8 
Avg. piglet wt. at weaning 16.56 16.51 

(a) 40 or 41 sowsltrt with a 26 d lactation. 

least 110% of the NRC and ARC ratios, except for valine. 
Dietmy valine levels were: .75%, .85%, .95%, 1.05% and 
1.15% corresponding to valine:lysine ratios of 83.3%, 
94.4%, 105.6%, 116.7% and 127%, respectively. 

Results indicate a linear increase in litter weights at day 
21 (+7 lb) and weaning (+8 lb) and increased average 
piglet weights at day 21 (+.50 lb) and weaning (+.60 lb) 
with increasing dietmy valine (Table 8). However, there 
was no effect observed on sow weight loss or feed intake. 

Based on these results, it appears that valine may be 
increasingly used for energy and mammary tissue 
maintenance as milk production increases. This increased 
milk production requires more branched-chained amino 
acids, principally valine, to be used as energy and nitrogen 
sources for the synthesis of milk protein and other amino 
acids. This research implies that as we've started feeding 
high-protein lactation diets (~ 0.90% lysine), synthetic 
lysine cannot be added without encountering a valine 
deficiency. 

Sow feed costs are about 13% of the total cost of producing 
a market pig. However, I see as great a fluctuation in sow 
feed cost as in any other phase of production. To emphasize 

Table 9. Economic assessment of bidded 
basemixes for sows-cost per ton of feed 

Gestation 
and Lactation KSU Costs 
Basemix $20.00 

Typical 
Costs 
$29.50 
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13.1 13.7 .99 .11 14.7 
53.5 56.0 .98 .11 14.7 

"56.5 65.2 .001 .16 15.1 
141.1 143.3 .02 .92 11.8 
106.5 109.2 .02 .95 13.9 
13.89 14.01 .06 .97 11.3 
-5.39 0.82 .52 .25 -600 

13.55 13.97 13.83 .89 .13 14.3 
55.3 57.0 56.5 .89 .13 14.3 

. 58.4 66.4 72.1 .001 .20 14.7 
171.5 173.8 176.2 .02 .73 11.0 
136.9 139.7 141.1 .02 .83 12.6 
16.88 17.07 17.14 .05 .97 10.3 

the need to keep sow feed costs in line, aKSU sow basemix 
purchased through bidding is compared to the exact same 
basemix purchased through normal industry channels 
(Table 9). Again, the 1000-sow unit can save $12,500 
annually by purchasing the KSU sow basemix through 
the bidding process. 

Summary 

The swine industry will provide a bright future for 
producers who have a keen business sense. Producer 
alliances will be the standard practice when swine 
production is evaluated in the year 2000. Technology 
access will be essential for producer groups to be 
successful. We have outlined how to save at least $115,000 
per each 1000-sow unit simply by using feed purchasing 
power in the swine industry. This $115,000 feed savings 
was calculated from very typical and competitive industry 
prices found from many swine businesses with which we 
have had the opportunity to work. Although not politically 
popular, such economic analyses make sound business 
sense. Hopefully, politically popular and economically 
wise feed purchasing decisions will reach congruity by 
the year 2000. If this congruity is achieved, many swine 
producers will enjoy a bright future in an exciting swine 
business. · 
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Thirty years of SUSsing the porcine 
·immune syst,em: Reflections on 
swine serendipity 
Richard M. Binns 

This paper briefly documents the more significantfindings 
thatl, with many coll~agues and friends, have made during 
over . 3 0 · years of porcine immunology at Babraham. 
Together they have contributed to our understanding of 
how this species has evolved intriguing immtinological 
strategies to suit its lifestyle and illustrate the way that, 
being so similar to humat1s in many ways, it has so much 
to offer in biomedical research. Continuing research 
programs aim to further explore this fascinating animal's 
immune system and provide knowledge useful in enhancing 
its value both as a world food resource· and as an . 
experimental• animal in comparative medicine. 

The PhD years· 
My doctoral· research,' which .spanned 4 years beginning 
in late 1963, investigated the hypothesis. that the 
immunological "incompetence" of the newborn pig is 
probably not so much a function ofthe lack of effective 
immune machinery as of inhibitory events occurring in 
the newborn period (e.g., birth-associated stress, antibody
mediated inhibition, and environmelltal antigenic 
competition). It assumed thatfetal immunological 
competenceshouldbeclearly demonstrable and its onset 
readily defmed. · 

Histological studies (1963/4) of the lymphoid system of 
some 25 litters of fetuses, aged from ,...,30 days to term, 
identified periods of development in the thymus of large 
numbers Of lymphocytes (beginning at 40:45 days), a 
medulla (~50 days) and Has sail's Corpuscles (-55 days), 
preceding a period of increasing numbers of lymphocytes 
in peripheral lymph nodes (LN), spleen, and tonsils starting 
after~50days and acceleratinga£ter 65days. CoinCiding 
with the period of thymic lymphopoiesis, and peaking at 
about 55 days, there was a period ofmajor thymocyte 
phagocytosis (followed •...:.. 10 ·days later by a wave of 
eosinophils).·This was interpreted as a possible mechanism 
of inducing self-tolerance by deleting self-reactive Clones 
accompanying the appearance of "compet(mt" 
lymphocytes, a pt0cess possibly otcurringin the medulla. 

Immunology Departtnent, The Babrahai11Institute, CllmbridgeCB2 
4AT, UK. 
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Others were to show that thymic·medulla, and not cortex, 
contains cells that:. . 

• respond to PHA in young pigs; and 
• are able to induce graft-versus-host (GVH) reactions 

in chickens, 

supporting the notion that the.·development.of a medulla 
may be a significant step in the· early generation of 
immunocompetent cells. Moreover, l was able to show 
that this large-scale expansion of the peripheral lymphocyte 
pool in pigfetuses closelyparalleled the times of a similar 
sequence of events in sheep fetuses taken at 45-65 days, 
a period when A.M. Silverstein was fmding the onset of 
some antibody responses. · 

Studies of the actual development of imniune reactions by 
injecting Large White pig fetuses with the conventional 
flagellar protein antigens of formalized Salmonella 
oranienberg (Hmt) or the cellular antigens ofallogeneic 
leukocytes initially identified a period from 80. days of 
gestation to term when positive immune reactions resulted 
and before this, at 60 days, a period of unresponsiveness 
or tolerance:-induction. Thus Hmt at or after 80 days 
resulted in agglutinating antibody present in the piglets' 
serum before suckling and obvious specific immunological 
memory. Memory was demonstrated by reinjection of all 
piglets -2 weeks after birth. The biphasic primary 
responses found, with waves of 2-mercaptoethanol., 
sensitive IgM antibody peaking after a· mean of 9 days 
and maiilly2ME•resistant IgG after 36 days, became a 
single enhatlced anti-Hmt IgG response {Figure 1). 
Injection at60 daysgave no presuckled serum antibody 
andareduced or delayed lgG responseon reinjection. 
·Further study showed specific antibody production in utero 
present infetuses14 days after injection with Salmonella 
Hmt or Hi (Salmonella aberdeen) antigen or sheep RBC 
at 80 days and a small response only to Hmt in fetuses 

. mjected at 60 days, evidence that the capacity to sWitch 
. onantibody (lgM) synthesis develops at 60~ 70 days. 2 This 

period coincided in l~ter studies with the natural 
appearance in the fetal circulation of: 
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Figure 1. Primary, Secondary and Suppressed Antibody Responses in Young Piglets. 

The typical biphasic antibody response against formalized Salmonella oranienberg (Hmt) injected 
into 2-week-old piglets (panel 1) has waves of 2-mercaptoethanol-sensitive (lgM) and -resistant (lgG) 
agglutinins (seen in 30 piglets). This is enhanced by previous experience of the same (but not different) 
antigen injected into the fetus at 80 days of gestation (o.g) (panel 2-monophasic predominantly resis
tant lgG) but suppressed by experience at 60 days o.g (panel 3-biphasic responses with resistant lgG 
delayed and/or markedly reduced). Piglets injected at 80 days o.g. or later also had antibody in their 
serum before suckling (resulting from the primary responses in utero). The injections were of -1010 

organisms per kg body weight. Mean data (± SE) from primary responses of 30 piglets showed aggluti
nating antibody first detectable 5.1 (± 0.2) days after intramuscular injection of antigen, two peaks at 9.2 
(± 0.2) days (reciprocal serum titer 284 ± 44) and 36.5 (± 2. 7) days (titer 215 ±55), with 2-ME resistant 
titers of 0 and 44 ± 10 respectively, and an intervening nadir at 22.1 days (titer 33 ± 6). The data in the 
three figure panels (Primary, After priming at 80 days in utero (i.u.), and After priming at SO day i.u.) are 
shown as the reciprocal of the log2 of the last dilution of serum giving flocculation of the antigen suspen
sion: Closed symbols = whole antibody; open symbols = after standard treatment with 0.1 M 2-
mercaptoethanol. 
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Thirtyyearso[SUSsingthe porcine immune system: Reflections on swine serendipity 

• B-l)'mphocytes bearing surface immunoglobulin(slg) Transplantation studies 
. in pig{--70 days)and sheep fetuses (52-80 days), later 

shown to include antigen-binding cells;2.3 and 

• E-rosette-foniling T cells, 4 

all evidence of a rapidly developing immunological 
capacity more than a month before birth. 

In support of the suggestion that the immune system 
develops rapidly at 60-80 days, fetuses injected i.p. with 
allogeneic leukocytes at or after 80 days showed 
accelerated and altered rejection of skin grafts from the 
same unrelated donor placed -2 weeks after birth 
compared to littermates. In contrast, there was either no 
change in response or tolerance after a60 day injection of 
leukocytes. Some bone marrow-injected pigs carried donor 
skin for many weeks (one> 110 days)5 and later tolerated 
functioning ovary or kidney allografts from the same donor 
for months (studies with F.A.Harrison and R.Y. Caine). 
Some fetuses injected with lymphocytes at 80 days showed 
evidence of GVH-induced runting5 and some injected 
earlier simply disappeared, presumably killed by this 
process and reabsorbed. Newborns, after fetal injection 
with bone marrow, also showed evidence of hemopoietic 
cell chimerism with circulating donor erythrocytes present 
before· suckling {studies with P. · Imlah). ·All these early 
studies left the still outstanding question of the nature of 
qualitative deficits ("immaturity")which mayexistinthe 
immune function of developing young, be it in antigen.,. 
presenting, lymphocytic, or other cellfunctions. 

After these histological studies and before fetal immune 
responses were directly demonstrated (1964/5), it was 
necessary to develop reliable minimally invasive methods 
to assess the immunological responses ofthe fetuses. The 
healing and rejection of skin-grafts, the collection of donor 
bone marrow and.lymphoid celis, and.the injection and 
tattooing (for postnatal identification} offetuses in utero 
were all characterised.1•5 One preparative procedure was 
to prove seminal. Efferent lymphatic cannulation, designed 
to collect donor lymphocytes formyfetal injection studies 
(described above), showecl· that efferent lymph draining 
several LN contains almost no·white .cells,6 suggesting 
either that pig lymphocytes do not recirculate (calling for 
later analysis of the behavior ofsubsets of this species' 
lymphocytes) or that recirculating l)'mphocytes must return 
from the lymph node directly to the blood/ andnot by 
efferent lymph, shown in the previous2~Jyears tobe the 
exclusive route in the rat by Gowans and in the sheep by 
Hall and Morris. Much later evidence proved the latter 
view. 7•8 ASsociated with radical functional differences were 
distinct anatomical differences in the structurally inverted 
LN developed in several species of the Suidae (see 
"Functional anatomy of lymph nodes," below).8 
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Further studies of the pig's transplantation immunology 
were to show, intriguingly, that in contrast to other organs, 
unrelated donor liver allografts can survive for years 
without immunosuppression.9 This finding was later 
confirmed for fully MBC-mismatched grafts when the 
major histocompatibility complex (MHC) was identified10 

(the first in farm animals), and encouraged the early 
development of human clinical liver transplantation. 
Nevertheless, MHC-compatibility proved critical for 
survival of other organ transplants, which usually only 
survived long~term in MHC-matched individuals.ll Several 
mechanisms are probably involved in the nonrejection of 
allogeneic liver cells, including their lack of parenchymal 
MHC class II and release of soluble MHC class 1.12 In 
practice, liver grafts protected other donor tissues 
transplanted at the sametime9 and soluble antigen isolated 
from liver (but not spleen), like the whole organ, induced 
survival of donor kidney grafts. 13 · 

Knowledge of the pig MHC enabled several lines of Large 
Whites to be developed which were MHC-homozygous. 
Most of these failed (after a few years)for one reason or 
another. However one, started in 1970 from an-identical 
MHC-homozygous pair, initially called '1/1' and. later 
SLAb/b, has survived to this date, doubtless with 
increasing genetic uniformity on many other chromos.omes. 
Leukocytes transferred between pigs within the inbred line 
survive like autologous cells for >2 weeks, unlike those 
across the MHC barrier.14·u This has been the basis of a 
large body of leukocyte trafficking physiology (described 
below) over some 20 years using both tracing of variously 
labeled cells and perfusion of lymphoid organs. 16•17 The 
use of this line has been enhanced recently. by the 
development of sub lines positive and negative for a CD45 
allotype (recognized by mAb MAC323), enabling easy 
identification.of 323+ donor .cell subsets in 323- host 
tissues by two-color immunohistology or cytofluorometry, 
post hoc and without the need for isolation of subsets or 
their prelabelling; 18 

This inbred line of pigs is receiving attention in another 
field of transplantation, namely as a potential· donor line 
for human organ xenotransplantation to make up for defi
cits in the availability of human organs. Scarcity, moral
ity, and health reasons all make the great apes impractical 
as donors. The pig's size,fast growth,. prolificacy, health, 
and physiological similarity to humans are making it the 
donor species of choice when the problem of damaging 
natural anti-pig antibodies (against cell surface polysac
charide epitopes) present in all people can besolved by 
transgenic manipulations of the pig's cells. 19 The SLAb/b 
line's 0 red cell type, lack ofhalothane-sensitivi ty genes, 
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and proven ability to closely inbreed bybrother x sister 
matings, (thus enabling future expansion oftransgenically 
modified pig lines), make it.particularly suitable. A cur
rent program with colleagues in the United Kingdom and 
Europe is investigating several possible strategies to evade 
the effects of human/pig incompatibilities by transgenic 
manipulations to SLAb/b embryonic stem cells in the at
tempt to generate a 'universal'· organ donor. 

In contrast to organs and cell suspensions, skin allografts 
do not survive for long, even if MHC identical, though 
such COtnpatible grafts show slower rejection and induce 
no anti'"donor cytotoxic antibody. 1•5•11•12 The mechanisms 
responsible for rejection of pig skin. allografts remain 
unclear, and their investigation in the late 1960s and 1970s 

· · led to several relevant findings. Other cell-mediated 
alloimmune mechanisms in the pig were shown to be 
vigorous. Thus b.othin vitro MLR reactions and the 
generation of cytotoxic CD2+T cells (see 8) and in vivo 
the popliteal lYtnph node GVH assay15 were similar to 
those in other species. However, procedures aimed at 
markedly depleting peripheral T cells, such as treatment 
withpotent antithymocyte serum (ATS), neonatal 
thymectomy alone or with ATS, or whole body X
irradiation, even to levels causing severe cellular 
immunosuppression and runting, hardly affected· MHC
incompatible skin rejection. 7•8 Clues to the failure to prevent 
rejection may lie in the fact that macroscopically typical 
"rejection" of 4.:.day allografts follows iv injection of 

. antidonor cytotoxic antibodies, suggesting that antibody
mediated, rather than T -cell mechanisms, may be more 

. important. · 

Afferent lymph and 
antigen-presentation 
The major deficit in leukocytes in pig • efferent lymph
draining LN isn.ot found m afferent lymph, although 
lYtnphocyte numbers are relatively low (see 8). As in other 
species, a. large subset of dendritic "veiled" cells, related 
to the skin Langerhans cells, is present. These very active 
cells, which we·showed carried MHC class II·('Ia-like') 
antigens, Fe receptors, andimmunoglobulin (presumably 
passively acquired), were very potent inducers of contact 
sensitivityto dinitrofluorobenzene (DNFB), a DTH 
reaction (studies in 1970 by Dale McFarlin and Brigid 
Balfour. and one oft4e first experimental uses ofthe SLAb/ 
b pigs);· Skin sensitization is accompanied by a large flux 
of lymphocytes and by mobilization of veiled cells to the 
draining. LN, events of increasing· interest in our current . 
investigation of the mechanismS of cutaneous inflammation 
and effector cell function (see below). 20 Unexpected 
developments highlighting the importance of the veiled 
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cell have come·in recent elegant research by Dr. •Balfour 's 
colleague, Stella Knight,· which shows the debilitating 
effect that the AIDS virus in humans has on the antigen
presenting function of these cells in primaryT -cell immune · 
reactions and so on the whole immune system. 

Lymphocyte· heterogeneity· 

Our 1964/65 fmdings on near cell-free efferent 1Ytnph6 

highlighted the need for information onth~ heterogeneity 
of properties and behavior of bloodlYtnphocytes (PBL) · 
beyond the small/medium/large "classification," starting 
with the T IB functional division emerging jn mice and 
humans · .. U1 the late 1960s. Several fluorescent antibody or 
rosehing assays, often identifying high- and low-antigen
expressing populations in young and sometimes fetal pigs, 
were developed in the late 1960s and 1970s. These 
classified subs~ts ofpig blood lYtnphocytes into: . 

• slg+ and complement-receptor+ B cells: T cells 
rosettillg with sheep and pigRBC(E+); and . 

• Fc-receptor+ and MHC chiss II+B and Tcells (often 
using protocols enhancing the sensitivity of cell:cell 
interactions). · · 

Their in vitro behavior waschatacterizedin terms of 
adhesiveness to nylon wool and responsiveness to mitogens 
like PHA, ConA, PWM, PPD and allogeneic cells (see B). 
These in vitro . properties marked populations that. were 
affected quite differentlyin vivo by agents thatselectively 
deplete lYtnphocytes either in the short-term, such as whole 
body irradiation (WBI) and cyclophosphamide (both 
affecting B>T) or in the long-term, such as tbYtnectollly 
(Tx) alone21 .or potentiated with ATS or WB. 8•17 · 

Paradoxically, although ne()natal thymectomy alone 
induces marked lymphopenia with loss ofcells from the 
T-cell areas ofLN (apparently due to some selectivedeficit 
in the capacity ofTx lymphocytes to.enter LN~seebelo~) 
and inhibition of the responses in vitro in MLR and in 
vivo to DNFB, E-i:osetting T cell numbers in blood are 
notmarkedly reduced.~2 . Instead a slg-~~ lYtnphoc)'te, 
shown in 1975 tobemarkedlyenriched among nylon-non- · 
adherent cells (which lack B cells23), almost completely 
disappeared. 22 This ''Null cell" population (also identified24 

and much later, characterized in ruminants25), with the 
advent of monoclonal antibody (tnAb} techniques/6 was 
eventually proyed to have no~el population-specific 
(MAC320) and several subset-specific antigens and gdT 
cell receptors (TCR), but did nqtexpress CD2, CD4,CD8,. 
MHC class II or Fe rec~ptor,27•28 (at1d did not respond toT 
cell mitogens2~), all of which are properties characteristic 
of-populations of circulating E+(CD2+) T cells.26 The 
apparenfparadoxes were resolved when E+/CD2+ and 
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Null cells were both confmned to beT cell's, silice.both and it subsequently transpired that several mammals with 
devel~p in the thymus29 (though occllrring predominantly relatively hairless skin and/or an aqueous lifestyle (e.g., 
in different parts). and emigrate in thymic venous bl()od, 30 the cous,ins of the domestic pig, hippos, peccaries, dolphinS, 
proving their thymic prigin. I{owever,it was evident that and probably elephants and rhinos) may have variants of 
post-thymic E+/CD2+T cells can proliferate outside t4e these structural changes (see 8); suggesting that this 
thymus (see 8.16) thus explaining· their insensltiyity to evolutionary change may be of protective· advantage in 
thymectomy(Tx).These Txcells apl>ear to be selectively this challenging microenvironment. Each pig LN consists 

. unable to recirculate back to LNs (or thymus ),15 {indicating of several node lets or systems in the. same capsule, each 
a role of thymic:.processing ·.in the LN endothelial inverted compared to theconventionalmammalianpattern, 
transmigration [see below]), explaining the depletion of. served by an afferent lymphatic and containing three 
lymphocytes in LN paracortex ofTx pigs. 8 Identifying a functional zones~ These are: 
functional role for this major (~50%) enigmatic population 

• a central thymus-independent "cortex" beside the in-
ofblood gd T cells and for its subsets and surface antigens filtrating afferent lymph channels that contains B cells 
constitutes one of the important unresolved questions of and follicles, stimulated by conventional protein anti-
immunology, though.· ·dues may.· come from i.ts peripheral 
trafficking behavior (see below) .. 28 · 

A further level of lymphocyte subset heterogeneity26 

concerns the functional molecules related to their activation 
state and cellular interactions, including: 

. . . 

• the interleukin-2 receptor {IL2R) CD25 and Prolifer
ating Cell Nuclear Antigen of dividing cells; 

• theCD45R isoforms apparently differentiating resting/ 
naive T cells (CD45RA/C) from activated/memory T 
cells (CD45R0);31 and 

• the interacting systems of adhesion molecules and their 
ligands on leukocytes and endo~heiium, such as 

. -.-:-the integrins (LFA-1 or VLA-4) with Ig-supergene 
familymolecules (IC;\M-l/2or VCAM-1), 
-the selectins (LIP/E) with their sLex/a-epitope'- b(:ar
ing ligands, ahd . . . . . 
-CD44. with, as yet; poorly defined ligarids {see be-
low). 32,33 · · · · · 

Such molecules appear to play a critical role in most 
lymphocyte interactions; e,g~, with other lymphocytes, 
antigen-presenting cells ·and. target cells during killing 
processes, by stabilizing the. other illteracting molecular 
processes critical for activation, i.e.; 

• Igor TcRwith.antigen (the latter on MHC); 
• CD4 with MHC classll; 
• CDS with'MH(:>class I; • 
• CD2 with CD58 orCD59; and 
•. cytokines with their re~eptors. 

Function~l anatomy of 
lymph nodes 

. . 

Literature searches, when we first identifiedtheJymph 
peculiarities; showed that the structural inversion of pig 
LNhad been known since the studies .ofChievitz in 1881 
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gens and depleted by systemic cyclophosphamide treat-
ment; 

· • the adjacent diffuse lymphOcytic "paracortex" contain
ing T cells, interdigitating cells, and postcapillary 
venules (PCV) with enlarged ("high") endothelial cells 
(HEV), which is stimulated by DNFB,. skin grafts or 
PPD in the drainage area, and is depleted by ATS treat
ment or thymectomy, (since it is the site of major lym
phocyte recirculation7•8•16); and 

· • a peripheral deflse "medulla'' with few sinuses, con
taining macrophages (and sometimes eosinophils and/ 
or plasma cells), which is the site of efficient removal 
of debris and foreign material from the extracellular 
fluidllyffiph stream. .. · 

Several lines of different evidence confirmed that 
lymphocyte recirculation through LN. is extensive, 
selective, and unconventional, since lymphocytes enter and 
leave by specialized PCV-endothelium.8 These include 
tracingthe entry, transit, and exit of cells labeled with 
51Cr, 3H~adenosine or 3H-uridine, orFITC; or using the 
CD45323 allotype marker, and either infused via afferent 

.lymphatic or. artery or followed during LN perfusion. 
CD2+ T cells an"d B cells enter LNs via paracortical· PCV, 
migrate to· their respective areas· and .. emigrate again via 
PCV s. 16 Null gd T cells, which arrive in the parattabecular 
sinus presumably from afferent lymph but perhaps also 
via ·local blood vessels, ·occur in small· numbers dose to 
the sinus and· appear to . traffic rapidly through the·. LNs 
(traced kinetically in fetal sheep in utero, from blood 
through a cannulated prescapular LN, and into lyniph): 
This process is:probably quick in pigs since LNs either 
perfused in vitro or drained by the vein afterFITC-labeling 
invivo, release Null Tcells within ~15-30 minutes but 
thereafter onlyB and T cells. 28 Incidentally the xenogeneic 
trafficking ill fetal sheep shows. that the molecular 
determinants of entry and exit are strongly conserved in 
evolution and thus carr not involve newly-developed 
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molecules for the lymphocyte/endothelial cell interactions 
(see below). 

Other lymphoid tissues 
Several other lymphoid tissues (LT) occur in the body 
located either: 

• as organized lymphoid structures with functionally dis
tinct T and B cell areas at body surfaces (such as the 
tonsils, intestinal tract Peyer's patches (PP), the bron
chus-associated LT and probably follicular LT nodules 
elsewhere), in thymus and in the blood-compartment 
in the form of the splenic white pulp; or . 

• in sites of apparently diffuse localization, for instance 
in the lung microvasculature, bone marrow, .liver, omen
tum, splenic red pulp, LN medulla, lamina propria at 
mucosal surfaces, the alveolar space and inflamed tis
sues elsewhere. 

In these diffuse sites, at least the first three, there are 
constitutive trafficking populations and inthe last four, 
sites of effector-cell function and/or proliferation. 16•17 All 
contribute to, and extract· from, a pool of whole-body 
recirculating lymphocytes in equilibrium with the blood 
populations (which forms a small proportion <5% of that 
pool). 16 Each of the organized lymphoid tissues has 
dendritic "professional" antigen-presenting cells (related 
to the veiled and interdigitating cells-see . above) 
presenting locally derived antigen efficiently to these 
recirculating lymphocytes. It is this process that brings 
together functionally the dispersed but integrated tissues 
of the pig's immune system in both the afferent, often 
locally specialized antigen-recognition, and the resulting 
efferent systemic or local effector cell functions, such as 
isotype-specific antibody production and·cytotoxic T.cell 
activity, also controlled by regulatory T cells. · 

Leukocyte trafficking: 
Endothelium, mechanisms, 
and molecules 
Our trafficking studies over the years16•17.34 have been very 
revealing in providing insights into the regulation of this 
integrated immune system. They have demonstrated 
ll11Suspected heterogeneity among the tissues in the level, 
ontogeny, specificity, and subsets of their migrating 
lymphocytes and lymphoblasts. In inflammatory tissue too, 
differences were found in the types of infiltrating 
leukocytes and their entry kinetics dependent on the tissue, 
the inflammatory stimulus, and the stage of the reaction. 
This regulation is achieved by a cascade of interactions of 
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molecules on specialized endothelium and the 
complementary leukocyte receptors. 35 

Functional heterogeneity is present frrstlyin an HEV- and 
nonHEV -mediated • classification. The entry of labeled 
lymphocytes into LN, PPs, tonsils, thymlis, and presumably 
bronchus-associated and other follicular LTs (''HEV
mediated") is markedly inhibited by their treatment with: 

• trypsin or chymotrypsin, presumed to remove adhesion 
molecules or cytokine-receptors; 

• pertussis toxin, presumed to inhibit G.;.protein-mediated 
activation; or 

~ circulating anti-CDl8 16~ 17•36.37, presumed to block lym
phocyte/endothelial mteractions via·the LFA-1/ICAM
pathway. 

In marked contrast, "non-HEY-mediated" cons'titutive 
entry into spleen, lung, and liver blood vessels and mos~ 
unstimulated tissues is completely unaffected, and into 
bone marrow and lamina propria is much less affected, by 
such treatments. However, under inflammatory stimulation 
by certain mitogens, cytokines, or antigens, entry into the 
low-traffic tissues (mostly studied for skin, sc tissue, gut 
wall and joint) is markedly in.creased for a limited period, 
dependent on the stimulus, and this increment is inhibited 
by the same PBL-treatments suggesting. that· HEV -like 
mechanisms are brought into play transiently to mobilize 
local defenses. This was confrrmed for the PHA-induced 
skin reaction by the presence ()fHEV-like structures (see 
below).17•38 · 

Further heterogeneity of lymphoid tissue trafficking is . 
evident in the level, ontogeny, and specificity of PBL
homing to constitutive lymphoid tissues, properties that 
distinguish between and within lymphoid organ types.1H 7 

Thus LN with consistently high, medium, and low levels 
of traffic are present, and this property is inherent since it 
is evident in fetuses that are antigenically secluded in utero. 
Similarly, four PP types are present: · .. . 1 

• the -30 medium-high traffic discretejej\Ulal PPs; 
• a 1-3m long ribbon of low-traffic ileal PP tissue, end

ing at the high- traffic ileocaecal junction; 
• a ragged -20cm-long high-traffic spiral colon PP; and 
• large numbers of -2mm medium-traffic PPs increasing 

in number down the large intestine. 

In ontogeny, the large intestinalspiralcolon PP doesnot 
traffic PBL until near term, but in the small intestine this 
capacity develops over 40 days ·before birth and the 
differences between high- and low-traffic. zones are already 
present. Intriguingly, the ileal PP also differs from the 
others in its lack ofT cells and T cell areas and in its 
regression in adulthood. As in PPs, the fetal palatine tonsil 
develops trafficking endothelium by 72 days in utero but 
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the to~gue pa~illary "microt~ns~ls"_do not_develop it until Future perspectives in 
near birth. EVIdence of specificity IS proVIded from: molecular dissection of the 
• the homing preferences oflymphocytesfrom spleen and porcine immune system 

visceral LN versus somatic LN; 
• the selective deficits of PBL from thymectomised pigs 

to home to normal pig LN or thymus, and 
• of rat LN cells to home to unsuckled pig thymus or 

PPs, while migrating effectively to other organized LT. 

So, subtle regulation, much of it inherent, is operating to 
control endothelial activity and selectivity by processes 
that have yet to be explained in either their mechanisms 
or functional roles. 

At sites of inflammatory change, even in a single complex 
tissue, the dermal and sub-dermal tissues of skin show 
subtle regulation of inflammatory leucocyte trafficking/ 
infiltration. Thus types of protease-sensitive cell entry, 
which differ: 

• in lymphocyte entry kinetics and inhibition by pertussis 
toxin; 

• in that their effects on infiltration are additive; and 
• in the content of subsets and polymorphs (PMN) 

are induced by PHA, phorbol ester, and the recombinant 
cytokines TNFa andiL-Ia.38 Such mechanisms are now 
being dissected at the level of individual adhesion and other 
surface molecules. Endothelial ligands for the L-selectin, 
revealed by the mAb MECA-79, are present on surface 
LN and some inflammatory 'PCV'39 and other constitutive 
HEV show characteristic labeling with lectins specific for 
particular saccharide epitopes. 40 In inflammation, the 
constitutive cutaneous endothelial expression of E
selectin41·42 is detectably upregulated there and elsewhere, 
starting 45 minutes after systemic or local IL-Ia, and 
differs in its kinetics of induction following IL-Ia, TNFa, 
PHA and PMA. 42 Apparently paradoxically, the early E· 
selectin expression parallels PMN accumulation and later 
the entry of PBV7, showing that other molecular 
interactions are essential for infiltration of each which must 
be different. Nevertheless it plays a critical role for both 
types of cell entry, as does CD18 (LFA-I), both shown by 
marked blocking oflabeled PMN and PBL accumulation 
at times of peak entry induced by these agents shown using 
F( ab')2 mAb preparations against each molecule. 37 As they 
become available, mAb preparations against other 
adhesion and chemokine molecule epitopes will be used 
to characterize their roles in constitutive and inflammatory 
trafficking of leukocytes using radiolabel tracing and 
blocking experiments. 
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Future research should aim to identifY more fully the criti
cal mechanisms of cellular function and interaction that 
determine the "choice" and efficiency of different forms 
of systemic and local immune response. Disease can result 
not only from deficiency of the main immune response to 
challenge but sometimes also from over-exuberant or 
inappropriate types of immune reaction. It will be impor
tant to investigate both classical immunological, and 
endocrine and neural mechanisms in investigating this 
inefficient regulation of immune reactivity. Study of the 
cellular interactions in developing immune reactions will 
have to focus on the impact of intra- and extra-cellular 
events in reactions between antigen-binding cells and 
appropriate antigen-presenting and lymphocyte subsets, 
and, after induction of effector function, with targets for 
attack. In the field of cell migration, that means under
standing the variables in both the mobilization and tissue
specific localization of the key cellular players in each 
tissue and type ofreaction. In this process, tissue-specific 
endothelial:leukocytic function will be all-important. 
Moreover, such reactions are not only important here. 
Understanding endothelial function will underpin future 
advances, not only in immune defense but also in eluci
dating immunophysiology relevant to transplantation, 
tumor nonrejection, allergies and autoimmune diseases, 
as well as in cardiovascular dysfunction. I believe that an 
understanding of endothelial functional heterogeneity is 
critical to the future therapy of disease in animals and 
humans and to improving the efficiency with which animals 
cope with their microenvironmental challenges .. 
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Interactions between nutrition and 
immunity 
Kirk C. K.lasing 

The academic field~ of nutrition and immunology are 
traditionally not areas of intellectual cross-fertilization. 
Most producers rely on nutritional expertise from feed 
company representatives or consulting nutritionists, who 
are trained in physiology and biochemistry, usually at a 
college of agriculture, to handle feed formulation. 
Veterinarians, trained at veterinary colleges in disease 
diagnosis and treatment, are employed to handle herd 
health. Often the relationship between these professionals 
is less than amicable and cooperation is modest. 
Nevertheless, there are extremely importantinteractions, 
synergisms, and antagonisms between these areas of swine 
husbandry that markedly affect the bottom line. This impact 
is bidirectional: 

• nutrition can affect the immunocompetence of the pig 
and thus its disease resistance; and 

• immune responses due to infectious challenges influ-
ence growth, metabolism, and nutrient requirements. 

These interactions are complicated by the number and 
variety of potential infectious organisms, the complexity 
of the immune response, and the large number of required 
nutrients. Obviously, research has not detailed appropriate 
nutrition for each of the 40-plus required nutrients to 
maximize resistance against the dozen or so primary swine 
pathogens. My goal is to demonstrate the general principles 
by which these interactions take place and provide 
examples that are of practical importance. Hopefully, this 
information will convince you of the need for closer 
cooperation between the nutrition and veterinary 
professionals in order to maximize herd performance and 
minimize feed costs. 

Impact of an immune 
response on growth and 
nutrition 
When a potential pathogen gains entrance into the body, 
it elicits several responses from the immune system. Some 
of the responses are very specific for the antigens on that 
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pathogen and are mediated mostly by lymphocytes. These 
acquired responses include cell-mediated and humoral 
immunity. Other responses are not specific for a particular 
pathogen and are mediated mostly by macrophages, 
monocytes, and heterophils. These are the inflammatory 
and acute-phase responses. It is this latter response that 
has the largest impact on growth and nutrition-related 
physiology of the pig. 

When monocytes and macrophages recognize foreign 
organisms, they release hormone-like factors called 
c)'tokines that orchestrate metabolic changes that underlie 
the classic acute-phase symptoms of anorexia, .lethargy, 
fever, increased blood white cell counts, and muscle and 
bone aches (Table 1). These metabolic changes impair 
growth and deposition of skeletal muscle and affect nutrient 
requirements (Klasing and Johnstone, 1991; Klasing et 
al., 1987; 1991). It is important to note that it is the 
responding immune system that mediates these changes. 
Thus, these symptoms are common to any infectious 
challenge that evokes phagocytic cells and is referred to 
as immunologic stress. The intensity of the stress response 
is proportional to the intensity of the challenge. The 
duration of the response is dependent on length of time it 
takes the immune system to eliminate the challenging 
orgamsms. 

Each disease organism has its own pathology that modifies 
the generic response. If there is tissue destruction, such as 
occurs to the villi of the intestine with Escherichia coli, it 
will affect absorption of nutrients. If a pathogen settles in 
the liver it will affect hepatic functions. Many pathogens 
have their own sets of toxins with associated pathology. 
Consequently, the total impact of an infectious challenge 
on metabolism and nutrition is the sum of generalized 
effects of the immune system responding to the presence 
of the pathogen and specific effects due to the pathogen 
itself. · 

Immunologic stress and growth 
We've developed an experimental paradigm to examine 
the impact ofgeneralized immunologic stress on the growth 
and· nutrient requirements of young chicks (Table 2). 
Healthy, specific~pathogen-free chicks are given a chal-
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Table 1. Overlapping roles of leukocytic cytokines in the 
regulation of metabolism 

lenge with either dead: Staphylococcus aureus 
in large amounts to simulate an infection or 
with Salmonella typhimurium cell-wall com
ponents (lipopolysaccharide; LPS). Injections 
are given on alternate days for a week. These 
immunogens were chosen so that the animal's 
genetic susceptibility does not produce large 
variability (standard deviations) in the re
sponse, permitting determination of changes in 
nutrient requirements. 

Response 
General 
decreased voluntary food intake 
increased resting energy expenditure 
increased body temperature 

Glucose metabolism 
increased glucose oxidation 
increased gluconeogenesis 

Lipid metabolism 
decreased lipoprotein lipase activity 
increased lipolysis in adipocytes · 
increased hepatic triglyceride synthesis 

Protein metabolism 
increased acute-phase protein synthesis 
increased muscle protein degradation 

Mineral metabolism 

Cytokines 
Responsible 

IL-1, TNF 
IL-1, TNF 

IL-1, IL-6, IF 

IL-1, TNF 
IL-1 

IL-1, TNF, IF 
IL-1, TNF 

TNF 

Another experimental. paradigm that we have 
used is to grow broilers in an environment with 
either a high state of sanitation (clean, fre
quently changed litter, filtered air to keep out 
dust and dander) or a very low level of sanita-
tion (manure build-up, lower rate of air tum-

IL-1, TNF, IL-6 over resulting in more dust and dander, etc.). 
IL-1 Weight gain, feed efficiency, and edible prod-

·increased metallothionein synthesis 
increased hepatic ceruloplasmin synthesis 

IL-6 
. IL-1, IL-6 

.· uct are significantly reduced in birds from the 
low-level sanitation (Roura et al., 1991 ). The 
growth patterns of the animals in these tWo 
situations are quite different (Table 3). In the 
clean environment, we usually see a very 
steady growth rate. In the dirty environment, 
the growth curve is marked by a series of dips 
(periods during whicbgrowth slowed down), 
followed by periods of accelerated, compen

Hormone release · 
increased corticosteroid release 
decreased thyroxin release 

· increased insulin and glucagon release 

IL-1, IL-6 
IL-1 

IL-1, TNF 

Abbreviations: IL-1: interleukin-1; TNF: tumor necrosis 
factor; IL-6: interleukin-6; IF: interferon. 

---------------------- satory growth. We try to keep the environments 
specific pathogen free with no identifiable infectious dis
ease. We think that a series of nonpathogenic challenges 
are occurring in the dirty environment, engaging the im
mune system and slowing the growth rate. As soon as the 

Table 2. Impact of Immunologic Stress on Performance of Broiler Chicks. 

Treatment Gain (~/d) Feed (g/dl Efficiency Pect. ~%l 
Control. 48 ± 3 75 ± 3 . 64 ± .01 22.6 ± 1 . 
S. aureus 45 ± 3 76 ±2 .59± .02 19.3 ± 2 
s. typh. 39±4 68 ±2 .57± .02 18.5 ± 1 
E. coli LPS 41 ±2 70 ±3 .58± .02 18.7±2 

Table 3. Influence of environmental sanitation on broiler chicks. 

Treatment Gain Feed efficiency IL-1 

Clean 
Unsanitary 
Clean+ Ab 
Unsanitary + Ab 
Pooled SEM 

g/chick/d gain/feed units 
12.65 (a) 0.66 (a) 0.21 (a} 
12.1 0 (b) 9.54 (b) 0.49 (b) 
12.72 (a) 0.67 (a) 0.22 (a} 
12.57 (a) 0.63 (a) 0.29 (a) 

0.14 0.02 0.03 

Sixty-four chicks were raised for14 days (from 3 to 17 days of age) in each of the two different environ
ments (clean or dirty) and fed diets either without antibiotic or with Streptomycin (1 00 mg/kg} and 
Penicillin (1 00 mg/kg). 
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immune response has taken care of the problem, compen
satory growth occurs. Although these data were gener
ated using chickens, our limited experience with a pig 
model suggests that interactions between nutrition, growth, 
and immunity are similar in swine. 

Immunologic stress and nutrition. 
Modulation of nutrient requirements due to an infectious 
challenge can be broken into at least two components: 

• those changes during the challenge when growth is 
slowed and the immune system is responding vigor
ously; and 

• those changes that occur following elimination of the 
challenging organism when pathologic insults are re
paired and growth is accelerated. 

Thus, in the normal pig we feed for normal growth (NRC 
requirements), in the infected pig we feed for the immune 
response, and in the convalescing pig we feed for 
accelerated growth. There is a surfeit of information on 
nutrition in the healthy pig and a paucity of information 
on the immunologically stressed and the convalescing pig. 

Because the most deleterious aspect of immunologic stress 
on growth is due to decreased feed intake, manipulations 
of the nutrient density of the diet would appear prudent. 
Increasing the energy density of a ration while keeping 
required nutrients at a constant percentage of the energy 
improves energy intake and the rate of gain of immuno
logically-stressed chicks (Benson et al., 1993). Conversely, 
the negative impact of immunologic stress on intake and 
rate of gain is more evident at lower dietary energy 
densities. In chickens, ingredients containing high levels 
of fat, especially those high in n-6 fatty acids, should not 
be used to increase energy density, as they are not well 
tolerated during an immune response. Further research is 
needed before we know whether this is also true for swine. 

In chickens, the requirement for lysine and methionine is 
decreased during immunologic stress, probably as a result 
of slower growth rates and decreased skeletal muscle 
accretion (Klasing and Barnes, 1988), and preliminary 
research indicates that the same may be true in swine 
(Klasing, unpublished data, 1994). Following the disease 
process, the compensatory growth induces an increase in 
amino acid requirements in chickens. In practice, if only 
one diet is to be fed, the amino acid fortification that 
supports maximal growth across the different physiological 
states may be greater than that commonly recommended. 
Though additional amino acid fortification may be 
necessary to support intermittent periods of compensatory 
growth, this may not always be a least-cost level because 
there is a surfeit of an1ino acids during periods when pigs 
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are actually being challenged and when they are healthy. 
The excess amino acids will be deaminated and used for 
energy during parts of the growing period. 

Quantitative changes in the requirement of trace minerals 
as the result of immunologic stress have not been subjected 
to detailed study in swine but can be surmised from known 
changes in metabolism, absorption, and excretion (Klasing, 
1988; 1993). Low circulating levels of iron and zinc are 
an integral part of the immune response and do not, in 
themselves, indicate higher requirements. The increase in 
hepatic zinc·during an infectious stress can be over four 
times that requited to account for lost plasma zinc. 
Likewise, the increased use ofMn and Cu for acute-phase 
protein synthesis indicates a several-fold increase in the 
requirement at the tissue level. This increased tissue 
requirement is met largely by a redistribution within the 
body. Increased fortification of trace minerals over the 
requirement of nons tressed animals does not augment these 
redistributions. Preventing the decrease in circulating zinc 
or iron concentrations by very high dietary levels impairs 
immunity. Increased excretion of zinc and copper and 
decreased absorption of iron indicate a net loss of mineral 
during the immune response. Thus, an increase in the 
requirement for trace minerals is indicated following an 
infectious challenge. 

Considerable interest has been expressed in the optimum 
form of trace mineral supplementation. Various forms of 
chelated, complexed, or proteinated trace mineral 
supplements command higher prices than organic forms 
of the same mineral, due in part to presumed advantages 
during stress. The goal of trace mineral supplementation 
should be to provide a readily available form that can be 
absorbed and replenish storage pools prior to the time that 
stress is encountered. Good storage pools of the trace 
mineral will· buffer the losses due to stress and facilitate 
the heightened (compensatory) tissue accretion that follows 
stress. The form of the trace mineral should not alter the 
normal redistribution of trace minerals that accompanies 
infection or stress. This is especially true for iron and zinc, 
because the lower circulating levels have protective value 
for the animal. Tuft and Nockels (1991) have shown that 
feeding EDTA increases the deposition of iron in tissues 
of chicks and increases their plasma levels. This 
predisposes the chicks to increased mortality after a 
challenge with E. coli, presumably by making iron more 
available for the replication and virulence of the pathogen. 
A similar scenario exists in the gut of a pig in that feeding 
additional iron increases E. coli proliferation and increases 
diarrhea (Knight, et. al., 1984). 

The nutritional modifications discussed above represent 
best guesses to maximize gain and feed efficiency during 
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a generalized immune response. Additionally, each specific 
disease state, because of its unique pathology, will result 
in additional changes in the optimal diet. Especially in the 
case of pathogenic disease organisms, it is not always true 
that diets thatgive maximal gain and feed efficiency during 
the course of an .infectiot1S challenge result in maximal 
survivability and nlinimal condemnation losses. · 

Effect of nutrition on 
immunity 
It is well documented that severe, chronic deficiencies of 
most .nutrients. and even marginal deficiencies of several 
nutri~nts impinge on the immune response; This is not 
surprising given the high rate of cell division and the large 
ensemble of cofactors for enzyme that are needed to elicit 
an immune response. Fortunately, severe deficiencies of 
nutrients are rarely seen in modem swine production due 
to thescientific formulation of diets. From a practical point 
of view several nutrients can markedly modulate immune ' . ' . - - . 
responses when dietary levels are varied over ranges that 
are well above those required to meet the NRC requirement 
(Cook,] 991; Tsiagbe et al., 1987). Probably the best 
example of this. situation is. the role of essential and semi
essential dietary fatty acids in cellular communication, 

. membrane fluidity, and second messenger elaboration 
·(Hwang, 1989). Fatty acids of the n•J and n-6 series are 
major constituents of most swirie feedsin variable 
proportions; Practical feed ingredients high in n-6 fatty 
acids include com, vegetable oils, restaurant grease, and 
poultry fat. Fishfat, fish meal, and linseed oil are the major 
dietary source ofn-3 fatty acids: Lardand tallow are not 
particularly rich sources of either of the immunoregulatory 
fatty acids. 

·After consumption, these. fatty. acids ate either · incorpo
rated. directly· into membranes or. they are elongated and 
further desaturated prior to incorporation into membranes. 
In most practical diets, the primary n-6 fatty acid is li
noleic.acid. A portion of linoleic acid is metabolized to 
arachidonic acid prior to incorporation into.membranes. 

··Ultimately the balance of n~6 series and n-3 series poly
unsaturated fatty acids in the phospholipid fraction ofleu
kocytes is proportional to the dietary content.. The n;..6 fatty 
acids are precursors for eicosanoids, such as the prostag
landins thromboxanes and leukotrienes. Because the 
amount and speed with which eicosanoids are produced is 
related to membrane concentration of arachidonic acid, 

. eicosanoid metabolism is related to dietary levels of n-6 
fatty acids. The concentration of n-3 fatty acids modify 
the rate at which arachidonic acid is converted to 
eiqosanoids. High levels. of membrane n~3. fatty acids 
inhibit eicosanoid synthesis. Presumably the ratio of n-3 

to n-6 fatty acids determines the rate· of eicosanoid pro
duction in leukocytes and accessory cells; providing an 
immunoregulatory climate. This interpretation is probably 
an over simplification sirice these two fatty acid classes 
also determine membrane fluidity, influence receptor bind
ing activities, and participate.in secondmessenger gen
eration, complicating the overall picture. Further compli
cating the picture is the factthat the various prostaglan
dins and leukotrienes have stimulatory and inhibitory roles 
in regulation of immune functions. 

Immunomodulatory aspects of dietary fatty· acids can. be 
easily demonstrated by feeding studies. A poultry diet 
containing menhaden fish oil, which is high in n-3 fatty 

. acids, results in macrophages that arebyporesponsive to 
interferon-y as a promoter of tumor-cell killing and have 
impaired eicosanoid production. Conversely, feeding 
saftlower oil, which is high in n-6 fatty acids, results in 
fun·· responsiveness of macrophages to interferon-y and 
augmented production of eicosanoids. The in vitro release 
of interleukin-1 bioactivity by macrophagesfrom chicks 
fed high levels· of n-6 fatty acids is markedly increased · 
compared to chicks· fed diets high in n-3 fatty acids. The 
augmented release of interleukin-l due to feeding n-6 fatty 
acids is accompanied by greater release of prostaglandin 
E2. Ingrowing leghomchicks, feeding dietaryn-3fatty 
acids erihances the antibody response ofchicksJoSRBC · 
vaccinations but suppress ratesoflymphocyte mitogenesis 

· after mitogen stimulation (Fritsche, 1991). Further 
research using a swine model is necessary to determine 
·whether. these mechanisms also occur in swine.... · 

Research ·in ·laboratory rodents demons.trate that .. other 
nutrients have immunoregulatory. roles· within the range 
of dietary levels col.lliltonly fed to· pigs. These include 
arginine, vitamin C, vitai11in D (in the l ,25 configUration), 
vitamin E, and vitamin A Pigs are also fed high levels of 
xanthophylls, which are present in corn. Although 
xanthophylls are not a dietary essential, they appear to 
have positive immunomodulatory properties in rodents. , 
Xanthophylls, vitaminC, and vitamin E appear to .exert at 
leastsome. of their positive effects br serving as 
antioxidants and maintaining the stability of leukOcyte 
membranes in the face of high levels of reactive oxygen 
intermediates at inflammatory sites. Research is needed 
to ascertainthe immunomodulatory role of these nutrients 
mprgs. 

Immunomod1Jlation by me~l 
frequency · . · .. · .. . 
Leukocytes have receptors for inany ofthe hormones in
volved in homeostasis. In pigs, the nutritionally respon
sive hormones. insulin, glucagon, corticosterone,.growth 
hormone, insulin-like growth factor-l, thyroxin, and the 
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catecholamines regulate the activity of ilDD1une .cells. 
Presumably, a diet-induced change in the relative concen
tration of these· hormones can impact leukocytes during 
the critical early phase of the immune response when cells 
recognize antigen, commit to cell cycling, cytokine pro• 
duction, and initiation of the immune response. Meal 
frequency and diet composition are often varied in swine 
production (and in poultry production) to accomplish 
various management aims. Short periods offeed depriva
tion enhance both cellular and humoralimmunityin leghorn 
chicks as would be predictedfrom the accompanying high 
levels of glucagon and growth hormone and lowlevels of 
insulin (Klasing, 1988). Conversely, overconsuming feed 
impairs ilDD1unoglobulin production and delayed-type hy
persensitivity.· Overconstililing results in a high insulin:
glucagon ratio that presumably mediates this effect. 
Prolonged periods ofstarvation (greater'than 48hou:rs) · 
results in greatly elevated corticosterone levels and impairs .. 
both cellular and humoral immune responses. Further 
research is necessruy to fully understand therelationships 
between meal frequency and immunomodulation in swine. 

It is apparent that nutritionists interested in maximizing 
immunocompetence should concern themselves with· the 
. pattern offeeding as well as the nutritional content of the 
diet. The detrimental impact of a· sudden increase in 
consumption demonstrates the need for caution when 
making dietary or management changes that result in 
sudden cha.riges in feed· intake. These relationships· also 
illustrate the need to coordinate feed. management with 
vaccination· schedules. · 
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The changing structure of the 
United States pori( industry 
AlanD. Barkema, PhD 

The shape of the United States pork industry is changing 
dramatically, as pork production shifts into the hands of 
fewer, larger farmers with closer ties to processors and 
consumers. The pork industry's changing structure is part 
()f a larger wave of change sweeping the United States 
food system. ·The changes are marked by fewer and larger 
farms served by fewer agribusinesses located in fewer and 
larger regional trade centers. The changes are in part 
evolutionary, with roots traced back through the decades 
to the second world war and before. But the changes are 
also revolutionary, as new factors lead not only to a more 
concentrated industry but also a more integrated industry 
from fanil to grocery. 1 

The revolution encompasses virtually all aspects of the 
food system, including food demand, food supply, and the 
structure of the food market itself. The food system is 
becoming more consumer-oriented, applying the latest 
advances in farm and food technology to better indulge 
the consumer's food needs. And to ensure that its high
tech products stay on target for specific consumer niches, 
the food industry is turning to new marketing channels 
that are better suited to the task. 

In the pork industry, the structural revolution has been 
triggered by shifting consumer tastes and rapidly advancing 
technology. The more sophisticated tastes oftoday's more 
discriminating consumers are challenging the industry to 
pack improved nutrition into more convenient products. 
The industry is responding with an arsenal of new 
technologies. To keep modem pork products on target for 
today's palates, the industry is also abandoning its 
traditional way of moving pork from the producer's lot to 
the dinner table. 

This article considers the changes underway in the United 
States pork industry today and what they suggest in the 
years ahead. The first section reviews the structural 
·changes currently taking place in the industry. The second 
section describes the causes underlying this structural 
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evolution. The third section considers the industry's future 
structure and finds that the wave of struc~al change in 
the pork industry will continue, resulting in a more 
integrated industry of fewer, larger fanns with closer 
market ties to pork processors. A concluding section 
examines the dilel11111a the industry's emerging structure 
creates for public policy, which is grappling with the 
tradeoff between the loss of traditional small farms and 
the economic benefits to consumers ofhigher quality, lower 
cost pork products~ 

The new shape of the 
United States pork 
industry 
A wave of concentration and integration is sweeping the 
United States pork industry. Pork production is 
concentrating in the hands offewer, largerproducers and 
processors. Meanwhile, hog farmers .and porkprqcessors 
are developing closer ties, forming a moreintegrated 
industry from the hog farm to the supermarket. 

A more concentrated industry 
In the past, hundreds of thousands of small, independent 
hog farms were the heart of the United States pork industry. 
Most small hog farms mixed hog production with a wide 
menu ofother farm enterprises, especially the production 
of com and soybeans, the main ingredients in hog feed. In 
the traditional production sequence, hog farmers purchased 
breeding stock from hundreds of small, independent 
producers and raised their offspring from birth to market 
weight on homegrown grains. The genetic makeup of hog 
herds varied widely from farm to farm, and a wide range 
of feeding and management systems boosted the variation 
in the nation's hog herd even more. 

Today, the pork industry is composed differently. The 
number of hog fanns in the United States has plunnneted, 
as the industry consolidates on fewer, larger, more 
specialized hog farms. During the past two decades, the 
number of hog farms has dropped from nearly 900,000 to 
only 250,000. Despite that drop, the total volume of pork 
production has increased, underscoring the industry's 
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Figure 1. Pork production and the number of hog farms in the United States · 

consolidation on largerfarms (Figure.1). A trend toward 
more concentration is also evident in pork processing, 
although not as pronounced as in pork production. In 1992, 
the largest four pork slaughter firms accounted for about 
42% of the nation's pork slaughter, up from 32% in 1972.2 

The trend toward bigger hog farms has accelerated in tile 
1990s. One recent survey found that the 57 largest United 
States producers, who accoimted for about a seventh ,of 
the nation'stotal pork production in 1993, planned to 
double their output by 1996, Seven of these large-scale 
producers already market at least half a million hogs a 
year, 3 Thus, rapid expansion by the industry's largest 
producers points .to further decline in the number of pork 
producers. 

A more integrated industry 
A change in marketing arrangements between hog farmers 
and pork processors has accompanied the industry's shift 
to fewer, larger farms. An increasing portion ofthenation 's 
hogs are produced under. contract with or are owned 
outright by pork processors or feed firms, a system called 
vertical integration. As a result, marketing linkages in the 
pork industry are tightening. From 1980 to 1990, the 
percentage of the nation's hog production under contract 
or vertical integration doubled to about 10%.4 0therdata 
show that up to 16% of the nation's hogs were produced 
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under contract or vertical integration in 1991.5 Thus, the 
trend toward a more integrated pork industry appears to 
be accelerating. 

In the. traditional marketing system--'-called "open 
production"-farmers sell market-weight hogs to the 
highest bidder among local hog processing companies or 
their agents. 6 Hogs arriving at market vary widely in size, 
shape, and quality characteristics. But the variation in the 
hogs makes relatively little difference in the price farmers 
receive because quality grades are broadly defined. In 
effect, farmers are generally paid for the totalliveweight 
of the hogs sent to market, even. though quality varies 
widely. 

Prior contractual arrangements between hog farmers and 
processors are rapidly taking the place of open production 
in the pork industry. In a typical contractual arrangement, 
the farmer is paid a flat fee, plus various performance 
incentives, to feed young pigs to market weight. The farmer 
provides land, labor, buildings, and equipment, while the 
contractor provides the young pigs, feed, veterinary 
supplies, and management advice. Thus, the contractor 
assumes much more control-and the farmer assumes less 
control-over the production process than in traditional 
open production. 
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Figure 2. Per capita consumption of beef, pork, and poultry 

Alternatively, some pork processors now rely on vertical 
integration to raise their own hogs. The key distinction 
between vertical integration and contracting is that even 
more control over the production process is transferred to 
the processor. Under vertical integration, hog farmers 
relinquish their independence and simply become 
employees ofthe integrated pork firm. 

the shift. toward a more integrated industry works hand 
in hand with the trend toward fewer and larger hog farms, 
much to the consternation of smaller producers. Processors 
who contract with farmers would prefer to manage a few 
contracts with large producers rather than many contracts 
with small producers. Integrated pork processing firms are 
likely to produce enough hogs to account for a significant 
portion of their processing capacity. Thus, the trend toward 
a more concentrated,. integrated pork industry has raised 
concerns that the nation's smaller, independent pork 
producers could lose access to markets and eventually be 
crowded out of the industry by much larger integrated 
producers. 
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The drive to a more 
concentrated and .. 
integrated pork industry. 
Three closely related factors appear to be driving the pork 
industry toward a more compact market structure. first, 
consumers have become· more discriminating,· requiring 
the pork. industry to design· its products more carefully. 
Second, new technology is overhauling the pork industry, 
giving it the means to tailor its products for the consumer's 
more discriminating palate. Third, a more compact market 
structure has improved the flow ofinformation between 
consumers and producers, ensuring that pork products are 
designed with·consumer tastes in mind. 

A more discriminating consumer 
Consumers have b~come more discriminating buyers of 
pork and other food products~ Faster-paced lifestyles and 
new concerns about nutrition are dictating changes in 
American eating habits. 

Pork con~umption has been nearly flat for the past three 
decades, while poultry consumption has surged and beef 
consumption has fallen (Figure 2). The shift to poultry is 
partly explained by a sharp drop in the price of poultry 
products. The real price of poultry products has fallen more 
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Figure 3. Real retail pricesof beef, pork, and poultry 

tluin a fourth during the past two decades, while beefand encouraging consumers to spend less time in the kitchen. 
pork prices have b.een nearly flat (Figure ~), But other In the past, consiunerswere willing to do the lion's share 
causes have also played a rolein the conswner's shift to · of meaJ preparation themselves, purchasing relatively 
poultry from red meat. unprocessed food products at neighborhood grocery stores 

and butcher shops and transforming them into meals in 
Shifting demographic parameters of the United States 

their own kitchens. Today, however, meals-on-the-run has 
population are altering the nation's eating habits. United become the national norm, with the time comn1itted to . 
States households are becoming. smaller and older with preparing a typical evening meal falling to only 15 to 30 
fewer m.. arr.ied couples and .. fewer childre. n .... The numb. er. of 

minutes. 7 Thus,· today's consumers are increasingly 
·households in the United States is growing faster than the 

· · shopping for conveniently prepared food products that fit 
overall population, primarily due· to an increase in the 

faster paced lifestyles, substituting the services provided 
number of single-person and single-parent households. 
Households with only one or. two. inhabitants, which by the food industry for at-home meal preparation. Senaur 

and others succinctly summarize these developments, 
generally spend less time in meal preparatiori1 now 
comprise more than half of all United States households. 

As United States households. have become. smaller and 
older, the percentage of dual income households has risen. 
Perhaps the most telling statistic on changes in .United 

stating, "The history offood and agriculture is a story of 
gradually shifting roles. First food· production, then 
processing, and now, increasingly, food preparation has 
shifted out of the household.''~~ 

· Even thoughconsurners are spending less time preparing 
States lifestyles in the past two decades is the increase in meals, their interest. in healthful meals and sound nutri
the percentage of married women working outside the 
home. Nearly three-fourths of United States women aged tion appearsto have strengthened; Modern consumers are 

well versed in the dietary recommendations of groups like 
25-54 are now in the work force, compared to about half . 

the National Research Council, the American Heart 
20 years ago. Association, and tlie United States Departlllent of Agri
In effect, the increase in the number of income earriers per culture. While most dietary recommendations still estab
household has pushed up . the value of household time, lis h. minimum consumption levels for key nutrients, avoid-
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ing overconsumption of potentially harmful nutrients
especially fat, cholesterol, and salt-is the new emphasis 
in healthful eating. 9 Rising consumption of fresh fruits and 
vegetables and declining consumption· of fat-rich foods 
like whole milk and beef suggest consumers may be tak
ing these recommendations to heart. 10 

In sum, consumers are challenging the pork indusby
and other segments of the food system-to tailor food 
products for more precisely defmed market niches. To fmd 
success in today's food market, pork products must be 
conveniently prepared, while cutting back on saturated fat, 
cholesterol, sodium, and calories. The poulby industry 
remains the leader in the race to win consumer favor with 
a wide,range of new products that promise both convenient 
preparation and healthy eating. But recent marketing 
efforts by the pork indusby, such as its "other white meat" 
campaign,. appear t~ be gaining ground. The bottom line 
for the pork industry is that it must satisfy more 
discriminating tastes at competitive prices if its products 
are to win consumer acceptance at the supermarket. 

A .more capable producer 

lean and fast with a minimum production of fat. For 
example, porcine somatotropin (psn. promises not only 
to boost feed efficiency and rate of gain but also to cut fat 
in pork products by 50o/0"'""'80%. Thus, pST promises 
another quantum leap in the industry's ability to produce 
the leaner pork products that today's consumers demand. 
Still, consumer acceptance of pork prOduced with pST 
remains an important question. But survey data suggest 
consumers' desire to reduce fat outweighs consumers' 
concerns about any adverse impact of pST on food safety. 7 

New market channels 
It is the job of the food tilark·et to coordinate food 
consumption and production, ensuring that pork and other 
foods are produced in the quantity and quality that 
consumers prefer. The pork indusby has long relied on 
price signals from commodity markets to guide pork 
products from farm to grocery. Price signals link consumers 
to retailers, retailers to wholesalers, wholesalers to 
processors, and processors to hog farmers. But consumer 
preferences are becoming more specific than traditional 
price signals can handle. 

A mind-boggling assortment of new technologies is Commodity price signals transmit general information 
enabling the pork indusby to meet the consumer's more well, but they are too fuzzy to transmit the more detailed 
stringent food demaiids. The indusby has a long record of . information required in· the modem pork marke.t. For 
success in applying innovative new technologies to boost example, the traditional pricing system in the pork industiy 
its efficiency. But the nature of the new technologies . classifies market-ready hogs into only four quality grades, 

. reaching commercial application today has changed.. based on a visual examination of hog carcasses and the 
e.xpected yield oflean meat. The grades. Jere established In the pa8t, most advances in agricultural techno.ogy were 
decades ago to reward hog fanilers for producing leaner 

generally output-increasing and cost-reducing, improving hogs. But modem consumers want pork that is even leaner 
such widely diverse efficiency measures as pigs per litter, 
feed efficiency, and rate of gain. The newly emerging than the leanest of the old grades. Jndeed, aCcumulating 

evidence· suggests that traditional live-weight pricing technologies, however, add a new promise to the industry's 
technological· advance. While still boosting cost efficiency, schemes provide little incentive for hog farmers to produce 
a key feature of the new technoiogies is that they enable the leaner pork that today's consumers want." . 
the industry to engineer its products to conform more Thus, new channels of communication are developing to 
closely to consumer preferences.. ensure that pork products are properly engineered to meet 

The product engineering process now begins on the hog the modern consunier's tighter specifications. Production 
farm itself, where the industry uses the latest technology contracts and vertical integration are especially effective 
to design hogs that produce the leaner pork consumers ways to transmit the consumer's more demanding product 
want. New measuring devices enable swine breeders to specifications to hog farmers. Processors replace fuzzy 
select the leanest, most producti've animals. Then new price signals with crystal-clear contract provisions that 
reproductive tecluiologies are used tO rapidly multiply spe.cify the genetics, feeding program, and management 

· typ f · · a1 S hi t" ted te ftw system to be used on hog farms. Likewise, pr:ocessors who supenor es o arum s. · op s 1ca compu r so are 
integrate directly intO hog production replace the traditional tracks and analyzes the performance of entire breeding 
pricing system with the internal administrative commands herds. Thus, the industry is achieving much more rapid 

improvement in the industry's overall-genetic pool. The of a single firm. Thus, both contracting and vertical 
result is leaner, faster growing, more efficient pigs than integration in the pork industry tighten marketing linkages, 
the old-fashioned animals·ofjust a decade or two ago. ~~~=~rth~!=~k products remain on target for·smaller 

Meanwhile, advances in nutrhion provide carefully 
formulated diets that enable the new super pigs to grow 
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Figure 4. The traditional food marketing system 

While the focus of this article is the domestic pork market, 
quality assurance also plays an important role in the 
international market. The improved ability of a more highly 
integrated United States pork industry to meet stringent 
quality standards is a key factor in the explosive growth 
(tenfold) ofUnited States pork exports to Japan since the 
mid-1980s. 12· 

A sketch of the food.system helps illustrate the change in 
market channels between producers and consumers in the 
new pork mark'et. In the. traditional food system, pork and 
other bulk farm commodities flowed into the processing 
sector through traditional commodity markets (Figure 4 ). 

· The commodity hopper was wide because quality standards 
were wide. Consumers accepted pork products with broad 
quality characteristics and then transformed them into 
meals in their own kitchens. 

In the new food system, pork and other farm products flow 
into the processing sector through narrower market 
channels (Figure 5). The channels are narrower---,that is, 
the diameter of the hoppers is smaller ........ because the 
consumers' food ·specifications are more detailed. Pork 
products must meet more stringent standards, because 
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Farm Output 

Consumers 

Figure 5. The new food marketing system 

today's consumers are willing to spend less time in the 
kitchen transforming them into the foods they want. 
Targeting processed foods for smaller consumer hoppers 
requires ·that farm products be targeted for smaller 
processing hoppers. Thus, the early steps of product 
development in the· new pork market begin on the farm, 
rather than in the processing plant. For example, the pork 
industry is learning to trim fat with advances in genetics 
and nutrition on the hog farm, rather than with knives and 
cleavers in the butcher shop. 

The pork industry 
of the future 
The United States pork industry is headed toward more 
consolidation and integration. The industry's structural 
realignment promises further erosion in the number of 
small hog farms as pork production . concentrates in the 
hands of fewer, larger hog farms with closer ties to pork 
processors. Powerful economic forces, unleashed by 
changes in consumer demand and emerging technology, 
will drive the industry farther down the road toward a more 
integrated. structure. 
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Economic factors behind more 
consolidation and integration 
Two key economic factors will drive the United States 
pork industry toward more consolidation and integration 
in the years ahead: 

· • a drive to cut costs by capturing economies of scale~ 
and 

. • efforts to control the industry's increasing risks. 

Cutting production costs by shifting production to more 
efficient, larger farms will fuel further consolidation in 
the industry. Meanwhile::, a further shift toward contracting 
and integration will reduce the industry's exposure to key 
sources of risk in the modem pork 111arket. 

While both contracting and vertical integration are likely 
to increase in the years ahead, it is not clear which will be 
most common. Contract production is likely to be the norm 
for most large hog producers. But in some regions of scarce 
hog supplies, processors may ensure a steady supply of 
hogs for processing lines by integrating vertically into hog 
production. As more of the:: industry~s processing capacity 
is met with contract production and processor-fed hogs, 
access to markets will shrink for independent hog farmers 
operating outside the umbrella of production contracts. 

Cutting production costs 
on bigger farms. 
A steady stream ofnew production technologies will lead 
to further economies of scale in hog farming, spurring the 
currc;:nt trend toward fewer, larger farms. Many industry 
observers believe the widening cost disadvantage of small 
farms points to a swift decline in the number of hog farms, 
from about 250,000 today to only 100,000 by the year 
2000.13 The erosion in hog farms will be fastest among 
small farms, which are at the greatest cost disadvantage. 
As small farms leave the industry, hog production will 
concentrate further on bigger farms. . 

Technology will drive the shift to fewer, larger hog farms. 
New production technologies are pushing down production 
costs on the nation's hog farms. But the industry's cost 
savings are achieved primarily by captUring economies of 
scale on big farms, where average production costs fall 
rapidly as the volume of production rises. The newest 
technologies coming on stream are likf;:ly to push down 
production costs even more, especially on large farms. 
Some of the new technologies-like pST -are said to be 
'.'size neutral,'' indicating they could lower production costs 
on both small and large farms. But these technologies are 
likely to be used more effectively on large farms where 
sophisticated production and management systems are · 
already in plaee. 
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Data from the United States Department of Agriculture 
show that average production costs drop quickly-about 
30 percent---:-as the scale ofproduction rises from 300 hogs 
to 3000 hogs per. year (Figur~ 6). 14 Costs level out for 
farms larger than 3000 head, suggesting these medium
sized, commercial farms captured most of the :scale 
economies that were available in 1988, when these data 
were collected. These data also suggest costs may increase 
slightly for 15,000-head farms, perhaps becal!se such large 
farms do not have access to _low-cost homegrown feed. 
While data on bigger farms are not available to extend 
the cost curve in Figure 6, costs most likely decline slowly 
and then level off as the · scale of production increases. 
Most industry sources suggest, however, that the cost curve 
flattens beyond 25,000 head per year. 

On balance, the industry's cost structure points toward 
further consolidation on fewer, larger farms as the industry. 
strives to capture all available economies of scale. But 
the door to. industry participation remains open to many 
enterprising commercial producers. Medium-sized 
commercial farms producing at least 3000 head per year 
can be quite competitive with larger scale farms. Moreover, 
most available economies of scale are within reach of 
producers who pool their resources. Relatively few 
individual producers are likely to have access to enough 
capital to build a hog farm producing 25,000 head per 
year. But a 25,000-head unit is well within the reach of a 
relatively small group of individual producers who unite 
in a cooperative enterprise, an activity that is gaining 
interest. While the trend toward fewer, larger hog farms 
is likely to continue, producer coops or networks promise 
to hold open the door to continued industry involvement· 
for many pork producers. . 

The economies of scale that are driving the industry's 
consolidation should improve pork's competitiveness with 
other meats-especially budget-priced poultry. The sharp 
drop in the price of poultry relative to beef and pork in the 
last two decades boosts its appeal to budget-conscious 
consumers. To remain competitive at the supermarket, tli~· 
pork industry must hold down its ·costs while 
simultaneously satisfying more discriminating tastes. Thus, 
further. consolidation in the pork industry will be driven 
by the consumer's demand for convenient and nutritious 
pork products in a highly competitive food market. 

Reducing risk with 
contracting and integration ... 
The pork industry is also driven toward more contracting 
and integration by its growing business risks. Ever larger 
capital investments expose the industry to bigger losses 
in risky markets. But hog producers and pork processors 
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Figure 6. Average hog production costs in the United States 

are learning to control market risks with contracting and 
vertical integration. 

The industry's further consolidation on bigger farms is 
making hog production a much riskier business than before. 
The highly specialized equipment used on big hog farms 
has little value in uses other than hog production. As a 
result, these modem pig factories have less flexibility than 
small farms to cut back production or ·liquidate assets 
altogether if hog prices fall or ifa market cannot be found 
for market-ready hogs. Thus, uncertain marketing 
arrangements expose investors in modern hog farms to 
large losses. 

Uncertain marketing arrangements expose pork processors 
to similar risks. Operating costs in modem processing 
plants rise sharply if processing lines are not operated at 
optimal speed. 15 Thus, processors are exposed to large 
losses if a steady supply of market-ready hogs is 
unavailable. Moreover, pork processors must also ensure 
that the hogs entering their plants are of top quality. 
Otherwise they run the risk that the pork products they 
manufacture willbe rejected by today's more demanding 
consumers. 

Ensuring a steady supply oftop-quality hogs for modem 
processing plants is likely to be of increasing importance 
to processors as pork production consolidates on fewer 
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farms. Processors will have fewer sources of hogs, 
increasing the importance of continuing marketing 
relationships with large producers. Thus, the cost-driven 
consolidation in hog production will work hand in hand 
with the supply risks faced by processors to drive the 
industry toward a more integrated market structure. 

Contracts between hog producers and pork processors are 
one way of reducing the risk of loss on large investments 
in specialized assets forboth parties. Producers are ensured 
access to a market for their hogs at a guaranteed price, 
and processors. are ensured a steady· supply of hogs to keep 
processing lines running at optimal speed. Similarly, 
producers can expect compensation for hogs of exceptional 
quality-which the traditional pricing system might 
ignore-and processors can expect that hogs entering their 
plants will meet the rriore. stringent quality specifications 
dictated by more demanding consumers. 

Vertical integration goes a step farther than contracting in 
reducing the market risks associated with investments in 
specialized hog production and processing facilities. By 
locking together hog farms and processing plants under 
common management, the integrated firm can ensure a 
steady supply of high-quality hogs into its processing 
plants. As a result, production and processing facilities 
are used at optimum capacity, cutting the risk of loss on 
big capital investments. 
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The tradeoff for cutting marketing risks with contracting 
and vertical integration, however, is higher management 
costs. For example, processors who skirt traditional 
markets and contract directly with hog farmers face the 
cost of negotiating and managing numerous production 
contracts. Likewise, the vertically integrated pork firm 
faces the bigger burden of managing both hog production 
and pork processing instead of one or the other. But overall, 
an accelerating trend toward more contracting and 
integration in the United States pork industry suggests the 
economic advantages of contracting and integration 
outweigh any increase in management costs. 

Public policy and the 
new pork industry 
The continued structural realignment of the pork industry 
portends a new public policy challenge for rural America. 
The challenge arises in the tradeoff between the benefits 
of a more efficient pork industry and the impact of the 
industry's new structure in many rural communities. 

Consumers have much to gain from the changes taking 
place in the pork industry. With stiff competition in the 
overall food market, the pork industry will pass along to 
consumers its new efficiency gains in the form of higher 
product quality and lower prices. Pork products compete 
directly with other protein foods including beef, poultry, 
fish, and even new products made from soybeans and other 
sources of vegetable protein. Thus, the risk is slim that a 
more concentrated pork industry could exercise monopoly 
power, which could constrain pork supplies and drive up 
prices for consumers. 

While the structural evolution underway in the pork 
industry promises significant gains for consumers, it also 
promises to concentrate a significant source of rural 
economic activity in fewer pockets. One Iowa study, for 
example, notes that the production of 40,000 hogs adds 
more than $3 million to the value of the state's homegrown 
grains and boosts economic activity in nearby communities 
by more than $6 million. 16 Thus, many rural communities 
will face a decline in local economic activity as the number 
of small, independent hog farmers erodes. But large-scale 
production facilities will be a boon to economic activity 
in some other communities. On balance, the structural shift 
in the pork industry promises to create a new patchwork 
of a few rural winners and niany losers. 

As the changing pork industry threatens the livelihood of 
smaller farmers, it is falling out of step with a host of 
public rules and regulations. Some of these rules restrict 
corporate farming in general, others restrict or regulate 
contracting and vertical integration in livestock production 
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in particular, and still others seek to minimize the impact 
of concentrated livestock production on the rural 
environment. 17 Thus, tension is building between public 
policy designed to protect the traditional pork industry and 
the new pork industry that is rapidly taking its place. 

Restrictions on the pork industry's activities in some 
traditional hog states are guiding the industry into new 
production regions. While most public policy concerning 
farmers is made in Washington, DC-including price 
supports for farm commodities, subsidies for farm exports, 
and other measures designed to boost farm incomes-laws 
affecting the structure of the pork industry are being 
debated in state capitals across the farm belt. The 
provisions of these laws vary widely from state to state, 
but generally they place restrictions on the farming or land 
holding activities of large, publicly traded corporations. 
The pork industry is skirting the policy debate by moving 
into new production regions where pigs have been an 
uncommon sight, including Colorado, Oklahoma, Utah, 
and Wyoming. The industry's geographic shift suggests 
the dividends paid by a new industry structure outweigh 
the possible drawbacks from moving into uncharted 
territory. Thus, attempts to preserve the pork industry's 
traditional structure are likely to be unsuccessful, as the 
industry migrates to regions where the regulatory 
environment is more accepting of its new structure. 

Conclusions 
The structural realignment underway in the United States 
pork industry will ultimately result in fewer, larger hog 
farms with closer marketing ties to pork. processors and 
consumers. The industry's new structure promises 
consumers higher quality pork products at lower cost. Hog 
farms with a large-enough scale of operations to trim costs 
and the technical know-how to meet rigorous product 
requirements will thrive in the new pork market. While 
many smaller farms will be crowded out, many other 
smaller producers may meet the cost and quality 
requirements of the new pork market by pooling their 
resources in cooperative ventures. Economic activity will 
rise in some rural communities and fall in others, as the 
industry concentrates in smaller pockets. Thus, the 
industry's structural shift will create winners and losers 
among traditional hog farms and rural communities, 
creating a clear challenge for public policy. In brief, 
policymakers must find a way to achieve rural policy 
objectives without jeopardizing the benefits to consumers 
of a more efficient pork industry that promises higher~ 
quality products at lower cost. 
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Using Total Quality Management and. 
Statistical Process Control to change 
the way you approach your herds 
Bob Morrison, Gary Dial, Will Marsh 

When written in Chinese, the word 'crisis ' is composed 
of two characters--:-One represents danger and the other 
represents opportunity. 

-Jolm F. Kennedy 

We can argue about whether we, as swine.practitioners, 
are in a crisis or not, but the dramatic change th,at is 
occurring in the swine industry is having a profound effect 
on our profession. As a response, we will either keep doing 
"business as usual," or elect to respond to its changing 
needs~the opportunity John F. Kennedy was referring to 
above. 

For example, we have the opportunity to change the way 
we think about production. Historically, more has been 
better-'-i.e., "mass production." Without ignoring the 
economies of scale that do exist, current management 
philosophy is changing to that of"lean production"-i.e., 
focus on continuous quality improvement, also referred to 
as Total Quality Management (TQM). The essence ofthis 
management philosophy is to identify indicators of product 
quality and to adopt an atmosphere in which quality 
control, primarily gained by reducing variation, pemteates 
the organization. What are the principles ofTQM and how 
can we apply them in herd management? Before we address 
that, let's consider a typical herd visit: 

We walk onto the fanil, study the records, make a walk
through, and identify problems· as we go. Then, to earn 
our keep, we list them off in the discussion and herd letter 
with no sense of priority. With such an approach to a herd 
visit, we can miss the big picture. For example, we can be 
spending money on vaccines and medications trying to 
reduce nursery diarrhea when a better breeding·schedule 
might allow for aU-in-all-out flow in the nursery. Or, we 
can try to decrease density in the finisher by selling feeder 
pigs, when perhaps we should be looking at the variation 
in the number of services per week. If the goal is 3 0 
services per week to produce 250 pigs per room in 
finishing, and we breed 45 sows one week and 20 sows 
the next, this will be reflected in variation in the density 

Swine Group, Department of Clinical & Population Sciences, 
College of Veterinary Medicine, University of Minnesota 
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of finishing rooms. How do we know where to place our 
emphasis? We have two opportunities as veteriiuu1ans 
serving our clients' herds. These are: 

• to identify key areas of the failn where appropriate in
tervention would improve profitability; and 

• to improve our decision making ability by knowing 
when to interVene. · ' 

Each decision that we consider has a cost and a potential 
fmancial benefit.. Our challenge is to identify a plan to 
give the herd owner the biggest bang for a buck. "Lean 
production," using TQM principles, can revolutionize the 
way we approach herds (Table 1). 

TQM principles·. 
Making the transition from mass-production thinkiilg to 
lean-production thinking requires a change in perspective.• 
Our success over the last 50 years of mass production 
thinking makes this transition from exceedingly difficult. 
It has been said that "the surest way to own a small 
business is to buy a big business and pay only lip service 
to service I quality."2 · 

Key elements in quality improvement programs include 
the following: 

• focus on processes, not people, as sources of quality 
failure; 

• simplify processes and reduce opportunities for mistakes; 

• ask customers and users what product quality is; 

• commit to meeting or exceeding expectations; 

• rely on verifiable data (scientific method); 

• respect the roles and needs of individuals; work in teams; 

• empower employees; 

There are five main principles that "lean producers" 
employ. These are: 

1. Systematic problem solving; 

- rely on scientific method ("plan, do, study, act" cycle), 
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Table 1 . Conventional versus Total Quality thinking 

Conventional ("mass. production") thinking Total Quality ("lean production") thinking 
Quality improvement costs time & money Quality improvement saves lime & money 
Pig flow Is a series of events Pig fiOIN is an integrated process 
Quantity is as important as quality ithout quality, quantity is irrelevant 
Quality means hitting preset goals 

95% is great 
Quality is the result of better inspection 

Suppliers must be kept on their tpes 
Customers are who you sell to 

To achieve quality, we needcmore and better 
people 

- insist on data, rather than assumptions, 

-use simple statistical tools ("How do we know that is 
true?') 

2. Experimentation; 

- brainstorming potential" solutions 

-: ongoing experimental programs, 

- demonstration experimental programs, 

3. Learn from past experience; 

4. Learn from others; 

- internal & external benchmarking 

S. Tran5fer knowledge; 

- education and training, ·implementing the new ideas 

- actively experiencing rather than passive (cross 
training). 

Applying 'fQM principles . 

First Steps: 

• Measure "it''-ifyou can;t measure it, you can't man
age it. 

• You need time:-to reflect, analyze, assess, and invent 
new processes. A''crazed" lifestyle is not conduqive 
to cre~tive thinking. · 

• Open boundaries-stimulate exchange.ofideas, 

As veterinarians, we ate the most frequent professional to 
visit swine farms. We evaluate health and· performance 
and decide whether some action is needed. How do we 
decide when it is appropriate to recommend some 
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Quality-means continuous improvement 
Only 1 00% will do 
Quality is built-in from the start · 

Suppliers must feel like they are your partners 
Customers are an integral part of your 
organization 
Quality can be achieved witt'! current people by 
leading and training them differently . · 

intervention? How about this method: "There was a little 
looseness in the finishing barn and I recommend 20 g per 
ton of tylan." Or this for nursery diet costs. "We can take 
a couple of pens and feed the new feed. If there is no 
improvement in gain, .then we will know that feed is not 
the primary cause of the problem." When was the last 
presentation that you heard the speaker say, "As you can 
see on this graph, weight gain was higher in the medicated 
group versus the nonmedicated group." Or, "As you can 
see; litter size has declined over the last 3 months." All 

· these observations are based on gut impression rather than 
numerical measurement and analysis. While a gut 
impression may be correct, we as veterinarians need to be 
cautious as we make recommendations. Effective decision 
making entails: 

• knowing when a real change has. taken place and not 
random variation; 

• evaluating the benefit: cost of options; and 
• deciding when the problem will be reevaluated. 

1. Systematic problem solving 
The aim of science is to get around human error and irra
tionality, not to mention the preconceptions of "common 
sense" and "mythic tra:ditions:"3 In swine herds, we gen
erally collect production iriformation with systems such 
as· Pig CHAMP®. Unfortunately, most record systems 
either bedazzle or frighten most managers. Those who are 
afraid of it shun it, while others often become prisoners of · 
their fascination with it. Our goal as herd advisors is to 
frrst understand how managers make decisio~. In other 
industries, most managers don't rely on computer-based 
information to niake decisions.4.These managers get two
thirds of their information from face•to-face or telephone 
conversations and acquire the remaining third from docu
ments, most of which are from outside .the organization. 
Davenport summarized the facts of·life regarding infor
mation. These are: 
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disease--~--------------------------------------------~ 

housing 

nutrition 

genetics 

etc. 

• 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 iriformation manage
. ment system is, the less likely it is to be change anyone's 
behavior; 

• an element of flexibility and disorder in the manner of 
presentation is desirable; 

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

• the willingness of individuals to use a specified infor
mational format is directly proportional to how much 
they have participated in defming it or trust others who 
did; 

~to make the most of electrohic communications, one must 
first learn to communicate 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 infor-
mation is really useful, our appetite for it is insatiable. 

The challenge is to identify key drivers of quality 
production and focus on these. That is, as you arrive at a 
farm, what three or four indicators could you look at to 
quickly determine whether the herd is "in control" or not? 
For example, a key indicator may be the number of services 
per week. Variation m these key indicators are best viewed 
graphically, and these graphics are generally referred to 
as oontrol charts. Control charts quickly synopsize recent 
activity at the farm. In addition to plotting the trend line 
for the key indicator, a control chart will haye confidence 
intervais. These help indicate wltether the process is in or 
out ofcontrol. · . 

If all is as expected, you can spend your time working 
with personnel, brainstorming new opportunities, looking 
for new areas to improve,. etc. If one or more of the 
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indicators is "out of control," further investigation is called 
for.6.7 

For example, suppose a 600-sow farrow-to-fmish, two
site herd is having trouble flowing pigs through the 
fmishing rooms. One week 350 are ready for sale and the 
next week orily 150. What factors influence the number 
of pigs available for sale each week? · 

The way of thinking portrayed in the table above is 
reverting to "mass production" thinking. That is, throw 
the problem over the wall and let someone else deal with 
it. If we by to think of the farm as an integrated unit, we 
realize that a problem in the service area will eventually 
result in a finishing problem. The herd goal may be to 
breed 32 females per week and it may be· achieving that, 
on average. However, if 42 females are bred this week 
and 22 are bred· next· wee~, we can fully expect this 
variation to carry through the system for the next 10 
months. Such a simple cause to what appeared to be a 
complex problem! 

Now, further investigation requires: 

• identifying reasons for why the process is out of eontrol; 
• calculating the frequency of reasons; and 
• focusing the investigation on the most frequent reasons 

for failure. 

This investigation process is referred to as Pareto analysis. 
The Pareto principle, also commorily called the 80/20 rule, 
states that the majority of quality failures will be due to a 
few reasons. That is, there are a vital few causes to 
investigate and resolve in order to address the majority of 
the problem (a discussion of common and special causes 
is beyond the scope of this article)~ 

Having identified the few causes of the majority of the 
problems, one then focuses on potential solutions~ This is 
where brainstorming techniques are valuable. Potential 
solutions may require experimental testing to determine 
whether there is a beneficial effect. Once again, the 
importance of a scientific approach is emphasized in "lean 
production." . · 
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2. Experimentation · benchmarking may be external when we compare 
Science attempts to separate fact from fiction by ourselves with. other industries employing similar 
performing repeatable' forms' of experimentation processes but producing a different product: We can learn 

· much from the manufacturing.·industry (operations 
that resist dispro()fthrough continuing experimental management), human resources departments (managing 
test~. These "truths" may· stand .jndefinitely or be personnel), accQwiting departments (cost accounting), etc. 
toppled by an experiment or be incorporated into a 
broader theoretical structure: That is, they can 5. T~ansfer knowledge 
always, in principle, be exposed as false. 

3. Learn from past experience 
. Deming, one of the early founders. of the quality 
movement, is rather blunt about the value of 
experience. "Experience teaches us nothing unless 
studied with the aid of a theory. "7 We can learn 
from the past but we need to pay close attention to 
distinguishing between true cause and effect 
observations and associated observations. If and 

when a theory fails, we need to acknowledge it, .. 
reassess, and reformulate the theory. That is, re
plan, re-do, re-study, and react. This is the essence 
of the Shewhart-Deming continuous improvement 
cycle. Plan-Do-Study-Act (PDSA). 

"The barnyard rooster Chanticleer had a theory. He . 
crowed every morning, putting forth. all his energy, 
and flapped his wings. The sun came up. The 
connection was clear; his crowing ·caused the sun to 
come up. There was no question about his importance. 
There came a snag. He forgot to crow one morning. 
The sun came upanyhow. Cresijallen, he was forced 
to revise his theory. " Without his theory, he would 
have nothing to revise, nothing to learn. 7 

4. Learn from others 
How do you know the limits of a system? Is your process _ 
as in control as it can be or is there still room for 
improvement? Benchmarking provides this answer. The 
goal is to broaden perspectives and become better 
infonned. What is the potential of the pig for feed efficiency 
for both absolute value and variation? If everything is 
running "right," how little variation in weight gain could 
I achieve? What about variation in farrowing rate? 

. . 

As we work within herds, we strive for optinlum absolute 
production values while minimizing variation. However, 
one of the caveats of control charts is that a system may 
appear to be "in control" when in fact there is much rooni 
for improvement. Herein lies one of the purposes of 
benchmarking. Benchmarking may be internal as when 
we compare ourselves with other herds that are in our peer 
group (similar size, facilities, management). Or, 

. . . 
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"The ability to learn faster than your competition may be 
the only sustainable competitive advantage~''~~ Successful 
organizations will discover how to tap people's 
commitment and capacity to learn. We can expect to change 
and develop over time and our challenge is to stay 
stimulated, excited, and involved in what we do. 
Competence· in a job is rarely sufficient to ensure or 
maintain. our work satisfaction. "Ongoing learning and · 
challenge are the life and breath of sustained career 
satisfaction."11 · 

Traditionally, we as employers tend to recruit hard and 
then fail. to support career development. Incorporating 
TQM principles means giving employees the opportunity 
to develop greatly enhanced employability. It means 
providing employees with the tools, the open environment, 
and the opportunities for assessing and developing their 
skills. Lifelong learning must be compulsory and must be 
supported by committing time and resources to education~ 

On the other hand, employees mllst manage their careers. · 
Employees must be dedicated to the idea of continuouS 
learning and must be prepared to re.,invent themselves to 
keep pace with change. This entails knomng their strengths 
and weaknesses and then ensuring that they have 
competitive skills. A workforce that Is constantly 
benchmarking and updating its skills is one that not only 
responds to change, but anticipates it. 

The approach is as follows: 
• The traditional defmition ofloyalty mu8tgo, Employ-

ees and employers can part ways. . . 

• The usual view of a career path must change. Cross
functional skills are imperative. 

• All employees and employers must buy into the con
. cept that they are in the busilless of producing what the 
customer wants. 
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Process flow theory and 
identifying bottlenecks 

Donald G. Levis, Ph.D .. 

Pork producers frequently ask· swine· practitioners for 
advice on how to manage an existing swine enterprise so 
that: . . · 

• animal flow throughf~cilities can be evened out; 

• buildings can be highly occupied without overcr6wding; 
. . 

• ali-in-all-out can_be usedJo improve sanitation and 
help break disease cycles; 

• labor can be better used for breedingsows, farrowing 
sows, processing piglets, weaning sows, and moving 
groups of pigs; and · 

• larger, homogeneous groups of pigs (uniform in size 
and weight) can be contemporarily reared to market 
weight wider the same production environme-nt 

.. ·,. . : . . - .. 

In addition, swine veterinarians are asked how to organize 
the process of expanding a sow herd. These qu~stions can 
be more easily answered after a production schedule has 
been developed. Before a production schedule can· be 
generated, a number of questions about available facilities 
and various management practices must be answered. . 

. Facility aspects 
. . . . . 

Deveioping a successful production schedule that 
effectively uses building space relies on the accuracy and 
detail of information collected about each facility. In 
addition to recording the_ information mentioned below, 
be sure to record any physical limitations that may affect 
the usefulness -of a facility, i.e., slick floors, ina<,lequate 
ventilation, isolets that can not be used in extremely cold 
weather, and feed delivery systems. After determuling the 
amount of square feet in each. building, calculate1 the 
number of animals that each building will.accommodate. . . 

Breeding facility 
The -information to record for the breeding facility is 

• the number of square feet available in the breeding barn 
for: 

Animal Science Department, University of Nebraska 
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-boars; 
-recently weaned sows; 
-inactive replacement gilts; 
-active replacement gilts;_ 

· -repeat breedetS~ and 
-noncyclic sows. 

• Additional information to record is the number of stalls 
and/or pens 'in each of these areas. 

• If pens are used, reeord the dimensions of each pen. 

• Also, record the amount of space available for the day 
when a group of sows ismoved from the farrowing 
facility to the breeding facility. In most cases, sp.ace 
for _one group is needed ~nly when cleaning a farrow- .. 
ing room and it is not used after the group is moved to 
farrowing. . ·. 

Gestation facility 
The information to record for the gestation. facility is the . 
number of stalls and/or pens in the facility. If pens are 
used, record the dime,nsions 'ofeach p(m. . . 

Farrowing facility· 
The information to record for the farrowing facility is: 

• the number of farrowing rooms; 
• the number of farrowing stalls and/or pens in each room; 

and 
• whether each farrowing room has the same nwnber of 

- farrowing stalls· and/or pens. .·. 

Nursery (hot and cold) facility 
For each nursery facility record: 

• the size of each pen; 
• the number of pens; and 
• the minimum and maximum weight for an individual 

pig that each facility can accommodate. 

Grpwing facility 
The information torecord for the growing phase is: 

• the number of sections; 
\ 
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• the number of pens and dimensions of each pen in each 
section; and 

• the minimum and maximum weight for an individual 
pig that this facility can accommodate. 

Finishing facility 
The information to record for the fmishing phase is: 

• number of sections; 
• the number of pens and dimensions of each pen in each 

section; and 
• the minimum and maximum weight for an individual 

pig that each facility can accommodate~ 

Biology and management 
aspects 
Biological functions and management practices defmitely 
effect the development of a production schedule. The type 
of biology and management information to record is 
described below. 

Breeding phase 
The information to record for the breeding phase is: 

• the estimated farrowing rate of females for the month 
females are bred; 

• the average number of matings each female receives 
per estrus; 

• the average number of matings allowed per boar dur-
ing a 7-day period; · 

• the percent of the "boar battery" that is useable and 
working; 

• the average number of days from weaning to estrus for 
the first sow; 

• whether the first postweaning,estrous period is skipped 
after weaning; and 

• the desired length of the breeding period. 

The time over which sows are bred must be minimized, 
thus, the range over which piglets are. farrowed is 
minimized. 

Gestation phase 
The range and average length of gestation needs to be 
recorded. These values are used to determine when to move 
sows into the farrowing facility. A data set from the North 
Carolina Swine Development Center showed the average 
length of gestation to be 114 days; however, the range 
was from 108 to 123 days. According to the North Carolina 
data, moving sows into a farrowing facility three days 
before the average farrowing date will result in 1.1% of 
the sows farrowing in the gestation facility. 
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Farrowing phase 
Record whether the farrowing interval betWeen groups of 
sows is equal or unequal. It is common to use an unequal 
farrowing interval (35, 35, 35, 42-day interval) when using 
four groups of sows; therefore, sows are always weaned 
on the same day. An unequal farrowing interval can also 
be used with eight groups of sows (21, 14, 21, 14, 21, 14, 
21, 21-day interval). Additional information to record is: 

• the number of days the sows are moved to the farrow
ing facility before they are due to farrow; 

• the desired minimum and maximum age of piglets at 
weaning; 

• the average number of piglets born alive and weaned 
per litter; 

• the average number of days piglets stay in the farrow
ing facility after weaning; and 

• the number of days· needed for cleaning and disinfect-
ing the facility. 

Nursery, growing, and finishing 
phase · 
The information to record for the nursery, growing, and 
finishing phase is : 

• the average percent death loss in each phase; 
• the ni.unber of days needed for cleaning and disinfect

ing each facility; and 
• whether split-sex feeding is being used in the growing 

and finishing facilities. 

Generating a schedule 
The basic theory behind production scheduling is to 
generate a calendar which shows how many days each 
group of animals are housed in the various types of 
buildings. By using the above information, you can 
generate a production schedule by hand. 3 However, 
generating a production schedule for several groups of 
sows is a tedious task that requires hundreds of repetitive 
calculations. The University ofNebraska is in the process 
of fmalizing the development of a computer program that 
can evaluate a wide range of schedules. The computer 
model takes input information from a producer and 
calculates a schedule of building use. The computer 
program checks to make sure that input data is within 
reasonable ranges. Thus, the computer program will not 
generate a production schedule until all bottlenecks have 
been solved. Bottlenecks in animal flow can occi.u' in all 
phases of production. Bottlenecks occur in the breeding/ 
gestation phase because: 

• too many females were bred; 
• too many females did not cycle after weaning; · 
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• too many replacement gilts did not cycle; and • 
• insufficient space was allocated for repeat breeders. 

Bottlenecks in the flow of pigs from weaning to market 
occurs because: 

• pigs grow too slowly; 
• there are too t:nany pigs per group for the allotted space; ·. 

and 
• "down-stream" facilities vary in the number of pigs 

per group they can accommodate. 

It is very common to find that the total space in a building 
·does not allow for ali-in-all-out to be used. The problem 
is generally caused by having the wrong pen dimensions 
and/or number of pens for the number of pigs in the group. 

Evaluating a schedule 
To briefly demonstrate the value of using a production 
schedule, the data in Table 1 was entered into the 
University ofNebraska program to generate a production 
schedule for four groups of sows (Table 2). After a 
production schedule has been generated, a detailed 
evaluation of each phase of production can be made. 
Remember, the growth-rate curve used in this production 
schedule: 

Weight = 523.35 X {1-(0.869 X (2.718-
0.0086t))p; where t = days of age 

may not be appropriate for all genetic lines of pigs .. The 
computer program cannot use different growth-rate curves. 

Breeding phase 
The sows bred in groups 1-1, 2•1, and 3-1 are being 
removed from the breeding area between 22 to 3 2 days of 

· gestation (Table 2, frrst page). The stage of gestation for 
the majority of the sows when moved should be 27 to 32 
days; therefore, they should have recycled and be~::n 
detected in estrus before being moved to gestation. The 
sows bred in group4-1 are being removed at 29 to 39 
days of gestation. The capacity for number of weaned and 
noncyclic sows (28 head)· will be very tight during the 
summer months because 25 to 27 sows are being bred per 
group. The capacity for number of boars (1 0 head) is 
insufficient because 13 to 14 boars are needed for matings 
that occur during the summer. 

Gestation phase 
The gestation phase will be tight during the summer months 
as the number of sows being bred exceeds the number of 
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crates allotted (23 head) per group (Table 2, frrst page). It 
was assuined that 90% of the sows were still pregnant 
when ·moved to gestation, The number of idle days is 33 
because the bred sows have to stay in the gestation facility 
while the farrowing room is being cleaned and disinfected. 

Farrowing phase 
At weaning the pigs are weighing 10 to 15 1b (Table 2, 
first page); therefore, a decision has to be made whether 
the nursery can handle a few 1 0-lb pigs. The facility is 
only idle (7days) after the fourth group of sows are 
weaned. 

Nursery phase 
The pigs are weighing 32 toA 1 lb when forced out of the 
nursery (Table 2, page 2); therefore, you must decide 
whether the growing facility can handle pigs weighing 32 

·to 41lb. Every fourth group could stay in the nursery an 
additional 7 days by using the idle days. 

Growing phase 
There does not appear to be any serious problems in the 
growing phase, provided the grower can handle a 
lightweight pig (Table 2, second page). Pigs in group 4-1 

· could stay in the grower an additional7 days by using the 
idle days. 

Finishing phase 
The major problem in the finishing phase (Table 2, second 
page) is the market weight of the pigs in Groups 1-1 and 
1-2. The lightest pigs are only weighing 225 lb. The pigs 
in the other groups will probably reach an acceptable 
market weight because they can stay in the finishing facility 
an additional. 7 days by using the idle days. 
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Table 1. Input data to production schedule a swine unit with four groups of sows 

Breeding Information 
Date first group is to be weaned: 06/30/1994 
Average length of gestation, days: 114 
Length of breeding period, days: 10 
Number of days after weaning to estrus for first sow: 3 
Number of estrous periods skipped after weaning: 0 
Average number of services per female: 2 
Average number of services per boar: 5 
Estimated farrowing rate(%) of females bred during the month of: 

January: 86 February: 89 March: 90 April: 88 
May: 87 June: 81 July: 77 August: 76 
September: 74 October: 81 November: 85 December: 89 

Sow Group and Interval Information 
Number of groups of sows: 4 
Farrowing interval(equal or unequal): 35,35,35,42 

Farrowing Information 
Number of days sows are moved to farrowing before due date: 3 
Desired minimum age of piglets at weaning, days: 20 
Desired maximum age of piglets at weaning, days: 30 
Number of days piglets stay in farrowing unit after weaning: 0 
Average number of piglets farrowed alive: 10.0 
Average number of piglets weaned per litter: 8.5 
Days to clean farrowing room: 2 · 

Postweaning Information 
Days pigs allowed in all facilities (days to market): 199 
Weight of pigs atmarket, lb.: 240 
Death loss: cold nursery, 1.7%; grower, 1.5%; finisher, 2.0% 
Days to clean: cold nursery, 2; grower, 2; finisher, 2 

Facility Information 
Sq. ft. and number of head for: 

boars, 163/1 0; 
recently weaned and noncyclic sows, 392/28; 
gestating sows, 966/69; 
inactive replacement gilts, 0; 
active replacement gilts, 0; 
cold nursery, 450/180; 
grower, 680/170; 
finisher, 3570/51 0 

Number of farrowing rooms: 1 
Number of farrowing crates per room: 20 
Number of cold nurseries: 1 
Minimum/maximum weight (lb): nursery, 10/40; grower, 35/100; finisher, 45/260 
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Table 2. Production schedule for four groups of sows on a 35,35,35,42-day interval 

Breeding Phase 
Sow Group Number 1-1 2-1 3-1 4-1 1-2 2-2 
Date females In 06/30/94 08/04/94 09/08/94 10/13/94 11/24/94 12/29/94 
First female bred 07/03/94 08/07/04 09/11/94 10/16/94 11/27/94 01101/95 
Last female bred 07/13/94 08/17/94 09/21/94 10/26/94 12/07/94 01/11/95 
Date females out 08/04/94 09/08/94 10/13/94 11/24/94 12/29/94 02/02/95 
Days pregnant 

[]] First female 32 32 32 32 32 
Last female 22 22 22 9 22 22 

Number to bred 26 26 27 25 24 23 
Capacity for number of sows ~ 28 28 28 28 28 
Number of boars needed 13 13 14 13 12 12 
Capacity for number of boarsiiQ] 10 10 10 10 10 
Unit number used 1 1 1 1 1 1 

Days used 35 35 35 42 35 35 
Days idle 0 0 0 0 0 0 

Gestation Phase 
Date sows in 08/04/94 09/08/94 10/13/94 11/24/94 12/29/94 02/02/95 
Number sows in 23 23 24 22 22 21 
Sow Group Nuniber 1-1 2-1 3-1 4-1 1-2 2-2 
Capacity, #sows 23 23 em 23 23 23 
Date sows out 10/22/94 11/26/94 12/31/94 02/04/95 03/18/95 04/22/95 
Days pregnant,out 

First sow bred 111 111 111 111 111 111 
Last sow bred 101 101 . 101 101 101 101 

Unit number used 1 2 3 1 2 3 
Days used 79 79 79 72 79 79 
Days idle Ern 33 33 33 33 33 

Farrowing Phase 
Number females in 20 20 20 20 20 20 
Date females in 10/22/94 11/26/94 12/31/94 02/04/95 3/18/95 04/22/95 
First sow due 10/25/94 11/29/94 01/03/95 02/07/95 03/21195 04/25/95 
Last sow due 11/04/94 12/09/94 01/13/95 02/17/95 03/31/95 05/05/95 
Date females out 11/24/94 12/29/94 02/02/95 03/09/95 04/20/95 05/25/95 
Date pigs out 11/24/94 12/29/94 02/02/95 03/09/95 04/20/95 05/25/95 
Date unit available 11/26/94 12/31/94 02/04/95 03/11/95 04/22/95 05/27/95. 
Sow Group Number 1-1 2-1 3-1 4-1 1-2 2-2 
Age at weaning · 

Oldest pig 30 30 30 30 30 30 
Youngest pig 20 20 20 20 20 20 

Weight at weaning 
Heaviest pig, lb 15 15 15 15 15 15 
Lightest pig, lb I][] 10 10 10 10 . 10 

# of pigs weaned 170 170 170 170 170 170 
Unit number used 1 1 1 1 1 1 

Days used 33 33 33 33 33 33 
Days to clean 2 2 2 2 2 2 
Days Idle 0 0 0 [L] 0 0 

Table 2 continues on the next page . .. 
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Table 2 continued: 

Nursery Phase 
Date pigs in 11124/94 12/29/94 02/02/95 03/09/95 04/20/95 05/25/95 
Number pigs in 170 170 170 170 170 170 
Capacity, # pigs 180 180 180 . 180 180 180 
Date pigs out 12/27/94 01131195 03/07/95 04/11195 05/23/95 06/27/95 
Pig age, out 

Oldest pig 63 63 63 63 63 63 
Sow Group Number 1-1 2-1 3-1 4-1 1-2 2-:2 

Youngest pig 53 53 53 53 53 53 
Pig weight, out 

Heaviest pig, lb 41 41 41 41 41 41 
Lightest pig, lb [g) 32 32 32 32 32 

Number pigs out 167 167 167 167 167 167 
Unit number used 1 1 1 1 1 1 
Days used 33 33 33 33 33 33 
Days to clean 2 2 2 2 2 2 
Days idle 0 0 0 [1] 0 0 
Date available 12/29/94 02/02/95 03/09/95 04/13/95 05125/95 ·06/29/95 

Growing Phase 
Date pigs in 12/27/94 01/31195 03/07/95 04/11/95 05/23/95 06/27/95 
Number pigs in 167 167 167 167 167. 167 
Capacity, # pigs 170 170 170 170 170 170 
Date pigs out 01/29/95 . 03/05/95 04/09/95 05/14/95 06/25/95 08/01/95 
Pig age out 

Oldest pig 96 96 96 96 96 96 
Youngest pig 86 86 86 86 86 86 

Sow Group Number 1-1 2-1 3-1 4-1 1-2 2-2 
Pig weight out 

Heaviest pig, lb 83 83 83 83 83 83 
Lightest pig, lb 71 71 71 71 71 71 

Number pigs out 165 165 165 165 165 165 
Unit number used 1 1 1 1 1 t 
Days used 33 33 33 33 33 33 
Days to clean 2 2 2 2 2 2 
Days idle 0 0 0 III 0 0 
Date available 01131/94 03/07/95 04/11/95 05/16/95 06/27/95 08/01/95 

Finishing Phase 
Date pigs in 01/29/95 03/05/95 04/09/95 05/14/95 06/25/95 .07/30/95 
Number pigs in 165 165 165 165 165 165 
Capacity, # pigs 170 170 170 170 170 170 
Date pigs out 05/12/95 06/16/95 07/21195 08/25/95 10/06/95 11110/95 
Pig age out 

Oldest pig 199 199 199 199 199 199 
Youngest pig 189 189 189 189 189 189 

Sow Group Number 1-1 2-1 3-1 4-1 1-2 2.:2 
Pig weight out 

Heaviest pig, lb 238 238 238 238 238 238 
Lightest pig, lb C!m 225 225 225 225 225 

Number pigs out 161 161 161 161 161 161 
Unit number used 1 2 3 1 2 3 
Days used 103 103 103 103 103 103 
Days to clean 2 2 2 2 2 2 
Days idle 0 17 7 71 0 7 
Date available 05114/95 06/18/95 07/23/95 08/27/95 10/08/95 11112/95 
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Serology of enterotoxigenic 
Escherichia coli disease 
John Morris Fairbrother, BVSc, PhD 

Enterotoxigenic Escherichia coli (ETEC) is still an 
important cause of diarrhea in the piglet from birth to 
weaning. This disease may result in considerable economic 
losses because it is highly prevalent, causes mortality and 
reduced weight gain, and results in medication costs. E. 
coli is part of the intestinal flora and mostly consists of 
nonpathogenic strains. However, certain E. coli are 
pathogenic due to the presence of virulence factors which 
induce the clinical manifestations of disease. ETEC 
colonize the small intestinal mucosa by means of one of 
the ftmbrial adhesins F4 (K88), F5 (K99), F6 (987P), or 
F41 and produce one or more heat stable enterotoxins STa 
or STb, or the heat labile enterotoxin LT. These toxins 
induce a net secretion of water and electrolytes into the 
intestinal lumen, thus resulting in an aqueous diarrhea. In 
the newborn piglet, this diarrhea may be severe and 
culminate in death due to dehydration. 1 Diarrhea observed 
in young piglets from the first week of age to weaning is 
usually less severe and results in fewer mortalities. It may 
be associated with ETEC alone or with ETEC and other 
enteric infections, such as transmissible gastroenteritis, 
rotavirus, or coccidiosis. ETEC associated with neonatal 
diarrhea usually belong to a small number of serogroups, 
the most important being 08, 09,020, 064,0101,0147, 
0149, and 0157_2.3 

Both serum and intestinal secretory IgA antibody responses 
to the homologous 0 antigen occur in most individuals 
with clinical infections due to ETEC. 4 The serum 0 
antibody is predominantly in the IgM class and peaks 8-
10 days after onset of infection. Production of neutralizing 
or binding antibody to ST after ETEC infection is probably 
not great. In contrast, most individuals with diarrhea due 
to LT -producing strains of E. coli manifest significant rises 
in serum LT antibody. In experimental challenge studies 
in humans, increases in serum lgGto LT after ingestion of 
LT -producing E. coli were detected in a high proportion 
of individuals as measured by ELISA. An increase in levels 
of secretory lgA antibody to LT in intestinal fluid has also 
been observed after experimental infection with LT-

GREMIP, Department of Pathology and Microbiology, Faculty of 
Veterinary Medicine, University of Montreal 
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producing E. coli. An increase in serum IgG and intestinal 
secretory IgA antibody to fimbria! adhesins has been 
observed after infection with ETEC expressing these 
adhesins. 

E. coli vaccines 
During the last 10 years, the practice of immunizing 
pregnant gilts and sows with commercially available E. 
coli vaccines containing the fimbria! antigens F4, F5, F6, 
and F 41 has become more widespread. 5 Most of the 
available commercial vaccines (bacterins) contain several 
common serotypes known to be associated with diarrhea 
and producing the above fimbria! antigens. Certain 
vaccines have been produced from laboratory E. coli 
strains containing plasmids constructed by recombinant 
DNA technology and producing large amounts of the 
fimbrial antigens. Parenteral immunization of pregnant 
sows with such vaccines leads to the production of high 
levels of specific fimbrial and 0 IgG in the serum of the 
sow, which are transferred to its colostrum.6 High levels 
of specific fimbria! and 0 IgG are subsequently observed 
in the serum of nursing piglets at least 48 hours after birth. 
The level of specific fimbria! IgG in the serum of piglets 
derived from maternal colostrum decreases rapidly after 
the first few days of age. 

Techniques that may be used to detect serological response 
to E. coli antigens are: 

• tube or slide. agglutination; 
• immunofluorescence; or 
• the enzyme-linked immunosorbent assay (ELISA). 

The ELISA is by far the most sensitive test and use of 
purified antigens in this test permits one to detect specific 
IgG against fimbria! or enterotoxin antigens of pathogenic 
ETEC. Such a test would eliminate the problem of 
nonspecific reactions due to the presence of antibody 
against any number of 0 or capsular antigens of 
nonpathogenic E. coli that may have been present in the 
piglet. 

Serology may be used to assess the efficacy of E. coli 
vaccination in pregnant sows or the transfer of specific 
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antibody to nursing piglets, and to monitor the immune 
response in a vaccine program. It might also be used to 
ascertain the presence of· certain E. coli pathotypes in 
piglets on a herd basis. However, E. coli serology is rarely 
carried out on a routine basis for several reasons: 

• Very few laboratories are equipped to perform E. coli 
serology. Production of purified funbrial or enterotoxin 
antigens for use in the ELISA is an arduous and time 
consummg process. 

• It is difficult to differentiate serum antibody due to ac
tive infection and that acquired passivelyfrom mater
nal colostrum in young piglets. 

• Escherichia coli pathotypes causing infection are eas
ily cultured from the feces of piglets with diarrhea and 
are readily identified by currently used techniques such 
as serotyping, and detection of fimbria! antigens, or 
enterotoxins by ELISA, gene probes or polymerase 
chain reaction. 
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Porcine parvovitus (PPV) is a small, single-stranded DNA 
virus belonging to the family Parvoviridae. The ~irus is 
one of the major causes of reproductive failure in swine 
that is characterized by early embryonic llnd fet~l deaths 
followed by return to service and mummification, 
respectively. The virus is prevaient worldwide and· is 
enzootic in many areas. In orderto cause disease, the virus 
must infect fetuses transplacentally before they become 
immunocompetent (usually at 70 days of gestation). Gilts 
are.· at. the. greatest risk from infection with· PPV because 
their maternal inununity lasts until they are near sexual 
maturity. 

. . 

Many serological tests have been described to detect and 
quantify humoral antibodies against PPV. These include: 

• ··agar gel-diffusion test; 
• erizyme-linked immunosorbent assay; 
• serum neutralization; · · 
• • complement fixation; and 
• hemagglutination inhibition (HI). 

Of these, HI is the.test·most widely used worldwide .. To 
examine by the HI test: 

• Sera are usually pretreated as follows: 

a. heat inactivation at 56°Cfor. 30 minutes to remove 
complement; 

b. adsorption with a 50% suspension of guinea pig 
erythrocytes to remove naturally occurring 
hem agglutinins; 

c. adsorption with a 25% kaolin suspension to remove 
nonspecific inhibitors of hemagglutination.· 

This pretreatment of sera dilutes them by a factor of 1:4. 

• Serial two-fold dilutions of this dilution are then made 
in 96-well micro titer plates resulting in dilutions of 1:8, 
1:16, 1 :32, etc~ · 

Minnesota Veterinary Diagnostic Laboratory; Department of 
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University of Minnesota, St. Paul,· MN 55108 · 

1994 Allen D; .L~manSwine Conference 

• These dilutions are then incubated with a constant 
amount of PPV (8 hemagglutinating units per well) at 
room temperature for 60 minutes. 

• Equal amounts of 0.5% suspension of guinea pig eryth
rocytes are then added to all wells. 

• The dilutions are again incubated at room temperature 
for 120 minutes. 

Hemagglutination inhibition titers are expressed as the 
reciprocal of the highest serum dilution that results in 
complete inhibition of hemagglutination. Appropriate 
negative and positive controls and erythrocyte control are 
included in each test. 

Seroepidemiological data suggest that exposing swine 
population to PPV is common and hence most sows are 
immune. Antibodies may appear as early as 5 days post 
infection and may.persist for years. ·Animals recovered 
from· a PPV infection almost always have HI titers of 
~~ :256.1 Maternal antibodies are passively transferred 
from sow to piglets via colostrum and can persistfor 6-9 
months. The presence of maternally acquired antibodies 
in piglets· and gilts may: 

• interfere with active immunity; 
• prevent active infection if present in high amounts; and 
• minimize virus dissemination if present in low amounts. 

· Passively acquired immunity at low levels does not 
interfere with vaccination. In one study, Paul and 
Mengeling2 found that HI titers of1:40 and 1:80 blocked 
the response of animals to vaccination with a killed PPV 
vaccine whereas low levels of antibodies ~1 :20) did not 
have an appreciable effect on vaccination. For live-virus 
vaccines, it was found that animals with HI titers of~1:160. 
resisted infectionwhereas those with ~1 :80 mounted an 
tmmune response. 

·One can diagnose in utero infection by detecting antibodies 
in the serum or thoracic fluid offetuses and stillborn pigs 
or in the serum of neonatal pigs before they are nursed. 
Because of the ubiquity of the virus, an HI test on a single 
serum sample from sows is meaningless. To confirm active 
infection, one must demonstrate IgM in a single serum 
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sample or demonstrate a four-fold increase in serological 
titers of acute and convalescent samples. However, titers 
of 2:1:256 in gilts .are considered ·as indicator of active 
infection and are used to differentiate between active and 
passive titers and to indicate immune status of the sow. 3.4 

Similarly, in unvaccinated gilts: 

• titers of <1: 10 are considered to be negative; 
• titers between 1: 10 and 1: 160 are considered to be 

maternal antibodies; and 
• titers 2:1:160 are considered to be active infection.5 
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Serological interpretations in a case 
study ofLeptospira pomona 

Lisa M.Tokach,DVM; Steven C. Hemy, DVM; and Michael K. Senn, DVM 

Leptospirosis occurs in pigs worldwide. It is usually 
recognized as a cause oflate gestation abortion or stillborn, 
weak-born pigs following transplacental infection of 
fetuses in the septicemic dam. Infection does occur, 
however, in all ages of swine: 1 

Leptospira pomona is the most common Leptospira 
serovarisolated from pigs worldwide. Infection is by direct 
contact of mucous membranes with contaminated urine. 
Once established within a population of animals, the 
pathogen gains virulence. Even though the organism may 
be present in growing swine, clinical signs are usually not 
noted.2 · . 

Renal lesions are the most common finding in growing 
swine, often occurring in clinically normal pigs. The 
kidneys may have white foci of l-3 mm in the renal cortex. 
These foci may be surrounded by congested areas. 
Affiicted animals may be condenmed at slaughter due. to 
the uremia that results from the renal failure.' 

Diagnosis 
Mild or inapparent clinical signs . of leptospirosis make 
clinical diagnosis difficult; therefore, we rely on laboratory 
testing to confirm the disease. Diagnostic procedures are 
directed either at detecting antibody or detecting 
leptospires in pig tissues. Currently, available tests include: 

• histopathology; 
• · fluorescent antibody; 
• clarkfield microscopy; 
• culture; 
• DNA probes; 
• polymerase chain reaction (PCR}; and 
• serology.2 

Histopathology is perfohned using a special silver st~in. 
It appears. to be very difficult and plagued with artifacts. 
The same applies for clarkfield microscopy. Fluorescent 
antibody testing is tempting because it is inexpensive, 
quick, and does not require live organisms. However, it is 
not very specific, sensitivity is questionable, andit offers 
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no information as to the infecting.serovar. Also, very few 
laboratories offer this test, so availability is a problem. 
Leptospira culture is expensive, variable depending on 
the experience ,of the diagnostician, and can take several 
weeks to complete. The use of DNA probes and 
polymerase chain reactions (PCR) are being researched, 
but no published evaluations of their use are currently 
available. 3 

This leaves serology. Serological testing for leptospira is 
very specific. It is relatively r~pid and inexpensive, making 
it the best tool for diagnosis of leptospirosis. 

Still, serological monitoring of Leptospira can be a real 
challenge for the practitioner. Vaccine interference makes 
interpretation a potential nightmare. The test is also 
difficult to standardize and cross reactions among serovars 
are common.3 

Problems in interpretating 
results 
Probably the single biggest problem in deciphering 
Leptospira serology is distinguishing between vaccine 
titers and field infection titers. Leptospira vaccine 
produces a predictable antibody level to create titers of 
I : 100 to I : 800.3 The vaccine does not prevent animals from 
becoming infected with the leptospira organism, nor does 
it prevent subsequent shedding of the organism. At best 
vaccination may reduce clinical manifestations of the 
disease. Infected animals remain seropositive as long. as 
they are shedding the organism, sustaining a titer> I: I 00. 

Antibodies to leptospira appear in the serum within 1-2 
weeks of infection and may reach titers of> 1:12,800 
within 2 weeks. 1 The actual endpoint titer may be in the 
hundreds of thousands. Once infected, animals tend to 
remain as renal shedders of the organism for up to 6 
months. The half-life of L. pomona antibody is estimated 
at 19.5 days.3 This would suggest a minimum of 160 days 
to confirm a true negative status of a previously infected, 
nonvaccinated animal with an initial. titer equal to 
1:12,800. 
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With this information in mind, sev¢ral potential situatiqns · About 2, months later, serologic screening originally 
mayarise,allo'wingthepractitioneropportunitytointerpret ·intended-for PRV testing in gilts produced onthe farm· 
the results· and predict the outcome. A case in paint: if ended up being tested for Leptospira. Leptospira pomoha 
animals are serologically tested at'one point in time~· how titers were preserit -at >1 :1600 in 23 of 25 gilts_ tested. 
can the practitioner be sure all Leptospira titers at 1:800 - Nin~teen of 25 had titers > 1:12,800. Further screening' _.
orless are due tO vaccine? How does hear she know that _ revealed that over 30% of-animals 'in five of the 10 

- it is not an-infectious titer that has just begun to rise in- finishing- rooms.· had u'ndergone seroconversion to L 
titer? To be sure, acute and oonvalescenttiters would be pomona with titers >1:1600 and most> 1:12,800. All 
necessary. This would· incur additional cost, quarantitie animals in the grower rooms were negative. · 
time, and stress on the animals. . . - . . 

hi ariother seenario, what if' only a small percentage of 
animals (one or two head) have titers slightly over 1:800? 
For exa:inple,'25 potential breeding boars are serologically 
~sted for leptospirosis and one is found to be seropositive 
at 1:1600. Theremainderofthe group isat1:800 orless. 
Conservatively, the entire group could be retested, or 
perhaps only the boar in question. This adds more expense 
and time, which can be a problem. On the other hand, if it 
were assumed that :the titer could be from vaccine, or due 
to lab variation, the boars ~ould be· shipped as planned. 
Which is the most correct plan ofaction? 

. -

These are just of few ofthe pc,ssible situations in which 
the practitioner is expected _tO predic~ the:: OUtco1lle and offer 
some assurance as to the health ofthe animals in question .. 

Case rep.()rt. 

One month later, 3 of 40 animals were condemned for -.· 
uremia .based ~n the routine slaughter examination; GrOssly- -
enlarged kidneys with raised granulomatous lesions on the 
surface were found. Leptospira ponionawasisolatedfrom 
the renaltissue. No clinical sign:S consistent with 
leptospirosis were ever noted during the routine inspections 
of the herd. Growth rate, appearance,,and herd deathloss 
rerttainedoat pre-infection levels. No_ abortion storin 
occlirred and reproductive performance parameters 
reimiil}ed unchanged. . _ . · · 

·.. ..· 

_ Room~by..:room serologic screening of growers and -. 
finishers 'was initiated. We. found that -geri~rally if one • 
animal in a room was detected as positive; nearly all 
(>80%)the animals _in that roo~ were ,positive. 'Thi_s 
suggested that infection spread rapidly. within W"ected 
rooms, despite lackqf any dmical illness. All animals in 
positive rooms were slaughtered. _, •- · 

- · - ·· - · · - - All ·growing and fmishing animals-were placCd on 40'0 g 
Despite a routine vaccin~tion program, Leptqspira 
pomona infection was identified ina 1'200-sow breeding -- of chlortetracydine (CTC)per ton of feed, an approyed -
stock herd>' .This farrow~to-fmish herd is ()perated ~ith- and labeled claim. Additionally,- all pigs from negative 
all:-in-all-out handling of pigs by room from we~ing to -rooms in growing and finishing barns werevaceinate'd with 
20 weeks of age. At 20 weeks of age, animals are sorted a five-serovar leptospira bacterin, and revaccinated_3 

- - - - - weeks later: New ani1Dai. s added to the grower. were . and either selected as breeding stoc_ k -Qr held for sale to · · · · 
vaccinate(! when they were inoved from th~ nursery and slaughter. . . · - · · · · · · · 
again 3 w,eek~ later. . · · 

Farm biosecurity is rigorous. The facility is shower...;in and · ··. ···· · · · · · · ·· · · · - ·. 
requires people to be free of previous contact with swine Further serolQglc results demonstrated that the inf~tion · 

had spread throughout the breeding herd. These animais for 96 hours. Access to the facility is via a security gate . · 
must have been exposed prior to the Initial diagnosis 

0·25 .miles from the facility; ' · because gilts and boars had been added to it froiriirtfected · .. 

Gilts and boars that enter the herd are vacdnatedtwice rooms before the seropositive animals were discovered .. 
with five~serovarLeptospira(riotincl~ding L. bratislava) · Previous serology for Leptospirainthebreedinghetdwas .. · 
plus erysipelas bacterin; breeding boars are revaccinated _ negative. 
tWice per year, and sows prior to each breeding. The herd · 

·. is·pseudorabies qualified and brucellosis validated. Half the sows and 68 of73 boars were seropositive within 
Veterinary inspection_ and slaughter_ checks are performed 2 mmiths of the arrival of the originally infected animals. · · 

. Interestingly, no reprodu~ti~e failure' of abortion 
monthly. accompanied this seroconversion~ The breeding herd was 

. Approxima~ely .200 -purchased breeding boars' and gilts. also revaccinated and placed on 400 g CTC:per ton in the 
arrived from the sanie source fann as in the past. These feed for 6 weeks. In hn attempt to eliminate renal shedding 
animals were heldin isolated quarantine for 5 'weeks. of the organism,lthe entire breeding herd \Vas injecte4 
Larger gilts were then ~oved directly into the breeding with penicillin and dihydrostreptomycin at 10 mg>pedh 
bam and smaller gilts into one of the finishing barns where on 2 consecutive days .. •·· 
they were c~mmingled with gilts produced by the farm. 
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The methods of control and prevention appeared to vaccinated animals unless titers are much higher than those 
succeed. Although the breeding herd still contained likely due to vaccination. Practitioners need to realize the 
seropositive animals, within 5 weeks of the initial limitations of this type of information. Serology can 
diagnosis, all seropositive grower and finisher animals had identify seropositive animals, but our interpretations of 
been removed. Ongoing serology, conducted monthly the data is limited by these confounding factors. Extremely 
showed no spread of infection for 7 months. high titers can be regarded as significant even in the 

In May, 1994, routine monitoring revealed 5 oflO samples 
in one finishing room as positive to L. pomona ranging 
from 1:800 to 1:6,400. Additionally, one boar of 10 tested 
in off-test had a titer of 1:12,800. Again, extensive 
serological screening was implemented to identify infected 
rooms. Positive rooms are being sent to slaughter and 
serologic screening continues. 

Discussion 
Serologic monitoring of nonvaccinated animals for L. 
pomona was a very valuable diagnostic tool in this 
particular case. It enabled us to identify nonclinical 
leptospirosis in the herd and stop the spread of the organism 
to non-infected rooms. Coupled with the use of ali-in-all
out technology, we were able to minimize the losses in 
breeding stock sales. 

Interpreting the serology can be very difficult. Cross 
reactions between the various serovars, vaccine 
interference, and lab variation make it nearly impossible 
to come up with a definitive answer in most cases in 
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presence of vaccination. Borderline serological results 
need to be scrutinized for what they really are: too close 
to call. 

Knowing that vaccinated animals are serologically positive 
to L. pomona, but with no clinical signs makes it difficult 
for the practitioner to justify condemning breeding animals 
to slaughter. The question arises that perhaps monitoring 
for leptospirosis should be a requirement for issuing health 
papers and transporting breeding stock. If so, however, a 
definition of titer interpretation in vaccinates versus 
nonvaccinates remains undefined. 
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Serological profiling· irt swine units \ 

Wayne R. Freese, DVM 

The swine. practitioner's .role in pork production in the 
1990s will be different than in ·the past. Pork producers 
will call upon practitioners tO help select health procedures 
arid buil4ing designs, make financial decisions, and procure 
genetics. To make sound decisions in. setting up health 
programs and procuring genetics, the swine veterinarian 
should understand epidemiological antigen profiles in 
herds. Serological antibody profiles will be . an integral 
part of tomorrow's evaluation technology. 

Serological profiling is a diagnostic tool that swine· 
practitioners can use·to gain valuable insight into what 
infectious patterns are occurring in a swine herd. As the 
swine industry moves to a "high health". state, it is 
imperative to understand what different factors to consider 
· when profiling a swine herd. Selecting the organisms to . 
proflle is critical tO certain age groups. Selecting the tests 

. to be used to validate whether disease processes m:e present 
depends in part on the sensitivity and specificity of each 
type of test. 

Generally, a· practitioner orily chooses to do serologicai 
profiling after the herd is already in a disease state. It is 
an emergency situation and s/he is looking for answers. In 
the future, we need to begin using serological proflling on 
a preventive basis, routinely ascertaining antibody levels 
or baseline values. The poultry industry is ahead of us in 
proactively monitoring the health of their flocks. The 
consultant and unit managers started out pursuing disease 
conditions and quickly moved to preventative profiles. 
When you begin working with a herd in a diagnostic 
mariner, you can easily move to a preventative profile. It 
is important to select the antigens that are meaningful to 
the respective stage of production. 

Reasons for serological 
profiling 

To detect the presence or absence of 
an agent in a swine herd 
Practitioners are often asked to evaluate whether "an" 

. Veterinary Medical Center, Worthington,· MN 
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agent. is present in a herd. Postmortems ~nd 'various 
histologic and culture techniques can be used to detemiine 
whether an agent is present. Serological profiles can .,e· · 
taken to evaluate whether there has been an antibody 
response to that antigen. You can take blood sampl~s even 
when an animal has died or has been sacrificed. You don't 
have to wait for an economic loss to occur. 

To' determine whether a mixed 
infection is present 
In many cases, you should test for multiple antigens to 
ensure you don't niiss the big picture: CertaWy in many 
.cases~ you need to sample for one agent, but in others that · 

· appear to be a mixed infectious process, selecting one ~ent · 
·might be orily a small piece of the p11Zzle. For example, 
with a respiratory problem caused by porcine reproductive 
and respiratory syndrome (PRRS), Actinobacillus 

pleuropneumoniae · (APP)~ and/or Mycoplasma ·• 
hyopneumoniae; you need to know what pathogenic 
interactions occw in certain age groups of pigs to develop 
a "correct" profile. 

To determine when or at what age. 
an infection is occurring within a 
swine production unit 
Sampling a number of animals from one age group may or 
may not give you the results you are looking for. You should 
zero in on disease processes by doing multiple-age 
samplings. These can be done in one initial bleeding or 
over time by following a group. 

!o try to properly time biological 
mterventton 
Biological intervention for certain diseases can work quite 
well depending upon the type of disease process (humoral 
versus mucosal diseases). Pseudorabies virus vaccines that 
stimulate humoral immunity work well. With certain 
diseases (i.e., APP), biological control is more difficult · 
and can be enhanced by specific timing the vaccination. 
The timing is critical to getting results in such a disease 
process . 
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To·evaluate multiple sites or herds 
within a production system 
As production systems become larger, many systems are 
moving to multiple-site rearing. Contrary to common 
belief, all sites within systems do not always have the same 
disease profile. Knowing the health status of each site can 
affect how genetics are added to each Ul1it. Building 
systems can also affect .the course of disease as well as 
the biologics used. and treatment programs selected. 
Knowingyour profiles canaffect decisions as to selection 
of certain building designs. 

To evaluate the. status of incoming 
stock · · 
For many years, breeding stock suppliers have been 
reluctant to test their herds to determine the status of their 
stock. As we move into this decade, not only will 
purchasers of new stockknow the status of their own herds, 
they will demand to know the status of the stock they are 
purchasing. · 

To evaluate the effects of 
management intervention 
Management intervention.includes MEW, segregated early 
weaning and depop-repop procedures. With· the early 
weaning procedures now available, it is essential to know 
whether you have accomplished your goal and intervened 
in the disease process. Usually by 6-'-8 weeks, most 
maternal antibody is gone, so this is the ideal age at which 
to determine whether active infection is present. 

To monitor a herd on an ongoing 
basis to determine whether the ... 
status of the disease profile within a 
herd has changed 
Ongoingherd baseline monitoring on a semi-annual basis 
is very helpful in determining whether disease processes 
have changed in a herd. Baseline values need to be 
determined for each herd, Meari titer evaluations should 
be set up for different age groups in a herd. We must 
determine what mean titer levels occur with each infection. 

Selecting antigens 
When you are sampling a set of pigs for a known set of 
antigens in a certain age group, finding negative results 
does not necessarily mean that the herd is negative for the 
diseases selected. For example, although M. hyo
pneumoniae may show up negative at 10-12 weeks of 
age in samples from a herd, indicating that animals are 
negative at that stage, they may not be seroconverting until 
they get to older ages (20-23 weeks of age). You can study 
a herd profile pattern at different ages and divide the 
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profiling into a nmsery stage (6 ..... 13 weeks) and then a 
finisher stage (14-26 weeks). Often youend up picking 
disease processes in either the nursery or the finisher stage. 
All too often, you diagnose a disease either by postmortem 
exam, by a one-time diagnostic workup, or by a set of 
serologically "positive" animals. None of these necessarily 
indicate that disease has occurred in the entire herd. Be 
careful not to run just one test for, say, a respiratory 
problem and make a diagnosis that may be inaccurate. 
Thus, multiple antigen anlayses can be done in many 
situations. Antigens to consider at certain ages for 
respiratory diseases are as follows: 

Age 

6-13 weeks 

Possible Antigens to Monitor 

PRRS 
Haemophi/us parasuis 
Swine Influenza 

14-26 weeks APP 1 ,5,7 
M. hyopneumoniae 
PRRS 
PRV 

Age. to select 
After you have selected the initial antigens, as outlined 
above, you .must select the appropriate age groups to 
monitor, You must also determine whether to perform a 
point-in-time selection of samples or whether you will 
follow animals over time. With a point-in-time set of 
samples (i.e., samples taken from different age groups on 
the same day), you can determine what has occurred in 
the swine unit for a specific time frame. You may or may 
not find animals seroconverting to disease processes. 
Although a sampling ovettirne(animalsfollowed over 3-
4 months) withthe same set ofanimals maybe more 
accurate, the disadvantage of over-time sampling is that it 
takes longer to do. Seasonal influences may affect sampling 
results. In a herd that is positive for APP, groups moving 
into the summer months may notseroconvert as they would 
in late fall or the early winter months. November through 
January and March through May are typically good times 
to ·look. at respiratory problems within herds. The most 
direct approach is to take a 1-day sampling from different 
age groups, evaluate your results and then decide if you 
need to go back and do more specific groups or groups 
over time. 

·Selecting the type of test to 
run 

In determining the type of test you are going run on a set 
of blood samples, you should be aware of the sensitivity 
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and specificity of the type of test that you are going to 
choose. If you are running an APP 1,5, 7 CFT test, you 
are meas~ring primarily IgM antibodies and some IgG; 
whereas If you run that particular test using an ELISA 
format, you usually are measuring IgG antibodies 
depending on the conjugate you choose. IgM antibodie~ 
tend to develop more quickly than IgG antibodies. ELISA 
IgG antibodies may endure longer than IgM antibodies. 
Specificity of the test, in many instances, can be more 
important than sensitivity. If the specificity of a test is 
accurate, you can live with varying sensitivity results as 
long as the sensitivity is not misleading. It is important to 
remember that antibody levels do not indicate disease nor 
do antibody levels indicate protection in all cases. 

How will serological 
profiling be used in the 
future? 
There are alternatives to accepting disease. Interactive 
diseases, such as PRRS and APP, not only cause acute 
short term death loss, but those complexes can also cause 
more chronic, prolonged disease that affect performance 
and ultimately, feed efficiency. As we move into the next 
decade, the health status of a herd will· become more 
important than it has been in the past. When adding stock 
to a herd, it will be common practice to compare the health 
status of the source and destination herds. Epidemiological 
monitoring procedures for each disease complex will be 
worked out in greater detail. 

Fewer practitioners will use a "shot-gun" approach to 
biological management of particular diseases. The cost of 
labor and the fatigue that is associated with intervening in 
disease will be tolerated less in the future as units get larger. 
Moving animals within systems will be more closely 
monitored than in the past. Levels of disease will be 
established and possibly the worth of animals will be based 
on the level of the organisms present and the mean herd 
titers that are occurring in the herd. 

The systems approach, such as all-in-all-outmanagement, 
tends to lessen problems, but rarely eliminates them. Thus, 
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the systems approach to raising animals will also employ 
diagnostic procedures to identify the what and where of 
diseases in their systems. 

Newer tests will be developed for certain disease 
processes. These tests, in my opinion, should be based 
~~und specificity first and sensitivity second. Sensitivity 
IS Important and must not be misleading. As more tests 
become available, the cost of testing may be reduced. 
Database management of results will be used much more 
in the future. We will know the "level" of the baseline 
titer to. each individual antigen in a herd. This baseline 
level can and will be compared to banks of data for the 
same disease in the herds. We will be able to tell if we're 
approaching a buildup in a herd. We may be able to predict 
"acute episodes" or disease outbreaks. We may be able to 
predict the potential for performance losses. 

Databases are now available that would tell us whether 
herd antibody levels are low, medium, or high to various 
antigens. In these herds, we then may be able to categorize 
the herds as being close to having "disease" or not having 
disease. As we continue to monitor herds, we will have a 
much better idea whether the antibody levels present are 
a cause for alarm. Databases that have multiple disease 
interactions occurring must continuaUy be evaluated. We 
may be able to predict performance differences between 
herds as we study the data base patterns of herds that have 
multiple interactions occurring. 

The future of serological profiling is exciting. The 
challenge of discovery will be up to us. 
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What sows have to say 
about water. intake 
Christian Klopfenstein, DVM, MSc, Sylvie D' Allaire, DVM, PhD, and Guy-Pierre 
Martineau, DVM, DESS 

Although water is recognized as an essential nutrient, our 
knowledge of water requirements for gestating and 
lactating sows is very scarce.1 Requirements for water 
intake vary with feed quality and quantity, temperature, 
and relative humidity.2 However, since these conditions 
are similar for most sows within a herd, other factors might . 
affect sow water intake. Adaptation to anew environment · 
or wateriilg system may be factors modifying water intake. 
Indeed,· 0 lson3 reports that some young pigs take up to '3 0 
days before properly using a new watering l!ystem. 

The purpose of this paper is tO describe water intake in 
sows and to report results from a study designed to verify 
whether the adaptation to the farrowing crate in the last 
days of gestation would result in ins!J.fficient water 
consumption and consequently in an increased incidence 
of constipation in sows and low growth rate in piglets. 
Results on water intake from the literature are also reported 
to emphasize our limited knowledge. of the water 
requirements for sows; 

a homemade lactation ration, served in two meals at around 
8:00 and 15:00,excepton Sunday, when the evening meal 
wa:s skipped. Mter farrowing~ they were ort a gradual 
increased feeding schedUle, starting with 0.45 kg and 0,9 
kg on day 0 and 1, respectively, with a subsequent daily 
increase of0.9 kg until a maximum of8.1 kg was reached 
on day 9. 

Water intak~ wall monitored individually and continuously 
with electronic water counters connected to. a computer. 
Data were collected for the last days of gestation and the 
. first 15 days of lactation. Since pig water losses and 

· turnover are a function of metabolic weight, 4 the apparent 
daily water consumption (ADWC) was standardized for 
a 200-kg sow using the following correction: 

200kg0.75 
· ADWC =Measured daily water consumption x 75 . sow liveweight 

. Fecal dty matter content (FDMC) of sows was estiinated 
in late gestatio11 and on days 2 and 16 oflactation. Average 
piglet growth rate during the first 48 hours of life and 

Materials and methods 
A total of 73 sows was divided into two gr.oups: 

• control sows (CT), being introduced into the farrowing . 
crate 25 days before parturition (36 sows); and 

, litter ll)ortality during the first week after parturition were 
recorded. Litters with less than 10% average piglet growth 
rate during the first 48 hours were classified as problem 
litters, and the others as normal litters. 

• short-adaptation sows (SA), being moved 3-5 days 
before farrowing (3 7 sows). ' 

.. :-

Gestating sows were housed in individual crates and were 
watered by a common constant-level trough. In the single 
farrowing room, the sows were housed in: crates(1.5 x2 
m) with wiie-mesh floor. A push button watering system 
was located 10 em from the bottom, on the right side of a 
20;.cm-deep trough (capacity 10.8 · L). The ·daily 
temperature of the farrowing room ranged between 16-
220C. . 

Gestating sows received 2.2 kg of a hom~made diet in one 
daily meal. At day 90 of gestation, sows were changed to 

Departemerit de Sciences Cliniques, Faculte. de Mede~ine 
Vererinaire, Universire de Montreal, C.P. 5000, Saint-Hyacinthe, 
QucSbec, Canada, J2S 7C6 · . 
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Results 
A total of 73 sows were used for the water Consumption· 
analyses. Litter weight gains and characteristics were. 
retained for the 61·litters that had weighing inter:Vals of 
46'-50 hours. Since most of the variables did not have a 
normal distribution, the medians rather than the means 
a:re reported. 

Apparent daily water consumption of sows varied with 
their physiological state. In late gestation, the median 
ADWCranged between 10 and 15 L, decreased between 
5 and 7 L during! the first 3 daysof lactation, and then 
gradually increased to reach intakes between 15 and 20 L 
on day 15 of lactation. Water intak~ between sows was 
·extremely variable particularly in late gestation, where 
ADWC from a8 low as 4 L and up to 40 L were recorded 
(Figure 1 ). During the first 3 days oflactatioli, 82%, 62%, 
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Figure 1. Apparent daily water consumption (ADWC) (5th, 25th, 50th, 75th, and 95th percentile), stan
dardized for a 200"'kg sow, for the control (CT) and short adaptation (SA) sows during. the late gestation 
and. early lactation. Day 0 is farrowing day. 

and 48o/o of all sows· drank less than 10 L per day for DO, 
Dl, and D2, respectively. In the SA group, only one 
primiparous sow changed her daily drinking pattern in a 
marked way from 3 L to 25 L during the first days in the 
farrowing crate, suggesting an adaptation process. 

Two different patterns of water consumption were observed 
in relation to feed intake. Some sows drank their water 
almost exclusively at meal time, whereas others consumed 
theirs. throughout the day, independently of meal time 
(Figure 2). The majority of the sows did not drink any 
water between 8:00 PM and 5 :00 AM. In late gestation, 
D-9 to D-3, the ADWC of the CT sows for a specific day 
was well correlated to the ADWC of any other day of the 
week (r> .8, P < .05). The lower feed distribution on 
Sunday had no effect (P = .95) on the ADWC: 12 L 
compared to 13 to 15 L for the other days of the week. 
Around the peripartum period, water consumption was 
doubled the day before farrowing in some sows, whereas 
it remained stable in others (Figure 3). 

Fecal diy matter content ranged between 30o/o-32o/o in 
late gestation and in lactation and was increased to 40o/o 
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on day 2 of lactation. A total of 17 (28o/o) litters were 
classified as problem litters and 44 (72o/o) as normal litters. 
Overall, 56o/o of all mortalities were found among the 17 
problem litters. Moreover, 11 (65o/o) of the 17 problem 
litters had more than one death compared to 6 (14o/o) for 
the 44 normal litters. These problem litters were distributed 
between the two groups of sows as shown in Table 1. Even 
though more problem litters were found in the SA group, 
this difference was not significant (P = 00.3). 

Sows with problem litters could not be associated with 
lower water intakes during the late gestation or the first 
days of the lactation (Figure 4 ). Although low postpartum 
water intake was observed in conjunction with increased 
postpartum FDMC, water intake during the frrst days after 
parturition was significantly correlated With FDMC only 
in sows with problem litters (Figure 4). No correlation 
could be found between these variables for the sows with 
normal litters. 

No significant difference was observed between ADWC 
of the two groups of sows at any of the periods studied, • 
late gestation or lactation (P > .4). FDMC in late gestation 
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Figure 2. Patterns of hourly water intake (%) in sows. 

and lactation and incidence ofproblem litters were similar 
among both groups of sows (P > 0.2). 

· Discussion 
The medians for water consumption. observed in late 
gestation (11-15 L) and in lactation (up to 20 L) are in 
the range of what have been reported by others. 5'9 However, 
comparisons with other studies are difficult, since water 
consumption is influenced by many factors: weight of the 
animal and therefore parity, physiological status, feeding 
practices, temperature,'and relative humidity. Results from 
9 studiesS-13 indicate that the mean daily water consumption 
is between 8 and 18 L in gestating sows. Gilts have 
generally·lower·water consumption,. 5.5-13 L (three 
studies). During the lactation period, mean water intake 
of 14-:25 . L and. 8-11. 5 L are reported for sows and gilts, 
respectively. 

. . 

However, the above-mentioned values were obtained from 
experimental or observational studies· and might· not 
necessarily represent physiological needs. lriterestingly, 
recommendations by different authors and. councils on 
minimum daily water requirements are as varied as 4~8 L 
and 10-17 L for gestating sows and 15-25 L for lactating 
sows.6•14•15 Recommendations by engineers for building 
design are often higher, but take into account water spillage 
and water for piglets. Soine authors have defined·water 
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requirements as a function offeed intake, using ratios of 
2-2.5:1 for gestating sows and 3-4:1 for lactating sows. 
For restricted-fed sows (2.2 kg), this would represent 4.4-
5.5 L of water, and 18-24 L forlactatingsows. From these 
results· we can see that the problem lies in determining 
more specifically the physiological needs of sows. 

Sow health and production. problems would most likely 
appear when water intake is below the level that meets 
physiological needs. Since tissue hydration is maintained 
by many physiological mechanisms, requirements for sow 
water intake can be estimated by calculating the difference 
between total water ·losses from skin, respiration, feces, 
urine, and milk production and water obtained from feed 
and feed metabolism. Using the values available in the 
literature, theoretical water intakes to meet physiological 
needs of a 200-kg sow can be estimated at: · 

' . 
• 6 L for restricted-fed (2.2 kg) gestating sows; 

• 10 L for restricted-fed ( 1 kg) early lactating sows (DO~ 
· D2); and 

• 12 Lfor full-fed (8 kg) mid-lactating sows (010~015). 

The observed water int.akes of the low consumers of our 
study corresponded to these estimates for gestating and 
mid-lactating sows and ther~fore.cannot be considered as 
inadequate water intake. The estimated requirement of 
early lactating sows is much higher than the observed 
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Fig~re 3. Patterns ofdaily water consumption in two sows. Day 0 is farrowing day. 

intakes (Figure 1). However, the sharp fall in ADWC 
duritig the first 3-4 days after Parturition was similar to 
what is reported by Fraser and Phillips. 10 These low 
postpartum ~ater intakes are most likely the con~equence 
of a normal behavioral drive. Indeed, free-rangmg sows 
are rep~rted to stay in their nest during the first 48 hours 
after farroWing. 16 Water intake of more than 50% of the 
sows during the postfarrowing period vvas lower than the 
theoretical physiological needs. Surprisingly most sows 
could sustain normal t9 high piglet groWth with such low 
water intakes (Figure 4). 

In our sfudy, the median ADWC only represented the 
center of a wide distribution of water intakes (Figure I). 
Similar variability has been reported by others.9•13 Spillage 
did not seem to be a major problem since water level in 
the trough was almost always below 2 em from the bo~m 
and the troughs were often dry. Madec9 who observed 
similar water intakes, reported that sow urinary density 
decreases linearly as daily water intake increases over 1 0 
Land reaches very.low values when water consumption 
is above 20 L. Therefore if urinary density followsADWC, 
large amounts of water consumed by some sows such as 
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reported in the literature and observed in our study cannot 
all be attributed to spillage~ · 

The variability in ADWC was probably not associated 
with environmental fluctuations because the average daily 
temperature in our s~dy was between 16 .and 22~C~ which 
is within the thermoneutral zone for sows. Vanatlons of. 
the daily ambient temperature within. the comfort zone do 
not cause measurable ~ariations in water intake in pigs.17 

Water intake has been reported to be positively asseciated 
with feed intake in ad libituril fed sows.7 However, the 
variability in ADWC between sows in late gestation could 
not be explained by feeding levels since in our·study all 
sows received the same amount offeed per day except on 
Sunday. Mor~over, lower feed distribution on Sunday.~as 
not associated with lower water intakes. The posttlve 
associatio~ between feed and water intake might not exist 
in restricted-fed animals. Indeed, restricted feeding 
practices have been reported.to increase. rather than 
decrea.se water intake in many species: mice, gerbils, 
rabbits, hamsters, piglets,4 and sows.18•19 :Moreover, many 
sows are reported to develop adjunctive drinking behavior 
when they are restricted-fed such as in our study~ 1s.19 
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Table 1. Characteristics of the problem and normal litters for the control (CT) and short adaptation 
(SA) sows. Median is reported with minimum and maximum values. 

Variables CTsows SA sows 
N 7 10 
Litter size 12 (4-17) 12 (8-16) 

Problem 
Suckling piglets 10 (7-13) 10 (6;.13) 

litters Birth weight (1) (kg) 1.4 (1.0-1.7) 1.4 (1.0-1.8) 
Growth rate (2) (%) 5 (0-10) 6 (0-10) 
Mortality (3) (%) 25 (0-50) 13 (0-'37) 
Parity (4) 6 (5-7) 8 (6-10} 
N 24 20 
Litter size 10 (6-17) 11 (5-17) 

Normal 
Suckling piglets 10 (6-13) 10 (5-15) 

litters Birth weight (kg) 1.4 (1.1-1.7) 1.5 (0.9-1.7) 
Growth rate(%) 15 (10-22) 17 (10-29) 
Mortality(%) 7 (0-18) 0 (0-28) 
Parity 5 (2-11) 6 (3-9) 
N 31 30 
Litter size 11 (4-17) 11 (5-17) 
Suckling piglets 10 (6-13) 10 (5-15) 

All litters Birth weight (kg) 1.4 (1.0-1.7) 1.5 (0.9-1.8) 
_Growth rate (%) 13 (0-22) 13 (0-29) 
Mortality(%) 8 (0-50) 7 (0-37) 
Parity 5 (2-11) 7 (3-10) 

(1) Average piglet birth weight estimated from litter weight. 
(2) Proportion of birth weight increase during the first 48 hours. for the litter. 
(3) Preweaning mortality during the first 7 days. 
(4) Median parity of the multiparous sows. 

All sows 
17 

12 (4-17) 
10 (6-13) 

1.4 (1.0-1.8) 
5 (0-10) 

22 (0-50) 
7 {5-10) 

44 
11 (5-17) 
10 (5-15) 

1.4 (0.9-1.7) 
15 (10-29) 

0 (0-28) 
6 (2-11) 

61 
11 (4-17) 
10 (5-15) 

1.4 (0.9-1.8) 
13 (0-29) 
8 (0-50) 
6 (2-11) 

This lack of relation between feed and water intake in 
restricted-fed sows and the concept of adjunctive drinking 
behavior may partly explain the high variability in ADWC 
between sows. The highest ADWC were also most often 
observed in the same sows as shown by the high correlation 
coefficients between ADWC within a week in late 
gestation. This suggests that the development of adjunctive 
drinking behavior in relation to feed restriction would be 
sow specific. As described by others,l·2•4 the observed 
ADWC is composed of two parts: one to meet physiologi
cal needs and one to satisfy psychological needs. Since 
the psychological part seems to be important, as it appears 
from the literature and our study, the commonly used ratio 
of feed: water to determine water requirements should be 
questioned for restricted-fed sows. 

reasons for and the consequences of this behavior are 
known. 

It is generally recognized that sows drink most of their 
water, approximately 75% of it, around meal time. 9 

However, some sows from our study consumed throughout 
the day. This type of behavior emphasizes the need for a 
constant source of water, at least until the underlying 
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The increased FDMC on D2 observed in all sows 
compared to the gestation and midlactation levels suggests 
an association with the low water intakes observed after 
farrowing. However, the relation between ADWC and 
FDMC at D2 was only observed among the sows with 
problem litters (Figure 4). This relationship tends to 
support the observation of early-day producers that 
constipation appeared in sows with agalactia and problem 
litters.20 In earlier days, when water distribution was 
manual, constipation was probably more frequent since 
dehydrated sows could not compensate with higher water 
intakes; The tendency for more problem litters to be found 
among the SA sows was most likely due to the parity 
confounding effect. Indeed, problem sows of the CT and 
SA sows were from older parities (Table 1). 

Results from our study showed that: 

• adaptation to a new watering system and environment 
did not affect water consumption; 
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Figure 4. Apparent daily water consumption (ADWC), standardized for a 200 kg sow, during the last 3 
days of gestation (LG) and the first 3 days postfarrowing (PF1), and sow fecal dry matter content (FDMC) 
on day 2 after farrowing for sows with problem (*) and normal (0) litters. 

• in gestating sows, when water intake was highly vari
able, there was a high repeatability in water consump
tion for an individual sow; 

• in restricted-fed sows, there was no relation between 
water and feed intake and sows did not necessarily drink 
most of their water at meal·time; 

• the presence of an association between water intake 
and constipation in sows with problem litters and the 
absence of such a relation in the other sows suggest 
that postpartum water metabolism (not intake) in sows 
with problem litters might be altered; 

• for the frrst 3 days following parturition, water con
sumption was very low and below theoretical require
ments for most sows. However, the low consumption 
could not be associated with an increased number of 
problem litters~ suggesting either a particular water 
metabolism or that the requirements of the sows were 
still met with these low levels of consumption. 

Because low water intake may be associated with 
productivity and pathological problems, namely cystitis
pyelonephritis, it would be important to better define water 

76 

requirements. For gestating sows, the value of 15 L, which 
is the most often recommended intake,. is probably 
appropriate for the design of watering systems.but might 
not reflect physiological needs. Ranges of 
recommendations reported in the literature, particularly 
for gestating sows, are too wide (as low as 4L up to 17 
L). Most of the confusion comes from the fact that many 
do not make the difference between sow water use and 
sow water needs. 

Further research is needed to determine more precise water 
requirements for sows.· Moreover, alternative methods to 
assess whether sows drink enough to meet their 
requirements need to be evaluated. 
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Feeding strategies for primiparous 
sows 
Marc Genest, BSc agr, MSc, and Sylvie D' Allaire, DVM, PhD 

A low level of feed consumption during the lactation period 
. is associated with a low milk production, 1 a decrease in 
fat and muscular reserves,2 a longer weaning-to-service 
intervat,J a low conception rate and a smaller litter size at 
the subsequent farrowing. 4•5 All of these will affect sow 
longevity in the herd. Primiparous sows. are more 
susceptible because of their growth requirements and 
because. their feed intake is lower during the lactation 
period. 

The purpose of this study was to evaluate, in primiparous 
sows, the effects of four feeding strategies during the 
lactation period on feed consumption and reproductive 
performances. 

Materials and methods 
A total of 183 Large White x Landrace females were 
divided into four groups of treatments for the lactation 
period (two or three meals per day with [wet feed] or 
without [dry feed] water added to the feed): 

• Group 1: two wet-feed meals per day 
• Group 2: two dry-feed meals per day 
• Group 3: three wet-feed meals per day; and 
• Group 4: three dry-feed meals per day. 

At meal time, 1.5 L of water per kg offeed was sprinkled 
directly onto the feed of Group 1 and 3 sows. At mating, 
stratifying on liveweight, the gilts were randomly allocated 
to one of the four groups. Gilts were transferred into 
farrowing crates at 108 days of gestation and parturition 
was induced at 115 days. Each farrowing room contained 
21 crates and was run in an ali-in-all-out fashion. Group 
1 and 2 sows and Group 3 and 4 sows were housed together 
in the same farrowing room. All sows had constant access 
to water by a nipple and daily water distribution was 
recorded for each group of sows by computer. 

Primiparous sows were fed ad libitum within 12-16 hours 
after parturition. The lactation ration consisted of 3200 
kcal ME, 15% protein, and 0.85% lysine. The amount of 

Departement de Sciences Cliniques, Faculte de Medecine 
Veterinaire, Universite de Montreal 

78 

feed distributed was measured at· every meal and feed 
refusals were dried and weighed to determine. daily 
consumption. 

Weight and backfat thickness at P2 (6:5 em from midline 
at the last rib) were obtained at mating, 108 days of 
gestation, 24 hours after parturition, and 7, 14, and 20 +/ 
- 2 days oflactation. Litter size was standardized according 
to the average number of piglets born per litter in each . 
farrowing room. Litters were weighed at24 hours and 3, 
7, 14, and 20 +/- 2 days of age. Litterweightwas adjusted 
at 21 days to take into account the variation of weaning 
age. The weaning-to~estrus interval, service result, and 
litter size at parity 2 were recorded. 

Results 
Group 1 and Group 3 {wet-fed) sows ate 4~ 5 kg more 
feed during the 18-day lactation period than did Group 2 
and Group 4 (dry-fed) sows. The difference was only 
observed for the first 2 weeks of lactation. The number of 
meals per day did not influence the daily feed consumption 
(Table 1, Figure 1). Wet feeding did not seem to increase 
water consumption during the lactation period: 

• Group ·1 sows consumed an average of 17.6 L of water; 
• Group 2 sows consumed an average of 18.9 L of water; 
• Group 3 sows consumed an average of 16.7 L of water; 

and 
• Group 4 sows consumed an average of 17.1 L ofwater. 

During the first week of lactation, most sows gained 
weight, but thereafter lost weight, with the rate of weight 
loss reaching a peak during the last week of lactation (Table 
2). Wet-fed sows lost less weight than dry-fed sows. The 
backfat loss was influenced by the number of daily meals 
but not by the addition of water to the feed (Table 2). 
Increasing the number of meals per day reduced the backfat 
loss even though the total feed consumption was similar. 

The average daily gain (ADG) of piglets varied between 
233 and 245 g. However,no significant difference in ADG 
was observed between the four groups (Table 3). The per
centage of sows with a weaning-to-estrus interval of less 
than 7 days (mean=89%), farrowing rate (mean=89%), 
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. _. . . 

table 1. Feed consumptlon.according to.fourfeeding·methodsdurjngthe lactation period in 
primiparous sows. Mean (± SO). ~·· ·· · 

Period 

. Days1-7 

Days8-'14 

Days 
15-18 

Total 

· Dry feeding 
2 meals 3 meals 2 meals 3 meals 
n = 47 n = 47 n = 44 n = 45 
34.09 35.60 33.03 33.19 
(5.05) (4.47) (6;07) . (5;09) 
45.51 45:22 . 43.53 43.06 
(4.24) ;(4. 77) (5:23) (4.89) 
29;53 28.50 28.40 28:21 
(2. 76) . (3.37) (3.45) (3.15) 

. 109.12 109.33 104.97 '104.46 
(9.43) (10.23f (12.57) .. (10.85) 

. Figure 1. Daily feed intake in primiparous sows during the lactation period according to four feeding 
.methods · · · .· · 

and parity-2 litter size (mean= 1 0. 75} weresimilar among 
the four treatll1ents. 

meals was associated with a lowerbackfat loss. However, 
these feeding strategies didnot improve sow and piglet 
performances, · ·. · 

Discussion The lack of effect could be relatedto the high feed intake 
observed in all four groups of sows, on average 6 kg per 

Although fee<Jintake. was only influenced by wet feeding, . d. ay £.or the IS: day lactationpen.· od, w. hich is higher than 
sows mobilized fewer of their body reserves and.ate more 
frequently when they were wet-fed. Wet fe~ding reduced that observedin most commercial herds for primiparous 

· · · · · · · · · · · sows. This corrc;:sponds. to an average daily intake of 19 
the weight loss, whereas the increased nU1llber 6fdaily 
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Table 2. Variation of liveweight (kg) and backfat thickness (mm) of primiparous sows according to 
four feeding methods during the lactation period. Mean (± SD). 

Period 

Days 1-7 

Days 8-14 

Days 
15-18 

Total 

Table 3. Average weight and average weight gain of piglets from primiparous sows according to four 
feeding methods during the lactation period. Mean (± SD) . 

Weight . Weight gain 
Wet feeding Dry feeding Wet feeding Dry feeding 

Da 2 meals 3 meals 2 meals 3 meals Period 2 meals 3 meals 2 meals 3 meals 
1 1.47 1.37 1.40 1.39 1-3 0.34 0.35 0.35 0.34 

(0.18) (0.19) (0.20) (0.21) (0.09) (0.09) (0.08) (0.07) 
3 1.82 1.71 1.75 1.73 3-7 0.94 0.88 0.90 0.90 

(0.22) (0.24) (0.25) (0.25) (0.19) (0.19) (0.14) (0.19) 
7 2.76. 2.60 2.65 2.63 7-14 1.92 1.83 1.93 1.80 

(0.37) (0.39) (0.35) (0.38) (0.32) (0.23) (0.25) (0.30) 
14 4.68 4.42 4.58 4.42 14-21* 1.93 1.88 1.86 1.86 

(0.58) (0.58) (0.53) (0.60) (0.43) (0.40) (0.28) (0.38) 
21* 6.61 6.30 6.44 6.28 1-21* 5.13 4.94 5.04 4.90 

(0.79) (0.70) (0.67) (0.76) (0.71) (0.62) (0.50) (0.71) 

* 21-day adjusted weight. 

Meal ME, 900 g of protein, and 51 g of lysine. King and might have been different if the study had been done during 
Dunkin6•7 reported that piglet weaning weights are not summer. The environmental conditions were well 
affected when primiparous sows eat at least 3 kg per day controlled; temperature was maintained at 20°C in the 
and that 12 Meal DE and 700 g of protein are required to farrowing rooms. 
minimize the weaning-to-estrus interval and opfimize milk Although there were differences in mobilization of body 
production, Lysine intake should be at 40 g per day to . reserves among treatments, the observed weight and 
increase milk production and decrease mobilization of backfat losses were not severe in any treatments. The 
muscular reserves.8•9 

The ad libitum feedingfrom 12 to 16 hours after parturi
tion was probably responsible for the high levels of 
consumption in early hictation. A high level offeed intake 
following parturition may have helped reduce the utiliza
tion ofbody reserves, as shown by the lack of weight loss 
in the first week. The high feed intake following parturi~ 
tion (around 5 kg) with only a small drop (approximately 
1.5 kg) at days 3 to 5 is noteworthy. 

The experiment was also conducted during the spring, 
when feed consumption and reproductive performances are 
not generally considered to be problematic. The results 

80 

weight loss was greater in sows dry fed, 4.8 versus 2.9 
kg. However, it is reported that sows may lose up to 5 kg 
without any deleterious effects on subsequent reproductive 
performances. 8 

The greater backfat loss was observed in sows fed twice a 
day. However, the loss was minimal when compared to 
what is reported in the literature, less than 1.5 mm versus 
3 to 8 mm. 10' 12 Most sows completed their lactation with at 
least 20 rom ofbackfat, which might be adequate to sustain 
optimal reproductive performances, as suggested by the 
works of Whittemore and Morgan,13 who reported that 
sows with 20 to 24 rom ofbackfat had a weaning-to-estrus 
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interval of5 days, whereas those with more or less than 4. Lewis AJ,.Reese DE, 1986. Feeding and management of the lactating 
these values 'had a long~r ihterval. A minimum value a8 sow. Alberta Pork Seniiriar~InnoVII.tive Production for Lean 1ime8. Banfl; 

Well as the variation in backfat are probably associated · Alberta. Ca~a, pp. 31"36· . . .. . 

with subsequent reproductive performances. The. reason 5, Cole DJA; 1990. Nutfjtional strategies to O.,timize reproduction in pigs. 

that a greater frequency of qaily meals reduced the J: Reprod, Fert. (Suppl.) 40 = 67~78· · · 

utilization of fat reserves is ~clear. Onc3 hypothesis would · 6. King RH., DunkinAC, 1986. The effect ofnutrition on the reproductive 
be that a highe_r number ·Of meals allowed a mote even use perfonnanee of first-litter sows. 3. The response to gladed increases in food 

intake during lactatioil. Anim. Pr'o(i. 42: 119-125 .. 
of energy throughout the day.·. · 

7 .. King RH, Dunkin AC, 1986. The effect of nutrition on the reproductiVe 
Growth performances of piglets were vezy goOd in all perfonnance of first-litter sow. 4- The relative effects of energy and protein 
groups with an average of 240 g/day, This corresponds to intakes during lactation on the perfonnance of sows and their piglets. Anim. 

Prod. 43:319-325. 
an approximate milk production varying altlong the 
treatment groups between 9.2 I,Uld 9~ 7 kg per day. The hig);t 8. Etienne M.; NobletJ, Doutmad .JY, Fortune H., 1989. Etude du besoin en 

. '· lysine des truies en lactation. Journees de Recherche Poreine en France 
feed intake as well as the health. status of the herd artd the 21:101-108~ . ' . 

. genetic potential of the animals may: have contributed to 
these performances. · 

Although: our results were not conclusive; we believe that 
the feeding strategies evaluated in this controlled study 
could be useful during periOds in which sows eat less, such 
as in the summer, or in herds that have feed consumption 
problems., . · · · · 
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Escherichia coli isolated from postweaning 
piglets with and without diarrhea 

John Morris Fairbrother, BVSc, PhD; Josee Harel, BSc, PhD; Sylvie D'Allaire~ DMV, 
MSc, PhD; Martin Bonneau, DVM 

The. virulence attributes of Escherichia coli associated 
with postwearung diarrhea (PWD) in pigs are less defined 
and seem to be far more complex than those of E. coli 
associated with neonatal diarrhea. l.l Many PWD E. coli 
are enterotoxigenic (ETEC) and may produce one or more 
of three enterotoxitis (LT; · STb, STap ). Some of· these 
isolates produce F4 (K88) adhesin but many do not have 
known aclhesin factors. Certain ETEC from PWD express 
fimbrial adhesins different from F4, such as Fl073. 
Verotoxigenic E. coli (VTEC) cause swine edema disease 
and are often isolated in pigs with PWD. 4 Certain 
· diarrheagenic E.· coli. interact with the intestinal mucosa. 
to produce a characteristic attaching effacing (AlE) lesion, 
and have been classified as attaching and effacing E. coli 
(AEEC). s Lesions of AEEC have been demonstrated in 
natural cases of porcine diarrhea. 6 A bacterial outer 
membrane protein called· EAE is associated with the 
production of AlE lesions. The objective of this study was 
to determine whether the frequency of the presence of the 
different virulence factors of E. coli was different among 
piglets with and without postweaning diarrhea. 

Materials and methods 
· Twenty-two farms were selected: ten of them had a history 

of postweaning diarrhea and the other twelve did-not have 
any significant problems with this disease. On each farm, 
rectal swabs were taken from ten piglets with postweaning 
diarrhea and ten without diarrhea. The piglets sampled 
had been weaned for less than 14 days. Three E. coli 
isolates per piglet were serotyped with antisera for the E. 
coli 0 serogroups. DNA probes were used for 
determination of enterotoxins STap, STb, and LT; 
verotoxins VTI and VT2; for fimbriae F4, F5, F6, F41, 
and Fl07; and for EAE7. DNA probes were either derived 
from recombinant plasmids (F4, F5, F6, F41 and EAE), 
or from a PCR product (STap, STb, LT, VTl, VT2, and 
F107). 

GREMIP, Department of Pathology and Microbiology, Faculty of 
Veterinary Medicine, University of Montreal 
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Results 
. . . 

A total of 1255 isolat~s from 420 piglets (215 without 
diarrhea and 205 with diarrhea) were examined. The . 
serogroups most often identified among all isolates were 
08, 09, 0157, O?:K85ac, and O?:K48 (Table 1). Few 
isolates were0149. Only serogroups 0157 and0?:K48 
were found more frequently in piglets with diarrhea than 
in piglets without diarrhea. · 

Table 1 . Serotypes observed in E. coli isolates 
from piglets with or without postweaning 

diarrhea 

Serogroup 
NS 
NT 
08 
09 
0157 
O?:K85ac+ 
o?:K48 
07,0147 
0149 
OTHERS 

% isolates positive· -

Total · 
22.5 
15.5 
11.9 
9.4. 
3.7 
3.7 
3.6 
3.4 
0.9 

25.8 

From. 
piglets with 

diarrhea 
19.2 
14.5 

·13.3 
10.2 
6.9 
4.2 
5.7 
3.0 

. 1.5 
23.1 

From 
piglets 
without 

diarrhea 
25.4 
16.4. 
10.6 
8.6 
0.9 
2.4 
1.8 
3.8 
0.4 

28.1 

ETEC were isolated more frequently from diarrheic piglets 
than from nondiarrheic piglets (Table 2). The pathotypes 
most commonly associated with piglets with diarrhea were 
STap, STap:STb, and LT:STb. Very few isolates (OA%) 
were positive for VT. · A greater proportion of isolates 
(9.3%), which were found as frequently among isolates 
from piglets with or without diarrhea, were EAE-positive. · 
The funbrial adhesins most often identified among all 
isolates were Fl07, F4, and F5 (Table 3). Each of the 
three fimbria! adhesins was found more frequently in 
piglets with diarrhea. A total of3.9% isolates from piglets 
with diarrhea, as compared to 0.7% isolates from piglets 
without diarrhea, were F4-positive. A tOtal of 9.0% of 
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·Table 2~ _Presence ~(~nterotmc'in genes in E. ·· 
coli isolates froiTI pigh~ts with or without· 

postweanirig diarrhea •· . 'f .· . :~ .. · . . 

· Enterotoxin 
STb 

:·.,:_-· 

·STap 
STapand STb 
LT and STb 
TOTAL 

· .. ·% isolates p()siti~e .· 
···· ·.·· · · . ·· · ·f:rilm 

Total 
11.S 
1.5 . 
6.9 

. 2.6 
. 22.5' 

. . From. . ... piglets 
piglets with without 
diarrhe~:~ · .. diarrhea 

9.8. t~.o 
2.7 0.4·· 

... · 12;8' . 1;5 
·. 4:4: ' . 0.9 
'29·. 7 . 15~Jf . 

· · .Table 3. Presence' otgenes for fimbri~l 
adif~sins: iri f';. coli isolates. from 'piglets with or 

.. ·.· ; . withautpostweaning-Cliarrhea . . 

Fimbriae 
F4 

····Fs:· · .. 
F1.07, 

··· .. ; .... 
TQTAL. 

.. < •.. %·isolat~s positive · 
·· · · · From 

Total 
Z:2. 
1;2 .. 
7.2. 

l0.6 

From piglets 
piglets with· without 
.··.diarrhea diarrhea 

3~9 . q.7 
2.2.. 0.2 .. 
·9.8 4.9 

·. 15.9 5.8-

ETEGisolates as compared to o%non;;ETEG isolates ~ere Thus, serotyping and d~termination of the pathotypes of 
. F4-prisitive. Smularly, ~~Oo/oofETEC isolates as compared · .. E. coli are useful aids for. the. diagnosis of E. coli. 
to Oo/o non-ETEC isolates were 1'5-positive. 11 ;o% of p.ostWeaning diarrhea in piglets; How~ver, other risk .. 
ETEC isolates as.compared·to:6.0% non::.ErEC i~olates ·factors may play arole in the developmeniofix>stweamng · 

· were Fl07~positive. No other tested fimbrialadhesins 'w~e diarrhea~ ·since· ETEC can .be found· i.it diarrheic piglets 
foun~t . . . . .. originating from fanns with postweaning diarrhea'as well 

.. · .. 
!· .. 

.. Discussion· < -;_: . 

,,:., 

We·. have 'demonstrated that ETEC' .are· ~!!'~ociated :with· 
· postWeanirtg diarih~a. However: sirice oitly~O% of isolates 
· from piglets with diarrhea t~re ETEC, it would appear that 
· other factors _are· involved in the pathogenesis of this 
··. disease: As' abiSh proportion ofisolates, both fr(,in piglets 

· as from farms \Vithout ·significant problems. ·. · 
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Systems approaches for improving 
the productivity of the breeding herd 
Gary D. Dial, Mark FitzSimmons, Gregg W. BeVier, Barry S. Wiseman 

Abstract: Commercial swine production is go
ing through a rapid change in which conven
tional management practices are being dis
placed by systems approaches that promise to 
revolutionize how pork is produced throughout 
the World. Increasingly, swine enterprises are 
being managed as efficient manufacturing pro
cesses in which considerable attention is paid 
to inventory management, physical plant utili
zation, and total quality management of the pro
duction process. Feeding, genetic, breeding and 
management systems are being put in place that 
will improve the quality of pork being produced 
while reducing costs of production. These 
changes will likely lead to a restructuring of the 
international swine industry and the positioning 
of pork as an economical, uniformly tasteful, 
and whole.some source of meat protein. 

A commercial swine enterprise can be likened to a 
manufacturing entity in which labor and capital resources 
(e.g., buildings, equipment, breeding stock) are used to 
convert raw materials into an intermediary product (e.g., 
weaned, feeder, or market pigs) that is sold for subsequent 
processing into a retail commodity (e.g., meat protein). 
The breeding herd is the unique source of the principle 
raw material for the pork protein manufacturing chain, 
the weaned pig. It can be argued that the finishing phase 
incurs the greatest proportion of costs, and, thus, it is the 
most important phase of production in a farrow-to-finish 
operation. However, without the breeding herd, the 
efficiencies of the finishing enterprise simply cannot be 
realized. The breeding herd has six functions in a 
commercial swine enterprise. It must produce: 

• healthy weaned pigs of consistent size; 
• groups of weaned pigs according to a production sched

ule and market lot size matching the grow-finish system; 
• a high and consistent number of weaned pigs; 

GDD: College of Veterinary Medicine, University of Minnesota, 
St. Paul, Minnesota; MF: Swine Graphics Enterprises, Webster 
City, Iowa; BWB: Premium Standard Farms, Princeton, Missouri; 
BSW: Pig Improvement Company, Franklin, Kentucky, U.S.A. 
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• weaned pigs efficiently; 
• weaned pigs cheaply; and 
• weaned pigs of high genetic merit. 

In recent years, several. production systems technologies 
have evolved that offer promise as tools for improving the 
capacity of the breeding herd to fulfill its six functions. 

PrQducing healthy weaned 
pigs 
Horizontal transmission among the pigs in a group is the 
principle means by which most pigs become infected with 
growth-limiting diseases. However, for most agents the 
dam and the breeding herd are the initial source of infection 

· of a group of pigs. Traditionally, most high-health market 
pigs were obtained via surgically deriving grandparent 
stock with the genetics amplified via breeding pyrrunids. 
In recent years, segregated early weaning (SEW, 
Isowean®, off-~ite/early weaning, isolated weaning, 
medicated early weaning) has emerged as a powerful 
clinical tool for dynamically eliminating pathogens from 
growmg swme. 

The age at which a pig is weaned has a substantial effect 
on its life-long health, provided the pig is isolated at 
weaning from the breeding herd. Weaning at an early age 
into an off-site facility influences the probability of 
pathogens being transferred from the dam or other breeding 
stock to the suckling piglets. 1 Shorter lactations are 
generally associated with the transmission of fewer disease 
agents. Recent findings suggest that in addition to 
eliminating specific pathogens, pigs that have been 
segregated from the breeding herd after being early weaned 
have differences relative to on-site, conventionally weaned 
pigs in both immune system function and physiological 
mechanisms regulating growth. 1•2 Consequently, 
postweaning growth rates and feed conversions are 
improved in SEW pigs, often by 20%-30%. There also is 
evidence that the percentage of carcass lean may be 
improved by 8% or more with SEW production systems. 

SEW is being applied in the North American swine 
industry in at least three ways: 

1994 Allen D. Leman Swine Conforence 



Systems approaches for improving the productivity of the breeding herd 

• as either an alternative or an adjunct to surgical deri
vation in the production of high-health breeding stock 
from genetic pyramids; 

• to prevent outbreaks of disease when pigs of differing 
health status are commingled; and 

• to reduce the prevalence of growth-limitmg diseases 
and alter the imritune status of weaned pigs, thereby, 
improving their postweaning growth performance and 
carcass characteristics. 

The two traditional production systems used in' North 
. America are the single-site, farrow-to-finish operation, 
where the growing pigs and the breeding stock are housed 
on the same site, and the two-site production system, in 
which pigs are moved off-site away from the breeding and 
nursery herds at 40-55 lb (18-25 kg) bodyweight to 
fmishing facilities. The inherent advantages of SEW has 
led· to the broad-scale implementation of multiple .. site 
production systems in the United States, in which the 
fmisher is located on a separate site from the breeding 
herd facilities (three-site) or on the same location as· the 
nursery (modified two-site). 

There essentially are two primary types of SEW -based 
production systems being used today in commercial farms 
ofNorth America. The first involves the weekly production 
(> 1,000 pigs per week) from a relatively large farm ( e~g. 
2400-3500 sows) being weaned into an off-site nursery. 
The nursery may receive pigs from only 1 week of 
production, or it may contain several weeks of production. 
The nursery may be on the same site as the finishing 
facilities (modified two-site) or may be on a' site distinct 
from fmishing (three-site). The second and perhaps more 
commonly used system, involves the weekly production 
of multiplefarms (from a few hundred to several thousand 
sows) being commingled at weaning into off-site nurseries. · 
If the system involves relatively large farms (e.g. 2400-
3500 sows), pigs typically will be weaned into off-site 
nurseries in which all pigs are approximately the same 
age ( < 1 week age difference). If the system involves 
relatively small breeding herds (e.g., few hundred sows 
each}, commingled pigs of several ages will be housed in 
age-specific rooms of buildings on the same site. With 
'both systems, breeding herds may have multiple or single 
ownership. As currently applied in North America, SEW 
pigs are weaned between 12 and 21 days of age. 

The production advantages to SEW often include: 

• faster and more efficient growth performance and, per
haps, higher value carcasses; 

• larger group sizes, which enable other technologies to 
be applied (e.g. aU-in-all-out by room, building, or 
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site; phased feeding; single-gender feeding and hous
ing;-specialization of labor); 

• -less antimicrobial use, lower prevalence of carcass le
sions, and more wholesome carcasses; 

• ability to distribute facilities over a broader area, re
ducing the risk of odor and ground water pollution and 
allowing more effective land application of wastes; and 

• both production costs are lowered and sales revenues 
are increased leading to higher pretax income. 

Producing weaned pigs 
according to specified 
production schedule and 
market lot size 
The biological and fimincial advantages of grow-fmish 
technologies such as ali-in-all-out (by room, building, 
and site}, single-sex feeding, multiple-site production, and 
early weaning have become so broadly accepted in the 
swine indUstry that they are becoming the industry norm 
for newly established farms. Implementing these grow
finish technologies is inherently dependent upon the 
production systems used with the breeding herd. For 
example, by manipulating farrowing schedules and/or the 
size of farrowing groups, producers create the requisite 
group sizes of pigs having the desired age variation needed 
to implement ali-in-all-out. In an effort to produce larger 
groups sizes, so that the advantages of newer grow-fmish 
technologies are captured, North American swine 
producers are dramatically increasing the sizes of their 
herds, such that herd with 2400 sows or more are becoming 
commonplace and facilities with less than 1000 sows 
capacity are rarelybuilt. 

What are the production technologies that are being 
pursued by producers building these large farms? Farms 
of 2400 sows pt:oduce approximately 1000 weaned pigs 
per week, which is a large enough group size to fill a typical 
finishing bam with mixed sex pigs each week and enable 

· aU-in-all-out use of the building. Two 2400.,sow farms 
(or one 4800-5000 sow farm) allows a single fmishing 
bam of same-sex pigs to be filled weekly and used ail
in-all-out by building. Pigs from four or five 2400-sows 
(or any combination of variable-sized farn'ls that results 
in> l 0,000 sows) can be commingled ( 4000-5000 weaned 
pigs per week) and placed by sex into fmishing buildings 
that can be managed all-in-,all-out by site. While these 
hu·ge farms are typically owned by one individual or firm, 
multiple-producer ownership and groups of cooperating 
producers are becoming common. -· -· 
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Unit Time 

No. Pigs Weaned/ 
Litter Farrowed 

No. Pigs Born Alive/ 
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o/o Preweaning · 
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No. Females Farrowing/ 
Unit Time 

No. Females Served/ 
Unit Time 

Frequency of Group 
Farrowing 

No. Farrowing 
Spaces 

Breeding Female 
Inventory 

Replacement 
Rate 

Farrowing 
Rate(%) 

Figure 1. Interrelationship among the factors influencing the number of pigs weaned from a farm. 
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35~~~------~~--------------------------~ 
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Figure 2. Critical control chart for number of services per week on a 1200-sow farm. Upper control limit 
(UCL) and lower control limit (LCL) are given .in terms of±. 3 standard deviation units. The target n~mber 
of services per week = 60. 
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Producing a high and 
consistent number of. 
weaned pigs 
The output ()fa manufacturing business is a factor of the 
fll1il's capacity and its efficiency: 

OUTPUT ,.; CAPACITY x EFFICIENCY 

The output of a farrow-to-weaner farm (i.e., the number 
ofpigs produced per unit time) is a factorofthe number 
of farrowings per unittime and the number of pigs weaned 
per farrowing: 

No. Pigs Weaned per Unit Time = 
No. Females Farrowing per Unit Time x 

No. Pigs Weaned per Litter 

will be amortized across fewer pigs resulting in higher · 
,weaned pig costs. Consequently, an inappropriately sized 
·herd produces both less pigs and less profitable pigs. 

Herd inventory is typically based upon the number of 
spaces available for breeding stock and the efficiency of 
utilization of that space. Space availability in the 
postweaning phases of production has traditionally 
influenced the number of females farrowing per group and 
herd female inventory, The recent evolution of markets 
for weaned pigs (4;5-7;0 kg) coupled with traditional 
markets for feeder (18-25 kg) and market swine (100-
130 kg} makes it reasonable for producers to emphasize · 
the uti.lization of the breeding, farrowing, and gestation 
phases of production over nursery and finishing facilities. 

The farrowing phase typically is the most expensive phase 
Studies in our laboratory have shown that for nearly all of production to construct, and, thus, is usually considered 
farms, the numberoffarrowings per unittime contributes 

the physical· and financial "bottleneck" to commercial 
. more to a farrow-to-weaner farm ~s output than the number , · · 

swine enterprises. The ratio of inventoried 
of pigs weaned per litter.· Further, the number of females 

females:farrowing ct:ates is used to ensure that sufficient 
served per unit time contributes more to the total number · nwnber of females are available to be served for each 
of pigs weaned from a farm than any other single factor at 
the same level (Figure l). These observations suggest that breeding group. The number of services or farrowings per· 

breeding group serves as a key diagnostic variable for farm 
a farrow-to-weaner fann's capacity m(ly be a more output. Furthermore, the number of pigs weaned per 
important determimmtof the farms' o.verall.productivity 

farrowingcrate per year (PCY) is a common indicator of 
than its sow efficiency. · 

the efficiency offacility utilization and whether a farm is 
As displayed in Figt1re 2, the number of services per group. carrying a sufficient inventory of breeding females, 
varies co11siderablyon the typical corumercial farm; and 

· On farms in which the farrowing phase is limiting, the 
there is a tendency for the num.ber of services to fall below 

inventory size of a herd is based upon the number of 
target levels on most farms. Thevariationin service rates 

farrowing crates, the utilization of farrowing crates 
from group to group results in downstream variation in (corumoDiy called% farrowing capacity), the farrowing 
the number of farrowings per unit time and, thus, variations 

schedule (frequency at which groups of sows farrow), and 
in groups sizes of weaned pigs. Variable groups sizes · · 

the average number of nonproductive days per inventoried 
disrupt the even "flow" of pigs through facility, such that 

. · female·. per. year (NPD) ... The mathematical relationship 
stocking densities, inventory durations, an. d/orthe spread 

among these . variables in·. predicting breeding female 
in ages of pigs must be altered from group to group.The inventory has been described previously.3 1ri addition to 
potential net result of irregular service group size is 

effects on PSY, NPD also are an important determinant of 
variation in ·growth performance of market swine, . PCY. 4 Since NPD reflect the. proportion of days that an 
increased variation in market weights, and perhaps more 

average female in the herd is inactive (i.e., not gestating 
variable market pig quality. or lactating), changes inNPD influence the proportion of 

Another way of expressing a farrow~to-weaner farm's 
output is: 

No. Pigs Weaned/Year = Breeding Female Inventory 
X No. Pigs Weaned/Female/Year 

This formula indicates that a breeding herd's output is 
directly influenced· by breeding female inventory (Figure 
3). When breeding stock inventories do not match the 
number of available animal spaces, the number of pigs 
weaned will not be optimized, resulting in fewer revenues. 
In addition, since fewer pigs will be weaned, fixed costs 
(e.g., principle and interest payments on buildings) and 
the fixed component of mixed costs Je.g., utility costs) 
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a fixed inventoryoffemales that are producing. Asaherd's 
NPD increase, the proportion of inactive sows increases 
resulting in fewer sows being available to produce pigs 
and to lactate. 

Tl}e major forces influencing the capacity of producers to 
meet their target number of services are the proportion of 
females that are removed from a herd post farrowing and 
the availability ofgilt replacements. Annual replacement 
rates for confinement herds in North America are 
approximately 60%,5with the majority of removal causes 
being involunt<U)'. 6Thus, producers typically cannot ensure 

·the availability of adequate; numbers of sows for service 
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Systems approaches for improving theproductivity of the breeding herd 

by attempting to minimize sow culling, This leaves the 
giJt pool as the primary tool of producers for ensuring that 
target services are met. The size of the gilt pool is a factor 
of herd female inventory, annual replacement rate (culling 
rate+ mortality rate + growth or shrinkage of herd), 
number of days between farrowing groups, average entry
to-service inteJ;Val (including voluntary acclimation 
periods), and delivery interval ofreplacements coming into 
the farm. Th<:: algorithm integrating these variables in the . 
calculation of gilt pool size has been previously reported. 7 

Besides its influence on attaining service and farrowing 
targets, the gilt pool also potentially influences the overall 
biological efficiency ofthe herd. The influence of age at · 
first service on parity-one performance and lifetime 
productivity has long been the subject of debate by 
producers and· scientists, alike. There is accumulating 
evidence in recent years, however, that neither age nor 
weight at first service influences lifetime productivity or 
longevity.8 Consequently, gilt management systems being 
used increasinglythroughoutNorth Americainvolve the 
delivery of gilt replacement at a relatively young age (e.g., 
135-165 days) to commercial farms, where they are 
immediately exposed to mature boars. Checks for estrus 
are conducted in the presence of a mature boar once or 
twice daily and dates of estrus are recorded. Gilts are not . 
bred until the second or third post-pubertal estrus, when 
their ages are commonlybetween 165 and 210 days. The 
principle advantage of this system is that the number of 
pigs produced per day of age is increased, both fixed (e.g., 
facility costs) and variable costs (e.g., feed)/weaned pig 
are reduced, and lifetime profitability per sow is improved. 

Producing weaned pigs 
efficiently 
Besides capacity, another way to increase the output of a · 
farm is by increasing the .efficiency by which either the 
sows or the facilities are used. As mentioned previously, 
facility use efficiency is driven largely by breeding female 
inventory through the sow:farrowing crate ratio. Thus, the 
number of pigs weaned per inventoried female per year 
(PSY) has become one of the best diagnostic indicators of 
breeding herd efficiency. Until recently, when veterinary · 
practitioners sought to determine which .Performance 
measures for a breeding herd would have the greatest effect 
on a herd's PSY, they could only subjectively compare the 
reproductive performance for their herd with empirically 
derived industry standards or with summary databases of 
farms using the same recording system.In this fashion, 
veterinarians only were able to blindly address, in a 
nonprioritized fashion, parameters that deviated from 
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industry norms, regardless of their real effect on 
productivity. 

We recently have developed simple statistical tools (e.g. 
standardized regression analysis), for producers and 
veterinarians to use with the PigCHAMP® information 
system, for dynamically identifying the relative importance 
of various measures of breeding herd productivity.9 By 
comparing the value of a specific production measure for 
a farm to that of the PigCHAMP® database, the user· of 
the software can determine the relative importance, in 
terms of lost pigs, of the ·components of pigs weaned per 
mated female per year and pigs weaned per farrowing crate 
per year. These tools elm be used t() ascertain the relative 
importance of the components of PSY and calculate the 
number of pigs lost due to poor performance for measures 
such as preweaning mortality, born-alive litter size, 
stillbirth rate, mummy rate, nonproductive days, lactation 
length, or gestation length. Similar mathematical models 
are being developed that can be used by users of 
PigCHAMP® to predict the total cost per weaned pig and 
weaning weights. These simple statistical tools will give 
veterinary diagnosticians the requisite tools for objectively 
interpreting their clients' data, thereby giving them a clear 
recognition of problem areas most likely to give the 
greatest return on improvement efforts. 

Farms differ considerably in productivity, with substantial 
variation among farms in the levels of performance for 
the commonly used measures of productivity. Thus, it is 
not entirely unexpected that there is considerable variation 
among farms in the relative impact of various measures of 
breeding productivity on PSY. The variation observed 
among three farms is illustrated in Table 1. 

Producing weaned pigs 
cheaply 
Consistent with other manufacturing enterprises, there are 
three major categories of cost behavior in swine 
enterprises: fixed, variable, and mixed. 

Fixed costs are defined according to their constancy 
throughout the normal (relevant) production ranges for 
commercial farms. That is, fixed costs do not change as 
herd productivity changes. This does not mean that fixed 
costs never change; they can and frequently do. However, 
the changes do not coincide with changes in number of 
pigs produced, nuinber of groups of pigs sold, or the type 
of pig being produced. Fixed costs may be committed over 
a long period of time. Examples include payments of 
principle and interest on long-term loans to purchase 
buildings, and equipment and the salaries of farm managers 
(the component of salary that does not apply to the conduct 
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Table 1. Estimated Potential Gains in Pigs 
Weaned/Inventoried Female/Year on Three 

Farms by Improving Reproductive 
Parameters to the 80th Percentile 

PigCHAMPa Ranking 

Farm 
Parameter 1 2 3 
Female 250 240 174 Inventory 
PSY 17.4 17.8 16.7 

No. No. No. 
Pigs Rank Pigs Rank Pigs Rank 

NPD 1.68 2 1.41 2 3.27 1 
Lactation .02 6 .01 6 ,01 6 Length 
Total 1.77 1 .12 5 1.14 2 Born/Litter 
Born .22 4 .21 3 .13 4 Dead/Litter 
Preweaning 1.10 3 1.66 1 .71 3 Deaths/Litter 
TOTAL EXTRA 
PIGS FROM 
TOP3 4.55 3.28 5.12 

of physical work). Alternatively, fixed costs may be 
acquired over the short-term and change periodically over 
time (e.g., year to year), e.g., on-farm research and training 
of personnel. Fixed costs also may be changed when there 
are large variations in production. For example, property 
tax may increase step-wise as a farm expands by adding 
on new facilities. 

Variable costs change in proportion to the cost driver, the 
· factor that drives or causes a cost (e.g., number of pigs 

produced, number of farm laborers). In general, variable 
costs are assumed to show linear increases with increases 
in production volume throughout the relevant or normal 
range of production. Examples of variable costs that show 
variable cost linearity include: feed, waste management, 
producer checkoff fees, sales taxes, and breeding stock 
costs. Some variable costs of swine production are 
nonlinear or discontinuous. With these, cost levels are 
constant for a range of productivity, but then jump 
periodically to a higher level at some point, when a 
production threshold is reached. An example of this type 
of step-variable behavior is labor, which is constant as 
productivity increases until a level of productivity is 
reached when an additional farm worker must be hired. 

Mixed costs have both fixed and variable components. 
That is, a portion of all mixed costs is incurred independent 
of herd productivity. With mixed costs, some costs accrue 
regardless of production level. A second variable 
component is superimposed on top of the fixed component, 
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such that increases in productivity are accompanied by 
increases in cost. An example of a mixed cost is utilities, 
wherein there is a monthly fee (fixed component) plus a 
charge for the quantity of kilowatts used (variable 
component). As the number of pigs produced increases, 
the number of pigs per room increases, resulting in 
augmented usage of ventilation, waste, and feed 
management systems. When mixed costs are significant, 
they should be decomposed into their fixed and variable 
components. If the costs are relatively small, as they 
typically are relative to other production costs in a swine 
enterprise, they can be arbitrarily · 

• assigned to either the fixed or variable category; or 
• divided between the two categories. 

While classifying production costs according to their 
behavior is commonly done in swine production, it may 
not be appropriate for some enterprises, particularly the 
farrow-to-wean enterprise. Costs that are classically 
considered as variable costs behave as fixed or mixed costs 
when applied to the breeding herd. For example, the overall 
feed costs (gestation plus lactation diet costs) for the 
breeding herd do not change with the number of pigs 
produced from a farm as long as breeding animal inventory 
is held constant. Similarly, the amount oflabor applied to 
a breeding operation does not typically change with herd 
productivity. Thus, as breeding herd productivity improves 
through increased efficiencies, producers capture higher 
profits because much of the variable costs of the added 
weaned pigs being produced become fixed costS, which 
are borne by the other pigs. 

The major components of the total cost of producing a 
weaned pig are: feed (25%-35 %), labor (20%-30 %), 
breeding costs (10%-30 %), and facilities (5%-15 %). 
There are two production system technologies being used 
broadly in the today's swine industry that effect one or 
more of these component costs: age at weaning and the 
implementation of genetic multiplication. systems. 

Lactation Length 
Length of lactation is generally recognized to be inversely 
related to some of the common measures of sow 
performance. Reductions in lactation length are associated 
with longer subsequent weaning-to-service intervals, lower 
farrowing rates, and smaller total~born litter sizes. 10 The 
impact of lactation length on the overall. efficiency of 
breeding herd productivity is less clear .. There is growing 

· evidence that, because short lactation lengths increase the 
number of litters per breeding female per year (LFY), the 
number of pigs weaned per female per year (PFY) may 
not change throughout the range of lactation lengths in 
common use in North America. 10 
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Lactation length affects 'Several other aspects of the stock used to produce the termit1al-line pig. The sire of 
breeding enterprise. lt.is intuitivethat.thelength of time ~the market. line is usually purchased directly from the 
that a sow occupies a farrowing crate is positively related· breeding (;Oll1pany, The alternative genetic multiplication 
to lactatiqn length. In highly capitalized, intensively system h~ing implell1enteq in the United States involves 
managed commercial farms, tbe farro'Wing phase is the~ the creation of a gilt multiplier farm dedicated priinarily 
most expensiv(;'l phase. of production,. in t<;:rms of facility· to the production of the grandparents ofterminal pigs. Gilt 
cost per ani01al. day. On the other hand, the nursery phase, multiplierfatms may be solely owned by a large producer 
in~ which early weaned pigs spend proportionately longer or corporate shares divided among multiple producers. As 
titne, is typicallythele(lSt expensive phase ofproduction. with in-house multiplication systems, terminal boars 
Thus, shorter lactations ~ COIDI11only are associated with typically are pilr¢hased by the commercial farm. 

lower facility costs on a weanedpig b~is~ Lact-ation length There are several potentiaL advantages to these· genetic 
also affects the ideal breeding female inventory of the herd. 

multiplication systems. Breeding costs are dramatically 
Herds with shorterlactation lengths (i.e., ones in which · ~ . · 
farrowing crates are occupiedfor a shorter lengths of time) reduced ( oftenbySO%~ 75CX,). Producers have the potential 

tq produce higher- quality, more uniform, more structUrally 
require a greater total breeding female iliventory than those sound gilts that can be managed before their arrival at the 
having longer lactation lengths. For example, in orderto 

breeding facilities to improve longevity and to optimize 
maintain 100% farrowing· crate utilization, a 2400-sow 
farm producing 1 OOO weaned pigs per week would require lifetime repr()ductive performance. With gilt multiplier 
320,410, and 490 farrowingcrates atl4, 21 , and28 days systems, the health status of replacements can be improved 

by implementing SEW production systems. fu addition, 
oflactation .. (Assumption: Farrowing crates are empty for gilt multiplier farms serve as a biosecurity buffer against 
one day to. allow cleanup, and sows are housediri crates the introduction of pathogens from the external great
an averag.e of six days .Prior to farrowing.) ~~ 

~ grandparent herd. 
Lactation length also.affects the feed cost ofweaned pigs . 
. Pigs that are weaned at an early age, have a lower feed Mating System 
cost. Short-lactation sows spend less time lactating than The results of retrospective studies have long been used 
conventionally weaned sows a11d, thus, consume as evidence that multiple matings per service results in 
proportionately less of expensive lactation diets than they higher farrowing rates and/or larger litter sizes than 
do of relatively inexpensive gestation· diets. Conversely, ~ systems in which sows are mated once during each service 
when early-weaned pigs arrive at they nursery, they~ period.UUntil relativelyrecently, artificial insemination 
consume more of the expensive nutrient-rich starter diets (AI) was previously thought, at least in North America, 
than conventionally wea11ed pigs. Ultimately, the fimmcial to be associated with reduced sow fertility. Research and 
effect of weaning ageon feed cost per kg when pigs are empirical evidence fromon,..farm trials from around the 
sold. at market weight is 4e'termined by the growth and · ·world are accumulating that argue against these and many 
carcass effects of early weaning and the difference between similarly held tradi tiona}. concepts aboutmating systems. 
total costs of sow feed and costs. of nursery feed, One of the implications· of these new matings systems. is 

the effect that they have-:on boar inventory, and 
Genetic Multiplication Systems subsequently, breeding costs. 
The traditional genetic source in the United States has been, 

Boars have several functions in the breeding enterprise. 
until the past· decade, "terminal 01arket . pigs retained as 

They provide semen (either by natural or artificial routes), 
breeding ·stock. In recent years, increasing market 
premiumsforlean, coupled with broad industry recognition pass on their genetic traits to their offspring, and are useful 

for detecting estrus. Inherent with their net cost (purchase ~ 
of genetic differences in reproductive efficiency, has 
brought a keen awareness of the impact of genetic price-salvage value) and their maintenance costs (feed, ·· 

housing, care), boars also contribute to breeding and other 
programs on profitability. The purchase of breeding stock· 

~ ~ productioncosts ofweanedpigs. In addition, boars take 
from genetic. suppliers is gradually . displacing in~ house 

up ~pace where breeding females could be housed. 
genetic selection programs. 

. ~ · ~· .. •·• · · · ~· · ~ · An ongoing trend evidenttbroughoutNorth America is to 
Two alternatives. to the purchase of b .. ·.r. e .. edingfem.. a.les also · reduce boar inventories, with boar: sow ratios exceeding 
are emergil1g in theUnited States. One involves the internal 

· ~ · · · · ~ ~ ~ 1:35 on some farms. This is being driven by producers 
multiplication of the breeding females thatwill ultimately 
produce the terminal pig destined for market. With this. developing a better understanding oftheimpactofmatings 

per service on herd productivity and by the broad-scale 
system, grandparent or great-grandparent males and · 
females exist in the breedingherdalongwiththe.breeding 
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implementation of AI. Artificial insemination is being 
implemented in several ways in North America: 

• as a supplement to natural matings in which a propor
tion of natural matings and/or services are replaced by 
artificial matings; 

• in on-farm boar studs, wherein boars used as semen 
donors are housed on the farm but are not used regu
larly in natural mating schemes; and 

• in off-site boar studs, wherein semen is collected prior 
to being distributed to farms that have relatively few 
boars and where matings are primarily artificial. 

On farms practicing either single mating services or AI, 
the housing that is traditionally used for boars is used for 
sows. The marginal value of the extra pigs produced by 
the sows that replace surplus boars, the reduced fixed costs 
associated housing fewer boars, the lower breeding costs 
associated with the requirement of fewer boars, and the 
inherent genetic advantage of these mating systems are 
compelling factors for their adoption. 

As reviewed previously,12 a farm's target inventory for 
boars is a mathematical algorithm of the desired number 
offarrowings per unit time, the farrowing rate, the desired 
number of matings per service for females, and the average 
percent of boars that are available for use at any one time. 
On farms that practice AI, "the desired number of matings 
per unit time for boars" is replaced by "the number of 
doses of semen produced per unit time." 

Producing weaned pigs 
that have high genetic 
merit 
The fmancial advantages in terms of carcass merit and 
growth performance of growing lean pigs are becoming 
broadly recognized throughout the world. Similarly, 
through genetic selection, crossbreeding, and promising 
breakthroughs in genetic engineering, similar financial 
advantages will be increasingly witnessed by producers 
using breeding lines that have high genetic merit for 
prolificacy. Thus, the genetic merit of the breeding herd 
affects enterprise,profitability through improvements in 
reproductive performance and through influences on the 
post weaning performance of the growing pig. 

Overview of systems tools 
Systems approaches for optimizing breeding ~erd 
performance should be oriented toward reducing the 
variations of both weaned pig production and quality of 
weaned pigs. This requires that one prevent and identify 
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early on any deviations from normal. Several technologies 
used in dry-goods manufacturing are currently applicable 
to the swine industry. Some of them include: 

• Statistical process control, which is used to monitor 
quality characteristics during a manufacturing process. 
A process is randomly sampled, such as weaning 
weights of pigs, and related to upper and lower critical 
control points. If individual measures remain within 
control limits, the process is said to be in control. When 
measures fall outside of control limits, intervention may 
be warranted. 

• Just-in-time systems, which are designed to produce or 
deliver goods or supplies as needed, thereby requiring 
minimal inventories. An example of an application of 
JIT in swine production is the delivery of replacement 
gilts weekly, instead of monthly, so as. to control entry
to-first-service intervals and optimize a producer's 
ability to achieve group service targets. 

• Planned production leveling, which is designed to re
duce fluctuations in productivity. With this technology, 
a manufacturing concern worries less about achieving 
a high rate of utilization of equipment, facilities, and 
employees and more about evening out the flow of ac
tivities involved in a manufacturing process. An ex
anlple of planned production leveling applied to swine 
production is the targeting of a set number of services 
per week for a breeding operation (based upon histori
cal farrowing rates, the number of farrowing crates to 
be filled, and% farrowing capacity) and accepting little 
or no deviation from that number. 

• Process-flow analysis, which is designed to identify the 
physical bottlenecks to productivity in a manufactur
ing concern. An example of process flow applied to 
swine production is the \lSe of the number of animals 
per group, number of animal spacesper room (floor 
space and stocking density), and duration that animals 
are inventoried in a space to identify relative shortages 
and surpluses of animal housing. 

• Time-based competition, which refers to the rivalry that 
occurs among vendors of similar products and services 
for market advantages gained by shorter development 
times for products (shorter product life cycle) and faster 
delivery times. An example in the swine industry is the 
implementation oflean-gain genetic programs by pro
gressive pork producers so that they capture lean pre
mium incentives. This advantage will hold until the in
dustry average for percent carcass lean catches up with 
the progressive producer. 

• Total Quality Control, which is a concept that makes 
quality a responsibility shared by all the people in an 
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Systems approaches [or improving the productivity o[the breeding herd 

organization, especially the workers who actually make 2. Williams N. (1994) Proceedings, Am. Assoc. Swine Pract. p 11!5-190. 

the product or provide the service. As applied to swine 3. Dial GD. (1992)InternationalPigletted2(1):1-2. 

production, TQC focuses management andfium work
ers collectively on eliminating inferior-quality pigs from 
being produced for market. 

4. Polson DD, Marsh WE, Dial GD. (1992)Proceedings, Int. Pig Mit. Soc. 
Congr.12:514. 

5. Marsh WE, van Lier P., Dial GD. (1992) Proceedings, Int. Pig Mit. Soc. 
Congr. 12:512. 

6. Lucia T., Dial OD., Marsh WE, Polson DD, Davies PR (1994)Proceed
ings, Int. Pig Mit. Soc., p373. 

7. Dial GD., Polson DD (1992) International Pigletter 12(2):5-6. 

8. Rozeboom DW. (1992) PhD Thesis, University of Minnesota. 

Based upon historical precedents witnessed in dry-goods 
manufacturing, it is highly likely that those swine 
enterprises that adopt technologies like·those mentioned 
above will have a clear financial advantage in the 
increasingly competitive domestic and export pork 
markets. Furtherniore; while exposing themselves to more 
business risk, those producers. that are early adopters of 9. Dial GD., Davies PR, Polson DD, Marsh WE (1994) International 

Pigletter, 14(2):5-7. 
the emerging production systems outlined above will have 
a clear competitive advantage over those that remain 
committed to conventional production systems. 
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Key nmnbers for evaluating ··· 
operating performance .··. '. 

,. ; . 

. . . : : ', ~ 

· G.BeVier, H.Brown, S.Long, J:) .. Dau 

. ,·. . ; . - .. .. . . . . . 
.. . . 

In order to evaluate the operating performance of any· 
business entity, it is. important to establish the goal.of the 
bu8iness. The goal of any business is to make money, but 

. managers differ regarding how to measure and control the 
amount of money to be made. · 

. A business entity has thiee"stakeholders: · 

wiih the advent of int~~a~ production systems for pi~ .• 
meat, it ·is fundam.ental.to rethink how we. mea.siu:e· 
performanc~. Figure 1 iUQ8frates "the great leap" from· 
the needs o(,the. o~ers to the needs of the' (i()n~umer; · 
Operating manager8 are challenged to translate th~~ needs 
into issues, such as targeted volunies with specific quality· 

• owners; 
· • employees; and 

•. consuniers~ . · 
. . . 

. . · . In• order to make money, the business should provide or 
create a shared value for all three groups. It is ilnportant 
for managers to understand howthe v'anous stakeholders 
. perceive value' and the level of risk each group will assign 

. · to this value. This knowledge is the basis for establishing 
the key ntimbers that need to be monitored. · 

. at budgeted costs. With integration, the Concepts o:(vol~; 
quality, and cost.take on new meaning. The cinnpleXity of · 

· .. capacity constraints and internal customers .add further 
pressure to this balance. Table 1 depicts some·of the .. • 
measures .used by integration managers to.transduce the 

. needs of owners into the needs ofconsumers. . 

Essentially, integration ·operating rilanagers need to select 
the appropriate inputs arid then flow them correctly thiough .. 
the physical plant. Flowing production "correctly" iinplies ' · 
that there is arate that is foeused toward the organizational 

· .. ·. For example,value cr~ation to the owners ofabusiness . goal of making money. Determining this rate and managing 
might be perceived as risk-adjusted finanCial returns ·this nite are the first steps to evalua,ting key numbers . 

. exceeding a specified hurdle tate. In addition, the estimated 
. · stream of future cash flow will be valued in the market by··· · 

a multiple of annual eamil}gs . compared to the market 
capitilization of the business. · 

·Item 
Inputs 

··Flow 

Table 1. Parameters used to measure inputs and flow 

.Genetics 
Feed 

.. · . . . 

. Parameter Measured 

· Quality (EBV), Cost (Margin per Pig) 
Quality (Ingredient; Pellet) 
Cost (Ingredient; ManufE~cturing, 
Delivery) · 
(Cadence and Predictability) .. 

Breeding Females Weekly matings, inventory 
Farrowing Quantity . .. 
Nur5ery ·. · Quantity, Quality (weight, safe)-

.Grow/Finish · Quantity, Quality (weight, safe) 
Growing period (ADLG and numb~r 

· days on feed) · 

· Processing . · ·Quantity, Quality.(Primal Cut Weight, 
safe). · 

. . 

Premiulll Staridard · Fanns, Princeton, Missouri· 
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Key numbers [or evaluating operating performance 

OWNER 

Return on Capital above a risk 
adjusted rate 

A market capitalization which 

Premium Standard Farms CONSUMER 

Figure 1. Needs of owners and consumers. 
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Relative efficacy of various control 
measures for swine diseases 
Barbara Straw, D~, PhD, Catherine Dewey, DVM, PhD 

Unbiased information about the efficacy of various animal 
health products is scarce. Most product efficacy data is 
provided by the manufacturer/vender of the product. 

Vaccines 
Because the USDA licensure policy recognizes the pro
prietary nature of the efficacy data on specific commer
cial products, publication of efficacy data related to vac
cines licensed in the United States is not required (Moon 
and Bunn, 1993). Hancock (1992) severely criticizes the 
available information on vaccine efficacy. He suggests that 
"in veterinary medicine, most 'efficacy' assessments were 
based either on small sample-sized, artificial-challenge 
experiments or on haphazardly-designed, usually 
industry-sponsored, clinical trials which routinely included 
pseudoreplication, biased allocation, and· spin-doctored 
analyses and interpretations." He goes on to say that ". . 
.future historians might well conclude that the system had 
degenerated into a sort ofbiotechnical protection-money 
racket." Moon and Bunn (1993) agree that "Field trial 
data demonstrating the efficacy of most of the products in 
commercial use in the U.S. are notavailable". 

Antibiotics 
Most available information on antibiotic efficacy has been 
generated in studies using experimental challenge rather 
than natural exposure. Typically, an antibiotic manufac
turer designs challenge studies in which medicated animals 
and control animals are infected and the severity of 
subsequent disease compared. Animals receiving medi- · 
cation are either given medication just prior to inocula
tion or just after, when the initial clinical signs appear. 
Wilcock and Schwartz (1992) have criticized this kind of 
study for enteric disease as being "designed to test the 
prophylactic efficacy of drugs, not their therapeutic 
efficacy. Pigs on medicated feed . . . have the antibiotic 
already in their stomach and intestine ... resulting in milder 

BS: Dept. of Veterinary and Biomedical Science, University of 
Nebraska, Lincoln; CD: Dept. of Veterinary and Biomedical 
Science, University of Nebraska, Clay Center 
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disease because of what amounts to a decreased inocu
lum." Also, few studies separate the growth promotion/ 
feed efficiency benefits of an antibiotic from the thera
peutic effect. It is· rare to fmd a trial with the necessary 
experimental groups to distinguish each treatment effect 
(Table 1). 

Table 1. Treatment groups needed in 
antibiotic efficacy studies 

Treatment 
Group 

1 
2 
3 
4 

Medication 
Status 

Medicated 
Medicated 

Not medicated 
Not medicated 

Survey backgroun~ 

Infection 
Status 

Infected 
Not infected 

Infected 
Not infected 

In an effort to acquire an indication of the clinical 
usefulness of various animal health products for disease 
control, a survey was conducted of experienced swine 
practitioners. Cooperating practitioners were asked to rate 
the effectiveness of three control measures for 27 swine 
diseases. Specifically, they were asked, "When there is 
an ongoing disease problem on a farm, in your experience, 
how effective are these measures for controlling disease?" 
Cost effectiveness of the control measures was not a 
consideration. The three control measures were: 

• drugs, including antibiotics, parasiticides, 
anthelminthics and supportive care, 

• vaccines, and 
• management, including such measures as sanitation, 

ali-in-all-out, housing, ventilation, and nutrition. (Table 
2) 

Practitioners were asked to give each control measure a 
value from 0 to 3 (0 =useless, 1 =slightly effective, 2 = 
moderately effective, 3 =highly effective). Veterinarians 
completed the survey in September 1993. Veterinarians 
were included in the survey if they worked in predomi-
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Relative efficacy of various control measures[or swine diseases 

Table 2. Possible disease control measures assessed in practitioner survey 

Disease Management 

Atrophic rhinitis All-ill, all-out 
P. multocida Sanitation 

Correct air flow 

Atropic rhinitis Appropriate temperature 
B. bronchiseptica 

A.. pleuropneumonia No mixing or moving pigs; 
Correct sq. ft/pig 

M. hyopneumonia Small group or room size 

nantly swine practices, swine work comprised the major 
portion of their practice activity, and attended the 1993 
Minnesota Swine Conference for Veterinarians. 

Veterinarians participating in the survey were from 12 
states and Canada. They had from ·r to 43 years of practice 
experience (mean= 14.8 ± 9.6 years). Twelve graduated 
from veterinary· school between 1950· and 1972; 25 
between 1976 and 1987; and 6between 1989 and 1992. 

General impressions 
The distribution of responses and overall ratings are given 

·in Table 3. The counts ofresponses in each category do 
not always add up to 44. Survey participants had been 
instructed to leave a category blank if they did not have 
experience with .• that control measure .in managing an 
ongoing case of the disease, The distribution of ratings 
reflects the variation in effectiveness of control For 
example, although vaccination for Streptococcus suis has 
a similar overall rating to vaccination for enzootic 
transmissible gastroenteritis (TGE), the distribution of 
responses indicates that veterinarians were generally in 
agreement that S suis vaccine was only some~ hat effective 
in the majority of cases, while there was considerable 
variation in success veterinarians had experienced in using 
vaccination for enzootic TGE. 

The relative value of various conb'ol measures is shown 
graphically in Figure 1. The graphs only include the 
diseases for which a specific control measure would be 
reasonable applicable. Since there are not vaccines 
available for parasite control, antibiotics do not have 
activity against viruses, etc., the responses for those 
categories are not shown in this graph. There were 18 
diseases for which antibiotics were applicable, 19 diseases 
with commercially available vaccines, three diseases in 
which parasiticide treatment was appropriate, and for all 
27 diseases, management was felt to play a role. For 
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Vaccines Antibiotics 

B. bronchiseptica Injectable: 
plus toxigenic tetracycline 
P. multocida ceftiofur 

B. bronchiseptica In-feed: ASP, CSP, 
tylan-sulfa 

A. p/europnemonia Injectable: 
ceftiofur, penicillin, 
tetracycline 

M. hyopneumonia Injectable: 
tylosin, lincomycin 

ln~feed: lincomycin 

bacterial and viral diseases, the mean rating for antibiotics 
was 1.7, for vaccines 1.5, and for management 2.1. The, 
overall rating for vaccines and antibiotics were 
significantly (P< 0.01) lower than for management when 
compared using Duncan's multiple-range test. For parasitic 
diseases, the mean rating for parasiticides was 2.6, and 
for management 2,0. Another way to appreciate the relative 
values of the control measures is to see how many were 
rated at 2 (halfway on the rating scale) or greater. 
Management scored above a 2 for 25.of27 (93%) diseases, 
antibiotics 12 of 18 (67%),yaccines 9 of 19 (47%), and 
paraciticides 3 of 3 (100%). 

Validity of clinical 
impressions 
In reviewing this data, it must be remembered that the 
effectiveness rating for each control measure is a summary 
of practitioners' opinions, not the results of carefully 
controlled .. trials. Opinions may differ. from reality. For 
example, both erysipelas and leptospirosis vaccines were 
highly rated. Both vaccines are widely used in herds where 
neither disease has been clinically identified. A 1992 
NAHMS survey reported that 70.2% and 61.4%, 
respectively, of producers used leptospirosis and erysipelas 
vaccines. Although these diseases are identifiable entities, 
their clinical occurrence is very low. In 1993, the 
University ofN ebraska Diagnostic Laboratory diagnosed 
one case of leptospirosis and three cases of erysipelas, 
compared to 86 cases of Escherichia coli enteritis. 
Because disease is only rarely seen in vaccinated herdS, 
producers and veterinarians conclude that the vaccines are 
effective. However, there is no basis for drawing this 
conclusion since the incidence of disease in unvaccinated 
herds is not known, and might be equally low. The diseases 
that tend to manifest in a more chronic manner received 
lower. vaccine effectiveness ratings than more acute 
diseases. Chronic disease situations more readily lend 
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Vaccines 

Figure t.Veterinarians~ ratings of the efficacy of various control measuresfor swine diseases 

Atrophic rttlnlu. Atrophic rhlnW. · A. p.uropneumonla M hyopneumonla 
P. multpolda B. bronchlaaptica · ·· · · ·. ·. · · · · ·· 

Figure 2, Balancing control options 

themselves to comparison of disease severity pre- and 
post~vaccination. In light of the above, the effectiveness 
ratings for vaccines reported in this studyare likely to 
overestimate their actual value. 

Mechanisms to acquire 
more. reliable product 
efficacydata . 
Hancock ( 1992) ·.suggests that vaccine effectiveness 
monitoring should become a role of diagtlostic laboratories. 
Diagnostic laboratories routinely monitor and sunimarize 
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the micr~biologic and pathoiogic findings from cases of 
disease, yet nothing (in the way of data) is included 
regarding management or environmental causes that are 
subject to modification (e.g~, vaccination programs). 
Hancock suggests that case-control methodology be used . 
to evaluate vaccine e:ffectivehess. Given data from abortion 
outbreak herds; say,fodeptospirosisvaccination, and the 
same data fromrandomly selected controls (herds without 
outbreaks contacted by phone), the computation of ·an 
effectiveness estimate is a fa:irlystraightforward prQcess; 
Case-control methodology could also be used if monitoring 
was done by a ·group of practitioners willing to record 
their disease diagnoses during a specified perio& · 
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Table 3. Veterinarians' rating of the effectiveness of control strategies for swine diseases 

Counts of responses in each category 

Rating scale Abx Vac Mgt Abx Vac Mgt Abx Vac Mgt Abx Vac Mgt 

M. hyopneumonia A. pleuropneumoniae AR-B. bronchi AR- P. multocida 

0 useless 6 5 0 1 7 0 4 4 4 3 0 0 
1 slightly effective 25 22 2 17 16 2 18 14 6 14 9 8 
2 moderately effective 12 13 19 14 18 19 19 22 25 27 28 20 
3 highly effective 1 4 23 12 3 23 3 4 9 0 7 16 

Overall rating 1.18 1.36 2.48 1.84 1.39 2.48 1.48 1.59 1.89 1.55 1.95 2.18 

S. cholerasuis S. typhimurium Strep suis Erysipelas 

Ouseless 0 9 1 2 39 1 2 7 1 1 1 13 
1 slightly effective 15 13 1 17 9 4 11 24 1.1 4 2 17 
2 moderately effective 21 14 25 17 0 22 22 11 19 24 18 12. 
3 highly effective 6 4 16 4 0 13 9 2 13 15 23 2 
Overall rating 1.79 1.33 2.30 1.58 0.23 2.18 1.86 1.18 2.00 2.21 2.43 1.07 

H. parasuis Staph hyicus Pseudorabies PRRS 

0 useless 0 2 4 4 35 6 41 0 3 38 38 3 
1, slightly effective 13 10 11 20 9 5 0 0 4 5 0 7 
2 ·moderately effective 20 27 23 16 0 21 0 13 12 0 1 21 
3 highly effective 11 5 6 4 0 12 0 28 22 0 0 12 
Overall rating 1.96 1.80 1.71 1.46 0.20 1.89 0.00 2.68 2.29 0.15 0.05 1.98 

Leptospirosis Coccidiosis Nursery E. coli Neonatal E. coli 

0 useless 3 0 8 24 44 1 1 20 1 1 1 1 
1 slightly effective 18 4 10 15 0 2 10 17 3 4 3 3 
2 moderately effective 16 24 18 5 0 17 28 6 17 24 17 18 
3 highly effective 4 15 5 0 0 24 5 0 23 15 23 22 
Overall rating 1.51 2.26 1.49 0.27 0.00 2.46 1.84 0.67 2.41 2.21 2.41 2.39 

Clostridium Acute TGE Enzootic TGE Rotavirus 
0 useless 5 3 2 40 14 8 37 10 1 38 14 2 
1 slightly effective 16 7 5 4 23 11 7 16 2 5 19 2 
2 moderately effective 19 22 26 0 6 17 0 14 23 1 9 31 
3 highly effective 2 10 10 0 1 8 0 4 18 0 0 8 
Overall rating 1.43 1.93 2.07 0.09 0.86 1.57 0.16 1.27 2.32 0.16 0.88 2.05 

Edema disease Swine dysentery Prolif Enteritis Parvovirus 
0 useless 5 31 6 0 34 0 0 44 44 44 1 8 
1 slightly effective 8 9 4 7 9 2 5 0 10 0 5 8 
2 moderately effective 25 1 12 18 0 17 24 0 24 0 20 14 
3 highly effective .4 1 20 19 0 25 15 0 6 0 18 14 
Overall rating 1.67 .0.33 2.10 2.27 0.21 2.52 2.23 0.00 1.73 0.00 2.25 1.77 

Ascaris suis Trichuris suis Sarcoptes scabeii 
0 useless 0 42 2 0 31 3 0 34 5 
1 slightly effective 1 0 7 2 0 8 0 0 8 
2 moderately effective 16 0 015 12 0 8 5 0 12 
3 highly effective 25 0 18 17 0 12 29 0 9 
Overall· rating 2.57 0 2.17 2.48. 0 1.94 2.85 0 1.74 

Abx = antibiotics/paraciticides/anthelminthics, Vac = Vaccines, Mgt = Management 
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Application to farm 
situations 
The relative effectiveness of control options for four 
respiratory diseases is depicted in Figure 2. Initially, it 
appears that the severity of most of these conditions could 
be reduced by half by use of antibiotics and vaccines. This 
solution pleases both veterinarian and producer. The 
veterinarian sees an opportunity for product sales. The 
producer is relieved of responsibility-the problem is not 
due to a lack of care on his/her part, instead, his/her pigs 
are deficient in antibiotics and vaccines. The problem with 
this comfortable image is that it fails to consider the big 
picture. Vaccines and antibiotics must be specific for each 
disease. Since they do not eradicate disease, they represent 
a perpetual production expense. A fairly typical farm with 
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mycoplasma/Actinobacillus and rhinitis would need three 
different vaccines, two different in-feed antibiotics, and 
several kinds of injectable antibiotics. The alternative, 
focusing on management, has greater benefits including 
across-the-board effects on many diseases, and prolonged 
influence from a one-time expenditure. 
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PRV eradication from difficult 
herds: A systematic approach 
Monte B.· McCaw DVM PhD 

Tremendous progress has been made toward eradication 
of pseudorabies virus (PRV) since· the initiation ·of !he 
nationwide eradication program. Many herds are bemg 
removed from quarantine without the expense of total 
depopulation or offspring segregation. PRY is now · 
eliminated regularly from large herds (> 500 sows), which 
were, as recently as 1991, a severe problem and c~allenge 
to the eradication program. However, PRY contmues to 
circulate despite vaccination in a significant number of 
herds. These herds pose a risk to· the success of the program 
and to their neighbors that have elimimited the infection · 
or had remained PRY free. Often herds with longterm PRY 
problems omit essential management practices that 
encourage circulation or allow frequent reentry of the virus. 
The following steps are essential for eliminating PRY from 
infected herds by test and removal rather than depopulation 
or offsite segregation: 

• stop virus circulation in breeding herd and finisher by 
consistently following vaccination and movement plans 
for breeding stock and nursery/finishing pigs; . 

• establish a source of pre-immunized PRY-free gilts and 
boars; 

• monitor progress regularly; and . 
• maximize efforts to prevent PRY reentry. 

Control of virus 
circulation 
Vaccination is the tool most commonly considered for 
controlling PRY circulation, but it is also the most 
frequently misused. There is often a huge difference 
between "vaccination" and "immunization" in problem 
herds. In· these herds the vaccination program not only 
must be thorough, it ptust be followed exactly at all times. 
Producers' vaccine handling and injection skills .are taken 
for granted. However, vaccine mishandling often is the 
"hidden" culprit ofPRV circulation control failure. Almost 
all PRY vaccine used in the United States is the modified
live virus type of vaccine. These vaccines are sensitive to 

Department of Food Animal and Equine Medicine, College of 
Veterinary Medicine, North Carolina State University 
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heat, light, residual detergents or formalin in syringes, and 
time; Producer injection technique must also be cheeked 
a:nd corrected for needle length and injection site location. 

Vaccination timing is critical to proper immunization. 
Vaccina~ion is not only expected to prevent disease, it now 
has to stop infection by field strain PRV. While it is well 
documented that PRY -vaccinated pigs can become latently 
Infected after challenge, it appears on a herd basis that the 
vaccines do reduce and stop the circulation of PRV. To 
stop virus circulation (spread between pigs) the pigs' 
immune system must control virus shedding and increase 
the infectious dose threshold; These immune f~ctions 
depend upon cell-mediated immunity and must be 
boostered regularly. 

Breeding stock should be revaccinated 2-4 weeks 
prefarrowing or the whole herd quarterly depending upon 
vaccine type and· the management skills of the producer. 
Boars should be vaccinated quarterly. However, the most 
important factor to controlling PRY. circulation in the 
breeding herd is pre':' immunization of gilts and young boars 
before entry to the breeding/gestation buildings. The first 
immunization should occur at least 1 week before leaving 
isolation. The gilts and boars can· be both blood tested 
(using latex agglutination) and vaccinated after 14 days 
in isolation. The gilts and boars should be revaccinated 
14 and possibly 28-35 days later. For newly infected herds, 
all breeding stock should be vaccinated twice 21 days 
apart, and then follow the vaccination schedule above. 
Bringing in enough vaccinated replacement gilts for 3 
months and then closing the breeding herd may also help 
control virus circulation in problem herds or just after new 
outbreaks. Accelerated culling rates have been used 
successfully to get herds off quarantine more quickly; 
however, it is imperative that the new gilts be immUile 
upon entry. This plan may be more costly due to lowered 
productivity as a result of a greatly reduced herd mean 
parity. 

Vaccination to control PRV circulation in grower/fmisher 
pigs is much ~ore. difficult because of interference by 
passively acquired PRY -neutralizing antibody. Piglets born 
to sows with high titers of PRY serum neutralizing (SN) 
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antibody can still have vaccine-neutralizing amounts of The continuous. flow onsite or offsite ftnisher facility is 
antibody at 8-10 weeks of age. In these herds vaccinating the most difficult situation to end PRV circulatiori as a: 
pigs before they leave the nursery will fail to effectively result of ho.ldbacks, ni1,1ltiple age groups in the same 
immunize a signiftcant proportion of the pigs. These pigs airspace, and possibly o.ther factors. In continuous-flow 
enter the grower or ftnisher susceptible to PRV infection, operations, particularly on smaller farms that market only 
thus maii1taining circulation of the virus. the PRV SN a couple to a few pens of pigs at a time, pigs are frequently 
antibody titer of 8- to 1 0-week-old pigs must be determined mixed to. equalize size to corr.ect variable growth rates or 
in herds where vaccination of nursery pigs has failed to to consolidate partial pens after selection. This practice 
contt:ol virus circulation or where it is suspected that the probably helps maintain the circulation ofPRV within the 
sow herd has high SN titers after the initial outbreak. ftnisher because mixing of pigs causes severe social stress, 
Revaccinate pigs in the grower (12--:-' 14 weeks old) or delay fig4ting,. and well-documented impaired perfo.rmance of 
the initial vaccination ifPRV SN antibody titers of greater pigs in the pen. It is reasonable to assume that this level of 
than 1 :4 are found. in pigs at the time of vaccination. stress could reactivate latent PRV infections and result in 
Revaccination of young pigs appears to be more necessary ~bedding of infectious virus. While continuous flow facility 
with certain types· of MLV vaccines than others to stop ·use demands that pens of pigs must be mixed at least at 
virus circulation. Intranasal vaccination ·at birth with · .slaughter, extensive efforts to minimize mixing and sorting 
selected vaccines and revacCination. in the nursery or just to equalize sizes at any other age should be avoided 

· grower may also help to stop virus circulation (McCaw, until PRV circulation is controlled: High pig density and 
personal observations). low feeder space and waterer availability may also 

contribute to PRV circulation. Attempts to eliminate PRV 
Management factors are often. overlooked in PRV 
eradication plans because many producers depend almost from continuous flow fmishers should be scheduled during 

summer months when air flow rates are highest and it's 
entirely upon vaccine performance. Obvious management 

possible to ftnd temporary housing to reduce density or 
practices include: · provide small production breaks within· the. building. 
• strict ail-in-all-out production; Establish "hospital" facilities in buildings or structures 
• not housing cull sows with ftnishing pigs; and · that are outside the main ftnishing buildings. For small 
• production breaks created by selling feeder pigs or ftnd- producers with other concurrent endemic disease problems, 

ing temporary offsite ftnishing facilities. changing their production system to a batch farrowing 
Production breaks can be better justifted if they are coupled cycle and dividing the ftnishing building into single batch 

sized rooms would not only control PRV but also probably with remodelling projects or eliminating additional disease 
problems. PRV eradication has been difficult in large improve herd performance: 
production systems that send pigs to multiple (four or more) 
building offsite finishing facilities. Even though the 
buildings are designed to receive pigs from a single week's 
farrowing, producers frequently hold back and move pigs 
between buildings on these sites, violating the designed 
a:ll-in-all-out design, thus maintaining PRV circulation on 
the site. Also, PRV can be moved from building to building 
by boot tops, clothing, and hands of personnel. Supply 
separate sets of boots and coveralls for each building and 
encourage workers tO move as much as possible from 
. young to old during the work ·day until ·PRV has been 
eliminated from fuiishing facilities. 

In herds where other PRV control measures have failed, 
poor-:doing pigs should be destroyed rather than held back 
a few weeks in either the ftnisher or nursecy/grower. These 
pigs are held back because of poor growth, probably as a 
result of previous infection and disease with various 
organisms, including PRV. Holding back poor-doerS is easy 
and common in continuous-flow finishers .. 
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Obtaining PRV -free gilts 
PRV -free replacement gilts can be relatively easily 
obtained using a continuous-offsite-segregation (COS)· 
program for herds that want to retain their own replacement 
stock but have not stopped virus circulation in the ftnisher. . 
The COS program is a project that produces only enough 
gilts to meet normal replacement needs of the sow farm. 
Gilts can be removed from the farm at either weaning or 
possibly out of the nursery. This avoids the extensive cost 
and disruption of depopulating and replacing the breeding 
,herd. Normal production continues in the original herd. 
PRV is eliminated over a 2.5-3.5 year period by natural 
culling after breeding herd virus circulation is controlled. 
The offsite isolation of replacement gilts can be ended once 
virus circulation has been stopped in both the breeding 
herd and finisher for 6 months. Over 6000 PRV;.free gilts 
were produced from a 1200-heid genetic multiplier before 
it was removed from quarantine using COS and multiple 
offsite finishing sites (McCaw, personal experience). 

1994 Allen D, Leman Swine Conference 



PRV eradication from difficult herds: A systematic approach 

PRV vaccine research 
Intranasal (IN) vaccination has been demonstrated by 
several researchers to produce superior protection to IM 
vaccination against challenge in pigs with medium or low 
levels of passive immunity. 1,2 

A single IN vaccination at birth initiated a partially 
protective immune response in piglets suckling sows with 
1:8 to 1:32 SN antibody titers.3 This immunity could be 
boostered by revaccination, possibly at an older age than 
before without as great a risk of virus infection of 
unvaccinated pigs. 

A recent study using virus isolation and immuno
cytochemistry found that single glycoprotein-deletion 
mutants of a virulent strain of PRV invaded the nervous 
system to different levels. Glycoprotein III-deleted mu
tants invaded the nervous system to the same extent as the 
parent virus strain after intranasal infection. The gp !-de
letion mutant was the least neuroinvasive, suggesting that 
gp I has a significant role in neuronal spread ofPRV 4 

. Glycoprotein-X-deleted MLV vaccines have been found 
to colonize the trigeminal ganglia at a higher rate than gp 
!-deletion mutants (FA Ossorio, in press). A quantitative 
PCR was used to compare the number of PRV virus 
genomes in trigeminal ganglia from pigs vaccinated with 
either gp X- or gp I -deletion mutant commercially available 
vaccines. They are now investigating whether the gp X
and gp !-deletion mutants reduce the rate of colonization 
of the trigeminal ganglia after challenge of vaccinated 
animals with field strains of PRV 

A recent study comparing several European PRV vaccines 
simultaneously found that a novel oil-in-water adjuvanted 
gp !-deleted MLV vaccine demonstrated excellent 
protection as compared to traditional MLV vaccines. 5 

It appears that there may be differences in the ability of 
vaccines with different glycoprotein deletions to colonize 
the nervous system. These differences may also equate to 
differences in ability to prevent subsequent latent infection 
by field-strain virus. Also, new adjuvant technology may 
provide superior protection to comparable strain 
commercial MLV vaccines. 

Monitoring progress 
Virus circulation can be monitored by detecting rates of 
seroconversion to the appropriate differential ELISA in 
vaccinated breeding stock or finishing pigs. Breeding herd 
monitoring should be done 2-4 times a year. Samples 
should be collected in a stratified manner obtaining 10-
15 samples per parity. Results can be evaluated as the 
percent positive animals for each· parity. This method is 
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much more sensitive than random sampling without parity 
information (looking for a decrease in overall breeding 
herd seroprevalence). Initially only parity 0-2 needs to 
be tested. If virus circulation has been stopped, an 
additional parity should be seronegative every 4--6 months. 
Therefore test an additional two or three parities each year. 
Once 15% of the herd or less is seropositive, positive sows 
can be culled atfarrowing either blindly by parity or after 
prefarrow testing. Test finishing pigs from all buildings 
on the site (15-30 per building) every 4 months to 
determine whether management and vaccination chances 
have stopped circulation, then twice a year. 

Preventing virus reentry . 

Biosecurity practices must be put in place at the start of 
the PRV eradication effort and followed strictly by all 
personnel at all times. Isolate and retest all replacements, 
wash trylcks between trips to markets, limit visitor traffic 
to the herd, and do not allow dead-animal or cull-animal 
trucks or drivers onto the site. Continue vaccinating pigs 
going into the finisher until the herd is removed from 
quarantine. Finisher pig vaccination may need to continue 
until the region is PRV free in areas with a high density of 
PRV -infected herds. Finally, to eradicate PRV in high
prevalence, pig-dense areas, all finishing pigs as well as 
all breeding herds should be vaccinated. This may reduce 
the risk of aerosol spread from new outbreaks since there 
would not be large groups of naive pigs and because 
vaccination reduces the amount of virus shed after 
challenge. 1•2 

Summary 
With targeted management changes and appropriate 
vaccination schedules, PRV circulation can be controlled 
and stopped in most herds, avoiding the devastating costs 
of total depopulation and the disruption of an offsite 
segregation project. 

• Vaccinate all breeding stock regularly prefarrow orfour 
times per year. 

• Establish a source of negative pre-immunized replace
ment stock. 

• Vaccinate nursery/finishing pigs until the herd/area is 
PRVfree. 

• Check passive antibody titers of nursery pigs at vacci• 
nation. 

• Check vaccine handling and administration practices. 

• Minimize worker traffic and moving pigs between age 
groups. 
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• Minimize mixing of pigs within age groups or pens. 

• Consider production breaks, pig flow diversions, or 
batch farrowing in herds with other, economically im
portant, endemic disease problems. 

• Maximize biosecurity efforts. 
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Eradication of Actinobacillus 
pleuropneumoniae 

Brad Fenwick, DVM, PhD 

Porcine pleuropneumonia caused by Actinobacillus 
pleuropneumoniae (App) is a disease of economic 
significance in all pork-producing areas of the world. 
Nevertheless, the characteristics of the organism coupled 
with modem pork production techniques suggest that it 
may be possible to eradicate the disease. Successfully 
eradicating App depends on the accuracy and reliability 
of the serologic tests used to identify pigs that may be 
asymptomatic carriers. Eradication requires an 
understanding of the management practices and facility 
characteristics that act as risk factors to maintain and 
transmit App. Most important, the decision· to eradicate 
App requires careful consideration of the advantages and 
inherent risks associated with the eradication process as 
well as in maintaining an App-free herd. 

Is eradication of A. 
pleuropneumoniae 
possible? 
App is a good candidate for eradication because: 

• it is a host-specific microorganism transmitted only by 
the close contact between subclinical carriers and sus
ceptible pigs; 

• the organism is environmentally fragile, and thus per
sists for only short periods; 

• serodiagnostic assays of adequate reliability are avail-
able; and 

• App free herds have been established and maintained. 

Even though it is possible to eradicate App, eradication 
should not necessarily be taken as the best course of action 
in every herd. In fact, depending on management 
procedures, facilities, source of replacement stock, .and 
location, having an App-free herd may be an unacceptable 
risk. ' 

There has been some discussion concerning whether 
pleuropneumonia should be the next disease to eradicate 

Department of Pathology and Microbiology, Kansas State 
University 

1994 Allen D. Leman Swine Conference 

from North American swine. Justification for regional or 
national efforts to eradicate App are based on the fact that: 

• pleuropneumonia has significant economic impact on 
pork production; 

• current vaccines are not always effective and develop
ment of more effective vaccines does not appear likely; 

• nonspecific enhancement of the porcine immune re
sponse has little protective value; and 

• the management practices that allow App to be main
tained and transmitted within the swine population are 
not likely to change. 

A successful eradication program at any level (national, 
regional, or individual herd) depends on the accuracy of 
the serologic test(s) used to identify animals that have been 
exposed to App (potential subclinical carriers) and an 
understanding of the management practices that act as risk 
factors for the transmission and maintenance of the disease 
in defined populations of swine. 

Eradication of A. 
pleuropneumoniae or just 
the clinical disease? 
The notion that a herd is infected with App only if there 
are clinical signs is not valid. All too often the lack of 
clinical disease and lesions at slaughter are taken as de 
facto proof that the herd is not infected with App. 1 The 
evidence clearly indicates that clinical disease is the 
exception and not the rule in herds infected with App. The 
development of clinical disease requires the correct 
combination of factors (low levels of immunity, stress, 
environmental conditions, organism virulence, concurrent 
disease, etc.). 

The economic impact of an outbreak of clinical App in 
herds without protective immunity can be significant, 
morbidity can exceed 40%, and mortality can be as high 
as 24%. Of greater concern are the losses associated with 
endemic infections where the time required for pigs to 
reach market weight can increase by 3 weeks, average 
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mean daily gain may decrease as much as 33%, and the 
decrease in feed efficiency can be as much as 25%. 2' 5 The 
costs associated with subclinical infection are less clearly 
established, and thus may notjustify efforts to eradicate 
the organism from a. herd. Givel! a herd that is infected 
with App but free of clinical disease, the threat that overt 
disease might occur at the very least warrants efforts to 
ensure thatthe disease remains subclinical. 

The goal should be to minimize the risk of developing 
clinical pleuropneumonia. This can be accomplished by 
one of two methods: 

• eradicate App from the herd; or 

• live with the organism but take the steps to limit the 
likelihood that clinical disease will occur. 

Choosing the correct course requires a risk: benefit analysis 
ofhaving an App-free herd as well as a critical assessment 
of the current management practices and facilities, herd 
immunity, concurrent diseases, and thelong-termgoals of 
the producer. 

Living with A. 
pleuropneumoniae but not 
the disease 
The evolution of the pork production industry to larger 
herds of higher. health status and·. the use of production 
methods that limit. organism transmission within . and 
between herds has done much to limit risk of disease and 
improve the profitability of pork production. On the other 
hand, the inevitable consequence of these advances is often 
a decline in herd immunity and a corresponding increased 
risk that relatively severe eiinical.disease will occur. In 
those herds in which a high levelof biosecurity is not 
possible, being free of App can be extremely risky. It is 

·the high level of immunity provided by subclinical infection 
that protects most conventional herds from the economic 
consequences of clinical pleuropneumonia. . 

Controlling or eradicating the diseases that increase the 
likelihood that infection with App will result in clinical 
disease is particularly important.· The most significant of 
these "contributing" diseases include mycoplasmosis, 
salmonellosis, and atrophic rhinitis. In several herds, 
control of App has been successful only after steps have 
been take to limitthese diseases. Management procedures 
that aid in preventing clinical pleuropneumonia include 
aU-in-all-out stocking schemes where groups of animals 
of very similar ages (1-2 weeks) occupy the same airspace, 
correct stocking densities, and careful environmental 
control designed to prevent rapid changes in temperature 
and humidity,6 
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As early weaning programs have demonstrated, many 
swine diseases (including App) are transmitted from sow 
to piglet at an early age}8 In the case of App, transmission 
at this time does notresult in significant levels of clinical 
disease because of the protectioJ1 provided by passively 
acquired immunity. Infection under these conditions 
appears to provide. significant levels of protection from 
clinical disease, yet some portion of these pigs become 
carriers of App~ The carrier pig is the primary mode of 
transmission ofApp between swine herds and presents a 
• significant risk to pigs without immunity to App. 

Efforts to maintain high herd immunity by controlled 
exposure are a common practice in preventing clinical 
disease caused by various reproductive and gastrointestinal 
diseases. Circumstantial evidence suggests that the same 
may also· be true for porcine pleuropneumonia, yet few 
veterinarians and producers understand the circulation of 
App within a herd well enough to expose the sowherd 
and piglets to viable App. Clinical disease most frequently 
occurs in· those. herds where a significant percentage of 
the sow herd is serologically negative. In contrast, herds 
in which the sows have high levels of naturally occurring 
immunity rarely have clinical disease. It is well recognized 
that introducing pigs from multiple sources into a herd is 
a significant risk factor for the development of clinical 
pleuropneumonia. The chance that clinical disease will 
occur can, however, be limited significantly by matching 
herds by their serologic status {positive to positive, 
negative to negative). 

In cases when App is laterally introduced into a herd for 
the first time, clinical disease ofvariable severity is 
common. Paradoxically, App may enter an App herd 
without causing overt Clinical signs. This may be due to 
the particular strain of App being of low virulence, but 
more likely the herd is also free of those diseases that 
contribute to clinical pleuropneumonia. In addition, the 
facilities are often of high caliber and the herd management 
practices are designed to limit envirorunental and social 
stress as well as disease transmission between pigs of 
various ages. In all cases, frequent serologic examination 
to assess the level of herd immunity is a wise precaution. 

For many diseases, vaccination is often used to replace or 
supplement immunity induced by infection. Current 
pleuropneumonia vaccines do not reliably prevent 
infection, but may reduce the clinical severity and mortality 
rate when carefully matched with the serotype· of App 
causing disease. It is unclear whether vaccination reduces 
the transmission rate or the percentage of infected pigs 
that become carriers. It is also unknown whether 
vaccinating sows interferes with their piglets' ability to 
develop acquired immunity. Typically, piglet are exposed 
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. . .. . . ·.. . .. . . . ... · . · .. eradication o/Actinobacillus pleuropneumori.iae 

to App from the sow When they are ori.ly 2'"J weeks· old. . EradicatingApp has been attempted on a individual herd 
Exposure at an older age is more likely to resulfm cliliical basis·· "' Canada and as part of a national swine health · 
disease. · · _, · · · · · · ·. · ·. disease control program in Sw!tzerland~ 11•12 These· 

In __ .. ~- effort t~_ .. _linu __ ·•.· :t t_~e_· _los~es_ a_ ~so_· __ cja_ted'wi_th_ ~linical .•.. programs. required· serologioally positive herd to be 
. . quarantined, followed by: identifyi"'g and removing 

pleuropneumonia.: producers and their ve~riitarians, may . serologically positive animals. In Switzerland, the program 
undertal,<e ratherheroic ejforts to.control App. All too.often was initially believed to have been spccessfUI, but infection 

·. they. flght a losiitg battle in th~t by attempting to prevent reoccurred in herds previously believed to be App free . 
. . clmical disease they -~nkri.owingly interfere with the · 
development.ofprote(:tive irD.m.unitY m a sigitificantpo. rtion. . ApparentlY, the complement fixation (CF) te~;t used in this 

. . . . . .progr_ am failed to. detect expos~e to all strains and 
ofthe'herd. Such ef;Toits create a consistent reserVoir·of 

.. suseeptible pigs that develop clinicid disease when exp~~ed ·-•• :ftt~~~~~XP~~~ u::a:!i!:ti_ S: :its :~m~t::: 
to infected herd_inates: s .. adly, there seems to b~ a ·. . . . . . . . 

· titers io App.12 In both of these cases; eradication was aided relationship between the'magnitl!de of the effort· and the 
· 1· ·. th f.. .. ··th· d'·· ·. · .·· · .. · ..... u .. 1· ... · 1 ·th ·d · . by low disease prevalence, the ability to maintain herd 

eng o . time e 1sease persistS. t•mate y, e ec1s1on . • b ddln . fr ·· A fr h. d · d b £ T i · 
. • ·tO eradicate the organism by depopUlating the herd is made · · slz~ Y a · ·. g pigs om PP- .~e . er: s; ~ Y. acl 1 les 

· ·t f·fru tr b' ·Wh th _'ght ·. -.- . . •. . · t_ t· . large enough to allow serologically p_os1t1ve p1gs to be .. ou o s a on. e ern or wrong, pers1s en. cases .. -1 t d .. · . · · ·· . 
of clinical pleuropneumonia are the most frequent ·· ISO a e · ·· ·· · · 

. jUstification for swine herds to be depopulated, and more Repopulating App'-iri.fect€:d herds with App-free pigs has 
recently; the initiation of early~weaning prograins. been an effective and popular means of es.tablishlng 

disease~ free herdS. 13;14 While App plays a significant role . 
in detenD.ining whether to depopulate a herd, factors su~h · · 
as other diSease, genetics, and facilities aJ.s.o are iinportant 

Eradication of A. 
pleuropneumoniae_ 

· . Depopulation is best reserved for those siblations that meet 
Cliriically evident disease, the threat that pleuropneUinonia a ratherwell-defined set of constraintS; the inostsignificant 
might reoccur, or. the chance that the disease might be being ec<>nomic_s, off-site facilities, and the availability of 

. transmitted via replacem~nt stock has encouraged the disease-free replacement stock. . 
development of effective methods to er~dicate a number 
of swine diseases, including p,leuropneumonia. 7~9• 10 
Eradicating Appbegins with an assessment of the herd's 
immunologic stabis, economic perfoimance, genetics, and 
soilrce of replacement stock; the condition, design, and 
location of the facilities; and the owner's expectations, 

·production goals, and willingness to change CUfrent 
management procedures. Ultimately,· there must be a 

. · reasonable degree of certainty that once App has been· 
· eradicated; the herd will be safe from inadvertent lateral · 

or vertical introduction of App, The potentially devastating · 
consequence ofhaving App enter a herdwith no immunity 
has'prompted the development of strict biosecurity systems 
as well as three-:site and multi-siteproduction schemes. 

App eradication: programs, as is the case for other diseases 
that are transmitted Via subClinical carriers, are ori.ly as 
good as the ability to identify animals that have been 
exposed to the target organism and thus may be carriers. 
· In the case of App, isolating the organism from clinically 
. "healthy" ·carrier pigs or diagnosing infection at slaughter 
are not reliable means of identifying carrier pigs~ 
Identification is dependent ort · accurately detecting App
specific antibodies in serum. The various serodiagnostic 
assays of App ~have bee.n dis.ciassed earlier in this 
conference. , . · . 
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More recently, early-weaning prograins have been show 
to be·an effective means to prevent transmission.ofApp· . · 
from the sow herd to pigs in later stages of production: 7JI 

By using these programs and off-site or isolated facilities, 
Appcan evenblally be eradicated from a herd. On the other 
hand, several relatively severe clinical pleuropneumonia 

. disease outbreaks have occurred where effortS to eliminate 
App were only successful in reducing herd immunity, but 
failed to completely eradicate the organism from the herd. 
Similar disease o~tbreaks have occurred when the barrier 
between the-infected sow herd and the balance of the herd 
was breached. In these cases, the decline in herd immunity 
undoubtedly contributed to both the occurrence ofclinical 

. disease and itS severity.· -

Recommendations 
The decision to eradicate App or to have an endemically 

. infected herd but to miniinize the risk of clinical disease 
•. is not as easy a choice as it might frrst seem. While proven 

procedures to eradicate Apphavebeen developed, applying 
.them to all herds is nqt necessarily the wisest course of 
·action,. Sound advice requires, a critical assessment of the. 
costs and.assoCiated.risks of a herd being App fr:ee. This 
must be compared to the inherent advantages associated 
with a high level of immunity as provided by the endemic 
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presence of App under conditions that minimize the 
occurrence of overt clinical disease. Regardless, it is 
particularly important that the serologic status of the herd 
be monitored on a consistent basis. Ghanges in the. level 
of herd immunity often foreshadow the occurrence of 
clinical pleuropne\Ullonia. 
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Pork quality: 
Report on audit research 
David Meeker, Ph.D. 

Food-producing industries must be responsive to 
consumers in order to have the right to serve the 
marketplace. Industries that are not responsive to their 
customers lose out to their competition. This paper will 
describe in detail how the pork industry is becoming more 
customer responsive in the type of food produced and in 
production methods. This is an example of how a 
mainstream food-producing industry can meetthe needs 
of society while negating the need for heroic efforts in 
niche marketing to make up for system failures. . 

Background 
About 25 yearS ago, some forward-thinking pork producers 
changed the name of my organization from the National 
Swine Growers to the National Pork Producers Council. 

This subtle change set the stage for 25 years of incredible 

funded agricultural research to benefit not only the 
producer and consumer, but all of agriculture. 

It's important to note that pork producers are not going to 
sit back and rest on their laurels. Even though we have a 
great product and efficient production, there's much more 
that can be done. We will continue to do research and 
implement programs to increase consistency, further 
increase ·leanness, and protect and improve· those things 
that· are advantageous about pork, such as flavor and 
tenderness. The producers are committed to providing 
products that satisfy the needs of the consumer, the 
industry's ultimate customer. The pork industry will also 
continue to research better ways of doing things to ensure 
the environmental soundness of farms and to help pork 
remain the safe and wholesome product that the consumer 
has come to know and expect. · 

progress in the pork industry. The commitment to quality Defining the commitment 
in the pork industry on the part of these early producers I" 
carries. on today and assures more responsibility for · _t_o......::q:..u_a_I_ty.:.,.. ___________ _ 
producing food products, which extends producers' 
concerns well beyond the farm gate. 

Three years ago, the Pork Market Basket Study, conducted 
with pork checkoff funds using USDA guidelines, showed 
thattoday's pork is 31% leaner than the pork of just 10 
years ago. This is the result of improved genetics, better 
swine nutrition, and more consumer concern with the 
processing of pork. 

The pork industry has grown tremendously over the last 
10 years and plans to control an evenbigger portion of 
the market share in the future, due to lower break-even 
prices and increased productivity. Every segment of the 
pork chain has opportunity to decrease costs while 
maintaining or improving profits. 

Research has played, and will continue to play, an 
important role in all of these areas. Producers'· investments 
in research have helped to set the direction of government-

Vice President, Research and Education, National Pork Producers 
Council 
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Every day there's more and more competition for the world 
consumer's food dollar. The future key to competitiveness 
and profitability will be quality. The word "quality" means 
many things, but most importantly, it means customer 
satisfaction. More than 20 years ago, Japan's car 
manufacturers adopted a Total Quality Management 
(TQM) strategy that helped them become the auto
exporting giant they are today. 

Successful TQM manufacturers, such as Ford, IBM, and 
Honda, get cooperation from all segments of their 
production chain, from raw materials and parts suppliers 
to assembly, distribution and sales. The pork industry will 

· be more competitive and profitable when the various 
segments learn to exchange information, work together, 
and ~e concerned about one another's survival. All too 
often, consumer preference signals are scrambled as they 
pass through the pork chain back to the producers. The 
various segments sometimes compete with one another 
rather than working together to compete with other foods. 
If these problem~ can be solved to better meet customers' 
expectations, increasing the usage of pork along the chain 
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will be possible. A growing industry will provide more 
opportunities. 

The key to competitiveness will be to anticipate customer 
needs and strive to delight them by continuously improving 
products. The market for pork responds to its functional 
and conformance attributes. However, we can't rely totally 
upon analysis of changes in prices and quantities to identifY 
opportunities to increase profitability by enhancing the 
.quality of pork. Much more extensive analyses of 
customers andcompetitors are required. These analyses 
should evaluate the profit-enhancing potential of increasing 

. pork's conformance quality as well as raising the functional 
quality of pork. The tools of quality.1nanagement are 
important methods needed to systematically improve 
quality throughout the pork chain. 

There are many definitions of quality in the pork business. 
Here is a list of some important aspects of quality to 
consider: 

• taste 
• value-price/quantity 
• leanness 

--'-Carcass ·leanness . 
-proper marbling 
-lack of seam fat 
--'-Close trim 
-low-fat processed products 

• muscle quality 
--'-Color 
-firmness 
-marbling 
-water-holding capacity 

• convenience ofproducts 
• versatility 
• nutrient content 
• packaging 
• presentation 
• freshness 
• safety. 
• shelf-'life 
• consistency 

Many factors in production.and processing can affect meat 
quality, including genetics, nutrition; herd health, weather, 
animal handling, transportation, stunning methods, 
chilling, packaging, and manufacturing methods. . 

A "Pork Chain" means the whole pork system, which is 
divided into segments: 

. • consumption; 
...,...food service 
---home consumption 
-international trade 

110 

--'-Consumer information 
• distribution; 

-wholesaling 
-retailing 

• processing; 
-value-added 

. -packaging 
• packing; 

-slaughtering 
-cutting 

• hog production; 
-management of inputs 
-facilities 
-marketing 

• hog production inputs; . 
-genetics 
-nutrition 
-health 

Every segment, and every member within each segment 
of the pork chain, contributes to quality. It takes everyone 
working together to consistently produce high quality, but 
any one person can cause serious quality defects. Strategic · 
alliances may help to facilitate tliis·.concerted effort to. 
improve quality and increase the volume ofporkmoving 
through the chain. Removing barriers to improved quality 
means meeting customers' needs and expectations through 
better information flow and trust among segments. 

Examining our product 
The Pork Chain Quality A~dit was used to examine the 
flow of product from the farm to the consumer, and all the 
major contributors to value-added and service inbetween. 
The Audit consisted of several projects to thoroughly 
examine major segments of the chain and to use experts 
familiar with those segments. Customer requirements and 
qmility problems were examined at each link of the chain, 
from the consumer back to the producer. The Pork Chain 
Quality Audit has giveri us information to focus industry 
research and programs on solving problems that now limit 
quality improvement and the pork producer's .opportunity 
for profit. 

The baseline data gathered in this audit will help set new 
standards, de~elop research and program priorities, and 
measure future progress. Plans to implement change based 
on the audit and other research Will fit well with and help · 
accomplish objectives of the new Pork Industry ·Long
Range Plan adopted this year by the major pork 
organizations . 

. The audit included studies. of consumer attitudes about 
pork; food service concerns; retail pork sales probl.ems 
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and needs; and distribution, processing, packing, and 
production effects on product quality. In most cases the 
research is a first-look overview of problems that require 
further research to completely solve. 

An economic model was developed to measure the dollar 
impact of potential changes (Table 1) and estimates of 
which sectors benefit (Table 2) from quality improvements 
and the amount of these benefits. This integrated approach 
to researching the pork chain is a new approach. Previous 
studies on individual pieces of the chain have yielded useful 
information, but little was learned about the interaction 
among various segments and how changes in one sector 
affect quality throughout the chain. 

Table 1. Economic model evaluated effectsof 
quality enhancements 

1. Effects of a demand increase 
2. Eliminate carcass bads 
3. Increase leanness 
4. Enhance farm-level efficiency 
5. Improve presentation of retail product 
6. Reduce PSE 
7. Implement all six concurrently 

Table 2. Quality gains 

Farm Level ........................................ (22%) 
$1.185 billion in year 1 
$790 million avg. over 5 years. 
$9 per hog avg. over 5 years. 

Marketing Sector ................................ (11 %) 
Consumer Level ................................. (67%) 

A national meatcase survey was conducted concurrently 
with the Audit. It showed 23% of consumers polled are 
very satisfied with the quality of fresh pork while 51% 
are only somewhat satisfied. 

Other segments of the pork chain also expressed concern 
about pork quality. Producers are concerned about the 
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possibility of increasing pale, soft, and exudative PSE pork 
as they strive to increase leanness. Producers also feel 
strongly about maintaining profitability as they attempt 
to meet customer needs. 

Packers are concerned about costs of unusable carcasses 
and carcasses that require excessive trimming. Packers 
also want more consistent market weights in the hogs they 
purchase from producers. There's $10.08 lost for every 
hog sold in the United States because of quality defects in 
the packing sector. 

The food service and retail segments would like to see 
improvements in consistency of products, in size, shape, 
color, tenderness, and fat content. Customers at all levels 
want their specifications more closely adhered to. 

These studies show tremendous opportunities for the pork 
industry to serve their customers better to make pork 
production, processing, and marketing more profitable and 
successful in the future. 

A symposium on the audit was held April 6-7 in Des 
Moines, Iowa which was the first public roll-out of the 
results and NPPC's plan to effect change needed in the 
industry. Proceedings of this Symposium, including 
detailed research results, are available from the NPPC. 

The NPPC has started work to form a "Pork Chain 
Consortium" to improve the working relationships of the 
various sectors of the pork chain. This entity will oversee 
the development of product and process standards at all 
levels within the chain. It is essential that the entire pork 
chain become consumer oriented, including sharing 
infonnation on consumer wants and needs more effectively. 
The pork industry must improve its products to remain 
competitive, but that must be done in ways that maintain 
efficiency as well as producer profitability. 

The pork industry needs an ongoing, systematic research 
and information-gathering process to serve as the basis 
for continuous improvement, and a better communication 
process to disseminate that information to all key industry 
segments. This audit is just the beginning of such an effort. 
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The emerging role of the swine 
practitioner in meeting tomorrow's 
environmental challenge 
Christopher A. Novak 

Today, "environment" is a buzzword that has become 
connected with almost evecy phase of our life. According 
to a Wall Street Journal survey, eight out of ten Ameri
cans consider themselves an environmentalist. When 
Americans go shopping at the grocecy store, there are 
recycled products in recycled packaging produced in an 
environmentally safe manner. We have dolphin-safe tuna, 
organically grown vegetables, and even recycled toilet 
paper. Local and state governments are setting up recy- . 
cling programs, encouraging composting of yard wastes, 
and passing new restrictions on the use oflawn fertilizers 
and pesticides: At the Federal level, we have regulations 
on drinking water, groundwater, surface water, and bottled 
water. There are air quality regulations, regulations on 
toxic substances, pesticide regulations, and even regula
tions on regulations. 

With this interest in the environment, it is not surprising 
that agriculture has become a focus in the debate. Our 
countcy~s initial environmental focus was on industrial or 
point sources of pollution-discharges that went· directly 
from a pipe into a river or lake. But the United States 
Environmental Protection Agency is now beginning to 
focus on nonpoint sources of pollution-the runoff from 
farm fields, city streets, and other land areas not currently 
covered by our environmental laws. According to the EPA, 
agriculture is responsible for 65% of the nonpoint source 
pollution in ,our rivers, lakes, and streams. While 
agriculture might dispute the veracity of this statistic, the 
perception is that agriculture is polluting our environment. 
And that is where pork producers need your help. 

The emerging role of the 
practitioner 
Today's pork producer is facing a myriad of environmental 
challenges and opportunities. Government regulation, 
hostile neighbors, and the lack of sound environmental 
information are just three environmental issues facing 
producers. The industcy, through the National Pork 
Producers Council (NPPC) and our state pork producer 

Director, Environmental Services, National Pork Producers Council 
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associations, is responding to these environmental 
challenges with research, educational programs, legislative 
action, and legal information. · · 

The key to success on the environmental front, however, 
remains with individual producers taking action to protect 
both the environment and the long-term future of their 
operations. 

But producers cannot do this alone. To make the type of 
changes in environmental management that will be re• 
quired to stay in business tomorrow, producers need to 
have technical assistance from a trusted advisor, familiar 
with their operation, who can help them shape their plan
ning and management to better protect the environment. 
It's a logical opportunity for a swin'e practitioner. 

I'm not a veterinarian, so I cannot begin to fathom the 
workload you currently face. And I know that one more 
person standing up here telling you that, in addition to 
what you're already doing, you now need to become 
environmental experts is probably the last thing you want 
to hear. But I think you need to consider the environment 
as a business opportunity, not a challenge. 

Producers need technical support in managing the 
environment. A broad range of people are attempting to 
sell themselves as being the best single source for that 
information. From the governmental side, the Extension 
Service and the Soil. Conservation Service are each looking 
at the role they can play in helping livestock producers 
address the environment. From the industcy side, fertilizer 
dealers and independent crop cons11Itants are starting to 
look at the livestock farmer as a new growth market. There 
is no reason, however, that the veterinarian couldn't be 
the primacy avenue that producers use to understand and 
manage the environment. 

My message today is that the environment is the swine 
practitioner's new business opportunity. My job this 
morning, as I see it, is to convince you this will be a 
profitable investment for you to make if you are looking 
to expand your services to producers. To sell you on this 
idea, I want to review some of the environmental 
challenges currently facing producers. Those include 
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governmentregulations, neighbor relations, and access to pasture management. Producers in the coastal regions of 
sound information. After we look at the producer's 30 states, including the Great Lakes States, are likely to 
challenges, I want to share with you what our industry, be required to have to develop nutrient management plans 
through the NPPC and· through our state pork producer and construct new runoff control structures· for their 
associations, has done to help producers meet these livestock operations. 
environmental challenges. Hopefully, as we look at these 

·programs, you'll find that the pork industry organizations 
can be of service to you as you begin working with 
producers on the environment. Finally, I want to give you 
my perspective on the practitioner's role in meeting the 
livestock producer's environmental challenge. 

The producer's 
environmental challenges 

Government 
As an industry, the number one challenge facing producers 
remains compliance with the ever-expanding matrix of 
environmental regulations. Federal, state, county, and 
sometimes even local community regulations make it 
increasinglydifficult for a producer to know where they 
stand when it comes to being in compliance with the law. 
A producer who doesn't investigate the legal requirements 
at each of these levels may find themselves facing costly 
renovations or, worse yet, expensive fines related to 
environmental violations. I want to share some examples 
of environmental regulations at each of these levels so . 
you have an understanding of the magnitude of the 
challenge facing producers; 

The Federal Coastal Zone Management Act (CZMA) was 
an obscure piece of legislation that Congress changed 
dramatically during a midnight sessionback in 1990. The 
Coastal Zone Act had been a voluntary program that relied 
on grants to states to protect a very limited coastal 
shoreline. In 1990, Congress stuck an amended version of 
this legislation into the Omnibus Budget bill, and debate 
over environmental regulations affecting agriculture was 
changed. The new Coastal Zone Act begins with the 
premise, "if it exists, it is polluting." The legislation says 
that if you are in a coastal area and have a certain number 
of head, you must follow a set list of best management 

. practices. This is a dramatic change from the old axiom of 
innocent until proven guilty, 

The Coastal Zone Act relies on individual state agencies 
to develop and implement the specific requirements that 
will be used to enforce the new Coastal Zone Act. The 
development of the state programs is currently underway, 
so I cannot tell you today what practices may or may not 
be required. The Federal government's charge to thestates 
was to develop regulations to control sediment erosion, 
manure runoff, .nutrient and pesticide applications, and 
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The CZMA's implications are far greater than can be 
deduced by the name. Congress directed the National 
Oceanic and Atmospheric Administration (NOAA) to 
review existing. state coastal boundaries to determine 

· whether they were adequate to protect water quality. 
NOAA's recommendations greatly increased the bound
aries of the coastal areas to include at least a one to two 
counties inland. 

In Michigan and Florida, NOAA has declared almost the 
entire state subject to the Coastal Zone requirements. 
Another reason the CZMA's implications are greater than 
perceived is that the Act has become the new model for 
the Federal government's regulation of agriculture. As 
Congress debates the Clean Water Act, legislation that 

· will affect the entire country, the precedent set by the 
CZMA remains as the one clear direction for Congress 

· and the EPA to follow. 

Another example of federal environmental regulations 
affecting livestock producers strikes closer to home for 
most swine practitioners. In 1987, the Food and Drug 
Administration raised the allowable level of selenium 
supplementation in complete livestock feed to 0.3 parts 
per million. The livestock and feed industries had originally 
petitioned the FDA to raise the limit because there was 
evidence that the low supplementation level was not 
meeting livestock nutrition needs and was resulting in 
increased mortalities, 

When FDA issued the amendment raising the level of 
allowable selenium supplementation, the agency issued a 
Finding of No Significant Impact; commonly called a 
FONSI, claiming that there was no evidence to suggest 
selenium supplementation was causing environmental 
challenges. This decision was challenged by the United 
States Fish & Wildlife Service, environmental groups, and 
private companies involved in the dispute. These groups 
claimed that the selenium added to diets moves through 
the animals, into the manure, then into the environment. 
By increasing allowable supplementation in the diet, these 
groups claimed, producers were increasing the amount of 
toxic selenium fmding its way into our waters. 

Although there was no evidence that selenium supplemen
tation was causing environmental problems, there also was 
little scientific evidence to prove that it was not. As a result 
of this lack of information, FDA recently stayed the ruling 
which provided for !mpplementation at the 0.3 ppm level. 
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Technically, the record remains open at FDA for the live
stock industry to prove that selenium supplementation is 
not an environmental problem. However, the challenge 
calls for more research in an era of decreasing research . 
budgets. 

· The Coastal Zone Management Act. is a direct environ
mental regulation facing producers. But the issue of sele
nilllll supplementation is perhaps, a better example of 
things to come. Actions seemingly unrelated to the envi
ronment,. such as livestock nutrition programs, are being 
regulated because of their perceived environmental impact. 
This type of indirect environmental regulation will drag a 
whole new cast of characters into the environmental de
bate who may be unprepared for the coming battles. 

If you're slicing the regulatory pie, federal regulations end 
. up being a relatively small piece of the big picture. State 
environmental laws and programs are the primary means 
for enforcing environmental quality. While states generally 
·must adopt programs within federal guidelines, there is a 
wide variance in state regulations. For example, Michigan 
producers who follow generally accepted agriculture 
management practices laid out by the state earn some 
protection against civil nuisance suits. It is not a mandated 
program, but following the state's guideliries is clearly in 
the producer's best interest. Arkansas is relying on 
continuing education to protect environmental quality. 
Producers in Arkansas are required to attend ·a training 
course, sponsored by the state Extension Service, that 
·teaches proper manure nutii.ent management. Regardless 

··of the type of program offered, state permits continue to 
be the primary method for protecting environmental 
quality. And for producers, having a living, breathing 
permit:-:-ane they understand and are following~an be 
just as important as the living, breathing animals they are 
producing~ 

As we talk about governmental challenges facing produc
ers, the last area that needs to be addressed is county zon- · 
ing and otherlocal regulations. When it comes to local 
regulation, our industry faces a paradox. Producers have 
often argued for environmental controls to be at the low-

. est level of government, so that regulations can incorpo
rate local climate and geography. Unfortunately, local 
governments are the least well equipped to offer science
based regulation that is free of political considerations. 
Local and. county governments are imposing setback re
quirements on the construCtion of new livestock facilities. 
In Minnesota, some communities are requiring producers 
to post a performance bond to cover the cost of cleaning 

· up the manure storage site should the operation go bank
rupt. And here's a real good one for you-in Iowa, one 

. county board is considering a proposal that would place 
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restrictions on the volume of manure which can be applied 
per acre, would require injection of manure, and would 
prohibit farmers from applying manure within 1300 feet 
of a neighbor's property or two miles from an incorpo
rated area. Some of these county proposals may be well
. intentioned, good-faith efforts to respond to a perceived 
problem in the community. Many of these regulations, 
however, have little or no basis in scienc.e. More impor~ 
tantly, the regulations may be coqnterproductive to the very 
quality of the environment they are designed to protect. 

Neighbor and community 
relations 
Understanding and complying with environmental regu
lations is a difficult chore for producers. But the invest
ment of time and money is an investment in both peace of 
mind and in the long -term protection of the. environment. 
Unfortunately, complying with environmental laws does 
not guarantee an end to your troubles. Hog farmers used 
to say it was the smell ofmoneywafting across the back
yard. Today, however, that "smell of money" has a slightly 
different odor. Its the smell of money burnt on lawyer's 
fees and expensive court battles arising from nuisance suits 
brought by neighbors against a neighboring livestock pro
ducer. Neighbor/community relations is the second chal
lenge I see facing producers. 

The ftrst nuisance case dates back to 1610 when William 
Aldred sued Thomas Benton-a neighboring pork 
producer. Benton argued no one should be so sensitive as 
to be offended by hog odor. Benton lost. In modem times, 

.·no one has kept track of nuisance suits nationally. NPPC 
has created a service designed to collect this information. 
Bur until we get this data, all we can do is rely ori the 
anecdotal evidence found in newspapers and magazines .. 
For example, a dispute in Ohio involving a poultry 
producer could set a precedent that would alter the right
to-farm law protections for all livestock produeers in Ohio. 
Environmental regulators were on the farm 32 times iri 
the summer of 1991 and foundnoviolations. Stili, the 
neighbors are persisting in their efforts to shut down the 
farm. A 1990 case in Iowa involved a neighbor who raised 
sweet com suing his neighbor· ~ho rai~ed hogs. The 
plaintiff charged that manure spilled on a loeal roadway 
created a dust' smelling of hog manure that mined thirty · 
acres of sweetcom. The outcome of the case and the 
resulting appeals was that feedlots are protected under the 
state's right-to-farm law, but related procedures outside 
the feedlot, such as spreading manure, are not. 

These examples show us that planning for neighbor 
relations must become part of every producer's regimen . 
Building design, siting, and management are all factors 

1994Allen D. Leman Swine Conference 

I 



The emerging role of the swine practitioner in meeting tomorrow~ environmental challenge 

that can be manipulated to control or direct odor away area of information access/overload is knowing where they 
from neighbors and possible legal troubles. Reviewing cari turn for help in developing. the plan that will guide 
wind directions, wind speed, land contours, and vegetative them through the environmentalmaze while keeping their 
barriers are importantfrrst steps that must be taken before operation focused on the objective ofmaking.money. 
the building plans are drawn. Odor management steps 
might include adding an odor control additive, setting up 
regular cleaning intervals, and/or injecting land-applied 
manure. All of this may be new thinking for that pork 
producer who still thinks its the smell of money drifting 
over his neighbor's backyard. But the lawsuits that are 
becoming more common· today will serve as a wake-up 
call for those produeers who do not take this issue seriously. 

Management of the operation to limit or prevent nuisance 
suits is just one step in what should be an overall neighbor/ 
community relations. program. Another challenge facing 
producers is improving their communication with 
neighbors. Telling neighbors what to expect from an 
operation, when you're going to· spread manure, and to 
call if they have a complaint· are simple, common-sense · 
steps a producer can take to minimize problems. 
Unfortunately, as Mark Twain said, . "the problem with 
common sense is that it is~'t that common." Developing a 
comprehensive neighbor-relations strategy is a challenge 
producers must meet. But, again, it's one they can't meet 
alone. 

Information access and 
overload 
The fmal environmental challenge I see facing producers 
is the challenge of information access and information · 
overload. Or, more precisely, the information they must 
have to comply with environmental regulations, manage 
neighbor and community relations,. and manage the 
productive end of their enterprise is greater than what many 
producers today can master; I've already discussed the 
producer's need for assistance with planning and 
managementto control odor. There are several other areas, 
however, that mustbe mastered as part of a_farm's total 
resource management. For instance, manure testing, soil 
testing, water quality testing, land application of nutrients, 
dead animal disposal, disposal of medical wastes, noise 
pollution, endangered species protection, and worker health · 

. . and safety are just a few of the elements o.f a total farm 
plan that producers and their employees should understand. 

I started my remarks by telling you that the environment 
is the next business opportunity for a practitioner who 
wants to grow to serve his or her clientS. I've shared with 
you the three environmental ·challenges I see facing 
producers: · · 

• expanding government regulation; 
• legal· ch~llenges from neighbors and the community; 

and 
· • access to information and information overload. 

Now, a fair question to ask is, "what are producers doing 
to help themselves deal with these challenges? 

The pork industry's 
environmental response 
As a representative of the NPPC, I am proud to be able to 
stand here to tell you about our environmental program. 
The producer~ leaders of our association took a courageous 
step several years ago when they stopped looking at the 

. environment as a legislative issue and started treating it 
as a producer issue. But what does that mean? It means 
that instead of only trying to defend against more stringent 
environmental legislation, we're actually out there working 
with farmers to try and protect the environment. We're 
trying to fmd new answers to these age-old environmental 
problems. And we.'remaking sure producers have access 
to information on the latest technology and laws related 
to environmental management. 

Our Environmental Committee laid out a challenge 3 years 
ago. The committee said the pork industry needed to be 
proactive on the environment. The producers wanted to 
have a seat at the bargainilig table when it came time to 
make decisions affecting our industry. For too many years, 
environmentalists were setting the legislative agenda for 
agriculture. All we could do was react and be defensive. 
Our goal hasbeen to change that. We wanted to build our 
credibility by working with farmers to protect the 
environment, instead ofsimply defending the status quo. 
We wanted to identity what is right and what is wrong 
with legislative proposals and work for compromise, not 
just argue against any changes. Our mission is still to fight No one-'-producer, veterinarian, agribusiness person, or 

government specialist---could be expected to have all the 
answers to a producer's questions in each of these areas; 
But something that I learned ·from my experience in 
Washington is that ·it's not important to have all the 
answers, what's important is knowing where to fmd the 
answers.· Thus; the last challenge facing producers in the 

. for the rights of producers to maintain a profitable and 
viable farming operation. But our leaders have recognized 
that the best way to achieve that is to look at what we 
could be doing better and make the changes voluntarily, 
before they are forced on us through legislative mandate. 
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Developing an environmental program from scratch was 
a·.consuming task. We looked at what producers needed 
and tried to build from there to create a program that would 
help producers protect the environment while defending 
the industry against unreasonable regulation. We knew 
that producers dido 't~have all the answers to their 
environmental questions, so we knew that sparking 
additional research was critical. We also knew, as I 
mentioned earlier, that access to information was another 
major challenge. We already understood and had been 
working in the legislative arena, but looking at the program 
with a fresh perspective, we realized our legislative work 
must be incorporated into the other components of our 
program. And finally, as we began to carefully examine 
what was going on in the environmental area, we realized 
we would have to have a legal component to our program 
to defend against bad precedents that were setting the 
course for the entire livestock industry. So the four 
components of our program became: 

• research; 
• education; 
• environmental law; and 
• policy; 

The integration of these four areas is the key to the eventual 
success of our program. When we can provide farmers 
and policymakers with the latest environmental research 
information, we will have better laws and a better 
environment. When we can educate producers about their 
responsibility under the law and what they can do to 
prevent nuisance suits, we've improved the chance of 
success for every pork producer and we've improved the 
industry's image within the community. And when
because of the proactive steps we have taken to work with 
producers in protecting the environment-legislators, 
regulators, environmentalists, and others listen to what 
our industry has to say, then our industry has gained a 
seat at the bargaining table; 

Environmental research. 
Some of these goals remain for the future, but we've made 
substantial progress to date I would like to share with you. 

· First, in the area of research, our producers have invested 
nearly$400,000 in research. We have 17 projects focusing 

·. on newtechnologies as well as the evaluation of current 
management practices. Under new technologies; we have 
a project at Michigan State looking atthe use of ozone in 
slurry systems to reduce odor. A Montana State University 
project is looking at what type of plants will thrive in a 
constructed wetland designed for waste management. At 
the University ofKentuckyand at Purdue University, we're 
studying how phytase and other changes in diets can reduce 
the nutrients in manure and affect odor. To evaluate current 
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management practices, North Carolina State is studying 
the potential is for leaching under lagoons and other earthen 
storage basins. We have a project that is looking at room 
air flows to determine the affect on indoor air quality, dust, 
and odor; We have several projects that are examining the 
utilization of nitrogen and phosphorus in different cropping 
systems. When these projects are complete, this research 
should have practical applications for producers, 
practitioners, crop consultants, and other who are working 
with producers to improve environmental management. 

Environmental education 
The education component of our environmental program 
is the fastest growing of our four elements. We started 
with the idea that we must create a basic awareness 
amongst producers regarding the environment. From there, 
we hope to help producers clearly understand .environmen
tal issues and then change their management program, 
when necessary, to better protect the environment. . 

To create awareness, our Environmental Committee 
developed The Guide to Environmental Quality In Pork 
Production, which was published earlier this year. The 
Guide is· primarily a statement of the industry's 
environmental principles, but it is a useful tool in helping 
create awareness about what must be done on the farm to 
protect environmental quality. Contained in the back of 
the guide is a resource directory listing key contacts, such 
as State Soil Conservation Service conservationists, 
university and private engineers, crop consultants, and 

·other professional who can help producers develop an on
farm environmental management plan. We printed 155,000 
copies of The Guide and mailed 145,000 copies out this 
summer with our industry's magazine-Pork Report. In 
the past 6 months, we distributed the remaining 10,000 
copies and are already on our second printing. The Guide 
is available through NPPC's office. 

Another educational program we initiated is our state 
livestock environmental workshops. To build on the aware
ness we created with The Guide, we wanted to deliver 
some hands-on, state-specific information to producers. 
We decided to hold workshops in several key hog
producing states that would make producers aware of their 
state's environmental regulations. We also included on the 
program technical information regarding manure manage
ment and information on the availability of cost-share 
programs. In each state, these programs were developed 
byrepresentatives of the USDASoil CortservationService, 
the state water quality agency, the Cooperative Extension 
Service, the state department of agriculture, and the state 
pork· producer association. Some states, like ·Illinois, 
Wisconsin, and South Dakota, put their programs together 
using a joint livestock industry coalition that included beef, 
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dairy, and poultry groups as well as the government agen
cies. Our goal is to use these workshops to reachJO,OOO 
producers by the end ofthis year. With'ou"r success to 
date, we know our goal is within reach .. · 

We have several· other educational programs underway .. 
including the World P()rk Expo Environmental Education· 
Center, the Choice Farm (the world's largest conservation 
and environmental model farm), and a series of national , 
symposia focusing on environmental management, worker 
health and safety, and new legislative programs. Our next 
major step in this area, however, is. to build upon our 
industry's success with the ·Pork Quality Assurance 
Program to conduct a nationwide program educating and .. 
certifying those producers who are involved as being 
environmentally responsible; 

' 

Envirorimentallaw 
The. third. component to our environmental progr~ is 
Environmental Law. The precedents set in nuisance suit!; 
and citizen suits under the Clean Water Act and other 
environmc:mtal statutes are having implications far beyond 
the original case. As an industry, we looked at the new 
regulations that were springing up from these numerous 
court decisions and realized we would, have to act. We 
called a group of attorneys together to . discuss the best 
way to protect our industry. From the lawyers, the answer 
was simple and direct-the key was education. The 
lawyers we called together advocated the education of both 
producers and attorneys. regarding the key _facets of 
environmental and agricultrirallaw. 

So in September oflast year, the National Pork Producers 

neighbors. We're working now to expand the Networkto 
work with the state mediation services across the country 
to resolve nuisance disputes. If we can get a farmer and ' 
their neighbor to sit down and talk about a problem rath(lf 
than facing off in court, then we've done our job. 

Environmental policy 
The final element to. our environmental program is the 
policy area. We've been defending and representing 
producers in the halls of Congress and in the state legisla- · 
tures for year8~ When it come8 tO the environment, we · 
recognize the need for sound, eitforceable environmental 
regulations. Let's face it, not everyone's a good guy. BU:~ 
w~ do want those programs and regulations directed at 
the problem. On the flat .lands· of lllinois and Iowa, the 

· movement of phosphorus is unlikely to create a water 
quality problem, so don't impose phosphorus limits on 
those producers. It may soimd idealistic, but we have 
numerous examples of federal programs that are locally 
applied. The United States Department of Agriculture's 
Soil Conservation Service eompliance plans are _the best. 
example. · . 

· Council kicked off the Pork ProducerS Environmental Law 
Education Network, a joint project with the Drake· 
University Agricultural Law Center in Des Moines, Iowa. 
The Network was set up to serve as a resource for livestock 
producers who needed help meeting legal challenges 
related to the environmental management of their 
operations. The Network does not provide free legal 
advice, but we do help put producers in touch with 
attorneys. who have experience in agriculture. As part· of 
the project, we are also identifying expert witnesses.who 
can testify on a farmer's behalf during a legal dispute. 
The Network is creating a bank of legal briefs and news· 
clippings from n~isance and otherenvironmentid law ca8es 
that can help both attorneys and farmers involved in a 
court case. While some of these elements focus on what 
happens when a producer goes to court, tlie Intent behind 
the l'fetwork remains, '~how do we keep farm~i:s o~t of 

Our goal within federal and state programs is to give . 
producers thetools they need to develop totalfarm resource 
management plans. Every farmer is faced with a multitude 
of choices about what's best to protect the enviroiunent. 
What crops to plant, when and where to spread manure, 
what needs to be done to manage odor ... the list goes on. 
Producers need technical assistance to ·determine which 
of those goals should be the most important, In other words, 
what changes to their operation·. will have the greatest 
positive effect on the environment? Whether this technical 
assistance comes from government or the private sectors 
does not matter. What does matter is that farmers develop 

· the type of total resourt:e phm that will keep them profitable 
througb the fegulatocy Chflilges to cmne. . 

Environmental 
opportunities for the swine 
practitioner · · 
And that brings me back to you. As I sai4at the beginning, 
my message today is that. the environment is the swine . 
practitioner's new busine~s opportunity. But where do yo~ 
begin? From my limited perspective, I· see seven areas 
where the professional serVices of a practitioner could play 
a role in· shaping a producers ·environmental program. 
Those areas are: 

court?" We want producers to understand both their legal. • nutritio~; 
righ_. ts and th_eir legal responsibilities so they' can prevent • . nutrient managell)ent; 
legal problems with their neighbors and others. Along . • odor; 
those lines, we· have even answered calls from a few · 
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• liability; 
• dead animals; 
• medical waste; and 
• genetics. 

Let's take a look at each area. 

Nutrition 
Within our research program, we're sponsoring research 
at Purdue University and at the University of Kentucky 
studying how changes in the diet can reduce the nitrogen 
and phosphorus excreted in manure. Initial findings are 
that you can substitute amino acids for dietary protein and 
reduce nitrogen excretion by 40%-50%. By supplementing 
phytase in hog diets, phosphorus excretion can be reduced 
as.much as 54% as compared to current feeding practices. 
The United States Environmental Protection Agency is 
putting a premium on source reduction when it comes to 
pollutants. Certain states are imposing land application 
requirements tied to soil phosphorus levels. If we can find 
a way to reduce the phosphorus or nitrogen in manure 
through changes in the diet, we can decrease the land area 
needed to apply manure and ensure compliance with 
environlilental regulations, 

Selenium supplementation, discussed earlier, serves as a 
negative example of the tie between nutrition and the 
environment. Other such examples may be forthcoming. 
Producers and practitioners need to be prepared to either · 
defend current practices with convincing science or adopt 
new feeding methods that are environmentally-friendly .. 

Nunnentrnanagernent 
Regulation and profitability are making the development 
of manure nutrient management plans one of the greatest 
fields for potential growth. Most producers still see manure 
as a waste. They have little recognition or regard for:- the 
nutrient value, the nitrogen, phosphorus, and potash, 
contained within the manure. According to two studies 
that have been done, one at Iowa State University by Mike 
Duffy, the other at the University of Wisconsin by Pete 
Nowak, only about 50% oflivestock producers are giving 
any nutrient credit to the manure they put on their fields. 
In other words, farmers are spreading their manure and 
following it with a full load of commercial fertilizer
wasting money and threatening the environment. 

The basics of manure nutrient management are simple. 
First, a producer needs to test their manure to determine 
nutrient content. Second, the producer needs to. take soil 
tests to determine the amount of nutrients present and 
available in the soil. Third, the producer needs to look at 
yield histories to determine an expected yield for an 
individual parcel of land. Once this information is 
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collected, the producer can begin matching crop yield 
expectations with crop nutrient requirements and available 
manure nutrients to determine the best application strategy. 

There may be people who would accuse me of over
simplifying the nutrient management planning process. But 
if we can begin getting farmers to take a look at these 
basic steps, we will make gains in both environmental· 
quality and profitability. The current problem, however, 
revolves around who is available to help producers collect 

• this information and do the nutrient management planning. 
There are some private crop consultants; a few ag co-ops, 
and some Cooperative Extension specialists who are doing 
this type of work. But, as nutrient management plans begin 
to be required by varying levels of government, the demand 
for this service is going to increase. Veterinarians who 
work one-on-one with producers, have some experience 
in collecting manure samples, and can develop an extensive 
support network to assist them, have some advantages 
when it comes to the sale and delivery of thfs service. 

Odor management 
When you ask the producers on our Environmental 
Committee what their number one research priority is, they 
will tell you, "eliminate odor." Finding the silver bullet . 
that will cure our odor problem may be a dream we never 
realize. But the commitment within our industry to deal 
with this problem grows stronger every day. 

At the farm level, producers can use a variety of techniques 
to cure odor, but many don't use these solutions until they 
are forced into it by neighbor complaints. There are several 
additives, both pit and feed additives, on the market today 
sold under the claim of reducing odor. Some of these work 
effectively, others may not. Producers need help sifting 
through the sales claims to determine what is right for 
their operation. It's a place where practitioners can help. 

Part of our industry's problem with odor is that we can't 
truly defme what it is. Evidence does suggest, however, 
that ammonia, dust, hydrogen sulfide, and a nUD}ber of 
other identified compounds do influence odor. If producers 
can work on the known quantities, it may buy the industry 
enough time to findthe silver bullet that will address the 
unknowns. For example, the contro' of dust should be a 
concern of practitioners from a productive management 
standpoint, and a worker health and safety standpoint. If . 
nitrogen, and thus ammonia production, respo~ds to · 
nutrition, we have furtherreduced odor. lsee both of these 
elements as being clearly within the purview of the swine 
practitioner. Those veterinarians who work with producers 
on these two items have already created the beginnings of 
an odor-management plan that can protect the producer 
from future liability. · 
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Liability 
Protection from liability is becoming a primary concern 
for pork producers. The Environmental Law Education 
Network we created was designed to deal with nuisance 
and other environmental liabilities, but the liability arising 
from worker health problems may be a far greater problem 
than any nuisance suit. 

As a practitioner, you are in and out of swine buildings 
every day. You have to know what to do to protect yourself 
from noise pollution, respiratory problems, and injury. A 
comprehensive worker health and safety program, while 
required by the Occupational Safety and Health 
Administration for some operations, is also something that 
makes good·. plain business sense for every producer. 
You've already learned how to protect yourself. Why not 
share that information by developing plans, providing 
management consulting, or by conducting educational 
classes on a community-wide basis? 

Dead animals & medical wastes 
We are learning the importance of treating manure as a 
recyclable nutrient. Unfortunately, similar recycling 
options aren't as readily available for dead animals and 
medical wastes. Producers are looking for· innovative 
solutions to deal with dead animal disposal. Those 
solutions are going to come from producers working with 
local professionals to develop a new system for managing 
this age-old problem. The decline of the rendering business 
shows that this area isn't a gold mine, but as available 
services decline and regulations increase, new business 
opportunities are likely to develop. 

Medical waste is an issue I know you deal with daily. I 
also understand that laws regulating veterinarians apply 
to producers as well. No one can communicate the 
producer's responsibilities under the current medical waste 
acts better than a veterinarian. Communication and 
education are needed, but the veterinarian who is able to 
devise a service to help producers deal with their medical 
waste is the practitioner who will be more competitive 
within the community. 

Genetics and the environment 
I have no examples to offer you about how genetics and 
the environment interact-! wish I did. I raise the issue 

' however, because I consider it the type of thinking we 
need to pursue if we are going to solve our industry's 
environmental problems. Our research focus has been, and 
is likely to remain, on enhancing productive capabilities. 
However, as urban populations increase, as demand for 
pork increases, we will require additional research to 
address the environmental impacts of our industry. What 
better way would there be to conquer the odor problem 
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than to fmd a gene that decreases the odor compounds 
excreted by the manure. We would no longer have to be 
on a quest for the perfect structural and management 
system, because we would have already designed the 
perfect pig. 

Delivering the goods 
Nutrition, nutrient management, odor, liability, dead 
animal disposal, medical waste, and genetics represent a 
few of the areas where new environmental services are 
needed. It is a big challenge. As a practitioner, you may 
have experience in one or more of these areas, but are you 
ready to deliver information and technical service to 
producers in those areas? If the answer is no, but you still 
see the potential growth of the environmental service 
sector, then the challenge becomes to find a way to turn 
your practice into a qualified service provider. 

One option to becoming a qualified environmental service 
provider is through education, training, and certification. 
Both the Federal and various state governments are 
beginning to develop training and certification programs 
for crop consultants, agricultural engineers, and other 
professional environmental disciplines. Some of these 
programs are organized by government, others are 
industry-driven. Whatever the path, these programs offer 
a way for a practitioner to secure the education necessary 
to enable you to expand into the environmental service 
sector. 

A second option is to build your practice into a total farm 
resource management network. There has been some 
attention in Iowa regarding holistic veterinary medicine 
emphasizing the environment as well as more traditional 
animal health practices. By establishing a network of 
engineers, agronomists, and other environmental 
professional, within your practice, you could have the 
opportunity to offer the type of broad-scale service 
producers will need. Total farm resource management, 
management of the farm that incorporates soil quality, 
water quality, air quality, and animals is coming-both as 
a business concept and, eventually, as a regulatory 
measure. It is a concept that will change the way farmers 
think and do business. It is a concept that should change 
the way you think and do business. 

Conclusion 
The environment is the swine practitioner's new business 
opportunity. It is not an easy market to capture, but if you 
make the conunitment, it will be a profitable investment. 
Veterinarians have always been service-minded. Why else 
would you make farm calls at all hours to treat sick 
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animals? Today's farmers need new environmental services 
to help them meet the rising tide of environmental 
regulations. If you are looking to expand your business, I 
would urge you to consider environmental specialization 
as the direction to turn. 

As an industry, we are working to ensure our producers 
have the information they need to protect the environmdnt 
and maintain profitability. That's why we have created 
our environmental research, education, policy, and legal 
components. But we recognize the delivery of information 
at the local level is the most critical in affecting producer's 
decisions. We have worked closely with the veterinary 
community to deliver animal health and food safety 
information through the Pork Quality Assurance Program. 
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Pork Quality Assurance fits within the practitioner's box. 
It may have been a different approach, but the information 
you were delivering was something you knew. Developing 
environmental management skills may take you outside 
the box, but producers and the livestock industry need this 
type of thinking to meet tomorrow's environmental 
challenges. 

1994 Allen D. Leman Swine Conference 



Health ofthe national swine herd 
J ' ' ' ,-.- ' ' ' 

·Beth Lautner, DVM, MS 

Swine practitioners are generally caught up in the day,-to- The North American Free TradeAgreement (NAFTA) and 
day details of maintaining ancl enhan(;ing the healthofthe the General Agreement on Tariffs and Trade (GATT) 
herds with which they work, and view each of these herds commit signatory countries to recognizing disease-free 
as an individually functioning unit When choosing zones and regions within and across countries. For the 
locations for new units or two-site or three-site operations, United States, this.means that countries will no longer be 
however, practitioners must also evaluate surrounding pork able to justify banning all United States agricultural 
operations according to their potential for. influencing·the ·imports into their. country due to an isolated United States 
health status of the unit. Much discussion recently has disease outbreak. This concept ofregionalization presents 
centered on how.far apart these operations should be to significant trade opportunities to countries like the United 
minimize the spread of disease. As more producers adopt States It will allow exports from most of .the country to 
two-site technology and .raise animals with "naive" · continue when isolated, containable disease outbreaks 
. immune·. systems, producers and their veterinarians· will occur. (In the same manner, countries previously banned 
become even more interested in the health status of fromlJ11itedStates markets due to endemic diseases will 
neighboring herds. be allowed to export to the United States market from 

designated disease-free areas). It could foster interest by 
Some are.a.s in th. e ·c· ountry· ·are· alre·.·a· ·dy·.· ·s· tarti'ng·to to· ok· at · 

pork producers in certain regions to work together and 
the health status of herds on a community basis rather . eliminate specific diseases that negatively effect their 
than on an individual basis. Producers~eco~ize thatthey ability to export animals or pork. Packers could 
are. at risk . of disease. exposure· from their neighbor's . conceivably even encourage this type of activity. 
introduction of new stock or la9k of appropri~te and 
effective hiosecurity procedures. These producers are The reliability of the United States animal health 
working together todetemune their herd's respective health infrastructure, consisting· of private· practitioners, 
status and discussing choices to introduce new genetics diagnostic labonitories, and state and federal animal health 
into what they see as a community herd. One of the benefits officials, .is well recognized. However, a5 the potential 
of the National Pseudorabies Eradication Program has · for animals and pork products to move between countries 
been a clearer understanding cifarea spread and awareness increases, it. is important for swine practitioners. to be 
of a producer's vested interest in the health status of increasingly fallliliar with the clinical signs of foreign 
neighboring herds. animal diseases. If these diseases are introduced and 

International trade and 
the national swine herd . - . . 

. ,. .-

The health of individual swine h~rds~ when taken 
collectively, define the health of th(;} national herd. The 
236,000 herds in t1te United St~tes are in many cases 
·viewed as one. national· swine herd. ·Diseases present in 
some herds maylimitthe ability ofotheJ:"producers tolllove 
individual animals or the industry to export pork E?'amples 
would include pseudorabies virus. and Porcine 
Reproductive and Respiratory Syndrome. (PRRS} virus. 

National Pork Producers Council, De~ Moines, Iowa 
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disseminated among the United States swine herd, it would 
be devastating to our industry. Although periodic serologic 
surveillance is conducted in high,..risk areas, practitioners 
are still the front Iine.of defense. No practitioner wants a 
foreign animal disease introduced in the United States, 
Even worse, however, would be being presented with the 
clinical sigtis arid not recognizing' them as a foreign animal 
disease. Practitioners are a key part of the animal health . 
team protecting the nation's swine herd; It would be 
worthwhile at professional meetings to include foreign 
animal diseases in the differential diagnosis where 
appropriate or offer short refresher topics. 
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Industry progress and the 
national swine herd 
While an effective system for animal disease surveillance 
is important for trade issues, it is critical for a system to 
provide the . industry with valid information concerning 
disease prevalence, incidence, trends, and economic losses. 
The United States has not yet devised a way to gather and 
disseminate this type of information across the industry in 
a timely fashion. Previous efforts have included practicing 
veterinarians reporting diseases they had seen in their 
practice and records from veterinary school clinics and 
diagnostic laboratories. This traditional reporting system 
has been easier to implement in countries with socialized 
veterinary medicine. Information from this type of system 
can be misleading, as underreporting is likely to occur. 
However, this system can be useful in identifying industry 
trends. 

The Animal and Plant Health Inspection Service (APHIS) 
conducted the 1990 National Animal Health Monitoring 
System Swine Survey. This survey consisted of a 
statistically designed "snapshot" of the pork industry with 
special emphasis on the preweaning phase of production. 
Useful information on current production practices that 
could be used in educational messages to producers was 
provided. 

Recent discussions between the National Pork Producers 
Council (NPPC) and APHIS have focused on developing 
a system to allow continuous monitoring of industry trends 
as well as to periodically describe the current industry. 
Resources would limit the diseases included in these 
monitoring surveys. They would need to be prioritized with 
regard to their impact on productivity and profitability, 
severity, prevalence, potential for trade implications, etc. 

In addition, the NPPC and APHIS would need to determine 
how the presence or absence of a disease would be 
documented. Currently we do not have standardized 
definitions of disease or standardization of all diagnostic 
tests across laboratories. It would be desirable to include 
use of production records for correlation with disease 
prevalence, types of operations, control strategies, and 
environmental factors. Health is increasingly recognized 
as linked with genetics, nutrition, and environment. 

Producers need information on economically significant 
diseases, how various management practices affect these 
diseases, and the most cost-effective means to prevent or 
control them. Much of this information is not readily 
available. Veterinary practitioners and their clients would 
use this information in decision-making. Pharmaceutical 
and biological companies need information on disease 
trends and control strategies if they are to design research 
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strategies for future product development. The research 
scientists would use this information to provide a 
foundation for research plant1ing and priorities. There are 
limited government and industry funds for research. These 
scarce dollars must be targeted to critical research areas. 
State and Federal animal health officials would use this 
information to provide better education to their staff, 
develop appropriate health programs, and communicate 
with our international trading partners. Congress has 
insisted on economic analyses for expenditures of animal 
health-related funds. 

Some of the information to be collected in a national health 
monitoring system would include: 

• disease prevalence over time; 
• economic losses associated with these diseases; 
• effect of various types of operations on disease preva

lence; 
• effectiveness and cost of various control strategies; 
• interactions among environment, nutrition, health, ge

netics, and carcass quality; 
• data from retrospective studies using stored serum and 

other samples. 

Other pork industry issues that could be addressed in a 
national health monitoring system include: 

• preharvest food safety-relationships between the pres-
ence ofhun1an pathogens and swine pathogens; 

• health status and carcass condemnations at slaughter; 
• environmental management practices; 
• animal care practices; 
• antibiotic use and antibiotic resistance monitoring. 

APHIS is currently exploring several monitoring and 
surveillance options. One option to gain rapid information 
on industry trends would include designating sentinel 
veterinary clinics and selected producer clients. These 
farms would be used to capture timely. information on 
trends within the industry as well as health information. 
Had such a system bee11 operational several years ago, it 
would have allowed industry, government, and the research 
community to have reacted in a more rapid, organized 
manner when confronted with the PRRS virus. 

There has been some discussion of using PigMON, a 
coordinated slaughter-surveillance system with trained 
inspectors and standardized procedures, to collect health 
information on the national herd. It was established in 1990 
in Minnesota in collaboration with the Animal and Plant 
Health Inspection Service. Individual reports as well as 
maintenance of a database on participating herds would 
be provided. The combination of production data from 
PigCHAMP® with health information from slaughter 
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monitoring would provide valuable information to 
producers on the effect of performance-limiting diseases. 

Other options for information collection include on-farm 
surveys and diagnostic laboratories data. Whatever 
combinations of systems are used, it is crucial that swine 
practitioners for the herds included be integrally involved 
in the data collection and interpretation. 

The system would be only of limited benefit if it is not 
used by producers and swine practitioners in making herd
health decisions. It will need to have a high level of 

1994 Allen D. Leman Swine Conference 

Health of the national swine herd 

credibility for it to be valued by producers, veterinarians, 
regulatory officials, or researchers. 

Swine practitioners, the NPPC, and APHIS need to 
continue to enhance their working relationships and collect 
the type of information that will allow pork producers to 
remain competitive domestically and internationally. Swine 
production information systems will be key to reaching 
national goals for swine health improvements. 
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Dr~ Steve R. Meyer 
Competitiveness is a currenttopic in American business When-such differences in the vabJtn>f product-~dthe --. 
that has rightfully found its way into the pork industry. cost of production exist, it is always the case that some 
The term js commonly used to characterize the relationship firms will prosper and some will not suryiye. Table I shows · 
of industry segments. Independent producers say theymust that producers in the high-profit one-third of farrow-to
be competitive with integrators. Small producers say they finish operations in the Iowa Swine Enterprise Records . 
must be competitive withlarg¢ producers. But there are _ System hi:tve been profitable (and most:Years handsomely- _ 
bro8der ideas ofcompetitiveness which must be addressed so) in every year since 1981. Meanwhile, o~rations in 
by the pork industry if it is to prosper in. the 21st centuty. the low profit one-third have beeri profitablt;: only5 years 
The National Pork Producers' Council (NPPC) recently · in the same time period. Size differences between the 
8dopted anew Long Range Strategic Plan to guide industry _ groups were insigtiificant but .a ~rather narrow range cit 
orgamzations over the next 7-1 o years. The first Key "family-sized" operations is. represented~ -

-Driver identifiedby the plan is competitiori/ economics. 
- To meet the goals· of the Long Range Plan, NPPC is 

currently formulating programs regarding industry 
competitiv~ness. The purpose of this paper is to provide 
an overview of the conceptual framework and current and 
future programs io address the issue ofUnited States pork 
industry competitiveness. · 

··-Competitiveness: Current 
viewpoints . --

Table 1. Average total. coSts, farrowo:to.;.firiish 
operations 

Year 
1981 
1982 
.1983. 
. 1984 
1985 
1986. 
1987 
1988 
1989 . 
1990 
1991 
1992 
1993 

High:;profit Low-profit 
one-third Average one .. third 
$42:04 . $47.69 $55.54. 
$41.39 $46;82 $52~60 . 
$42.97 $48:33 . $54.11 
$42.37 $47.54 . $53.24 . 
·$35.64 $40.58 $45.93 
$33;65 $3.8.02 $43.02 .' 
$31.50 .. · $36.17 $41.03 
$36;28 . $40.85 . $45.76 
$37.01 . $41.89 -$47.15 
$35.90 $41.49 . $47.56' 

. $35.49 $40:77 :$46.79 
$34.54 ·. ·. $39;97' .· ·. $45.96 
$36.10 .. $4'0~94 $46~25 

Source: Iowa State University 

Much has been written and said in recentyears about the 
carnpetitjve relationship between segments of the pork 
industry. The segments have been defined by tl}e sius of 
operations, their location, their business structure and other 
factors. Regardless of definition; one conclusion has been_ 
easy to draw:. There exists huge variation in the cost 
efficienc)r and quality efficiency of Umted States· swine 
producers. The Iowa State University Swine Enterprise 
Records System shoWs variations . of over $10 in profit·· 
per cwt between the highest and lowest one-third of 
producers for every year since the system's inception in 
1981! In addition, recent NPPC research conducted as part 
of the Uniform Lean Information Project shows. that the 
bottom 25% of United States hogs have 0.4 iriches more So what about comparisons of ·~rarnily·~ized" farms .tQ 
backfat and 5% less. fat-free lean than the top 25% of ·the super~ and mega-prOducers that an: Widety discu8sed 
United States hogs. When combmat, these statistics clearly in the trade press and coffee shops across America? The 

. ~onstrate thal some producers can produce superior- comparison is very favorable for the good produeer! Figure 
valued hogs at higher profit levels than others. 1 shows· hypothetical average total cost curvesforthehi~, 

· bire~tor of Economics· and Networking Initiatives, National Pork 
Producers Council · 

{24 

average-, and·low .. profit thirds·ofiowaSwiile Enterprise 
Records farrow~ to-finish operations.Jnaddition, it shows_ 

' . . . .. . ' . . . 
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Figure 1. Hypothetical average total cost functions for various sizes of farrow-to-finish operations 

a hypothetical average total cost curves for operations that 
produce 10,000 head per year and 1 million head per year. 
The minim tun cost of both operations is $3 7 .;.$3 8 per cwt 
at their optimum output. This cost level is frequently cited 
as representative of the large integrated operations such 
as those in North Carolina. Notice that all but the low
profit one-third of the Iowa operations is cost-competitive 
with their larger rivals. So, to be competitive in a broader 
sense, these small units need only be quality competitive 
as well! 

United states pork 
competitiveness: . 
Broadening the issue 
In the broadest sense of the word, competitiveness must 
be defined as: 

Equality between the value of two products that are 
considered by purchasers to be substitutes and 
equality between the profitability that each product 
provides to those who produce them. 

. The keywords here are value and profitability. Each 
deserves· further explanation. 
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Value has two distinct components: price and functional 
quality. It is not enough for a product to be competitively 
priced.·· The product must also contain those attributes 
(flavor, .tenderness, and versatility in preparation, for 
instance) that comprise the functional quality of its nearest 
competitor in the purchaser's eyes. Neither is it acceptable 
for a product to provide all of the items of a rivalproduct's 
functional ~uality at a significantly higher price. 

Profitability must be measured as rate of return on invested 
capital in order to account for differences in the absolute 
amount of capital investment that the production ofrival 
products may require. Furthermore, profitability in the 
context of this definition must encompass the profits of 
all frrms in a production .system. For chicken, this is a 
simple measurement due to vertical integration. For pork, 
however, the "system" would include producers, packers, 
processors, distributors, retailers, and food-service 
providers and related service industries. 

A competitive industry must produce and supply products 
that meet tl1e above definition of a competitiveness, plain 
and simple. Economic forces will not allow a noncom
petitive industry (i.e., one whose product has inferior value 
or that yields below-normal rates of return on invested 
capital) to survive in the long run. Similarly, the same 
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forces will not allow a noncompetitive company to survive 
in the long run, even if the company operates within a 
competitive industry. 

A competitive industry has a vested interest in making all 
participants competitive as defmed above. Noncompetitive 
companies must either be improved (a possible goal of an 
industry trade organization) or liquidated (a more likely 
goal of rival frrms). Both courses of action are beneficial 
to the remaining participants. Improvement of a 
noncompetitive firm will increase the value of the 
industry's product, thereby making the industry more 
competitive. Liquidation will allow rival firms to grow 
and increase industry competitiveness due to their better 
competitive position. 

The United States pork industry must use the above 
defmition to evaluate competitiveness in two realms: the 
United States meat protein market and the world pork 
market. Each of these involve unique challenges that may 
well require different strategies and actions. Both realms 
will require producers to form new relationships with 
packers, processors, and other parties in the pork chain to 
ensure that pork reaches consumers in a form and at a 
price that delivers the highest value available in the 
marketplace. Furthermore, these high value products must 
be .supplied at costs and prices that provide acceptable 
rates of return to all firms involved. 

Competitiveness: What is 
the NPPC doing? 
Though not explicitly designed with the definition of 
competitiveness in mind, a number of NPPC programs 
address issues of functional quality, price (or cost) and 
profitability. Most programs address more than one. The 
programs include: 

• Pork Chain Quality Audit-deals with all aspects of 
pork value. Itis an ongoing process whose work should 
result in products that are more competitive with beef 
and chicken in many uses. The recently approved Pork 

. Chain Consortium will enhance the personal and busi-
nessrelationships·thatwill be vital to carrying out this 
work 

• Uniform Lean Information Project___,.addresses the lean
ness of United States hogs, a key functional quality 
issue in both the world pork market and domestic meat 

. protein market. This program will help United States 
producers improve leanness faster by providing con~ 
sistent information and monitoring progress on an in
dustry-wide basis. · 
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• New Product Initiative-seeks to develop products that 
offer the attributes that meet the needs of consumers 
and food-service users at prices that result in equal or 
better value for end users. 

• producer networking-can enhance United States 
pork's competitiveness by reducing production costs 
and helping producers produce larger groups of more 
consistent hogs. 

• genetic evaluation-will provide information to guide 
producer decisions regarding seedstock selection that 
will yield superior products atleast possible cost. 

• Pork Chop Study-a spinoff of the Genetic Evaluation 
Program that seeks to identifY .those attributes of pork 
that consumers desire in raw and cooked product and 
quantifY the value differences that consumers perceive 
in terins of willingness to pay. 

• Pork Quality Assurance/Pork Safety-safe, wholesome, 
unadulterated products is a functional quality aspect 
that is paramount in today's culture. 

• production research-seeks to lower the cost structure 
of all producers by providing solutions to profit-rob
bing problems such as fat, disease, poor facility de
sign; etc. Realizing that all cost saving eventually ac
crue to consumers, these efforts add initially to profit-

. ability and then to consumer value by reduced real costs. 
Both items increase long-run competitiveness. 

• retail merchandising/foodservice marketing-adds · 
value to pork by developing new products and finding 
more cost efficient and effective ways to meet the func~ 
tional quality demands of consumers and foodservice 
operators. 

This list is not exhaustive. The NPPC's Producer 
Education, Environmental Services, and Consumer Product 
Marketing groups have many individual projects that 
further the cause of United States pork competitiveness 
by communicating with producers, government personnel 
and consumers. 

Competitiveness: What 
lies ahead? · 

The NPPC's United States pork competitiveness program· · 
is currently in the development stage. Some ideas being 
considered are: 

• Establish a baseline for c\lrrent competitive situations 
in the United States meat protein andworld pork mar
kets. Clearly state. the items offunctional quality that 
these markets require for access and the price that pork 
must meet to be of equal or greater value than rival 
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products. Develop a framework to constantly monitor 
these items so the NPPC and pork producers can know 
their relative standing at all times. 

• Establish economic models that can be used to quan
tify the competitiveness effects of NPPC program 
changes, public policy decisions (e.g., the 1995 farm 
bill, Clean Water Act), and technological advances. 

• Conduct an inter-regional competition study of the 
United States pork industry to investigate current cost 
and price relationships and changes that may result from 
various market and exogenous forces. 

• Use the Pork Chain Consortium to enhance competi
tiveness ofUnited States pork. It is not enough to make 
hog producers more competitive with each other. The 
system must be competitive with other suppliers of meat 
protein. 

• Establish industry-wide competitiveness goal and use 
them to guide policy and program formulation. 

Summary 
"Competitiveness" will continue to be a topic of discussion 
throughout the United States pork industry. It is in the 
industry's best interest to provide the opportunity for all 
producers to achieve the cost- and quality-efficiency levels 
of today's best producers. But producer efforts will not 
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alone make pork the meat of choice in this century. All 
segments of the pork production system must embrace the 
idea of adding value to the product they offer to the next 
step of the system. All segments must offer more of the 
desired product attributes at prices that yield an acceptable 
rate of return yet leave the firm occupying the system's 
next step in a position to itself produce the desired 
attributes and earn an acceptable rate of return. 
Cooperative, win-win relationships will be required to 
achieve these goals. 

Let us not forget that active participants in the pork industiy 
are not the only stakeholders in this effort. Achieving and 
maintaining a high level of competitiveness for the United 
States pork industiy will affect the livelihoods of thousands 
of families and may determine the social fabric of much 
of rural America. Do not lose sight of the importance of 
your work. 
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Health management for the 21st 
century 
J.O. Hanson Lecture 
L. Kirk Clark 

Disease and trauma in food-producing animals were the 
driving forces for the evolution of veterinary medicine and 
surgery. During the twentieth century, response to calls 
for help to treat disease outbreaks and repair injuries 
allowed for the education of veterinarians and their 
subsequent development into experts in a changing health 
profession. The change in the profession came at a more 
rapid pace as the century progressed. This has been 
particularly true for swine practitioners who, allowing for 
exceptions, did not exist before 1970. Pig-related health 
problems were addressed by general practitioners before 
1970 on a 'fire engine' basis as was the rest of the practice. 
Education for mixed practice was the norm at this time, 
and swine-related topics were taught as part of the mix. 

Probably the greatest single event to change the direction 
of mixed practice to swine interest and eventually swine 
specialty practices was the eradication of hog cholera. No 
longer could small-town mixed practitioners base their 
practice economy on revenue from hog cholera vaccina
tions and "while you are here, Doc" herd visits. Producers 
learned to vaccinate and treat their own pigs and would 
have bypassed the veterinary profession had it not been 
for the AASP and some innovative practitioners who 
developed a new concept called preventive veterinary 
medicine. At the same time, swine production was moving 
from extensive production systems to intensive systems. 
This was fortunate for swine practitioners as the new 
system was developed without the benefit of much 
research. Thus, practitioners were often asked to fix 
problems resulting from intensification with preventive 
medicine practices, i.e., vaccination and medication 
programs. 

Intensification continued into the 1980s and with it came 
loss of many production efficiencies, but these were not 
always related to disease. Specific examples of this 
included early weaning that reduced subsequent litter size, 
21-day-old pigs in the nursery that had problems adjusting 
to the inherent changes in environment and nutrition, and 
increasing problems associated with larger populations of 
pigs within a confined air space. 

Purdue University, West Lafayette, Indiana 
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With these changes came the evolution of the practitioner 
from the preventive health specialist to the swine consultant 
veterinarian. At the same time, computerized record
keeping systems were being developed and were used as 
tools to diagnose and guide treatment of management
related problems. This was particularly true for problems 
related to reproduction. Thus, reproductive problems in 
intensive production units were corrected and reproductive 
performance was enhanced. This occurred without 
concurrent correction of growing and finishing problems 
and resulted in further crowding of already crowded 
facilities. 1 This led to exacerbated health problems in these 
facilities, i.e., more enzootic pneumonia, increased 
prevalence of rhinitis, and pneumonia caused by 
Actinobacillus pleuropneumoniae. From the mid 1980s, 
as inefficiencies of growth were being recognized through 
the analysis of production records, the research community 
in the United States began to address the problems. 

Research at Purdue 

Effect of pnemnonia on growth 
The first question Purdue researchers addressed was 
whether pneumonic . lesions observed at slaughter were 
associated with reduced daily gain during the growth 
phase. 2 The results indicated that pigs with the most severe 
lesions at slaughter were the fastest-growing pigs. Thus, 
we hypothesized that pigs with minimal lesions at slaughter 
developed pneumonia early in the growth phase, had 
reduced growth, slowly recovered, and reached market 
weight after most of the lesions had healed. However, the 
pigs infected late in the growth phase had limited growth 
reduction while they had clinical pneumonia and reached 
market weight early but had the most severe lesions. This 
hypothesis was later supported by others who serially 
radiographed pigs during the growth phase.3 

We also tested the influence of Mycoplasma hyopneu
moniae infection alone on the growth performance of pigs 
infected by contact exposure to seeder (intratracheally 
inoculated) pigs. 4 These pigs developed pneumonia (cough
ing) 30 days after exposure, coughed for about sixty days, 
and recovered before they were slaughtered at 165 days 
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of age. During the early coughing phase, pigs grew slower 
than unexposed·littermates. However, once the coughing 
began to diminish the exposed pigs had compensatory gain 
and at slaughter were not different in weight from unex
posed pigs. Thus, M hyopneumoniae has limited affect 
on growth of pigs unless more virulent secondary agents 
infect the pig at the same time. 

Ail-in-all-out management 
Next we tested whether M hyopneumoniaewas transmit
ted from dam to pig, pig to pig in the nursery, or from 
older pigs to young pigs in continuous flow finishing units. 5 

The results indicated that pigs from infected sows, weaned 
at 28 days, and placed in isolation did not develop clinical 
signs or lesions of pneumonia. This was also true for 
littermate pigs removed from the nursery at 8 weeks of 
age and placed in isolation units. In both cases M. 
hyopneumoniae was isolated from lungs of some of the 
pigs which indicated downward transmission of the agent 
but not the disease it caused. This experiment was followed 
by another to test whether such ali-in-all-out rearing of 
pigs would work under field conditions.6 In three herds 
that were infected with mycoplasmal pneumonia, pigs were 
moved ali-in-all-out by age group from farrowing to nurs
eries and then either to separate rooms in finishing units 
or to separate finishing buildings on the farm site. The 
performance of these pigs was measured against that of 
contemporary pigs reared in continuous-flow units on the 
respective farms. In all cases, the pigs reared all-in-all
out had less evidence of pneumonia and reached market 
weight 2 to 6 weeks sooner. 

We next tested how much segregation was needed to 
achieve the performance benefits observed in previous 
experiments. 7 Pigs from a herd with mycoplasmal 
pneumonia were reared all-in-all~out through the nursery. 
When they were 8 weeks old, some were moved to off site 
facilities, some were moved to a separate building on the 
site, some were moved to a walled off end of a large 
fmishing building, and some were placed in a continuous 
flow finishing unit beside older coughing pigs. The results 
indicated that the better the separation the fewer pigs had 
lesions of pneumonia at slaughter. Except for the walled
off unit, the better the separation the better the growth 
rate. Thus to prevent pneumonia and improve performance, 
off-site separation was better than separation by building, 
which was better than separation by room. Pigs reared in 
the continuous-flow units had the greatest prevalence of 
pneumonia and grew the slowest. 
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Use of antibiotics to control effects 
of pneumonia 
During these experiments, we and other researchers at 
Purdue University tested a multitude of common antibiotics 
used for prevention of pneumonia and increased 
performance.s-10 In all experiments, the antibiotics failed 
to reduce lesions of pneumonia at slaughter; however, most 
antibiotics improved growth rate and feed efficiency. 
Rarely was the growth benefit cost effective once pigs 
attained 100 lb body weight. Other researchers had similar 
results with the use of tiamulin (Denagard®, Fermenta) 
for prevention of pneumonic lesions. 11 

Before vaccines became commercially available, we tested 
whether recovery from mycoplasmal pneumonia was 
sufficient to protect pigs from subsequent challenge. 12 The 
results indicated that complete protection was provided 
by recovery from this disease. 

Use of M. hyopneumoniae vaccines 
for control of pneumonia 
Development of a commercial vaccine forM hyopneu
moniae eluded researchers as the organism was difficult 
to grow in vitro and all bacterins were ineffective except 
when used with Freund's adjuvant. However, by 1991, 
two commercial vaccines were licensed for use in the 
prevention of this disease. Their acceptance by swine 
producers was limited until their efficacy was proven. 
Because enzootic pneumonia is a multifactorial disease, 
we hypothesized that a vaccine that protected againstM 
hyopneumoniae might not protect against secondary 
infections that probably had the most limiting effect on 
growth. Thus we tested whether recovery from an M 
hyopneumoniae infection or vaccination against M. 
hyopneumoniae would protect against secondary infec
tions. We found that both recovery from infection and 
vaccination against M hyopneumoniae protected pigs 
from Pasteurella multocida, the most common secondary 
pneumonic infection. From the results of these experiments, 
it appeared that theM hyopneumoniae vaccinewould be 
useful for producers that can not, for whatever reason, 
use all-in-all-out management in their herds. 

Emerging technologies 
Developing high~health-status pigs has been important to 
the swine industry for many years. In the 1950s, the 
specific~pathogen-free (SPF) program was developed in 
an effort to reduce the spread of infectious agents within 
and among herds; and to enable owners to sell pigs at a 
premium. 14 Because of the initial expense, the uncertain 
benefit:cost ratio, and the possible cost of repopulation if 
herds became reinfected, producers have been slow to 
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implement high-health-status programs until the results 
of more recent research on medicated early weaning 
(MEW), 15 Isowean® methods, 16 and all-in-all-out rearing7 

became available. 

MEW programs involve the use of various vaccines and 
~edications for dams and pigs, early weaning of pigs, and 
mclude the segregation pigs of various ages during rearing. 
These programs have been used to commingle multi-source 
pigs for genetic evaluationsnand to develop high- health-
status pigs. · · 

MEW protocols such as those devised by Alexander, 15 

Meszaros et al.,l8 Connor,l9 and Wiseman17 are relatively 
expensive; however, medication (one ofthe more costly 
components) may not be essential to eliminate many · 
pathogens from the .herd. For example, Clark et al6 

demonstrated that clinical· signs of enzootic pneumonia · 
can b~ prevented. by ~egregating pigs by age without early 
weanmg or medication. Nonetheless, the swine industry 
has no irrefutable scientific evidence that vaccinating 
dams, early weaning, medicating, and age segregation are 
all required to eliminate certain pathogens. It is not known 
whether any one of these procedures alone or in different 
pairs will produce the same results as those reported.•5•17-

19 . 
. . 

For the above reasons, we evaluated which of the 
components, or combination of components, of MEW were 
neces.smy to produce pigs of high health status. 20 Early 
weanmg and segregation (by age and by site) were the 
most important components of MEW. Vaccinating. sows 
had minimal_ effect in our stl.ldy, but might be of greater 
importance to eliminate outbreaks of disease in dams and 
reduce shedding of infectious agents during segregation 
procedures. With the exception of H aemophilus parasuis, 
medicating sows and pigs neither reduced the number of 
bacterial agents in pigs nor eliminate them from the pigs 
in this study. This agent was either eliminated or isolations 
were reduced in all medicated groups. Thus, we concluded 
that vaccines and medications need only be added to MEW 
programs _when diseases in the source herd might. dictate 
their strategic use. Additionally, vaccinating gilts and boars 
that originate from herds using MEW would be necessary 
when they are returned to commercial herds in order to 
match their immune status with the immune status of pigs 
in the recipient herd. . · 

In order to evaluate the possibility of commingling pigs 
from multiple sources, Wiseman et aP7 tested whether an 
extensive sow vaccination and pig medication program 
would eliminate pathogens present in 15 source herds when 
pigs were weaned at I 0, 15, and 20 days of age and moved 
to a separate site. Pigs weaned at 1 0 days and subjected 
to these MEW procedures were found to be free of all 
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pathogens present in herds of origin of the pigs except 
Streptococcus suis and were serologically positive for 
transmissible gastroenteritis (TGE) virus, Pigs weaned at 
15 and 20 days were also infected with Bordetella 
bronch!sep~ica, H. parasuis, and P. multocida (type D, 
nontoXIgeruc ). Therefore, pigs from multiple sources can 
be commingled and maintain a relative high health status. 

As a result of the previous research, the National Pork 
Producer's Genetic Evaluation Conimittee initiated the 
Segregated Early Weaning (SEW) program to maintain 
theheal~ status of commingled pigs used in their program. 
The basics of the program included' the following. Pigs 
":ere weaned on· the various farms when 8-20 days old. 
Pigs were transported. to an isolation unit, treated with 
lvo.mectin (Ivomec®, Merck) and ceftiofur (Naxcel®, 
UpJohn) at label dosage, and commingled on day 1. Pigs 
were again treated with ceftiofur and 180 ppm of tiamulin 
was added to their water on day 2. On day 3, 120 ppm of 
tiamulin was added to the water, and on days 4 through 7, 
60 ppm of tiamulin was added to the water. All pigs were 
observed for clinical signs of disease and treated on an 
individual basis-thereafter. · · · 

In the two groups of NPPC-commingled pigs reared at 
Purdue University's SEW station, the smallest pigs (about 
2 kg) refused to eat from the open-trough feeders provided. 
We placed 0.5m x 0.5m plywood boards with raised lips 
on the floor and placed feed for the small pigs on them. 
About 90% of these pigs began eating from the floor 
feeders. The smallest pigs also had problems drinking from 
the nipple waters used. Many of them began sucking other 
pig'snavels. We replaced thenipples with Lixit 70 nipples 
and most small pigs began usingthem and stopped sucking 
navels. Seven to 10 days after entering the SEW station, 
5 %-15% of the pigs had Clinical signs of S suis infections. 
If identified before they. succumbed· to the disease· (this 
could occur within 12 hours), the affected pigs were treated 
with procaine penicillin( I ml per 7 kg body weight) and 
2 mg dexamethasone daily for 3 days. These medications 
were used following ELDU protocol. All treated, acutely' 
affected pigs recovered. Many of the pigs had to be treated 
againat intervals of 7-' 10 days, but three treattnent 
episodes were the most any pig required. About 20 of the 
second group of pigs placed in our SEW unit had early 
lesions of greasy pig disease. Any pigs showing these signs 
were treated the same as pigs with S suis. Although some 
p~gs developed rather severe early lesions of greasy pig 
disease, none of the treated pigs developed lesions covering 
a large portion of the body surface. All these pigs continued 
to grow at the san1e rate as their penmates. 

Performance of the first six groups of commingled pigs 
(2345 pigs) reared in off-site nurseries and following SEW 
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procedures was excellent. The average entry weightwas 
about5 kg and the average age at entry was 16 days. The 
mean days the pigs were in the unit was 40 and their mean 
gain was 15 kg. The mean daily gain was 0.38 kg. Forty 
pigs (1.88%) died during their stay in the nursery. These 
results indicated that pigs can be effectively commingled 
using SEW techniques with minimal disease problems and 
excellent performance. 

Other emerging 
technologies 
The disease-eliminating or -preventing technologies 
discussed above would not have been possible without 
the concomitant development of improved diets that were 
designed to enhance performance. The results of industrial 
and university research on "phase" feeding of pigs has 
led to the formulation of diets specific for various ages 
and genetic lines of pigs. 21 •22 The diets formulated for early 
weaned pigs was the key necessary for the possible 
adaptation of SEW. In addition, research on split-sex 
feeding has allowed producers to improve growth 
performance efficiencies. In essence, feeding by sex, by 
genotype, and by age has brought new meaning to the term 
"life cycle feeding" and will be continually developed as 
the industry changes. 

Lastly, artificial insemination has been refined such that 
reproductive performance of herds using the technique is 
similar to that of herds using natural service. Artificial 
insemination would be the preferred method of breeding 
in high-health-status herds as the risk of exposure to 
disease agents in the r~cipient herd would be much less 
than with the use of purchased boars. Artificial 
insemination can not be used without risk of disease 
exposure, but the risk is minimal.23 Semen transmission 
of most infectious agents can only occur if semen is 
collected within 10 to 14 days of the time the boar has 
experienced the disease, e.g., PRRS virus transmission. 24 

Thus, careful monitoring of the boars in the boar stud for 
presence of clinical expression of disease will limit the 
risk of disease transmission via semen. Also, once the 
Genetic Evaluation Program has identified the performance 
means for the different genotypes of boars, AI will allow 
industry wide use of the most superior boars in each line 
and, hopefully, improve the genetics of the nation's herds. 

Potential of using the new 
techn ol ogi es 

Based on the author's use of the technologies described 
above at Purdue and on commercial farms (unpublished 
data), it is my opinion that the performance means listed 
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in Table 1 can be achieved. Assumptions include average 
or better genetics, use of SEW procedures (weaning age 
10-14 days, strategic antibiotic and vaccination use), ali
in-all-out rearing by site, use of state-of-the-art diets, and 
reasonable biosecurity for each site. · 

Table 1. Achievable performance: 
Weaning to 250 pounds 

Performance measure 
Mean daily gain 
Feed per gain 
Feed intake per day 
Days (birth) to 250 pounds 
Percent mortality 

Mean 
1.92 pounds 
2.6 pounds 
5.0 pounds 
.140 days 

2% 

The performance figures in Table 1 are a summary of the 
potential benefits of much of the research that has been 
completed by us and others in the past 10 years. The major 
challenge to the industry is to implement the technologies 
within the constraints of aging facilities and aging 
producers and without incurring financial catastrophes. 
Such catastrophes could include epidemics in a national 
herd of high health, low resistance to disease among pig 
populations, or over-expansion and prolonged pig prices 
below break-even for a majority of producers. The latter 
scenario is a definite possibility if the export market is 
not increased for United States pigs. The effect would be 
felt most by the nation's mid-sized producers that recently 
expanded with borrowed money, or were highly leveraged 
from past expansion that did not include the new 
technologies. Unfortunately, this scenario is probably what 
is required to slow the rampant expansion of swine 
production units that has occurred in the early 1990s. 

The challenge to the veterinary profession that services 
the swine industry is to help bring about the technology 
revolution for the producers we serve without subjecting 
them to the possible catastrophes mentioned above. 
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. s~H. Done, M.E~C~ White and I.H. Br-own .. 

' QackgrQiln.ij . ' )4ys~ry swfue iiis¢ase was rmlt diagnosea itlJunel991 
.... ....___, . ....-.,_ ........... __ _.. __ .. .., ........ _......, .... ~ ....... ....;.,;. .iQ tb~ Hi.Unbersid~ region of Northern England. The 
Prior to' t98~. and sUi~ the elimiljation 'of Hog Cholera' ,, li\unbersideagimtw~~h was isolated from these fii-St cases 
and' Pseudorabies, tespiratory ,diseas~ 'in the UK was ' 'was SI,Jbsequently showri to be pne ofthe antigenic types 
primarily associated ·with Atrciphic Rhinitis :(P~ste~rella pf Lelystad ageritTitst jsolated .. by the Dutch from the 
multocida and Boriletella bronchiseptica), Enzooti~ · • · ou~~te~ ofMys~ry Swine Disease, now called Porcine 
'Pneulilonia: (principally lvf.hy'opnitumonia~ .but also Reprod~ctive and:Respiratory Syndrome, (PRRS):4 TI,te 
H~emophilus parasuis) and pleur()pneumoni·a (principally: clinical disease syndrome cau8ed by this agent in the OK 

. . Aciinobacillus pleurojmeumoniqe,hll.t illsoP.inu/tocida), was fir8t described in detail by Whires-' and Hopper, it · 
with OCcasional pneutnonic:forms ofsalmonellosis lmd. af',1 and since then ithanptead slOwly throughoufthe 
septicaemic cases from a wide varietyof.agents such as UK often· as a sub~dlnical latent infection without 
Actinobacillus s,uis, Actinomyees pyogenes, E.co/i and . producing:any cljn.ical·signs, but iit many ullits it did and 
Streptococc·us:suis. Viral conditions ·w~re virtually • does.produce an:interstitial pneuntonia that varies widely 
unknoWn with the exception ofoccasional rillld forms of . in,sevetityb~t~hich is often masked by·a whole plethora 
porcine cytomegalovirus. . . . . . of secondacy bacterial infections.• . 
hi 1~86 however a str~in ~fclassical FII;Nl s~~ine .. Since early.I99.Z. the UKh~s been affected by. much 
influ¢112:~ virus (SlV). swept through the IJI( .. ·It produced · more deleteri~>us outbreak ofi'espiratory disease associated 
mild illness. typicai ofSIV.andpassed rapidlyth:rollgh the with the. spread of an influenza virus HlNl UK variant 
national· pig population and· caused minimal··mortality, .. 92/19.58~2 (see. this volume)whichwas responsible for 
clinical disease and patllology. I It •Was followed .fair:ly . seriou·~; economic .loss,: clinical disease, mortality, 
rapidly byH3N2 influenza virus in 1987 and this produced morbidi~ rurd which was resp~msible. for the ftrst severe 
a similar but milder· syndrom~ chara~terised by lqw bronchitisJt:> idfect:UK pigs. . 

' ' ' 

·Pr,ese~t synd:rome:.· · · 
mo~ality, mild clinJcal <Jjsease: and little ·pathology~ 2 In 
b9th inst~ces experi~enii!-1 repr()duction ofthe· diseas'e. 
produced on)y mininlal]esions.:lni 986, a respiratory form·· 
of transmissible .gastr6~nteritis (porc,!Jie:r~spira.tory These two. agents' hav~ significantly changed the 
coronavirus PRCV). affected the national herd and again . epidemiology· of ~spiratory disease in pig$ .in the UK . 

. produced a mild c:liseas·e, typicaity: ail· int.erstitiai Previously, the major lung conditions occurr~.in the. later 
pneumonia3 but this was chata~terised bythe.presence of ,stages elf finishing pigs (approx 3Yz:-4Yz·months of·age) 
bronchiolar epithelial cell disfuCbances 'a'nd ~ partic~l:ar. b'tit these two viral conditions have •significantly shifted 

. bY the presence of syncytia still attached· to bronchiolar . 'the syndrome foJ:Ward in time, to the inunediate. post~ 
· epitheliuin.otfloating free:: i!l dte'al\'eolarlwiten. Again, . weaning period so that .now in the UK we r:efer to the 

experimentally, this ag~nt produced a mild disease. and :post-:weanil'lg tespiratC,iy syndrome. This is characterised 
.even,cOmbiiied infections with HlNl and'H3N2 inf1uenzil. . by pOOr growth rates, an increasejti non•marketable pigs 
viruses produced minimal lesions. Since thenthese.agents . and 8n elevated post;. weaning mortality. Most pigs do.not 
ha"e circulated Widely iilUK pigs' and hii~~notge~erally • .die immediately bqf)inger on and 'die weeks or months 
been associated with outbreaks, of'respir~tory djsease,. iater. Thr~e years ago, . most. units would ·have ·been · 
·although somelatge betds have suffered repeated very mild sutl>risetl by a 5% morlal~ty fro~ weaning to slaught~ • 

.. episodes of disease during:the period 1987.,1990~ · . . rio\V 7-$% is av<::rage~ JO% .~ell~loiown ·and even 15% 
.·. post~wearting tnort~Hty noi Uitcominon. Falls in average 

. .. . daily weight gain and feed. efficiency have•beeri seen 
' SHD, IHB: Central Veterinary Laboratol)', Newliaw~ Addlestone,. similar to those described in theUSA.8..::u A wide range 

Surrey KTl53NB2: wavcnVctcrinaryOraup.34K~IiLIIIe,llctton,liui~HUiaBP · · ·· · · ' ' ·· · · · ·. · ·. · 
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S.H. Done 

of bacterial infections are found in these pigs particularly . active immune response either ofbumoral or cellular type. 
S.suis, H.parasuis, A.pleuropneumoniae, P.multooida and It is at this time that it is infected and respiratory 
M.hyopneumoniae. We also fmd A.pyogenes and E.coli colonisation with environmental bacteria of any type takes 
in the UK but we have not been surprised by an increase place. In our experience antibody levels are at their lowest 
in Salmonell~e as appears to have been the ~ase _in tile at weaning between :3-5weeks of age. One of the problems 
USA. Overall, we are very familiar with the situation as is that the antibodies are not completely neutralising as 
described in the USA.l2-14 virus can be isolated from the sera of pigs with PRRS 

Lelystad agent appears to have been the trigger in the UK· specific antibodies. 

and since the occurrence of the highly pathogenic variant By 8 weeks of age, most piglets have a rising level of 
of H1N1 influenza virus (195852) the situation has antibody and by 8 months of age most haye ad~lining 
worsened. The Lelystad agent attacks the p9Imonary antibody level (probl;lbly self cured by then). Ifthere is a · 
macropbages in particular, the epitheliat surfaces of new entry of susceptible piglets every week ie continuous 
turbinates and bronchioles and possibly other immune use of nursery houses.then itwill always recirculate from 
-elements which probably facilitates secondary bacterial older to young piglets especially a8 the newly ~eaned, 
infection of the lung for a period of 1-4 weeks·. before . therefore stressed, pigs will not only be more susceptible 
norinhl function is restored and indeed'then the pigs have but once infected will excrete ~ore of the ~J7hese 
an enhanced general antigen ~emoving capability.l5 affected animals rarely respond to high levels ofmeQ.ication 

or :vaccination against the normal infectious, diseases of 
The newborn ·piglet probably receives some maternal the finishing period, · · · ·. ·· · - · · ·· 
antibody to PRRS and influenza viruses from its dam, · · · · · · · 
unless the dam escaped the initial infection (she will then Theeffeet of movement stress andcortioosteroidinjection 
be susceptible and help virus recycling) but the efficacy on piglets which excretedvirus 15 weeks 8fter the initial 
of this maternal antibody has not yet been established and seroconversion to PRRS.has been described.16 The virus 
probably disappears in any case by _a maximum of 3-6 was excreted even in ·the presence of high antibody level 

· weeks. Also some initially seropositive sows become over the whole period. 

seronegative with time. . As in the USA10 we have producers still complaining 
If the piglet is really unlucky it will be born_ infected with about this syndrome 2,;,3 years after the initial infeetion 
an ~terstitital pneumonia from an active infection in the both in intensive indoor herds and also the large, extensive, 
farrowing sow. This pig will be excreting virus at birth. It outdoor herds where simultaneous initial exposure could 
may also be born weak(we do not really know if the piglet not be guaranteed, but on the other hand we have higher 
is affected prior to ot after farrowing)16 and therefore health status herds in which the. clinical disease has never 
reluctant to suck and these piglets are therefore always been seen. 
potentially hypoglycaemic and easy prey to secondary · · The secret of control of post-weaning respiratory syndrome 
bacterial complaints. At weaning (3 weeks) most pigs we is to get the breeding stock immune particularly ilnported 
have looked at are serologically negative but are positive . gilts and to .get the newly weaned pig immtlne as quicldy . 
IPMAtests to PRRS at 8-10 weeks, ie they are exposed as possible with minimum infection and maximum 
to infection and seroconvert during the period in the nursery protection. The aim is to prevent overload of the immature 

. either by reeeiving infection from the sow or much more pig's defensive systems by infection from the older infected 
likely from older pigs in the mirsery. Circumstantial animaL This means. no recirculation of pigs, no movmg 
evidence suggests that pigs under 5 weeks are probably back, only inoving forward· and out either as ~'fmished · 
not-able to infect one another with PRRS ·as insufficient pig or if it is compromi~eci to a hosP,itai area away from . 
virus is excreted in the presence of the maternal antibody. younger stock. ·. · ·· · · · 
Initial experience with our new variant of SIV suggests · · · · 
that a similar phenomenon takes place with this virus. · Ideally; we want all sero-neg~tive breeding ~tock b~t if . 

· the unit has been infected then it is essential to make sure 
Observations suggest that. by the. tim~ pigle~ reach the that all newly imported gilts often of unknown history are. 
cold nm_sery they. are seropositive. This passing_ of virus exposed (by feedback offaeces and by nasal exposure to 
from older carrier pigs to the young stock in the nlirsery is groups of nursery pigs). We can -see no .practical way at 
the major cause ofpersistenceofthe syndrome. It probably the moment how to detectthe unexposed seronegative adult 
doe$ not matter .• if circulation of virus takes place in the sow in a large herd that. has previously been largely 
fin_ ishlng' unit b_ut af weaning. in a "hot" nursery it is the seropositive. 
death-sentence to a newly wea_ned, starving_cold pig with 
·fhlling'maternal antibody and·a poor ability to mount an 
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Post-weaning respiratory syndrome in the United Kingdom 

With regard to the piglet, control is not possible with of the individual items ie remove lid, then remove light, 
continuous or batch systems, an all-ih/all-outapproach is then remove floor block. 
essential and sharing of air space and or passages or 
feeding aisles between different ages ofpigswill stop any 
benefits being achieved. 

Several approaches have been used in the USA. Medicated 
earlyweaningl8 has been used, as is Isowean andMultisite 
Production17 but in the UK the age of the units, the lack 
of space, economics and restrictions on drug usage prevent 
the. widespread use of these practices. Instead me~ods 
have been developed within the traditional units. These 
are however often old, with non-specialist buildings that 
require further adaptation, and with little opportunity for 
radical remodification. 

The biggest problem in nurseries is overstocking and 
bringing pigs backwards because of slow growth makes 
this worse. If the piglet is infected and going backwards 
remove it. 

The piglet has to be protected from overload - one of the 
simplest conrols advocated is "open the windows". 
Basically, the piglet should get as much colostrum as 
possible and then start eating creep feed as early as 
possible. This food should be highly palatable and very 
attractive to the piglet. Not eating post-weaning is the real 
problem and food may need to be fed wet to provide further · 
encouragement. A shared airspace is not a good idea so a 
system of "kennelling" within units has been developed 
with creep lamps, covers (hovers); boards between pigs 
and stockboard on the metal slats on the floor mesh to 
stop the cold winds from slurry pits. Over a three week 
period the temperature of the kennel reduces. whilst that 
of the overall building increases to 73°F - ie the "hot 
nursery" has an insulation system. Manure removal should 
ideally be daily and pits flushed regularly as faecal 
shedding is a major source of PRRS virus.l9 Draughts 
should be excluded, and routine procedures20 may have 
to be postponed to the cold nursery. All common airspaces 
and slurry channels should be blocked off (urine, faeces, 
and noses are contaminated). Antibiotics in the creep feed 
or water for one-two weeks after weaning may be useful 
(OTC or phenoxymethyl penicillins in feed and water or 
tiamulin in water). 

The groups should be kept together, differing ages should 
not be mixed and the the piglet that falls beind should be 
moved out to hospital not back to another group. 

We can raise the room temperature from 65 o to 73 o over a 
period of 10 days and reduce the temperature inside the 
kennel from 85° to 73° over a period of 10 days. The 
protection is then removed slowly by staggering removal 
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Moving to cold nursery can also be delayed to 8-10 weeks 
but ·this is more. expensive. Removal of nasal contact 
between batches is also a key fac~r ie have solid partitions. 

Within the unit the flow should be as below. 

Sick pigs are slow and should be removed. The "rubbish" 
should be taken out and not the best thereby reducing the 
challenge to the fit pigs. If the system is not working then 
extra antibiotics will not help. What will help is a re
evaluation of the system. The most important facet of 
production is the "Break" in production. This may mean 
dropping the slaughter weightfor3-4 weeks so that a break 
providing extra space in the unit is created, particularly in 
the cold pursery. 

Outdoor pig production has the same problems as indoors 
and we will want to produce a reduction in bacterial 
overload'. This can be achieved by moving the arks 

· regularlyto a new site and by instituting a "kennel" system 
within the ark to provide the same degree of protection as 
in the "h6t" nursery. In winter arcs are often overstocked 
to preserve warmth with predictable effects. However 
considerable improvements have been made by using 
outdoor arcs on a concrete ramp under cover of a barn for 
indoor derived pigs away from the breeding herd. 

Conclusion 
With no immunocompromising viral infections (PRRS and 
influenza A viruses) the piglet would be able to survive 
weaning and secondary bacterial infection but in the face 
of this it cannot and needs to be protected from bacterial 
overload caused by overstocking. These facets will be 
illustrated in the oral presentation. In the UK this process 
is slightly easier because of the absence of hog cholera, 
pseudorabies, encephalomyocarditis and proliferative 
necrotising pneumonia (PNP). 

The piglets do not die in the hot nursery they die up to 4-
5 months .of age still only weighing 40 kilos. 
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Facility I environmental influences 
on reproductive performance of 
breeding animals 
Donald G. Levis, PhD 

The reproductive perfonnance of breeding animals can be 
influenced by environment, facility design, and manage
ment procedures. A high degree of reproductive efficiency 
can be achieved by using an effectively designed breed~ 
ing-gestation facility in combination with an organized 
operational procedure. The design and operational proce
dures of a breeding-gestation facility should: 

• consider the well-being of animals and stockpeople; 

• maximize occurrence of sexual behavior in recently 
weaned sows, eligible replacement gilts, acclimating 
replacement gilts,. recycling bred females,. and boars; 
and 

• be arranged so that the work routines, such as estrus 
detection, moving animals, mating animals, feeding 
animals, and recording breeding information are eas
ily, quickly, and efficiently perfonned. Remember, tasks 
that are difficult and/or risky to do may be inadequately 
accomplished or avoided. 

For reproductive perfonnance to be high, an adequate 
degree of sexual behavior should be expressed in boars, 
sows, and gilts; and sows and gilts should receive a quality 
mating. A mating of high quality should be one where 
animals do not show any signs of foot slippage during 
copulation, estrous sows and gilts show a strong 
immobilization very rapidly after encountering a boar, 
boars quickly start their courtship ritual after encountering 
the sow, and duration of copulation is at least 3 minutes. 
Australian research has shown that the level of estrous 
behavior at the time of mating does have an effect on 
farrowing rate and litter size in gilts. 1 Gilts that stood 
immediately to the boar's first mounting attempt on the 
first day of mating had a significantly higher farrowing 
rate and average litter size than gilts that initially resisted 
the boar's mounting attempts before allowing copulation 
(Figure 1 ). The level of estrous behavior expressed during 
the second day of mating did not significantly affect 
farrowing rate or litter size. A higher litter size was also 
found for gilts that stood for more than 30 seconds as 

Animal Science Department, University of Nebraska 
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compared to gilts that stood for 15-30 seconds (9.35 versus 
9.05 pigs per litter; P< .05) when they were back-pressure 
tested in the presence of a boar prior to being taken to a 
breeding pen. These data imply that a mating in which the 
gilt initially resists the boar's mounting attempts may be 
stressful enough to interfere with the physiological 
mechanisms of fertilization; therefore, a good estrus
detection procedure must be used. 

How should gilts and sows be heat-checked? A series of 
experiments in Australia2-s have clearly shown that the 
percentage of estrous gilts displaying the standing-response 
when pressure is applied to their back in close presence of 
a mature boar is reduced when gilts are continuously 
housed adjacent to boars (Figure 2). The decrease in 
efficiency of estrus detection is thought to be due to the 
gilts becoming "accustomed" to the boar stimuli that 
facilitates the standing response. While the standing 
response by the estrous female is released by pressure on 
the back,.it is sight, sound, and smell stimulation from the 
boar that facilitate the standing response. Therefore, it is 
possible that gilts housed adjacent to boars are receptive 
to. boar stimuli, but. are refractory to boar stimuli (sight, 
sound, and smell) at the time of estrous detection. During 
my sabbatical leave in Australia, we conducted an 
experiment to test the hypothesis that estrous gilts become 
refractory to boar stimuli after initially exhibiting the 
standing response. We brought estrous gilts into a breeding 
pen and back-pressure tested them at 0, 5, 10, 11, 16, and 
21 minutes after entry. The gilts were housed in a separate 
building and did not have boar contact before entering the 
breeding facility. The breeding facility had two breeding 
pens. Six sexually aggressive boars (three boars per side) 
were penned facing andadjacent to each breeding pen. 
Each gilt was observed for standing estrus in the first 
breeding pen at 0, 5, and 10 minutes and at 11, 16, and 21 
minutes in the second breeding pen. Before pressure was 
applied on the gilt's back, each gilt was carefully positioned 
so she had excellent head-to-head contact with a boar. If a 
gilt stood for a full 10 seconds, she was recorded as being 
in standing estrus. 

The percentage of gilts in standing estrus at each period 
of back-pressure testing is shown in Figure 3. Gilts started 
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Figure 1. The influence of type of mating on farrowing rate and litter size in gilts. 
. . -·. 

to become refractocy to boar stimuli after 10 minutes when 
heat-checked in the morning and at 5 minutes when heat
checked in the afternoon of the_ first day of estrus, The 
percentageofgilts found in standing estrus on the morning 
of the second day decreased linearly to 70.6% ex.hibiting 
the standing response at the 21-minute observation time. 
the percentage of gilts in standmg estrus on the afternoon 
of the second day decreased to 64.7% at the 16 and 21 
minute observation times. This research suggests that 

. estrous females should not be. provided with continuous 
boar stimuli prior to estrus detection. In other words, if _a 
female has continuous boar contact, she may be in the 
refractocy phase at time of estrus detection. 

To alleviate the problem of some sows and gilts being 
r_efractocy to boar stimuli at the time of estrus (ietection, 
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sows should either be housed iri a separate room froni the 
boar battecy, or in the same room as the boars, but far 
enough away from the boars to minimize exposure to boar 
stimuli. When estrous sows and gilts do not have 
continuous exposure to boar sti~uli, they will show a rapid, 
strong immobilization when in contact with the ])mit at 
time of estrus detection. You may be asking yourself 
whether keeping recently weaned sows -in a room away 
from boars will effect the weaning-tO-estrus interval and 
proportion cycli1lg. An evaluation of a data set for a 
midwestern farm with .1600 sows showed that over 90% 
of weaned sows (parities 2 through 7) were bred within7 
days after weaning when not being continuously exposed 
to boars. However, starting on day 3 after weaning this 
farm does provide each sow With 10 minutes per day of 
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Facility/environmental influences on reproductive performance of breeding animals 

'eft·· 

Adjacent to boars Across 39" alley 

• Reference 2 II Reference 3 ~ Reference 4 0 Reference 5 

Figure 2. The effect of hOusing location on the efficiency of detecting estrus in gilts 

boar exposure by removing sows from their stalls (6 to 7 activate sexual behavior in the boar an:: sight, sound, smell, 
sows per group) and taking them to the boar section. The and tactile cues. As a sexually motivated boar will mount 
percentage of sows mated twice was over 90% for second· an inanimate object, it has been concluded that the primary 
through seventh-parity sows. First-parity sows were not ·Stimulus formounting isvisual..However,·it isunknown 
included in the data set because they were not bred until . to wpatextent sight, sound, smell, and tactile cues received 

·their second estrus after weaning. · · from either estrous females or other boars enhance 
··· · · ~ountirig behavior and sexualm~tivation. Regardless of 

The influence of the mati~g. pen environment on ·sexual· the type of housing for boars, I think it is very important 
behavt .. or in sows an. d. gilts has not been .. w. ell documented ... 

. to work with young boars on helping them "fme tune" 
Because young postpubertal boars ( 6-8 months of age) their copulatory ability. Young, inexperienced boars should 
pro·v.idc;: l.ess. sme.ll and .. sound s,timul. a ... ···.tio. n to e.str .... o. usfi. ema.les, · be mated to quiet, highly receptive; second litter sows in a 
matureboars(l2 months orolder)shouldbe housed either familiar sur.· rounding. When using a highly receptive 
adjacentto, or in close proximityto,thebreeding pen used 

female in combination with an excellent· floor surface, 
by young boars. This management procedure provides a ejaculationshouldlastfor3-15 minutes. Sinceyoungboars 
means for allestrousfemales (especil!llygilts) to receive frequently mount the female's head, they should be tl!ught 
adequate boar stimuli,regardless.of the age of the boar the proper orientation by being assisted. Proper orientation 
mating the female. Bynot providing gilts ~ith continuous 
b.oar exposure~ a r.apid, strong standing response will occur is l1.1eaf11ed. response and mating competency should 

· · · · · improve .. · with the po. sitive reinforcement of copula. tion .. 
when gilts in estrus are heat-checked with a matUr.e boar. 

It has been suggested by Australian. research that when 
Sexual behavior characteristics expressed by adult boars 14 to 16 month oldboarsare only allowed to mate either 
depends on a variety ()fphysiological, psychological, and · 
environmental factors. Boar sexual behavior is a learned once per week6 or once every tw() weeks/ they should he 
response that is niediated by hormonal and environmental housed near either estrus or nonestrous females fu optimize 
influences. The stimulatory components ''presumed" to their courtship behavior and reduce their reaction time to 
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Donald G. Levis 
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Levis and Hemsworth, 1991 (unpublished data) 

Figure 3. The proportion of gilts in standing estrus 

first mount. Boars housed in isolation from females did 
mount and copulate, but their reaction time to first mount 
was 2-6 minutes longer as compared to boars housed 3-9 
feet away from females. In contrast, housing mature boars 
either 9, 26, or 48 feet from female pigs did not have 
detrimental effects on courtship behavior or nwnber of 
copulations. 8 Research has not been conducted to 
determine: 

• whether courtship behavior and reaction time to first 
mount are enhanced when boars housed away from fe
males are exposed more frequently to estrous females 
(3-7 times per week); 

• whether courtship· behavior and reaction time to first 
mount are improved after each mating within a series 
of matings (2-7 matings over a 7- to 10-day period) 
for boars that have had an extended period of sexual 
rest in isolation; 

• whether stalls and pens have the same effect on sexual 
behavior and copulation success; and 

• whether an interaction exits between mating frequency 
and type ofhousing (stalls versus pens) of boars. 
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To reduce homosexual activity during the resting period 
in group-housed boars they should be sexually rested out 
of sight and sound of estrous sows and working boars. 

The type of pen used for mating (6.2' x 7.2' boar pen or 
specifically designed octagonally shaped breeding pen with 
110 ft2) does not appear to influence the level of sexual 
behavior in young postpubertal boars assisted with 
copulation;9 however, the percentage of successful 
copulations during an 8-week period (boars were 7-9 
months of age) was found to be significantly higher for 
pigs mated in a specific breeding pen (94%) than for those 
in a boar pen (77%). During an additional 7 weeks of 
evaluation, the successful copulation rate was not 
statistically different between the two types of breeding 
pens (boar pen = 75%; specific breeding pen = 82%). 
These results indicate that the young postpubertal boar 
may be affected by poor conditions at the time of mating 

· to the extent that mating rate is seriously affected. 
Investigations have not been conducted to determine 
whether a breeding pen designed to let boars watch other 
boars perform courtship and mounting behavior will 
enhance the sexual behavior of the "observer boar" when 
in the breeding pen. 
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Walking through a client's farm 
Jim Dick 

All of us here recognize the impactwe as practitioner can 
have on our clients'. profitability and, ultimately, their 
quality of life. That impact is measured out a little at a 
time each time we visit a client's farm. I'd like to share 
with you my general approach to walk-throughs-what I 
do· to keep my clients happy with and even somewhat 
dependent on me. 

Philosophy 
Any walk-through visit really starts before you get to the 
farm. It begins with your philosophy~the general 
approach you take, how you viewyour role, andwhere 
you place your emphasis. My philosophy is: 

• I work with the people: meet their needs and make them 
feel good so that they want to go work harder with the 
pigs; 

• I try to get the biggest hit I can get that day; sometimes 
its only a bunt single; 

• my expectations vary from farm to farin-I'm 
realistic. 

• All variation is not negative: it may be the first step to 
a better system; · 

• ifsomething hasn't been done since previous visit, I 
try to understand the human element of why it didn't 
get done; 

• I gather information from across the international swine 
industry,. and use it to help establish a philosophical 
context so I can better meet the big-picture needs of 

·my clients. · 

Important skills 

I try to make my clients feel comfortable with me and 
trust me. I study people diligently. I use my intuition as an 
adjunct to verbal communicatio~I "listen" to all the body 
cues my clients give me to augment what I'm being told 
verbally. It is also important to understand profitability-

Fairmont Veterinary Clinic, Fairmont, Minnesota 
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what will make the client money and whatisn'tworth the 
bother, You need to be able to think: 

• as ifyou were the pig; 
. • as if you were the employee; and 

• as if you were the owner. 

Then, treat your client as ifyou werethe owner. 

During the walk-through 

I look at all of my clients as a group. I try to make them 
aware of the variation between their farm and the group, I 
also try to make them aware of variations within their own 
farm, and find the real reason for the variation, 

I walk through all my clients' farms on a regular basis
I see some of my clients once a week, visiting several 
farms a day. This means that I know my clients' farms 
very welL What I look for during the walk-through is 
variation from the norm for that farm. The major causes 
of variation in pigs groups include: 

• people (management); 
• sex; 
• age; 
• environment; 
• disease; 
• genetics; and 
• nutrition. 

Sequentially, I attend to the foilowing as I walk through a 
farm: 

• I recognize the variation by examinirig each group of 
pigs, looking for differences in size and health status. 
I'm trying to decide whether pigs are performing opti
mally, and I use this information to determine where 
there might be breakdowns in management. 

• I sense the economic effect of that variation-! men
tally."flow" the herd from the finishing floor back to 
the breeding herd, looking specifically at inventory 
duration, number of pigs per group, room and pen sizes, 
and stocking density. I start with the fmishing floor 
because that is where the major costs are incurred and 
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that is where the major opportunity lies. All my strate., .·. 
gies are set up to improve performance in thefmishing 
herd. Even when I'm working with the breeding herd, 
I'm thinking ahead to how myadvice will affect finish
ing herd performance. 

• I confirm the economic effect with numbers, records, 
comparisons, and sometimes trials; I examine the herd 
records. I use the Performance Monitor of 
PigCHAMP® to assess, in sequential order; 

-pigs per sow per year as a measure ofbreeding-herd 
efficiency; 

-number of services per unit time as a measure of 
fa.rn1 capacity; and · · 

-total pigs weaned per unit time as a measure of farm 
output. 

Table 1. Causes of variation and simple 
solutions 

People 

Sex 

Age 

identify desires 
identify goals 
train people 
forced management 

single 

day? 

Environment 
pig flow 
square feet 
feeder 
air quality 
water 

Disease 
NONE 
get diagnosis 

Genetics 
controlled 
know the plan 

Nutrition 
most profitable 
feed the highest number of pigs right 
mix/grind ingredients 
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Walking through a clients farm 

. I also examine weaning-to-service interval to get an 
indication of the overall reproductive health of the herd. 
I track female inventories and removal information to 
ensure that the farm attains maximal output. 

• Then I diagnose the true cause of the variation. After 
isolating the potential breakdowns in optimal perfor
mance from the records, l then dig deeper into the sub
components that influence that diagnostic parameter to 
find the root cause(s) of the variation. 1 do this by ei
ther mentally or physically walking through the farm 
again to look for manifestations of the problems the 
records indicate might be there. 

• Fin ally, I develop a least cost/most profit system tore
move the variation (Table 1 ). I compare pigs per sow 
per yeat among my clients' farms tO motivate my cli
ents and their workers.· 
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On-farm walkthroughs with an 
emphasis on disease diagnostics, 
evaluations, and follow up 
Roy A. Schultz, DVM, MS 

Quite often our first entry into a hog production unit can 
be due to a disease situation, or an apparent breakdown in 
the health of the animals in that unit. 

Other production experts outside of the veterinary 
profession view disease and health control as the 
veterinarian's key role, and are willing to concede this 
portion. Some in the veterinary profession would like to 
play down this roll and focus entirely on production. We 
are by training and design the experts in health 
management. Let's capitalize on the role of traditional "bug 
chasers" to gain entrance into these units, then prove what 
we can really do to improve production by performing 
financial assessment and environment evaluations, 
management analysis, and nutrition counseling to 
contribute to the general production and financial success 
of the whole operation. Although health and disease are 
our traditional strong suits, balanced production and 
fmancial skills can be demonstrated to prove real financial 
worth. 

Listen 
As we walk through the unit, we must learn to listen! As 
we walk through the unit, we must listen to the manager 
or worker in charge of the section of production. We must 
listen and pay attention the pigs. Use all of your senses, 
hearing, seeing, smelling, feeling, and occasionally tasting. 
Ask questions. 

First try to concentrate on the particular problem that 
concerns the producer. I prefer to walk from the youngest 
to the oldest pigs in a traditional production unit. I will 
use a tape recorder or a pencil and tablet to record my 
thoughts. Focus particularly on the concern of the producer. 
This may not be the area that has greatest potential for 
fmancial reward, but this is the one that you must address 
to satisfy the producer and get his or her attention. 

Avoca Veterinary Clinic, P.C., Avoca, Iowa 51521 
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Do the postmortems 
Pick out the pigs representative of the condition for which 
the owner or manager has immediate concern. Do the 
postmortem examinations and use this as an educational 
opportunity to point out obvious lesions and preliminary 
conclusions. Collect appropriate specimens for in-house 
diagnostics or specimens to take back to your lab or send 
to a diagnostic laboratory if necessary. 

Communication 
Problems in a hog unit can be roughly divided into four 
areas: 

• reproductive problems; 
• disease problems of the farrowing area; 
• disease problems of the nursery; and 
• disease problems of the growing/finishing area. 

As an Illinois veterinarian is quoted, there are only three 
types of problems in growing pigs-the coughs, the 
crappers, and the brainers. This may be simplifying it, but 
communication is the key. Don't talk down to the producer. 
Use oral, written and visual communication. For 
example-stating that "the pigs are affected with exudative 
epidermitis complicated by a virulent necrotizing 
Staphylococcus hyicus" might demonstrate your ability 
to spew out medical terms, but does little to convey an 
understandable message. Try simply saying "greasy pig 
disease is wrecking those newly weaned pigs and costing 
us money." 

Motivate 
After the initial diagnosis, it's our task to motivate the 
producer to action. Three basic things motivate people: 
money, recognition, and power. Money from saved pigs 
are bonuses and recognition for doing a good job are the 
most frequent motivators in the hog house. 
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On-farm walk throughs with an emphasis on disease diagnostics, evaluations, and follow up 

Action plans 
Pick out a course of action for the producer to follow and 
spell it out: 

1. We're going to group all greasy pigs in one pen and 
inject them with Naxcel (1 cc per pig in neck) with a~ x 
20 gauge needle. 

2. We're going to spray the rest of pigs with Nalvosan at 
3-day intervals with 2 oz per gallon. Use two gallons of 
diluted material per nursery room. 

3. We're going to start clipping needle teeth on all litters 
at 1 day of age (then demonstrate the correct way). 

After you have at least satisfied the first concern of the 
producer, focus on his/her second concern and continue 
walking through the unit. 

When I'm through with the visit, I try to review my basic 
fmdings and possible solutions for improving production 
with all those involved. 

Check the records if they are available before and after 
the visit; before to look for the areas of concern and after 
for the things that may be of most financial advantage for 
the producer to focus on. 

After you have satisfied your client's immediate concerns, 
ask to walk through the other areas and evaluate all areas 
of environment, management, and nutrition for background 
information. Try to back your decisions with cost: benefits 
ratios. The first or second visit will be different from the 
lOth visit. 

Written report 
Try to leave a sheet with an action plan in writing. 

Follow up with a written letter and put in mail within 3 
days. This should not be over 1-2 pages long. I include: 
Recommendations. 

(1) 
(2) 
(3) 

*Expected results-Follow up reports expected. 
*Interruption-if expected results don't materialize when 

should producer report back. 
*Action plans-most important ones first. 
*Time date to be completed. 
*Financial implications. 
*Time of next visit. 

Put text into bulleted points like in USA Today for easy 
reading. This is the most difficult to learn-<:ondense and 
recondense. 
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Try to summarize an action plan of things to do in no more 
than 3 points and make them realistic and specific. Have 
producer agree or sign off on them. 

Example of three-point plan: 

1. A pressure regulator put in nursery line-Ziggety 
available from supplier X for $30.00. 

2. Pull slow growers into one sick pen and medicate 
with neomycin-1 Y2 pkgs. in 128 gallon of water 
for 5 days. 

3. Start weighing pigs into and out of nursery and re
cording on clip board sheet (scale is already in hall
way) or available from supplier X for $600.00. 

To be accomplished by November 1, 1994. 

If we get results as we would expect, nursery weights 
will improve 3 lb out-the-door resulting in a potential 
increase in $2.40 profit per pig at 5000 pigs per year. 
Total benefit $12,000.00. Approximate cost $1,000.00 
for a 12:1 return on investment. 

This shows you are not only earning your fees, but making 
the producer more profit. 

Who to copy 
• Everyone involved that it takes to get commitment. 
• Persons working directly with the area involved: man

ager and owner who has money "at risk." 

Do not overwhelm the producer with a 10 page letter-it 
will likely never be read. 

Other visuals 
• Slaughter checks-PigMON data base or similar com-

parisons. 
• Snouts on copy machine. 
• Pictures on disc for computer 

Detailed sheets on various diseases have been compiled 
and are available to be attached to letter. Others provided 
by Elanco, Oxford Labs, Pork Industry Handbook for 
detailed reading for those that might per chance read a 
10-page letter can be used. 

Follow-up and concern are extremely important. 
Conveying to the producer that you are as concerned as 
he or she is goes along way toward building relationships. 

Conclusions 
Veterinarians are key in health-control programs. 
Expanding communication skills and showing fmancial 
analysis and cost:benefit ratios for various decisions by 
spreadsheet programs solidifies veterinary-producer 
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Roy A. SChultz 

rel11tionships. This is true for large and small clients. 21. Are clean, sharp needles used for all injections? 
Veterinarians are unique in their ability to deliver these 22. Are vaccines and medicines stored properly to . 
types of services. If the veterinarian is not skilled in a maintain potency and avoid contamination? · 
certain field, s/he can _be the. team leader of a group 23. Are appropriate feed additives used at various 
including a nutritionist, agricultural engineer, marketing 
specialist, lender, and geneticist. Let's capitalize on these stages of production? 
services for the benefit of the swine industry and the 24. Are ail withdraWal times for feed additives, water, 
veterinary profession. When we do this effectively we go _ and injectable medications followed? · · 
from Swine Health Management Specialist to total Production:· 
production and fmancial consultants. Most clients accept Pounds of pork marketed per sow per year 
and appreciate this approach. Po nds f p k e sq f t 

Sample Swine Management Practice 
Checklist 

1. Are swine isolated from other livestock and from 
other producers' hogs? 

2.'Are periodic veterinary inspections made? 

3. Are periodic slaughter checks niade to detect 
disease? · 

4. Are pigs identified for age by ear notching date or 
week of birth? · 

u o or p r . oo 

Pigs market~d ·per female per year ___ ·_ 
Nonproductive sow days · · · 

Finishing period (Adjusted 40 to 240#} 

Average daily gain 

Average daily intake 

Feed: Gain 

Lean Gain per day 

Financial: 

Breeding costs per pig 

__ Feed costs per cwt pork 
5. Are dead pigs examined to find a cause of death?" T-otal cost of production · including· 
6. Are snouts; joints, and lungs examined for lesions? 

7. Is air quality satisfactory? 

8. Do pigs appear comfortable? 

9. Are pens clean and draft free? 

10. Are heat lamps, hovers, bedding, or 
supplemental heat available as needed? 

11. Are small groups of similarly-aged pigs kept 
together? 

12. Is all-in-all-out movement in the farrowing house, 
nurseries, and grower building practiced? 

13. Are slow growers sold or put in separate 
buildings away from other swine? 

14. Are,dust concentrations controlled by periodic 
cleaning? 

15. Are drafts in pig sleeping areas avoided? . 

16. Are respiratory problems diagnosed by a 
veterinarian? 

17. Do you·have_data on performance losses from 
respiratory disease? · · 

18. Do you have an evaluation of which diseases 
are causing losses? - - · ·· 

19. ·Do you have a written· plan of action to control 
respiratory disease-? 

20. Do you vaccinate pigs· according to 
manufaCturers' recommendations? 
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depreciation .. 

Total cost of production excluding 
depreciation 

Debt:Asset Ratio 
___ Return on assets (ROA} 

Return on investment (ROI} 

Return on equity (ROE} 
.. . - . . 

Internal rate of return (IRR} 

There are as many ways to provide service to hog units as 
there are veterinary conSultants. This is an example of · 
one method that I have found successful, and it continues 
to work well for me. 
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Walking through a pig farm: 
Numeracy in diagnostics 
Gary D. Dial 

I have worked over the years as both the primary 
production and health consultant for commercial farms as 
well as a veterinarian providing referral counsel to 
practicing veterinarians who provide the primary care for 
swine herds. During this time, I have observed several 
approaches used by veterinarians when conducting clinical 
visits to farms. Some veterinarians focus on the clinical 
management of problems that are identified by their clients, 
whether disease or production problems. Others attempt 
to identify and manage those suboptimal factors that appear 
to be having the greatest effect on the profitability of the 
farm, almost regardless of what the client is focused on. 
Some veterinarians use their senses and intuition to "read" 
the pigs and their environment, seemingly trying to sense 
variation from normal. Others focus on collecting 
diagnostic information prior to a more subjective 
examination of the pigs and its surroundings. 

While being sensitive to animal welfare, my natural 
inclination is to look at each pig farm as a manufacturing 
business that produces food protein in the form of pork. I 
am typically drawn to the challenge of trying to make the 
farm more profitable, often feeling at odds with my client's 
desire for me to examine something that may only have a 
marginal effect on profitability. I prefer to look at the farm's 
fmancial and biological information before making my 
walk-through, especially on those farms for which I am 
providing external consultation. I feel that a walk-through 
of those farms that I am going to see only once or am 
going to see only infrequently provides me with a snapshot 
in time that may not truly represent what is happening on 
the farm. After I have read the history of the farm through 
its records, I then attempt to uncover those things that are 
not revealed in the records and that support or relate to 
what I have seen in the records. On farms for which I 
provide primary care and that I visit routinely, record 
analysis becomes an even more important adjunct to using 
my senses and intuition in an examination of pigs, people, 
and the environment during a walk-through. Whenever I 
am dealing with a production problem, and less so for a 
health problem, I am usually lost without records. 

College of Veterinary Medicine, University of Minnesota, St. Paul, 
Minnesota 
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These are the steps I usually take when I visit a farm: 

• First, I try to understand the relative importance of the 
factors affecting the profitability of a farm. I subjectively 
compare a farm's biological performance and its financial 
data with standards that I have developed over the years. 

• Then, I use Figure 1 to identity what I subjectively feel 
seems to be affecting profitability. 

• Once I have prioritized performance indicators according 
to how I feel that they contribute to profitability, I then 
use one of the simulation programs to which I have access 
(such as BioFin®, a deterministic modeP) to confirm the 
ranking of performance indicators. 

• At this point, I will determine the relative ease and speed 
by which the producer can change the leading causes of 
reduced profitability. Using records or inputs obtained 
through other diagnostic tools or the observations made 
during my walk-through, I then try to identity the risk 
factors or contributing factors that can be changed to 
improve the performance variable. 

The second step that I routinely take on farms is to ensure 
that the farm's output is optimal. As shown below, 
optimizing a farm's output can be accomplished by 
ensuring that critical farm inputs are maximal (i.e., 
capacity) and that they are used productively (i.e., 
efficiency): 

Output = Capacity x Efficiency 

Output for the breeding herd is typically expressed in terms 
of the number of pigs weaned per unit time. For the 
finishing phase, output is commonly expressed in terms 
of the number of pigs or lb (kg) of pork marketed. Two 
ways of expressing output for the breeding herd are: 

No. Pigs Weaned per Year = Breeding Female 
Inventory x No. Pigs Weaned per Female per Year 

No. Pigs Weaned per Unit Time = No. Females 
Farrowing per Unit Time x No. Pigs Weaned per Litter 

Considering the first formula, I initially calculate a herd's 
ideal inventory. On farms for which the farrowing phase 
is limiting, the inventory size of a herd is based upon the 
number of farrowing crates, the utilization of farrowing 
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Ga. D.Dial 

PIGS WEANED/SOW/YEAR 

PIGS WEANED/LITTER 

GESTATION LENGTH 

LACTATION LENGTH 

TOT ALBORN 
NONPRODUCTIVE DAYS 

BORNDEAD 

Stillbirths 

Mummies 

% PREWEANING MORTALITY 

Figure 2. Interrelationship among the factors influencing the number of pigs weaned per inventoried 
female per year. 

crates (commonly called % farrowing capacity), the 
farrowing schedule (frequency at which groups of sows 
farrow), and the average number of nonproductive d.ays 
per inventoried female per year (NPD). The mathematl~al 
relationship among these variables in predicting breedmg 
female inventory has been described previously. 2 To ensure 
that inventory remains optimal over time, I also calculate 
gilt pool size and the group sizes of incoming replacement 
gilts. The size of the gilt pool is a fac~or of herd fem~le 
inventory, annual replacement rate ( cullmg rate+ mortality 
rate + growth or shrinkage of herd), number of d~ys 
between farrowing groups, average entry-to-servtce 
interval (including voluntary acclimation periods), and 
delivery interval of replacements coming into the farm. 
The algorithm integrating these variables in the calculation 
of gilt pool size has been previously reported. 3 I use a 
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deterministic model, called PigFlow®,4 to estimate ideal 
female and boar inventories. 

Once a herd's optimal breeding female inventory is 
detennined, I. then use a tool that we have developed for 
PigCHAMP® users to prioritize the relative importance, 
in terms of pigs lost due to suboptimal performance, of 
the factors contributing to pigs weaned per sow per year 
(PSY). This approach uses the PigCHAMP® databas.e as 
a reference and a statistical procedure, called standardtzed 
regression analysis, to compute the strength of the 
association between various diagnostic indicators 
(branches of the productivity tree) and PSY. 5 Specifically, 
the procedure determines the mathematical relationship 
between two or more variables (e.g., preweaning mortality, 
stillbirth rates, nonproductive days) affecting a common 
endpoint (e.g., PSY) and uses that relationship to predict 
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Walking through apigfarm: Numeracy in diagnostics 

No. Pi&s Born Alive! 
Litter 

Number ofPigl Weaned/ 
Unit Time 

% Preweaning 
M:ortal•ty 

No. Femaies Served/ 
UnltTime · 

· Frequency of Group 
Farrowing 

No. Farro,wing 
Spac~ 

Breeding Female 
Inventory 

Replacement 
Ra.te 

.. Farrowing 
·.Rate(%) 

Figure a. Interrelationship among the factors influencing the number of pigs weaned from a farm. 

howch~ges in one variable affect the endpoint yariable. 
In this manner, I can objectively detennine in tenns of 
lost pigs whether nonproductive days, percent preweaning 
mortality~ litter size, or some other component of PSY is 
having the greatest effect. 

observatitms suggest that a farrow .. to .. wearier farm's ca .. 
pacity may be a more important determinant ofthefarm's 
overall productivity than its sow efficiency. 

As I considering the second fonnula, I attempt to detennine 
how Closely the actual number of services per group 
matches targets that I have calcuhited. The number of 
services per group can be calculated from: 

A final step that I take to optimize a farm's ouiput is to 
"flow'' the farm as I attempt to identify physical bottlenecks 
to productivity. -It's intuitive that the efficient utilization 
of facilities is. vital for optimal herd profitability. When 
facilities areutilized optimally, fixed costs (e.g., facility 
construction costs; lons~term debt) and some variable costs 
(e.g~, labor, utilities)are amortized over themost pigs No. Services per Group = No. Farrowing Places per 

% Farrowing Rate x % Farrowing __ ._....;..._...;..... _____________ __, _____ ...;....._ 
. Capacity 

The relationship between the num .. 
her of services per group and the 
other factors affecting the number of 
pigs weaned from a farm is shown in 
Figure 2. Based uPQn my clinical and 
research observations, it appears that 
for nearly aU farms the. number of . 
farrowings per unit time (an interme.. · 
diary between riwnher of serVIces per · 
unit time and number of pigs weaned · 
per unit time) cOntributes more to a 
farrow .. tp .. weanerfarm's output than 
the number of pigs weaned per litter. 
Further, the number of fe~ales 
served per unit time contributes more 
to.the total number of pigs weaned 
from a farm than any other single 
factor at the same level. These 

Table 1. Guidelines for stocking densities for various weights of 
pigs 

ft2 per pig 

Totally Partially_ 
Stage of production . perforated fl~or perforated floor 

Boars 50 .. 64 50 .. 64. 

Dry SoWs 16 .. 24 2o.:ao 

Replacement Gilts . 12 .. 16 16 .. 20 

Nursery pi~s <20 lb 1.5 .. 2;0 N/A 

Nursery pigs <55 lb 2.5 .. 3.0 3.0 .. 3.5 

Grower Pigs <120 lb 4.5 .. 5.0 5.0~6.0 

Finisher Pigs <245 lb 7.0 .. 7.5 8.0-9.0 

Finisher Pigs <300 lb 8;0 .. 8.5 9;0 .. 9.5 
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possible and the maximal nuniber of pigs are produced 
from a farm. There are several specific steps that can be 
applied across most farms in order to optimize the 
production of pigs from a farm at the least cost. 

• Take an inventory of the· number of pens, gestation 
stalls, and farrowing crates and record the dimensions 
(length x width and total ft2) of each pen. Be sure to . 
subtract from the total space per pen the ft2 in each pen 
that is not available for the pig to walk or lie in (e.g., 
feeder space). 

• Determine the floor space allowances to be used for 
each age per weight of pig. 

• Calculate the optimal number of replacement gilts (both 
acclimating·and available for service), sows (both ac
tive and inactive), and boars. Breeding female inven
tory is dependent upon: the average number of nonpro
ductive days per female, farrowing schedule, and the 
number of sows to be farrowed in each group, and the 
farrowing rate. 

• Based upon the· farrowing schedule, number of sows 
farrowed in each group, number of pigs weaned per. 
sow farrowed, and post weaning mortality, calculate 
the "ideal" group sizes (i.e., number of pigs per group) 
of growing pigs. 

• Based upon desired stocking densities and pen sizes, 
determine the number of pigs per pen for each age of 
growing pigs and for each group ofbreeding females. 

• Based upon number of pigs being produced per group 
of sows, calculate the number of pens that must be uti
lized to house each group of growing pigs. 

• Determine if and how pens can be divided into sepa
rate rooms (or buildings) to facilitate aU-in-all-out use 
of rooms. This is especially important for nursery 
through finishing phases, but less important for the far
rowing phase. 

• Determine the "bottleneck" of productivity; that is, the 
stage of production that is most limiting in terms of 
number of pig spaces available to house each group. 
Try to flow facilities, as possible, to utilize existing 
rooms and pens as they are (without modification). 

• Investigate the financial feasibility, "reasonability," and 
methods for alleviating the physical bottleneck(s) to 
pig flow through facilities. 

In most cases, the desired objective is to carry as many 
breeding females in the herd as possible and to utilize 
the farrowing facility (the most expensive phase of pro
duction on a pig day basis) as efficiently as possible. 
In the United States, where markets exist for feeder 
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pigs and, in some locations, for weaned pigs, the prior
ity for space utilization is typically: 

farrowing > breeding per gestation > growing pig 

• As appropriate, flow facilities away from the bottle
neck and adjust farrowing schedules to optimize the 
number of pigs produced from the·farm (while mini
mizing cost of production). 

When the farrowing phase is the bottleneck, consider: 

-reducing average lactation length (thereby increasing 
litters per crate per year), 

-reducing farrowing crate downtime (e.g., prefarrow 
duration and crate cleanup times), 

-abandoning aU-in-all-out use of farrowing rooms, and 

-as a last resort, reducing breeding female inventory and 
number of farrowings per group so as to match with 
optimal utilization of farrowing facilities. 

When the breeding animal facilities are the bottleneck, 
consider: 

-increasing average lactation length (so as to maximize 
total-born litter size and improve farrowing facility 
utilization), 

-reducing NPD per inventoried female, 

-reducing the average entry-to-service interval for gilts 
and/or the weaning- and service-to-cull intervals for 
sows (e.g., off-site maturation of gilts; out-of-facility 
housing), 

-reducing boar inventory (and replacing natural matings 
with artificial insemination or housing sows where boar 
had been), or 

-building new breeding-gestation space. or remodeling 
farrowing or growing pig space so that it can be used 
to house breeding females. · 

When growing pig space is the bottleneck, conside.-: 

-selling either weaner or feeder pigs (depending upon 
whether the nur$ery or grow~fmish space is short), 

-modifying existing breeding stock space for use as grow
finish space (typically too costly) or build additional 
grow-finish space, or 

-pursue nursery or finishing contracts with other pro-
ducers. 

PigFiow® or a similar program also can be used to flow 
pig production through a swine facility to optimize farm 
output. 
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Pathogert~sis ofswine influenza 
Stan H. Done a.lld I. H. Brown, 

The clinical syndrome of influenza has been described in. 
humans sirice the time of Hippocrates (500 BCE). The 
name is from the Italian and refers to the influence of the 
stars and cold weather. Influenza can occurs as an 
epidemics or as a pandemic (i.e., the disease spreads 
throughout the world). 

A large epidemic was described in Europe in 1729-1730 
and this was thought to be responsible for up to 1000 deaths 
a month. Spanish flu occurred in 1819-1919, Asian flu in 
1957,HongKong flu in 1968 and Russian flu in 1977. In 
humans the disease consists of an abrupt onset of chills, 
fever, · myalsia, headache, cough, and occasionally sore 
throat and rhinorrhoea. In the very young and the old the 
disease is·more severe. 

Influenza A viruses infects a varietyofmammals, including 
humans, pigs,. minks, . seals, whales, horses, and birds. 
There are species-specific lineages of viral genes and the 
prevalence of interspecies transmission depends on the 

· animalspecies. Aquatic birds are the source of all influenza 
viruses in other species. 1 

Predominantly two subtypes of influenza A viruses, H 1 N 1 
and H3N2 have been isolated from pigs. Worldwide these 
include classical H1Nl, avian-like HlNl and H3N2 
viruses ofhui:nan and avian origin. They remain in the pig 
population and are a significant cause of respiratory 
disease, with classical HINI in the United States being 
the only H1N1 virus andthe most important influenza 
virus affecting pigs. (25% of animals have serological 
evidence. of infection2). 

Shope3 first demonstrated that the disease was a 
transmissible virus----,he transferred filtered nasal 
secretions from ·influenza pigs ·to··the anterior nares of 
healthy pigs. 

The influenza virus 
Swine influenza virus is an enveloped, negative-sense 

· RNA virus witha segmented genome consisting ofeight 
segments. ·The virus has a lipid envelope with a helical 
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nucleocapsid. The three highest molecular-weight (2.3, 
2.3, 2.2kb) segments of the genome encode the three 
polypeptides that form the RNA polymerase complex (P) 
which is responsible for the replication of the vrral genome. 
The fourth segment (1,8kb) encodes one of the major 
envelope glycoproteins, the haemagglutinin (HA), which 
is responsible for attachment of the virus to the host cell 
and for fusion of the viral envelope to the host-cell 
membrane. 

The ribonucleoproteinis encoded by the fifth segment 
( 1. 6kb ) .. This covers and protects the RNA genome and 
contains epitopes subdividing influenza viruses into types 
A, B, and C. The sixth segment (l.4kb) encodes the 
neuraminidase (NA) which is the second-envelope 
glycoprotein. This releases newly assembledvirus from 
the cell surface neuramic acid receptors. Segment 7 (lkb) . . 
encodes the matrix (M) protein, which· orchestrates· · 
assembly of the virus. Thefmal segment(0,9kb)encodes 
two nonstructural proteins (NS 1 and 2) that function in 
the control of viral assembly. Antibody responses. to HA 
and to a lesser extent NA are responsible for immunity to. 
infection. 

· An important property of influenza viruses is their ability 
to undergo change ... The influenza· genome· is highly 
mutable; it is estimated that the HA gene alters by 
approximately 0.4~0.5% per annunl(esulting in antigenic 
change of about 1.4% annually. This occurs because the 
viral RNA polymerase is nofcompletely specific in 
copying the genome and change is driven by pressure from· 
the host's immune system. This change is termed antigenic 
drift arid is responsible for ·the epidemics of disease 
affecting different sectors ofthe population each year. The 
major change, termed antigenic· shift, produces the· 
pandemics. This occurs when segments of the influenza 
genome recombine, during mixed infection with influenza 
A virusesperhaps, in pigs or birds. This results in the 
appearance of entirely new strains of influenza. The basis 

. of classification is the glycosylated surface protein 
haemagglutinin (H) with 14 distance sub-antigenic types 
of neuraminidase (N)with nirie sub antigenic types. 



Human influenza 
Periodically swine viruses are transmitted to humans,2,4,s 

occasionally causing fatalities when there is a predisposi
tion to infection. In most cases there is no secondary trans
mission and the virus therefore fails to spread. At least 
10% ofhumans.who work with pigs develop antibodies to 
swine influenza virus (SIV).6 In humans there is the 
phenomenon of sudden virus replacement and extinction, 
but this has not appeared to happen in the animal popula
tion. Pigs have been considered a logical intermediate for 
the reassortment of influenza viruses since they can serve 
as hosts for viruses from either birds or humans. 7 Recent 
studies in Italy have revealed that genetic reassortment is 
taking place between avian-like and human-like viruses 
in the European pig population,8 with unknown implica
tions for human health. The origin of some pruidemics in 
China is interesting, in that this is a part of the world in 

. which pigs, avians (particularly ducks), and humans live 
very closely together. Better separation may help to prevent 
the development of pandemics. There have been several 
major epidemics in humans since 1957, ·all of which 
occurred suddenly, originated in China, and were different 
from previously circulating influenza types. Theseviruses 

. have been confined to H,, H2, and H3 types. The most likely 
explanation for their appearance is that they originated 
from avian influenza viruses either after reassortment with 
the contemporary circulating human viruses or by direct 
transfer. 

Swine influenza viruses in 
North America 
Most of the swine influenza in North America is associ
ated with classical H1N 1 strains. Recently, a strain has 
been found that has been associated with a severe prolif
erative and necrotising pneumonia (PNP).9•10 This new 
strain has an haemaggl utinin antigenically and genetically 
distinguishable from that of the normal United StatesH,N, 
subtype:9·n 

The population of swine viruses in North America is 
relatively stable, 12 probably because there is little pressure 
on the viruses to change as there is always a large 
susceptible population. 

Swine influenza viruses in 
Europe 
In Europe;: first isolations of influenza viru~ were made 
from pigs in Great Britain (1941) and Czechoslovakia 
(1950) and the virus apparently disappeared until 1976, 
when classical H,N,viruses were isolated from epizootics 
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in Italy (United States-imported pigs). In 1979 avian H,N, 
viruses were isolated from pigs, becoming widespread and 
apparently more common than classical viruses. 13 In 
Europe, there are three groups of circulating influenza A 
VIruses: 

• classic H,N,; 
• H3N2; and 
• H1N1 (avian-like) viruses. 

In the early spring of 1982 a H1N 1 Wisconsin strain of 
swine influenza virus was introduced into Denmark, 
probably with pigs imported from America. This strain 
was. confined to the island of Zealand for 18-24 months, 
then spread to Jutland and became the predominant strain 
in Denmark. 

Swine influenza viruses in 
the United Kingdom 
The first recent serological confirmation of the presence 
of swine influenza in the United Kingdom came from a 
fattening herd in Suffolk in late September 1985. Signs of 
illness were first noticed 4 days after the arrival of a group 
of pigs from Bury St. Edmund's market. About 25% of 
the morning feed was left uneaten. By the following 
morning, feed consumption was down to 15%. The pigs 
were quiet, many were sneezing, and some were coughing. 
Several had a mucoid nasal discharge. Respiratory rates 
were elevated. Temperatures ranged from 40.5-42.2°C. 
Most pigs appeared completely indifferent to strangers 
pushing past them. Food consumption started to rise 48 
hours after clinical signs commenced and was approaching 
normal within 1 week, at which stage there was a very 
noticeable wet cough. A proportion of pigs were affected 
by scour, profuse in some cases, starting about the fourth 
day of illness. 

A similar syndrome was seen in other affected herds. 
Mortality was negligible. In the few pigs available for 
postmortem exrunination the predominant lesions have 
been pneumonic, pulmonary congestion and oedema, 
patchy congestion of the lungs, copious muco-purulent 
respiratory exudate, pleurisy, and copious pleural effilsion. 

A strain of swine influenza identical to the Danish strain 
was isolated in March/ April 1986 from gilts on a testing 
station in Humberside. 14 This was thought to be a 
recurrence of a syndrome that had affected the herd 
intermittently since February 1983 but earlier serological 
and virological tests had given negative results for swine 
influenza. It seems more likely thatthe April1986 outbreak 
was a new infection introduced by a batch of live pigs 
imported into the unit from Denmark in December 1985. 
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Import records show that live pigs were imported from 
Denmark into the United Kingdom in small consignments 
during 1985 in May (Suffolk), August (N. Ireland), 
October (Lincolnshire, N. Yorkshire), and Humberside 
(December). There were no imports of live pigs from any 
country during 1983 and 1984 and only a single 
importation from Norway in 1982. · 

In 198 7, an H3N2 influenza virus serologically very closely 
related to isolates found in Europe since the early 1980's, 
was isolated from United Kingdom pigs. IS The virus was 
most closely related to the Human A/Port Chalmers/1/73 
strain, but not to the more recent human H3N2 strains~ These 
viruses continue to circulate, frequently being associated 
with epizootics of respiratory disease in pigs .. 

In the United Kingdom, classical H1N 1 viruses have 
circulated since 1986 (20o/o-25% seroprevalence) but 
recent serosurveillance studies suggested that the avian
like viruses were absent until 1992. However, in 1992 
another potential antigenic variant ofH1N 1 viruses was 
associated with a large number of respiratory epizootics. 
This strain can be differentiated from other H1N1 viruses 
using monoclonal antibodies to the haemagglutinin. This 
virus is probably also present on the mainland of Europe, 
and is of avian origin, being most closely related to btit 
distinguishable from European viruses. 16 The condition 
associated with this new variation appears to be more 
severe than that seen in the H 1N 1 outbreaks that have 
occurred throughout England over the last year or so and 
shows a significant level of mortality. 

Recent evidence shows that novel reassortant influenza A 
viruses are circulating in pigs. An H1N7 influenza A virus 
isolated from pigs in England contained haemagglutinin 
most closely related to that of a human H1N 1 virus, and a 
neuraminidase most closely rei a ted to that of an· equine 
H,N7• Furthermore both of these viruses havebeen absent 
from their normal hosts for at least 10 years. 17 An H3N 1 

virus also isolated from pigs in England appears to be an 
reassortant virus of swine H 1N 1 and H3N2 viruses. 

Typical outbreak 

Clinical signs 
There is usually a sudden onset of the disease in the late 
fall or early winter with high morbidity and low mortality. 
Clinical signs usually include a barking cough and recovery 
is uneventful unless there is secondary infection, which in 
our experience is usually within 7 days. It used to be 
seasonal but with the recent change in nature of respiratory 
syndromes in late nursery or early grower pigs, the virus 
is isolated more frequently. 
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Most animals in the herd are affected at the same time and 
exhibit anorexia, inactivity, prostration, huddling, and 
complete lethargy. Often, they exhibit open-mouthed, 
labored, abdominal breathing. Movements will be 
accompanied by severe coughing. Fever is usually in the 
region of 40.5-41.7°C. There may also be loss ofweight, 
weakness, conjunctivitis, rhinitis, and· sneezing. 

Itis not uncommon for people to report reproductive, 
f11rrowing, and neonatal problems and in the United 
KingdomfollowingPRRSand H1N1 variant 195852 there 
are more. reports. of this type of problem. They may be 
real or imagined. 

Gross lesions 
The lungs have the similar plum-colored consolidation of 
enzootic-pneumonia-affected lungs.·· Again it is crania
ventral. It may be sharply demonstrated from normal lung. 
The lungs are wet, heavy, plum-colored, and may be 
complicated by secondary infections or eyen pleurisy. In 
PNP9•10 the limg is consolidated and lesions may be gray 
or plum-colored, rubbery to the touch, and often there is a 
generalized lymphadenopathy. The airways may also be 
full of blood-tinged, fibrinous exudate or full of frothy 
exudate. 

Microscopic lesions 
There is a wide variety .of microscopic lesions seen in field 
cases. They include an uncomplicated interstitial 
pneumonia, which is what we have seen with the 
occurrence of H1N1and H3N2 viruses in the 1980s, but 
with recent strain variation we have seen a much more 
severe necrotising bronchioitis and bronchitis with pools 
of necrotic debris, flooding of alveoli with proteinaceous 
fluid and mixed inflammatory cells, some degree of 
lymphoreticular cuffing, and then a mononuclearinterstitial 
pneumonia. 

The recently identified antigenic variant of H1N 1 from 
Canada produces a severe PNP in neonatal and growing 
pigs,9•10 In this condition, the microscopic lesions consist 
of necrosis of terminal bronchioles, alveolar .exudation, 
type-11 pnewnonocyte proliferation, interstitial infiltration 
with mononuclear cells, and proteinaceous material in 
alveolar lumenis. 

Pathogenesis 
The pigs maintain the virus by passing the virus to the 
young susceptible animal that is not protected by long
lasting maternal antibody The virus is probably constantly 
circulating as there is nothing to confirm the existence of 
a long-term true-carrier state. 
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· The Virus is inhaled arid deposited on the surface of the 
lower respiratory tract.. Within 2 hours ofexperlmeittal 
infection_ the virus can be detected in tHe bronchial 
epithelial_cells18 using fluor:escent ·antibody tecluiiques. 
This extends. rapidly over the period up to n hOurs and -
then rapidly disappears by day 9. Fluorescent staining only 
occurred briefly in the trachea, particularly aroi.md 49 
hours post infection. · 

Diagnosis 
-Diagnosis can be based on clinical signs, virus isolation, 
histopathological confirmation of lesions, and paired 
serology. 

Direct fluorescent antibody (DFA) examination of frozen 
lung sections is a reliable method of antigen detection in 
the early stages but not recommended for later infection. 

· In many cases where the histological lesions suggest SN 
infection the DFA is negative. - · 

It is not difficult to isolate virus from lung and/or nasal 
swabs (nasal mucus is best) if precollected in the acute 
stage of disease (keep samples moist arid cool). It can be _ 

- isolated readily in embryonated fowl's eggs but also using 
tissue culture methods. The new PNP variant can be 
isolated from the lung by inoculation of embryonated hens 
eggs MDCK cells.9 Haemagglutinating agents from egg 
fluids are examined in gel immunodiffusion tests, 
haemagglutination, and neuraminidase inhibition tests to 
identify type and subtype of an influenza virus isolated. 
Paired serology using acute and convalescent sera is an 
excellent tool to diagnose both forms of SIV (enzootic or 
epizootic type). 

In the newly weaned pig, diagnosis is sometimes inore 
difficult. In these pigs the maternal antibody-may still be 
present but the pigs may also be infected: The maternal' 
antibody can inhibit active ariti~ody production to the virus. -
19--24 

The differential diagnosis is all other forins of respiratory 
disease so a detailed clinical history. is essential. Gross 

_ lesions will- often differentiate SIV infections from _ 
. Actinobaccillus pleuropneumoniae (APA) and from 

serofibrinotis/pleurisy conditions involving Streptococcus 
suis, Haemophilus parasuis, or even Mycoplasma 
hyosynoviae. . -

. . . . . 

Bacterial and virus isolation from fresh Samples is 
obviously the best diagnostic method but if this is 
inconclusive then histopathological diagnosis may help. 
An uncomplicated simple interstitial pneumonia may be 
caused by swine influenza viruses of various types (H;N,, 
H3N2, H1N 1 variant UK 195852, or PNP) but also by 
PRCV, salmonella, or even paramyxovirus, 2S 
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More often than not' the pneumonia is complicated by 
airivay lesions.- Airways (bronchi and bronchioles) are 
·always affected· in swine irifluenza cases associated with 
the UK variantl95852: -
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Influenza virus 
Russ Bey 

The influenza virus qonsists of eight distinct RNA 
fragments surrounded· by an inner layer of matrix protein 
and an outer lipidlayer.Then:: at~ two types ofprojections 
(spikes), hemagglutinin{H) ·and neuraminidase, (N) spikes, 
that are embedded in the lipid layer. 1 Both· are highly 
antigenic.2 The H spikes allow the virus td recognize arid 
attach to body celis before infecting them. Antibodies are 
primarily· directed against this·· structure.· The H ·antigen 
binds to and cimses the agglutination (hemagglutination). 
of red blood cells; This reaction is important in some 
serologic. reactions. 

Neuraminida,Se spikes help the virus exit the illfecte~ cell. 
Antibodies against this structure are less effective in the 
body's resistance to the disease than those produced in 
response to H antigens. 

Based on their internal nucleocapsid protein and matrix 
protein antigens, influenza viruses are divided into three 
distinct immunologic types: A, B, and C: The antigens of 
each type are uniqueand do not cross-react with each other; 
The nucleocapsid protein is expressed on the surface of 
infected cells and is a major target of cell~mediated 
immunity. · · · · · 

Immunologic variants of infll!enza types A and B are 
distinguished by their antigenic differences in 
hemagglutinin (H) and neuraminidase (N).·These two 
proteins vary independently of each other. Variations that 
occur are assjgned numbers (Hl, H2, H3, Nl, N2, N3; 
etc.) .. Each number change reprc::sents · a substantial 
alteration in protein make up. Over the past several 
decades, the variati.on (antigenic shift-subtype change-:-:. 
i.e., HlNl to H2N2) has been almo.st nonexistent within. 
the swine population, although influenza A viruses are 
ubiquitous· in nature.3 However, minor aiuigen· change, 
called antigenic drift, may .. occur within a group. ·The 
specific influenza subtypes that infect pigs are 
predominantlythe HlNlor H3N2.· · 

Influe11za virus subtype HIN I is pri111arily responsible for 
causing disease in pigs in the United States and Canada. 4 · 

This subtype. was first isolated in the United .States in 19~0 

Department of Veterinary PathoBiology, University of Minnesota 
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·.and has continued to circUlate relatively unchanged within 
the swine population? In Europe and the Asian countries, 
the H3N2 subtype is the primary etiologic agent. . . · 

A diagnosis of swi11~ influenza is generally 111ade from 
clinical ~igns and course of the disease. However, 
laboratory tests are necessary.( or a defmitive diagnosis .. · 
The.most reliable and definitive diagnosis relies on ·•· 
recovering and·identifYing the·virus.from.sic~ animals. 

Serologic testing can aid in diagnosing this infection. The 
most common tests are .the hemagglutination inhibition 
(HI) and the enzyme-linked immunosorbent assay 
(ELISA). Using the conventional Hltest, antibodies are 
dete.cted approximately 2 weeks after the first 
·manifestations of clinical disease.· However, ELISA-based 
assays can detect antibody as early as 3-4 days following 
virus expostire: 

Time ofoccurrence 
Swine influenza appears each autumn in the midwestern 
United States. The outbreaks appear to coincide with the 
onset of fluctuating temperatures. However, disease and 
infection are present throughout the year, Acute disease 
has been reported during the suriuner months. 5 Swine 
influenza virus has been recovered from pigs with 
respiratory disease without the:: typical signs o:finfluellZa 
arid fromanimals with no s'iglis ofdisease.6 · 

' . ! . . ' . 

There. has been 'substantial speculation about how the 
carrier state allows the virus to survive within a defined· 

·population. Several investigators have observed _a 
persistent carrier state. We detected virus in nasal swab 
samples for at least 21 days following. experimental 
infection; Others have detected virus up to 29 days 
following experimental infection.7 Animals that shed virus· 
within the herd and the widespread occurrence of swine 
influenza in the United States, and other parts of the world 
throughout the year support the probability that the virus· 
is constantly circulating with m the herd. 
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Public health aspects 
Humans may become infected with swhte influenza 
viruses, as at Fort Dix in 19768 or Wisconsin in 19766 or 
19889 where isolated single cases of swine influenza HlNl 
infection of humans resulted in deaths. People in both 
instances were in close contact with pigs. At least one 
additional documented case has occurred in the United 
States since 1988. However, there are probably more cases 
than reported as persons working with swine often possess 
antibodies agailtst the swine influenza virus. 10 

Serologic evidence of 
influenza virus exposure 
Ail extensive serologic and virologic study was conducted 
in 1977,6 the results of which showed that HlNl was 
prevalent throughout the swine population of the United 
States, particularly in the northern states. Influenza subtype 
H3N2 antibodies were present at a low level. H 1 N 1 virus 
was isolated from 6% of the virus isolates obtained. 
Twenty-one percent of the animals .from which virus was 
isolated had HI antibody titers~ 40. This study reported 
that virus was present throughout the year. However, the 
virus was isolated more frequently in the northern states. 
Peak virus activity occurred during the months of October 
through December. This serologic survey over 14 months 
reported that 20%-4 7% of swine from the northern states 
and 3%-15% of swine from the southern states had HI 
titers >40 to subtype H1Nl. Most of the swine sera tested 
had low antibody titers to the subtype H3N2. 
Approximately 23% of the serum samples tested had 
detectable levels of antibody in this survey. 

In1991, results of a serologic survey of swine ranging in 
ages from 6 months to' 3 years was published. 11 In this 
study, generally no niore than two samples were screened 
from the same herd. Approximately 30% of the animals 
tested had HI titers of 40 or greater. The northern states 
(Indiana, Iowa, Michigan, Minnesota, Nebraska, North 
and South Dakota, and Wisconsin) had an average 
incidence of 51% of the animals with Hltiters of> 40. A 
band of.mid-central states (Kansas, Missouri, and 
Colorado) had an incidence of33%. Southern states had 
the lowest number of positive serum samples with 13% 
having a HI titer ~40. In this survey, 30% of the serum 
samples evaluated had detectable levels of antibody to the 
Hl subtype of influenza virus. These results suggested a 
slight increase in H 1 influenza virus exposure since 1977. 
As in the previous survey, the incidence of anti-H3 
antibody is very low at 1.1 %. 

In 1992, we obtained serum samples (10-40 per farm) 
from ·16 farms, chosen from a larger group that were being 
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surveyed for pseudorabies virus exposure.12 These serum 
samples were evaluated for the presence of antibodies to 
influenza virus subtype H1N1 and H3N2. Individual serum 
antibody titers were categorized within specified ranges. 
Using a cutoff HI titer of 41, 31.3% of the tested sera was 
positive for H1N1 and 7.4% was positive for H3N2. In 
our study, 87% of the farms tested had animals with an HI 
titer ~40. If a farm tested positive, at least 40% of the 
animals' sera was positive. Sixteen percent of the animals 
tested had HI titers > 100. Of the pigs sera that tested 
positive (Hl titer ~40) for H3N2 subtype 1% had titers> 
100. This suggests that H3 subtype is present in swine in 
the United States but is circulating at a level much lower 
than that ofHINl. 

Recent trends 
Sixty-eight percent of serum samples subm.itted to the 
University of Minnesota College ofVeterinary Medicine 
for swine influenza virus antibody determination were 
received during· the first and fourth quarters of the year. 
Of the samples submitted, 40.6% were negative, 27.5% 
had HI titers ranging from 1:10-20, and 31.9% had titers 
of~ 40. Of those animals having HI titers of~40, 16.8% 
had titers ~· 80. 

Swine influenza outbreak 
The magnitude and duration of a typical swine influenza 
outbreak were monitored over 7 months by random 
sampling of30-40 pigs at 2-monthintervals. The onset of 
clinical disease was determined as two of 30 pigs having 
titers of~60. Herd mean HI titer peaked 1 month after the 
initial serologic indication that an outbreak was in 
progress. The titers had decreased substantially after the 
third month, continuing to decline throughout the rem.aining 
7 months. H1N1 virus was isolated during this time. In 
the sows, reduced conception rates were also observed 
during this time. The decreased conception condition 
persisted well after initial clinical signs of the disease 
ceased. The association between influenza A infection and 
increase in late-term abortion, conception failure, and 
stillbirths has been documented. 13 

Passively acquired antibody to swine influenza A virus 
subtype H 1 N 1 was detected in all of six young pigs tested 
from a farm where a disease outbreak was observed 3 
months earlier. Blood serum samples were analyzed at 
2,4, and 10 weeks of age. All pigs had HI titers of> 320 
at 2 weeks of age. By 10 weeks of age the titers had 
declined dramatically in all but one animal. In one animal 
the titer remained elevated at this time. This seems to 
correlate well with previous reports. 
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Conclusion 
The incidence of swine influenza within the swine 
population has remained relatively constant for the last 5 
years. Thirty percent of all animals have been exposed to 
the virus as they have antibody titers of2: 40. It is difficult 
to estimate how much money this has cost swine producers. 
From the limited studies we have conducted, weight losses 
ranged from 5-12lb over a 3- to4-weekperiod. We don't 
know whether this resulted in increased time to market. 
However, influenza virus has been associated with reduced 
fertility; and we know that r~duced fertility rates. do cost 
the producer substantial amounts of money. · 
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Clinical perspectives on. 
swine 'influenza 
Chris Chase, DVM, PhD and R.D. Lockwood, DVM 

Swine influenza (SI, swme flu) is .a highly contagious acute 
respiratory disease of swine.1 The disease was first seen 
in swine in the United States following the 1918 human 
flu pandemic. . .· · · .·· · · 

Clinical signs and lesions 
Swine irifluenza is a herd disease that most frequently 
effects pigs in the · riursery through the finisher ?-3 Swine 
influenza has been classically de~cribed as a seasonal 
disease that occurS in the autumn, winter, and early spring. 
Swine influenza data from the South Dakota State 
University (SDSU) Diagnostic Laboratory from 1984-
1994 indicates that although the majoritY of cases occur 
from October-March, a significant percentage occur during 
late spring and summer (Table 1).4 Prior to confinement 
operations, outbreaks ofSI would sweep through adjacent 
and neighboring farms. The SI virus is spread via aerosol 
droplets from pig to pig. The incubation period is 1-3 days. 
There is a sudden onset of signs that includes anorexia, 
lethargy, barking cough, recumbent pigs, and open- · 
mouthed labored breathing. Body temperature is 42.2°C 
(1 06° F) or greater. The signs continue for 5-1 days after 
which there is a remarkably fast recovery. Morbidity rate 

. will approach 100%. Mortality rate in uncomplicated cases 
is usually less than 1%. Swine influenza has become 
endemic in seine herds and occurs throughout the year. 
Clinical signs of endemic SI often persist for a longer time 
(1 0-12 days). A post-farrowing syndrome in animals with 
elevated SIV titers has clinical signs that include 
moderately elevated bodytemperatures, anorexia, 
decreased water consumption, agalactia, and labored 
breathing. Vaccination has been of value with this 

· syndrome. 

Mucosa of the upper respiratory tract, trachea, and large 
bronchi is hyperemic and covered with mucous. The small 
airWays are completely filled with dry exudate similar to 
porcine respiratory and reproductive syndrome (PRRS) 
pneumonia. There is a sharp line of demarcation between 

CC: Department of Veterinary Science, South Dakota State 
University, Brookings; SD and Flandreau Veterinary Clinic, 
Flandreau, SD; RDL: Viborg Veterinary Clinic, Viborg, SD. 
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Table 1. Seasonal vanation of SWine influenza 
cases diagnosed at SDSU (1984-1993) 

Total 
Year cases Oct~Mar Apr-Sept 
1984 3 . 1 (33%) 2 (67%) 
1985 18 11 (61%) . 7 (39%) 
1986 1.8 9 (50%) 9 (50%) 
1987* 42 25 (59%) . 17 (41%) . 
1988 81 40 (49%) 4.1 (51%) 
1989. 62 40 (64%). 22 (36%). 
1990 70 48 (68%) 22 (32%). 

. 1991 51 40 (78%) 11 (22%). 
1992 79 61 (77%) . 18 (23%) 
1993 52 39 (75%) 3 (25%) 

*FA test for SIV was implemented at SDSU 

normal and pneumonic lung. Secondary bacterial infection 
can result in bronchial pneumonia and high fatality rates .. 
Another sequelae of SI is abortion 2-3 weeks following 
the initial outbreak that can effect 5o/o--1 0% of the herd. 
Swine influenza can also dramatically decrease the 
conception rate of animals infected at breeding. 

Treatment 
Nursing care that provides comfortable dr~;.free areas 
and decreases animal movement is essential to .minimize 
stress3 and secondary infections. Expectorants have been 
used as a herd treatment. Antimicrobial agents ate used to 
control secondary bacterial infections. Water antibiotic 
medication appears to have little therapeutic value. 
Individual parenteral injections. of clinically infected 
animals is more effective. 
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Public bealtb 
SWine influenza vil:us irifeets ;htllllans ancl.~a~ resulted in . 
two ~onfirined deaths in ~e last 6 years.' Because this ·. 

. virus circulates between hogs, hunu1rui~ and birds, genetic 

. changes frequently can occur resUlting in new Virulent 
strains; Care should be taken by immunosuppressed people 
(pregnant womeri, organ recipients, cancer patients, etc.) 
in working in facilities with an active SI outbreak. · 
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Swine influenza vaccine efficacy 

Jeny Umbaugh, Russell Bey, Randy Simonson, Scott Lang, Mruy Larson 

Swine influenza (SI) is a highly contagious, acute, febrile 
disea~e with high morbidity rates reaching 100% and 
mortality rates of at least 4%. Clinical disease is marked 
by sudden onset, fever, anorexia, paroxysmal cough, 
inappetence resulting in reduced weight gain 
(approximately 10 lb per pig), and prostration. Infected 
pregnant sows have late-term abortions with high mortality 
rates in suckling pigs. This disease shows some seasonality 
with the highest frequency in the fall and early winter but 
can occur at any time of the year. Serologic surveys indicate 
that swine in the North Central states have a 51% incidence 
of infection. 2 Any new animals introduced on a farm where 
flu is present will become infected as the virus circulates 
through the herd in subclinical form throughout the year. 

In the United States, influenza A virus has been associated 
with seasonal respiratory disease in swine since 1918 and 
was first isolated in 1930.1 This virus infection has 
continued to circulate through swine herds posing the 
possibility of acute respiratory disease and an increased 
incidence oflower respiratory tract infections resulting in 
increased cost to hog producers. Sudden changes in 
temperature or other environmental parameters can trigger 
overt clinical disease. Influenza may act as a predisposing 
factor for secondary bacterial or viral infectious agents 
and has been associated with necrotizing pneumonia. 

In the United States, the HlNl subtype predominates. 
Currently, H3N2 virus infections do not appear to be 
prevalent in swine populations, as less than 5% of the swine 
surveyed have serologic evidence of exposure. Since the 
subtype associated with swine flu has not changed in over 
30 years, it would seem that the possibilities of a 
prophylactic agent being successful would be very good. 

This study was designed to demonstrate efficacy of an 
inactivated, adjuvanted vaccine for use in swine as an aid 
to protect against disease associated with swine influenza 
virus. 

ru, RS: Oxford Veterinary Laboratories, Worthington, MN; RB, 
SL, MI..: Department of Veterinary Pathobiology, University of 
Minnesota, St. Paul, MN 
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Experimental design 
Seventy 3-week-old pigs were purchased from a herd 
which was SIV negative and had never had a history of 
SIV infection. Animals were placed in isolation and fed 
18% protein, antibiotic-free feed. Pigs were randomly 
assigned to one of four groups, 316-12, 316-13,316-14 
arid 316-15. Temperatures were taken at the time of 
vaccination and for 5 consecutive days following 
vaccination. ' 

i 

Blood serum was collected at time 0 (first vaccination) 
and at the second vaccination and upon termination of the 
experiment. 

Antibody titers were determined by ELISA.3 Nasal swab 
samples were taken for virus shedding on day of challenge 
and 2, 4, 6, and 9 days following challenge. Antigen 
capture ELISA was used to determine virus shedding. 4 

Results 
All animals seroconverted after the first immunization and 
anamnestic response occurred after the second. All control 
animals remained seronegative until after challenge with 
an infectious SIV isolate. 

Vtrus was shed from 10 of 11 control animals 2 days after 
challenge (see Table 1). As vaccination dose decreased, 
virus shedding increased. 

Temperature rises were noted in the control group but not 
the vaccinated animals. Clinical signs, notably coughing, 
were noticeably greater in the control animals. 

All pigs were necropsied 9 days post challenge. Lungs 
were removed· and visually examined for the presence of 
lesions (Table 2). Generally, the cardiac lobe was involved 
if only gross morphological changes occurred. 

r 

Most of the control animals' lungs had lesiooi. Varying 
numbers of vaccinated animals had lesions. As the dosage 
of vaccine decreased, the number of animals with lung 
lesions increased dramatically. 
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Table 1. Virus shedding 

Virus Shedding/Total Pigs Per Group 
Group Number: 316-15 316-14 316-13 316-12 

Day of Challenge 0/11 -- 0/16 0/17 0/17 
2nd Day Post Challenge 1 0/11 0/16 0/17 2/17 
4th Day Post Challenge · 10/11 1/16 · 4/17 4/17 
6th Day Post Challenge 5/11 1/16 3/17 2/17 
9th Day Post Challenge an 1 0/16 0/17 0/17 
Total% Virus Shedding Score* 64 3 10 12 

• 0, V.. 8· h dd' S . Total number of pigs shedding virus for 2nd, 4th, 6th, 9th days (per group) 100 
10 1rus e mg core = · . . . . x 

- Total number pigs per group (2nd, 4th, 6th; and 9th days additive). 

Table 2. Lungs with lesions 

Group 
Number 
316-15 
316-12 
316-13 
316-14 

Lungs with 
Lesions/Total 

Pigs Per Group 
10/11 (91%) 
.7/17 (41%) 
2/17 (12%) 
2/16 (13%) 

Weight Gain 
(Lb./Group) . 

15.4 
13.7 . 
17~1 
16.6 
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Animals were weighed at the beginning of the experiment 
and at the end. No difference in weight gain was noted 
when examining average weight gain/loss (Table 2). 
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Field experiences with 
MaxiVac™-FLU 
Rick L. Sib bel, DVM; Janet K. McMillen, PhD; and G. B. Brown, DVM 

Swine influenza virus (SIV) has been prevalent in the 
United States swinepopulation for many years. The lung 
pathology associated with SIV infections and serologic 
surveys of swine herds confirm the contribution of swine 
influenza to respiratory disease problems in United States 
swine herds. 1•2 European swine management practices, 
which include SIV vaccination, indicate the benefits of 
including swine influenza vaccines in herd health 
programs. 3 These observations prompted the development 
of a swine influenza vaccine for use in United States herds. 

In October 1993, Syntro Vet Incorporated introduced the· 
first United States licensed SIV vaccine, MaxiVac™-FLU. 
Data demonstrating the safety and efficacy of the vaccine 
have been published. 4 Practitioners have reported 
beneficial effects following the field use of MaxiVac™
FLU.s This report describes results following the use of 
MaxiVac™-FLU in nursery and finishing pigs. 

Results 
A group of susceptible, weaned pigs were vaccinated with 
MaxiVac™-FLU at 5 and 8 weeks of age. Following 
challenge exposure to virulent SIVwhen the pigs were 4 
months old, evaluations were made on the presence ofSIV 
challenge virus in nasal secretions and in lung tissue, and 
the percent of diseased lung tissue. These findings were 
compared with observations made on an age-matched 
group of nonvaccinated pigs challenged at the same time. 
At necropSoy ( 5 days post-challenge), 60% of controls were 
shedding virus in nasal secretions compared to 30% of 
vaccinated pigs. Virus was recovered from the lung tissue 
of all control pigs, but only 3 0% of the vaccinated pigs 
had recoverable virus in the lungs. The percent diseased 
lung averaged 15% in nonvaccinated pigs, and only 4% 
in vaccinated pigs. 

Vaccination of pigs prior to entering the finishing barns is 
optimum for many commercial swine operations. A study 
was undertaken in a large, commercial swine operation to 
evaluate the post-vaccination antibody responses. 
Approximately 2000 pigs, 5 to 6 weeks of age, were given 

Syntro Vet Incorporated, Lenexa, KS 
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two doses ofMaxiVac™-FLU, 3 weeks apart. Geometric 
mean HI antibody titers of serum samples collected from 
approximately 2% of the pigs at the time of the first 
vaccination and 6 weeks after the second vaccination were 
< 1: 10 and 1:65, respectively. In another study, 
approximately 5 00 weaned pigs, 16 days to 8 weeks· of 
age, were vaccinated with two doses ofMaxiVac™-FLU, 
3 weeks apart. Approximately 10% of the vaccinated pigs 
were bled on the day of the first vaccination and 2 weeks 
following the second vaccination. The geometric mean HI 
titers of these blood samples were <1:10 arid 1:165, 
respectively. 

Discussion 
Vaccination of susceptible pigs at weaning with two doses 
of MaxiVac™-FLU provides durable immunity through 
at least 4 months of age. The data presented also support 
previous reports that vaccinated animals exposed to swine 
influenza virus have markedly reduced nasal virus 
shedding, virus infection in the lung tissue, and lung 
pathology when compared to unvaccinated controls. In 
commercial settings, vaccination with two doses of 
MaxiVac ™-FLU beginning at weaning or prior to entering 
the finishing building provides mean protective antibody 
titers of 1:40 or greater. 

MaxiVac™-FLU has been used in numerous commercial 
operations since its introduction to the market. Based on 
experimental data developed by SyntroVet and field 
observations, ·the following infom1ation is available 
regarding.use of the vaccine in commercial operations: 

• protective maternal antibodies persist through about 6 
weeks of age;4 

• the parity average of the herd influences the maternal 
antibody levels passed on to piglets; outsourced, high
health-status females brought in to a herd result in off
spring susceptible to SIV at an earlier age; 

• as with many other infectious diseases, prophylactic 
vaccination has measurable economic benefits. Cur
rently, carefully designed field studies are underway to 
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document the financial benefits of MaxiVac™-FLU 
vaccination. 
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The true cost of producing pork: 
Accounting for differences among 
farms · ·. · · . 

William E. Marsh, Doris E: Mold, and Gary D. Dial 
Most pork· producers will agree that their primary 
motivation for raising hogs is to make money. Therefore, 
it would seem sensible to base business decisions on dollar 
profits rather than on measures of physical productivity. 
In times when pork prices are high and feed costs are low, 
increasing the numbers of pigs weaned per mated female 
per year or lb of pigmeat marketed per square foot of 
finishing floor space are generally consistent with 
increasing profitability. However, the pork industry is 
becoming increasingly competitive, with feeder pig and 
market hog prices remaining relatively flat or tending to 
decline as nonfeed input costs rise with inflation. As pork 
production becomes more efficient and as profit margins 
become tighter, producers need appropriate and timely 
information on which to base management decisions. 

Although St. Paul cash hog prices have peaked briefly 
above $60 per cwt on four occasions during the past 15 
years, the average price paid for market hogs during the 
period 1979-1993 was $47.36. 1 Data from the June 1994 
Hogs and Pigs Report2 indicates that current farrowing 
plans will increase second quarter 1995 pork supplies by 
5%-6% and push prices toward the mid $30s. 3 Whether 
prices fall as quickly as that forecast suggest remains to 
be seen. However, given the recent history of non
agricultural investment in pork productibn, and the 
continued expansion of large-scale pork. production 
operations, economic supply-and-demand thepry suggests 
that in the future, producers are likely to be receiving $10 
per cwt less than the $47.36 received during the 1979-93 
period. 

Due to the lack of standardization of farm financial 
accounting procedures, reliable statistics on the cost of 
production for midwest pork producers are scarce. 

. However, as the estimated cost of producing a 250-lb 
market hog from a database of highly productive farms4 

was close to $100 ($39.89 per cwt) in 1990, it is likely 
that cost of producing 100 lb of pork on many midwest 
farms currently exceeds the average price expected to be 
received during the next decade. 

Department of Clinical & Population Sciences, University of 
Minnesota, St. Paul. 
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As measures of physical productivity are not perfectly 
correlated with profitability, striving to maximize 
biological numbers without a sound understanding of the 
underlying cost structure may drive a profitable farm to a 
situation where the average cost of production exceeds 
the average price received for market hogs. While farmers 
are willing to 'weather the storm' for short periods, they 
cannot continue to operate at a loss indefinitely without 
eroding their equity. For example, a significant improve
ment in the number of pigs weaned per mated female per 
year is generally desirable. However, if the farm is already 
highly productive, and the additional productivity is 
achieved through very high culling rates and/or reducing 
sow numbers below the capacity of the physical facilities 
(throughput), then the biological improvement may be 
associated with a financial loss. This phenomenon may 
be particularly confusing to managers having been 
rewarded in the past for increasing pigs weaned per mated 
female per year, or particular productivity indicators that 
drive it. 

Given the changing structure of the United States swine 
industl)', pork producers have a pressing need to combine 
biological and financial data in a single database that will 
guide their management' and business decisions. The 
purpose of management information systems is to convert 
datainto information. The nature, frequency, amount, and 
type of data recorded directly influences the informational 
content of the database, shown as different levels in Table 
1. The majority of midwest pork producers currently 
operate at level4: i.e., they keep financial accounts on a 
whole-fann basis and process their production records with 
computer software such as the PigCHAMP® program. 
Hpwever, as the cost-price squeeze achieves a tightergrip 
on the swine industl)', the more. successful producers will 
be those who adopt information systems that give them 
accurate statistics on the performance of individual groups, 
and allow direct comparisons with other, similar farm 
businesses (levels 6 & 7.) 
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·Table .1: Informational content of farm data. (Adapted from Schroeder; 1993) 

Level DATA UNITS INFORMATION 
1 Sales Dollars rrrends 
2 Direct (Variable) Dollars Gross Margin 

Costs 
3 Indirect (Overhead) Dollars Profit 

Costs 
4 Physical Productivity Numbers ~~erall Strengths & . 

eaknesses of Swine 
Enterprise · 

5 Cash- based Dates of purchases Overall performance · ' -
enterprise and receipts evaluation of swine 
accounting enterorise 

6 Accrual-based Account for inputs Performance . 
enterprise as they are actually evaluation of individual 
accountina used . . aroups 

7 Standardized 
ifinancial accounting 

Compare with · Identify opportunities . 
ifor improving. efficiency 

loractices · · · · 
other, "like" farms 

The University of 
Minnesota pilot project 
(FinCHAMP) 
With the help of a seed grant from· the Minnesota Pork 
Producers' Association (MPPA), we have begun a pilot 
project to help independent pork producers make· more· 
effective use of their financial records, and to encourage 
them to adopt a standardized approach to financial account 
practices: 

Sp~cific objeetives ofthe FinCHAMP pilot project are: . 

• encourage goal setting, whole-farm planning and en
terprise analysis for swine farms; 

• allow pork producers to. be. able to estimate costs of 
producing pork within a reasonable degree of preci
sion; 

• assist pork producers in. recording farm financial data 
such that fmancial and biological swine records data
bases may be combined iit a meaningful fashion; 

• provide guidelines for setting up and using farm fman
cial accounting software consistentwith biologic record 
systems; · 

• allow and encourage peer groups of pork producei'S to 
compar~ their financial efficiency and profitability 
measures on an .equitable basis as they already do with 
their production data; 

• educate pork producers and veterinarians (anp our~ 
selves) on how swine enterprise biological andfinan~ 
cial measures are correlated. 
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Goal setting and whole
farm planning 
Twenty-five leading Minnesota pork producers were 
interviewed during 1993. Although all were using 
borrowed funds to finance expansion or for working 
capital, only six had previously developed long-range 
whole-farm business plans, and could quickly and. 
concisely state their business and personal goals. However, 
conversations conducted through personal interviews 
during which farm planning data were collected identified 
the following goals: 

Business goals 
• expansion of the swine unit; 
• to be a least-cost producer; 
• to improve labor management and employee relations,; 
• to,improve production efficiency; and 
• to keep and use better financial. and pr<xluction records .. 

Personal goals 
• more personal and family time; 
• more opportUnity for travel; 
• save enough for a comfortable retirement; 
• provide leadership in the community and local 

organizations; and . · 
• have enough money to buy the "extras" in life. 

As a group, these producers are interested.in improving 
their quality of life and increasing time spent away from 
the farm. In order to achieve these personal goals,· they 
recognize the need to increase their efficiency and scale 
of production. They recognize that .in order to realize these 
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Table 2: Farm financial task force •sweet .sixteen" financial measures. Example showing four possible 
· · scenarios for a swine and crop farm. · · · 

BASE· ALT 1 ALT2 ··ALT3 
PLAN 

LIQUIDITY 
Current ratio (%) 1.53 1.36 1.06 1.53 
Working Capital ($) 262,21 203;068 42,543 262,217 
SOLVENCY 
Debt:Asset Ratio (%) . 46.0 55.9 76.1 46.0 

. Equity:Asset Ratio(%) .. 54.0 44.1 23.9 54~0 

Debt: Equity Ratio (%) 85.1 126.9 318.2 85.1 
PROFITABILITY · 
Rate of Return on Farm Assets 23.4 29.8 23.9 23.6 (%) 
Rate of Return on Farm Equity (%) 40.3 61.7 80.3 40.7 
Operating Profit Margin (%) 40.6 38.3 32.7 37.8 
Net Faim Income($) 485,917 675,626 651,971 '290,225 
REPAYMENT CAPACITY 
Term debt coverage (%) 511.7 333.3 177.8 502.8 
Capital replacement margin 296,652 364,229 304,042 290,225 
EFFICIENCY . 
Asset turnover.(%) 
Operating Expense Ratio (%) 
Depreciation Expense Ratio (%) 
Interest Expense· Ratio 
Net Farm Income Ratio 

personal goals, they must have better control and 
confidence in the operation of their businesses. Thus, they 
are anxious to do better job of workirig with their 
employees and partners, and •to use· their financial and 
production record systems effectively. 

Estimating the cost of 
· producing pork 

Some pork producers ·are able· to claim rehitively high 
levels of profitability in spite of low· productivitY by 
reducing capital costS through delaying maintenance and 
replacement of existing facilities, employing unpaid fami!y 
labor, or expensing borne-grown feedstuffs at the cost of 
production rather than· at faii market values: However,. 
such practices are· deceptive, can· give a false sense of 
security, and do not bode well for the long .. term 
sustainabilitY ofthe.fann business. 

In an increasingly compe.titive environment, pork 
producers must able to react promptly to productivity 
changes on-farm, and·to economic forces that determine 
the costs and prices of inputs and outputs in the pork 
business. Efficient use of information is one of the most 
important of the many components that lead to economi
cally efficient swine units. Large integrated pork producers 
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57;5 77.8 73.0· ... 62.5 ·. 

69.4 72.0 73.0 69.2 
4.0 3.6 6.0 4.3 
1.6 1.8 3.5 1.5 

25.0 22.5 . 17.5 25.0 

have immediate access to accurate, timely,information that 
integrates financial and biological data. Most independent 
producers do not. Unlike most manufactUring industries, 
managers of agricultural businesses have no guarantee of 
the profit margin that they will reeeive 10 months later as 
they begin each production cycle by mating a group of 
sows and gilts. Given this degree of uncertainty, it is crucial 
that pork producers understand each· aspect oftheir farm 
businesses, particuliuly where efforts to improve 
productivity will be translated in: to greater profitability, 
liquidity, solvency, and growth. 

The Farm Financial Standards Task Force (FFSTF) has 
recoriunended using 16 ·("The Sweet Sixteen'') financial 
measures to evaluate a farm's finanCial position and 
financial performance. These numbers and ratios should .. 
be evaluated when considering the financial stilbility of .· 
the farm business. Projected changes in these measures 
(plus the rate of return to added investment) are useful in· 
long~range planning when major changes are being 
considered. 

Many of the 16 financial measures are calc~lated directly 
from the farm's balance sheet, which is drawn up to reflect 
the financial position: of the business at a point in timC
specifically, how funds are invested (assets) and the 
financing methods used (liabilities and net worth). Thus, 
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in theory, comparison of the financial strength of two farm • feed corn: 37,500 bu. @ $2.00=$75,000 
business should be a fairly straightforward process. In • replacement gilts: 95 head@ $350=$33,250 
practice, however, the process is oftenproblematic. This • breeding sows: 640 head@ $225 = $144,000 
is because convention allows assets to be valued on either • breeding boars: 39 head@ $400 = $15,600 
a cost or a market-value basis. 

Market value is an estimate of the amount that would be 
received if the asset were to be sold on the open market. 
Although agricultural lenders tend to favor market value 
for determining borrowing capacity and collateral 
positions, this approach has a major weakness from the 
managerial point of view: it is difficult, if not impossible, 
to determine how much net worth change is due to earned 
income, and how much is due to changes in asset value. 

The cost value of an asset is the amount of cash originally 
paid upon acquisition, minus the amount of depreciation 
taken to date. For management purposes, depreciation 
should be spread over the useful life of the asset. One of 
three alternative methods may be used for figuring 
management depreciation. Each of these is different from 
tax-depreciation methods that are often adjusted to take 
advantage of changing tax laws and cycles of changing 
farm profitability. A further complication is· that pork 
production is a very capital-intensive business, requiring 
the use of specialized buildings and equipment. When a 
producer erects a new farrowing facility, for example, she 
or he may choose to write off a percentage of the 
acquisition cost. Common practice is to value a new 
farrowing facility on the balance sheet at anywhere 
between 50% and 80% of the total initial investment, while 
ageneral-purpose building might be valued close to its 
cost. Generally, the more specialized the asset, the larger 
the initial write-off in value. 

Thus, there is considerable latitude in allowable procedures 
used in asset valuation. It is possible for two individuals 
to sit down at the.same time and create two very different 
(but essentially correct) balance sheets for the same 
business. Further complications often arise when cost and 
market value asset valuation methods are mixed on a single 
balance sheet. We have observed a tendency among 
producers to value current assets (e.g., stored feedstuffs, 
livestock held for sale) at market value, and noncurrent 
assets (machinery, equipment, buildings, breeding 
livestock) on a depreciated-cost basis. Consequently, when 
the analyst inspects the ratios recommended by the FFSTF, 
s/he may draw different conclusions regarding the financial 
strength of the farm business. Further complications in 
the valuation of current and intermediate assets between 
consecutive balance sheets can cause further confusion in 
multi-year analyses. For this reason, we strongly 
recommend that physical quantities and per-unit values 
are noted on the balance sheet, e.g.: 
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When. these details are provided, it is possible to verify 
both physical quantities and assigned values. For the 
purposes of comparative analysis among farm businesses, 
it is therefore possible to assign standardized values to 
current assets items held in inventory. For example, during 
comparative analysis, feed corn may be standardized 
across all farms at $2.35 per bu. Establishing a constant 
value for home-grown feed costs facilitates a more 
meaningful comparison of liquidity, solvency, profitability, 
and efficiency across all farms in the database. 

Comparative financial 
analysis for 1992 
Data presented in this section are based on financial 
information provided by producers participating in the 
FinCHAMP study. Although 25 pork producers were 
interviewed, only 18 supplied adequate data to be included 
in this summary, and later verified the analysis during 
follow-up farm visits. All data were processed using the 
FINPACK5 program. FINPACK is a comprehensive 
financial planning and analysis system designed by the 
Center for Farm Financial Management, Departnient of 
Agricultural and Applied Economics, University of 
Minnesota. FINPACK provides tools to effectively use 
fanu records to make business analysis (using a module 
of the program, FINAN). Another module (FINLRB) 
allows managers to project long-range plans. Finally, 
FIN FLO, another module of the program, provides cash
flow planning analysis. 

The analysis provided below focuses on the standard 
measures recommended by the FFSTF. Financial measures 
help to ask the right questions, but they do not always 
lead to answers .. Common sense and good judgment should 
always be used when reviewing individual farm 
information and comparing it to measures shown in this 
paper. Benchmarks are not absolute values that a farm 
must achieve to be successful. They are guidelines and 
should be treated as such. 

Not all benchmarks are appropriate for all operations. It 
may be better to follow trends in the various measures 
over time. While it is useful to compare farms, make sure 
that you are comparing "apples to apples." Compare farms 
that have similar enterprises and use relative measures 
(e.g., ratios), rather than absolute measures. 
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Table 3. Liquidity measures. 

Measure Unit Median 1st Quartile 3rd Quartile n 
Current Ratio (Beg) 2.31 1.49 4.14 18 
Current Ratio (End) 1.66 0.90 2.74 18 
Working Capital (Beg) $ 137,10 42,540 307,100 ·18 
Working Capital (End) $ 108,50 -22,460 246,800 . 18 

Liquidity 
Liquidity is the ability of a farm business to meet its debt 
obligations in a timely manner (i.e., bills to be paid within 
the next 12 months). It can be measured at a point in time 
(from a balance sheet) or as a flow (from a cash flow 
statement). If there isn't enough cash available to meet 
cash obligations as they occur, then even a basically 
profitable business plan could be in trouble. Liquidity 
indicates the chances that a business can perform· under 
conditions offmancial stress-whether due to lower prices, 
yields, or other kinds of potential financial disasters. 

Two liquidity measures are suggested by the FFSTF. The 
Current Ratio is a relative measure that enables farms 
to be compared to one another. The second· measure; 
Working Capital, is an absolute measure that should not 
be used for inter-farm comparisons. These liquidity 
measures are calculated as follows: 

C t. t· Current farm assets urren ra 10 = · ·· · . 
Current farm liabilities 

The Current Ratio shows the value of Current Farm 
Assets relative to Current Farm Liabilities. Current farm 
assets are those that are due to be converted into cash 
. ' ' 

within the coming year. Current farm liabilities are those 
that are. typically due to be repaid· within a year of the· 
balance sheet date. They would include liabilities such as 
operating notes, accounts payable, and accrued interest. 

· A Current Ratio equal to or greater than 2 indicates that 
a farm could cover current obligations and still have 
sufficient funds left over for.operating purposes. A level 
of 1.25 is often considered the minimal acceptable level 
for cash-flow purposes. 

Working capital= Current farm assets- Currentfarm liabilities 

Working Capital is the capital that you can readily work 
with. It approximates the operating capital available from 
within the business. 

Liquidity measures calculated for the study group both at 
the beginning and end of the ·1992 business year are shown 
in Table 3, The median represents the point where 50% of 
the farms in the study are below the value shown and 50% 
are above. The· median is used to measure the "typical" 
value for the farms in this study;· It is used instead of the 
mean because in this small sample, one farm with a very 
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high or very low value can have a dramatic affect on the 
mean, but less effect on the median. 

The first quartile represents the point where 25% of the 
farms fall below the number shown .. The third quartile 
represents the point·where 75% ofthe farms fall below 
the nuntber shown. On some measures it is preferable to 
be ator below the 25% quartile (a lower value) while on 
others it is desirableto be at or above the 75% quartile (a 
higher value). Lastly,nis the number offarms included in 
calculating the measure shown. 

Reviewing Table 3 we can see that the median for farms 
in the study shows an initial Current Ratio of231 and a 
final Current Ratio of 1.66. The trend downward 
indicatesa decrease in liquidity in study farms over the 
course of the 1992 business year. This trend appears in 
the values for the first and third quartiles, as well. The 
farms at or below the first quartile need to be particularly . · 
vigilant that their trend downward is reversed as they were 
in an illiquid position by the end ofthe year. 

Since the same numbers go into calculating the Working 
Capital and Current Ratio, we see the same trend 
occurring in the Working Capital measure from the 
beginning to the end of the business year. Once again, 
those farms below the first quartile have to be watchful of 
their liquidity position, as Working Capital dropped to a 
negative number by the end of 1992. This indicates that 
farms in the first quartile had to borrow money for 
operating purposes by the end of the year. If this trend 
continues, producers with poor liquidity may want to 
investigate the possibility of restructuring their liabilities~ 

Solvency 
Solvency evaluates the asset-liability balance of the 
business at a point in time (as of the date of a balance 
sheet). If a producer is "sufficiently" solvent, s/he will 
have enough cushion to get the business through low profit 
or loss years. Solvency measures both the ability to repay 
all debts and the ability of the firm to withstand periods of 
poor profitability. 

The FFSTF recommends three ratios to measure solvency: 

• debt:asset~ 
• equity:asset~ and 
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Table 4. Solvency measures. 

Measure Unit Median .1st Quartile.· 3rd Quartile n 
Debt:Asset (Beg) % 46.0 24.0 55.5 17 
Debt:Asset (End) % 52.0 33.0 . 66.0 17 
Equity:Asset (Beg) % 54.0 44.5 76.0 17 
EquitrAsset (End~ % . 48.0 34.0 67.0 17 
Debt:Equity (Beg) % 85.0 32.5 124.5 17 
Debt:Equity (End) % 109.0 50.0 192.0 17 

Solvency measures here include only those farms that had market-based balance sheets. Only market
based balance sheets were included, because only two producers provided cost basis balance sheets. 

• debt:equity. 

These measures are all related mathematically. Since they 
are relative measures, they can be used to compare one 
farm to another. 

Debt: assetratio = Total farm liabilities 
Total farm assets 

The Debt:Asset ratio shows the amount of debtpledg~d 
against a farm's equity. The higher this value the greater 
the risk exposure for the farm, as the ratio expresses what 
proportion of the farm's assets are owed to creditors. 
Although there is no reasonable standard value that is ideal, 
many feel that a level of0.40, or 40%, is a good level to 
achieve. · 

Equity : asset ratio= Farm equity 
Total farm assets 

The sum of the Debt:Asset plus Equity:Asset ratios must 
equal one. This ratio represents the proportion of the total 
farm assets financed by ,the owner's equity capital. A 
realistic goal is 0.60 or .60%; however, change from the 
previous year is more important. 

Debt: equity ratio= Total farm liabilities 
. Equity 

Debt:Equity is sometimes called the leverage ratio. It 
gives the manager information about thereturn to equity. 
The higher the ratio, the faster equity can increase or 
decrease for a given return to total assets. Additionally, 
the higher the value the more total capital that is being 
supplied by creditors and less by the owners, Once again, 
no ideal standard has been set, but some believe that a 
realistic goal is less than 0.66 or 66%. 

Upon examination, Table 4 shows similar trends in the 
change of solvency position for the study farms as Table 3 
showed for the liquidity position. The mediari Debt:Asset 
ratio increased from· 46% at the beginning of the year to 
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52% at the end of the year, indicating some erosion of the 
solvency position of study farms. The greatest concern is 
for the. farms above the third quartile as they are 
approaching the vulnerable range in solvency position. 

The median Equity:Asset ratio shows that the farm 
owners in this study owned more of their business than 
their creditors at the beginning of the business year. But 
by year's end, they owned less oftheirbusinessthantheir 
creditors. In the. case of the Equity:Asset ratio the first 
quartile measure reveals that 25% of the farms are in a 
precarious solvency position. The third quartile discloses 
that 25% of the farms· are in a strong solvency position. 

The Debt:Equity ratio demonstrates once again that the , 
solvency position of study farms decreased over the course 
of the 1992 business year. The median, value establishes 
that creditors were supplying an increasing amount of total 
capital by the end of the year. 

In general the liquidity and solvency measures indicate 
that about half of the study farms are in a good to adequate 
fmancial position, while the remainder are in an adequate 
to vulnerable position. 

Profitability 
Profitability is the measure of how much income the 
business is generating in relation to the resources (land, 
labor, capital, management, etc:) used toproduce that 
income. Profitability should be the major factor in making 
mostfarin financial decisions, because over time, profits 
drive the liquidity ~nd solvency of the farm business .. 
Withoutprofits, growth in net worth is impossible. 

Four profitability measures are suggested by the FFSTF. 
The frrstthree measures, Rate of Return on Farm Assets, 
Rate of Return on Farm Equity, and Operating Profit 
Margin .are relative measures that enable comparisons to 
be made among farms. The last measure, Net Farm 
Income, is an absolute measure. It should not be used to 
compare a farm with other farms. 
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The FINAN program uses different methods to calculate 
the measures depending on whatinformation was available 
for calculations. For instance, in some cases cost or market 
will appear after the name of the measure. Cost or market 
indicates whether the asset values used in the calculation 
came from a cost (depreciated value) or market based 
balance sheet. 

If land values have changed from the beginning to the end 
of the year FINAN will calculate the profitability measures 
in two ways. The first method is indicated by "with land" 
following the name of the measure. The measures with 
this description are calculated using the net farm income 
from the income statement plus the change in land value. 
The change ofland value is capitalized into the returns on 
investment for that farm. This is automatically done by 
the FINAN program when there has· been a change in the 
land value-with no off~etting change in longterm liabilities 
(or nonland assets). It 'is done in an attempt to negate asset 
valuation. changes that may improperly influence the 
profitability picture ofthe operation; The second method 
is indicated by the "without land" following the name of 
the measure. It is based on the net farm income. 

Now for a closerlook at the profitability measures: 

Rate of Return on Assets (ROA): Return to all of the 
farm's assets invested in the farm business.relativeto the 
total value of those assets. 

Where: 

ROA = Return on farm assets 
··Average farm investment 

Return on Farm Assets = Net Farm Income 
+ Farm Interest Paid 
- Value of Operator's Labor 

& Management 

And: 

A f . tm t Beginning+ Ending Total Farm Assets verage arm 1nves en = . 2 · · · · 

The rate of return on farm assets can be thought of as the 
average interest rate being earned on all.investment in the 
farm. When assets are valued at cost, the rate of return 
represents the actual return on the average dollar invested 
in the business. When assets are valued at market value 
the rate of return can be looked at as the "opportunity 
cost" offarming versus alternative investments. Businesses 
are competing with one another for capital. The businesses 
that provide investors with higher returns will have easier 

. access to additional capitaL A return of greater than the 
average tate of interest on outstanding debts is desired.' 
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Rate of Return on Equity (ROE): Measllres thereturn 
to owner's equity relative to the size of that equity. A higher 
ROE is preferred to a lower ROE. · 

ROE:: Return on Farm Equity 
· Average Farm Net Worth 

Where: 

Return on Farm Equity.= Net Farm Income 

And: 

-Value. of Operator's 
Labor and Management 

Average Farm·Net Worth= Beginning+Ending Farm N_et Vlforth 
2 ·. 

The rate of return on farm equity represents-the interest 
rate being earned on the operator's farm net worth. When 
assets are valued at market value? the return .can· be 
compared to returns available if assets were .liquidated 
and invested in alternative investments. When assets are 
valued using the cost method this number represents the 
actual return to the equity capital invested in the farm 
business; If the ROA is higher than the ROE the farm is 
paying more for debt capital ~an the farm i~? earning. 

The return to equity (net worth) should be greater than the 
average interest rate being paid on outstanding debts, 
however, some farm management specialists believe that 
2%-4% is a realistic goal. 

Operating Profit Margin (OPM) 

Where: 

OPM = Return on Farm Assets 
Value of Farm Production 

Return on Farm Assets = Net Farm Income 
+ Farm Interest Paid 
- Value of Operator's labor .. 

& Management · 

Value of Farm Production= Gross Farm Income 
-Feeder Livestock 

Purchases 
+ Purchased Feed 

The Op.erating Profit Margin is a measJJre of the 
operating efficiency ofthe business. It indicates the average 
percentage operating margin per dollar of farm production. 
It measures how effectively you are controlling operating 
expenses relative to the value of output: The higher the 
value the better. · . 

Net Farm Income (NFI) 

NFI = Gross Cash Farm Income 
-Total Cash Operating Expenses 
± Inventory Change 
± Depreciation & Capital Adjustments 
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Table 5. Rate of return on farm assets. 

Measure Unit Median 1st Quartile 3rd Quartile n 
Rate of Return on Farm % 2.85 -13.78 9.15 8 Assets, Cost 
Rate of Return on Farm % .... 5.25 -11.38 9.50 10 Assets, Market 
Rate of Return on Farm % 14.4 3.40 30.1 7 Assets, with land 
Rate of.Return on Farm % 23.0 7.00 33.0 7 Assets, without land 

Table 6. Rate of return on farm equity. 

Measure Unit 
Rate ofReturn on Farm Equity, 
Cost· · % 

Rate of Return on Farm Equity, % Market 
Rate of Return on Farm Equity, % with land 
Rate of Return on Farm Equity, % without land 

Net farm income represents the returns to unpaid operator 
labor, management, and equity capital for the year, In other 
words, this is the amount for investing the operator's time 
and/or net worth in the farm for the year. It also indicates 
the actual dollar .amount available for net worth growth 
and to cover family living expenses if the operation is a 
noncorporate entity. 

lfthe valuation of capital assets is based on market values, 
net farm income could be abnormally influenced by market 
changes. Forinstance a revaluation of land from $800 to 
$1000 per acre would result in. an apparent $200 per acre 
extra (paper) profit. 

Profitability measures calculated for the study group for 
the 1992 business year are.shown in Tables 5-8. 

Rate of return on farm asset statistics are shown in Table 
5. For those producers who provided cost-basis balance 
sheets (or combined both cost and marketvalues on a single 
balance sheet) the median value was 2.85%. The negative 
rate of return for some farms indicates that those producers 
are paying for the pleasure of fanning, while those who 
are earning a positive return are being paid something for 
their efforts. 

Producers should review their cost-based ROA and decide 
whether they are makirig enough on their investment or 
should they be investing their money elsewhere. Those 
fanners close to or above the third quartile appear to be 
achieving a desirable return while those below may want 
to work on improving their profitability or invest their 
money elsewhere. 

1994AllenD. Leman Swine Conference 

Median 1st Quartile 3rd Quartile n 

-8.55 -80.2 8;90 8 

. 4.95 -33.55 19.18 10 

27.7 0.10 42.4 7 

32.7 5.90 46.2 7 -

The ROA for market-based balance sheets showed a 
median.ROAof5.25%. Since the recognized goal of most 
producers is to .attain an ROA higher than the average 
i.nterest rate being paid on debt, most of the producers in 
this category havefallen short ofthatgoal. 

Finally, we have ROA measured with and without land. 
These measures are for those farms who had a change in 
land value on their market-based balance sheet and no 
change in liabilities (or other assets) to account for the 
land value change. 

The with .land· calculation has capitalized the change in 
land value back into the profitability measi.Jres in attempt 
to get a truer picture of wha.t the profitability was. With 
this in mind; the median ROA for producers with a land 
value change was14.4%. The majorityofthe producers 
who were included in this measure showed a good level of 
prqfitability .. 

Those producers with a with land value would also have 
a without land value that would show the ROA without 
c~pitalizing in the land value change. The values· under 
this me as Ul'e may be somewhat suspect if there were large 
changes irt the land valuation, because these changes would 
represent a large "paper'' profit (or loss) which is not 
always a measure of the true profitability picture. The 
median value for ROAwithout land was 23.0%. 

Table6 represents theRate of Return on Farm Equity 
measures for the study farms. As with the previous 
measures there are four different ways in which FINAN 
can calculate the measures depending on the data provided. 
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Table 7. Operating profit margin. 

Measures Unit Median 1st Quartile 3rd Quartile n 
Operating Profit Margin, o/o 7.5 -16.58 23.48 8 Cost 
Operating Profit Margin, % 14.7 -2.35 27.93 10 Market 
Operating Profit Margin % 35.8 8.8 52.7 .7 with land 
Operating Profit Margin ·% 43.8 14.3 60.3 7 without land 

Table 8. Net farm income. 

Measure Unit Median 1st Quartile 3rd Quartile n 

Net Farm Income, Cost $ 39,880 -93,910 136,300 8 

Net Farm Income, $ 22,770 -107,400 139,200 10 Market 
Net Farm Income with $ 183,70 527 316,200 7 land 
Net Farm Income without $ 281,12 23,690 329,800 7 land 

Using data from a cost-based balance sheet, the median 
ROE is -8.55%. The cost method gives ROE values that 
closely represent the actual return·. on funds invested in 
the business. The range of ROE values indicate that many 
of the producers in this study did not realize a positive 
return in 1992. Rather, they paid for the pleasure of raising 
hogs. The market-based ROE indicates the return can be 
compared to the returns that would be available if the assets 
were liquidated and invested elsewhere. The median ROE 
level for study farms was 4.95%. 

The fmal two measures shown in Table 6 are related. They 
are the ROE with and withoutland. These measures are 
for those farms that had a changein land value on their 
market-based balance sheet and no subsequent change in 
liabilities (or other nonland assets) to account for the land 
value change. 

The with land calculation has capitalized the change in 
land value back into the profitability measures in an 
attempt to. get a truer picture of what the profitability was. 
The median ROE land value change was 27. 7%. The first 
quartile of producers were at 0.1 0% and the third quartile 
of study producers were at 42.4%. The majority of these 
produ¢ers exhibited a very good degree of profitability. 

The without land value .shows the ROE without 
capitalizing in the land value change. Like the ROA 
measures the ROE values under this measure may be 
somewhat doubtful if there were large changes in the land 
valuation in thattliese changes would represent a "paper" 
profit (or loss )which is not always representative of the 

. true profitability picture. The median value for ROE 
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without land was 32. 7%. The first quartile was 5.90% 
and the third was 46.2%. 

Table 7gives us insight into the Operating Profit Margin 
(OPM) of study producers. As with the other profitability 
measures, there are four different ways that FINAN 
calculates the OPM. the cost-based OPM median for study 
farms was 7.5%. This level indicates that 'the median 
operating profit margin per dollar of production was 7.5 
cents. The first quartile was -16.58o/o--in other words, 
producers at this level were losing 16.58 cents perdollar 
of farm production. The producers in the third quartile 
were at a relativelygood OPM of23.48%. 

OPM measured using market valuation showed a median 
level of 14.7% (with a first quartile of -2.35% and third 
quartile of 27.93%). Producers whohad market-based 
balance sheets and who had a change in hind value on 
their balance sheet and no subsequent change in liabilities 
(or other assets) to account for the land value change once 
again are represented by the with and without land 
measures. Those producers with land balance sheet 
changes showed the most prosperous OPM with a median 
value for the with land measure (change capitalized into 
the measure) of35. 8% and without land measure of 43 .8%. 

Table 8 displays the absolute measure of profitability, 
which is Net Farm Income (NFI). Remember that NFI 
should not be used to compare farms but should be used 
for a within-farm comparison to see how a farm has 
progressed over the years. Farms that were in the first 
quartile for both the cost and market basis had a negative 
NFI, which indicates that these farms did not make the 
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Table 9. Repayment Capacity Measures 

Measure Unit Median .1st Quartile 3rd Quartile n 
Term DebtCoverage 

% 213 93.0 519.25 18 
Ratio, Cash 

Term Debt Coverage 
% 238.0 50.0 930·.· t8 

Ratio, Accrual 

Capital Replacement $ 24,220. -3442.7 104,000 18 
Margin, Cash 

Capital Replacement 
$ 77,240 ~19,530 103,800 18 

Margin, Accrual 

fmancial progress that they should have during the 1992 
business year. The median for farms in both of these 
categories was positive, however. 

The NFI for farms with land-value changes indicated that 
farms in the first quartile forward were in a positive 
situation in regards to NFI whether or not they had the 
land value change capitalized into the measure or not. 

Repayment Capacity: These measures evaluate the 
farm's ability to service existing term debt and replace 
capital assets. They also evaluate the risk margin of the 
business. The FFSTF recommends two measures for 
repaY;lllent capacity: 

• Term Debt Coverage Ratio; and 
• Capital Replacement Margin. 

Now for a closer look at these two measures and how 
FINAN calculates them. 

Term Debt Coverage Ratio · 
The term debt coverage ratio measures the ability to cover 
all term-debt payments over a period of time. It is 
calculated by dividing the funds generated l;>y the business 
for debt repayment by total term debt payments {see 
below), 

The Term Debt Coverage Ratio (see Equation below) 
should be a minimum of 100% to meet debt obligations. 
A ratio ofless than 100% indicates that the business did 
not generate sufficient money to meet scheduled payments 
in the 1992 business year. The higher the ratio the more 
discretionary funds the producer has and the better off she 
orhe is. · 

Capital Replacement Margin 
The· capital replacement margin is the amount of money 
remaining after all operating expenses, taxes, family living 

costs, and scheduled debt payments have been made. It is 
the cash generated by the farm business that is available 
for fmancing capital replacement. The higher the amount 
the more cushion the producer has to c.over expected and 
unexpected capital replacement needs. 

Capital Replacement = interest due on 
Margin intermediate and 

long term loans 
+ amount available for 

. principal payments 
- scheduled principal and 

interest payments 

The more money available, the more rapidly the farm will 
be able to replace capital items. Since this· is an absolute 
measure it should only be used as a within-farm measure 
to assess how thefarni is progressing from. year to year. 

Table 9 shows the repayment capacity measures that were 
calculated for the study group for the 1992 business year. 
The table shows the median value for each measure, as 
well as the first and third quartiles. 

Producers in the first quartile for both repayment capacity 
measures, using both cash and accrual methods, were 
below the minimum repayment capacity necessary for them 
to maintain the fmancial health oftheirbusinesses. These 
levels indicate thatproducers in this group do not have 
the resources to meet all of their debt-servicing needs and 
capital-replacement needs. The median level of all of the 
measures indicates that at least half of the study producers 
should have no problem handling their repayment needs 
with levels of 213% (cashLand 238% (accrual) on term 
debt coverage ratios. 

T ... 0· bt C ·· R t" n. e.t cash farm in co.. m. e. +nonfarm income+ int.erest e.xpense -.family. livin. g expense- income taxes erm e overage a 10 = -----~_,...,...--'-----------'-.;...._--___..;-'-----=-!..-------
. annual scheduled principal and interest payments on intermediate and long term debt 

Equation: Calculation of Term Det Coverage Ratio 
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Efficiency 
Asset Turnover Rate 

The asset turnover rate indicates whether assets are being 
used effectively/efficiently. It measures how fast the assets 
of a farm are "turned over" annually. Operations that lease 
most of their assets tend to have higher asset turnover rates 
and could therefore have an. overinflated value for this 
measure. A typical range for this measure is 40%-60%. 

Asset Turnover Rate-. Value of Farm Production 
Average Total Farm Assets 

Where: 

A ' T''t< I.F. . ·As· · t Beginning +Eridirig Farm Assets verage _o a .. arm . se s = . 2 

The Four Operational Ratios 

The FFSTF suggests four operational ratios from which 
to measure efficiency. These measures reflect the 
relationship ofexpense and income categories to gross 
revenues. The first three ratios express the total farm 
expenses per dollar of gross revenue, while the last 
expresses the net farm income. The sum of all fotir should · 
add up to 100%. 

The Operating Expense Ratio indicates the percent of 
the gross farm income that was used to pay operating 
expenses. In other words it measures·the operating cost to 
produce one dollar of output. It indicates how much money 
will be left over for principal payments and capital 
improvements/purchases. The higher this ratio, the less 
efficient the farm is in generating output from a given level 
of inputs. Some experts say that70% or0.70 is a good 
target for,most farms. 

O r E R r Cash Operating Expense- Farm Interest Expense 
. para lng xpense a IO = . . . . . Gross Farm lnceme. . 

The DepreciationExpense Ratio has the reputation. of 
being.· difficult . to interpret. If the measure is too. high. it 
indicates that the farm may be buying too much new 
equipment too quickly or that the farm has too m~ch 
equipment on inventory. If it is too low it may mean that 
the equipment on the fann is getting too old and that it is 
not being replaced. An·added caveat is that most people 
use their tax depreciation in the calculation of this measure. 
The tax method may be depreciating the equipment more 
rapidly than the actual economic depreciation would be 
and thus· the depreciation ratio may appear to be lower 
t}tan it actually is. 

Many feel that a realistic goal is 0.15 or less, A ratio. 
greater than this may mean that the business has too much 
recent investment in depreciable capitaL However, low 
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values, below 0.05 or less, may indicate that the prOducer 
is not investing enough to keep the· business competitive. 

D . t' ... E . . . R--.· t' Dep_ reciation E_ xpens_ e_ eprec1a 1on xpense a 10 = . ·. · 
Gross Farm Income 

The Interest Expense Ratio demonstrates how much 
interest expenses affect the productive capacity ofthe farm. 
An operation that· ~ses borroweq funds effectively will 

. increase the value offarm production enough to lower the 
ratio as the amount of borrowed funds increases. The ratio 
~ill also appear low for farm~ th!it use little borrowed 
capital regardless whether they use their borrowed funds 
effectively. A realistic goal is 10% or less, because values 
above this level will make it difficult for the business to 
compete in the long run. · 

Interest Expense Ratio= . lnterest~xpense. 
· · ·· · · . Gross Farm Income 

The Net Farm .Income Ratio measures the percent of 
the gross fannincomethat remained after all expenses. 
The higher the ratio, the more financially efficient the firm. 
. This measure is the residual of the previous three measures 
and so caution.· needs to· be· applied when interpreting it 
because the levels of the' other three measUres will 
influence this ratio. For example if depreciation is at or 
near zero the net farm income would'be influenced 
positively but the fact that the equipment is not being 
replaced or replaced very slowly might be an indication 
of financial trouble. Some authorities believethat 20% or 
0.20 is a good le'vel to aim for. 

Net Farm Income 
Net Farm Income Ratio= · .. · ·. · . .. . . · . · .. . · 
· · Gross Farm Income 

Examining the Asset Turnover Rate the median level for 
all measures showed that at least half of the producers 
were about where tl1ey should be in regards' to the asset 
turnover rate. This indicates that at least half of the study 
producers are using their assets reasonably efficiently. 
However, those in the. first quartile with a cost or market 
asset tUrnover rat() exhibited undesirable levels of this 
measure(~ 7.2% cost and 18.3% market) (Table 10). . 

The operating expense ratiomediari(79.8%}indicates that 
over half ofthe study producers have operating expenses 
somewhat higher than would be deemed-desirable (70% 
or below). Producers should be looking to move into the 
first quartile where the operating expense ratio is more 
attractive (Table 1 0). . ·. . 

The median depreciation expense ratio for study producers 
is about where it should be at 8.60%. However, the levels 
being reached when wemove into th~ third qu~rtile ar'e 
somewhat excessive. The 17.55% indicates that some 
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· Tab I.e 1 o. l;fficiency M~~sures 

· Unit·. Median ·1st Q~artile ,3rd Quartile n 
Asset Turnover Rate, 

.··cash 

.. Asset Tur11over Rat¢, . 
··Accrual 

. ··. }Yo 

· Asset Tur:nove( Rate, Cost · .. % 

Asset Turnover. Rate, · · 
Market · % . 39.4. 

Operating Expf:li}Se Ratio, % .. 19_8 
Market · ·: 

Depreciation. Expen~e 
·· Ratio, Market · · '% 8.60 

. 31.1 .·.· 

.:.7.20 

'· ··.- ··. 

49.1' ' Jf 
..... · : :-· __ ,_·; 

52.5'·· 11 .·., 

·····.6t48 .. ···4 
. . . : . . . 

18.3 ' 42.8S 6. · 

86.Er 

3.00 .•. 17.55' 17 

Interest Expense Ratio,·.· .. ·.· .. ·% · ·· 4 .. ~~ ···. ·.· ;2.5~ 
Market. · · · 8.80 ' . ; 17, ·< . ··. ' 

Net Farm Income Ratio, 
Market. 

6.20 

. ,-

producers trtay be purchasing depreciable equipment': too. operatin~ cost8Y of tnu;;ors and maehinery \Vith .other. 
rapidly, or that they are depreciating out their' equipment enterpris.~s. · . . , .· , .. · .. .. 
~ rapidly (Table 1 0). · . .. . . Most farm business~s use a cash-bas~ accounting 8ystem, . 
The interest expens~ntio for nearlyall'ofthe sttidy implyingthatinputsareusedupa5theyarepaidfor. Where 

· producers is excellent. The median interest exilense ratio . feedstuffs are p~chased in large quantitjes, and/or there 
is 4.80% (2.55% first quartile and 8.80% third quartile). are delays between.taking delivery of inputs. and paying 
Sinee the majority of producers in this study make use of for them, cash~ based accounting S}'stems can give the 
borrowed capital' these levels would indicate that they are impression that there is a more volatility in.the profitability 

· using that capital effectively (Table 1 0). · of groups of marketed h~gs than, there actually is. For . 
Lastly, the net f~ income ratio for most study farms. example, a group of firushing hogs present on the farm 
appears to be rather low, primarily due to the fact that the when b~ennialinsutance· and property' tax bills are paid 

· operating expense ratios are too high. Seventy-five percent. may appear to cost more to produce than a similar next 
of the study farms fall below the third quartile figure of group that arrives just after the fri-st 6~monthly inStallment 
J8.65%. This means that these farmsareno(reaching a is paid, and leav.es just befor~ pa:Yment on the second is . 
20% net farm income ratio, which is what mimy people due. ~· . · · . . ' > · ·. 

consider an acceptable level. Producers In the first quartile ... Accni~l~based accounting sys~ms ~ricourage inputs to be 
need to be partlcular'ly vigilant about their financial expenseq as they are used up. For· examph~, although 
situation because they are coming up with a negative net . insllrance. premi~s are paid for every 6 months, the cost 
farm income ratio ( -4. 70%) (Tabl~ 1 0} of cariyirig inslli"ance· is estimiitetl doWn to a daily rate 

. such that the cost per pig~day may~ be accounted 'for. Thus, 
Standardized swine • .. . with a correspondinsbicilogicalrecorilsystem keeps track 
enterprise accounting .... ofnumberofpig~days, feed disappearance, mortality, etC., 
__ _...._ ____ ......,__.._..;;;;.._.___~...;.,..., ·. : it kP()~sibleto estimate the·. cost of production of each 
A standardized approach·· to. m~agement accounting is group of market hog~· to a high. degree of precision. The 
necessary ·in order to be able io c~mpare profitability . l}ddedlevel ofinfonnatioricoQtei;tt,providedbythe accrual 
among swine enterprises on different farms on an equitable .. system allows. the ·manager to closely monitor the 
basis. In particular, it i~ important to accurately allocate investment in mdividual groups of hogs: This provides a 
proportions offarm overhead expenSes ammig various crop distinct advant~ge when makjlig and timing marketing 
and livestock enterprises. For example; swine tinits· do· not · .. decisidris, Which c,an help improve profits or minimize 
often justify. exclusive use of machinery and equipment, . 'losses, depending .on t4e situation. . 
but share the use (depreciation,. repairs, and dirc;:ct . ' .•.. ..•. . ; ·.· : ... - / . 
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INCOME ACCOUNTS 
MARKET WEIGHT HOGS (MWH) 
CULL-MARKET WEIGHT HOGS (CMW) 
BREEDING STOCK SALES (BSS) 
CULL BREEDING STOCK (CBS) 
WEANED PIG SALES(WPS) 
FEEDER PIG SALES (FPS) 
CONTRACT INCOME (CTRINC) 
OTHER INCOME(OTHRINC) 

COST OF GOODS SOLD 
LIVESTOCK PURCHASED FOR RESALE (LPFR) 

EXPENSE ACCOUNTS 
CONTRACT EXPENSE (CTREXP) 
MARKETING EXPENSES (MKTING) 
PURCHASED FEED INGREDIENTS (PFI) 
PURCHASED COMPLETE FEEDS (PCF) 
PURCHASED FEED PREPARATION/DELIVERY (PFPREP) 
ANIMAL HEALTH (ANH) 
PROFESSIONAL SERVICES (PROFSER) 
UTILITIES (UTILS) 
SUPPLIES (SUPPS) 
REPAIRS (REPAIRS) 
CUSTOM HIRE (CUSTHIRE) 
INTEREST PAYMENTS (INTEREST) 
LABOR EXPENSE (LABOR) 
LEASES & RENTS (LEASERENT) 
OFFICE EXPENSES (OFFEXP) 
MANAGEMENT DRAWINGS (DRAWING) 
INSURANCE PREMIUMS (INSURE) 
FARM BUSINESS TAXES (TAXES) 
DEPRECIATION EXPENSE (DEPEXP) 

MISCELLANEOUS EXPENSES (MISC) 

ASSET ACCOUNTS 

CURRENT ASSETS (CASSETS) 
INTERMEDIATE ASSETS(IASSETS) 
LONG TERM ASSETS (L TASSETS) 

LIABILITY ACCOUNTS 

CURRENT LIABILITIES (CLIAB) 
INTERMEDIATE LIABILITIES (ILIAB) 
LONG TERM LIABILITIES (LTLIAB) 

EQUITY ACCOUNTS 

Figure 1. FinCHAMP Main Account Categories 
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Figure 2. Integrated management information systems 
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To encourage standardization of accounting in swine PFI:Antibiotics in feed 
production, we are developing a standardized chart of · PFI:Feed Hedging Account Deposits 

accounts for swine enterprises. Initially, this chart of As feedstuffs are the highest individual cost of production, 
accounts was established in consultation with a group of we expect that most producers will wish to account for at 
hog farmers. Currently, it is being tested by members of least the amount of detail shown above. Many "will want 
our research team who enter transaction data supplied by to set up separate sub-accounts for individual feed gains 
cooperating farmers each month. Use of real-world data such as com and barley, or different qualities or sources 
allows us to expand and modify the chart of accounts as of soybean meal. .If the ·limitations of the accounting 
new and unanticipated categories arise. It also provides package permit, sub-sub, and sub-sub-sub accounts may 
us with the opportunity to test the system among several be added to facilitate this level of detail. Part of our current 
farm financial accounting software packages. Major activities involve testing the flexibility offarm accounting 
account categories (as ofJuly 1, 1994)areshown in Figure software packages in changing the database structure as 
1. An expanded version showing details of sub-accounts the information needs of the manager evolve. We 
maybe provided upon request. Major account categories encourage pork producers to record financial data to the 
are considered to be obligatory, while sub-, sub-sub-, and level of detail at which they are comfortable, and to adjust 
sub-sub-sub-accounts are optional. For example, their habits with experience. Most (but not all) accounting 
Purchased Feed Ingredients (PFI) is a major account, packages allow users to add sub-accounts or to collapse 
with associated sub-accounts: sub-accounts into major categories without having to zero 
PURCHASED FEED INGREDIENTS (PFI) the balance or re-enter transactions. 

PFI:Energy -Feed Grain 
PFI:Protein 
PFI:Pre-mix 
PFI:Trace minerals 
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Integrated management 
information systems 
As we evolve a standardized approach to swine enterprise 
accounting, our next objective is to add the standard chart 
of accounts to the Pig CHAMP®. program such that 
fmancial data may be transferred electronically between 
the accounting software and the PigCHAMP® production 
records database (Figure 2). While agricultural producers 
continue to enjoy a great deal oflatitude in their approach 
to fmancial accounting,· it is unlikely that the swine industry 
will embrace a universally standard approach to financial 
accounting. However, we encourage members of user 
groups at least get . together· and agree to use consistent 
methods of asset valuation and depreciation. Then if they 
adhere to the standardized chart of accounts, they will be 
better able to closely monitor their cost of production and 
its fluctuations over time. With this foundation in place, 
they will be able to compare .the financial efficiency of 
their operations, just as they now compare the biological 

I .. 
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numbers provided in PigCHAMP® reports. Working 
together, we can all further our understanding of the 
complex relationships among biological. and financial 
measures of swine production, and continue to produce 
pork efficiently and profitably in spite offalling prices in 
the future. 
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The CE.Q's daily use of financial 
data/information · · · . . 
Robert Aukes,Ph.D., A.S.A.C. Certified Member, President 

Question: What is the size or scale effect on '.'profit," at 
yesterdaY's margin, as a farrow-to-fmish hog operation 
moves up froma 300-sow herd to a 600-sowherd? From 
a 600-sow herd to a·l200-sow herd? Nobody knew the 
answer to that qllestion.30years ago. A couple ofpeople 
knew the answer 20 years ago. A few more knew the 
answer 10 years ago. Today, many producers are guessing 
the correct answer to that question, based on yesterday's 

· profit margins. Generally, they do not answer that question 
based on· their own numbers. Most producers.did not.and 

· do notknow the answerto that question based on their 
Owll production, cost, and revenue data. But, that question 
and its ·suspected answer are revolutionizing the pork·· 
industry. 

Next question: What is. the size or scale. effect at today's 
and tomortbw's profit margin? Across the industry, onlya 
very small percentage of all producers are capable of 
addres$ing thatqtiesti6n with their production, cost, and 
revenue data. The need for competent chief financial 
officers(CFOs) is overwhelming. The CFO supervises all 
bookkeepirig~ accduntirtg, and financial management of the 
business. In our industry, theCFO ll1ayalso be the breeder 
and/or the most diligent janitor of the operation, but that 
will undoubtedly be changing. The financial-information 
demands being placed on today's hog production 
businesses.are and have been growing exponentially for 
sometime. 

.Budgeting 
Budgeting is planning and .a budget is merely a fmancial 
plan. Planning is probably the key to competitiveness in 
to day's hog industry .. Producers build capital-intensive, 
high-tech, long-term production facilities and fmance these 
investmentswith long-term debt and equity capital. Plans 
(e.g., budgets) are very important to creditors and investors 
that supply equity capital. The producer's performance 

· relative to budget is becoming the factorthat determines 
the supply of debt/equity capital flowing to hog production 
units. Capital flows to profitability and capital flows even 
more readily to profitability accompanied by reduced risk. 
Hence, the importance of the budget (to display the 
expected profitability) and the budget analysis (to display 
budget· control).· Major investments require long-term 
plans. Th('.: Operating Perio<i, ··.herein defined as 1 year, 
requires a l~year budget period. The .1-year budget period 
might be budgeted as one 12-month period, as 4 quarterly 
periods, or as 52 weekly periods.· In this presentation, I 
will discuss quarterly and weekly budgets, 

The Operating Budget 
The Operating Budget (Table 1) is a good place to ~tart 
the budgeting/financial management process. The 
Operating Budget displays Planned Production, Planned 
Inventory Chang(:s, and Planned· "Sales" measured in 
''head" and/qr "hundredweight" (cwt). Next, the Operating 
Budget displays Planned Sales, Forecast Price/Cwt and 
Budgeted Sales in dollars, The third major segment of the 
Operating Budget displays both Variable Costs and Fixed 
Costs (including Depreciation). Note that the Variable and 
Fixed Costs in this section are not necessarily "Cash" 

· Co$ts .. The feed may have come.out of Inventory and the 
veterinary bill wasn't necessarily paid. The Operating 
Budget merely relates "resources used" to units of 
production-,and similarly, the Units Produced do not 
necessarily reflect "Cash'' Sales. 

The current wash-out of small andmedium~sized hog 
producers is evidence that the relevant'financial 
information demands imposed on producers is far great('.:r 
than the industry imagined. My primary objective in this 
paper is to review the major responsibilities of the CFO. I 
will simultaneously discuss the primary tools CFOs can 
employ to perform these duties. In fach preparing, 
monitoring, and· adjusting these financial tools is probably 
the primary function of the CFO. These "financial tools'' 
are the financial analyses and reports that transform 
financial and other data irito financial and management The production and . cost data used .in preparing an 

. · · Operating Budget should originate only from the firm's 
. production. and financial records. Industry-average data 
or data from University/Extension "Swine Enterprise 

· information. 

AG Finance, Inc., 6505 Sunset Terrace, Des Moines, Iowa 50311 
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TABLE 1 
OPERATING BUDGET, FORMAT: 
Updating 4th Quarter 94, 1st Quarter 95, and 2nd Quarter 95 .•• adding 3rd Quarter 95. Quarter 

Currently 
being 

Budgeted 

Repeat for 
each category 
of hogs/pigs 

184 

Quarterly Budgets Currently 
Being Updated 

4th Quarter 1st Quarter 2nd Quarter 3rd Quarter 
1994 1995 an 1U5. 

ProductiQD Budget (in Head[Cwt. li 

Planned Production x,xxx x,xxx x,xxx X XXX 
Inventory at beginning of Quarter x,xxx x,xxx x,xxx . X, XXX 
cwt. available for Sale x,xxx x,xxx x,xxx x.xxx 
Esti11ated Sales x,xxx x,xxx x,xxx x,xxx 
Inventory at end of Quarter x,xxx x,xxx x,xxx x.xxx 

Sales Budget: 
I 

Sales Forecast in Cwt. x,xxx x,xxx x,xxx x.,xxx I 

Market Price/Cwt. $ XX.xx $ XX.xx $ XX.xx $ xx.xx . i 
Budgeted Sales, $ $XXX,XXX $XXX,XXX $XXX,XXX $XXX,XXX 

Cost Estimates: 

Variable Costs: 
Feed $XXX,XXX $XXX,XXX $XXX,XXX $XXX,XXX 
labor/Management $ xx,xxx $ xx,xxx $ xx,xxx $ xx,xxx 
Utilities $ xx,xxx $ xx,xxx $ XX;XXX $ xx,xxx 
Purchased Breeding Stock $ X,XXX $ x,xxx $ x,xxx $ X XX~ 

Veterinary Supplies/Services $ x,xxx $ x,xxx $ x,xxx $ x,xx~ 
Fixed Costs: 

Overhead $XXX,XXX $XXX,XXX $XXX,XXX $XXX., XX~ 
Admi.ni strati ve Expense $ xx,xxx $ xx,xxx $ xx,xxx $ xx,xx~ 

Budgeted Cost of Production {131730 Cwt.l 
Feed Used ($19.65/Cwt.) $XXX,XXX $XXX,XXX $XXX,XXX $269,794.50 
Labor/Hgmt. ($4.85/Cwt.) $ xx,xxx $ xx,xxx $ xx,xxx $66,590.50 
All Other Hat. & Ovhd. ($14.33/Cwt.) $XXX,XXX $XXX,XXX $XXX,XXX $196,750.90 

$XXX,XXX $XXX,XXX $XXX,XXX $533,135.90 

Cost per Cwt. ($533,136/13,730) $XX.xx $XX.xx $XX.xx $38.83 
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. ~ Montblyl';letCash Flow · -+- Cumulative Cash Position 

Figure 1. Sample farms 1, EXPN: 666~1381 
. ' . . 

.. · with the expansion of a farrow- to ... fmish hog operation 
(Figure 1). 

· Records" pr~grams may differ. greatly fro.ri' properly 
managed data of the individual hog produ~tion busin~ss. 
The production data should originate with the production The "Cash Deficit" associated with the expansion of a 
manager and the cost data should be "accrual." Market. farrow-to-finish operation is primarily attributed to the 
prices of both inputs and outputs should ,be taken from · . cash or noncash costs of expanding the breeding herd and · 
reliable sources; however, a range of input and output the costly inventory build-up that occurs be(ore any 
prices can be "tested" with the Operating Budget. increase in sales. Both the CFO and suppliers of operating 

credit must be financially and mentally prepared for this 
The·Cash (Flow) Budget cash phenomenon to prevent the cash crisis normally 

. The Cash (Flow) Budget (Table 2) is the 11ext step in the associated with expansion. The Operating Budget is 
budgeting process. The Cash (Flow) Budget schedules all management's blueprint for running the business and ~e 
planned Cash Inflows and all phinned Cash· Outflows of Cash (Flow) Budget is the most powerful tool formanagmg 
. the business, calCulating Net Cash Flow per period and the most important resource of the business: cash. Also, 
monitoring Cash Balances throughout the period. Only these budgets comprise the singular route to the most 
calih items should be included; All Cash Expense items . irrtportatlt signal sent to capital sources: the projeCted Profit 
from the Operating Budget, all cash transactions associ- and Loss (P & L) Statement. Remember, profits attract 
ated with· Payables; Receivables, Prep8,id items, and capitaL Table 4 displays a time-series ofboth historic and 
Inventories~ and the Cash transactions relating to ... · budgeted p & L's. These are "Cash" P & L's (compose~ of 
Borrowing; Principal Payment, Capital P:w"chase/Sales, · "Cash" Revenue and "Cash" Expense and generatmg 
and·both CapitalContrioutions/Withdrawals are included "Cash" Surplus(Deficit), ameasureofcashprofit). These · 
on the Cash (Flow) Budget. Its functipn is to assist in the data can be taken directly from the Cash (Flow) Bu~get. 

· control of cash, and sufficient cash preven,ts bankruptcy. No Capital items, such as "Capital Purchase" or "Principal 

T~ble t displays a "generic;' Operating Budgetfora ~og Payment,'' are included in Table 4, and "Depreciation" is 
production business and Table. 2 represents li. quite abstract . similarly absent in this calculation of "Cash" Surplus. 
or "generic" Cash (Flow) Budget. Table 3 displays a Cash . After the calculation of"Cash" Surplus (Deficit), accrual 
(Flow) Budget containing both an Operating comp6nent . adjustments relating to. "Accounts Receivable," 
and a Capital component. This functiomil 4-year Cash "htventory," and "CurrentLiabilities" are incorpora~ to 

· (Flow) Budget is .. especially useful in demonstrati~g or generate a more comprehensive meas~e of Operat~g 
sketching out the large negative "cash" effects associated Profit the total Operator Benefit (Defic1t). Note that this 

meas~e of"profit'' does not include Depreciation, a major 
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TABLE 2 
CASH (FLOW) BUDGET, FORMAT: 
Updating 4th Quarter 94, 1st Quarter 95, and 2nd Quarter 95 

.•. adding 3rd Quarter 95. 
Quarter 

Currently 
being 

Budgeted 

Beginning Cash Balance 

CASH INFLOWS: 

Sales (each category): 
Finished Hogs 
Cull Breeding Stock 
F - 1 Breeding Gilts 
Feeder Pigs 
Cull {Pre-Market) Hogs 
Miscellaneous Sales 

Sale of Assets 

Capital Contributions 

Borrowed Funds 

TOTAL CASH INFLOWS 

CASH OUTFLOWS: 

Operating Expense (by line item): 
Feed 
Labor (incl. Benefits/Withldgs. 
Management 

Veterinary Supplies/Services 
Total Operating Expense 

Capital Purchases 

Quarterly Budgets Currently 
Being Updated 

4th Quarter 1st Quarter 2nd Quarter 3rd Quarter 
1994 1995 ~ 1995 

$ 

XX,xxx 

XX,xxx 
XX,xxx 
XX,xxx 
XX,xxx 
XX,xxx 
XX,xxx 

XX,xxx 

XX,xxx 

XX,xxx 

XXX,xxx 

XXX,xxx 
XX,xxx 
XX,xxx 

XX,xxx 
XXX,xxx 

XX,xxx 

$ 

XX,xxx 

XX,xxx 
XX,xxx 
XX,xxx 

.XX,xxx 
XX,xxx 
XX,xxx 

XX,xxx 

XX,xxx 

XX,xxx 

XXX,xxx 

XXX,xxx 
XX,xxx 
XX,xxx 

XX,xxx 
XXX,xxx 

XX,xxx 

$ $ 

XX,xxx XX,xxx 

XX,xxx XX,xxx 
XX,xxx XX,xxx 
XX,xxx XX,xxx 
XX,xxx .xx,xxx 
XX,xxx XX,xxx 
XX,xxx XX,xxx 

XX,xxx XX,xxx 

XX,xxx XX,xxx 

XX,xxx XX,xxx 

XXX,xxx XXX,xxx 

XXX,xxx XXX,xxx 
XX,xxx XX,xxx 
XX,xxx XX,xxx 

XX,xxx XX,xxx 
XXX,xxx XXX,xxx 

XX,xxx xx.,xxx 

Prin. Payments (list by specific liab.)XX,xxx XX,xxx XX,xxx XX,xxx 

Capital Withdrawals XX,xxx XX,xxx XX,xxx XX,xxx 

TOTAL CASH OUTFLOWS XXX,xxx XXX,xxx XXX,xxx XXX,xxx 

NET CASH FLOW XXX,xxx XXX,xxx XXX,xxx XXX,xxx 

Endino Balance XX,xxx XX,xxx XX,xxx XX,xxx 
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TABLE 3 
OPEMTI1181CAP.TAl BUDGETS ••• Sp•ctf1e Ex-1• 
SAII't.E FMIIS I, EXPII: Ill - 1381 
A8 Ft-e Cash Flow 

hffnnfnt FeMle" "lnventorr 
II Cltlts Retafned/Added " 
II Utters lleened/IIHk 
11 sowstau ts lllltedllleek 
11 Sows Ferrowed/liHk 
• s- culled,So1dllleak 
II SOWS Dfed/IIHk 
II Pft• lorn Lfve/lleek 
II Pfgs V..ned/lleek 
II Pits fn Nurs•l'll 
II Pf9S fn&rowr 
II Pf11 fn Ffnfslter 
II...,_ Ffnfshed 
II llllrket Hots Sold 

-..flarket llefglit, cwt. 
Merket" Prfce, $/cwt. 
Nerket Hot Sales, " $ 
t CUll SOWS Sold 

-..flarket llefght, cwt. 
Herket Prfca, $/cwt. 
Cull Sow Salas, t 
t Prs..flarkat Hot• 

--llarket llefght, cwt. 
Merket Prf ca, $/CWt. 
Pra-llarkat Hot Salas 

Total SWfna Sal .. , $ 
T otel cwt. Hot• Harke ted 
Borrowed Long Ta,.. Capftel 
TOTAL CASH INFLOII 

BREBIIIICI HERD COSTS 
t Olin 8flts Retained " 
t Boars Purchased 
Prfce of Boars, $ 
$, Purchased loars 
$, AI "-n•• 
Total Bmd. Hard"C.shCosts 
FEED COSTS (Cashl-- Incl. llltarnll 
Total lraedfnt Hard": Quantf.tll, T. 
Total Braedfng Hard: Cost,>$ 
Nursal'll: Quantity, T. 
Nurse..,: Cost, 1 $298.48/T. 
Growr: Quantttr", T. 
Gr-r: Cost, $ I $126/T. 
Flnfllter: Quantity, T. 
Ffnfllter: Cost, $ I $111.15/T. 
Total FHd Quantity, T. 
Tote 1 Feed Cost, $ 
OTHER EXPEIISE 
Hfrad Labor 
llllna.-nt Expense 
Interest"" 
Rapafrs 
Rants/Leases 
Hechfna Hfra 
Bedding 
Yat./Phai'Mcaut. 
LP 
Fual/Fra"ftht/Trkfng/Auto 
RE Tall/Ins. 
Utflftfas 
Prof. I'HI 
Ta1,/Dff./DUII/MfsC, 
Supplfa• " 
Capt tel out lQ• 

1193 
JAN 
Ill 

116 
11 
30 
34 
30 
10 
I 

313 
277 

1,558 
1,392 
3,692 

257 
243 

2.37 
41.00 

26,448 
10 

4."22 
34.00 
1,435 

4 
1.6 

22;00 
130' 

1993 
JAN 
t2 

666 
ll 
30 
35 
31 
ll 
0 

313 
268 

1,567 
1,401 
"3,690 

257 
243 

2.37 
46.00 

26,448 
u 

4.22 
34.00 

'1,578 
4 

1.6 
22.00 

130 

28,013 28,156 
623 627 

0 0 
28,013" 28,156 

u 
0· 

650 
0 

N/A 
0 

u 
0. 

650 
0 

N/A 
0 

Feed Costs " 
18.53 18;53 
2,072 2,072 
7.22 7.24 

2,155 2;168 
15.10 15.20 
1,903 1,916 
67.19 67.16 
7,857 7,855 

108.03 108.13 
13,987 14,010 

5,393" 
1,043 
3,017' 
1;372 

722 
710 
620 
967 

1,S50 
737 
392 

1,336 
444 
614 
366 "" 

Prfn. PQI!t, Long Ta,.. (Project) Deer. 
Int. PQI!t," Long Ta,.. (PI'Ojactl Deer. 
Prtncfpa1 p.,_nt, Exflttnt 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0. 
0 

TOTAL CASII "OUTFLOll 33,340 14,010-

ll~tklx Cash Flcm. fr011 Jtn .. 1993 to Dec, liH 
1993 
JAN 
113 

666 
II 
29 
35 
30 
10 
1 

303 

PRODUCTION 
BUDGET 

268 1======~ 
1,"567 I 
1,392 INVEIITORY 

3,692 ?=====~ 
266 
251 

2.37 
46.00 

27,369 
10 

4.22 
34.00 
1,435 

"" 1.6 
22.00 

135 

SALES 
BUDGET" 

1993 1993 1996 ·1991 IIH 
JAN JAN DEC DEC DEC 
t4 t5 it49 t50 tsl 

66"6 666 " • • • 1381 1381 1381 
11 ll 21 21 21 
~ ~ ~ ~ ~ 
» ~ n 12 n 
~ n ~ ~ ~ 
11 w ~ ~ ~ 

0" 1 1 1 1 
303 313 660 660 660 
277 277 570 570 570 

1,558 1,567 2,902 2,902 2,902 
1,392 1,401 2,246 2,246 2,246 
3,682 3,682 7,164 7,164 7,164 

257 257 567 567 567 
243 243 538 531 531" 

2.37 2.37 2.50 2.50 2.50 
"46.00 46.00 46.00 46.00 46.00 
26;448 "26,448' 61,865 61,865 61,165 

11 10 ' 20 20 20 
4.22 4.22 4.25 4.25 4.25 

34,00 34.00 • • • 34.00 34.00 34.00 
1,578 1,435 2,890 2,890 2,110 

4 4 8 • I 
1.6 1.6 1.6 1.6 1.1 

22.00 22.00 22.00 22.00 22.00 
. 130 130 288 281 211 

28i938 28,156 '' 28,719 65,044 &5,044 65,044 
1,443 643 I_,.._.._;.. ___ ..J 627 634 

0 0 ~ 
28,938 CASH INFLOII 28;156 28,719 

ll 
0 

650 
0 

N/A 
0 

18.53 
2,072 
7.24 

·2,168 
15.10 
1,903 
67.19 
7,857 

108.05 
14,ooo 

5,393 
1,043 
3,017 
1,372 

722 
780 
620 
967. 

1,550 
737 
392 

1,336 
444 
614 
366 

0 
0 
0. 
o· 

33;353 

COST ESTiMATES: 
--Breeding Stock 

COST ESTIMATES: 
~-F~ed 

· COst ESTIMATES: 
--Other v ... table 

Ff Kad Expense 

CAPITAL 
BUDGET 

CASH OUTFLOII 

u "u 
0 5 

650 650 
0 3,250 

N/A N/A 
0 3,250" 

18.53 18.55 
2,072 2,075 
7.22 7.24 

2,155 2,170 
15.10 15.20 
1,903 1,.916 
67.01 67.01 
7,837 7,837 

101 .as 108.00 
13,967 13,991 

0 5,393 
0 1,043 
0 3,017 
0 1;372 
0 722 
0 780 
0 620 
0 967' 
0 1,550 
0 737 
0 392 
0 1,336 
0 444 
0 614 
0 366 
0 0 
0 0 
0 0 
0 . 5,000 

13,967 41;601 

1,443 1,443 
0 0 0 

65,044 65,044 15,044 

21 21 21 
0 0 0 

1,000 1,000 1,000 
0 0 0 

... 92 0 12 
92 0 92 

29.30 29.30 29.30 
3,286 3,286 3,286 
15.41 15.41 ' 15.41 
4,750 4,750 4,750 
28.30 28.30 28.30 
3,565 3,565 3,565 

142.92 142.92 142.12 
16,714 16,714 16,714 
215.91 215.91 ; 215.91 
21,315 28,315 21,315 

7,705 0 .7,705 
1,043 0 1,043 

0 0 0 
2,500 0 2,500 

169 0 169 
1,341 0 1,346. 

0 0 0 
·1,733 0 1,733 
1,550 0 1,550 

... 583 0 583 
1,567 0 1,567 
2,405 0 2,405 

666 0 666 
983 0 183 

732 0 732 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

51,388 28,315 51,381 

NET CAS11 FLOII 
BE&INNIIICI BALANCE 
CUMULATIVE :POSITION 

(5,3211 14,146 (4;4151 NET CASH FLOW 
0 (,5,3381 8,808 

(5,3281 8,808 4,393 CASH pOSITION 

14,190 (12,8821 ... 
4,393 18,583 

13;655 36>728 13,655 
929;102 943,557 980,215 

993,941 18,583 • 5,701 ... 943,557 980,215 
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1996 
DEC 
ts2 

1311 
' 21 

60 
72 
~ 
20 
1 

-6~ 

570 
2;102 
2,246 
7,164 
' 567 

538 
2.50 

46.00 
61,165 

20 
4.25 

34.00 
2,190 

• 1.6 
22.00 

288 

65,741 
1,454 

0 
15,7.41 

21 
5 

1,000 
5,000 

0 
5,000 

29.30 
3,286 
15.41 
4,750 
21.30 
3,565 

142.92 
16,714 
215.91 
28,315 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

17,509 
20;114 
5,000 

75,939 

(10,1901 
993;941 
983,751 
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TABLE 4 
RESTATED OPERATING STATBIEifTS, FORMT 
SAMPLE FAIUIS 2 

Quarterlv Budgets being Uudated 
4th Qtr. 1st Qtr. 2nd Qtr. 

INCOME 1m lill. lHi 
Sales 
Finished Hogs XXX,xxx XXX,xxx XXX,xxx 
Feeders 0 0 0 
Cull Breeding Stock XX,xxx Xl(,xxx· XX,xxx 

Total Livestock XXX,xxx XXX,xxx XXX,xxx 
Miscellaneous lnco.e X,xxx X,xxx_ X,xxx 

Total Fer. Sales XXX,xxx XXX,xxx XXX,xxx 
Interest I Dividends x,xxx X,xxx X,xxx 
TOTAL REVENUE XXX,xxx XXX,xxx XXX,xxx 

EXPENSE 
· Purchased Breeding Stock XX,xxx XX,xxx XX,xxx 
Corn/Co.. Feed xx,xxx XX,xxx XX,xxx 
Total Feed XX,xxx XX,xxx XX,xxx 
Feed Additives X,xxx X,xxx X,xxx 
TOTAL FEED/ADDITIVES XX,xxx XX,xxx XX,xxx 
OWner/Manager Selary/Driw X·,xxx X,xxx X,xxx 
Hired Labor XX,xxx XX,xxx XX,xxx 
&ployer•s FICA X,xxx X,xxx X,xxx 
Una.ploy•ent Tax XXX XXX XXX 
&ployee Benefits XXX XXX XXX 
Workers Co.p, Ins XXX XXX XXX 
TOTAL LABOR/MGHT. XX,xxx XX,xxx XX,xxx 
Repeirs--Mech./Equip. - X,xxx X,xxx X,xxx 
Repeirs--Bldg./l•prov. X,xxx X,xxx X,xxx 
TOTAL REPAIRS x,xxx X-,xxx x,xxx 
Rents/Leases X,xxx X,xxx X,xxx 
Machine Hire X,xxx x,xxx X,xxx 
Supplies, Livestock X,xxx X,xxx X,xxx 
Veterinary XXX XXX XXX 
Hot Phar.eceutical X,xxx X,xxx X,xxx 
TOTAL VET/YET SUPPLIES X,xxx X,xxx X,xxx 
LP Gas X,xxx X,xxx X,xxx 
Fuel/Oil X,xxx X,xxx X,xxx 
Fer. REIPP Taxes X,xxx X,xxx X,xxx 
Fer. Insurance X,xxx. X,xicx X,xxx 
Far. Utilities XX,xxx XX,xxx XX,xxx 
Freight/Trucking XXX XXX XXX 
Accounting/Prof/Legal XXX XXX XXX 
Consulting Fees x,xxx X,xxx X,xxx 
Fer. Bus, Phone XXX . XXX XXX 
Fer". Office Expense XXX XXX XXX 

-------- -------- --------
Total General Expense XXX,xxx XXX,xxx XXX,xxx 
Interest Expense XX,xxx XX,xxx XX,xxx 
TOJAL EXPENSE XXX,xxx XXX,xxx XXX,xxx 

CASH SURPLUS (DEF.)--OPERS. XXX,xxx XXX,xxx XXX,xxx 

Accounts Rae. Increase (Deer.) + or - + or - + or -
Inventory Gain (Loss) + or - + or - + or -
Curr. Ltabs. Decrease (Incr.l +or- + or- + or -

TOTAL OPER. BENEFIT (DEF.) XXX,xxx XXX,xxx XXX,xxx 

TABLE 4A 
RATIOS/INDICES 
SAMPLE FAIUIS 2 

Gross Profit On Cash Revenue 10 - 20\ 10 - 20\ 10 - 20\ 
Sales To Fixed Assets I .BY $1.25 $1.25 $1.25 
Sales To Inventory I FMV $3.45 $3;45 $3.45 
Interest Exp. \ Of Total Rev. 5 - 12\ 5 - 12\ 5 - ·12\ 
Effective Interest Rate 5 - 10\ 5 - 10\ 5 - 10\ 
Sales Added I $ Of New Debt $1.25 $1.25 $1.25 
Expense Added I$ Of New Debt $1.05-1.1$1.05-1.1$1.05-1.1 
Sales Growth To Expense Growth 1.2:1 1.2:1 1.2:1 
Liquidity +200\ +200\ +200\ 
Current Liab; \ Of Total Rev. <10 - 15\ <10 - 15\ <10 - 15\ 
\ Equity t FMV 35 - 60\ 35 - 60\ 35 - 60\ 
Unlev. Ret. On Investllent 10 - 20\ 10 - 20\ 10 - 20\ 
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Quarter 
Currently 

being 
Budgeted 
3rd Qtr. 
!ill 

XXX XXX • 
0 

XX,xx~ 
XXX,XX) 

X>xxx 
XXX,XX) 

X,xx~ 

XXX 1XX) 

XX;xx~ 
XX XX~ 
XX,xxx 
X,xxx 

XX,xxx 
X,xxx 

XX,xxx 
X XXX 

XX~ 

XXX 
XX~ 

XX XX~ 
X,xxx 
X,xx~ 

X XXX 
X,xxx 
X,xx~ 

· X,xxx 
XXX 

X,xxx 
X,xx~ 
X,xxx 
X,xxx 
X,xxx 
X,xxx 

XX. LXXX 
XXX 
XXX 

X XXX 
XXX 
XXX 

.. --------
XXX,xx~ 

XX,xxx 
XXX XX~ 

XXX XX~ 

+ or -
+or·'-
+ or -

XXX,xx~ 

10 - 20% 
$1.25 
$3.45 

5 - 12\ 
5 - 10\ 
$1.25 

Budget 
3rd.Qtr. 

!H! 

XXX,xxx 
0 

XX,xxx 
XXX,xxx 

X,xxx 
XXX,xxx 

X,xxx 
XXX,xxx 

XX,xxx . 
XX,xxx 
XX,xxx 
X,xxx 

XX,xxx 
X,xxx 

xx,xxx 
X,xxx 

XXX 
XXX 
XXX 

XX.,xxx 
X,XXX· 
X,xxx 
X,xxx 
X,xxx 
X,xxx. 
X,xxx 

XXX 
X,xxx 
X,xxx 
X,xxx 
X,xicx 
X,xxx. 
X,xxx 

XX,xxx 
XXX 
XXX 

,X,xxx 
XXX 
XXX. 

--------
XXX,xxx 
XX,xxx 

XXX,xxx 

. xxx,xxx 

+ or -
+ or -
+ or -

XXX,xxx 

Actual 
2nd Qtr. 
lli! 

XXX,xxx 
0 

XX,xxx 
XXX,xxx 

X,xxx 
XXX,xxx 

X,xxx 
XXX,xxx 

XX,xxx 
XX,xxx 
XX,xxx 
x,xxx 

XX,xxx 
X,xxx 

xx,xxx 
X,xxx 
. XXX 

XXX 
XXX 

XX,xxx 
x,xxx 
X,xxx 
X,xxx 
X,xxx 
X,xxx 
X,xxx 

XXX 
X,xxx 
X,xxx 
X,xxx 
X,xxx 
X,xxx 
X,xxx 

XX,xxx 
XXX 
XXX 

X,xxx 
XXX 
XXX 

--------
XXX,xxx 
xx,xxx 

xxx,xxx 

xxx,xxx 

+ or -
+ or -
+ or -

XXX,xxx 

Actual Actual 
1st.Qtr. Annual 
m! 1ill. 

XXX,xxx XXX,xxx 
0 0 

XX,xxx XX,xxx 
XXX,xxx XXX,xxx 

x;xxx X,xxx 
XXX,xxx XXX,xxx 

X,xxx X;xxx 
XXX,xxx XXX,xxx 

XX,xxx XX,xxx 
XX,xxx XX,xxx 
xx,xxx XX,xxx 
X,xxx X,xxx 

XX,xxx XX,xxx ·· 
x,xxx X,xxx 

XX,xxx XX,xxx 
X,xxx x,xxx 

XXX XXX 
XXX XXX 
XXX XXX 

XX;xxx XX,xxx 
X,xxx x,_xxx 
x,_xxx x,xxx 
X,xxx X,xxx· 
X,xxx X,xxx 
X,xxx X,xxx 
X,xxx X,xxx 

XXX XXX 
X,xxx X,xxx 
)l(,xxx · X,xxx 
X,xxx X,xxx 
X,xxx X,xxx ·· 
. X,xxx · X,xxx .. 
X,xxx X,xxx 

XX,xxx XX,xxx 
XXX XXX 
XXX XXX 

X,xxx l(,xxx · 
XXX XXX 
XXX XXX 

-------- --------
XXX,xxx XXl(,xxx 
XX,xxx XX,xxx 

XXX,xxx XXX,XXJ! 

xxx,xxx xxx,xxx 

+or.,. + or --
+ or - + or -
+ or - + or -

xxx,xxx xxx,xxx 

10 - 20% . 10 - 20\ 10 - 20\ 10 - 20\ 
$1.25 $1.25 $1.25 $1.25 
$3.45 $3.45 $3.45 $3:45 

5 - 12% 5 - 12% 5 - 12\ 5 - 12\ 
5 - 10% 5 - 10\ 5 - 10\ 5 - 10\ 
$1.25 $1.25 $1.25 $1.25 

$1.05 -1.1$ 1.05 -1.1 $1.05 -1.1 $1.05 -1.1 $1.05 -1.1 
1.2:1 
+200\ 

<10 - 15% 
35 - 60\ 
10 - 20\ 

1.2:1 1.2:1 1.2:1 1.2:1 
+200% +200\ +200\ +200\ 

<10 - 15\ <10 - 15\ <10 - 15\ <10 - 15\ 
35 - 60\ 35 - 60\ 35 - 60\ 35 - 60\ 
10 - 20\ 10 - 20\ 10 - 20\ 10 - 20\ 
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The CFO's daily use o[fihancial data/information 

OPERATING/CAPITAL 'BUDGETS 
~SH EY!!t SIJIIWIIES SNIPLE FARIIS 1, EXPH: 666 - 1381 

TOTAL TOTAL TOTAL TOTAL AG Finance cash: Flow 
liD lli! 1m .1IH .lin au 1m .1IH 

666 666 1,242 1,381 Baginning F-le Inventor:~~ 666 884 1,358 1,381 Average Inventor:~~ of Sows/Gtlts 
·572 1,268 1,231 1,092 # ·Gtlts Added 85.9\ 143.4t 90.6\ 79.1\ # Gtlts Added as \ of Ave. Jnv. 

1,550 1,734 2,976 3,120 # L 1 tters llearied/lleek 2.33 1.96 2.19 2.26 Litters lleaned/Sow/Y8ar 
1,807 2,596 .3,744 3,744 # Sows/Gi 1 ts llated/llaak 
1,581 1,808 3,003 3,120 * Sows Farrowed/lluk 87.5\ 69.6\ 80.2\ . 83.3\ Farr. Rata ( Farrowad/llatadl 

546 664 1,040 1,040 # Sows Cull•d,Sold/llaak 8.2.0\ 75.1\. 76.6\ 75.3\ # Sows Culled as \ of Ava, Inv .• 
26 28 52 52 • sow Died/lleak 3.9\ 3.2\ 3.8\ 3.8\ llorta11ey Rata, Sows 

15;968 1_8,261 32,436 34,320 # Pigs Born Ltve/llaak 24.0 20.7 23.9 24.9 Pigs Born Liva/Sow/Yiar 
14,116 15,589 27,806 29,640 # Pigs llaaned/lluk 21.2 17.6 20.5 21.5 Pigs llaanad/Sow/Yaar 
1,566 1,66!) 2,726 2,902 # Pigs in Nursar:y 
1,392 1,425 2,090 2,246 # Pigs in Grower 
3,686 3,739 6,06!1 7,164 -#Pigs in Finisher 

13,542 13,662 22,230 29,492 # Hogi Finith!ld 20.3 15;5 16.4 21.4· Pigs Fintshad/Sow/Yur 
12,776 12,208 20,684 27,974 # Market Hogs. Sold 94.3\ 89.4\ 93.0\ 94.9\ Nkt Hogs Sold as \ of Hogs Fin. 

2.37 2.37. 2.45 2.50 --flarkat llaight,. Cwt. 
$46.00 $46.00 $46.00 $46.00 Market Price,. $/cwt. 

95;()\ ,392,794 1,330,948 2,343,645 3,216,987 llark8t Hog Sales, $ 93.9\ 92_.5\ 93.4\ Market Hog Sale~ as \ o_f T. Salas 
546 664 1,040 1040 # Cull Sows Sold 

4.22 4.22 4.24 4.25 ·~-llarket llaitht, cwt. 
$34.00 $34.00 $34.00 $34.00 Market Price,' $/cwt. 

$78,340 $95,271 $150,015 $150,280 Cull Sow Sala.s, $ 5.3\ 6.6\ 6.0\ .4.4\ Cull Sow Salas es \ of T. Salas 
195 186 315 426 # P're-llarket itogs 1.4\ 1.4\ 1.4\ 1.4\ Pre-llkt Hogs Sold as \ of Fin. 

1.60 1.60 1.60 1.60 --Market llaight, cwt; 
$22.00 $22.00 $22.00 $22.00 Market Price, $/CWt. 
$6,848 $6,544 $11,087 $14,995 Pre-Market Hog Salas 0.5\ 0.5\ 0.4\ 0.4\ Pre-Mkt. Hog Sales as \ of T. Salas 

,483,630 1,438,410 2,508,277 3,385,086 Total Swine Salas , $ 2,228 1,627 1,846 2,451 $ of Sales/Sow Par Year 
32,978 32,118 55,918 75,078 Total cwt. Hogs Marketed. 4,952 3,633 4,116 5,437 Pounds of Hogs Sold/Sow/Year 

0 2,462.,765 373,333 0 Borrowed Lonv. Tal'll Capital 
,483,630 3,90h175 2,881,610 3,385,086 TOTAL CASH JNFLOII 

BREEDING HI;RD' COSTS 
572 1,268 1,231 1,092 # OWn Gtlts Retained 4.2\ 9.3\ 5.5\ 3.7\. "Gilts Retained• ·as \of Hogs. Fin. 

40 40 25 20 * Boars Purchased 
650 650 913 1,000 Price of &~~ara, $ 

26,000 26,000 21,500 $20,000 $, Purchased aoars 
0 1,754 2,400 $2,400 $, .AI Expanse ... · 

$0.79 $0.30 Brding Herd Cuh Cost/cwt. Hogs Sold 26,000 27,754 23,900 . $22,400 T. Breading liard Cash Cost so;86 $0~43 
FEED COSTS (Cash I 

964 ·1,148 1,494 1,523 T. Breeding Hard: QUantity 2,895 2,597 2,199 2;206 Pounds of Feed Fad/Sow/Year 
107,849 127,608 167,303 170,871 T .. Breeding H8~d:. Cost, $ 162 144 123 '124 $ of Feed Fed Per Sow Per Year 

377 . 400 753 801 Nursery: Quantiey, .T. 
112,68!1 120,521 230,131 247,002 Nurser:yi Cost, -t $298.48/T. 

785 804 1,349 1,471 Grower: Quantit:y, T. 3.10 3.10 3.55 3.60 Ave. Grow. Feed Cons apt i on/Da:y 
98,933 101,287 169,931 1B5,402 Grower: Cost,. $ i $126/T. 
3,488 3,538 6,178 7,432 Finisher: Quantity, T. 5.20 5.20 5.59 5.70 Ave. Fin. Feed Cons.-pt ion/Day, 1 bs . 

407,958 413,826. 722,502 869,126 Finisher: Cost,·$ @$116)15/T.$133.24 $134.04 $135.5B $134.12 Ave. Grow/Fin Feed Cost/T. 
5,614 5,890 9,773 11,228 Total Feed Quantiey, T. 3.40 3.67 3.50 2.99 F.E.: cwt Feed Used/cwt. Hogs Sold 

727,429 763,2411,289,866 1,472,401 Total Feed Cost, $ · $22.06 $23.76 $23.07 $19.61 Feed Cost Per cwt. of Hogs So 1 d 
OTHER EXPENSE 

140,224 149,470 194,927 200,320 Hired Labor $4.25 $4.65 $3.49 $2.67 Labor Expensa/cwt. of Hogs So 1 d 
27,122 27,122 27,122 27,122 llanag-nt EXpense $0.82 $0.84 $0.49 $0.36 Hpt. Expansa/cwt. of Hogs So 1 d 
78,432 78,432. 68,032 62,368 Int. Expanse,· on Existing $5.07 $5.50 .$3.97 $3.03 T, ·Labor/Hg•t. Exp.Jcwt. Hogs Sold 
35,669 35,669 65,000 65,000 Repeirs $1.08 $1.11 $1.16 $.0.87 Repairs Expensa/Cwt. of Hogs Sold 
18,781 18,781 4,381 4,381 Rents/Leases $0.57 $0.58 $0.08 $0.06. Rent/Lease Exp./Cwt. of Hogs Sold 
20,271 20,271 35,000 35,000 Machine Hire $0.61 $0.63 $0.63 $0.47 Machine Hire Exp./cwt. llo!ls Sold 
16,125 16,125 0 0 Badding $0.49 $0.50 $0.00 $0.00 Badding Exp./cwt. of Hogs Sold 
25,145 . 25,145 45,047 45,047 Vet./Pha1'118ceut. $0,76 $0.78 $0;81 $0.60 Yet./Pha.l'll. Exp./CWt. of Hogs Sold 
40,291 40,291 40,291 40,291 LP $1.22 $1.25 $0.72 $0.54 LP Gas Expense/cwt. of Hogs So 1 d 
19,170 19,170 15,170 15,170 Fuel/Freight/i'rking/Auto $0.58 $0.60 $0.27 $0.20 Fuel/Transport Exp./CWt. Hog~ Sold 
10,194 10;184 40,736 40,736 RE Taxf.Ins. $0.31 $0.32 $0.73 $0.54 TaX/Ins. Exp./CWt. of Hogs Sold 
34,746 34,746 62,543 62,543 Uttlities $1.05 $1.08 $1.12 $0.83 Utilities Exp./Cwt. of Hogs Sold 
11,539 11,539 17,309 17;309 Prof'. Fees $0.35 $0.36 $0.31 $0.23 Prof. Expansa/CWt. of Hogs So 1 d 
15,969 15,969 .25.,550 25,550 Tel./Off./Dues/Mtsc. $0.4& $0.50 $0.46 $0;34 Tel/Off./Dues/llis Exp./cwt. Hogs ~old 
9,510 9,510 . 19,020 19,020 Supplies $0;29 $0.30 $0.34 $0.25 Supplies Exp./CWt. of Hogs Sold 

0 2,462,765 373,333 0 capital Outlays 
0 0 183,098 201,270 Prin. Pa,yat, L. T. (Proj.) Debt 
0 0 268,386 250,214 Int. Pa,yat, L, T. IProj. I Dabt 

60,000 60,000 60,000 60,000 Principal Paylilent, Existing 
,316,607 3,826,183 2,858, 710 2,666,141 TOTAL CASH OUTFLOII $38.10 $40.58 $40.10 $32.03 Total Cash Exp./Cwt. of Hogs Sold 

167,023 74,992 22,900 718,945 NET CASH FLOII $1.82 $1.87 $4.35 $3.48 Prin. Pa,y~~ents/cwt. of Hogs Sold 
0 167,013 242,005 264,806 BEGINNING BALANCE $2.38 $2.44 $6.02 $4.16 Int. Pa,y~~ents/cwt. of Hogs Sold 

167,013 242,005 264,806 983,751 .CUMULATIVE POSITION $4.20 $4.31 $10.36 $7.64 Debt Serv. Payllts ./cwt. of Hogs So 1 d 
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Robert Aukes 

TABLE 5 
RESTATED FINANCIAL STATE1131TS, FQRMAT 
SAMPLE FARMS 2 Balance 

Sheet 
being 

Updated 
ASSETS I BOOK VALUE 12/31/94 

Cash 
Accounts Receivable 
Inventory/Prepaid Expense 
Other Current Assets 
TOTAL CURRENT ASSETS 

Land/Residence 
Buildings/IIIIproveMnts 
Vehicles/Machinery/Equip. 
Other Fixed Assets 
(Accu•ulated Depreciation) 
TOTAL FIXED ASSETS 

Other Assets 

TOTAL ASSETS I BY 

ASSETS I FAIR MARKET VALUE 

Cash 
Accounts Receivable 
Inventory/Prepaid Expense 
Other Current Assets 
TOTAL CURRENT ASSETS 

Land/Residence 
Buildings/I111prove111ents 
Vehicles/Machinery/Equip.· 
Auto/Household 
Other Fixed Assets 
TOTAL FIXED ASSETS 

Other Assets 

TOTAL ASSETS I FHV 

Current Liabilities 
Long Ter. Liabilities 

TOTAL LIABILITIES 

NET WORTH I! BY 

XX,xxx 
X,xxx 

XXX,xxx 
X,xxx 

XXX,xxx 

XXX,xxx 
X,XXX,xxx 

XXX<xxx 
xx,xxx 

XXX,xxx 
X,XXX,xxx 

XX,xxx 

X,XXX,xxx 

XX,xxx 
X,xxx 

XXX,xxx 
X,xxx 

XXX,xxx 

XXX,xxx 
X,XXX,xxx 

XXX,xxx 
XX,xxx 
XX,xxx 

X,XXX,xxx 

XX,xxx 

X,XXX,xxx 

XXX,xxx 
X,XXX,xxx 

X,XXX,xxx 

X,XXX,xxx 

Balance 
Sheet 
being 

Updated 
3/31/95 

XX,xxx 
X,xxx 

XXX,xxx 
X,xxx 

XXX,xxx 

XXX,xxx 
X,XXX,xxx 

XXX<xxx 
xx,xxx 

XXX,xxx 
X,XXX,xxx 

XX,xxx 

X,XXX,xxx 

XX,xxx 
X,xxx 

XXX,xxx 
X,xxx 

XXX,xxx 

XXX,xxx 
X,XXX,xxx 

XXX,xxx 
XX,xxx 
XX,xxx 

X,XXX,xxx 

XX,xxx 

X,XXX,xxx 

XXX,xxx 
X,XXX,xxx 

x,xxx,xxx 

X,XXX,xxx 

Balance 
Sheet 
being 

Updated 
6/30/95 

XX,xxx 
X,xxx 

XXX,xxx 
X,xxx 

XXX,xxx 

XXX,xxx 
X,XXX,xxx 

XXX<xxx 
xx,xxx 

XXX,xxx 
X,XXX,xxx 

XX,xxx 

X,XXX,xxx 

XX,xxx 
X,xxx 

XXX,xxx 
X,xxx 

XXX,xxx 

XXX,xxx 
X,XXX,xxx 

XXX,xxx 
XX,xxx 
XX,xxx 

X,XXX,xxx 

XX,xxx 

X,XXX,xxx 

XXX,xxx 
X,XXX,xxx 

X,XXX,xxx 

X,XXX,xxx 

Balance 
Sheet 
being 

Budgeted 
9/30/95 

XX,xxx 
X,xxx 

XXX,xx~ 

X,xxx 
XXX XX) 

XXX,xx~ 

X,XXX,xx~ 

XXX<xx~ 

xx,xxx 
XXX,xx~ 

X,XXX,xx~ 

XX,xxx 

X,XXX,XX) 

XX,xxx 
X XXX 

XXX,xxx 
X,xxx 

XXX,xxx 

XXX,xxx 
X,XXX,xxx 

XXX,xxx 
XX,xxx 
XX,xxx 

X XXX,XX) 

x~.xxx 

X XXX XXX 

XXX,xxx 
X,XXX,xxx 

X,XXX,XXlC 

X,XXX,xxx 

Budgeted Actual Actual Actual 
9/30/94 6/30/94 3/31/94 12/31/93 

--------- --------- --------- ---------
XX,xxx XX,xxx XX,xxx XX,xxx 
X,xxx X,xxx X,xxx X,xxx 

XXX,xxx XXX,xxx XXX,xxx XXX,xxx 
X,xxx X,xxx X,xxx X,xxx 

XXX,xxx XXX,xxx XXX,xxx XXX,xxx 

XXX,xxx XXX,xxx XXX,xxx XXX,xxx 
X,XXX,xxx X,XXX,xxx X,XXX,xxx X,XXX,xxx 

XXX<xxx XXX<xxx XXX<xxx XXX<xxx 
xx,xxx xx,xxx xx,xxx xx,xxx 

XXX,xxx XXX,xxx XXX,xxx XXX,xxx 
X,XXX,xxx X,XXX,xxx X,XXX,xxx X,XXX,xxx 

XX,xxx XX,xxx XX,xxx XX,xxx 

X,XXX,xxx X,XXX,xxx X,XXX,xxx X,XXX,xxx 

XX,xxx XX,xxx . XX,xxx XX,xxx 
X,xxx x,xxx X,xxx X,xxx 

XXX,xxx XXX,xxx XXX,xxx XXX,xxx 
X,xxx X,xxx X,xxx X,xxx 

XXX,xxx XXX,xxx XXX,xxx XXX,xxx 

XXX,xxx XXX,xxx XXX,xxx XXX,xxx 
X,XXX,xxx X,XXX,xxx X,XXX,xxx X,XXX,xxx 

XXX,xxx XXX,xxx XXX,xxx XXX,xxx 
XX,xxx XX,xxx XX,xxx XX,xxx 
XX,xxx XX,xxx XX,xxx XX,xxx 

X,XXX,xxx X,XXX,xxx X,XXX,xxx X,XXX,xxx 

XX,xxx XX,xxx XX,xxx XX,xxx 

X,XXX,xxx X,XXX,xxx X,XXX,xxx X,XXX,xxx 

XXX,xxx XXX,xxx XXX,xxx XXX,xxx 
X,XXX,xxx X,XXX,xxx X,XXX,xxx X,XXX,xxx 

X,XXX,xxx X,XXX,xxx X,XXX,xxx X,XXX,xxx 

X,XXX,xxx X,XXX,xxx X,XXX,xxx X,XXX,xxx 

NET WORTH I FMY X,XXX,xxx X,XXX,xxx X,XXX,xxx [T,XXf,-XXXj X,XXX,xxx X,XXX,xxx X,XXX,xxx X,XXX>xxx 

"*" = Esti111ated Depreciation 

LIQUIDITY INDEX 
CURR. LIAB. % OF TOTAL REV. 
PERCENTAGE EQUITY I FHY 

190 

+200% +200% +200\ 
<10 - 15\ <10 - 15\ <10 ~ 15% 
35 - 60% 35 - 60\ 35 - 60% 

+200% +200% +200% 
<10 - 15% <10 .- 15% <10 - 15% 
35 - 60\ 35 - 60% 35 - 60% 
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component of taXable profit If all Capital trans~ctions 
are excluded from the calculations of Table 4 and only . 
operating transactions affect the level ·of Current 
Liabilities, then the Total Operator Benefit (Deficit) minus 
Depreciation .should reconcile with the change in Net 
Worth@ Book Value (BV)-tbe ~ottom.-line measure of 

. periodic Profit/(Loss). · 

The Projected/ Actual (Historic) Financial Statenleilts of 
Table 5 complete the initial set of financial tools. The 
Financial Statements confirmor reconcile)he production 
information of the Operating Budget, the "cash" generation 
of the Cash (Flow) Budget, the capital transactions detailed 
in Table 3, the profitability of Table 4, and they provide 
the Depreciation data required to transfotmTable 4 's Cash · 
Profitability into accrual profitability, the bottom-line 
measure of financial progress. The Financial Statement 
should reflect the summary of all of the periodic financial 
transactions of Tables 1-4. lfNet Worth of Table 5 
increases from. the beginning of the period to the end of 
the period, this means that (Assets minus. Liabilities) is 
greater and that the financial position of the business is 
greater. "Mter-tax Profitability" must be reflected as an 
increase in Net Worth and Retained Earnings. Inventory, 
a Current Asset of Table 5, is ''valued" \}sing the "farm 
price" method of valuation. This approach uses market 
value adjusted for transport/transaction costs. Fixed Assets . 
are presented at Book Value (BV) and at F ai.t Market Value 
(FMV). FMV's of Fixed Assets are required for collateral 
purposes and BV's are required when reconciling "After-. 
tax Profit" with "Change in Net Worth @BY." 

Profitability, expressed on the P & L, is a veryfavorable 
financial characteristic. When this profitability is 
confirmed as an . increase in Ne.t Worth'@ BV on· the 
Financial Statement, that is real attractiveness. The P & L 
of Table 4 and the Financial Statement ~f Table 5. are 
largely described as data. The real reward of compiling 
and organizing these data is displayed in Table 4A, the 
Financial Ratios/Indices .. This is where financial data starts 
to get transformed into financial information, and as the· 
time series of Financial Ratios/Indices grows over time, 
the depth ofthis fmancial i!lformation grows. The Financial 
Ratios/Indices ofTable 4A reveal thelevel.of cash 
profitability, the firm's efficiency in tenns of using Fixed 
Assets·and Inventory, the level oflnterestExpense relative 
to Total Revenue, the Cost of Debt Capital, the effect on 
Sales and Expense attributed to increases/decreases in 
debt, the relative growth of Sales and Expense, the liquidity 
of the firm in terms of Current Assets and Current 
Liabilities, the liquidity of the firm in terms of Current 
Liabilities relative to Total Revenue; Equity as a 
Percentage of Total Assets @ FMV, and the return that 
would be earned on Total Assets @ ]3V ifthefirm had no 
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The CFO'sdai/y use of.financial data/information 

debt. Also,Table 4Ashowsthe trend of these ratiosfmdices 
. over time .. 

These are performance measures that "financial" people 
. understand and when these individuals can see that 

management is using these fmancial signals to financially 
diagnose the operation---for example, when a new fmisher 
is brought on line to increase the efficiency of Inventory
that is effective . financial information. The budgeting 
process started with the production plan and concluded 
with a financi~l analysis of budgeted (planned) 
performance; If the financial analysis of planned 
performance reveals a problem, then it is the CFO's 
responsibility to report this "hot spot" to management to . 
prevent the problem before it happens .. If the CFO detects 
thatthe car is headed for the ditch, it's his/her responsibility 
to tell the .manager to adjust the steering wheel. Good 
planning is about that simple and it all depends on the 
manager's ability to know the plan, communicate it through 
budgets, to execute the plan, and finally report the results. 

Preparing financial 
reports and financial 
analysis 
In the same mannerthat the CFO budgeted operations 
(Production, ·Sales ·and Cost), Cash Inflows/Outflows, 
P & L and the Financial Statement, the actual, after-the
fact results must be reported. Annual, quarterly, and 
monthly reports.·on Operations, Cash Inflows/Outflows, 
P & L and Financial Position are generally prepared by 
the CFO. In each of these cases, the actual statement 
appears just like the budget, except that the word "budget" 
does not appear in the colunm heading. An "actual" 2nd 
Quarter 1994 P & L is shown in Table 4 and an "actual" 
6/30/94 Financial Statement is shown in Table 5. The 

· monthly Operating Statement should be prepared by the 
1Oth of the following month and the Cash Inflow/Outflow, 
the P & L, and the Financial Statement should be ready 
by the 15th. In the same manner that the Budget was 
analyzed, actual ln9ome, Expense, Profit and Financial 
Position are analyzed. The Financial Ratios/ Indices 
displayed in Table 4A make up one analysis system. 
Depending upon the specific characteristics of the firm, 

. alternative ratio and nonratio fmancial indicators might 
be usedjust as well as those indicators shown in Table 
4A. For~xample,the level of Accrual Profit, thelevel of 
Working Capital; growth ofNet Worth or Veterinary Cost 
per cwt ofPork Produced might be selected by the CFO. 
Dozens of financial measures are available and the CFO 
must select the relevant measures to use. 
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TABLE I. llonitoring the Operating lludgat 

INVENTORY ANALYSIS: DECENBER 31, 1993 •• MARCH 31, 1994 

HOG/PIG INVENTORY, HEAD 
Inventory 
Change, 

Dec 31 Harch 31 Dec. 31, 1993 -
Budgeted 1993 1994 Her. 31, 1994 
--------------------
F-les 971 974 3 
Boers 40 40 0 
Total Breeding Herd 1,011 1,014 3 
FH Pigs 225 774 549 
Nursery 895 1,559 664 
Gr-r 1,540 363 (1,177) 
Finisher 4,415 3,064 (1,351) 
Tote 1 Market Hogs 7,075 5,760 (1,315) 

Monitoring Total Herd 8,086 6,774 (1,312) 
Inventory 

Actu11 
--------------
Fe .. les 866 981 115 
Boars 42 40 (2) 
Total Breeding Herd 908 1,021 113 
FH Pigs 424 1,374 950 
Nursery 1,473 1,819 346 
Gr-r 1,047 1,309 262 
Finisher 4,484 3,186 (1,2981 
Total Market Hogs 7,428 7,688 260 
Total Herd 8,336 8,709 373 

1994 1994 1994 ., 
Jan-Hirch Jan-Hirch Jan-March Budget 

Sales Actual Budgeted Budget Error Accuracy 
-------------- --------- -------- -------
Finished Hogs: 

Head 3,331 3,608 277 
Cwt. 8,404 8,840 436 

Honttortng $ 401,693 433,140 31,447 92.7\ 
Sales Pre-Hirket Hogs: 

Heed 138 169 31 
Cwt. 147 176 29 • 3,520 4,471 951 78.7\ 

Cull Sows/Gi 1 ts: 
Head 239 245 6 
Cwt. 812 1,058 246 
$ 31,659 

Cull Boers 
38,452 6,793 82.3% 

Head 2 8 6 
Cwt. 6 39 33 
$ 166 

Total Hogs/Pigs Sold 
987 821 16.8\ 

Head 3,710 4,030 320 
Cwt. 9,370 10,113 743 
$ 437,038 477,053 40,015 91.6% 

Average Prica/Cwt. 46.64 47.17 0.53 

Total Head Sold 3,710 4,030 320 
+Inventory Change 373 (1,312) (1,685) 
Sales I Inv. Change (Hd.) 4,083 2,718 (1,365) 

1994 1994 1994 
Jan-Hirch Jan-Hirch Jan-March Budget 

Expense Actual Budgeted Budget Error Accuracy 

* $ $ ' ------- -------- --------Monitoring Fttd I Fttd/Htd. 234,035 220,344 13,691 93.8% 
Expense L•bor/Taxes/Peyro 11 50,380 60,058 9,678 83.9\ 

Purchased Breeding Stock 5,200 25,550 20,350 20.4% 
Utilities 13,711 13,745 34 99.8% 
Freight 12,376 13,132 756 94.2\ 
Repei rs/Heintenance 732 13,745 13,013 5.3% 
Insurance 8,955 9,045 90 99.0\ 
Taxes/Property/Other 5,749 6,343 594 90.6% 
Vet. I Vat./Hed. 3,869 5,930 2,061 65.2\ 
Acct ./Legal/Consu 1 t i ng 5,344 2,213 3,131 (lU.S%1 
HenageMnt 0 0 0 N/C 
Supplies 3,237 1,920 1,317 31.4\ 
Gas/Fuel/Oil 406 1,043 637 38.9\ 
Hachine Hire 0 550 550 0.0\ 
Telephone 386 571 185 67.6% 
NPPC Checkoff 1,512 1,651 139 91.6\ 
c-./Ins./Hog Sales 425 458 33 92.8\ 
All Other Iteu 1,441 1,089 352 67.7% 
Interest 2,921 3,000 79 97.4% 
Tote 1 Expense 350,679 379,837 29,158 92.3\ 
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The CFO's daily use offinancial data/information 

Ju8t as important as the specific ratio or nonratio financial . 
measures used fu evaluate the financial performance and 
·position . of the business are, the. standards or guidelines 
used as benchmarks for comparison, Forexample; what 
rate of Gross Profit On . Cash Revenue reflects· 
"un~atisfactory" or "satisfactory" or "outstanding" 
performance, an4 what rate o£return sho':l~d be expected 

the handling of these situations as part of normal 
managep1ent routines instead ofperinitting them to develop 
into crises. · , 

. : . . . . . . 

Preparation ofspecialized 
analyses arid reports 

front investment in the new finisher? Atler measuring . If a finn is preparing quarterly statements on Operations, 
fmancial magnitudes, we have to knowhow to evaluate. Cash Inflows/ Outflows, P & L and Financial Position, 

the next task is getting the right data, analyses, and reports 
· Budget Monitoring. . . to the right parties~· There is little or no reason io report 
. The budget is a· plan; ·and far more important than the farrowing rates or feed efficiencies to the lender .. By the 

projected resl!lt of the plan is the. control ofthe.busin~ss . saine token, the farr-owing manager and the fmishing · 
during the budget period. The control Of the business. ~an manager have little use for "coverage ratios. II The point is 
only be accomplished by.closely monitori~g performance to report breeding/reproductive/ production· data and 

· and position along the way, Table 6 displays budgete~ and ·. information and its .effect on financial performance to the 
. actual Inventory levels of all hog/pig categqries for Sample farrowing manager, report finanCial data and infom1ation 
Farms 3 at 1213.1/93 and 3/31/94, budgeted and actu~l toth(;'llender,andreportprofitabilityandfmancialposition 
Sales of various categories of hogs/pigs during the first data arid information to the owners. All of these specialized 
quaner of 1994, and budgeted and actual ],:':xpense (by ·reports are specific formats using data/information from 
line;.item)· during the first quarter .. Given. ~l budgeted the. Operating Statement, the Cash Inflows/Outflows 
quantity and an actual quantity; abudget.error and "% Statement, the p.& Land the Financial Statement. 
Budget Accuracy" ·can. be calculated. Now we have some · · · · 
inf9rmation we can use ... ·. Specialized report to creditors ~ 
In Table 6, note that the total bead of hogs actually sold This report should contain: 

wa8 320 less than the number budgeted. Note also, that • data/infonm1tion on profitability and actual profitabil-
the actual growth of hog/pig inventory .during the first · ·ity reh1tiv~ to budget, With enough supporting produc-
quarter was 1685 head greater than budgeted~ One suspects tion. data/information to validate the reported profit-
that the management of Sample Farms 3 was monitoring ability performance; . . . 
these operating data clo~ely, that the.r~sponse to the 
greater-than- planned reduction in Sales inJhe first quarter • data/information on financial position, including bud-

get comparisons; and · · 
was a larger-than-planned increase in hog/pig inventory 
by the end of the quarter to cqmpensate. for th~ planned • datafinformation regarding debt servicing performance, · 
and unplanned downturn in Sales. ·While: Table 6might inCluding budget comparisons~ 
display over..;reaction, the purpose Of budget fi10nitoring 

· Also, developing trends.· that might require changes in 
is graphically demonstrated: it can detect and h~ad off existing agreements should be reported as early as 
negative and unplanned events. possible-'-remember: no surprises to the lender. An 

Again, the is~ue is not the budg~ted valu(:ls. Instead, .the anticipated; documented, and analyzed cash crunch need 
point is that ·the budget monitoring .pr.oc,ess~ete.cting not pose a prob I em, whereas a surprise liquidity crisis can 
variances arid solving problems in order to ijrirtgthesystem jeopardize a line of credit, Conversely, a surprise 
perfolJllance. back to budget.....,..,is the key. The above- · investment opportunity generally receives a .cool response 
describe,d process of comparing budget to actual, from lenders, whereas an· antiCipated, docuniented, and 

. calculating budget error, calculating percent budget analyzed opportunicy frequently fmds the support. of an 
accuracy, and detecting critical budget deviations is also enlightened lender. The .lender wants a solid plan and no 
applied to budgeted Sales, budge_ted Expense, budgeted .surprises and the r~porting.system for the lender should 
Profit and budgeted Balance Sh~et values to isolate major · support that agenda. 
problem areas. When Feed Cost/CwtofP~rkProducedin 

· finisher # 11 is determined. to be $2.60 per cwt ~hove Specialized report' to pwnership 
budget,. or when Veterinary Service/~upplies Expense . This design of this report will depend upon the owner's 
comes in at $1.65 per cwt of pork produced, that's when . degreeofinvolvement in various phases of the operation. 
the production manager has an opportunity to prove his/ The o\vner may want all the details on the production/ 
her worth. Timely and effective budget monitoring permits fmancial performance of the experimental AI procedures 
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or the segregated, early-wean nurseries or he/she may 
simply want to know ''Cwt of Hogs Produced," "Cwt of 
Hogs Sold'' and Sales ($). Regardless of the owner's degree 
of involvement in breeding, reproduction, and finishing, 
the report to the oWner must contain data/information on 
Profitability, including budget comparisons and on 
Financial Position, including budget comparisons. The 
owner brings equity capital to the business and the owner's 
report must report on this resource. 

Specialized Report to Management 
Management specifies budget parameters, e.g., pigs 
weaned per sow per year, feed efficiencies, days-to-market, 
total sales in cwt and dollars, etc., and management must 
be held accountable; This is accomplished by reporting 
performance levels, including budget comparisons. If 
18,360 cwt and $782,136 of hogs were budgeted to be 
sold in the second quarter of 1994 and if the budget error 
equaled (922.5) cwt and ($54,120), whydid this budget 
error occur? The only way management can improve its 
production performance or its budgeting ability is by 
learning the budget errors. and· figuring out why they 
occurred. The same thing is true of Feed Cost, Labor Cost, 
andall other costs. If Feed Cost came in ($42,416) under 
budget or $26,574 over budget, why did this occur? Only 
by figuring out this question can management improve its 
production performance and its budget performance, and 
only by receiving the right data/information from the 
monthly/quarterly reports can management be made aware 
of the required progress in this area. 

Specialized report to labor 
Labor requires data/information regarding the productivity 
of labor: Sales To Labor ratios, Sales Per Dollar Of 
Capital, Feed Cost Per Cwt of Pork Produced, Veterinary 
Cost Per Cwt of Pork Produced, Labor Cost Per Cwt of 
Pork Produced~-data and information on the factors they 
influence or control. Also, if labor has the opportunity to 
invest in the business, then "earnings" information would 
be shared. 

Specialized report to lessors 
(sources oflease capital) 
Leased Capital must perform up to budgeted standards, 
like all other inputs to production. If mortality rates, or 
feed efficiencies or veterinary costs in certain leased 
facilities are missing budget by wide margins, the owners 
of these assets must be informed. It's possible that 
profitable (to both parties) remedial actions could be taken, 
and the lessor would understand why management will be 
bidding-up or bidding-down the lease at the next lease 
negotiation. 
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Specialized reports to other 
suppliers 
Feed suppliers, suppliers of breeding stock, veterinarians; 
consultants--'any supplier might qualify for a specialized 
report whether actual performance comes in on budget ot 
it is missed by a mile. Only if suppliers are informed can · 
they react to unplanned performance levels or unplanned 
events. 

Capital budgeting 
Capital budgeting is the economic analysis of investment 
projects, such· as figuring out whether or not you should 
replace the current farrowing house, whether you should 
invest in a new Weightronics system or continue buying 
complete feed from your current supplier, whether you 
should repopulate, based on the expected added returns 
attributed to the repopulation, whether or not you should 
buy the 1200-sow farrow-to-finish operation that just came 
ori the market at $1,450,000. These are Capital Budgeting 
decisions. These Capital Budgeting analyses require datal 
information on Cost (of Investment), expected Net Cash 
Flows (NCF's) derived from the investment, timing of these 
Costs andNCF's and the relevant discount rate. Therefore, 
most of the data required for these analyses comes from 
budgets and the signals that initiate the whole capital 
budgeting. process came from the. periodic· financial 
analyses. A capital budgeting example is the analysis.of 
an investment in a new finisher. If management concludes 
that a new finisher costing $165 per head capacity would: 

• reduce the finishing mortality rate from 5.2% to 1.2%; 
• increase finishing average daily gain from 1.3 lb. to 

1.7lb; 
• increase associated feed consumption per head per day 

from 4.7lb to 5.3lb; 
• decrease Veterinary Expense, Labor Expense, Repairs 

Expense, arid Supplies Expense by $3.65 per cwt of 
hogs produced 

then would Total Expense decrease S).lfficiently to offset 
the additional Capital Cost of Investment, and would 
sufficient Cash Revenue increases and ·Cash Expense 
decreases be generated to more than offset the added Cash 
Outflow associated with Principal Payments and other 
ownership costs? Only with a comprehensive program of 
budgeting:._from the Operating Budget to the Cash 
Inflows/Outflows Budget to the Projected P & · L 's to the 
Projected Financial Statements-:.can these questions be 
answered. Next, how would this new finisher affect Total 
Revenue and Total Expense? How would the financial 
position of the· b~siness be affected at various points in 
the future, and could this project be "sold" to a lender? 
All this is capital. budgeting and its· proper perforniance 
will thoroughly exercise our basic set offinancial tools, 
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The CFO's daily use o[financial dptalinformation 

Outline of Business Plan . 
I. History of sample farms 

A.. Verbal history 

B. Organization/ownership of business · 

C. Investment history, by production facility 

· D.· Production history, by production facility 

1. Inventories, quantity measures 

2. Sales, quantity measures 

3. Production performance indicators 

E. History of labor force 

F.· Financial history, use time series -of-

1. Operating Statements 

2. P & L Statements 

3. Financial Statements 

G. Key production, organization, resource considerations 

II. Future {baseline) ofsample farms 

A. Strategic. considerations ... what commodities/services to produce 

B. Organization/ownership of business 
C. Investments ·_ 

· D. Projected production, use operating budgets 

E. Financial projections, use projected P & L's 

use Projected Financial Statements 

F. Problem Areas of business/Proposed Alternative 

Ill. A. Evaluation of alternative {investing in new farrowing house) 

1. Operating budgets, alternative 

2. P & L's, alternative 

3. Financial Statements, alternative 

B. Analysis of alternative plan vs. baseline 

1. Operating performance 

· 2. Profitability performance 

3. Financial position 

IV. A. If seeking Equity Capital, display 

1. Capital_ disbursement schedule 

2. Budgeted distribution of profit 

B. If seeking Debt Capital, display 

1. Debt disbursementschedule 

2. Debt repayment schedule 
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the Operating Statement, the Cash Inflows/Outflows 
Statement, the P & L Statement and the Financial 
Statement, as well as budget comparisons. 

Monitoring the business plan 
The firm's Business Plan describes its history and its 
planned future. The purpose of the business plan is to 
convey the relevant information to the party requiring a 
business plan. Parties requiring a firm's business plan 
might include lenders, other investors, and prospective 
upper-level management. Most of the data/information 
making up the Business Plan originates in our basic set of 
fmancial tools, the Operating Statement, the Cash Inflows/ 
Outflows Statement, the P & L Statement, and the 
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Financial Statement-both historic and budgeted-with 
budget comparisons. Each period, the CFO budgets, 
reports, analyzes, and monitors. Next period, she or he 
starts all over. The objective of this process is control-to 
move the business to meet its objectives. 

The CFO operates with a relatively simple tool kit 
comprised of the Operating Statement, Cash (Flow) 
Statement, P & L and Financial Statement, each with 
budget comparisons. Data quality is critical. To date, the 
performance of pork producers regarding the use of these 
tools is abysmal. Tomorrow's pork industry winners will 
be craftsmen with these tools. 
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An introduction to financial 
statements· 
Dr. AI Theede . 

People who are not accountants or financial executives 
tend to consider financial management and financial 
statements to be more confusing and complex than they 
really are. While it is easy to be confused, it is also possible 
to understand the basic approaches being 'used. The 
purpose of this paper is to briefly discuss the purposes 
and principles used for financial reporting. · 

I am neither an accountant nor someone who· deals with 
financial information on a daily basis. Therefore, this is 
vecy much the viewpoint and opinion ofan outside observer 
of the accounting and financial reporting profession. 

Itis important to nqte that everything I will talk about 
relates to a common denominator-:-DOLLARS. Evecy
thing is expressed in dollars and that in itselfmakes for 
easier communication and understanding. There is not the 
problem of definition as there is, for example, in pig 
records. 

As with farm production data and infom1ation, there are 
several ways and several purposes for collecting and 
reporting financial and cost information. It really depends 
on the intended purpose for the infom1ation and/or reports. 
This paper will· discuss the different types of accounting 
and reporting. 

Financial accounting and 
finanCial statements 
The purpose and objective in financial accounting and iri 
preparing financial statements is to allow:people to 
communicate with one another in a standard and 
meaningful way. This is the standard; language o( 

• communication within business and financial institutions. 
The rules and procedures used in this communication are 
established by the atcounting profession and are often 
referred to as GAAP (Generally Accepted Accounting 
Principles). These standards and principles are developed, 
used, and enforced by the Institute· of Chartered 
Accountants (CPA orCA); i.e.,the accounting profession. 
GAAP is to usedl~yanygroup or organization who disclose 

Saskatchewan Agriculture and Food, Saskatoon; Canada 
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financial information in a public way. It is a requirement . 
of the securities regulating authorities that anyone 
reporting fmancial information use audited statements. 

Cost or management 
accounting 
Cost or management accounting is an internal communi
cations mechanism. It is the methods, procedures, and 
principles a business or organization.uses to examine its 
cost of production, allocate overllead, understand variable 
and fixed. costs, inventocymanagement, etc. Cost data is 
often collected in much greater detail than for fmancial 
reporting. In fact, it is often important to exiunine the 
cost: benefit of collecting. huge amounts of information. 
Cost accountants use GAAP to a point; but in reality they 
can do anything they want with the information because it 
is internal information only. What is important is that 
evecyone in the company/organization understands the 
data, how it was calculated, reported, etc. 

Tax accounting · 
Reporting .. of income, cost, inventocy, and financial data 
for taxation purposes is a completely different thing than 
management accoun'ting. The rules, approaches and 
procedures are established by the tax department( IRS 
and Revenue Canada). There is often little room for 
interpretation or variance. For example, a major difference 
is in the handling of depreciation, as it is called for financial 
accounting, and capital cost allowance, as it is called in 
tax accounting. Financial accounting depreciation is meant 

·to closely parallel the useful life of a piece of equipment, 
building, etc. Capital cost allowance (CCA) sets up a 
schedule in accordance with tax policy and regulations. 
CCA is often similar to depreciation, but not always. 

Farm management 
reporting 

. Farm Management Specialists often have additional 
approaches and methods for examining farm fmancial and 
cost data. They tend to focus on: 
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• enterprise analysis; 
• opportunity cost; 
• estate planning; and 
• inter-generational land transfer. 

In summary, thete are many ways to "slice 'n dice" the 
same basic data and information. What is the objective/ 
purpose? Who is the target audience? How and what is . 
presented? These are all very important determinants in 
the reporting and summation process. · 

I believe that agriculture producers and agribusiness must 
learn to better communicate with the financial and 
investment community. As a recent article in Feedstuffs 
indicated, the use and access to nontraditional forms of 
capital (investment and debt) will be increasingly 
important to the agriculture production sector. As 
significant advisors and consultants to our producer clients, 
it is important to work with them in their business reporting 
and plannitig activities. 

The remainder of this presentation will· concentrate on 
Financial Accounting and Financial Statements. 

Financial Accounting and 
Financial Statements 

Balance sheet 
Think of the balance sheet as an X -ray or snap-shot taken 
at a single point in time. Like the X-ray, it provides a 
picture ofthe fmancial health of the farm or organization. 
It is important to understand the parts of the balance sheet 
and how they work together. There are three main elements: 

• assets; 
• liabilities; and· 

. • owner's equity. 

HARD STRUGGLE PIG FARMS 

Assets consist of the things owned and controlled by the 
farm, conipany or organization. There are tangible; such 
as cash, investments, accounts receivable, property, plant 
and equipment; and intangible, such as goodwHI and 
patents. 

Liabilities are the opposite to assets, in other words, debt. 
This is what is owed. Liabilities are: accounts payable, 
wages payable, outstanding mortgages, notes and loans, 
taxes payable, etc. · 

Since assets have value and liabilities represent debt; a 
long-term goal is to increase the assets and decrease the. 
de]>t In order to do this we need to expend an asset. In 
other words, each time we decrease a liability (debt) we 
also decrease the assets. How do we ever get ahead if we 
just trade assets for liabilities? The answer is profit. Profit 
is what makes the world go around and is an integral part 
of the balance sheet; the third part, owner's equity. 

Owner's equity or shareholders equity is exactly what it 
says. Owners have a stake in the value (assets) of the 
company. This ownership is made up of the amount 
invested into the company, share capital, and any. profits 
that have been retained in the business since it began 
operating. These are described as retainedearnings (Figute 
1). . . . . 

What is set up is a relationship or equation: 

or 

Assets = Liabilities + Owner's Equity 

·, 

· Owner's Equity = Assets - Liabilities or Liabilities 
= Assets - Owner's Equtty. 

·.. '· .· . . . . 

It is the interplay of these three elements that influences 
the financial well-being of the organization; Therefore, it 

BALANCE SHEET (as at December 31, 199x) 
Asset Liabilities and Owner's Equity 
Current Assets: Current Liabilities: 

Cash $10;000 Operating Loan . $100,0oo · 
Livestock Inventory $550,000 Long Term Liabilities: 

Long Term Assets: Mortgage/Capital Loan #1 $1 ,250,000 
land $20,000 Mortgage/Capital Loan #2 $0 

· EiuiJdings & Equipment $1,980,000 -=-~A==-=n·~lm::::a::,:l L::::o:::an.:,__ ____ -'--____.--::-7$~22~5::'-:,0~070 
Other $0 ..:T.::o=ta:.:..l L::i:::ab;;i::.:lit=ie~s __ ____. __ .,.;-_--:;$.:;1,~57:..:5:.z.:,oo.::;o.=..o 

Total Assets · $2,5so;ooo 

Owner's Equity 
Common Stock 
Preferred Share Capital 
Retained Earnings 

Total Equity 

Liabilities & Owner's Equity 

$700,000 
$100;000 
$185,000 

$985,000 

$2,560,000 

Figure 1. Example balance sheet showing liabilities and owner's equity. 
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is important to look at all three, not HARD STRUGGLE PIG FARMS INC. . 
just one element in isolation: .!ls!!.T~A~T~E;;M~E~. N~T~O~F~R~.E~T~A-?;IN~E;;D;::.;E~A~.R~Nr;;. 1;;-N;;G;-;S;-.'-(a::s:-:a:;t:ro~e:::c::e:;m;;ib~e:;r:-;3141-, 'i19Q;9~x;\)-
Income Statement Retained Earnings Beginning of Year $ 32,585.87 

Another important financial report is 
the Income Statement. While the 

Dividends · $$ 152414.13 
N~t Income 
Retained Earnings, End of Year . $ 185;000.00 

Balance Sheet is a picture at a single Figure 2. Example statement of retained earnings. 
point in time, the income statement - . ...:...:.::::..:..:::...:=:.:.:.::::.:..;:....:.:=.::..:..:..:. _______ ...._..;;..._ ______ _ 
reports on the results of business · Statement of Retained Earnings 
operation over a specific length of time. The distinction This brief statement is simply a more focused or detailed 
between the two is important. While the balance sheet discloslire of the owner's equity section of the balance 
indicates the general health or condition; the income sheet (Figure 3). It communicates any changes in the equity 
statements tells us how well or poorly the organization is during the past year. The types of equity are listed, share 

·doing. The income statement is an "instant replay" of capital (common, preferred, e~.), and retained earnings. 
business activity. The changes made to statement relate to the Net Income 
The basic parts of an income statement are:. 

• revenue; 
• costs or expenses; and 
• net income or loss. 

The Revenue section. reflects the money received or earned 
in the time period being measured. All revenue is 
considered; sale of animals, products or services plus 
investment income; rentals; gain on the sale of assets, etc. 
If revenue is recorded as received, the·fa.rm maintains 
books on a cash basis. Larger businesses and farms are 
now using accrual accounting, thus recording revenues as 
earned. Accrued revenues relate to the accounts receivable 
and inventory gain reported in the asset section of the 
balance sheet. 

Costs and expenses are the other side of the coin. They 
represent expenditures made during the period, either to 
produce the revenues or to provide for general ~usiness 
operations. Like revenues, costs are recorded as patd (cash 
accounting) or as incurred (accrual accounting). 

Not all expenditures are reported on the income statement. 
The purchase of buildings or equipment that is e~pe~ted 
to have a life of longer than 1 year would be capttahzed 
and recorded on the balance sheet as a fixed asset. A 
portion of the total asset cost is theri written off oralloc?t~d 
as an expense each year on the income statement.. Thts IS 

the depreciation entry. 

You've heard about the bottom line! Where did .that 
expression come from? You guessed it: the "bottom line" 
of the income statement. This is Net Income, or Loss for· 
the operations in the specified time period. After adding 
all the pluses (revenues) and deducting the minuses (costs 
and expenses) what is left tells you how well they've 
done ... have they made money or not! 

An example Income Statement in Figure 2. 

(profits) and the payment of dividends. 

Cash flow or change in fmancial 
position statement 
Cash makes the world go around· and therefore, the flow, 
use or movement of cash is extremely important. It is 
imperative to manage the cash correctly. 

The balance sheet may look good;. high assets, few 
liabilities, good retained earnings; but what if all the assets 
are in buildings, equipment, and fixed term deposits? There 
may be little cash, or liquidity, to pay the next feed bill. 
Therefore, cash flow and the statements that document 
it's movement, in and out, must be monitored closely. As 
with the income statement; cash flow statements refer to a 
period of time.(annual, quarterly, monthly, etc.) (Figure 
4). 

Conclusion 

This has been.a brief and simplistic overview offmancial 
reporting. The vast majority of people in attendance are 
independent business operators. You know and understand 
these concepts in the day to day and longer-term operation · 
of your clinics and businesses. The .issue is to help you to 
help your farm/producer clients understand the importance 
and usefulness of financial reporting. It is increasingly 
important and imperative that farmers communicate with 
financial institutions, investors, partners, etc., in a common 
and understandable language. This language is the 
financial statement and reporting process; 

The financial statements also provide the base for deriving 
and calculating a wide variety of financial ratios, indices, 
and factors. The statements are the source of the audited, 
standardized, and GAAP data that is used in this analysis. 

People are always lookingfor simple answers. Give me 
one number that tells me I'm making tnoney! I want to tell 
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HARD STRUGGLE PIG FARMS INC. 

jlncome Statement (for 12 month period ending December 31, 199x) 

REVENUE: 

Market weight pigs $1,813,214.92 

Feeder pigs $0.00 

Cull Sows $40,336.30 

Cull Boars $1,863.00 

Other Income $0.00 

TOTAL REVENUE $1,855,414.22 

VARIABLE COSTS: 

Feed $824,114.66 

Replacement Breeding Stock $96,440.00 

Salaries and Benefits $147,012.50 

Veterinary, Drugs & Supplies $34,657.50 

Utilities $41,589.00 
Maintenance (bldg & equip) $39,616.23 
Manure Handling and disposal $26,476.76 

Other expenses(office, consulting, rentals, etc.) $26,010.00 

Marketing and Transport $58,162.36 

Operating Interest Charge $12,314.65 

TOTAL VARIABLE COSTS $1,306,393.66 

CONTRIBUTION MARGIN $549,020.56 

FIXED COSTS: 

Salary of owner/operator $43,000.00 

Property Taxes $926.50 

Insurance $18,320.89 

Depreciation on Bldg & Equip $99,040.00 

Interest on long term debt $235,319.04 

TOTAL FIXED COSTS $396,606.43 

TOTAL COSTS $1,703,000.09 

NET INCOME (LOSS) before income taxes: 

Add: 

Deduct: 

Ending accounts payable 

Opening Inventory 

Opening accounts receivable 

Ending inventory 

Ending accounts receivable 

Opening Accounts payable 

Prior years losses carried forward 

NET INCOME for tax: 

Income Tax payable 

NET INCOME (LOSS), after 
income taxes: 

$152,414.13 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$152,414.13 

$0.00 

$152,414.13 

Figure 3. Example income statement. 
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An introduction to financial statements 

HARD STRUGGLE PIG FARMS INC. 
I CASH FLOW STATEMENT (for 12 month period ending December 31, 199x) 
Cash at beginning of period 
Livestock Revenue: 
Finished. Pigs Marketed 
Weanling Pigs Marketed 
Cull Sows Marketed 
Cull Boars Marketed 

Loan Proceeds 
Other Farm Income (incl. interest) 
Accounts Receivable 
Other Pig Income 
Capital Sales 

Total Livestock Revenue 

$9,056.25 

$1,813,214.92 
$0.00 

$40,336.30 
$1 863.00 

$1,855,414.22 

$ 
$ 905.63 
$ 
$ 
$ 

Livestock Expenses: 
Feed Costs 
Breeding Stock 
Salaries and benefits 
Utilities Costs 

Total Revenue (Inflow) __ _...:..$1.:.z.,8:;.:5:..:6;z;:,3;..:1.:.;9·:::.85~ 

$824,114.66 
$96,440.00 

Vet & Drug Costs 
Manure handling & disposal · 
Other expenses: office, accounting, consulting, rentals, etc. 
Marketing Costs 
General Expenses: 
Maintenance Costs 
Property Taxes 
Insurance 
Accounts Payable 
Salary (Owner/Operator) 
Income Tax 
Mortgage Loan (Principle & Interest) 
Animal Loan (Principle & Interest) 

TOTAL CASH OUTFLOW 

Figure 4. Example cash flow statement. 

my bank about my business and obtain a new loan for 
expansion! 

References 

$147,012.50 
$41,589.00 
$34,657.50 
$26,476.76 
$26,010.00 
$58,162.36 

$39,616.23 
$926.50 

$18,320.89 
$0.00 

$43,000.00 
$0.00 

$162,714.00 
$56,026.23 

$1,575,066.63 
$281,253.22 

$290,309.47 

There is no one number! It is dangerous and short sighted 
to focus on only Net Income while ignoring cash flow or 
liquidity, or only look at cash and ignore net income and 
balance sheets, and so on. All financial reports must be 
looked at in concert with each other and the enterprise 
itself. As with farm production records, the paper story is 
only part, albeit an important part, of the story 

l. Beyond the bottom line, A painless look at finance and accounting for 
the nonfinancial executive, The Economics Press, Fairfield, N.J., 1989. 

I hope this discussion as helped,give you some tools and 
ideas so . that you can better serve your clients in their 
financial analysis and planning activities. 

f 
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2. Deakin. Edward B. and Maher, Michael W., Cost Accounting, Third Edi
tion, Irwin, Boston, M A, 1991. 

3. Welsch, Glen A. and G. Richard Chesley, Fundamentals of Financial 
Accounting, Second Canadian Edition. 
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The cost of pork quality 
'.·. 

Peter Davies, John Roberts, and John Deen 

The effortof the National Pork Producers Council 
(NPPC) to doc\Qnent "quality" throughout the pork 
production chain demonstrates the importance of qualitY· 

. issues to the industry: This paper discusses some quality
related aspects of pork production that are detailed in 
the Pork Chain Quality Audit.1 For the moment, we will 
define quality as the sum of all the attributes, other than 
price, that irifluence consumers to purchase a product. 
However, a distinction .can be made between two types 
of quality:• · · · 

• ~ctional quality_:_attributes desired by the final con-
sumer; and . · · . 

• conformance quality-deliyering what is promised 
every time, and· the focus of quality management in 
production. · · 

The industry goal of improving functional quality. requires 
improving process, and thus' confonnance .·quality, 
throughout all segments of the pork production chain.· 

Economic fundamentals 
Efficiency in ·market-driven. economies depends on the . 
ability of prod11cers to respond to and meet the changing 
needs/wants of constimers. Quality is a nebulous teriit, 
butwhateveritmay },e, quality is defmed by the,constimer. 
Constimer demand is the ultimate measure of quality. 
Ch3arly, since pork does not have a monopoly in the food 
protein market, pork quality is assessed in relation to the 
perceivec:t quality ofits substitutes or competitors (chicken, 
beef, fish, cheese, and tofu). the ''meat quality;' aspects · 
of pork have been recently discussed in detail. 2.3 However, 

· other factors are important and the most significant 
functio~al "quality" barriers for consumers4 include: . 

• lack of familiarity with pork-it's proper preparation 
and versatility; 

·· .. • perceived nutritional deficienci~s; · 
· • inconsistency in product and packaging and meat case 

({isplay. . · 

PD, JR: Department of Food Animal and Equine Medicine, North 
Carolina State University; JD: College of Veterinary Medicine; 
North Carolina State University 
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Figure 1. Theoretical· price/quantity relationshipS 
in an efficient market eco·nomy 

Economists classically portray. the relationship between 
demand and' price as a downward sloping curve, with an 
upward sloping curve portraying the relationship between . 
supply and _price (Figure 1). Producers rationally will 
increase supply if prices are higher, In an efficient 111arket, 
supply (Qe)will equal demand (Qe) at a theoretical 
"equilibrium" price (Pe). In reality, things are .never so 
simple, but we elm use this niodel to explore sante . 
fundamentals of pork "quality." · . 

The equit'ibriwn price is determined'by the mtersecti()ii of 
the supply and de11.1and curves. Basic~lly, "quaJity'' of the 
product determines the position of the demand cutVe and. 
cost of production determines the position of the supply 
curire. We will consider the effects of"shifting" tlte supply · 
and demarid curVes ~t both the i11dustry arid fanilleyels. " . 

~hifting the supply curve 
The supply curve, at the industry level, is 'determined by 
the aggregate response -of all producers to market prices; 

·· However, each individual producer has his or her own 
"supply curve," which represents the quantities they are· 
willing to produce at different market prices: At a market 
price of $0.4 5 per lb, low-cost producers will make a profit 
arid look. to expand, while ·less efficient enteiprises may · 
reduce or stop production .. · · 
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PRICE 
Figure 2. Predicted effects of loWered cost of pro
duction (left shift of the supplycurve) ifthe demand 
curve is constant 

,' . ', •' .. 

Over time, increased efficiency of production in an industry 
means greater production at any given price, or a shift of 
the supply curve to the left (Figure 2). In .the long term, 
with no change in the demand curve, we predict the new 
"equilibrium" to. be increased demand. (Q4) of a lower 

· priced (P2) product, and a benefit to the consumer. 

Shifting the demand curve 
We. can sell more product by reducing its price· or by 
increasing the perceived value of the product to consumers. 
The only way for ~n industry to expand without reducing. 
price is to improve product functional "quality," or 

. perceived quality. This means "shifting" the denuind curve. 
to the "right." Imagine that 6pMinutesfeatures a reputable 
medical study finding regular pork eaters to have improved 
health and longevity compared with chicken eaters. This 

The cost ofpork quality 

farmers are pork producers and that their product is 
pork rather than pigs. However, the pork industry is 
comprised of a series of "consumers" {e.g., farmers, 
packers, wholesales, retailers, purchasers, preparers, 
eaters), who each defme the product quality of their 
i~ediate supplier. In reality, the packing plant is the 
arbiter of quality of farm products, i.e., pigs, as they 
determine price. The methods used to determine carcass 

·quality (hence value) are variable and only loosely 
related. to the functional quality factors that most 

· influence the ultimate consumer. For the most part, 
packing plants evaluate carcasses based on weight and 
fatness. As discussed by Kaufmann et al. (1993),2 the 
packing industry needs the technologyto.measure other 
determinants· of functional quality and report them to 
producers, and must have a profit motive to do it. 
Where the relationship between suppliers and 
consumers is historically adversarial,3· continuous 
quality improvement by the packer may be viewed as 

continually raising standards and interpreted negatively 
by producers. Effective communication between industry 
segments is central to quality improvement;' and 
competitive producers will understand and respond to the 
needs of their customers. 

Quality at the fam1 level means that the producer meets 
the specifications of the packer, meaning conformance 
quality. Historically, producers have not exploited 
opportunities to maximize profit through objective 
marketing policies. 5 However, the potential to increase 
profit by meeting packer specifications is considerable, 
and improved cmnmunication between packer and 
producer is central to developing marketing strategies.5•6 

PigScan "", a spreadsheet prognim designed to optimize· 
profit by marketing groups of pigs according to packer 

may persuade consumers thatthey have "undervalued": -'---......-...-'---~----.,.-----'----
pork and lead to increased demand for pork at any given 
price (Figure 3). We can see that. the predicted long
lerm effects of shifting the demand curve to the right,. 
without changing the supply curve, are increased demand 
(Q2) and supply (Q2)ofproduct at a higher price (P2). 
The cost oflow pork quality is a demand curve positioned 
to the·left! · 

Pork quality at the· 
producer level: 
ConfQrmance quality 

For a market economy tobeefficient, signals of consumer 
preference must be conveyed. accurately and rapidly to 
producers. In our segmented industry, this has not been 
the case. It is somewhat fashionable to insist that hog 

' . ' . . 
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Figure. 3:. Predicted effects of improved product 
quality (right shift of the demand curve) if the sup
ply curve is constant 

203 



Peter Davies 

-·---------- ............... 

% nondefective output 

I····· ·cc---- Nee rei 

Figure 4. Illustrative graph oftheoretical·rela~ 
tionships between confonnance costs (CC), non
conformance costs (NCC), andtotal costs (TC) 
of quality 

specifications, is the type of tool producers can use to 
increase returns and build goodwill with the customer. On
going changes in the industry, while not necessarily leading 
to complete vertical integration, point to stronger alliances 
between packers and producers, with growth in long-term 
contractual alliances. 7 At this meeting last year, Fleming8 

described the. traditional hog marketing system as obsolete, 
noting that about 150,000 producers, who selll million 
hogs daily to 2000 buyers, start negotiating 12-24 hours 
before· the pigs. are shipped. The days of producing pigs 
and looking for a packerwho "fits" are limited.8 

Cost ()f quality 
While many quality enthusiasts maintain that quality is 
free, improving .. quality in complex producti<m systems 
requires allocation of resources and thus has costs.9 As 
discussed in the Pork Chain Quality Audit/ the costs of 
quality can be separated into: 

• conformance costs-resources allocated to ensure prod
uct meets specifications; 

• nonconformance costs-costs arising from poor qual~ 
ity product. 

Clearly, there is a trade-off~etween the cost of poor..:quality 
product and. the amount that must be invested to prevent 
quality problems (Figure 4). This model implies that the 
optimal level of conformance is less than 1 00%, but has 
the limitation that it assumes constant sales. 9 Since' 
customer satisfaction and reputation will influence demand 
in the long term, long-term effects on sales and revenue 
dictate that the optimal level of conformance is higher than 
that suggested by current conformance and 
nonconformance costs, and may approach·100%. 
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A. practical example of this trade-off is the cost of 
inspecting meat to reduce the risk of foodborne disease. If 
little attention is paid to quality, costs of nonconformance 
can be high. For pork producers, these coUld include deaths, 
culls, sort loss, condemnations, trim loss, and other packer 
discounts. Lost purchases by the fmal consumer due to 
poor quality are another "nonconformance" cost. 
Conformance costs, i.e., investments to prevent poor-· 
quality product, could include weighing pigs prior to 
shipping, depopulating to improve genotype, improving 
loading facilities, altering nutrition, improving hygiene 
with injections, or any other procedures employed to meet 
the requirements of packer or subsequent consumers. 

Comprehensive "pork 
quality" programs 
In addition to carcass and meat quality, other factors have 
become increasingly important as "on-farm" quality 
issues. Food safety, with respectto both residues and 
foodborne pathogens, is of growing public concern. The 
Pork Quality Assurance (PQA) Program of the NPPC 
applies HACCP principles and is directed toward 
preventing antimicrobial residues in pork. More 
comprehensive systems involving lesion monitoring, 
serology, and recording of environmental conditions and 
antimicrobial use have been instituted in major exporting 
countries. In the Dutch Integrated Quality Control· 
Program, all participants in the production system, 
including producers, slaughterhouses, veterinarians, and 
feed suppliers must meet minimal requirements for 
certification. All animals are identified and registered. 10 

This program is seen as a means to improve quality and 
ensure competitiveness in the international market. 
Similarly, a pilot· program in Denmark applies· the ISO 
9002 approach to certify genetic, health; feed,· and 
environmental standards for herds ·supplying pigs to one 
packing plant. 11 Obviously, such systems have considerable 
"conformance" cost, which should be viewed as an 
investment in product quality, and also promotion. For such 
investment to be beneficial, product differentiation is 
necessary, i.e., branded product, arid the consumer lllust 
recognize and reward the superior product. 

Conclusion 
The pork industry and individual producers. want to shift 
their demand curves to the right. Ideally, appropriate 
assessment of quality. throughout .the production chain 
should unify these. objectives. The issue is to defme what 
systems should be invested in, at the producer, packer, 
and industry levels, to improve functional quality for the 
end consumer and promote increased demand. These 
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; The cost ojpork quality 

systems must identifY and measure quality d~terminantS, _ 6. Schuiteman. J(l992). ~Miif!ceting.Contracts: Marketing to your custom
and feed back relevant information so that 'appropriate ers custonier_(the packer)'', Proceedings ofM,mnesota SWine Conference for 
adjustments can be made. -· · Veterinarians, University ofMinne59ta, pp.361-364. ·. 
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.·.Methodsto.reduce P·SE and··· 
blo.odspla.sl} ·--· .. ,::· .· 

. :·-. . ; --· 
~ ·. .· 

Observations by the author at slaughter plantS and farms. PSE can be reduced by fasting bogs 12 to 24 houi'$ .prior 
all ovet the United States, Cana4a~ Emope, and Australia to.slal1ghter <Warris ~d. :Sevin, ~?:87~ EikcMnbooJ# et al.~ 
indicate that producers are responsible for about 50% of 1990). Hogs should have access to water at all: ~es. To 

· the pale, soft, and exudative (PSE) pork oil the market, reduce th~ possibility of carcass· .weight loss, a. s~orler . 
. and packei:s are responsible for the other 50%. Surveys . fastiitg period of 12 hours prior ~ stunning and slaughter · · 
. (X)nductc;:d in slaughter plants in two different countries is recommended {Grandin, 1993). · · 
· indicated that PSE levels. varied owr 100% betWeen . 
different producers. 

Genetics is probably the single most important factor During the. last 5 years, there have been increasing ... 
contributing tO the prevalence ofPSE pork today. Present problems with extremely excitable hogs that are _almost 
pork~grading $-ystems motivate producers to breed hogs . impossible to handle in a calm, gentle manner. Excitement 
that cany the stress gene. These animals have maximum and agitation during handling at the plant itlcrease PSE. 
lean and weight gain (Aalhus et al., 1991 ). Unfortunately, . Due to large numbers of excitable hogs, it is beeomin:g 
they also.have·bigh levels.of PSE. Some -of the highest. extremely difficult: to handle 1000 bogs per hour through 
levels of PSE were recorded . in hybrid hogs,. which had a single . stunning restrainer, This . is cat~sing bo.th meat ..... 
been selectedforleanness and rapid growth. The.bi"eeding quality and animal welfare problems. In the future, it is ·· 
companies have . recognized. the problem and are . taking likely that slallgbter pi ants will need to in:stall two stunriing 
steps to produce lin:es that will have lower levels of PSE. · systems operating at a: rate of500 bead per hour . .Artother 
NeW' DNA testitlg methods will enable the PSS (porcine .. approach is to develop systems that eliminate single-file 
stress syndrome) gene to be eliminated (Sellers, 1993): · chutes and stun hogs in: groups using COzg8s. Danish 

At one plant, a certain lin:e of commercially available researchers have already developed a prototype gystem .• 
hybrid hogs constituted I 0% of the hogs received each Cattle move extremely well through sing)e;.file chutes 
day. Ninety pereent of the hogs that were dead on arrival because they move froiD pasture to pasture on narrow, 
or died in the yards came from these hybrids. Genetics i's. sin:gle-file cow paths. Hogs donot.have the instin:ct to 
not the sole explanation for dlfferences between producers. ·. walk in: single file. As hog excitability has in~reased, 
A survey conducted at a vertically integrated operation problems in: single~ file chutes have worsened; .. 

· ·m:dicated that PSE levels varied 5 -:-10 percentage points· Many of the e~citable animals ar~ hybrids tliat have been· · 
among producers who raised identical hogs in identical·· reared in confinem~nt (Grandi.n,J993c). Genetic$ i$ a. 

·· bUildin:gs; Handlin:g, ·management, and transport also had major factor.· 0 bser\rations ·by· the author in: identical hog· 
an effect. Several surveys have shown that hogs transported confinement buildings and in: the same slaughter plant 
a short distance· Will have more PSE compared to hogs indicated that changing genetics improved handlin:g. New· • 
·transported a longer distance. Observations by the author hogs with a calmer temperament were. easier to handle· 
have indicated that hogs hauled very short distances for and PSE was reduced. There is adefiniteneecl for breedin:g 
under 30 min:utes are often more stubborn and difficult to companies to select hogs for temper~ent. · 
'drive at the plant compared to hogs hauled longer distances 
(Grandin, 1993a). Hogs hauled long distances are more In confinement buildings, producc;:~s must provi4e hogs 
likely to have DFD (dark finn dry) meat because glycogen with more environmental stimulaticm. Providing confine-. 
stores became depleted. . ment hogs witll additional environmental enriclunent, such .• 

as toys and people entering the pens, prOduced calmer hogs 
that were easier to drive ( Griinditi, 1989; Pedersen; 1993 ). · 

Assistant Professor, Colorado State University; Fort Collins, CO 
80523 . . 

Producers need to eliminate practices such as keepin:g bogs .. 
in dark~rted rooms. Playing a radio in:.the buildiitg _can· · 

. •. 
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help get bogs accustomed to sounds. Hogs that have been 
finishedin a pen with a radio playing at a reasonable 
volume are less likely to be startled by sudden noises. 

Observations by the author have also indicated thatraising 
fmishing hogs on plastic or metal floors produces animals 
thatare hard to drive because they do not know hoW: to 
walk on concrete. Plastic or metal floors work well for 
young pigs, but during the. final finishing phase,. 
confinement hogs should be raised on a concrete surface. 
Producers must also avoid producing bogs with a high 
incidence ofeitherbernias or spraddle legs. Both of these 
conditions have a strong genetic component. 

Slaughter plant factors · 
. Mter hogs arrive at the plant, handling and chilling 

practices will have a large effect on the incidence ofPSE. 
I estimate that handling practices account for 10%-15% 
of the variation in PSE, and chilling practices account 
20%-40% .. 

Improvements in handling practices have enabled several 
plants to ship 1 0% more pork tO Japan. These han!il ing 
procedures will reduce PSE: 

• schedule trucks to prevent delays during unloading. 
Heat builds up rapidly in a stationary truck Do not 
overload trucks; · 

• rest hogs for 2-4 hours prior to slaughter (Malmfors, 
1982). Trucks must be scheduled to allow adequate 
resting time; · 

• shower with cool water during hot weather (Smulders 
et al., 1983); 

• handle gently in the stunning chute. • Rough handling 
during the last 5 minutes prior to. slaughter increases 
PSE, because hogs become overheated. Handlers must 
be taught behavioral principles of hog handling. Over
exertion and excitement shortly prior. to stunning in
creases PSE in stress-resistant hogs that do not have 
the stress gene (Sayre, 1963; Barton-Gade, 1985). 

Lower temperature 
Gentle handling, rest,· and showering helps lower body 
temperature. Hogs that are overheated are more likely to 
have PSE or DFD meat (Gariepy, 1989). Heat damages 
the meat, both in live hogs artd shortly after slaughter, 
making proper chilling important. Sometimes carcasses · 
are jammed together or there is insufficient refrigeration. 
Some managers make the mistake of maximizing· hog 
numbers by overloading the cooler. They are saving a few· 
pennies on numbers and throwing dollaJ;" bills away in 
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Methods to reduce PSE and bloodsplash 

carcass shrink losses. It is easier to quantify hogs per hour 
and person hours than shrink loss and customer 
dissatisfaction. The industry needs to change its mindset 
and eliminate the "ram and jam" mentality. To succeed in 
the .marketplace oftomorrow, quality must come first and 

· quantity second. 

Segmented market· 

A. segmented market causes losses to be passed from the 
producer to the next person in the marketing chain. A 
producer who sells hogs liveweight has no motivation to 
improve quality. Liveweight selling or a carcass p:wketing 
system that fails to reward quality are the major causes of 
quality problems. The producer gets the wrong economic 
incentives. The present grading system rewards lean, 
highly muscled hogs with high levels of PSE, The 
electronic probes currently being used by the packing 
plants measure fat thickness and the size of the loin, but 

· there is no PSE measurement. This niotivates the producer 
to select breeding stock for rapid gain, leanness, and muscle 
growth .. These. selection pressures have resulted in high 
levelsofPSE because hogs carrying the stress gene are 
kept as breeding stock. The swine industry needs to develop 
an accurate method for measuring PSE so that a PSE 
measurement can. be added . to the fat and loin eye size 
measurements. The producer must be fmancially rewarded 
for producing lean hogs with low levels of PSE. Changing 
the carcass measurement and payment system to include 
PSE measurement Will motivate producers to reduce the 
incidence of the stress gene in their herds. The bottom 
line is that the producer has to be financially rewarded for 
producing quality pork instead of maximum tonnage. 

Bloods plash 
Bloodsplash is damage to the meat caused by either small 
pinpoint hemorrhages or large blood clots in the meat. It 
is a severe cosmetic defect that affectS the appearance of 
tl1e meat. Hemorrhage problems are mainly caused by 
problems inside the plant,. but nutritional factors such as 
low levels of selenium and vitamin E may possibly 
contribute to it by weakening capillary walls. 

These procedures have effectively reduced bloodsplash in 
many plants: 

• For electric stunning, use .an amperage power supply 
where the amperage remains constant and :voltage var
ies· with. hog resistance, Old fashioned voltage-regu
lated stunners allow amperage spikes that damage the 
meat. Due to the Jack of availability of good hand-held 
stunning equipment in the United States, some plants 
have built their own electronic constant amperage power 
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Temple Grandin 

supplies. These. units can lower bloodsplash over 100%. 
To ensure good animal welfare, a minimum of 1.25 

. amps must be used to reliably induce a grand mal 
seizure and produce instantaneous unconsciousness 

. (Hoenderken, 1983). Forlarge market hogs, a minimum 
of300 volts should be used and slightly lower voltages 
can be used for lighter market hogs (Hoenderken, 1983; 
Gregory, 1988). Some piants have attempted to reduce . 
bloodsplash by· reducing amperage to 0.5 ·amps. This 
must never be permitted because scientific research has 
shown that low amperages or frequencies over 200 Hz 
fail to induce instantaneous unconsciousness (Croft, 
1952; Hoenderken, 1982). 

• Bleeding a hog Within 10 seconds after stunning will 
i-educe bloodsplash. The new, prone sticking systems 
accomplish this, but···older, hanging sticking systems 
sometimes have intervals of over 30 seconds. Quick 
ble~g also improves aillmal welf~ because it re
duces the possibility of an animal reviving (Hoenderken, 
1983; Blackmore and Newhook, 1981). 

• The operator must be careful to avoid double stunning 
·and causing the hog to contract more· than once 
(Grandin, 1985/86). Double stunning can be caused 
by alloWing the stunning applicator to slide during the 
stint or turning on the electricity before the applicator 
is pressed firmly against the hog. 

· • Worn cords and sWitches should be replaced. Slight 
disruptions in electrical continuity will cause 
bloodsplash. 

• Reduce electric prod usage. In a research trial, elimi
nation of electric prods reduced bloodsplash (Calkins 
et al., 1980); 

Other Factors 
Both PSE and bloodsplash Will fluctuate With weather 
changes. Observations by the author indicate that PSE 
levels may double during the first 4 hot days of spring. 
· Bloodsplash tends to worsen when temperatures fluctuate. 
It is very important to take weather into account when 

· new methods or reducing PSE or bloodsplash are being 
tested. In one study, the amount ofbloodsplash reduction 
benefit provided by new handling and stunning procedures 
greatly fluctuated, depending on the weather (Grandin, 
1988). On some days, it provided great reductions in 
bloodsplash and on other.days, almost no· reduction. The 
procedures must be tested over a period of weeks to 
eliiniitate confounding effects of weather. 

In Europe, bloodsplash has been reduced by the use of 
C02 stunning. Recent observations in a plant equipped 
with both state-of-the-art C02 and constant amperage 
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electrical stunning equipment indicated that PSE and 
bloodsplash levels were almost identical. C02 definitely 
reduces bloodsplash compared to old-fashioned voltage
regulated electrical stunning equipment. New <:02 stunning 
systems could provide handling adv~tages by eliminatillg 
the need to line hogs up in, single-file chutes. HoweV'er, 
there have been concerns about humaneness (Hoend~rkeD, 
1983). Some genetic lines ofhogs react very well to CO~ 
and others may possibly be stressed~ . · 

The Yorkshire breed reacts very well(Forslid, 198'7), but 
stress-susceptible hogs inay possibly be conscious during 
the initial excitation phase (Troeger and Waltersdorf; 
1991). Therefore, C02 may be an excellent method in a 
vertically integrated system where hog genetics could be 
controlled, but animal welfare may be poor for certain 
genetic t)ipes of hogs. 

Conclusions 
The biggest problem facing the industry is the emphasis 
on quantity rather than quality. Producers need to be 
provided with a marketing system that provides economic 
incentives .to improve pork quality rather than just'grow 
pounds. The entire mindset of the industry nee9s to change 
from commodity-based to. consumer-based. When this 
occurs, new procedures will be developed quickly. 

Until this happens, nobody will be motivated to invest the 
time or the money to change systems.· 
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Gentle handling and good husbandry practices will 
improve swine productivity. A recent study has docu
mented that on farms where sows showed little fear of 
humans, reproductive performance was high. On other 
farms, where sows were fearful of humans, reproductive 
performance was lower [1]. 

Outside of daily handling, most growing pigs are 
"worked" at discrete stages of production. These include, 
but are not limited to, processing at birth (see PIH-114), 
castration, weaning and moving to nursery, mo.ving to 
growing building and finally moving to the finishing build
ing (if a separate growing/finishing building is used) and 
shipping to market. Sows (and for the most part boars) 
are handled at breeding, ·pregnancy checking, vaccination, 
and weaning (See PIH fact sheets, I, 74, and 89). 

Handling Pigs 
Pigs are handled for specific reasons, such as g1vmg 

medication or redistributing into larger or different pens. 
Each time pigs are handled, the producer must ask if the 
benefits of handling exceed the possible performance set
back. Animals accustomed to frequent, close, gentle con
tact with handlers are less likely to experience a produc
tion setback by nonpainful procedures such as weighing or 
being driven down the aisle. Painful procedures or rough 
handling are more likely to set pigs back. For maximum 
reproductive performance the person who manages breed
ing animals should not perform painful procedures on 
them. 

Research has shown that people entering the finishing 
pens and walking the aisles once a week had no effect on 
weight gain, if the animals were handled gently [2,3]. The 
animals became accustomed to people in the pens and did 
not become excited. However, weight gains were lowered 
and stress hormone levels increased if a handler occasion
ally slapped or shocked the pigs with a prod [4]. Even 
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though the handler was gentle most of the time, the pigs 
probably became stressed when he entered their pen, 
because they feared a possible unpleasant experience. 

Mixing and Fighting. When pigs first meet, they go 
through a period in which they establish social relation
ships. One pig dominates, and the others become subordi
nate. In a socially-stable pen, which is the desired environ
ment, each pig has a stable social relationship with each 
other pig. 

Establishment of the social order requires that some, 
but not all, pigs fight. Some pigs submit without a fight. 
When pigs fight, they do not eat. Even the pigs who sub
mit without fighting do not eat very much while other pigs 
are fighting. This reduced feed intake reduces weight gain. 
Newly weaned pigs do not eat much anyway; therefore, 
fighting does not have measurable negative effects on their 
performance. Older growing pigs, however, are eating at a 
productive rate and any disruption in feeding (such as 
occurs when pigs fight) causes reduced weight gain. The 
older and heavier the pigs are, the more negative the 
effects of fighting (see Table I) [5,6]. Larger pigs (espe
cially over 150 lbs.) are very strong and can cause large 
wounds and extensive injuries. Mixing pigs over 150 lbs. 
should be avoided as much as possible. If many pigs gang 

Table 1. Relative pig performance setback because of mix
ing pigs and fighting. 

Weight at Weight gain Added days Other 
mixing depression to market problems• 

8-40 None measurable 0 Wounds 
40-80 7 days 0 Wounds 
80-150 28 days 0 Wounds and injury 

over 150 28 days 7 or more Wounds and injury 

"Other problems associated with social stress include tail-biting. ear
chewing. prolapsed rectum. abscesses. and increased disease. 
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up on one pig, it ~Y be·advi~iible to n:move the one 
being picked on~ ·_. · · · < .. _ • · · . , ., - • _· . 

. There are several procc:Qures to reduce fighting among 
mixed pigs. The first rille:.Of-thuinb is .to. minimize other 

· stressers, , When ·mi~ing ·- pigs,. av()id .·overcrowding, po9r 
ventilation, sharp or broken equipnit;nt and ~do not mix 
when disease is obvious .. Mix all the pigs at the same time 
in a strange new pen. Whenever possible, mix approxi
mately equal Qumbers qf pigs. Avoid adding a few new 
animals to a large established pen of pigs. The newcomers 
will be severely. attacked. Avoid mixing pigs whe.n the air 
temperature i~ above 90°F. . · __ .. _ :. .. . 

Providing regrouped pigs with areas to escape attack 
will reduce fighting. Small, fenceiine, hide boxes which 
are just large enough for apig's head and shotdders reduce 

_aggression [6] .. The use of masking odors is not recom
mended. They may increase fighting. However, boar odor 
reduces fighting among yourig pigs [5]; · . . 

One. product has been approved as ari, antifighti~g 
drug. Stresnil® (azap'erone) reduces pig fighting through a 
mild tranquilizing effect. Pigs must be ha-ndled to ·injeCt 
.the drug and they must be given the correct dose based .on 
. weight .. Excessive dosages. may cause drowsy. pigs to pile 
up .. . . . . · .. 

. Attempting to create uniform-'A:;eight pt>ni· Producers 
often attempt to sort. pigs into pens with uniform weight 

· penmates. If weaned pigs are put iri . pens With similar 
Weight pigs, they remain fairly uniform throughout . the 
lltusery period [7]. Sorting ,pigs in:tmediately after weaning 
into • uniform weight groups is less. stressful than mixing 
heavier pigs. Fighting soon after we~ninghas no long-term 
effect. The larger pigs can be. housed together, and the 

. smaller pigs won't have to compete with them> · 
. Within a common age group, grouping older pigs into· 

uniform weight pens is not rec.ommended, altJtough runts 
.and poorly-doing pigs may be housed together. Older, 
growing pigs {i.e., 125 lb: pigs) put into uniform weight 
pens are just as variable in weight at market . time as pigs 
that were not regrouped during growing or finishing [5]. 
Social interaction between pen mates is one important fac-

. · tor which causes weight variability in a pen. · 

Hog Beh~vior during Hahdling .. ·__ ··•· , ·· ·. •. . . · 
· Hogs· have wide angle vision and are sensitive to sharp 

contrasts of light and dark. Lighting in weighing, breeding, 
and loading.ateas·should bebright, but even .. At least 15 
to 20 foot-candles is ''recommended. Hogs' will balk and . 
inay refuSe to niove if they encounter shadows, puddles, 
bright ·spots; a ·change in flooring type or texture, drains, 
metal grates, · or. flapping objects ; [8]. . Animals reared 

. under artificial illumination will ofteq 'refuse to move out
side into bdght daylight .. Loading will be easier i.f you 
design your loading ramp so that.the hogs are Jiried up . 
inside the chute before they leave the building. This. will 
prevent them ·from turning around when they move into 
the bright daylight. A building over the loading ramp will 
also facilitate loading. · · . . . 
. Hogs reared in enclosed buildings will balk at full day
light, but light can be used to attract. them into trucks at 
night. Lamps can also be used t.o attract hogs onto scales 
or other facilities. The lamps must illuminate the area you 
want the hogs to move into. They must not shine directly 
into the eyes of approaching animals. _•. . . . . 

Hogs will stop when a solid barrier is placed infront of 
them because it prevents them from seeing an escape path
way. This is why a portable panel is effiden([for moving . 
hogs. Handling will be easier if you, use a' pa:rieL A light · 
aluminum panel· with a hinge in the middle is recom-
mended for separating hogs out of.a. pen~ ' •. . . . 

Pileups and stress will be reduced by handling hogs in 
sm~II groQps. A bt()om _is usef\ll for backing up a hog. 
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Sows will readily back out of crates if they are· tickled or 
pressed on the snout with a broom. Electric .prods should 

, never b~ used on breeding stock, arid their use should be 
discouraged on other animals on the farm .. Repeated elec
tric prodding will cause a hog's heart rate to increase with· 

.. each successive shock [9,10]. .Excessive prodding can· kill 
hogs. · · · · . . 

· Whe·Q_· pigs are trilhsferroo C.·om nursery pens .with 
ex parided . metal_ floor~· to pens· with concrete. floor!i, .they 

. should· be allowed to become ·accustomed . to walking oil 

. concrete before. driving is attempted. The pigs will be 
baiky aQ~ difficult to drive· imtil they have been on con~ 
crete fot at feast)O l_liin\ltes. · · · 

Crowd-.Pen'and C)IDteDetign · •. · . ·_ .. ·_· . · 
Many, farms' have poor loading and · hal\dling fadlities 

!)ecau8e: .no space· for faCilities was. designed into the build- ·. 
ing; Effic~ent loadirig and handling Jaciliti~;S require ade-
qu~te space; . . - · .. ·.· . · .. ·· . . ·. . . . ' . . . 

Funnel-shaped crowd pens . must never be used for 
hogs. H0gs will become jammed in a funnel. Two jammed 
animals will keep pushing forward, and the animals will 
become severely stressed. A hog crowd pen must have an 
abrupt entrance to. the chute. to prevent jamming [8]. 

Figu~e l illustrates a hog crowd pen and single file 
loading chute with a small offset fence equal to the width 
of one hog at the chute entrance. The· offset fence enables 

· one hog to stepaside to allow another hogto pass; The 
design. enables the handler to reach both the ]<:ader hogs 
and _the hogs in the .rear of the group. This helps prevent 
pileups. With a. shorter chute a pen similar to Figure I can 
also be used to direct hogs onto a, scale . 

· Experience has shown that loacling ramps with solid 
. fences are more efficient. The crowd pen and a crowd gate 

Crowdp~ 
and lilute layout .. 

. . . :· . . 
. . . -

. ·. . - . ' . ·:· 

Niurower for pigS weighing 
~""{ 23~ lbs. or less · .. . _ 

:;,;::::::.=:::...t-.;;.17..,.• '17" 

Oftset stairstep prevents 
jamming: equal to width : 
Of one hog · 

. Figure 1. A crowd pen and' chute for hogs _that prevents 
. · jamming at the chute entrance. When the crowd pen is 

full, the handler stands in Position 1 and directs the 
leaders into the. chute. After the crowd pen is partially 
empty the handler ~eps.through·the mangate .into position 
2 and pushes the crowd gate around. · · · 



Figure 2. Hogs move rapidly up a loading ramp with a 
"see through" divider down the middle. The outer fences 
should be solid. 

should also be solid. A solid crowd gate prevents the hogs 
from turning back and attempting ·to return to the pens 
they just left. 

· Twin single-file chutes side by side facilitate loading 
(Figure 2). The two outside fences are solid to prevent 
balking caused by distractions outside· the fence. The 
divider ·fence between the two chutes is "see through"' to 
promote following behavior. 

A common mistake is building chutes too wide. Single 
file width should be limited to 16 or 17 in. wide for market 
weight hogs and 18 in. for sows. If hogs jam at the 
entrance, restrict the width of the entrance to 15 to 14lh . 
in. with a vertical piece of pipe. Use 2 in. (outside diame
ter) or larger, pipe to prevent bruising. If market hogs and 
sows are handled in the same chute make the entrance res
tricter removable. 

A hog's heart rate increases as the angle of the ramp 
incn;ases. The maximum recommended angle f~r a nonad
justable loading ramp is 20 degrees (about 48 ·in. x II ft. 
long). If space permits, make the angle 15 degrees (about 
48 in. high x 15 ft. long). Forty-eight inches is the stan
dard height of most semi-trailers. On concrete ramps, 
stairsteps with a rough surface are recommended. For 
market weight hogs, a 2'h in. rise and a 10 in. tread width · 
works well. On wooden ramps, cleats should be ·spaced 8 
in. apart. To prevent slipping and spreader injuries, all 
floor surfaces in handling areas should be nonslip. A light 
broom finish is too smooth for areas where hogs are 
loaded or worked. Imprinting the pattern of expanded 
metal into concrete provides a long lasting nonskid sur
face. A very rough broom finish can also be used. 

Hog Transport 
Each year 80,000 hogs leave U.S. farms but never reach 

market [II]. Seventy percent of these losses oceur on the 
truck, and a high percentage of them are PSS (Porcine 
Stress Syndrome). Death losses often double on hot, 
humid days. When daytime temperatures and humidity 
reach the alert level on the Livestock Conservation Insti
tute (LCI) Livestock Weather Safety Index [II] (Figure 3), 
deliver hogs to market before II a.m. When temperature 
and humidity reach the .danger level, haul hogs at night .. · 

· Never use straw bedding when the temperature is over 
60° F. The hogs will become too hot. Use either. wet sand 
or wet shavings .. Remove grairi slats and open nose vents 
to ventilate trucks during the summer. Hogs must be 
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loaded and unloaded promptly. ·.During. the summer 
months, heat and humidity build up rapidly to dangerous 
levels in a stationary vehicle. When the temperature 
exceeds 80°F, ·sprinkle hogs ·with water before· loading. 
Never throw large amounts of cold water on a hog that 
has collapsed from. over exertion. The ·shoclc • to its system 
may be lethal. Wet the ground ·around the hog or apply 
small amounts of tepid water~ Do not put cold water on 
the animal's head. Wind chill can kill hogs during the 
winter. In winter and during ·cool temperatures, use straw 
bedding to keep the hogs warm and replace grain slats in 
farm trucks. Nose vents must also be Closed in cool 
weather 11nd open farm trucks should be covered. · . · 

To minimize death losses, a 200 lb. hog needs 3'h sq. 
ft. per animal [12,13]. ··It is common in the industry to 
load hogs 10 to II percent tighter, but the above. space 
allowance was developed by the marketing boards in 
Canada to reduce death losses, bruises, and injuries. A 
230 lb. hog requires 4.4 sq. ft. when the temperature is 
over: 75° F and humidity is high. Table 2 shows the space 
requirements for hog transport. Hogs need more room 
when transported during hot weather. When the LCI 
Livestock Weather Safety Index is at the. alert level, load 
10 to 20 percent fewer hogs. 

In farm. trucks, use·· partitions to separate hogs from 
different-social groups (pens)and divide theload with par
titions to prevent pileups. Trucks should be cleaned after 
each shipment to prevent skin blemishes and disease 
transmission. DriverS should stop and start smoothly to 
prevent animals from being· thrown off their feet. Careful 
driving reduces losses. · 
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Figure 3. Livestock Conservation Institute Livestock 
Weather Safety Index. 

Table 2. Recommended transport space requirements. 

Average 
weight, lb. 

so 
100 
ISO 
200 
2SO 
300 
3SO 
400 

Number hogs per running 
foot of truek Ooor 
(92-in •. truek width) 

s.o 
3.3 
2.6 
2.2 
L8 

. 1.6 
L4 

. i.2 

Source: Livestock Conservaiitm Institute. 

Sq. ft. 
·per head 

l.S3 
2.32 
2.9S 
3.48 
4.26 

. 4.79 
. S.48 
6.39 



Hogs to be slaughtered on the same day should be 
fasted 6 to 10 hours prior to loading. Water should be 
provided at all times. If they will be slaughtered the next 
day, feed them lightly. Hogs with full stomachs are more 
likely to die during transport. Fasting may reduce PSE 
(pale soft exudative) meat [14]. A total fast of less than 
12 hours prior to stunning will usually not cal.lse carcass 
shrink. Producers selling direct to packers should contact 
the packer for specific fasting recommendations. If the 
hogs are delivered to a market prior to slaughter,. long 
fasts should beavoided. Hungry hogs may overeat shelled 
corn at the market. 

Meat Quality and Bruises 
Careful transit and gentle handling at the slaughter 

plant will maintain meat quality and reduce bruising and 
death losses. Bruising costs the swine industry 22 million 
dollars annually and losses from PSE (pale soft exudative) 
and DFD (dark firm and dry) meat are even higher. These 
losses are. passed . back to the producer in the form of 
lower payments. Overheated hogs, [15] and . hogs that 
carry genes for stress susceptibility, are more likely to have 
poor quality meat. PSE iscaused by both g!!netic and 
environmental factors. See PIH-26, Porcine Stress Syn
drome. 

Pork quality will be lowered by rough.handling and 
excessive electric prod usage at the packing plant [ 16,17]. 
Resting hogs for I to 4 hours at the packing plant before 
slaughter and sprinkling during hot weather will maintain 
pork quality [14,18]. 

Conditions at the ·farm·· can affect handling ·and · the 
incidence of damaged meat. Some hogs have weak hind
quarters and they are more likely to fall down and "split." 
The. damaged meat has to be. trimmed. This problem can 
be corrected by changing breeding stock. Slick floors also 
contribute to the splitting problem. 

Hogs finished on metal mesh floors are much harder to 
load onto trucks and handle at the packing plant. Many of 
these animals have excessive hoof growth and they are 
more likely to become overheated and stressed because 
packing plant workers prod them more to keep up with 
the high speed operation. Hogs reared on· totally slotted 
floors are also. balky. Prior to shipping, these hogs should 
be given an opportunity to walk on solid concrete. 

Observations at packing plants have also indicated that 
some groups of hogs reared in enclosed buildings are 
highly excitable which makes driving difficult. Excitability 
can be reduced by providing these hogs with' toys . and 
extra contact with people in their pens [2,3]. Playing a 
radio in the building will reduce a hog's startle response to 
sudden noises. In one trial, toys and five to ten minutes of 
contact with people once a week for five weeks in the 
finishing pens, made hogs easier to drive [19]; It .is also 
possible to get animals so. tame that driving is difficult. 
More research needs to be conducted before specific 
recommendations can be made. Hog reaction to• people in 
the pens and toys will vary depending upon type of hous
ing, gerietics, husbandry procedures, and other factors: . 

Conclusion 
Good handling facilities, knowledge of pig behavior, 

and consistent, gentle handling will help make your opera
tion more productive and profitable. 
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Food safety and the practicing 
veterinarian . · · · · 

Michael M. Pullen, DVM 

Historically, veterinarians have. been involved in food 
safety because of their extensive background in microbi
ology, parasitology, toxicology, pharmacology, etc. of food 
animals. Veterinary medical education, therefore, provides 
the veterinary profession with an unprecedented ability to 
be involved in the wide spectrum offood safety activities 
required in producing and consuming foods of animal 
origin. These activities begin on the farm with live animal 
production andprogresses through slaughter, processing, 
distribution, and preparation to the consumption of the 
food. 

The World Association ofVeterinaty Food Hygienists have 
adopted ·as their theme "healthy animals,. healthy food, 
healthy man." Certainly, residue-free, uncontaminated 
foods of animal origin originate on the farm as healthy 
animals and poultty. Because of their extensive educational 
background and experience, the practicing veterinarian can 
also provide influence and information about animal 
health/welfare issues and zoonotic diseases. More recently 
the term "preharvest food safety" has been introduced to 
reflect food safety principles at the animal production level. 

The veterinary profession provides an important 
contribution toward solving the problem of foodbome 
disease. An important component of any food safety 

. strategy requires that we reduce or eliminate offending 
microbial pathogens atthe farm level. With this strategy, 
responsibility falls mainly on the veterinaty profession, 
because they are inthe best position to monitor and survey 
premises and feeds and to control contamination in 
processing. Veterinaty medicine must serve a special role 
in protecting people from toxic chemicals that may arise 
from the environment. An important potential· source of 
human chemical toxicosis involves consuming 
contaminated animal products.. · 

On mostfarms, advice from the veterinarian constitutes a 
major basis for determining whether biologic and/or . 
therapeutic agents should be used. Swine practitioners 
have a dramatic impact on food safety by: 

Clinical and Population Sciences Dept, College of Veterinary 
Medicine, University of Minnesota St. Paul, MN 
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• providing adequate instruction on the proper use ofbio
logic and therapeutic agents iilcludingwithdrawaltime; 

• advising the swine producer on the appropriate use of 
fec;:d additives; 

• providing adequate and accurate instructions for ani'" 
mal manageinent techniques; and 

• providing both diagnostic and prognostic decisions re• 
lated to the treatment; marketing, or slaughter. 

Because veterinarians are often involved in diagnostic and 
prognostic decisions, they are asked to provide advice on 
the moving and sorting of animals before they are 
marketed, They may also assist their client in making 
salvage decisions. Three common questions that the swine 
practitioner niust often respond to are: 

• "can you save it?"; 
· • ''how much will it cost?'\ and 

• "can we eat it?'' 

Certainly in responding to these three questions the 
veterinarian has several options. The ill animal may be 
treated or the decision may be to forego any chemotherapy 
that requires a withdrawal time and to therefore send the 
animal directly to slaughter. Determining whether the pork 
will be safe and wholesome is then the responsibility of 
the public practicing veterinarian at the slaughter facility. 
Included in the options is either private (custom) slaughter 

· or on..:the-farm slaughter, in which case the animal's owner, 
in consultation with his/her veterinarian, will determine 
tl1e acceptability of the meat from the slaughtered animal. 

' ~ . 

In arriving at the suitability of the slaughtered animal for 
food, the veterinarian must take into consideration the 

• condition of the live animal (antemortem) and pastmortem 
findings. The importance of a thorough examination cannot 
be over emphasized becau!;e omitting. one. aspect of the 
examination could result in an improperdisposition. The 
food animal practitioner, in making an antemortem and 
postmortem disposition, must redirect his/her knowledge 
and skills. The primary intent of clinical training is to 
obtain all possible information concerning an animal's 
condition; then evaluate and analyze it, and arrive at a 
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diagnosis. The ultimate. goal is to institute specific 
treatment that· wilL affect. recovery from illness .. In 
antemortem/postmortem examination it becomes app~ent 
that only the goal has. changed. One must arrive at a. 
diagnosis inorder to make a. proper disposition, not to 
affect a· cure, The · s.ame scientific/medical·· knowledge, 
skills, and mental disciplines required in a clinical 
diagnosis with recommendation, are directly applicable · 
to the slaughtersituation .. 

From the birth of an animal until its death, either natural· 
or artificial, it may pass into and out of many disease 
situations. The disease process may be insignificant with 
recovery occuringrapidly leaving only a localized abscess 
or it may become far. more serious, resulting in weight 
loss, fever, depression, etc, Based upon the observation of. 
the tissues, a veterinarian must determine whether all or 
parts of the animal are wholesome. In many instances these 
decisions are rather straightforward and without contro- . 
versy~ However, in some instances the decision may 
become more difficult. I tis imperative that the veterinarian 
combines hisl11er antemortem and postmortem observa
tions iri. advising the animal's oWl}er as to the wholesome
ness and suitabilitY ofthe slaughtered animaL 

In the antemorteni/postmortem examination process, all 
lesions should be identified to include primary and 
systemiC pathology. Systemic changes are often more 
striking and apparent than the primacy lesions. There can 
he little doubt that the co~plexity of a disease process 
requires the professional knowledge and judgment ora . 
veterinarian. 

Two examples will be provided. Two experienced butchers 
slaughtered a 250-lb gilt for their own use., The rested 
hog had no abnormal clinical signs and at the time of 
slaughter was considered healthy. The hog was .stunned 

·by agunshot to the head (humane slaughter). When the 
butchers examined the carcass and viscera, they found no 
abnormalities; however, upon cutting the carcass after 
chilling; they noted numerous small red spots in the 
muscles of the hind limbs and loin area. The owners 
requested information on the proper disposition of the pork. 

Gross examination of the submitted muscle tissue revealed 
multiple petechia. These petechia were diagnosed as 
"slaughter hemorrhage," probably due to rupture of 
capillaries; 

Since the mairi factors that cause blood splash are believed 
to he a delay between stunning and bleeding, and increased 
blood pressure arising from intense muscle contraction at 
stunning, it is recommended that bleeding in pigs 
commence within 5 seconds of stunning 
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. .·. Food safoty and the practicing veterinarian 

When the animal has a normal antemortem history and 
postmortem carcass/visceral examination, several 
recommendations can. be made: · 

• because the affected pork is harmless, hurttans could 
consume the meatwithouthealth concern; 

• because some customers may accept the petechiae as 
aesthetically· unpleasing, the ·affected pork could, he 
trimmed and discarded or ground to elimiriate their vi-
sual presence; or · 

• all the pork could be .discarded. 
. . 

In the second example, within several days after 
administering an antibiotic to his/her gilt, the swine 
producer elects to slaughter the animal for hislller own 
use (farm slaughter). Although the owner realizes that the 
proper withdrawal period has not been observed, he/she 
insist upon using the <~.nimal. What are your 
recommendations?· First,. you should emphasize to the 
. owner that since the withdrawal period was not adhered 
to, the animal may contain antibiotic residues above the 
accepted safe or tolerance leveland therefore should not 

·be consumed. Ifthe owner persists in using themeatfrom 
the hog; evenafteryou recommend that it not be consumed, 
then thre~ additional precautions should be suggested. The 
liver and kidneys should be discarded andnot used for 
human food. The area of the injection site should he 
liberally excised and·discarded. Finally, the pork should 
not be:served to an individual in the family that may be 
allergit to that particular antibiotic.· Remember, antibiotics·· 
are extremely heat stable and cookirig will not destroy 
them. 

Since the 1920s, it has been emphasized that safe food 
products can only be supplied by ensuring iritervention, 
more particularly by relying on process control, such as 
adhering to good manufacturirig and distribution practices. · 
However, this procedure was basically ignored by the food 
industry. With the introduction of the Hazard Analysis 
Critical Control (HACCP) system in 1971, a major 
advancewas to occur. 

HACCP provides a more specific and critical approach to 
the control of microbiological and chemical hazards iri 
foods than. that provided by traditional. irispection and 
quality control. approaches: For example, the HACCP 
system has. three procedures: 

• identify and assesshazards associated with foods from 
growing/production of the food to consumption; 

• determine criticalcontrol points to eliminate any iden
tifiable hazard (microbiological and chemical); and 
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• establish systems to monitor critical control points. 
HACCP focuses attention on those points that directly 
affect the safety and quality of a food item and requires 
the continual monitoring of critical control points to 
determine whether or not these points are under con-
trol. · 

In a 1985 report from theN ational Academy. of Sciences 
(NAS). HACCP was identified as a comprehensive 
approach applicable to the range of food operations from 
production to consumption. HACCP is concerned primarily 
with criteria relevant to public health. In order to achieve 
operational efficiency and to protect public health, food 
inspectors must be trained in the HACCP approach and 
taught how to monitor identified critical control points on 
a regular basis. 

The veterinarian is an important component in any food 
animal quality assurance program. The success of recently 
introduced Pork Quality Assurance Programs, (Levels I
III) were modeled on HACCP principles. 

S~ne practitioners play an important role and therefore 
share a continuing obligation in educating food animal 
producers to use antimicrobials safely and effectively and 
to avoid residue. In order to reduce disease levels and to 
improve growth efficiencies and animal well-being, some 
chemical usage is essential for efficient and 
cost-competitive swine production. The major goal is to 
deliver a residue-safe, cost competitive food supply by 
properly managing the use of chemical compounds. 
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Veterinarians possess knowledge of the pharmacodynamics 
of compounds used as well as the availability of residue 
testing procedures; are familiar with the farm management 
style, the farm equipment and facilities; and have the ability 
to combine these components into a comprehensive, 
effective on-farm quality assurance program. 
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Financial impact of chronic PRRS 
Barry R. Kerkaert, DVM; Carlos Pijoah, DVM, Phb; and Gary Dial, DVM, PhD 

Since the first reported cases of the porcine reproductive 
and respiratory syndrome (PRRS) virus in 1986,1 several 
producers have had to face the challenges that the virus 
presents to the nursery phase of production. These 
challenges include managing pigs that are more susceptible 
to secondary infection.2 Although many producers have 
had to deal with chronic PRRS circulating throughout their 
nursery, there has been very little data. demonstrating the 
economic impact ofchronic PRRS in the nursery phase of 
production. 

For the past4 years I have had the opportunity to work 
with a production system that has suffered the impact of 
chronic PRRS within one of their production units. This 
system has accumulated very accurate reproductive records 
using the PigCHAMP® record system. The producer also 
keeps nursery grow-finish records on his own spreadsheet 
program. These record systems combined with a 
spreadsheet called Biofin® have made it possible to assess 
the impact that chronic PRRS has had on this farm. 

Herd history 

Fann 
• started up in the fall of 1988; 
• 1 000-sow farrow-to-feeder pig unit; 
• 21-day lactation; 
• seven nursery rooms; 
• nurseries are connected by one long corridor; 
• ali-in-all-out by room (not always followed); and 
• historically reproductive performance has not been 

measurably affected by PRRS. 

Disease status 

The affected herd was one of medium health status. 

Infectious agents that have been isolated in the past include: 

• Streptococcus suis type II; 
• Haemophilus parasuis; 

BRK: Pipestone Veterinary Clinic; CP, GD: Department of Clinical 
and Population Sciences, University of Minnesota 
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• Bordetella bronchiseptica; 
• toxigenic Pasteurella multocida; 
• swine influenza virus; 
• PRRS; and 
• transmissible gastroenteritis virus. 

PRRS serology 
• sow titers vary from negative to 1024; 
• all parities are affected; 
• very low percentage of suckling piglets are serologi

cally positive; and 
• most piglets seroconvert by the time they exit the 

nursery. 

Biotin® analysis 
Biofin® is an unique spreadsheet program that enables 
one to combine both biological and financial information 
to make good management decisions. For this particular 
analysis, Biofin® allows for a very accurate assessment 
of the financial impact ofPRRS on nursery performance. 

Explanation for analysis 
Prior to May 1992 this 1 000-sow farm consistently 
produced 45- to 50-lb feeder pigs at 63 days of age. After 
May 1992, the nursery pigs started to show clinical signs 
that were consistent with PRRS. Selling. weights of the 
feeder pigs also went down. Weekly averages would go 
as lowas 35 Ib for 63-day-old pigs. ~~veral different 
treatment protocols were performed. No definite responses 
were recognized. Since this time, P~S has been isolated 
from the herd several times and it has been determined to 
be the primary agent causing suboptimal performance in 
the nursery. 

Biofin® analysis was run to compare the impact of chronic 
PRRS on total profitability of this 1 000-sow farm. The 
nursery perfonnance was compared for the 1991 versus 
1993. (these 2 years. were compared since 1992 was the 
transition year). Thus, this simulation will compare 1991, 
which we are assuming was the year prior to infection 
and ·1993, during which we know the pigs were infected 
for the entire year. 
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· Table 1. Historical nursery growth performance .. 

Avg. Total Total Average Weight Pigs 
Mortality Feed feeder weight feeders sow marketed marketed 

Year- rate(%) eff. weight produced sold inventory per sow per sow 
1989 2.55 2.12 47.66 374512 . 7858 NA NA NA 
1990 1.02 1.82 44.82 877665 19582 NA NA NA 
1991 1.25 1.82 45.68 918898 20116 .. · 1000 918 20.1 
1992 1.64 1.72 41.68 836517 20070 1037 806 19.4 
1993 1.68 1.85 39.81 811805 20392 1035 784 19.7 
1994 2.04*' 1.80* 41 ,57* 787309* 18940* 1006* NA NA 

*Estimate based on annua_lization of current production 

Table 2. Biofin® data input 

Variables 
Total sow inventory 
Total pigs weaned 
Reproductive performance 
Market prices 
Nursery mortality rate 
Average daily gain 
Average sell weight · · 
Feed· conversion 
(lb of feed per lb of gain) 
Cost of diets 
Labor 
Other variable costs . 

Trucking 
Manure 

. Repairs 
Utilities & fuel 
Mgmt. fee 
Professional fee 
Insurance 
Taxes.·
·Supplies _ 

Medication/vaccination · · 
Building I fixed costs 

Discussion 

Production Production 
in 1991 in 1993 
Constant 
Constant 
Constant 
Constant 
.1.25% 
0,731b._ 

45.68 lb. 
1.82 

Constant 
Constant 
Constant 
Constant 

1.68% 
0.60 lb. 

39.81 lb. 
1.85 

Constant · Constant 
Constant Constant 
Constant Constant 

Constant Constant 
· Constant Constant 

The performance losses in this particular case indicatethat 
chronic PRRS infection in the nursery can be associated 
with up to 70% loss in total profits. This is despite the 
fact that medication, labor, and market prices were held 
constant. In most instances additional losses would also 
be suffered due to changes in these areas· as well. 

Chronic PRRS nurseries should not be taken lightly, Often 
mortality rates are looked upon as the markers for the 
severity of disease. This case shows how the losses in 
growth performance far outweigh the losses from 
mortalities. 
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.·Table 3 .. Biofin® results 

Variable 
Total expense 
per pig_sqld 
Profit per 
feeder pig sold 
Profit Margin 
ratio 

References 

Production Production 
in 1991 in 1993 
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PRRS eradication: The science 
behind nursery depopulation 
Scott A. Dee, DVM, MS, Diplomate ACVM; HanSoo Joo, DVM, PhD; 
Carlos Pijoan, DVM, PhD 

For the last 1.5 years, our group has extensively used 
nursery depopulation as a tool to eradicate postweaning 
porcine reproductive and respiratory syndrome (PRRS) 
problems. In the past, nursery depopulation had received 
mixed reviews when it came to PRRS control. There have 
been numerous reports of temporary success, followed by 
a relapse.1.:..t However, there are many reports stating that 
nursery depopulation is a very effective means for 
controlling PRRS problems in the post-weaning phase.s-s 
Our primary goals have been twofold: 

• to develop an effective protocol for eradication; and 

• to identify indicators that can be used to determine 
whether nursery depopulation will be successful be- . 
fore it is implemented. 

Our project has at least 1 to 1.5 years to go, but the 
following is a summary of the findings so far. 

What we've found 

PRRS virus can be eradicated using 
nursery depopulation 
At the time of this writing, we have now successfully 
eliminated PRRS virus from 20 farms throughout the 
United States. Our group has networked with 12 
veterinarians in a team effort working together to help the 
producer (Table 1, Figure 1). 

Serology is the prim~ indicator of 
protocol success or failure 
The most important factor in determining whether a fann 
will successfully be able to eradicate PRRS using nursery 
depopulation is the serological profile of the herd. 5 The 
indirect-fluorescent antibody (IFA) test is the test of 
choice.9 It is of the utmost importance that IFA titers match 
the pattern displayed in Table 2. This test measures 
exposure to virus and tells us the primary area where this 
exposure is taking place. It is common to see viral 
recirculation occurring in the nursery, evident by the high 

SAD: Swine Health Center, Morris, MN; HSJ. CP: University of 
Minnesota Swine Medicine Group, St. Paul, MN 
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titers in 8- to 1 0-week-old pigs and negative pigs at 
weaning (Table 2). If the breeding herd or weaned pigs 
are serologically positive at levels of 256-1024, this 
usually results in reinfection following weaning. 10 This 
pattern also tells us that PRRS virus has a tendency to 
localize in a specific area on the farm. Since the viremic 
period in the adult animal is much shorter than in the 
weaned pig (14 versus 28-56 days) it makes sense that 

·the virus would have a propensity to recirculate in this 
stage. 11 

Population stabilization is an 
effective way to establish the 
correct serologic pattern 
In our experience, the most common reason for recurrent 
PRRS infection is introducing seedstock. 12 Introducing 
replacement gilts, either positive or negative, often results 
in enhanced viral shedding in the breeding/gestation areas, 
and a subsequent high level of !FA-positive sows. As 
mentioned earlier, this situation makes nursery depopula
tion impractical due to the increased risk of weaning 
infected piglets. In order to properly prepare an !FA
negative breeding herd, population stabilization has been 
used. Basically, the herd is· closed with no new additions 
for a 3- to 4-month period. This can be done several ways: 

• Selecting gilts from the finishing bam. 

• Purchasing a large volume of gilts from an outside 
source, Adequate numbers need to be brought in to last 
the 3- to 4-month period of stabilization. They can be 
brought into the farm all at once or, better yet, held in a 
separate offsite facility. Following these measures, it 
is important to blood test 30 sows from the existing 
herd and 30 of the replacement gilts. Ten animals from 
each group should be identified and retested monthly 
over the 3- to 4-month period. By preventing the recur
rent introduction of replacements, naturaHmmunity 
appears to build, resulting in viral elimination, as seen · 
by negative virus isolation and declining IFA titers. 10 

An exan1ple of this technique in conjunction with de
population of the nurserywill be presented and is sum
marized in Table 3. 
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Figure 1. Location of farms and number/state using nursery. depopulation · 
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, . . . . 

Table 1. Mean percent improvement in performance, seroprevalence, and duration of seronegativity 
in herds following nursery depopulation:. · 

% Improvement 

·#Farms 
Change in Duration · 

ADG %Mortality seroprevalence seronegative·· 
20 50-75% 50% 0-100% 6•15 months 

Table 2. Correct and incorrect patterns of IFA 
seroprevalence. 

Table 3. Changes im IFA seroprevalance of a 
stabilized female population hi preparatiqn for 

· ·nursery depopulation 

# So~ 
1 
2 
3 
4 
5 

# Sows 
1 1.024 
2. 
.3 256 
4 1024 
5 

Correct 
4wk 8wk. 

256 
1024 
1024. 

··.256 
256 .. · 

Incorrect 
4wk 8wk 
256 1024 

256. 
.1024 1024 

256 256 
16 256 

6mo 
16 . 

. ·64 

6mo 
16 
64 

16 
64 

Date bled· 
# 3/94 4/94 5/94 6/94 
1 . 16 
2 64 64 16 
3 64 . 64 - -.· --
4 256 256 64. 16 
5 256 256 '64. 16 
6 1024 256. .. 64 .• 
7 64 
8 ~6 
9 

10 256 . 
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.. · ... PRRS eradication: The science behind nursery depopulation 

Table 4. Nursery depopulation and clean-up protocoL 

Day 1 Empty all nurseries, begin off-site we.ariing, pump pits, 
clean and wash rooms with hot{>95°C) water, and · 
disinfect in formaldehyde-based product.* Allow 
diSinfectant water to remain in pits overnight. 

Day 2 _ · Pump pits, repeat washing procedure, and disinfect in 
phenol-based product;~ · 

Days 3-11 Allow facility to sit empty 
Day 12 Pump pits, repeat washing procedure, and disinfect with 

formaldehyde-based products. 
Day 13 .Allow facility to sit empty 

_ Day 14 Resume conventional pig flow into cl_ean nurseies 

*Active ingredients: Formaldehyde 2.28%, Ammonium chloride 
3.08%, Propanediol 19.20%. One part of the product was mixed 
with'128 parts water. 
-Active ingredients: Sodium 0-phenylphenate 11.3%, Sodium 
0-benzylchlorophenate 9.4%, and Sodium p-tertiary amyl phenate 
2.3%. One part of the product was_mixed with 256 parts water. 

Modifications can be made in the 
protocol to fit different production 
systems·· 
The initial protocol we developed is exphtined in Table 
4.' Due to different management practlce·s, pig flow 
constraints, or lack of offsite facilities for holding infected 
nursery pigs, mOdifications in the protocol have been made · 
with good SUCceSS. 13 

Downtime can bereduced 
.. . 

We liave used downtimes of2 days, 4 days, ll~days, and 
14 days. All. periods . have heeri successful in indicating 
that vifal survival outside the pig is poor. It is impcirtant 
to use hot water (>1806F)and concentrate on manure 
removal from nUtsery rooms. . . 
Removing cold nursery pigs only ·._ 
will result-in eradication if the hot. 
nursery pigs are IFA'negative · 
At times it is_hard to find facilities to handle pigs shortly 
after weaning, particularly if early weaning strategies afe 
in plaee. By usmg IFA testing· to identify the. age when 
viral expOsure and subsequent semconversion takes place, 
on,e cait determine whether-individual rooms of pigs can 
be emptied while others stay intact. Once_ again, without 
an IFA:-negative .sowh~l'd, this is not feasible. In our 
e~perie~,tce, pigs app~ar to become infec~d and exhibit 
signs of PRRS~reiated respiratory disease arotiild. 5~7 
wee~s of age. We have emptied rooms of animal$ 
containing' pigs from'6-l 0 weeks of age, leaving yoiutger 
animals in place with success. . · 
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T\1e infected cold nursery pigs can 
be kept on fann, but in a different 
facility with_ a separate airspace 
While these studies are still in progress and this 
management scheme is not highly recommended, we have 
successfully controlled PRRS problems in this manner. 
Currently we are looking at distances ·of greater than 200 
feet-and the initial results we hi1Ve _collected look 
promising. Shorter distances have not been successful, 
even without a coriunon 'airspace. Housing irlfected pigs 
on site with connecting hallways betWeen moms has failed. 
This recommendation is nskyand should not be practiced 
·if your goal is to eradicate the virus. However, if the prime 
concern is controlling·PRRS virus, this_modification has 
proven to be u8eful: · 

Nur~ery_ depopulation is e~ective at 
era~ cation ofP~S /eyen, m, areas _ • 
oflngh hog density · 1

' , 

One of the criticisms of nursery depopulation is that it -is 
only effective in areas oflow numbers of swine. operations 
due to the potential aerosol transmission ofvirus. In our 
opinion, aerosol transmission does not exist over long 
distances. To prove this, the distance between the subject 

_farm and the closest neighboring hog farm was examined. 
The majority {>50%) of the farms were within ~-Yz mile 
of another facility or buying station, while the PRRS status 
of surrounding farms was not always available. However, 
the majority of surrounding f~ were PRY -positive, and 
located in bi'ghly-populated intensive swiite-reanng areas 
of states.· Similar projects have also taken place in hog-· 
dense areas of Korea with similar results. 
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Figure 2. Nursery depopulation in a large swine complex 

Nursery depopulation is an effective 
way to control post-weaning PRRS · 
problems on large sized operations 

· The. majority of the data we have collected is based on 
herd sizes ranging from 100-600 inventoried sows. In order 
to evaluate the effectiveness of the technique on large 
operations, a 5000-sow }>RRS-positive herd in Arizona 
was examined. The entire complex of farms· consisted of 
5- to 1000-sow herds encompassing 250 acres or 
approximately .5 square miles. The distances between pigs 
from one farm' to another ranged from 50 yards to 500 
yards (Figure 2). The herd had become infected with PRRS 
virus via seedstock introduction in 1990, .experienced a 
clinical reproductive outbreak, then began to develop 
J)ostweaning pneumonia problems, involving PRRS virus, 
Streptococcus suis, Mycoplasma hyopneumoniae, 
Pasteurella multocida, Haemophilus parasuis, and 
ActinobacillU$ pleuropneumonia. 

In. numerical order, nursery pigs from each farm were 
removed and relocated to the next farm. Finally, all nursery 
pigs on the last farm to depopulate (#5) were sold as 
roasters or feeder pigs or were humanely destroyed if not 
healthy enough to sell. Data from the herd before and after 
depopulation of the nursery (average daily gain, percent 
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mortality, and PRRS serostatus at 8 weeks of age )will be 
summarized at the Leman Conference. Preliminary data 
at the time of preparation of these proceedings indicate 
that PRRS-related problems can be effectively contrplled 
using nursery depopulation on large operations. ··· · 

PRRS and finishing pigs 
Handling PRRS-infected finishing barns can be difficult 
Since these facilities usually contain very large volum~s 
of pigs, depopulation is difficult. We have used "one-way 
flow." This consists of moving groups ofcold n.ursery pigs 
into other facilities over tilDe, while the infected finishing 
facility naturally empties through sales: If exposure to Virus 
is taking place when pigs enter the finishing facility, this 
will prevent virus from recirculating among older finishers 
and susceptible pigs, Once again, serology is critical. A 
diagram of this concept is illustrated m Figure 3~ The 
location of the facility for housing pigs leaving the nursery 
does not have to be offsite, but should be at least 200feet 
away. 
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Figure 3. One-way flow in an infected finishing facility. 

Failures of nursery 
depopulation 
Failures of eradication via nursery depopulation have been 
few. However, the reasons for failure were aggressively 
investigated to improve our knowledge of the limitations 
of the program. The reasons for failure are summarized in 
Table 5. Of the farms that have failed, three were 
improperly assessed serologically prior to depopulation. 
Neither of these farms had the proper serology pattern at 
the time the nursery was emptied. Other reasons for failure 
include the introduction of infected seedstock following 
repopulation, housing infected pigs in conm1on airspace 

Table 5. Farms failing to eradicate PRRS 
virus via nursery depopulation 

Farm# 
1-3 
4 

5 

6 

7 

Reason for failure 
Initial serology did not match 
Common airspace 
Did not empty both infected 
barns 
Distance <200 ft between clean 
and infected pigs 
Purchased infected seedstock 
following cleanup 
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with clean pigs, emptying only one infected nursery facility 
at a time, leaving other similarly infected nurseries intact, 
and housing infected pigs with on-site facilities of less 
than 200 feet. 

Conclusions 
Nursery depopulation has been proven to be an effective 
means of controlling PRRS-related postweaning problems. 
It can be implemented under a wide range of production 
systems with good success. We will continue the study to 
provide a large database. I hope I have emphasized that 
there is quite a bit of science involved in using this 
technique to control PRRS. Finally, I would like to thank 
the following veterinarians who have worked in 
conjunction with our group on this study. Thank you for 
your cooperation. I hope it has been beneficial for you 
and your clients: 

Dr. Rod Johnson 
Dr. AI Carlson 
Dr. John Waddell 
Dr. Jim Illg 
Dr. Steve Olson 
Dr. Mike Mull 

Dr. Nate Winkelman 
Dr. Tom Gillespie 
Dr. Steve Patterson 
Dr. Ron Baldridge 
Dr. TomLang 
Dr. Bob Peters 
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PRRS virus and secondary disease 
C. Pijoan, G. Solano, and J. Segales 

Outbreaks of porcine reproductive and 
respiratory (PRRS) virus. follow a sequence 
of clinical· events over a 6-month to 2-year 
period, depending on various farm factors, 
especially replacement rate and replacement 
health status. 

Table 1: Diseases clinically associated with PRRSv 

Viral Bacterial 
Influenza Actinobacillus pleuropneumonia 
Aujezsky's (Pseudorabies) Pneumonic Pasteurellosis 

Atrophic Rhinitis 

This sequence is: 

• overt reproductive losses; 
• decrease in fertility, especially farrowing 

rate; 
• poor-doing pigs in the nursery; and 
• increased mortality and increased prevalence of sec

ondary diseases in nurseries and .growers. 

There is ample clinical evidence that PRRSv in endemic 
herds results in a variety of secondary diseases. Secondary 
diseases that have been Clinically associated to PRRSv 
include those found in Table 1. 

Obviously, not all these diseases are seen in PRRSv
. __ infecte<f herds, Usuatiy-only-one-( or no) predominant 

secondary disease is observed. The most common are 
rhinitis, Streptococcus suis and polyserositis. 

Experimental infection: 
Surprisingly, it has proven very difficult to demonstrate 
experimentally that PRRSv can initiate these secondary 
infections. 

The first experimental demonstraiioh was with S. suis. 1 

Our group was able to show that infection of s1.isceptible 
pigs with PRRSv followed 5 days later by intranasal 
challenge with S. suis, resulted in CNS signs and 
meningitis. Further work2 showed that this interaction is 
not due to alteration of PRRSv of macrophage functions. 
On the contrary, the virus was shown to stimulate 
macrophages to phagocytoze and kill S. suis more 
efficiently. This, however, only happens during the early 
hours (up to 12 hours) ofPRRSv infection. After that, the 
virus rapidly destroys macrophages. There can be two 

College of Veterinary Medicine, University of Minnesota 
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Polyserosistis 
Streptococcus meningitis 
Salmonellosis 

alternative hypothesis regarding the mechanisms of this 
interaction: 

• the virus destroys the alveolar macrophages which are 
then substituted by immature cells. These cells cannot 
contain S. suis and septicemia follows; or 

• the effects of the virus are not related to macrophages. 
Rather, PRRSv inflames and destroys nasal mucosa. 
This results in massive infiltration by phagocytes which 
uptake S. suis and spread it to the brain . 

Ofthese two, at presentthe second hypothesis seems more 
probable: 

• S. suis meningitis can also follow experimental 
Bordetella infections. Bordetella is a well-recognized 
producer of nasal inflammation. 

• PRRSv has been shown3 to produce inflammation of 
the nasal mucosa. 

This may also explain why it has proven so difficult to 
demonstrate interactions with other agents. Most virus that 
interactwitbr~piratory bacteria, s-uch as Aujezsky's and 
swine fever, do so by affecting the clearance of bacteria 
by macrophages. PRRSv, on the other hand, stimulates 
(early events) or kills (late events) macrophages, but does 
not seem to impair their bacteria-clearing capabilities. 

For example, we have been unable to demonstrate either 
a PRRSv-H. parasuis or a PRRSv-P. multocida 
(nontoxigenic) intetaction. We have found thatHparasuis 
polyserositis cannot be reproduced in pigs that have 
maternal antibody or that are colonized by the organism 
(this means practically all commer9ial pigs in the United 

225 



Carlos Pijoan 

States). Preinfection with PRRSv, even at doses as high 
as 1 05 per. pig, made no difference. ·Likewise, challenge 
with P. multocida intranasally 5 days after PRRSv 
infection did not result in any macro- or microscopic lung 
lesions. At the same time, we successfully reproduced 
pneumonia in pigs inoculated with Aujezsky's virus 
followed by P. multocida. Since the pigs were from the 
same origin and age as the PRRSv-P. multocida group, 
and the Pasteurella challenge was identical, the conclusion 
is that PRRSv cannot successfully impair the lung defense 
mechanisms as effectively as Aujezsky's virus can. 

Recently Van Reeth, et al.,4 were able to show an 
interaction between PRRSv (at 105 perpig, Lelystad strain) 
and porcine respiratory coronavirus (PRCV). They also 
demons.trated. an interaction between PRRSv and swine 
influenza virus H 1N 1, (SIV) which resulted in more severe 
signs than the PRRSv-PRCv model. This experiment used 
conventional pigs and only lasted 15 days, making definite 
conclusions difficult. However, the presence of severe 
respiratory signs, especially in the PRRSv/SIV and growth 
retardation ofup to 5.6 kg strongly suggested that the 
interaction indeed· exists. 

On the other hand ·Brun, et al.,5 could not show any 
difference between groups with PRRSv/SIV or SIV'alone. 
They also could not find differences in SIV virus titer from 
lungs of these pigs. However, seroconversion to SIV was 
higher in the PRRSv/SIV group than the· SIV -only group. 
These workers were able to show some interaction between 
PRRSv and an unspecified paramixovirus, which resulted 
in pigs with hypothermia, followed by fever and with 
inappetence and delay of growth. 

Finally, Wensvoort (personal communication) was recently 
able to show interaction· between PRRSv. and a low
Virulence strain of A. pleuropneumoniae as assessed by 
increase in clinical signs and lesion severity. 

In conclusion, the role of PRRSv as an initiator of 
secondary disease is still very much in debate. Some viral 
diseases, such as PRCV and paramixovirus have 
su~cessfully been shown to become more severe in pigs 
prechallenged with PRRSv. However, this is all European 
work, where the virulence of the. viral· strains involved 
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may be considerably different to those found intheUnited 
States. The interactionofPRRSvwith SIV H1N 1, however, 
is unclea(, as some groups of researchers have found · 
positive interactions, while others .have failed to do this. 
This again may be a reflection of viral strains· used, as 
well as age and health status of the pigs. 

Interactions with bacteria are more difficult to. explain. 
PRRSv has been shown experimentally to interact with S. 
suis and with low-virulence A. pleuropneumoniae, but 
not with H parasuis or nontoxigenic P. multocida. 

With the exception of theA. p/europneumoniae data, this 
could be partly explained by the fact that PRRSv can affect 
nasal and tracheal epitheliwn, and in this way interact 
either with upper respiratory virus such as SIVor PRCV 
which have replication sites in the tracheobronchial 
epithelial cells, or with S. suis that could presumably be 
phagocytozed by migrating macrophages and PMN in 
upper respiratory sites. 

At present, our knowledge of which diseases interact with 
PRRSv and which mechanisms are involved is very 
inadequate. There is a large gap between clinically 
apparent interactions as seen in the field, and experimental 
replication of tltese. Hopefully, research in the next years 
will clarifY ntany oftheseunkJiown issues. 
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