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TGE-Iike disease outbreak: A foreign disease
·_ or a variant?
P. Halbur I, DVM, PhD; P. Pauil, DVM, PhD; M. Freyz, DVM, PhD;. lgorMotozoyl,
PhD; T. Siririarumitrl, DVM.

Clinical history

It was dec:;ided to quiCkly move forward with experimen. talinoculation ofTGEV/PEDV free pigs with the suspect
On February 5, 1995 a veterinarian contacted the Iowa. fecal material for the following reasons:
State University Veterinary Diagnostic Laboratory {ISU• repeated attempts to detect TGEV antigen by FA at
VDL) about a frustratiiJ.g TGE-like case. Periods ofdiar~ ·
several diagnostic laboratories were negative despite
rhea in the sows and young pigs had been going .on since.
detection of large numbers of coronavirus particles
November of 1994, however,.it had recently become quite
in the feces;
severe with projectile diarrhea and anorexia in 15-20%
• .no antibodies to TGE had yet been detected in convaof the gestating sows and in nearly 100% of the recently·lescent animals on the farm;
transient fluid .diarrhea
weaned pigs. A milder form
was seen in the majority of the suckling pigs. Mortality
• the farm regularly imported breeding stock from Euin the farrowingbarn _and nursery pigs was less than 10
.rope where PEDV is endemic (PEDV is also endemic
percent.
in Asia but has not been previously diagnosed in the
U.S.};
.
.
Efforts to confiirn this outbreak as TGE by serology ~d

of

antigen detection by direct fluorescent antibody examination had been unsuccessful. Tests done on several live.
pigs submitted to several diagnostic labon;ttories were inconclusive. Low-to-moderate numbers of coronaV:irus-like
particles were incol;isistently observed in feces and lesions
typical of a viral enteritis were described, however,
fluorescent antibody examimitiori offrozen intestinal sec~
tions from live acutely-affected pigs had consistently been
negative for TGEV antigen. The potential for this being a
coronavirus variant, or the possibility for this btiing porcine epidemic diarrhea virus (PEDV) were discussed. It
was recommended that feces and tissues be sent to the
ISU-VDL for further investigation assoon as possible. ·

• the farm regularly transported pigs to several distant
sites for _finishing.
Three 5-week-old SPF pigs were orally inoculated with
pooled fecal samples from case 407980. By 24 hours postinoculation the pigs had profuse tan watery diarrhea and
had become gaunt and anorexic. The diarrhea persisted
for 3-4 d~ys and the remaining,pighad fully recovered by.
_7 dayspost-inoculation. Clinically the experimentally reproduced disease looked like TGE.

Gross examination revealed dilated; hyperemic, and yellow-tan fluid-fille4 small intestines.· Mesenteric lymph
nodes were enlarged, edematous and congested. Microsc.opic examination revealed moderate-to-severe villus
ISU-VDL case 407980 received 2/8/95
atrophy with vacuolization, cuboidalization, and patchy
Fecal samples from. 5 sows and 4.nui-serypigs were re- necrosis of villus tip epithelia. Focal areas of crypt necroceived at the ISD-VDL. Large numbers of cororiavital- sis were also seen. There were also villi with large numlike particles were observed in all samples by electron bers of adherent E. coli-like bacteria.
microscopy on 2/8/95. It was unusual that all samples-were
A lightfliwrescence qffrozen sections occurred with the
positive and that· the number of intact particles was so
anti-TGEV conjugate; a somewhat brighter fluorescence
high. The particles ·were not quite typical of those oboccurred with the aJ1ti-PEDV conjugate.
served for TGEV The surface peplomers (spikes) were
more lollipop-shaped than the more .typical club-shape.

Quarantine.ofthe herd on 2/15/95

Experimental inoculation of SPF. pigs on · The referring veterinarian arid herd owner were very cooperl:_ltive in a vollintary verbal quarantine of the prerriises
2/10/95
until ongoing investigations were completed. Because of
National Veterinary Services Laboratory was.contacted pig flow constraints it'was urgent tO come to a conclusive
_and was interested in· collaborating on experimental in- diagnosis as quickly as possible.
ocuhition of SPF pigs so tissues could be collected for
fluorescent antibody examination for TGEV and PEDV
11owa
2

State University, College of Veterinary Medicine, Ames, lA
National Veterinary Services Laboratory, Ames, lA
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Additional submission of Case 516970
received 2/16/95

Serology on convalescent sow sera
samples on 2/24/95

More fecal samples and tissues were received from neonatal pigs with diarrhea. Severe atrophic enteritis typical
of a viral enteritis was seen on histopathological examination. Direct fluorescent antibody examination offrozen intestinal sections at the ISU-VDL was weak-positive for the presence of TGEV antigen. Electron
microscopic examination of feces again detected ·large
numbers of somewhat atypical coronavirus-like particles
and moderate numbers ofrotavirus-like particles. ELISA
examination of feces was also positive for rotavirus antigens. Moderate numbers of hemolytic E.coli were isolated from the intestines. Bacteria were also seen adherent to villi by histopathological examination.

Twenty sera samples from convalescent sows on the farm
were testedand found to be negative for PEDV antibodies by IFA: The samples were all positive for TGEV antibodies via serum neutralization.

Polymerase Chain Reaction (PCR) results
PCR was performed on fecal (intestinal content) samples
from the pigs that had beer;_ experimentally-inoculated with
feces from the clinical outbreak. Weak positive results
were obtained with sample 407980 on 2/16/95. However,
results could not be confirmed when the PCR experiment
was repeated. To rule out PEDV, primers specific for PEDV
were synthesized and PCR was performed. RNA was isolated from fecal samples from pigs infected with PEDV
and used as a controls. PCR was negative for both field
samples and positive controls. ·It became apparent that
contaminants in feces were interfering with PCR reactions. A number of procedures were employed without
much success. '
·

Virus isolation and in situ hybridization
Samples from the second submission 516970 were inoculated onto ST cell cultures. Cytopathic effect typical of
TGEV was observed after the second passage on 2/24/95
at the Veterinary Medical Research Institute at ISU and
concurrently at NVSL. Enteroviruses were also present
in the samples in both laboratories.
Researchers at ISU had recently developed a procedure
for the detection of TGEV and PRCV by in situ hybridization (ISH) using formalin-fixed paraffin-embedded tissues and have found it to be very sensitive and specific.
ISH was performed on 2/25/95 on intestinal samples from
field case 516970 using TGEV S gene probe. A weak signal was obtained suggesting that tissues were positive for
TGEV, however, the signal was weaker than expected with
typical TGEV Tissues from experimentally infected pigs
· were also examined by ISH and were weak positive as
well.·

2

PCR and genome sequencing of the
coronavirus
On3/1/95, PCR was performedforTGEVand PEDV on
cell culture propagated virus from the field case. The isolated virus was positive for TGEV but not PEDVThe PCR
amplified fragment was cloned on March 5 and processed
for sequence analysis~ Sequencing of an 800 base pair
fragment of the S gene was completed on 3/17/95 and it
was typical ofTGEV

Definitive diagnosis· and
conclusions
·By March 1, 1995 NVSL and ISU reported that TGEV~
like virus was growing in cell culture in both laboratories. No evidence ofPEDV was found in cultures or sero~
logically in the herd in question. A definitive diagnosis of
TGE was made and the verbal quarantine was released.
It was noted that the high numbers of coronavirus particles seen in the fecal samples from the fann, the delayed seroconversion of animals in the herd to TGE, the
weak reaction with anti-TGEV conjugates, and the weak
reaction by in situ hybridization may occur with an atypical TGE virus. The virus isolate is being further charac~
terized to understand the basis for difficulty in diagnosing this case. Rapid methods for the detection ofTGEV
and PEDV are also being standardized sci that we are better prepared to deal with similar situations.

Suggested references.
L Vaughn et al.,Three new isolates of porcine respiratory
coronavirus with various pathogenicities and spike (S) gene
deletions. J Clin Microbial. 1994; 32: 1809-1812.
2. Paul eta!., Significance of porcine respiratory coronavirus
infection. Camp on Cant Ed for the Pract Vet .1994; 16(9): 12231234.
3. Sirinarumitr eta!., In situhybridization for the detection of
swine enteric.and respiratory coronaviruses, transmissible
gastroenteritis virus (TGEV) and porcine respiratory
coronavirus (PRCV) in formalin-fixed paraffin-embedded
tissues.
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A "new" mystery swine disease or just another
·
undiagnosed problem?, '
Brian Caldwell"~", Kate Kputsoh*, and Gary Dial*

Case presentation.·

• a continuing problem, not just simply a reflection of
the accumulation ofrepeatbreede.rs in the open pens;

A 300-sow farrow-to-finish commercial herd beg<m experiencing a falling farrowing rate and reduced nursery
performance with elevated mortality' during early 1994.
As part of the process ofexpanding to 450 sows, the herd
constructed new. gestation· facilities,. converted on~site
finishing to gestatipn, remodeled farrowing, . and added
nursery facilities both on- and off-site. Back~cross gilts
reared on-farm were used for the expansion. An internal
multiplication: system was initiated, as part of the expansion, in which male and female grandparents were purchased to produce the Fl maternal line.Terminal sires
were purchased.·Females were naturally mated. The fann
employed two workers, with one being responsible for
·
breeding.

• caused by afailureto conceive or by a failure to maintain pregnancy.
Productivity measures. d11ring the affected period are
shown in Table l,. Selected data from that table is plotted
in Figures 2-8 to allow easier visualization.ofpertinent .
trends.
Bre~ding management assessments included the evaluation of breeding/gestation facilities and housing environmen( heat detection, the quality of matings, timing of
mating during the estrous cycle, and lactation feed management.

SowMON® evaluations involved the gross and
histopathological examination ofthe urogenital tracts of
both clinically affected. females and females having no
Diagnostic work-up
history of reproductive failure. Standard aerobic and speBesides traditional diagnostic techniques· of serological cial microbiological isolation and identification procesurveys and post mortem eva]uationsofaffected pigs, dureswereused as warranted, basedupongross observaseveral additional diagnostic tools were used to work-up tions.
the problem, including: critical analyses of the
PigCHAMP® production records, observation ofbreed- Overall Conclusions
ing management, and SowMON® post mortem evaluations ofthe urogenitaltracts of subsets of the breeding The etiology of the problem remains to be diagnosed. A
herd.
.
. detailed summarization of the diagnostic approaches used
in this case, along with suggestions for future work-ups
The PigCHAMP® records were used to characterize the on similar cases and potential etiologies, will be presented
problem and to rule out various potential differentials, in the conference.
according to the scheme demonstrated in Figure 1. Key
elements of the diagiwstic process included determinations that the falling farrowing rates were:
• associated with a reduction infertility, not a problem
of a highturnover in association with nonreproductive
·
culling;

Figures follow ...

I South Central VeterinaryAssociates,. Wells, MN56065;
*College of Veterinary Medicine, University of Minnesota, St ·
Paul, MN 55108
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Figure 1
Risk Factors for Farrowing Rate

conventional Farrowing Rate

Table 1
PigCHAMP Performance Monitor
DEC 93

DEC93

JANV4

FEB 94

MAR94

APR94

MAY94

JUN 94

JUL94

AUGi4

SEP94

OCT94

NOV94

NOV94

BREEDING PERFORMANCE
1212
11.0

36.0

63
3
10.8
9.7
0
6.4
1.9
68.5
68.5
146
2.16
15.8

74
3.2
10.8
9.6
0
9.2
2.2
74
75.5
144
2
19.2

56
3.2
10.5
9.7
0
6.6
1.5
59.8
62.4
144
1.97
14.5

66
2.9
11.4
10.1
0
5.6
5.5
61.7
62.3
146
2.05
17.1

156
3.2
10.9

52
472
6.6
14.8
13
19.5
127
18.0
118.2
26

47
365
7.7
13.7
13
20.0
122
16.6
96.4
26

77
676
6.4
11
17.9
112
16.7
175.5
17

49
416
6.0
15.6
12
18.1
119
15.7
104.2
27

62
573
6.6
10.7
13
18.8
130
18.1
148.3
10

6569
. 8.6
13.1
12
17.6
124
18.3
139.8
20

403
1.9
404
6.6
54.5
47

461
1.5
424.5
9
74.8
116
35
4
20
24.0
321.7
97.1
11.1
126.6
25.5

416
1.5
451.6
9.6
87.5
12
75
0
20
20.9
32.3
202.1
0
147.5
63.7

423
1.4
434.3
9.2
74.3
34
26
1
20
21.1
92.2
75.9
2.7
148.9
59.7

513
1.1
451.5
9.6
94.9
164

513
1.1
413.4
6.8
61.3
595

112
10.7
92.9
4.6
100.0

2.16
14.8

9.6
0
5.9
2.6
66.3
66.3
136
2.12
16.3

3
11.3
10.2
0
.7.4
2.2
69.5
70.2
145
2.11
18.9

52
3.7
10.7
9.7
0
7.9
1.6
55.9
56.5
147
2.09
13

59
546
9.3
12.9
11
15.5
135
20.2
137.3
27

55
510
6.6
9.7
11
18.3
117
19.0
132.0
17

56
514
6.6
11.7
12
18.6
126
18.2
128.8
9

76
691
6.6
14.8
11
15.9
126
18.3
178.9
29

406
2.0
394.5
6.4
48.5
32
26
1
20
20.3
95.5
77.6
3
114.3
42.5

411
2.0
415.7
B.B
64.2
31
24
2
19
21.6
90.7
70.2
5.9
126.4
49.1

431
2.0
411.9
B.B
51.9
41
20
1
19
22.7
117.2
57.2
2.9
121
39.9

366
2.1
410.1
6.7
51.9
0
40
3
21
18.5
0
118.7
6.9
117.4
54.2

105
9.5
96.2
5.9
95.7

59
3.1
10.4
9.4
0
7.6
2.4
86.6
88.7
143
2.29
14.8

74
3.2
10.7
9.9
0
5.4
1.3
85.1
87.1
146
2.18
18.5

57
3.2
10.6
9.9
0
5.6
1.3
78.1
78.1
141
2.09
15.8

10.7
0
4.6
1.5
72.5
73.4
143
2.18
14.5

WEANING PERFORMANCE
Number of litters weaned
Total pigs weaned
Pigs weaned per sow
Pre-weaning mortality
Average weaning weight
Average age at weaning
Adjusted 21 day litter weight
Pigs v.nd I mated female I yr
Pigs weaned I crate I year
Pigs weaned /lifetime female

77
671
6.6
9.5
12
18.1
124
20.2
168.1
22

65
595
9.2
6.6
11
15.6
124
19.9
149.1
36

59
516
6.6
10.1
12
16.3
126
18.0
143.1
19

POPULATION
Ending female inventory
Average parity
Average female inventory
AFI/Crate
Average gilt pool inventory
Gilts entered
Sows and gilts culled
Sow and gilt deaths
Ending boar inventory
Sow- Boar Ratio
Replacement rate
Cul!ing rate
Death rate
Ave non--productive sow days
Ave NPD I parity record

362
2.3
366.5
7.6
25.5
35
16
3
17
21.3
112.5
51.4
9.6
85.7
28.4

411
2.1
400.9
6.5
61.3

401
2.1
395.4
6.4
47.1
25
35
0
17
23.6
82.4
115.4
0
118.8
44

39.1

125
6.4
97.6
5.0
100.0
54.2

121
10.7
96.7
. 6.3
96.<
35.7

97
6.2
93.8
5.6
92.4
30.4

72

104
10.6
92.3
6.3
95.9
43.6

98
20.4
95.9
6.2
82.0
44.8

6.9
91.7
6.3
95.7
21.6

Total number of services
Percent repeat serW::es
Percent multiple matings
Weaning ·1st service ioterval
Percent sows bred by 7 days
Entry- 1st service interval

99
19.2
92.9
9.5
86.1
59.0

77

11.7
93.5
5.1
97.5
40.3

105
9.5
92.4
7.6
87.7

97
10.3
85.6
6.2
96.6

53.6

54.3

93.15

6.<
93.9.
43.0

FARROWING PERFORMANCE
Number of sows farrowed
Ave parity of farrowed sows

Average total pigs per litter
Average pigs born alive/litter
Ave birth wt /liveborn pig
Percent stillborn pigs
Percent mummies
Farrowing rate
Adj. farrowing rate
Farrowing interval
Litters I mated female I year
Litters I crate I year

4

5B
9
0
17
24.2
170.3
26.4
0
118.8
30.7

58
3.4
11.3

57
3.1
11.3
10.3
0
6.5
1.7
69.5
71.3
1<3

65
3.4
10.5

73

31

1
21
19.2
137
90 .•
2.9
121.6
42.1

1B

...

0
6.6
2.2
69.3
70.3
144

2.12
16.1

734

73

412

1
20
25.6
441.9
196.7
2.7
146.1
23.6

20
25.6
143.9
99.7
4.1
125.3
36.3

17
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A "new" mystery swine disease or just another undiagnosed problem
Figure 2
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Wasting disease and acute deaths
in weaned pigs
Dr. Steve Henry
Five herds in our practice have experienced 3% to 5%
mortality innurseries during the'past 1+ years. Wasting,
failure to eat normal amounts of feed and eventual
cachexia caused most of the deaths. Deathwas the usual
outcome as therapy was ineffective. Occasionally large
and thrifty pigs died unexpectedly. Clinically there were
no signs of respiratory or enteric illness. Postmortem re-.
suits did not suggest common bacterial or viral causes.
The problem occurred continuously with sporadic and
unpredictable increases. Pigs that were unaffected (95%)
grew at satisfactory rates.
Ofthe 5 clinically affected herds, 4 are PIC origin herds
but, with a few exceptions, do not share sources or even
lines. One herd uses complete commercial feed (Contihental), whereas the other 4 herds prepare diets either on
farm or at mills that use the Kansas State University dietary standards as a guide. Sanitation is excellent; each
farm· uses. all-in/all-out systems. Combinations of virus
isolation and serology identified Porcine Reproductive and
Respiratory Syndrome in 3 of 5 herds. The virus was actively circulating in nursery animals in 2 of 5 herds.
We used systematic diagnostic sampling strategies and
laboratory evaluations to identify common lesions and a
potential etiology.

2282 Camp Road, Solomon, KS 67480
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The changing patterns of disease in the modern
swine industry
Kernkamp Lecture

Tom Alexander, PhD, MVSc, MRCVS, DPM
The title contains two phrases: 'changing patterns of disease' and 'modern swine industry'. My initial reaction to
the first was that it referred to infectious disease, which is
a natural reaction for a microbiologist; of course 'disease'
also includes non-infectious conditions. It is true that infectious disease poses a greater threat to unhygienic intensive populations such as pig herds than it does to animals which are kept individually such as dogs or horses
but most outbreaks of infectious disease in pig herds are
multi-factorial. There is an interplay between different
components of Column A and Column B in Table 1, below.
Table 1: Types of disease based on cause

ColumnA
Infectious/
Transmissible
Viral
Rickettsial
Mycoplasmal
Bacterial
Parasitic
Mycotic*

Column 8
Non-Infectious/NonTransmissible
Toxic
Nutritional
Metabolic
Hereditary
Reproductive
Congenital
Traumatic
Environmental
·Managemental
Behavioral
Neoplastic

*Mycotic can be environmental and neoplastic can be
infectious
It would be easier to select single transmissible diseases
and deal with them one by one but the point of the lecture
is not only to ask how each has changed but also why? A
difficult question which requires consideration of the
changes that have taken place in the factors in Column B.

The second phrase in the title is 'modern swine industry'.
When did it start? It hadn't started when I graduated in
1954 but it was showing early signs of evolving when I
first started to study pig diseases in Canada in 1958-60. It
is at this point that I began to understand why theorga-

nizers of this conference gave this title to a person of my
age.
The development of the modern pig industry has been
far-reaching and fascinating. It has been said before and
is worth saying again that the pig industry has changed
more in the last thirty-five years than it did in the previous three thousand. There is only time here to consider
changes in the USA and UK because in some other parts
of the world they have taken a different course. New industries usually start in the USA and are followed some
time later in the UK. With the pig industry it was the other
way around; however, .as always, once the us industry
got going it overtook the UK and is now shooting ahead.
The main changes were already clearly detectable in the
UK by 19711; it is salutary to read again what was written
all those 24 years ago about the trends in pig production
in Britain.
"Broadly the main trends are:A. TOWARDS LARGER, MORE SPECIALISED,
UNITS
1. From many small herds to fewer larger herds.
2. From extensive to intensive husbandry.
3. From manual methods towards mechanisation.
4. From established methods ofbreedingand rearing
towards entirely new systems.
5. From pig keeping as a side-line towards specialist
pig production.
B. TOWARDS MORE EFFECTIVE PIG IMPROVEMENT
6. From breed improvement as an art towards the application of scientifically-based genetic theory.
7. From breed improvement by individual, traditional,
purebred breeders, within the structure of breed societies, towards the formation of breeder groups and
breeding companies outside breed societies.
C.
TOWARDS
INTEGRATION
AND
INDUSTRIALISATION
8. From independent commercial pig producers towards cooperative producer groups, marketing
organisations, and large scale industrial production.
9. From control by independent farmers towards control by industrial companies." ·
·

It was stated in a lecture to veterinary students about that
time that pig farming as a way of life was dead. Pig farming as a business had begun. The students reacted ad..
versely.

Department of Clinical Veterinary Medicine, University of
Cambridge, England.
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Table 2: The main changes that have influenced or will. influence the patterns of disease

Column A
Individual pig unit.··

·Column B
Multi-unit systems

· 1.1ntensification ·
2. Increase in size
3. SpeCialization
4. Farrowing crates
5. Reduction in weaning age
6. Mating systems
?.Individual sow confinement
8, Wet feeding (Europe} •.
9. Outdoor sow herds (UK)
. 10. Welfare regulations (UK)·.

11'.
12.
13.
14.
15.

Feeder-pig organizations·
Breeding orga-nizations.
Health-control associations ·
Gqvernment programs
Multi-site productiOn (US)·

The main changes iri ·the pig ··
industry
· ·

· tight disease control programs.2The former were either
forced to clo·se down or restart again with healthy status
stock and hew health programs. The beneficial effect on
disease Pel:tte_ffis that these haVe_.had ls not only in the popuTable 2 lists fifteen changes relevant to this lecture. There lation of herds with healthy stock but also in the .dis semi,. ·
may be more. There is not time to deal
· with all fifteen, nation of information .on disease control and the developnor is there time to discuss all the chang..ing patterns of ment of disease control measures. ·
·
·
. · ·. •
.
.
··
· disease. This lecture of necessity is selective.
In addition to th6se listed in Table2 other changes that
Some of these may require brief explanation.
·have influenced· the patterns of disease have. been the
In column A, number 8, wet feeding is fairly common in . emergence of new infectious pathogens, the availability
the UK and· some other EU countries. It may be highly of new drugs and vaccines, and the development of new
automated and ccnnputer controlled. One of its main ef- knowledge leading to more rational disease control.
fects on disease is the relative absence of dust and the
beneficial effect this has on pn~umonia. Number 9, outdoor sow herds, is mainly confined to the UK although
..
.
. .
. there are outdoor herds now in Denmark, France and Spain Useful advice to follow when you are in mental difficulty
and the US. Over 20% of the national UK herd is now .· over a pig problem is discuss your problem with Michael
outdoors. It has not brought back intestinal parasites be- Muirhead, which is what ldid whenI started to think about .
cause of the use of anthelmintics and because it is part of this lecture. With cus.toniary kindness he immediately sent .
a crop rotation. When done well, it provides robust and me a copy of his recent paper:on changit1g patterns of
· healthy weaners for a second site nursery. Number io,. disease.3 It is based on recordskepton 63 herds over20
welfare regulations refers to the ban on individual sow years: Twenty years is not long enoughto span the whole ·
stalls and tethers scheduled in the UK for 1997 which . development of the modem pig1ndustry in the UK. Nev~
will cause some conditions· to s1,1bside and others to re- ertheless, its long enough to illustrate interesting (lise1:1se
arise as well as causing many herds to be closed down. ·.· patterns, some of which, with his permission, are repro- .
.
.·
.
.··
.
·
,duced here; seeTable3.
In column B; the development of large scale feeder-pig
operations, the feeder pigs bein:g derived from multiple
Table 3: Changes in the importance of two
.. small sources, led initially to arise and spread of swine
diseases in weaned pigs which may pe related to
dysentery and respiratory disease, More recently, more
changes in husbandry practice· ·
sensible sourCing and limited mixing combined withappropriate prophylaxis has led to .a deCline of these cmidi1974 1984 1994.
tions.Number 12, the establishment ofmulti-herd breed. Streptococcal meningitis
.· ·++ ·. ··.'
++
ing organizations and companies had a mixed effect
Edema
disease
.+++
initially because some set up with conventional diseased
foundation stock spread disease to customers while oth- + = significant, - = insignificant (Courtesy 6t M.R .. ·
ers set up with high health status stock and maintained Muirhead, 1995)
·

·

·

· ·=

Disease patterns

'

··1o.

'
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Fig.1.· Papers (incl. posters) on S.suis
and edema disease in IPVS proceedings
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The first serious recorded outbreak of streptococcal meningitis in growing pigs was in the UK in 1973.4 It was
shown to be caused by a newly designated organism, Streptococcus suis type 2. Serious outbreaks increased dramatically in the UK over subsequent years and S. suis type 2
became the main cause of meningitis in weaned and growing pigs and the most common streptococcus to be isolated from diseased pigs. 5 It still is. The organism had
almost certainly been inthe country long before 19736
but had not caused persistent outbreaks of meningitis. Why
did it flare up so dramatically and become anatiori-wide
problem?

ber of papers (including posters) on each major disease
in each IPVS congress proceedings since the first one in
1969 was determined and calculated as a percentage of
the total number ofpapersconcerned with transmissible
diseases. Figure 1 shows a similar rise in S.suis to that
shown in Table 3. The graph covers papers on all aspects
of S.suis but over two-thirds were specifically on S.suis
type 2. The percentage of papers on edema disease show
a similar trend to that in Table 3.
Table 4: Changes in the importance of three sow
conditions which maybe related tochanges in
husbandry practice

Its rise corresponded with the increase in the size and
intensity of herds and the red,uctioh of weaning age· to
1974 1984 1994
three weeks, weaning into the newly developed highly
Internal parasites
++
+
intensive flat-deck nurseries. The number of weaned pigs
Cystitis
++
+
per room was often in· excess of 200 ·ahd on some farms
Osfeochond
rosis
+++
+
at least two such rooms were filled each week. The pigs
grew well and were often overcrowded before they were +=significant, - = insignificant (Courtesy of M.R.
nioved to follow-on accommodation. There could be no Muirhead, 1995)
better system for the selection and spread of virulent
In Table4, the category designated as 'internal parasites'
strains of meningitis streptococci.
is restricted to worms. The dedine in concern over worms
If that hypothesis is correct how can we explain the de- in sows is probably because in many of the small herds
mise of edema disease in Table 3? The argument hereis that existed in the 1950s and 1960s dry sows often ran
more tenuous. Perhaps reducing the weaning age to three out into permanent paddocks ·or yards .or were kept in
weeks had abeneficial effect in itself but also through the continuously-operated open-sided deep-bedded barns with
development of highly digestible early~weaning diets and. free access to birds, In the 1970s and 1980s they were
greater sophistication in weaning techniques.
increasingly housed entirely indoors in individual stalls
Michael Muirhead's records cover only a limited number or tethers or in cubicle systems. Although some fanners
of herds in a limited area. In the author's experience, they often persisted in the habit of routinely worming sows
mirror what happened throughout the UK but what about before farrowing, the sows in fact never came into con-other countries? To help to answer this question, the num- tact with worm eggs. Figure 2 shows a similar trend.
1995 Allen D. Leman Swine Conference
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Fig.2. Papers (incl.posters} on
worms in IPVS proceedings
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On the other hand, sows in stalls and tethers became extremely lethargic and if fed only once a day would often
only get up once a day to eat and drink and while on their
feet they would urinate and perhaps defecate. The urine
was often thick with precipitated material resulting from
· long storage in the bladder. When the sows lay down they
often lay with their vulvas pressed into their own wet feces. They drank infrequently due to their laziness or drank
too little as a result of the inadequacies of the drinkers
with which they were provided. All this is a recipe for
cystitis caused by a number of different organisms~ In
some sows cystitis was followed by fatal nephritis; these
were sows which possibly had leaky urethras and in which
the cystitis was caused by Corynebacterium
(Eubacterium)suis. C:suis specifically adheres to the lining of the urinary tract. 7 Some pig producers slowly woke
up to the factors causing the syndrome and proceeded to
make all the sows get up and to tempt them to drink and
urinate at least twice a day. On such farins the problem
subsided. This is not reflected in Table 4.

Th~ cause of the marked increase in osteochondrosis in
Table 4, which is becoming a common complaint throughout the UK, is unresolved and probably has a mixed etiology including other factors in addition to husbandry
changes. One can only speculate on what they may be.
The genetic improvement that has taken place over the 20
years in question has resulted in much.faster growth and
improved feed efficiency both of which theoretically could
lead to bone and joint problems. The bones of sows in
total confinement are softer and more easily damaged than
in those that are loose-housed, and their muscles are less
developed and have less tone. 8 Genetic and husbandry
improvements in prolificacy and lowered pre-weaning
12

mortality result in heavy lactations that further rob the
bones of minerals.
The number of papers on cystitis/nephritis and
osteochondrosis in the IPVS proceedings are too few to
be meaningful. The number on cystitis in future congresses
is likely to decrease but it will be interesting to see whether
papers on osteochondrosis and other physical wealmesses
start to appear in increasing numbers.
Table 5: Changes in the importance of four
reproductive problems which may be related to

changes in management practice and new
viruses
1974

.

Infertility
Endometritis
Abortion
PARS/influenza

..

1984
+·
+
.+

1994
+++
++
++
++

..

+= significant, - = insignificant (Courtesy of M.R.
Muirhead, 1995)

The differences betwe~n 1974 and 1984 in Table 5 may
be due, in part at least, more to. changes in perception
than to actual. change. Veterinarians whose professional
careers go back as far as the 1960s may remember how
unaware many pig farmers were ofthe .economic importance of reproductive performance. Computer programs
were not available, calculators were a rarity, and farm
records were often unreliable or non-existent. Increasing
sophistication and competitiveness iri the 1970s and 1980s

1995 Allen D. Leman Swine Conference

The changing patterns of disease In the modern swine industry

Fig.3. · Papers (ilicl. posters) on PRRS
worldwide and on influenza. iii Europe
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brol}ght with them an increasing awareness ofreproductive performance and the importance of performance
records. Computer programs were widely adopted and
veterinarians called in when deviations below budgeted
levels occurred. Routine pregnancy testing was· adopted
and farmers became aware earlier offailtireto conceive.

though the number of papers jumped in the 1992 proceedings in keeping with Table 6, but this may have been
part of the normal fluctuations because they dropped again
to below the average in 1994. In contrast; the percentage
of papers dealing with aspects of Actinobacillus
pleuropneumiae (App) showed a sharp increase over the

The big jump (Table 5) in infertility and abortion.in l. ·.9 94 ten years to· 1992 with an inexplicable drop off in 1994.
Whether the increase·over the ten years was a true reflecmust be associated in some measure with the rapid spread.
of PRRS and to a lesser extent with some of the novel tion of increasing seriousness of the disease or increasing
concern or an increase in the amount of research or
strains of influenza that have occurred recently in the UK whether it is associated with the spread of PRRS is not.
and which appear to affect reproduction; se~ Figure 3. known. PRRS spread in the US and then on continental
The same two viruses probably account for the sharp rise Europe before it reached the UK. As would be expected,
in concern over respiratory disease in 1994 as recorded there were no papers in IPVS proceedings on PRRS up to
in Table 6, below.
1990 but there were 25 and 26 in 1992 and 1994.
Table 6: Changes in the importance of four
respiratory conditions in finishers which may be
related to new viruses

Enzootic pneumonia
Actinobacillus
pleuropneumon-ia
PRRS
Influenza

1974

1984

1994'

+

+

+++ ..
+++

-

++
++

+ = significant, " = insignificant (Courtesy of M.R.
·
Muirhead,' 1995)

In theory, the availability and use of new more effective
vaccines should have an effect on the importa11ce of the
reltwant diseases and this is reflected in the two diseases
in Table 7. It is difficult to explain why AR was of insignificant importance in Michael Muirhead's practice in
1974 arid whyits importanceincreased in 1984. AR was
· common 'in the UK in 1974 although regarded asless of a
serious problem than in some other countries such as
Germany or the Netherlands. In Figure 5; except for the
1978 proceedings, AR papers rose to a peak in-1986 and
.then declined whiCh is broadly in keeping with Table 7.
The p11rvovinls
papers
follow a similar pattern.
.
.

Practices in the US could probably add more to Table 7
beca].lse they have more vaccines available to them than
Figure 4 shows .that enzootic pneumonia has figured in the UK. It would be interesting to know if there have
prominently throughout all the IPVS proceedings and al-
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Fig.4. Papers on Enzootic pneumonia (EPJ
and Actinobacillus pleuropneumonia (App)
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Fig.5. Papers (incl. posters) on atrophic
. rhinitis (AR) and parvovirus
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been changes iri the relative importance of neonatal diar- (PRV) in Europe have reduced the incidence of clinical
disease but not its importance since several countries; or
rhea for ex.ampk
provinces within countries,·are trying to eradicate it. The
Table 7: Reduction in the importance of two
same istrue in the US. Many of the more recent papers
diseases due to new more effective vaccines
on PRV are about vaccination or eradication. The UK is
free from PRVwhichis why it is not included inTable 7:
Atrophic rhinitis
Pa!Vovirus (SMEDI)

. 1984

1994

++
+++

+

++

Current Changes and their
Effects

+ = significant, ~· = insignificant (Courtesy otM.R.
Muirhead, 1995)

-

The greatest effect on disease patterns js likely to be the
application and expansion of all-in-"-'all~outmultisite proIt is not strictly true that concern about a disease wanes
duction9, diverting the energy used in combating infecafter an effective vaccine has come on to the market. Widetion to growth. The· pigs· in the second. and .third stages
spread use of new vaccines against pseudorabies virus
rriaybe inununologically miive and may C()rile down with
-
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Fig.G. Papers (incl. posters) on pseudorabies
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serious manifestations of infections that in more conven- vided by Jerry Torrison, Howard Hill, Michael Muirhea<l,
tional pigs would be of minor importance. We have seen and others.
extremes of this before in the primary SPF herds in the
US and Denmark and in the primary classical MEW herds References
in the UK and elsewhere. Haemophilus parasuis was a
particularly serious problem. ·
I . Alexander T J L (1971) Changes in pig production in Britain
My own practical on-farm experience of large scale
multisite production is limited but I am told that
H.parasuis and S.suis are more troublesome in the second and third sites than on conventional units and that
there have also been problems with miscellaneous
salmonellae and ileitis. Also, that in applying the system
some producers have dropped the weaning age to lower
than they can easily cope with and this has led to a different type of problem.

The future
We can be certain that further minor and fundamental
developments will take place in the US but my guess is
no better than yours as· to what they will be. We can also
be certain that new diseases will arise and that new drugs
and novel vaccines will reduce the importance of some
old diseases.
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Disease of high-health pigs:- some ideas on
pathogenesis
Carlos Pijoan, DVM, PhD
High health programs, especially segregated early wean-. tendency to be early colonizers. In fact, 1Tiost studies with
ing, have proven extremely successful at increasing the SEW pigs have shown that by 15 days (and sometimes by
productivity of growing pigs. Although we do-not fully 10 days) of age, some piglets are already colonized with
understand the mechanisms involved !ri this increase, it is Streptococcus suis, A. suis and H parasuis, as well as E.·
probably due in large part to disease_ control anq. eradica- · coli and some other' organisms.
tion. Most high health pigs reach slaughter weights with
minimal or no clinical disease, which is the reason for the The question that then arises is why if both conventional
· and SEW piglets are colonized early iri age by these
program's tremendous popularity.
microrganisms, we only commonly find acute outbreaks
However, some groups of high health pigs d~ sufferdis- of disease in the segregated animals?The reason for this
ease, which then usually presents itself as acute outbreaks must be related to the fact that SEW pigs are separated
of diseases that are either uncommon or relatively unim- from the sow at an: early age.
portant in conventional pigs.
In conventional, 3-week weaning, most piglets are colo- .
In fact the disease syndromes of modem pigs are evolv- nized by these common mucosal organisms by the time·
ing rapidly, with previously important disease practically they reach the nursery. This implies that the sow is the
disappearing while new syndromes increase in importance primary infection source for these animals. The sow, how(Table 1).
ever also provides lactogenic immunity. There is therefore, a delicate balance of decreasing passive antibody
Table 1: Common diseases of conventional and
titer and mucosal colonization that takes place during the
high-health pigs
lactation weeks. Lactogenic circulating antibody· is ac~
quired by the piglet during the first 24 hours after birth.
After this time, the antibodies cannot cross the intestinal
barrier and do not become systemic. This implies that pigHigh Health
Conventional
lets have essentially a decreasing titer of circulating antiMycoplasma -associated Streptococcal
bodies starting at maximum titers at about one day of age.
Pneumonia
Meningitis
As the antibody titer decreases, it must reach a threshold
Pleuropneumoniae
Haei'nophilus
under which there is no longer protection to mucosal colopolyserositis
nization, but there is still enough antibody to prevent sysPARS
Actinobacillus suis
temic dissemination of the organism. As the antibody
Greasy Pig Disease
Atrophic rhinitis
decreases further, some 'limited infection must occur,
which then stimulates the piglet to produce its' own imEnteric Colibacillosis
Septicemic colibacillosis
mune
response. In this w:ay, piglets never suffer clinical
Salmonellosis
PRRS*
disease
from these mucosal organisms because they switch
Streptococcus
Ileitis
from
passive
to active protection.
meningitis
Aujeszky's Disease
The duration ofthis passive-protection is highly variable.
Ileitis
It is dependent on: ·
Influenza
o Immune status of the sow;·
TGE
• Amount of colostrum uptake during the first 24 hours;
Dysentery
o Nature of the organism~
Clostridial Enteritis
For some organisms, such as A. pleuropneumoniae, passive protection is very long (up to 8 weeks) and colonization during lactation usually does not occur. For others
*Depending on sow herd immune status
such as Streptococcus suis protection is either short or
An interesting observation is that diseases ofhigh~health ineffective, so that baby pigs can be colonized within the
pigs are not only new (at least as acute population out- first week of age. For others (A. suis, H parasuis, P.
breaks) but they are also caused by common mucosal flora multocida, B. bronchiseptica) colonization occurs within
microrganisms. These organisms also have in common a the first 3 weeks of age, but may vary considerably in
individual animals. This means that if we lookat a popuUniversity of Minnesota
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lation of piglets of 10 or 15 days of age, a proportion (but
not all) of them will be colonized. Obviously, this proportion of colonized piglets increases with time as more animals fall below the antibody threshold that prevents colonization.

. pigs (unless of course, we wean at such an early age that
no piglets are colonized). If we ll1ove our weaning age
up, these older pigs will have a higher proportion of colonized piglets, more infection pressure at weaning and less
clinical disease. Of course, as we increase weaning age,
we also get dangerously near to the time in which piglets
However, if we separate the piglets from the infection
will get infected by traditional pathogens (such as mycosource (the sow)before 3 weeks of age,we will then have
plasma, actinobacillus, etc.) and will then loosethe bena population in which some piglets are colonizedand some
efits of SEW
are not. In the nurseries, colonization must spread slowly,
partly in response to the number of colonized piglets There is, therefore, not a clear solution as to which is the
within each pen. Infection pressure decreases because 'best' weaning age from the perspective of disease conpiglets may find themselves in pens with few (or no) colo- trol. The ideal weaning age would be one in which a large
nized animals. There is now a good chance that some pig- proportion of piglets (>50%) are colonized with common
lets will get infected relatively late, ·at a time in which mucosal organisms while none are colonized with severe
their passive antibody titer has dropped below the level pathogens. This ideal weaning age, if it exists, will surely
needed for systemic protection. These piglets will then be different in different farms, as it will depend on sow
immune status an infection (both very related to parity).
suffer acute systemic disease.
There is a need therefore for individual decision-making
Previous studies on colonization ofSEW pigs by mucosal
by the veterinarian regarding weaning age. This decision
organisms have emphasized the age in which the populashould be taken based on clinical observations as well as
tion is infected with a given organism, while not taking
laboratory data on mucosal colonization for that particuinto account the proportion of the population that is actular farm. In general terms, however, iJ:" a farm is continually infected. I think thatthis is a very important factor to
ously experiencing unacceptable disease levels in segreconsider. If the infected proportion is low (say 5-10%)
gated piglets due to one of these common mucosal
. and we then isolate this piglet population, colonization of
organisms, an increase in weaning age should be considnaive piglets in the nursery will proceed very slowly, with
ered.
a good chance of late infectious resulting in clinical dis~
ease. The earlier we wean, the smaller the proportion of
infected pigs and the higher risk of clinical disease in naive
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Using high-health_ technology in a modern
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production system.
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During the past decade, the NqrthAmerican swine indus- and then flow through i pyramidal distribution: 3 Breedtry has been exposed to the "power of health." We have ing companies and_produ-cers still use minimal-disease
long been aware that genetics and nt1trition are the most pigs to populate new herds 9r in depopulation/repopullition
important fa<:;tors in achieving and increasing profitabil~ programs. They are usually free of: Actinobacillus
ity. However, health has be.eri and still is the most limiting pleuropneumoniae, Serpulina hyodysenteriae, Pasteurella
·factor to capturing those advantages. For example, using multocida toxigenic strain,Mycoplasnia hyopneumonia~;
high~health animals, we have observed that some of our Salmonella cholerasuis, mange, porCine reproductive and
clients have reduced their cost of production by $16 per respiratory syndrome (PRRS), and TGE. Mari:Y farrow.,.
pig. 2 Results like those observed in Table 1 have forced to-:ijnish operations had been poimlated with those arii~
many producers and veterinarians to devise differentstrat- inals and results obtained were very good for a while.
egies to realize the profit potential of the genetics and . However, aft~r. a certain number of years, recontamina~
nutrition strategies they're using.
· tion occms and the}1ealth statvs of the herd slowly.decreases~
.

.

llealth strategy

Our· experiences with riiinimal~disease hetds' have indicaied that we need to investigate other alternatives. The ·
The pig production system ~s illustrated by Figure 1. 1 In indi..1stry hasfocused on developing new hig:I{-health. techthis figure, Tier 1 is related to 1;1:oducing we<iner pigs and nology to capture the "power of health.'' Those new tech~
.
..
·
includes:
nologies mainly rely on making modifications to pig flow
·and using the biological characteristics ofthe pigs to en~• breeding stock selection,
_harice and protect health status.
·
· ··
·
• breeding stock production, arid
.

·• the sow herd.
Tier 2, the production tier, is where feed is transformed
by the ariimal into a protein product. Tier 3 concerns the
activities that preserve arid upgrade the quality of the product. Health strategies apply at Tiers 1 and 2. ·
·
Traditionally, health strategies have relied on the use of
antibiotics and vaccines .. Our sole choice was either to
treat diseases with antibiotics or try to prevent them with
antibicitics and vaccines. We still need those tools today,
but the development of new diagnostic methods has allowed us to make better use of them. For example, sero. logic profiling allows us to adjust a vaccination program
to, e.g., allow for the effects of maternal antibodies. Table
2 shows the results of our attempt to set an adequate vaccination program for Actinnharfllus plf>urnpneu11Jnniae
(APP): All piglets included in the trial were vaccinated
·. twice with ,111autogenous bacterin for APP. The ilrst vaccination occurred at the time of first serology. As long as
the residualmatern;:tl antibody titer was greater than 0.4,
we were unable to stimulate a good antibody response by
·
the vaccirie.

.

~

All..,in-all-out
The goal of all~in-all~out(AIAO) techi:wlogy is t~ break ..
the disease cycle between groups of pigs. All-in-all:-out
technology has been implemented either by room, by
building, or by site. The earliest-implementors of AIAO
remodeled old facilities, added partitions, and .observed
improvements in both ADG and feed efficiency of 8%.4
·Our observations indicate that an additional4% improvement could be obtained using AIAO by building and approximately another 3% in applying AIAO per site.
·
·
· ·· ·
The downside of AIAO techriology is that, in some cases, ·.
it reduces the efficiency of square floorage use. The improvementin productivity should offsetthefactthat downtii):le is increased. A. balance must be achieved between
·the number of lb of pork marketed per year per squa're ..
foot and biological results. Maybe with ag9bd health staIus, AIJ\0 rules might he broken once in a while. Accord- ,
ing to many swine practitioners, AIAO is-the number~one
strategy thatwe should nevercheat ori. One thing is certain: AIAO is more important in the riursery than in the
grow~finish facility.
·
· ·

The firstmodern health strategy was probably the use of
Temporary pig flow disruption · ..
the minimal disease concept;· This approach, devised· by
breeding companies, is now more than 20 years old. In Temporary pig.flow disruption is an adaptation of depopi
this system, pigs. are obtained through Caesarian section repop. It is a partial depop of a section of a production
unit. It is usually applied to the nmsery but is also used
once in a whqe on grow~fini:Sh floors (mainly for fari"()w~
St-Cesaire, Quebec, Canada
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Table 1: Comparison of f~ctors affecting profitq.biHty in high. health and 6onventional. health status herds·

·.High.
Health
Piglets weaned per sow .•••
Wean in~ age (days)
Nursery FE
Nursery mortality·(%)
Nursery ADG (lb/day) •·
Grow~finish F~(gain) .
Grow'-finisllplQrtality (0io).
Drug cost ($)
. ..•.
G row-fin1sh APG(Ib/day)
Age to slaughter (days).
Total:

·. [
·.

HEALTH .

··

I.

.

·_

.

..

..

.

.

'

$$$
Advantage ·

' . Cbnventional
.
18.
.28
1.7·
3.0
,0.65
3.0 ..
3.0.

1,60
1:·16
. 0.90

1.25

4.00

2.75

1.80
..1.50/165

1.45

21

2.1 .
1.4
1.5
. 0.8
·2:65
. .·.1.5

5.25
1~20

3.20 ·.·.

190/205

16.06

,
· FIGURE #l
PORK i.EANMEAT PRODUCTION SYSTEM
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. Table 2: Ettectof maternal antibody on APP piglet vaccination
Age at first
vaccination

yveaning
(18.days)
0.936*

Weaning
2 weeks
postwear~lng .
4\iveeks
· postweaning . ·

.6 wee.ks..

2 weeks
postweaning:

4 weeks
postweaning

0.470
. 0.427

·0'.326
. 0.297

0.475

'0.383 .

0.927

.6weeks
postweaning

8 weeks
•·. posV~
weaning

10 weeks
· ' postweaning .
•·.

'

.0.930

!;····
.t.

:·,

•

. a:241

. postweaniilg• ·
*Average ELISA optical density for 1o piglets
.
. -Piglets were vaccinated·with 2 doses, 2 weeks apa_rt.
-Sow vaccinated with APP vaccine. onqe prior to farrowing
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to-finish producers). In this system, the section is completely emptied, cleaned, washed, and disinfected. After
disinfection, the facility is left empty for a downtime of
Now that we lmow and understand all of the new high1-2 weeks. Table 3 shows the results obtained in a nurshealth technologies, we are able to design the ideal sysery before and after a partial depop that was prompted by
tem for modem pork production. The following design
problems with PRRS.
should be used:
Table 3: Results obtained before and after
1. Pick a large area (with an approximately 50-mile ranursery depop
dius) where no pigs are raised and ensure that no other

What is the ideal system?

pigs will be raised there in the future.

ADG
(15 to 32 lb)
%mortality

Before
de pop

After
de pop

Difference

0.450

0.526

0.076

7.2

1.8

5.4

Matching health status and number of
sources
Theoretically, all of the diagnostic technology available
allows us to characterize health status so that we can mix
feeder pigs of different sources after finding ones with an
equal health status or finding a compatible breeding stock
supplier. In actual practice, although this is certainly a
good idea, we quickly realize that health status is dynamic
and changes rapidly, especially for feeder pigs, and it becomes an enormous task to thoroughly follow source-herd
health status and continuously make the appropriate
changes in pig flow.

Weaning age
Techniques of early weaning had been developed to take
advantage of colostral antibody protection to avoid infection in the farrowing crate and produce cleaner piglets. It
is then easier to apply a more specific vaccination or medication program to those piglets. We now lmow that we
could probably wean as young as 12 days old without
negative impact on reproduction. Our experience has
shown us that, even if those pigs remain on-site, early
weaning will help to control disease in nursery.

2. Find a breeding stock supplier that is free of PRRS,
TGE, mycoplasma, APP (all serotypes), swine dysentery, Salmonella cholerasuis, mange, Streptococcus suis (major virulent serotypes), Haemophilus
parasuis, Actinobacillus suis, and Ileal symbiont
intracellularis.
3. Establish a quarantine for incoming breeding stock
and test all incoming animals for all of the abovementioned diseases.
4. Build one large sow herd on one site and wean at 10
12 days of age.
5. Have eight nursery buildings on eight different sites
(all biosecure) and operate them on an AIAO basis
by site.
6. Have 15 finishing floors with two sections (to allow
split-sex feeding) on 15 different safely located sites
and operate them on an AIAO basis.
7. Do not use any vaccines or feed and/or water-soluble
antibiotics in the grow-finished phase and try to avoid
using them in the nursery as well.

BUT!

We all agree with this ideal strategy, but this will be accessible to only a small group of producers or enterprises.
For probably 99% of us, this will never be "our life." We
will be part of the "world of compromise." More often,
we will be asked to help modify existing production systems in order to adopt some of these technologies. We
will have to continuously "cheat" to apply them. Our role
Segregated weaning
will become more and more difficult and we will have to
To truly capture all of the advantages of early weaning, it evaluate the risk of modification A versus modification
is important to move early-weaned piglets to another site B. I would like to share some of our experiences with the
to avoid horizontal contamination.
use of segregated early weaning (SEW).

Multi-site production

Single source versus multiple source?

Multi-site production technology integrates AIAO
technology, early weaning, and segregated weaning. With
multi-site production, sows are housed on one site, the
nursery on another site, and the finishing floor on a third
site. Ideally, different sites will be used for the nursery
and finishing floor to allow AIAO by site.

In the beginning, one of the main goals of SEW was to be
able to mix piglets of different health-status sources at a
younger age. This is still the goal and overall we've certainly been able to get better production results with mixing piglets at a younger age. However, our experience tells
us that an advantage still exists for single source, even
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Table 4: Single versus multiple source

Single
source
Multiple
source

#of
piglets
2319

Weight
in (lb}

Weight
out (lb}

ADG

FE

Mortality

6.4

78.26

1.12

1.52

1.5%

2000

11.6

71.20

0.99

1.64

1.9%

Table 5: Comparison between single- and multi-age nursery building

Single-age
building
Multi-age
building

#
pigs

Days
in
nursery

Weight
in (lb}

Weight
out (lb)

ADG

FE

Mortality

7615

55

11 ~5

66.5

0:97

1.58

2.91

7909

51

12.1

55.1

0.84

NA

3.5

with an offsite nursery. Table 4 shows the results obtained
with single-source versus multiple sources. In those two
groups of animals, management, feed, and genetics were
similar. As we can see, an advantage still exists for singlesource and our experience tells us that, just as with growfinish, performance will decrease as source numbers increase.

those data, it appears that for commercial production using a nursery operated on an AIAO basis per building, it
is probably more important to set a minimum incoming
weightthan a maximum age. Piglets weighing less than 9
lb should not be moved (for a 16-day-old program). A
certain percentage of pigs at 22-23 days of age might be
accepted. This upper age limit is not set based on disease
transmission but· on the fact that if at 23 days of age a
piglet does not yet weigh 9 lb, it will probably never be
Single-age versus multi-age building?
When we started with SEW, we thought that by using profitable.
medication plus vaccination plus early weaning, we would
Table 6: Influence of incoming weight on
be able to build nurseries using multi-room (multi-age)
subsequent mortality
and be able to achieve exceptional results. Table 5 demonstrates that when dealing with multiple sources, there
Weaning weight
% of total mortality
is a solid advantage to using a single-age nurserybuild~
Less than 8.8 lb
53
ing operated on an AIAO basis per building.
19
8.8 -> 10.1 lb
If your goal is to use SEW to mix sources, you can't use a
19
10.2 -> 11.71b
multi -age flow system. The risk of sub-optimum perforOver
11.8
lb
9
mance is too high, Multi-age buildings might workwith
a single source, but even thereperformance will slightly Results from 4000 pigs
Table 7: Influence of incoming weight on ADG
producer aware that a temporary pig flow disruption will
probably be needed at some point in time.
Weight 21
ADG 21
Weaning
days later
days period
weight
Limit on weight or age at weaning?
13.25 lb
9 lb
0.4
In the beginning, all of the SEW programs established
0.2.
11.25
lb
19.8
lb
were very strict about age at weaning to avoid disease
decrease over time and it would be better to make the

transmission. This is still true where systems are imple- Results from 120 piglets .
mented to specifically eliminate disease. Table 6 shows
the relation between incoming weight and percentage of
Same age or same weight?
mortality and Table 7 shows the relation between incomIntensive
use of AIAO technology has shown us that a
ing weight and subsequent ADG. As we can see, mortalhuge
difference
in weight exists among a population of
ity is highly correlated with incoming weight. Based on
equivalent age. Figure 2 shows· the weight distribution
1995 Allen D. Leman Swine Conference
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Figure #2:
Weight distribution at weaning

11

12

260 piglets, 15.8 days old

Figure #3:
Weight dist. after 46 days in nursery

~
o.

1

250 piglets, 61.8 days old

for piglets at weaning in a twice-a-week weaning progra:n.
Figure 3 shows the weight difference forthesame ptgs
46 days later. Figure. 4 shows the. weight difference for
equivalent pigs going into a grow~finish building. F~gure
5 shows the same weight difference 78 days later. Figure
6 shows weight difference from weaning to first pull. As
you can see, from a barn utilization standpoint, it wo~ld
be very costly to keep those pigs together from weanmg

22

to market. We need more research to make single~age production work.
In the meantime, good fostering programs need to be es· tablished at the sow"herd level and treatments implemented to avoid any problem-causing growth retardation.
You must have more than one destination for pigs out of
the nursery and some sorting needs to be done. Ih many
situations, sorting by weight out of the nursery is prob-
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Figure #4:
Weight dist. going in grow-finish bldg
28.0%

60

350 piglets, 68 days old

Figure #5:
Weight distribution at 146 days of age

80

1

21 0

350 piglets, 146 days old

ably more important than sorting by sex (although being specific disease. Even with those programs, in many SEW
nurseries we have noticed a "3-weeks syndrome." Usuable to do both would be ideal).
ally, things go very well for the first 2 weeks postweaning, but during the third week, diseases like PRRS, S. suis,
How important is medication and
and H. parasuis show up. It is clear that colostral immuvaccination prior to weaning?
nity is protecting piglets against many diseases and that
Many medication and vaccination programs have been when this immunity is lost, problems occur. We have to
used on sows and piglets before weaning. Those programs take a close look at vaccination programs for sows and
are certainly a must when the objective is to eliminate a piglets prior to weaning. Antibiotic injections are prob1995 Allen D. Leman Swine Conference
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Figure #6:
Weight dist. from weaning to 145 days

~5~------~----------~---,--------~--~~------_j
65

15

/ - All pigs
~bly more effective at maximizing growth during lactatlon and producing even piglets than they are at eliminating specific diseases.

Bacteria that have their reservoir in tonsils (S. suis, H
parasuis,A. suis) are impossible to eliminate with antibiotic injections when pigs are weaned at 12'-16 days of
age. When we assess the need for vaccination and medication programs prior to weaning, too often we forget the
labor implications. Every time we make a treatment we
are asking for effort from producers or staff. Try to limit
intervention at birth, castration, and weaning. Don't ask
f~r more than two injections at each event. In very specific cases, we might ask for another treatmentat 10 days.
In the future, we'll need to investigate how treatments
could be combined. Follow-up on all ofthose treatments
is also very important. It is particularly true where a lot
of fostering is done. As an example, we tagged and followed 650 piglets. We made the following observations:

145

Days

---*··· 90% of pigs

• doing necropsies; and
• using bacteriology, virology, and serology.
·In many cases, we found that generating growth curves
are very helpful to monitoring. In large systems, this
should be done routinely. Figure 7 shows a feed efficiency
curve from one unit. As you can see, there is a big difference in feed efficiency between week 1 and 2. This difference was not correlated with a feed change. This curve
allowed us to see the importance of a PRRS break and
certainly helped in justifying the vaccination program.

The power of health

.When our SEW system is geared and running well, we
are able to enjoy the "power of health." However, when
. piglets have left the nursery, they are not yet ready for
market. Because we frequently try to adapt these new
technologies to an existing system, we often need to use
• 77% of piglets were fostered at birth.
· · 1acllities
c '
ex1stmg
for a grow-finish unit. For example, in
• 37% of piglets were fostered at another time.
one SEW system in which we had used a conventionalhealth-status sow herd and mixed different sources in the
• For a treatlnent requested at 5-6 days of age, we had nurs~ry to control PRRS and other respiratory problems,
we d1d not expect to produceM hyopneumoniae-free piga 5-day spread.
• 6% of piglets never received the treatmentrequested . lets. We quickly realized it was possible but, depending
on the location of the finishing floor, vertical contaminaat 10 days of age.
tion by M hyopneumoniae could occur and would be devastating. Table 8 shows the mortality difference between
How should the follow-up be done?
groups that broke and did not break with M.
These new production systems need to be monitored. hyopneumoniae. In niany situations, we must rely on old
Certainly, we'll have to use conventional methods like
health strategies like antibiotics and vaccinations to protect
the newly obtained health status. For example, using
• monitoringADG, feed efficiency, and mortality;
strategic medication at the beginning of the grower phase
24
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Figure #7:
Feed efficiency curve
1.6

1.5

1.4

1.3

w

lL

1.2

1 .1

o.9L--'-,--~---'-r-c---~--3.------,4~----;:-5~
. 2

.

Week

and vaccination will allow us to protect against problems
·
with M hyopneumoniae. ·
Table 8: Effect of aM. hyopneumoniae break
M. hyopneumoniae break
No M. hyopneumoniaebreak

%mort.
5.34
2.15

#pigs
10,703
10,130

With the use of high-health technology in a modern pig
production system, we must remember that the main role
of those technologies is to control the expression of disease, not to eradicate it. We must keep in mind that just
because we haven't seen the clinical signs, it doesn't mean
the pathogen isn't there- it probably is and could expre~s itself at any time.
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Management and facility influences on growing
pig performance
·
Michael C. Brumm, PhD
The U. S.swine industry is in the midst of a major mod- · Daily feed in kg:
ernization cycle. The last time such a relatively large in1.619. + 1 .833(8) - 0.837($ 2 ){R2 = 0. 7 4)
flux of capital was invested in production facilities was
Feed per Gain:
the confinement boom of the 1970s~
.
.
3.840 - 0.927(8) + 0.502(8 2){R2 = 0.40)
Confinement growing-finishing facilities are part of this
cycle. Whereas in the 1970s the question was "Do I need
to invest in expensive finishing facilities?", the question While valuable for predicting performance; a limitation
for the 1990s for many producers is "What type of facili- of the data reviewed in this sulllillary is that the average
ties do I invest in?" Toassist producers in designing and final weight for the finishing pigs was approximately 20 5
managing this new level of investment intensity, advisors pounds.
and •consultants need a clear understanding of the effect
In an attempt to build upon the existing data, the NCR-89
various management decisions have on performance so
regional research coriunittee dealing with swine manage·
. the economic consequences of these decisions can be pre-.
ment initiated a research effort investigating the effects
dieted.
of space allocation on pigs taken to 250 pbunds. 2 New
performance curves were developed forthe finishing phase
using this data. 3 Data for the new finishing curves was
. bounded by 6 ftz per pig. on the low side to 12 ft 2 per pig ·
For years, scientists and producers have wrestled with the on the high side. Any effects. due to number of pigs per
question of the appropriate space per pig·· and the effect pen were ignored in this anaiysis because· of the smaller
on performance if space is restricted. While many research group sizes used in the NCR-89 experiment. The new
centers have examined the effects of space allocation ori finishing performance curves are predicted by:
performance,Kornegay and Notter' compiled a summary
of the data on the effects of floor space and number .of Daily gain in lbs:
.
pigs per pen on pig performance. In their analysis, for the
1.0783 + 0.0444(8)(R 2 = 0.64)
growing pig with a range ofspaceperpig from 0.15-0.80
m2/pig (1.6-8.6 ft2/pig), the following equations predicted Daily feed in lbs:
4,8850 + 0.1 004(8)(R 2 = 0.60)
the effect of decreasing· space allocation on. pig performance:

Space

Daily gain in kg:

0.489 + 0.520(8) ~· 0.281 (8 2 )(R 2 = 0.93)

Feed perGain:
Daily feed I daily gain
where S is space per pig in ft2 per pig.

Daily feed in kg:

1.542 + 0.856(8) - 0.404(8 2 )(R 2 = 0.93)

"
Feed perGain:

. .

3.3037- 0.734(8) + 0.406(8 2 ){R2 = 0.94) ·
where S = space per pig in m2/pig.

Combining the performance curves for growing pigi {58
to 120 lbs live weight) and finishing pigs(120 lbsto 250 .
lbs live weight), best pig performance (daily gain and feed
conversion efficiency) ispredicted to occur when pigs are
given 7ft2 in the grower and 10 fe in the finisher. The
general recommendations for floor space have been 5 ftz
for pigs from 60-lOOibs, 6 ft2 from 100-150 pounds and
8 ftl from 150 lbs to market. 4

For the finishing pig with space per pig allocations ranging from 0.4 ~ 1.0 fu2/pig (4.3- 10.8 ft2/pig), the predic- As average U.S.slaughterweights continue to increase in
response to packer merit pricing systems, our knowledge
tion equations were:
of appropriate space allocations. is limited. Recent results
Daily gain in kg:
of space studies of barrows taken to 300 pounds5 (Tables
0,398 + 0.704(8) - 0.340(8 2 )(R2 = 0.69)
1 and 2)suggest little if anyimprovement in performance
beyond 9 or 10 ff/pig. In both trials reported, there was
only a 2-3% improvement in daily gain as space allocaExtension Swine Specialist and Professor of Animal Science,
tions
increased28.5%(7to 9ft2, Table l)or43% (7 to 10
University of Nebraska, Concord, NE 68728
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Table 1: Effect of space allocation on maternal-line barrow.pertormance to 300 pounds

Space inft2 /pig·:·
7.
9
11

Item
Pig weight in
lbs
Initial
Final
ADG in lb/d
ADFI in lb/d
F/G
Lean gain in
lb/d

43.00
298.80
1.85
5.76
3; 11
0.65

P value
Linear Quadratic

43.10
43.20
·.
NS
301.30 296.60
1,89
1.82
NS
NS
5.93
5.83
3.21. 0.064
2.15
NS
0.66
0.65

NS
0.089
NS

NS
NS

"Brumm and NCR-89, 1995. 5
""12 pigs/pen; 5 pens/treatment
Table 2 - Effect of space allocation on performance of barrows of medium lean gain potentialto 300
pounds
Space in ft 2 /pig"
10
13
7

Item
Pig weight in
lbs
Initial
Final
ADG in lb/d
ADFI in lb/d
F/G

122.80 121.90 121.90
302.30 302.90 . 301.60
1.84
1,89
1.90
7.10
7.09
6.82
3.. 77.
3.70
3.73

Pvalue
Linear Quadratic

NS
0.083
0.055
NS

NS
NS
NS
0.065

"Brumm and NCR-89, 1995. 5

ftl, Table 2).)nboth experiments, the best feed conver- (UNCGF) reduced daily gain, daily feed intake and the
sion occurred ~ith the 7 ft 2/pig treatment.
· rate of lean gain and increased % lean compared to uncrowded pigs (UNUGF).
It has also become evident that the pig's response tq space
restrictions during the growing-finishing phase is dependent on the spacerestriction experienced during the nursery phase of production. In Table 3 are recent University
Confounding space considerations .is the impact of group
of Nebraska results. 6
size on pig performance for confinement pigs, In general;
Similar to previous reported results for nursery pigs 1•7•8•9, pigs use their sense of smell to locate their peers within a
putting more pigs in a nursery pen (less space per pig and socialgroup_l 0 As long as the social group is less than20more pigs per social group) resulted in :r:educed feed in- 25 pigs per pen, pigs appat~ntly canrely on these olfac~
take, reduced daily gairi and a 3.4 lb lighter pig from the tory clues and form stable social hierarchies. 11
nursery at 35 days postweaning. When pigs were crowded
in the nursery (CN), there was no effect of crowding in Group size recommendations of30~35pigs per pen have
ofpig social needs with buildthe growing-finishing phase (CGF vs VGF) · on average represented a compromise
.
daily feed or feed conve.rsion. However, carcass % lean ing cost considerations.
was greater in the crowded pigs and daily gain was re- Kornegay all'd Notter also ~xamined the question cif soduced. Therefore, there was no difference in the nite of· cial group size (i.e., pigs per pen). For the range of 5- 30
lean gain. When uncrowded nursery pigs (UN) were pigs per pen, they developed the following equations to
moved to the growing-finishing facility, crowding

Pigsper· social group
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Table 3 ~Interaction of Nursery and Grow-finish Space

Item

Nursery {ilase
Pig weight in bs
Initial
Final ...
ADG ...
ADFJ"'
F/G ...

Grow-finish rJJase
.. Final weight
ADG
ADFI
F/G
Carcass lean "'***
Lean gain in lb/d ....

Nursery treatment
CN'
UN'
Grow-finish
Grow-finish
CGF ..
UGF'
UGF
CGF

14.60
42.70
0.80
1.34
1.67
242.30
1.87
5.70
3.05
46.30%
0.66

241.30
1.80
5.57
3.10
47.70%
·o.66

CNUGF
vs
CNCGF

P level
UNUGF
vs
UNCGF

CNCGF
vs
UNCGF

NS
0.075
NS
NS
<0.01
NS

<0.0005
<0.0001
. <0.005
NS
<0.005
<0.05

<0.05
<0.05
NS
NS
NS
NS

14.70
46.10
0.90
1.51
1.67
244.90
1.91
5.86
3.07
46.30%
0.67

237.10
1.72
5.42
3.15
47.80%
0.63

'CN = 18 pigs/pen (1.8 fF/pig); UN= 12 pigs/pen (2.7 fF/pig)
.. UGF = 10 pigs/pen (8.4 fF/pig); CGF = 14 pigs/pen (6.1 fF/pig) ·
... Means differ (P < .001)
.... Containing 5% fat
Brumm, et al., 1995. 6

predict the effect of number of pigs per pen on pig performance:

Interaction of Group Size and
Space Allocations

Daily gain in kg:
Grower 0.6407- o:0019(N)(R 2 = 0.43)
Finisher 0.7497- 0.0012(N)(R 2 = 0.82)

Recently, McGlone and Newbyl 2 have investigated how
growing-finishing pigs housed in totally slatted pens utilized space as group sizes increased from 1 0 to 20 to 40
pigs per pen. While they reported no difference in gain or
efficiency of gain, the morbidity percentage increased
dramatically when comparing the 40 vs 20 pigs per pen
treatment, with no differences between the 10 and 20 pigs
per pen treatments. They further concluded that the amount
of free space (space not directly occupied by a·pig) per
pig increased in direct proportion to·group·size.·.

Daily feed intake in kg:
Grower 1.5950 - 0.0025(N)(R2 = 0.87)
Finisher 2:3748 + 0.0032(N)(R 2 = 0.92)
Feed per Gain:
Grower 2.4974 + 0.0037(N)(R2 = 0.94)
Finisher 3.2182 + 0.0060(N)(R 2 = o. 72)

They noted that daily gain and feed intake for groups of
pigs given 6 ftl/pig was reducedwhen compared to groups
Where N = number of pigs per pen or social grouping.
of 20 pigs given 7 or 8 ftl/pig. At 6ft2/pig, there was sufficient space available ·for lying, meeting the pigs static
space needs, but little free space. There was no difference
These equations suggest that for each additional pig within
in performance for the 7- vs 8-ft2/pig treatments, lea:ding
apen, daily gain decreases 0.0019 kg (0.004 lb) during
to
the conclusion that in large groups, total free space
the grower phase and 0.0012 kg (0.003 lb) during the
needs decrease as group size increases.
finisher phase. The reader is cautioned that these equations are only valid for group sizes of less than 30.
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Interaction of diet and space

Pen Shape

As the previous discussion has documented, when pigs
are given less space, feed intake is depressed, usually resulting in a depression in daily gain. Feed conversion efficiency may or may not be affected. It would seem logical then that when pigs are given less space and feed intake
is reduced, increasing the nutrient density of the diet
should maintain daily gain if the cause of the reduced
gain is a reduction in lysine or energy intake associated
with the reduction in feed intake.

There have been few scientific studies on pen shapes, although most agricultural engineers and housing specialists recommend rectangular pens with length:width ratios in the range of 2-3:!2 1•22 • Barnet et ai.2 3 reported
reduced aggression in adult pigs when grouping unfamil~
iar pigs in rectangular pens (1.78:1, length:width) when
compared with similar sized (ft2/pig) square pens.

The University ofNebraska and South Dakota State Universityl9 do not recommend the addition of additional
nutrients to swine diets when feed intake is reduced due
to space restriction.

In a second experiment27 , they reported the best gain and
feed intakes occurred for pigs given no daylight when
compared to natural daylight and various light: dark cycles.

Rectangular pens contain a higher perimeter to area ratio
than sql,lare pens. Grandin24 concluded that pigs choose
13
14
15
In a series of studies at the University ofNebniska • • to space themselves near pen perimeters. Wiegand et al. 25
the addition offat, lysine, or fat and lysine to control di- concluded that large, rectangular pens, asopposed to
ets had no effect on overcoming the depression in feed square or triangle shaped pens, allowed pigs to form more
small social groups within the pen. They also reported
intake or daily gain associated with crowding.
that pigs preferred to spend a majority of their time in
Improved efficiency .of feed utilization. due to chronic
pen quadrants that contained pen walls.
stress has been suggested as one mechanism by which
restrictions in space allocation reduce growth rate. 16 Using computer modeling to confirm field observations, it Lighting
has been suggested 17 that the 'stress' of being reared in a
group reduces the capacity of the pig to deposit protein It is not uncommon for producers with confinement
and that this is the cause of reductions in feed intake. When finishing facilities to install lighting with timers in the
space is limited, it has been hypothesized 17 stress is medi- belief that longer periods of lighting willstimulate activ. ated through biochemical factors (as yet unidentified) that ity and hence feed intake, resulting in improved rates of
direct down-regulated tissue growth, lower.nutrient re- gam.
quirements, and reduced feed intake.
Research results do not support this belief. Furlan et aF 6
Zimmerman 18 in a literature review, concluded thatthere reported no difference in daily gain and poorer feed conwas no interaction between the response to space restric- version during the growing phase as lighting periods intions and the response to dietary antibiotics. Pigs experi- creased from natural day lengthto 18 hr. to 24 hr. oflight.
encing space restrictions respond to dietary antibiotics The intensity of the light provided for the 18 hr. and 24
hr. treatment was not specified.
similar to pigs without space restrictions.

Walker20 reported an interaction between the number of
pigs per pen(stocking density) and diet form (Table 4).
They concluded that when diets are in meal form, high
stocking rates result in a depression in daily gain while
there is no effect of stocking density when diets are
pelletted.
Table 4: Interaction of Diet Form and Pigs Per
Pen on Daily Gain
Pigs/pen (ff/pig)
Feed type
Meal
Pellet·

6 (1 0.30)
1.70'
1.70'

8 (7.70)
1.69'·"
1.73'

10 (6.20)
1.59"
1.77'

'·"Means with different superscripts different significantly (P < .01)
Walker, 1989 20

1995 Allen D. Leman Swine Conference

In 197728 , researchers demonstrated thatpigs prefer light,
but will not perform operantresponses to obtain prolonged
illumination. Using a light~dark preference method in
which. the pigs coulg turn on lighting for as long as desired, pigs spent 72% of their time in light when tests
started in darkness and 78% of their time in light when
tests started with light.
Morerecently29 , feeding behavior and feed consumption
of70 lb growing pigs.were reported to exhibit two peaks
in response to a 16hr.: Shr. regimen oflight: dark. The first
occurred when the lights were turned on and the second
shortly after the lights were turned off. If a cyclic temperature pattern (79° F to104° F) was imposed in addition to lighting pattern, the feed consumption shifted to
the coolest part of the thermal cycle.
. Petchey30, in a review ofthe literature, concluded there
was less social and exploratory behavior in the dark. He
concluded that while newly weaned piglets probably have
a minimum requirement of six hours oflow intensity light
29
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Average No of Pigs at Feeder
January 11 "" 3pens per feeder type
sr-------~--~~~r-------~~====~

----------·--·------~-----~--~ -----------------------~

24 pigs/pen

l~

Time

Figure 1.

'---...;. Dry

--·Wet/dry

offered in two daily periods, the effect on performance of duce the amount of slurry up to 3Oo/o, primarily due to
growing-finishing pigs is less conclusive.
reduced water waste.
Ingram et alY demonstrated that whether pigs were grown
in regimens of i2L: 12D or 9L:9D, feed intake per 24 hour
period and body weights at age constant times were similar. They concluded thatwhile additional light was found
tobe associatedwithlonger and leaner carcasses in ruminants32, genetic selection of swine has resulted in animals
which readily conform with the conditions imposed in
husbandry practices.

Feeder Reco.mmendations
For many years,· the standard· recommendation has been
four pigs per feeder hole for growing pigs and five pigs
per hole for finishing pigs. These recortrmendations do ·
not specify the size and shape of the feeder hole. There is
an increasing amount of evidence available suggesting that
for groups of 15-20 pigs, a single-hole feeder,when appropriately designed, may be appropriate. 33
··.
·
Typical feeders utilized by manyU.S. producers often result in· 5-8% of the feed offered .not being consumed by
pigs and entering manlire storage devices as uneaten rnaterial. 34 Newer feeder designs, based on an understanding
ofeating behavior, are beginning to appear and promise
feed wastagerates ofless than 1.5%. 35 More recent research results 36 and producer experiences suggestthatincorporating a nipple drinking device in the feeder (wet/
dry feeders), versus the customary method of supplying a
nipple drinking device separate from the feeder, can re- .

30

Currently, at the University of Nebraska, a study is in
progress comparing a two-hole wet/ dry feeder versus six
feed holes from a conventional· dry feeder for 24 pigs. As
part of the study, on weeks 8 and 13, behavior observations are recorded from 7:00-11 :00 a.rri. These observations include counting the nllillber of pigs with their head
in a feeder hole every two minutes for the fou:r hour pe- .
riod. Figure 1 is the data from the 13~week observation
period for the winter trial.
For the two-hole wet/dry feeder, both eating/drinking
spaces were continuously occupied from 7:00a.m. (fol~
lowing initial pig disturbance at 6:55a.m.) to almost 10:00
a.m. While continuously in use, very little social aggres~
sion was noted in any of the three pens with wet/dry feed- ·
ers.
The six holes for the dry feeder were provided by two
three-hole feeders separated two feet so that pigs could
access sixholes, regardless of shoulder width, etc. Only
four of the six holes (four holes/24pigs or six pigs/hole) .
were used initially, and by 9:00a.m. only three holes (eight.
pigs/hole). were used with use dropping to two pigs/hole
(l 2 pigs/hole) by 10:00 a.m.
·
While the data for the summer trialis incomplete, these ·
data suggest pigs don't necessarily need the number of
dry feeder spaces that the four pigs/hole recommendation suggests. In addition, there was no difference in pig
performance between the wet/dry feeder and dry feeder
type in the completed wintertrial(Table S),further ccm-'
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firming suggestions that greater feeder stocking densities 7. NCR-89 Committee on Confinement Management of Swine,
may be appropriate.
Effect ofspace allowance and antibiotic feeding on performance
of nursery pigs, J Anim Sci. 1984; 58:801-804.
8. SpicerH, et al., The effects of group size/stocking density on
Table 5 -Effect of feeder type on pig
weanling
pig performance and. behavior. App1Anim Behav Sci:
. performance c winter trial
1987; 19:89-98.
9. Kornegay E, et ill.. Effects of dietaryJysine levels on performance and immune response of weaning pigsJioused at two •
Feeder type·
floor space allowances.) Anim Sci. 1993; 71:552-556.
Wet/dry'· Stainless dry...
Item
I 0. Ewbank R, eta!., Individual recognition and the dominance
Pig weight in lbs
hierarchy in the domesticated pig: the. role of sight. Anim B~hav.
Initial
39.50
39.40
1974; 22:473-480.
11. Ewbank R, Social hi~rarchy in suckling and fattening pigs: a
238.10
237.00
Final
1.71
1.66 review. Lvstk Prod Sci. 1976;3:363-372.
ADG in lb/d
12. McGlone J, et al., Space requirements for finishing pigs in
F/G
3.08
3.02
confinement: behavior and performance while group ~ize and
1.52
Water in gal/pig/d
space vary. ApplAnim Behav Sci. 1994; 39:331-338 ..
13. Brumm M, Responses of crowded pigs to diets with different
·24 pigs/pen
nutrient densities. University of Nebraska Swine Report,
Lincoln, NE; 1993; Coop. Ext. Pub. EC92-219:18-20,
··two feeder holes
14. Brumm M, Response of crowded pigs to diet modifications
.... six feeder holes
within seasqns of the year. J Anim Sci. 1993; .71(Suppl. 1):61.
Producers and industry advisors who would like a dehtiled 15. Brumm M, Response of crowded pigs to diets of altered
bibliography containing more than 150 references on nutrientdensity. JAnim Sci. 1994; 72(Suppl. 1):58.
16. Paterson A, et al., The effect of space restriction during
feeder design and management should contact
rearing on growth and cortisol levels of male pigs. In: E.S.
Dr. Donnie ~ampbell
Batterham (Ed.) Manipulating Pig Production III. Australasian
GroMaster Inc.
Pig Sci Assoc., Attwood, Victoria, Australia 1991; p 68.
3838 North l08th Street
17. Chapple K Effect ofstocking arrangement on pig perfor"
mance. In: E.S .. Batterham(Ed.) Manipulating Pig Production
Omaha, NE 68164
IV. Australasian Pig Sci Assoc., Attwood, Victoria, Australia,
1993;p87.
18. Zimmerman D, Interrelationship between antibiotic feeding
As this briefloobitthe literature has documented, a key and space allowance of pigs. Pig N¢ws and Info. 1986; 7(2): 183.to successfully .implementipg Iiew technology is a basic 185,
understanding ofhow the pig can be expected to respond 19. ReeseD, eta!., Nebraska and South Dakota Nutrition Guide.
to the facility and management restrictions we impose. Lincoln, NE;1995. University of Nebraska Coop Ext Pub. (In
Press).
Failure to anticipate the pig's response results in needless
20. Walker N, The interactions o(stocking density, form of diet
expense, either through higher investmentcosts, reduced
and sex group of finishing pigs fed ad libitum. Irish J Agric Res.
pig performance, or unacceptable management frustra- 1989;28:109-113.
tions.
21. Brent G, Housing the pig, Farming Press Ltd., Ipswich, UK ..
. 1986.
22. English P, et al., The growing and finishing pig: improving
efficiency. Farming ·Press Books; 1988.
.
.
23.
Barnett
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et
aL,
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and
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1. Kornegay E, et aL Effects of floor space and number of pigs
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·
Sci. 1993; 36:111-122.
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24.
Grandin
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Linking health and growing pig performance
Peter B. Bahnson, Gary D. Dial
A paradox of practice is that the less we know about a
subject, the more likely producers are to ask us about it.
A good example of this is the question, "How much affect does disease X have on growth performance?" In spite
of years of research and pondering, reliable, quantitative
answers to this question are elusive. So central is the que~
tion to the practice of foo.d animal medicine, the answer,
"I don't know,''. is rarely acceptable. Con-sequently, we
make the best informed guess that we can. What can be
done to answer the questions?

evaluation station. Pigs from multiple farms were brought
to a test station at approximately 25 kg body weight. At
slaughter (approximately 100 kg) the percentage of total
lung volume consolidated was used to estimate the severity of pneumonia. Mean daily weight gain was regressed
on the percent consolidation. Both studies reported high
prevalence of lung consolidation at slaughter (91 ;5% and
98%).
Analysis was by linear regression, with the individual pig
as the unit of analysis. Linear regression models predicted
that for every additional percent lung consolidation,
growth rate would be .37% to .33% lower. Of all variation in growth rate, lung consolidation score accounted
for 6.8% to 6.3%, based on the .R2 statistic. The authors
did not report investigation of possible confounding by
other diseases or with genetics, although these factors were
considered in separate models predicting rate of gain.

The driving force to the question is fundamental and economic. The stakes involved are high, since the growth
performance (rate of gain or efficiency) has such a profound effect on profitability. On the other hand, spending
a dollar to solve a ten-cent problem is counter productive.
In fact, the question is always answered, either actively or
passively. The active approach is to review. the available
information and make the best possible guess . The pasTwo more recent studies by Scheidt and coworkers (1990;
sive approach is to ignore the question, hoping that it will
1992) approached the question using similar techniques.
go away.
Again the individual as the unit of analysis. Rate of gain
I would like to address this question by examining in de- was correlated with the lung consolidation score. Three
tail enzootic pneumonia, one of the most common and herds were evaluated inthe first sjudy. The second study
contentious diseases of the growing pig. After drawing reported observations from one herd on four separate ocout some general lessons from published research, we will casions. Correlations between rate of gain and lung conattempt to develop an alternative approach. We will then solidation were statistically significant (p<0.05) in only
review preliminary results of a research project incorpo- one of multiple comparisons. The authors did not report
rating these principles.
the investigation of potential nonlinear relationships or
the potential for interaction with other diseases. The prevalence of enzootic pneumonia lesions in these groups
ranged from 79~96%. In fact, the authors selected these
Statistically significant reductions in rate of gain associ- herds because lesions had been detected in previous inated with the presence or severity of prieunionia have been spections.
detected by some authors and not by others: One review Why did these later studies fail to replicate the earlier
of the literature (Morrison and coworkers, 1986) found findings? One possibility is thatthe association may truly
eleven of 23 studies that reported significant growth rate be inconsistent,depending on the mediation of other facdepression assocl.ated with pneumonia. The authors at- tors. A second explanation is that random variation might
tributed the apparent lack of a consensus in the literature tnake it possible to find significance at certain times and
to several differences between the studies:
not others. This becomes more likely where the size of

The history

o

scoring techniques differed,

o

infectious agents differed or were not defined, and/or

o

concurrent disease may have obscured relationships.

To explore some of the issues and contrasts, we will highlight selected studies.
Straw and coworkers (1983; 1984) described the relationship between the severity oflurig consolidation at slaughter and the growth rate of individual pigs at a genetics
University of Minnesota
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effect is small compared with other sources of variability.·
The variability ascribed to pneumonia lesions by Straw,
et al. was less than 7%. Third, and perhaps most important, these studies modeled at the level of the individual,
not the group. Within a group, the disease experience of
individuals may be similar, since many factors that influence disease occurrence or severity operate at the group
level. Much of the variability attributed to lesions may in
fact reflect either the onset of disease or factors affecting
the rate of lesion resolution (or both). In fact, the Scheidt
studies· were based on herds purposely selected because
they had high enzootic pneumonia lesion severity detected
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was consolidation me~sured at slaughter. This points to a
. serious problem inherent in stUdies that rely on slaughter
examinations alone to estimate the severity of disease:
severity of lesions at slaughter may notre:flect severity 6f ·
lifetime disease. Becau~e of this, relationships det~cted
by slaughter monitoring alone maybe inconsistently de~
tecied. Even whe.n foun.d, they are likely. to underestimate
Among the European literature, Linqvist (1974) studied
atotalof27 batches (12,000pigs}ofpigs from two herds. true biological effects of disease. When reliable; quantiLung lesions were scored at slaughter in three categories: tative indicators of lifetime disease are available, the· relationship to growth performance.becomes more apparabsent, mild, and severe. The prevalence of enzootic pneq..
··
·
·
·
·
·
monia lesions, pleuritis and other conditions were tested. ent. However, theherd investigated in the Noyes study ·.
was chosen, in part, because it had a liistory of severe
for associations with growth rate (20-90 kg). The growth
·· ·
· ···
di.sease, including disease due to A ..pleuropneumo. niae.
rate. ·of barn-mates wer.e compared based on th·e. ir. . lesion
.
.
·
Consequently, the results may not apply to other herds
status. A sign test was used to compare the ninnberof with more moderate disease, or to herds without A.
batches where lesions were associated with slower growth·
· pleuropneumoniae related disease.
with the number of batches where the opposite associationwas found. The author detected a statistically signifi~ Cowart and coworkers (1990) studied the relationship
cant(p<0.05} association of growth rate for severe lesions between atrophic rhinitis scoring systems and growth rate.
of enzootic pneumonia hut not for mild lesions.
The study also considered enzootic pneumonia lung consolidation at slaughter as a possible confounding· factor.
Flesja and coworkers (1984) reported a study of naturally
··
·
··
··
·
El.ghty~five pigs from one group were followed to slaugh:..
occurring pneumonia. Sixty all-in/out batches of pigs from ter. Although the authors found no .relationship between
12 ·herds. had the following data collected: slaughter .·leatrophic rhinitis scores and growth rate, they found a si.gsions;feeder pig quality and mean weight, days to market nificantly depressed growth rate for pigs wlth extensiv:e

at previous slaughter checks. This would make it difficult
to detect associations with disease, since individuals are
·more likely to have had similar disease experience.ln other
words, to detect meaningfulrelationships, substantial biologicalvariation must be observed. In these studies, the
herd and pig selection methods reduced variability.

::n~~a:~~:~a::i1~l· a~~~::~rl~f~n~ros~~::e~~~~Ja~:~:

lung consolidation at slaughter (>20% of the lung con.
·
solidated). However, only seven pigs were in these severe
gression analysis was used to predict growth rate b~sed
onlesion prevalence, an indicator ofcarcass quality, and . CC~tegories. In addition, most pigs had lesions consistent
· ·.. .\\;'ith enzootic pneumonia present at slaughter.
. . .
the herd studied.
Severe pneumonia was observed in onlyl.2%ofpigs, a
sharp contrast to the high prevalence reported by the Straw
and Scheidt papers. The.growth depression attributable
· ·
·
to enzootic pneumonia in the Flesj a and Linqvist models·
was quite small, and effect that may have due, in part, to
the low prevalence. Considering both mild and severe
·
pneumonia lesions together, the Flesja model would sug~
· gest an average depression in growth rate attributable to
pneumm;ia lesions· at 0.94 gram/day,. which corresponds
to only a0.15% depression in growth rate for the group.

Wilson and coworkers (l986)compared lm1g sl:ores with
growth rate in two herds. The age at slaughter ("days to
. market") was estimated at two occasions for each herd,
for atotal of four gro.ups. Higher. lung scores were corr.e~
lated with an increased numberof"days to market" among
individuals from one of the four groups (p<0.05}. The
analysis did not adjust for variations in slaughterweight.
Bernardo and coworkers"( 1990) studied the assooiation.
between liver whtte spots and growth rate.Theyincluded
3 52 pigs from 15 l:J,erds. Bec.ause they anticipated confotmciingwith .enzootic pneumonia, the authors also re~
corded lung consolidatio~ at slaughter: Regressionanalysis was conducted at the level of the individual pig, but
·
the model also included terms forherdandlitter. Although
they detected only small effects for liver white spots on
growth rate, the presence of enzootic pneumonia lesions
wasassociatedwith a 2.8% reduction in growth rate.

Noyesand coworkers (1990) addressed the issue of le~
sion resolution in a radiographic study of 40 pigs. The
pigs were from a herd endemically affected with enzootic
pneumonia and Actinobacillus pleuropneumonia. Lifetime
pneumonia consolidation (estimated by serial radiographs)
was related to growth rate by a linear regressionmodeL A
·
·strong relationship was detected between lifetime lung
scores and growth rates. The modelpredicted that each
l% increase in average lifetime pneumonia score would
be associated with 1. 6% decrease in growth rate (birth to
180. days of age). Lung consolidation at slaughter was Each of these studiesal1alyzed the data at the level of the
also associated with a decreased growth rate, although individual pig. Regression analysis, for example,assunied
that each pig contributed ol1e data point and one statistithe authors did not report the size of this. effect.
cal 'degree offreedom' .This implies, as Bernardo(l990)
The authors concludedthaflifetime consolidationoflung states, that "The mathematical modelused to investigate
tissue wasamuch better predictor of growth rate than these relationshipsassumes that study hogs are indepen-
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dent." However; for severalreasons, theindiviiduals within While lifetime disease severity, duration, and onset may
an air space are not independent. To a greater or lesser be similar for individuals within groups,they can be quite
degree; pigs in one batch orroom will share environmen" diverse between groups. Many factors that can affect the
tal factors such as temperature, air velocity, lighting, feed, course of disease varybetween groups. Examples of these .
water, herd immunity, and perhaps most important,i)atho- group-level· factors include the air exchange rate, temgen exposure. To the extentthat disease severity may de- perature; coricentration of pathogenic organisms in the
pend on the amount and timing ofexpostiretopathogens · environmenfandthelevel ofherd immunity. Therefore,
(such as Mycoplasma hyopneumoniae), pigs within a batch if we wish to evaluate variability in disease experience, it
. may be highly dependent on each other for the develop- may be more profitable to look across groups.
ment of disease. Bernardo goes on to comment that. the
Three major problems arise when comparing growth rate
assumption ofindependence of individual animals within between groups. First, many factors unrelated to disease
a gro11p "is likely violated in such a way that the model will differ between groups, and these may obscure the
coefficient significance levels are slightly overestimated." ·
relationship between growth and disease since they can
In other words, claiming statistical significance when the
·
contribute .variation in growth rate. unrelated to disease.
data have riot proven it is possible,
Second, other,non"disease factors can confound the telaThis assumption of independence presents anotherseri- tionship. Third, proof of statistical significance will reous problem~ Since the measures commonly usedto esti- quire the examination of aTarge number individuals, esmate lifetime enzootic pneumonia experience are poor in pecially if the goalis to reproduce the disease as seen in
their reliability· and accuracy (see Noyes. and coworkers, intensive commercial production.
1990), these studies provide little reliable information
·
·
Extraneous factars may obscure the relationship between
about the severity of disease in the individual. As an exc disease and performance.· Factors associated With growth
ample; consider two individual pigs within the same group performance but unrelated to disease may vary between
that have differing disease onset. The first pig develops
··
·
·
groups~Althoughthis does not bias the results of the. study,
disease eight weeks before slaughter, undergoes a 3-week it can make it difficult to estimate the differences attripcourse of disease, and has no detectable gross lesions at
· ·
utable tqdisease.This 'noise' makes it necessary to exthe time cif slaughter. The second pig in our example deamine many groups to provide adequate statistical power.
velo]Js pneumonia four weeks befare slaughter, has a three~
week course of clinical disease, and consequently has se- . Confounding occurs when an eXtraneous factor is associ~
vere lesions present at the time ofslatighter. Both pigs ated with the outcome (growth perfarmance)and thedishad the same average rate of gain, since bothunder\vent a. ease, but does not cause the disease. A simple ~xample is
similar course. of disease far a similar length of time. In a comparison between two groups from separate. genetic
spite of this, the presence of lesions atslaughterwould lines. The genetic lines may have differing health status
suggest that the pig with a late·oriset bf disease had en- for reasons other than genetics;. for example, farms prozootic pneumonia, while the pigwithah early onset did clueing one geneticlinemay sharemanagementtechniques
not. When weanalyze data from pigs such as these on an predispqsing to the disease. If we further assume that the
individual pig basis, it would appear that there is no rela- genetic iines differ in their. genetic potentiaL for rate ·of
tionship between enzootic, pneumonia and growth rate. weight gain, then the differences in disease experience
These pigs would have had similar rate of gain over the will be confounded with the .effects of genetics. Conseentire growing period, However, their disease experiences quently, determining what portion of the variability in
(that is, the onset, duration, and severity ofdisease) were growth rate is attributableto disease and whatportion is
nearly identical, the only difference being the time ofon- attributable to the genetics will not be possible.
set. The analysis described here would erroneously lead
us to conclude that there was}1o effect of the disease on
growthrate, when there was simply no significantdiffer~
ence in disease experience.
The problem of confpundedrelationships has· two basic
.
.
Pigs thatshare genetics, environment, nutrition and patho- solutions. First, the groups can be paired or matched to
other groupsthat share theconditionsthatact as confoundgen exposures arelTiore likely to have ~imilat courses of
ers.
Second, if there are many. groups studied, it may be
disease. Studies that have attemptedto differentiate pigs
possibleto
control for confounding in the analysis. To
based on the presence or severity dflung lesions at slaugh~
continueour
example, we could match groups for genetter alone are therefore not differentiating them based on
ics.
Alternately,
ifwe havese~eralgrotips from each line,
lifetime severity or duration of disease. Instefid, onset arid
we
could
include
a separate factor for each genetic linein
rate oflesion resolution, among other factors, are primary·
the
analysis.
sources ofdetected variation.,
'

'

·.·In an ideal research design, we wouldcollect reliable disease information on individuals from multiple groups, and
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conduct our analysis at both the level of the individual
and the group. Unfortunately, doing this has been not been
possible because of economic and other practical constraints.
Conduct of research trials at the level of the airspace or
group of pigs may be effective compromise. A well-designed study would consider major potential confounders in the study design, such that their effects on growth
could ~ither be either controlled for by matching or at
analysis. The study would include indicators ofdisease
both at slaughter and during the lifetime of the pig to reduce p~tential confounding with factors that lead to early
resolutiOn of lesions. Finally, the study would evaluate
man:y groups of pigs, to generate adequate statistical power
to discern meaningful associations. The groups would
typifY the population of herds to which the results would
finally be generalized.

Group-level analysis of a ·herd
with enzootic pneumonia

Table , : Distribution of batches by feeder pig
source and barn design category
Source of
20 kg pigs
Barn Design: A
B
totals

9
8
17

2

3

7

9
6
15

5
12

25
19

44

Managers recorded coughing episodes twice per week Monday and Thursday mornings. Managers entered two assigned
c~ntral pens during their first visit to a barn in the morning,
stnnulated the pigs to rise, and then observed cough episodes for three minutes. A cough episode was defined as one
or more sequential coughs by an individual pig. Managers
recorded coughs only if the pigs were seen coughing.·
Pigs within acceptable weight ranges were sold to one of
two slaugh~er plants. Eight conditions were recorded among
representative samples of carcasses using a system described
previously (Pointon et al., 1992). Lesions recorded included
~nzooti~ pneumonia, pleuritis, pericarditis, pleuropneumonialike leswns, peritonitis, papular dermatitis, liver milk spots,
and atrophic rhinitis. Underweight pigs were sold at a public
market; only total weight and number were recorded.

We i~vestigated the associations between enzootic pneumoma and rate of gain in naturally infected pigs. Batch
mean growth rates (20- 110 kg body weight) were related
to differences in enzootic pneumonia lesion prevalence
at slaughter and to· differences in the duration· and onset
of cough behavior.
The duration of cough (DURATION) was defined as the number of days three or more coughs were observed. DURATION
A multi-farm commercial pig enterprise was selected for
was calculated by multiplying 3.5 times the number of bistudy based on three criteria: 1) the practice of strict batch
weekly observations where more than two coughs were obflow throughout the growth phase (20 to 110 kg}, 2) the
served. The onset of clinical pneumonia was defined as the
use of a single genetic line and single feeding program,
?bservation of cough on two. or more observation periods in
and 3) the ability to start multiple batches of pigs over
Immediate succession. The potential time for resolution of
f~ur-week periods. Production occurred in three stages:
lesions (RESOLVE) was defined as the number of days between
?Irth to weaning (approximately 20 days of age), wean.·
the onset of cough and the day of slaughter.
mg to approximately 20 kg, and 20 kg to approximately
110 kg.
The effects of lesion prevalence (enzootic pneumonia,
p~e_uri~s, peri~arditis, pleuropneumonia-like lesions, peritoThe production system used batch flow, although pigs were
mtls, hver milk spots) lesion severity (papular dermatitis,
normally marketed over several weeks. The batches were
~d atrophic rhinitis), and cough behavior were tested by
selected to complete a blocked study design, controlling
hnear regression. First, separate models were produced for
for the effects of time of year, building design, and feeder
each lesion. Second, the ten best subsets of all possible compig source farm. Batches were started in nine seasonal
binations of lesions were considered to test for possible in~
blocks (referred to as GROUP) over 16 months. One batch
teraction effects. The model with the highest adjusted R2 was
within each GROUP represented each combination of three
then simplified by deleting lesion variables having a P-value
pri~aty feeder pig sources (souRcE) and two building
>0.05. All variables with significant main effects were then
designs (BARNTYPE). Due to technical difficulties 44
evaluated for possible nonlinear effects. A path of effect was
batches were included in the study rather than th~ 54
proposed to relate predictors to average daily gain (ADG).
batches that would have filled the factorial design comPredicted rates of gain were. calculated for each batch.
pletely (Table 1). If an individual batch could not be completely filled by one of the three larger feeder pig sources
within 14 days, additional pigs were supplied by one of
two smaller feeder pigs sources.
Production statistics were summarized (Table 2). Variables
describing pneumonia and several variables describing
coughing behavior were associated with ADG in linear re-
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Table 2: Production characteristicsa

Table 3: A linear regression model predicting
ADG in batches of growing pigs

Characteristic

Units

Mean

cvb

Number of pigs at
start of batch
Age at placement
Weight at
placement
Weight at
slaughter
Mortality
Average daily
feed intake
Average daily
gain
Feed efficiency

number

529

0.153

days
kg

60.9
19.1

0.0912
0.125

kg

106

0.0308

rate
kg/pig/day

0.061
2.23

0.712
0.0489

kg/pig/day

0.766

0.0531

gain/feed

0.347

0.0456

Coefficient
Intercept
GROJP 1
GROJP2
GROJP3
GROJP4
GROJP5
GROJP6
GROJP7
GROJP 8
EP
RESQ..VE

R2
a n=44 batches

Adjusted R2

bCoefficient of variation

F{1 0,30)
P-level

gression models that included the seasonal block, GROUP.
Average lung score (ALS) and pneumonia lesion prevalence
(EP) were both independently associated with ADG. ALS, EP;
cough duration (DURATION), time between the onset of cough
and slaughter (RESOLVE), and the cough index were each independently associated with ADG. The mean number of
coughs per observation was marginally associated with ADG.
No other lesions measured were associated with ADG.
This association retained its significance when adjusting for
when adjusting for GROUP, DURATION and RESOLVE, and
when considering the variables included in the path model
Figure 1. The path model included the terms GROUP, RESOLVE,
and EP. The partial R2 for EP and RESOLVE was .264, adjusting
for the effects of GROUP (Table 3).

GROUP,

The highest predicted ADG occurred when the batch experienced a late onset of cough (small values for RESOLVE) and
low prevalence of pneumonic lesions (EP). The lowest ADG
was associated with an early onset of cough and high prevalence ofpneumoniclesions. Adjusting for the effects of GROUP,
the predicted rates of gain from the simplified path model
ranged from 742 g/pig/day to 805 g/pig/day (Figure 2). The
relationships among RESOLVE, EP, and ADG can be represented
by a plane in three-dimensional space (Figure 3).

SE

0.795
0.016
0.0364
0.019
-0.0243
0.017
-0.0525
0.019
0.0154
0.018
0.0176
0.016
0.0215
0.017
0.0428
0.017
0.051
0.017
-0.0365
0.016
-0.000265 0.000137

p-level
<0.001
<0.001

0.032
0.062

0.695
0.593
6.82
0.001

dieted to have the lowest rate of gain. Batches with low lesion prevalence at slaughtet and late onset of clinical signs
were predicted to have the filOSt rapid rate of gain.
The range in predicted growth rates considered were maximum/minimum, upper and lower deciles, and upper and lower
quartiles. We have presented several contrasts to give the
reader the ability to evaluate results critically. All three contrasts show a substantial association between measures of
pneumonia and rate of gain. The estimate of contrasts is likely
to be more accurate as the values for EP and RESOLVE approach
their respective means. Although none of the contrasts extrapolate beyond the values observed among these batches,
the adequacy of the proposed model cannot be assured at the
extremes. However, even with the contrast involving upper
and lower deciles or quartiles of predicted ADG, differences
aie sufficiently large to b~ of practical concern.

Enzootic pneumonia prevalence at slaughter, considered
alone or in combination with clinical signs of pneumonia,
was a reliable predictor of growtl1 rate in this batch flow production system. The time of onset of clinical disease added
to the understanding of the effect of the disease on growth
rate. The size of the depression in growth attributable to pneumonia in this study may justifY steps to limit the effects of
the enzootic pneumonia in commerCial farms. This is espeEnzootic pneumonia was negatively associated with growth cially important for farms with fully used facilities, since
rate among this population. The size of the effect depended improvement in the rate of gain can result in increased quanon both the prevalence of lesions at slaughter and the time tity produced.
that clinical signs developed. Batches with an early onset of
cough and high prevalence of lesions at slaughter were pre-

Discussion
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Figure 1. A proposed path of effect between the variables GROUP, RESOLVE, EP, and ADG
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ADG = average daily gain

Figure 2. The predicted ADG values for 44 batches of growingpigs ·
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One primary difference between this study and many previous studies, both experimental and observational, is that the
batch was the unit of analysis rather than the individual. One
short fall of this. approach was that. evaluating differences
within a batch was not possible. If differential treatment of
·individuals within batches waspracticed, considering variation among individuals would be useful. However, the scale
of modemproductionhas resulted in an emphasis on batch-

in experimental challenge studies (Ross, ·1994). The exposure to infectious agents is a batch-level effeCt, since noninfected individuals from high incidence batches willlikely
experience a stronger infectious challenge. Contrasts between
· batches may be the most effective method of evaluating the
effects of infectious pressure, environmental conditions, and
herd immunity on disease and growth performance.

Studies of disease will continue to emphasize the individual
level prevention and treatment. Consequently, knowledge of for many purposes. Experimental challenge models, immubatch-level effects of disease may be the most usefulto prono logic response, ·and many other outcomes· are properly
ducer.s using current intensiv.e production technologie. s.
addressed at the individual level. However, to quantify growth
Batch-level effects may be important for readily transmitted performance in commercial production the focus of future
diseases, and the approach taken here may haye application . research should be the group as well as the individual. When
for other diseases· as well. Part of the reason for this is that both group and individual effects cannot be effectively studdisease intensity can be related to dose of infectious organ- ied concurrently, examination of group-level effects alone
isms. For example, the intensity of cough and rate of lesion may be worthwhile. .
· · .·
. ·
·
development are dependent on the dose ofM hyopneumoniae
38

Figure 3. Average daily gain as· tu~ction' otpneumohic lesion pr~valence at sla:ughte(,(EP) and thel,time ,
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The role of the swine practitioner in meeting
animal production food safety challenges
Bonnie Buntain

Importance of food safety
In a 1995 independent food safety survey of the public
· and news editors, 80% of the consumer group and 57%
ofthe news editors agreed that food safety is very impor..:
tant. Many articles on chemical contamination of food
have appeared over the past ten years. More recently, public health officials and consumers are increasingly concerned about present and emerging microbiological
foodborne hazards and microbial antibiotic resistance
patterns in animals. The World Health Organization
(WHO) estimates that 1.5 billion cases offoodborne illnesses occur annually. The Centers for Disease Control
and Prevention (CDC) reports that up to 33 million
foodborne illness cases per year occur in the United States.
The number of cases and cost offoodborne disease estimated by experts from the CDC represents a significant
public health impact. Many of these are associated with
meat, poultry, and eggs, and many are preventable. The
· foodborne pathogens carried in or on animals that have a
major effect on human health are:
• Salmonella species with approximately 1,000 deaths
annually;
• Campylobacter species and E. coli 0157:H7 with
about 300 deaths each;
• Listeria monocytogenes with 400 deaths; and
• Toxoplasma gondii with 42 annual deaths.
A group of CDC and public health experts ranked the
acute and chronic human health effects of infectious agents
transmitted by food in the U. S. (Table 1 and 2 from the
Animal Production Technical Analysis Group April, 1995 .
document). In the composite ranking (Table 3), overall
ratings for potential foodborne infectious agents related
to pork are the following:

tern. Our. current system of food inspection has served
many important functions over the years, such as keeping
diseased animals out of the food supply and enforcing
sanitation standards. However, the Food Safety and Inspection Service (FSIS) believes that it is our public health
obligation to build a science-based system of inspection
at plants to prevent human illnesses to the maximum extent possible.
Much debate in Congress and "inside the D.C. Beltway"
this summer has centered around this USDA proposal for
food safety and pathogen reduction. The proposed rule
establishes a farm-to-table approach to food safety. It will
mandate that packers and processors incorporate microbiological testing and implement Hazard Analysis Critical Control Points (HACCP) programs. It supports the
philosophy that many points along the food safety continuum share responsibility. It establishes FSIS' responsibility to work with the Food and Drug Administration
(FDA) and state governments to implement measures to
improve standards and oversight in the food chain of transportation, distribution, storage, and retail sale. It describes
federal responsibility to educate consumers on safe food
handling. The proposal supports a non-regulatory approach to animal production food safety and encourages
commodities to implement their own food safety strategies based on the HACCP concept. The National Pork
Producers Council's (NPPC) Quality Assurance Program
(QAP) is an excellent example. Reductions in pork viola-.
tive residues are mainly a result of producers, veterinarians, the government, and others working together to
implement the chemical hazard controls described in the
porkQAP.

The changing pork industry

As reported in the Animal Production Technical Analysis
Group (TAG) April17, 1995 report to the USDA, the pork
industry is undergoing rapid changes with a decrease in
the number of producers and an increase in the average
operation size. Significant industry consolidation has already occurred. An increasing portion of the pigs are produced under contract with pork processors or are com(Studies are presently underway to define the
prevalence of E. coli 0157:H7 in swine grower/
pletely vertically integrated.These changes are significant
finishers and on carcasses which ranks #4 on this
because as new technologies or management strategies
are available, they can be transferred to producers and
composite list.)
quickly adapted. For the veterinarian, there is opportuRecently there has been extensive media coverage of the nity and responsibility to ensure product quality and proproposal by theU.·S. Department of Agriculture (USDA) tect the public health with these closer ties from the farm
to modernize the slaughter and processing inspection sys- to the supermarket.
#1
#2
#3
#5
#6
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Salmonella sp. (non-typhoid);
Campylobacter jejuni/coli;
Toxoplasma gondii;
Listeria monocytogenes;
Yersinia entercolitica.
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Opportunities and challenges for
veterinary practitioners in pork
production food safety:
understanding food safety
assurance

Chemical hazards of environmental
origin

Heavy metals, insecticides, herbicides, rodenticides, and
naturally occurring mycotoxin contamination of pork is
reported by PSIS to be very low. Continual prevention of
animal production chemical hazards relies on proper usage of production chemicals, approved suppliers for purFood safety assurance is largely a matter of identifying chases, and appropriate testing of live animals, water, or
the vehicles which are likely to introduce human health the environment if a hazard is suspected.
hazards into the pork production system and controlling
those vehicles. It is implementing basic good production Live animal rapid chemical screening
management practices. The vehicles for microbial/para- tests
sitic, chemical, and physical hazards include: swine, roFurther research and development is needed to provide
dents, birds, insects, personnel, air, pets, feed, water,
veterinarians with on-farm rapid screening tests. Demand
trucks, trailers, equipment, clothing, fomites, wildlife,
for simple to use, reliable, sensitive, specific, and affordchemicals, drugs, and injection needles.
able tests to screen treated animals prior to slaughter may
The TAG report provides a schematic of Swine Hazard- increase when the proposed USDA-PSIS HACCP rule is
Vectors Management Strategy. It describes how contami- implemented. Practicing veterinarians should be active
nants may be introduced at various stages from breeders, participants in discussions among packers, producers, and
through transportation, market and to slaughter. Like herd the USDA regarding non-violative residue assurances at
health plans, the herd vector management plan must take critical control point # 1 for packers - the live animal
each production type, and product and process point into entering the slaughter plant. Veterinarians could ensure a
consideration when developing individual strategies.
market for on-farm residue screening tests by voicing their
demand. Having this tool would add yet another tier 'of
The following is adapted from the Animal Production TAG
safety to the food-animal production process and offer
Report on Pork Production:
opportunities for veterinarians to improve good production management practices.

Chemical hazard (residue) avoidance in
pork production

Microbiological and parasitic hazards

The key elements of an animal health product residue
avoidance program is defined clearly in the NPPC's Pork
QAP. In addition, the PSIS "Domestic Residue Data Book
National Residue Program" provides swine-specific data
from tissue and serum samples at slaughter for specific
residues from various market classes of swine.

Present and emerging potential bacterial and parasitic
hazards in swine include Salmonella sp., Staphylococcus
aureus (abscesses), Campylobacter sp., Listeria
monocytogenes, Yersinia enterolitica. E. coli (verotoxic),
Clostridium perfringens, Arcobacter sp., Trichinella
spiralis, Toxoplasma gondii, Taenia solium, and
Implementation of residue avoidance QA programs in pork Cryptosporidium parvum.
production operations are valuable from both a food safety
and production efficiency standpoint. Development and Parasites
adherence to QAPs directly contributes to the efficiency A coalition of the NPPC and several USDA agencies is
of livestock production and human health by improving collaborating to develop a trichina-free certification propork management practices, avoiding violative drug resi- gram with verification and validation processes. This
dues and potential punitive charges, lowering production model program would demonstrate how a parasitic discosts, and increasing overall awareness and knowledge ease may be controlled at critical points and live animals
screened on-farm. Markets may be expanded by increased
regarding "safe food" production practices.
consumer trust and possibly international recognition of
Veterinarians must play a key role in responsible animal trichina-free status farms, areas, or regions. Veterinarians
health product use, adherence to label directions, mainte- have an opportunity to be certifiers and provide profesnance of treatment records, and observance of withdrawal sional expertise for the control of the critical points.
times. This can be accomplished by working with producers to understand and implement the 10 critical con- Presently, the following may be considered critical control points for residue prevention in all Levels of the Pork trol points for Trichinella spiralis:
QAP.
• effective cooking of food wastes;
·• stringent rodent control program;
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• biosecurity measures for wildlife; and
• prevention of tail biting.
VerifYing program effectiveness would include:
• monitoring time and temperature for cooking procedures;
• visual inspections for rodent control,

already known to result in higher quality carcasses.
Improved vaccines may be developed to. protect
against clinical diseases in swine and non-clinical
infection with human pathogens.
• Animal identification of all hogs presented to slaughter will enable industry and veterinarians to provide
important animal quality and safety information to
producers.

• carcass removal, biosecurity measures, and tail biting; and
Veterinarians could play an important role in verifYing
the effectiveness of risk reduction and controls at critical
• periodic serological monitoring of the herd.
points (health and safety management plans). They could
These same inspection processes with some modifications serve as a third party verifier by periodically monitoring
will probably apply to other swine parasites as research producer implemented programs. Verifierswork with prodefines practical control measures· and tests.
ducers for continuous improvement of total production
practices (total quality management). Opportunities such
as this presently exist in the Pork QAP. If there were a
Bacteria
public
health violation, such as a residue, veterinarians
Practical control methods for producing commercial swine
working
with producers already enrolled and implementfree of bacterial pathogens for humans have not been deing
state-of-the-art
production practices (as defined by the
veloped. Demonstration projects to produce Salmonella
industry)
would
play
a critical role in identifYing and solvsp.-free turkeys commercially were successful. It must also
ing
problems
which
may have accidentally arisen. The ·
be proven that reduction of pathogen presence and shedproducer
could
be
in
a more defensible position to .the
ding in swine will reduce carcass contamination and therepublic
health
agency.
fore the incidence of human disease from pork consumption. Model projects from farm through processing which
implement good swine production practices and HACCP The veterinary practitioner's role
slaughter and processing programs are being planned.

in understanding national and

A model on-farm program to reduce the risk of Salmonella sp. contamination in swine would need to consider international food safety issues
these possible critical control points:
Keeping current on trade agreements, federal food safety
• Breeding stock, feeder pigs, or other animal intro- programs, and research may seem a daunting task. Knowduced on the farm should be certified by the vendor, ing where to go for information is half the battle, and you
vendor's veterinarian, or an appropriate third party to who are here today or are reading this proceeding obvi· be negative for Salmonella at the time of purchase ously are "in the know."
(within a certain statistical sample level of confi- My role as a federal veterinarian is to inform you and
dence).
obtain feedback as we develop and implement food safety
• Feed should be purchased from suppliers certifying
that the feed was produced in accordance with the
American Feed Industry Association, Inc. Recommended Salmonella Control Guidelines. Feed purchased should be certified by the vendor to come from
a lot which tested negative (at a certain level of statistical confidence).
• Biosecurity. Implement vector management, human
and appropriate sanitation controls. Each area will
have its own HACCP or risk reduction (herd health)
management and verification plan.

strategies in the USDA. By being informed on federal
animal production food safety (APFS) programs, you can
help enhance producer awareness and be a trusted source
for technology and information transfer. Many producer
fears could be allayed by grass-roots veterinary practitioners who are accurately informed of federal food safety
programs and their industry and profession's positions on
food safety.

Summary of 1994 and 1995 APFS
forums' recommendations

• Stress and disease management is needed to reduce USDA hosted two national forums to obtain input for a
. shedding of Salmonella sp. and possibly other patho- preharvest strategy. The recommendations common to
·
gens. Implementing sanitation and animal well-be- both forums include:
ing practices during transportation to slaughter may
• government should not use eradication programs for
be scientifically proven in the near future to reduce
an APFS strategy;
human pathogen contamination. These practices are
42
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• USDA's role is to promote cooperation among diverse
groups;
• policy and programs should be based on applied as
well as basic science;
• HACCP applies to slaughter and processing and
preharvest residue control;
• Good Production (Management) Practices (GMPs)
are more appropriately applied for pathogens; GMPs
are the responsibility of industry to implement and
to add-on as the science provides more answers;

• promoting development of model cooperative demonstration projects in field conditions, such as was
conducted by the Pennsylvania Pilot Egg Project in
which industry, federal and state government, public
health and academia collaborated and shared resources.to develop and implement a producer-driven
.
egg QAP;
• facilitating the implementation and encouraging the
development of incentives for producer driven voluntary food safety/QAPs;

• promoting the continual development of good production practice guidelines by industry by bringing
• there is a fear expressed by beef and poultry groups
groups together on national, regional, local and inthat HACCP is now a mandatory program by USDA
ternational basis; and
and, because of the lack of science, should not be
applied to APFS pathogen prevention programs.
• promoting the understanding of HACCP, its prevenHACCP will only be mandated where USDA has the
tive approach to herd and public health management,
authority to do so, and that is in the slaughter and
and its importance to the international markets,
processing plants. The pork producers stated that
HACCP is an important process to understand and There appears to be many different opinions at the anithe principles are reflected in the Pork QAP for resi- mal production level as to what HACCP is; The seven
due control;
HACCP steps and a critical control point determination
chart are in Figures 2 and 3.
• commodities do not want the government inventing
new programs or new names for their quality assurSummary ofWorld Health Organization
ance program (QAP) efforts;
• in order to possibly measure the impact of changing
animal production practices on public health, efforts
must be made to link possible interventions to measurable in-plant and human studies;
• proposed interventions for pathogen reduction must
be cost-effective in order to maintain an abundant,
wholesome and safe food supply
• pathogen risk reduction strategies in the near-term
should focus on:
- pre-slaughter preparation practices;
- environmental controls (such as manure removal);
- feeding and watering practices (chlorination?);
- decreasing stress and improving pre-slaughter
handling practices;
- developing quick, inexpensive, sensitive and specific pathogen and residue diagnostic tests.

USDA-FSIS animal production food
safety strategy
Based on diverse interests' input, it is believed that the
FSIS can best serve its public health role by:
• building consensus on research priorities and focusing USDA resources and efforts on those priorities;
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(WHO) and USDA 1995 consultation
• There is a general recognition that food safety concerns are more focused on emerging pathogens than
the classical zoonoses;
• just telling people to cook their food as a post-harvest control is not sufficient;
• these emerging pathogens are complicated because
animals often have no visible lesions and can be crosscontaminated at many stages from the farm to the
plant;
• most international communities believed that government must reserve the right to intervene for the
public's health interest;
APFS is an important contributor to a safe and wholesome food supply;
• producers are responsible to implement their
commodity's GMPs;
• industry should self-regulate;
• GMPs should be expanded as science-based knowledge becomes available to practically implement, and
they need to be updated regularly by industry;
• educational programs should be developed in partnership with industry and government from farm to
table;
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• it is impossible to expect zero risk for pathogens in
raw animal food products;
• prioritized research strategies need to be funded, and
international discussion and publication of priorities
may facilitate this process; and

• testing serological tests for trichina in swine, determining risk management factors, and developing the
process for a trichina-free certification program; and
• studying animal feces for microbial antibiotic resistance patterns and linking res~Its to human studies.

• animal identification systems must be implemented By obtaining baseline data from epidemiological studies,
particularly in the European Union for extensive ani- PSIS will be able to provide veterinarians information to:
mal movement and tracking food safety hazards.
• fight perception with reality and predict or project
risk factors and emerging issues;

Monitoring and surveillance for
foodbome pathogens

At the animal production level from the farm through
marketing, transportation, and pre-slaughter or processing preparation, the USDA has been working to fill the
void of animal population monitoring. This is done by
identifying risk factors, predicting trends and testing populations, and analyzing the impact of various production
practices over time.

• improve the understanding of the role of animal production management practices in the total safety of
the food supply; and
• have reliable baseline data with which to measure
successes of preventive food safety quality assurance
programs on reducing risks in animal populations.

Summary

Practicing veterinarians are a key link in farm to table
food safety. There are many challenges and opportunities
for veterinarians in animal production food safety. In order to be a leader in food safety, veterinarians must be
knowledgeable about food safety research, federal and
State policy, industry QAPs, HACCP principles, and national and international markets. Continual study of epidemiology and public health will improve the practitioIn order to establish the means to measure success of pro- ners' ability to put day to day production practices in a
ducer implemented good production practices, we need broader food safety context.
to establish baseline data on live animal, slaughter, proImplementation of residue avoidance QAP programs in
cessing, and human populations. It is not realistic to base
pork production operations are valuable from both a food
the success of animal production practices solely on the
safety and production efficiency standpoint. Development
reduction of human foodborne disease. Therefore, the inand adherence to QAPs directly contributes to the effiformation to be gathered in Fiscal Year 1996 will help fill
ciency of livestock production and human health by imthe knowledge gaps in animal production food safety by:
proving pork management practices, avoiding violative
• monitoring culled cattle and swine presented to drug residues and potential punitive charges, lowering
slaughter for priority pathogens to see if transporta- production costs, and increasing overall awareness and
tion and various management practices play a role in knowledge regarding "safe food" production practices.
pathogen prevalence;
Reduction or elimination of microbiologic foodborne
• surveying grower/finisher swine for pathogens on- pathogens still remains to be researched, and effective riskfarm and pre-slaughter and linking that with their reduction production practices demonstrated in pilot
projects. However, implementing good production/manprevalence on carcasses;
agement practices is the foundation for future risk reduc• determining the prevalence of SE and other Salmotion and prevention efforts in foodborne bacterial and
nella species in baby chicks to determine if pullets
parasitic infectious agents.
are a significant route of introduction of pathogens
Veterinarians who are current in these issues will have
into egg laying flocks;
more to offer the modern pork producer.
• determining the prevalence of pathogens in market
lambs just prior to slaughter and on wool and carcasses;
These are accomplished by looking at many factors such
as animal production practices especially pre-slaughter,
animal health and well-being, stressors, environmental
conditions, feed and water, vectors, and animal production practices. These factors are integrated, analyzed, and
hypotheses about pathogen shedding and risk factors are
generated for further basic or applied research.

Tables follow...
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Definitions for Tables 1-3:

Impact Score

Characterizations in each of the above categories are
scored 1(negligible) to 4 (severe or high) for the purpose
Acute clinical outcome assessment
of calculating the impact score. The impact scores are
4 = S.evere
Often causes hospitalization and can used to rank the pathogens, but the size of the difference
cause long-term disability/death
in scores does not imply a proportionate difference in
3 = Moderate Often causes illness of at least 3 days' magnitude of the public health effect.
duration, but generally without hospitalization and only rare deaths
Mild illness with short duration and rare The four preliminary steps of
2 = Limited
complications
HACCPare:
1 =Negligible Discomfort/inconvenience without long• Assemble the HACCP team.
term health effects

Estimated incidence of food borne
infections (only food borne fraction of total
incidence)
4 =High
3 =Medium
2=Low
1 =Negligible

Millions of human cases/year
Fewer than one million but at least
10,000 cases/year
Fewer than 10,000 cases/year
Rare (e.g., fewer than 100 cases/year)

Chronic clinical outcome assessment for
patients with chronic signs
S.evere

Moderate

Limited
Negligible

Life-threatening chronic illness or irreversible substantial impact on quality of
life
Serious but eventually reversible long
term effects that require extensive medical intervention
Reversible long term effects that require
only minimal medical intervention
Reversible long term effects that may
cause prolonged discomfort/inconvenience but do not require medical intervention

Estimated frequency of long term
consequences of infection
High
Medium.
Low
Negligible

Millions of complications/year
Fewer than one million but at least
10,000 complications/year
Fewer than 10,000 complications/year
Rare
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• Define the food.
• Diagram the flow of the process.
• Verify the flow diagram.

The seven principles ofHACCP
are:
• Analyze Hazards Prepare a list of steps in the process where significant hazards occur, and describe
the preventive measures.
• Identify Critical Control Points Identify points,
steps or procedures in the process where control can
be applied to prevent, eliminate or reduce a food
safety hazard.
• Establish Critical Limits Determine criteria which
must be met for each preventive measure associated
with a Critical Control Point.
• Establish Monitoring Requirements Establish procedures for using the results of monitoring to adjust
the process and
maintain control.
• Establish Corrective Actions Define the actions to
be taken when monitoring indicates that there is a
deviation from an established Critical Limit.
• Establish Recordkeeping Procedures Document the
HACCP system, including all associated production
records, and maintain them on site.
• Establish Verification Procedures Verify the system
is working properly using methods, in. addition. to
those used for monitoring, to determine whether the
plan is valid.
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Table 1: a ranking of acute human health effects of infectious agents transmitted by food in the United
States

Hazard
Bacterial
Arcobacter
Bacillus cereus
Campylobacter jejunilcoli
Clostridium botulinum
Clostridium perfringens
E. coli 0157.H7
Other SLTEC
Other E. coli
Listeria monocytogenes
Salmonella (non-typhoid)
Shigella
Staphylococcus aureus
Vibrio choleras
Vibrio parahemolyticus
Vibrio vulnificus
Other Vibrio spp.
Yersinia enterocolitica
Parasitic
Cryptospo rid iu m
Giardia
Taenia saginata
Taenia solium
Toxoplasma gondii
Trichinella spiralis
Viral
Hepatitis A
Norwalk/Norwalk-like
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Effect

Incidence

Impact Score

Ranking

2.3
2.2
3.8
4.0
1.8
3.8
3.3
2.3
3.5
8.8
3.2
2.8
3.5
2.3
4.0
3.2
3.2

1.8
2.2
4.0
1.5
3.0
3.0
2.0
3.0
2.0
4.0
2.0
3.0
1.0
2.0
1.0
1.0
2.0

4.1
4.8
15.2
6.0
5.4
11.4
6.6
6c9
7.0
15.2
6.4
5.6
3.5
4.6
4.0
3.2
6.4

13
11
1
8
10
2
6
5
4
7
9
15
12
14
16
7

2.5
2.5
1.5
1.5
3.2
3.2

1.0
1.0
1.0
1.0
3.0
2.0

2.5
2.5
1.5
1.5
9.6
6.4

17
17
18
18
3
7

2.8
2.0

2.0
3.3

5.6
6.6

8
6
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Table 2: a ranking of chronic human health effects of infectious agents transmitted by food in the United
·
States

Hazard
Bacterial
Arcobacter
Bacillus cereus
Campylobacter jejuni/coli
Clostridium botulinum
Clostridium perfringens
E. coli 0157.H7
OtherSLTEC
Other E. coli
Listeria monocytogenes
Salmonella (non-typhoid)
Shigella
Staphylococcus aureus
Vibrio cholerae
Vibrio parahemolyticus
Vibrio vulnificus
Other Vibrio spp.
Yersinia enterocolitica
Parasitic
Gryptosporidium
Giardia
Taenia saginata
Taenia solium
Toxoplasma gondii
Trichinella spiralis
Viral
Hepatitis A
Norwalk/No rwalk"like
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Effect

Incidence

Impact Score

Ranking

2.5
1.0
3.8
3.2
1.0
4.0
3.2
2.0
4.0
4.0
3.3
1.0
1.0
1.0
4.0
1.0
3.5

1.0
1.0
1.0
1.0
1.0
1.5
1.0
1.0
2.0
2.0
1.0
1.0
1.0
1.0
1.0.
1.0
1.0

2.5
1 ,o
3.8
3,2
1.0
6.0.
3.2
2.0
8.0
8.0
3.3
1.0
1.0
1.0
4.0
1.0
3.5

8
14
4
7
14
2
7
10
1
1.
6
14
14
14
3
14
5

1.8
1.5
1.2
4.0
4.0
3.5

1.0
1.0
1.0
1.0
2.0
1.0

1.8
1.5
1.2
4.0
8.0
3.5

11
12 .
13
3
1
5

2.3
1.0

1.0
1.0

2.3
1.0

9
14
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Table 3: a composite ranking of acute human health effects of infectious agents transmitted by food in the
United States

Hazard

Bacterial
Arcobacter
Bacillus cereus
Campylobacter jejuni/coli
Clostridium botulinum
Clostridium perfringens
E. coli 0157.H7
OtherSLTEC
Other E. coli
Listeria monocytogenes
Salmonella (non-typhoid)
Shigella
Staphylococcus aureus
Vibrio cholerae
Vibrio parahemolyticus
Vibrio vulnificus
Other Vibrio spp.
Yersinia enterocolitica
Parasitic
Cryptospo rid iu m
Giardia
Taenia saginata
Taenia solium
Toxoplasma gondii
Trichinella spiralis
Viral
Hepatitis A
Norwalk/Norwalk-like
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Acute impact
score

Chronic impact
score

Composite
ranking

4.1
4.8
15.2
6.0
5.4
11.4
6.6
6.9
7.0
15.2
6.4
5.6
3.5
4.6
4.0
3.2
6.4

2.5
1.0
3.8
3.2
1.0
6.0
3.2
2.0
8.0
8.0
3.3
1.0
1.0
1.0
4.0
1.0
3.5

14
16
2
9
15
4
7
10
5
1
8
14
19
17
11
21
6

2.5
2.5
1.5
1.5
9.6
6.4

1.8
1.5
1.2
4.0
8.0
3.5

20
22
23
18
3
6

5.6
6.6

2.3
1.0

12
13
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Streptococcus suis: pathogenesis a~d host
response
Tom Alexander, PhD, MVSc, MRCVS, DPM
Streptococcus suis infection is common and widespread tween types 2 and 7 in Denmark) 15 , type 1 causing amiin the pig populations of Europe and North America and
probably occurs wherever pig farming is carried out. It is
now recognised as a single defined species distinct from
other group D streptococci. 1·21t is sub-divided into seratypes by the antigenic specificity of its capsular polysaccharide.3·4 Workers in Quebec have characterised at least
34 types. 5·6 They use the term "Capsular types" in place
of "Serotypes" or simple "Types" which is what will be
used here. Different types have been reported in different
countries with type 2 among the commonest in most countries and the type most often associated with disease. 7·8·9

nor sporadic syndrome in piglets and type 2 causing a
more serious disease in older weaned pigs. 10,li,J6,17 There
are also differences in virulence and tropism between other
serotypes. 18 Some types have been isolated mainly from
healthy pigs, some mainly from lung lesions, and some
from other animal species. Some types, notably 2 and 14
affect people as well as pigs.

Pathogenesis and host response

Most ofthe work done on the pathogenesis of S. suis has
been done on meningitis, septicaemia and arthritis caused
by type 2 and a little on the syndrome caused by type 1.
In view of the variation in virulence dnd tissue tropism
that exists, it is not known whether the findings can be
extrapolated across· all pathogenic S. suis isolates in difThe first serious recorded outbreak of meningitis in growferent countries. It may be unsafe to do so. For extrapoing pigs caused by S. suis type 2 was in the UK in 1973. 10
lating from the Cambridge work to North America, this
Serious outbreaks increased dramatically over subsequent
poses a problem.
years and type 2 became the main cause of clinical meningitis in weaned and growing pigs in the UK and the Early workers 16·17 showed that meningitis, arthritis, and
most common streptococcus to be isolated from diseased septicaemia could be reproduced experimentally in young
pigs. 1J This is why the work in Cambridge has concen- early-weaned piglets by intravenous and sub-dural inoculation and, more importantly in relation to pathogenesis,
trated on type 2.
by spraying liquid cultures of S. suis type 1 up the nose
It was found that different strains of S. suis type 2 isoand into the throat. Later, typical syndromes were also
lated in the UK varied in their ability to cause meningireproduced experimentally with S. suis type 2. 10•19·20.21
tis.12·13 Most isolates were fully virulent but a few were of
Types 1 and 2 were thus shown to be primary pathogens
low virulence or avirulent. Polyserositis and/or arthritis
capable of producing disease unaided. This has been concommonly occurred with the meningitis but, in contrast
firmed since with some other serotypes (e.g., type 7). 15
to America and parts of Europe (e. g. The Netherlands),
pneumonia was not a feature in the UK either in experi- The acute inflammatory response that results from the
mental cases or in field cases. In the Netherlands, before multiplication of pathogenic strains of S. suis in porcine
the Dutch started importing large numbers of breeding tissues is similar to that of other bacteria and needs no
pigs from the UK, type 2 was more commonly associated further description here. The possible virulence factors
with pneumonia than with meningitis. 14 As more British that cause this response are to be discussed in another
pigs were imported, type 2 meningitis became increas- paper at this meeting.
ingly common there. The conclusion drawn by the Dutch
Early field studies showed that pigs may develop menip.was that the British pigs brought with them neurotropic
gitis and/or arthritis and serositis when they first encounstrains. Clearly, different strains within the one serotype
terS. suis type 2, or that they may become tonsillar carrivary in virulence and tropism, both within countries and
ers and develop the clinico-pathological syndrome at some
between countries.
later date usually following some form of environmental
There are also differences in pathogenicity between sera- stress such as mixing, overcrowding, temperature changes,
types. The clasical example is the difference in pathoge- or rise in slurry gases. However, only a small percentage
nicity between types 1 and 2 in most countries (or be- (usually 0.5-4% ) of infected pigs develop clinical disease. In the majority of pigs the infection remains subPigs can carry the organism subclinically for long
clinical.
Department of Clinical Veterinary Medicine, University of
periods,
the main carrier site being the tonsils. 20·21 ·22 In the
Cambridge, England.

Pathogenic and non-pathogenic
strains and serotypes
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early years of S. suis research it was not known how this
organism in the pig, or many other bacterial species in
other animals including man, travelled from the crypts of
the tonsil to the joints and to the brain. It posed an intriguing question which was difficult to answer. One difficulty was the relatively low proportion of pigs that developed meningitis following experimental infection and
the variable incubation period when they did. (Later workers found that the repeatability of experimentally-induced
disease could be improved by predisposing inoculation
ofBordetella bronchiseptica, 14 peudorabies virus 23or Porcine Reproductive and Respiratory Syndrome virus. 24 This
is in keeping with observations of flare-ups in the field.
In the 1970s and 80s it was a firmly held belief that the
organism probably had first to gain entry to the blood
stream and cause a sustained bacteraemia. 25 How can the
organism gain entry to the blood stream? Early studies on
the pathogenesis of S. suis type 1, provided evidence that
S. suis antigens became intracellular in the epithelial cells
ofthe tonsils and in the lymph nodes draining the tonsils.26 Macrophages may also engulfS. suis and carry it
in. 27Presumably this is a means of antigen sampling and
natural immunisation. It is likely to represent a delicate
balance and its not hard to imagine that if the balance is
upset a septicaemia might result. In addition to the tonsillar route, septicaemia has been shown to result from experimentally infecting skin abrasions with S. suis type 2.19
Young pigs frequently have skin abrasions and these may
be another route of entry. A third possible route was postulated; namely, access to the blood stream via the alveolae
following inhalation of fine aerosol droplets, but attempts
to demonstrate this met with negative results.
Early in vitro studies at Cambridge demonstrated that
pathogenic strains of S. suis type 1 and 2 were able to
resist phagocytosis by polymorphonuclear cells ( polymorphs) in porcine blood in the absence of anti-S. suis
types 1 or 2 antiserum. They multiplied freely in such
blood. Antibodies against the type-specific capsular
polysaccharide resulted in opsonisation and destruction
of these pathogenic strains and thus inhibited their
growth. 20·28.29.30 A strain of type 2 which had lost most of
its capsule could not resist phagocytosis even in the absence of specific antibodies. 20 It was thought, therefore,
that it was the capsules of the pathogenic strains that were
responsible for the resistance to phagocytosis by polymorphs and that enabled pathogenic strains of types 1 and
2 to become septicaemic in pigs early in the infection
before an antibody response had been launched.
Two doubts arose about the theory that a sustained
bacteraemia was a necessary precursor to meningitis. First,
although septicaemia was always present in pigs after clinical signs of meningitis had started, observations in some
transmission experiments suggested that, sometimes at
least, the first clinical signs of meningitis seemed to pre50

cede septicaemia not follow it. 31 Secondly, the presence
of a septicaemia alone didn't explain how the organism
penetrated the blood/brain barrier or the joint capsule?
Colleagues at Cambridge looked at three routes of access
to the central nervous system:
Felicity Clifton-Hadley20 was impressed by the findings
that (a) when pigs had meningitis, S. suis type 2 was
always present in large numbers in the nose, and (b)
field observations that high levels of slurry gas in flatdeck nurseries seemed to trigger off meningitis. She
reasoned that S. suis type 2 might enter the cerebrospinal fluid via the back of the nose and olfactory nerves.
She deposited large quantities of virulent S. suis type
2 culture against the olfactory mucosa but failed to
reproduce meningitis.
Michael Kay32 found that both human beings and pigs
often suffered hearing loss during S. suis type 2 meningitis due to destructive multiplication of the organism in the inner ear. He encountered at least one human patient who developed acute hearing loss before
symptoms of meningitis became apparent. He questioned whether the organism may somehow gain entry to the meninges via the eustachian tubes and ear
but his experiments indicated that the opposite was
true. The inner ear infection was an extension of the
CSF infection.
Another possibility was postulated and investigated,
namely, that the organism may be transported by migrating monocytes. Monocytes migrate to serosal
surfaces, into joints and through the choroid plexus
to become local tissue macrophages. It was shown
that S. suis type 2 is engulfed by monocytes and macrophages and that, in the absence of anti-S. suis type
2 antibodies and complement, non-virulent strains are
then destroyed whereas virulent strains survive and
multiply and in so doing may destroy the macroph. age.27,33,34,35,36,37 These findings that monocytes can
phagocytise S. suis type 2 in the absence of specific
type 2 antiserum appears to be different from the earlier in vitro findings with blood polymorphs.20,28,29,3o
The most important cells responsible for the clearance of
circulating organisms in the non-immune animal are the
macrophages of the reticulo-endothelial system (RES)in
the liver and spleen. These clear non-pathogenic strains
of S. suis type 2 (including capsulated non-pathogenic
strains) but they do not clear pathogenic strains. Pathogenic strains are phagocytosed but then multiply unless
anti-type 2 antibodies plus complement are present in
which case the organism is killed. 25 If it is the case that S.
suis type 2 can survive and multiply in monocytes it might
be useful to know the mechanism which allows them to
do so. Three enzymes; superoxide dismutase, cytolysin,
and phospholipase play a role in the survival of other hac1995 Allen D. Leman Swine Conference
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organism is also· forced down the olfactory nerves into
the nose which presumably is why nose swabs taken from
meningitic pigs yield profuse growth in culture. The organism may also be forced down other nerves including
the optic nerves into the. eyes. From the subarachnoid space
it passes with the CSF into the blood stream resulting in a
septicemia, that is, if a septicemia is not already present.
Whether or not bacteraemia is a necessary precursor to
meningitis, it is an almost inevitable sequellae. It is not ·
known whether multiplication in the CNS takes place
mainly inside phagocytes or extracellularly. The organism does not multiply well in pure cerebrospinal fluid (or
The sum of available evidence therefore points to the fol- in peritoneal fluid) in vitro unless iron is made available.31
The situationmay be different in vivo.
lowing theory.
teria in phagocytes. It is not yet known whether they play
a role in the survival of S. suis type 2 although several
groups are working on it.3 8·39 In keeping withthe evidence
for entry of the bacteria in monocytes via the choroid plexuses, the very earliest histological le~ions in meningitis
were shown to be in the choroid plexuses. Evidence was
also obtained that the organism is carried from the choroid plexuses throughout the central nervous system by
the flow of cerebrospinal fluid (CSF).27

Conclusion

In the pathogenesis of meningitis, arthritis, and serositis,
the organism is taken in through the nose or· the mouth
and adheres to the upper respiratory tractmucosa. 40 It is
then swept to the tonsils by the ciliary clearance mechanisms. The organism resides subclinically in the crypts
for a variable length of time and is occasionally sampled
by the epithelial cells. Macrophages may also engulf it
and tranport it in. Under normal circumstances this may
stimulate an immune response without resulting in disease, but under stress or possibly excessive intake of organisms, this mechanism goes wrong. Whether or not a
bacteraemia then has to take place is open to question.
The bacteria are engulfed by monocytes, the monocytes
migrate to the serosal surfaces, joints and through the
choroid plexuses. Serositis, arthritis, and meningitis follow rapidly. Alternatively, the organism may gain access
to the blood through skin abrasions, cause a bacteraemia,
and then gets taken up by monocytes.
In cases of meningitis, the organism enters the central
nervous system (CNS) through the choroid plexuses in
migrating monocytes, multiplies and stimulates an ingress
of inflammatory cells into the cerebrospinal fluid (CSF).
Bacteria and inflammatory cells are then washed by the
CSF to sites ofCSF efflux (e.g., the arachnoid villi) where
they accumulate causing a blockage of drainage and an
increase in intra-cranial pressure. The combination of this
pressure and the release of cytokines from phagocytic cells
are probably factors in the manifestation of the typical
acute clinical signs. The bacteria multiply inside macrophages and destroy them. Free extra-cellular bacteria can be
observed in smears but whether they multiply in CSF in
vivo is not known. Workers in Cambridge found that they
were unable to multiply in CSF in vitro unless iron was
added. 31 The spread ofbacteria throughout the CSF space
leads rapidly to generalized inflammation. The inflammatory response thus starts locally in the choroid plexuses
and the subsequent rapid distribution of lesions results
from the flow ofCSF laden with bacteria.z7,33,34,J5,36,37Following the flow of CSF, the organism is carried through
the cochlear aqueduct into theinner ear. Multiplication
there destroys the tissues and results in hearing loss. The
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This explanation of the pathogenesis of meningitis, if true,
goes some way to understanding why stress triggers off
latent infection causing overt disease.
The pathogenesis of streptococcal pneumonia does not
appear to have been investigated. Presumably, most infections result from inhalation. Adhesion to cell surfaces
is a necessary prerequisite in the pathogenesis of many
bacterial diseases. This may also be the case for certain
strains of S. suis involved in pneumonia. It has been
shown40 that S. suis type 2 isolates from diseased pigs
adhere to cryostat sections of newborn piglet lung tissue.
Isolates from pneumonia tend to adhere in greater numbers than isolates from meningitis. Ultrastructural studies of isolates of types 1 to 8 and 1/2 showed that all carried peritrichous flexible fimbriae which were about 2nm
in diameter and 250nm long. 41 The role of these fimbriae
has not been elucidated but fimbriae often play a major
role in adhesion. 42
Another possibility is that some pneumonic infections
result from bacteraemia, either by direct infection of the
alveoli or by transport to the alveoli in monocytes. No
studies appear to havebeen·done on this.
Finally, Streptococcus suis sometimes causes vegetative
endocarditis43 -44 but so do a variety of miscellaneous streptococci. There is unlikely to be anything special about the
pathogenesis of S. suis in this lesion.

A brief discussion of host
immune response
The ineffectiveness of autogenous and commercial
bacterins in field trials in the UK45 raised the question as
to whether or not pigs were capable of a strong protective
immune response to S. suis type 2. Cambridge workers46·47·48.49·50·51 found that pigs given five inoculations
(twice weekly) of live fully pathogenic or weakly pathogenic S. suis type 2 followed next day by injections of
antibiotics, or twelve inoculations (three times weekly)
with formalin-killed S. suis type 2, were completely re-
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sistant to challenge. Pigs inoculated repeatedly with heatkilled S. suis type 2 were not although, interestingly, they
produced opsonic antibodies. Mice inoculated with serum from the immunized pigs were also resistant to challenge. Western blot analysis showed that the immune sera
recognized three bacterial surface proteins, of94, 86, and
44 kD, that were not recognized by non-immune sera. This
work thus showed that it was possible to induce a strong
immunity to S. suis type 2 and that an important part of
this immunity was serum-mediated and associated with
the IgM and IgG fractions containing antibodies to the
three surface proteins. Antisera were raised against the
surface protein 94kD of S. suis type 2. It gave positive
results in the bactericidal test and protected mice against
challenge with a virulent strain of S. suis type 2.
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Pathogenesis of Haemophilus parasuis
Carlos Pijoan, DVM, PhD
Haemophilus parasuis polyserositis and arthritis have been

slowly increasing during the last years. This common
mucosal organism can be devastating in naive pigs, resulting in a complex syndrome that may include some of
the following: arthritis, pneumonia, meningitis and
polyserositis, most of which tend to be extremely debilitating or even fatal.
Our understanding of the pathogenesis of H parasuis disease is still very limited. Some general observations that
can be made include:
• Practically all farms and all pigs are infected:
Mucosal colonization of pigs by H parasuis is extremely widespread and it is near impossible to find
naive herds (other than primary SPF herds which are
free).
• Clinical disease is uncommon in conventional pigs:
Disease in conventional herds is limited to a few individuals. SPF herds and some SEW herds, on the
other hand, can suffer devastating outbreaks that affect many animals. This suggests that herd immunity
plays a major role in this disease.
• There is little interaction with common immunesuppressive virus: Virus that exert their immune
downregulation by affecting macrophages do not
seem to play a major role in H parasuis disease:
PRRSv preinfection for example can result in some
individuals' death following H. parasuis challenge,
apparently due to septic shock. However, the majority of pigs challenged with the viral-bacterial combination acually have less lesions than those receiving
the bacteria alone. This may be due to release of inflammatory cytokines by viral-stimulated macrophages, resulting in systemic immunestimulation.

the other hand, piglets without maternal antibody
could be infected with as few as 10 2 organisms of the
same strain.
• Phagocytosis and postphagocytic digestion are very
effective in the presence of antibody: Our studies
have shown good uptake and killing of H parasuis
by porcine alveolar macrophages. On the other hand,
phagocytosis in the abwsence of antibody is virtually
nil.
• There is limited crossprotection between serotypes:
H parasuis has at least 15 different serotypes of which
4-5 are common in the U.S. Studies by RappGabrielson and her group have shown limited
crossprotection between some serotypes (for example
4 and 5) but not some others. However, some strains
of a given serotype have failed to protect against other
strains of the same serotype.
• Meningitis and Pneumonia are common features
of the _disease: Meningitis, with or without
polyserositis is commonly seen in experimentally
challenged animals. CSF samples are a good source
of organisms for isolation attempts.

In summary, H. parasuis is a common, nearly universal
member of the mucosal flora of the pig. It can cause severe disease following systemic dissemination in animals
that have low or no antibody titers. These are animals either born to naive sow~ or that failed to suckle adequately
during the first hours after birth when circulating maternal antibodies are obtained. Exceptionally, animals could
develop· disease following exposure to a new serotype.
However, there is no evidence that this occurs under natural infection, and probably does not, since evidence fiom
A. pleuropneumoniae infections have shown that animals
infected (but not vaccinated) with one serotype are pro• The organism is very susceptible to antibody-metected against all others.
diated immunity: Studies using experimental challenge have shown that piglets with passive maternal
antibody cannot be infected (nasal route) or require
large doses (> 109 organisms) in the challenge. On
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The "overdone-job syndrome" in sows:
application to post-mating vulvar discharges
Helene Carabin, DVM MSc**; Jerome del Castillo, DVM IPSAV MSc**; Michel
Bigras-Poulin, BSc DVM MSc PhD***; Julie Menard, Agr. DVM****; Guy-Pierre
Martineau, DVM DESS**.
Reproductive management is one of the most lucrative
activities in swine operations. Great emphasis is given to
the number of matings per service of sows, since this parameter plays a key role both in fecundity and prolificity. 5
A target percentage of 90% of multiple matings is often
proposed in order to maximize reproductive performance.12 However, some authors question the utility of
multiple matings. 8,13 Indeed, no substantial increase in
reproductive performance is noted in sows- mated more
than once when the weaning-to-service interval is 3-5
days. Furthermore, an "overdone-job syndrome" has been
described in operations where producers, trying to respect
these multiple mating policies, may provoke reproductive problems to their herds. I o
Parallel to this situation, gilts and sows from high-health
herds are increasingly experiencing a post-mating vulvar
discharge syndrome (VDS). Clinical signs related to this
syndrome have been well described. 6,2 The most widely
accepted explanation for this problem is contamination
of the genital tract caused by poor hygiene during mating
which exceeds the local uterine defense system and initiates an inflammatory response. The resulting
endometritis is often accompanied by vulvar discharge.
This condition has been successfully reproduced in gilts
under experimental conditions4 by inoculating Escherichia
coli or Staphylococcus hyicus into the uterus during estrous. However, Carabin, et al., have recently shown that
sows artificially inseminated (AI) with poor external genitalia hygiene had similar cervical contamination to sows
inseminated after their vulvae were completely cleaned
and disinfected. 1These findings suggest that factors other
than genital contamination might predispose to this
condition.
Nevertheless, the risk factors associated with post-mating endometritis and VDS have not been yet well identified. Some high-health herds are seriously affected by VDS
while others seldom face this problem. 3 Thus, we evaluated the association between parity (PAR), weaning-toservice interval (WSI), and number of matings-per-service (MPS) and the increased risk of post-mating VDS in
sows.

Methods
A retrospective investigation on eight high-health herds
from a 12,000-sow company in Quebec was undertaken.
Four of these herds had severe VDS, which averaged
24.5% of the culling rate (Table 1), while the remainder
of the units had a mean VDS of9 .5% of culling rate (Table
2). These herds were located in the same area, had identical genetic backgrounds, and shared the same health status, diet, and management practices. In all of these herds,
producers were asked to mate sows three times per service to the greatest extent possible. Sows showing VDS
while returning to estrous were systematically culled.
Consequently, all herds were pooled together for the analysis. All herds were monitored with PigCHAMP" 3.0 version, from which pertinent data were expo'rted. Sows
served for a first time from 92 JAN 01 to 92 APR 30
(n=1860) and from 92 MAY 01 to 92 AUG 31 (n=1894)
were separately analyzed in order to respect independence
between subjects. Stepwise backward logistic regression
of PAR, WSI, MPS and all possible interactions between
them was performed. Goodness-of-fit was evaluated for
both regressions by an analysis ofthe residuals. Odds ratios were calculated from the regression coefficients in
order to estimate the risk ratio ofVDS, since it is considered an accurate estimator of risk for statistically rare
events such as this one. Loglinear regression was also
performed in order to assess the influence of the above
risk factors on the results of services (farrow, return to
estrous, culling not related to VDS, and VDS-related culling).

Results
Zoo technical performance of the herds during the period
of study is detailed in Tables 1 and 2. Globally, prevalence ofVDS was relatively high, occurring in 2.7% during the winter months and 3.5% of the sows during the
summer. These were approximately twice the clinical
threshold prevalence proposed for post-mating VDS. 11

Logistic regressions for both reproductive seasons showed
double interactions between all the variables in the model
(MPS, WSI, and PAR) on VDS. The magnitude ofVDS
Department of Clinical Sciences** and Department of Pathology risk associated to one variable (i.e., MPS) depends on the
and Microbiology;*** Faculte de medecine veterinaire,
values ofthe other variables (PAR and WSI). The regresUniversity of Montreal, Canada; F. Menard Inc****. Angesion model for services during winter months fitted more

Gardien, Quebec, Canada.
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Table 1: Annual productivity of four high-health Quebec herds with high VDS-related culling rate
Adj. F. Total WISI
y
Rate(%) born

Herd

Sow
lnv.

Mult.
Matings (%)

A
B

999
156
130
106

91
93.5
92.4
91.6

85.3
86.6
85.1
89.7

11
11.3
11.9
12.2

23.1
20.8
20.9
23.7

92.2

86.6

11.6

22.1

c
D
Avo.

Culling
VDS/
rate (%) Culling(%)
43
33
34
31

21
31
39
39

VDSI
Sows(%)
9
10
11
12

24.5

Table 2: Annual productivity of four high-health Quebec herds with low VDS-related culling rate
Herd

E
F
G
H
Avo.

Adj. F. Total WISI
Sow
Mult.
y
lnv. Matings (%) Rate(%) born
202
135
243
190

82.8
86.9
81.6
83.7

83.6
91.0
87.4
89.7

11.7
11.4
11.5
11.9

21
22.3
21.8
21.6

85.5

87.9

11.6

22.1

Culling
VDS I
rate(%) Culling(%)
27
39
30
33

5
8
12
12

VDS I
Sows(%)
1
3
3
5

9.5

Table 3: Analysis of variance of the logistic regressions carried out between VDS and risk factors
weaning-to-service interval (WSI), number of matings-per-service (MPS), parity of the sow (PAR), and all
possible interactions for winter and summer services

Variables
WSI
MPS
PAR
WSI*PAR
MPS*PAR
WSI*PAR
WSI*MPS*PA
R

Winter services
p

x2

55.48
190.95
90.95
56.66
30.12
38.24
20.77

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.0078

accurately to data than did the model for services during
the summer months. Table 3 reports the Chi-square values and probabilities related to each combination of risk
factors. Tables 4 and 5 report the occurrence ofVDS related to the risk categories during winter and summer,
respectively. Sows that had a WSI 6 days and had been
mated three times. developed VDS more often, especially
iri PAR = 1 and PAR 5 sows. For those groups of parity,
VDS risk ratio was about 9 when MPS = 3. An interestirlg
fact concerning the group of PAR 5 sows is the influence
ofWSI on the risk ofVDS associated to their MPS: when
WSI was greater than 5 days, sows bred thrice had approximately 20. times more risk of VDS than those that
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Summer services
p

x2

94.89
349.35
70.48
15.8
16.67
106.66

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
>0.05

had been bred only once. In contrast, the risk ratio ofVDS
was close to 1 when WSI was equal to 5 days.
This major increase in risk ofVDS associated to MPS = 3
might be related to mating during post-ovulatory estrous.
Progestrone levels in sows rise before the end of estrous,3,9
provoking a decrease of uterine defense mechanisms.?
During summer months, similar results were observed,
but the greater risk was observed in sows from all categories of PAR that had WSI 4 and MPS = 3 (O.R. ranging
from 12 to 26).
Loglinear models also showed interaction of the risk factors on service result. For all possible combinations of
1995 Allen D. Leman Swine Conference

The "overdone-job syndrome" in sows: application to post-mating vulvar discharges
Table 4: Culling percentage associated to vulvar discharge syndrome (%VDS) in eight Quebec herds from
92-01-01 to 92-04-30 related to parity, weaning-to-service interval (WSI), and matings-per-service (MPS)

ws

MPS

1

1
2

3

1

Parity
2-4
2
3

1

5+
2

3

I
4
5
6

sows bred
%VDS
sows bred
%VDS
sows bred
%VDS

1
0
8
0
19
0

27 10 10
0
0
0
110 18 53
1
1.2 0
63 25 24
0
4 4.2

101
2
188
0
86
4.7

143
4.2
113
3.5
43
7

10 107
10 7.2
23 123
0 2.4
12 40
0 2.5

62
5
80
3.8
22
9.1

Table 5: Culling percentage associated to vulvar discharge syndrome (% VDS) in eight high-health
Quebec herds from 92-05-01 to 92-08-31 related to parity, weaning-to-service interval (WSI), and
matings-per-service (MPS)

ws

MPS

1

1
2

3

sows bred
%VDS
sows bred
%VDS

1
0
9
11

32
0
124
1.6

26
0
31
6.5

sows bred
%VDS

10
10

62
1.6

11
0

1

Parity
2-4
2
3

1

5+
2

3

I
4
5

6

PAR and WSI, sows mated only once had the highest risk
of returning to estrous. Furthermore, mating the sows three
times rather than two did not decrease the risk of returning to estrous. When WSI was ;o: 6, risk of returning to
estrous was increased in PAR > 1 sows. This later result
agrees with literature.8 Nevertheless, sows with a WSI 4
and mated only once had greater risk of returning to estrous than those with MPS > 1

5 112 112
3
0
0 3.6 2.7
13 242 113 14
0 2.5
2
21.
4
24 93
29
11
7
18
0 4.3

79 83
12
5
154 75
5.2 5.3
46
6.5

22
0

edge of reproductive physiology to plan better strategies
to optimize herd performances.
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Escherichia coli septicemia
Nathan L.Winkelman, DVM
Primary systemic Escherichia coli infections are not a new
disease. Systemic infection canbe a relatively common
finding in suckling pigs. However, the acute postweaning
mortality due to systemic E. coli septicemia is emerging
as a much more common disease problem, along with
others, in high-health swine herds.
The health technologies of modified medication early
weaning (MMEW) and segregated early weaning (SEW)
will not eliminate E. coli disease. Escherichia coli septicemia as a primary infection in the nursery and early
grower phases of production can be a frustrating disease
to control and/or treat.

Etiology
Beta hemolytic E. coli are isolated from a variety of organs throughout the body including, most commonly, the
intestine, liver, and lung. Many of the strains express K 88
pilus antigen. However, some isolates have been negative
to the common K 88 , Fl07, and P2134 pilus antigens. The
organism may still contain pili that we can't detect routinely with available antisera.

DDX- differential diagnosis
In recently repopulated and SEW/MMEW high-health
herds, Streptococcus suis septicemia is the most common
differential for acute, sudden death with cyanotic extremities in these nursery pigs.

Haemophilus parasuis andActinobacill.us suis are differentials for sudden death in nursery pigs. Bacteriological
culture of brain, trachea, pleural fluids, heart, lung, liver,
spleen, lymph nodes, and intestines will differentiate these
diseases. Actinobacillus suis is usually recognizable
grossly via the characteristic lung pathology. However,
S.suis, H parasuis, and E. coli septicemia may not reveal
any obvious gross pathological lesions in acute cases.
DDX for sudden death with subsequent diarrhea in nursery/grower pigs can also be caused by Salmonella
typhimurium septicemiain high-health pigs. In my experience, these herds are usually PRRS negative, However,
in one case with PRRS viremia it has been particularly
troublesome to control systemic E. coli infections.

Various stress-related factors can be associated with clinical cases of E. coli septicemia. Transportation-related
stress, commingling mixed sources of MEW pigs, and
filling rooms with wide age fluctuations in pigs are speSudden death in pigs 1-4 weeks postweaning is usually cific "stressors" precipitating this disease.
the first clinical sign, along with cyanotic ears, neck, abdomen, and extremities. The abdominal skin may quickly
turn a greenish color due to intestinal autolysis.
Intestinal congestion is a lesion indicative of shock. AlCareful observation of the herd may reveal depression,
though its pathogenesis is poorly understood, colibacillary
anorexia, labored respiration, meningitis, and early signs
shock has been attributed to endotoxemia. Hemolysin is
of diarrhea. Diarrhea usually follows in 24-48 hours asconsidered the virulence factor involved because all cases
sociated with an enterotoxigenic E. coli (ETEC) infecinvolve hemolytic strains of E. coli.
tion. A profuse, watery brown diarrhea often causes severe dehydration, and red, inflamed rectums.
Mortality up to 12% occurs in uncontrolled outbreaks.· _ _ _ _ _.;...__...:;__ _ _ _ _ _ _ _ _ __
More typical mortality of 1%-3% occurs with aggressive Aggressive water and injectable antibiotic therapy is neeantibiotic therapy. Postmortem examination may be un- essary to control outbreaks. If more than one pig dies in a
remarkable grossly in acute cases of septicemia. Howe nursery group, 3-4 days of water medication is initiated.
ever, serosal surface of intestines are usually hyperemic Trimethoprim (5 mg per mL) and sulfamethoxazole (40
and congested. Congestion of the fundic stomach, liver, mg per mL) at 2 pints per 128 gallons of water or cephaland kidneys is also common. Fibrin tags may be present exin (5 mg per mL) at 300 mL per 128 gallons are comin the peritoneal cavity. Subacute cases begin to exhibit monly used onan extra-label basis. However, sensitivity
diarrhea in the lumen of the small and large intestine.
patterns may vary.

Clinical Signs

Pathogenesis

T
t/
•
reatmen prevention

Sick individualpigs are injected with appropriate antibiotics as well. Ceftiofur (Naxcel®) at lee per 20 lb or
gentamycin sulfate at 3 mg per lb are commonly used,
again, depending on antibiotic sensitivities. The use of
Swine Health Center, Morris, MN
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feed-grade antibiotics sensitive to the particular strain of Genetics may also play a role. Certain lines of pigs are
genetically resistant to K 88 E. coli because enterocytes lack
E. coli are also used.
the specific K88 receptor sites. Therefore, this could posOther diet-related factors seem to play a role in preventsibly be a long-term prevention strategy.
ing this disease. Adding zinc oxide or plasma protein, removing spray-dried blood, and/or making complete diet
changes have seemed to improve disease situations. This
evidence is only empirical.

References

Vaccines have not been widely used to control postweaning E. coli infections. However, sow vaccinations are quite
effective in reducing suckling pig colibacillosis. Therefore, the use of specific pilus vaccines to prevent binding
of enterotoxigenic E. coli to specific receptor sites may
also be effective. Specific serotyping of strains would be
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Approaches for avoiding problems
Christianne E. Glossop
AI now forms an integral part of the service management quantity of semen produced throughout an entire popularoutines on most progressive production operations. It is tion. Factors which affect semen quality include:
used at all levels of production, throughout the breeding
• Management The most common cause of abnormal
company pyramid and on commercial units raising slaughsemen in boars is bad management resulting in stress,
ter pigs. The value and benefits ofAI are clearly recognised
overwork or overheating.
and being exploited to the full. 1•2 As the importance and
• Social environment In additionto the effect of sorelevance of AI to the world-wide pig industry increases,
cial grouping on libido and service behaviour, it would
so does the level of dependence of the industry on this
also appear that ejaculate volume can be affected by
method of breeding. Systems must be in place to ensure
social restriction. 5
that adequate supply of quality-controlled biosecure semen is maintained. This requirement applies to the rela• Nutrition It is likely that a commercial sow ration
tively modest on-farm AI facility, to the large-scale stud
contains sufficient protein and amino acids for optihousing hundreds of boars~ and supplying semen across
mum male reproductive performance. 6 Vitamin-minan entire breeding pyramid or country.
eral supplements are claimed by some to enhance
sperm output (M Kotter-Jurss, personal communicaThe potential problems
tion).
Reduction in sperm production, semen quality, and subsequent fertility are all hazards to an AI boar stud. In addition, problems such as mail strikes, the. weather, and
public holidays can have a devastating affect on semen
distribution and the quality of the product upon delivery
to the farm. Finally, the success of any AI operation depends upon the recipient farms handling and storing the
semen in an appropriate way, and exercising excellent
oestrus detection procedures, insemination techniques and
timing. 1 An AI protocol must be established which gives
careful consideration to all aspects of the activity.
In order to develop an appropriate protocol it is worth
considering the factors which can influence the porduction
of good quality semen. Reduction in the quality or quantity of semen produced by an individual boar or group of
boars may appear as one or a combination of the following:
• Aspermia (total absence of sperm in the ejaculate);
• Oligospermia (reduced sperm count);
• Unacceptable proportion of abnormal sperm;
• Low ejaculate volume.
Such problems may be transient or permanent, congenital or acquired. 3 Any boar with an abnormal ejaculate
should be rested and checked again in 7 days. Spermatogenesis takes around 42 days to complete- if there is no
improvement in 6-8 weeks it is rarely worth keeping the
boar for any longer. 4 Problems with semen quality usually affect an individual boar, but some management factors, and infectious disease, may influence the quality or

• Age Semen production and fertility is related to age
in boars. Daily sperm output increases with age. 7•8
• Season Seasonal influences on semen quality are wellestablished, resulting particularly in reduction in total sperm numbers and the volume of the ejaculate. 9
The effect appears to be due not only to the temperature but also to changing day length. 5
• Elevated body temperature A temperature effect on
testicular function may also arise from infectious disease, wounds, contusions or lacerations to the testes
or scrotum, or from any infectious disease or other
condition which raises body temperature. The role of
the scrotum on testicular thermoregulation implies
that any defect or abnormal condition of this area may
also have an effect on spermatogenesis.
PhysicalAbnormalities Physical abnormalities of the
reproductive tract are rare, and where evident are most
likely to affect individuals rather than an entire population. Examples of physical abnormality include
cryptorchidism, testicular hypoplasia, testicular degeneration, aplasia segmentalis ductus wolffii, or testicular neoplasia.
• Infections Any infection or disease which causes
hyperthermia can affect semen quality ~ e.g.
localised infection, respiratory disease, generalised
viral or bacterial infection. In addition, specific pathogens appear to act directly on the function of the testes e.g. Brucella suis, C. pyogenes, Mycoplasma
hyosynoviae, ubiquitous pathogens such as Streptococcus sp., Staphylococcus aureus and Escherichia
coli which localise in- the testes. It is not known
whether the subsequent reduction in fertility is due

PIC, Fyfield Wick, Abingdon, Oxfordshire, England
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to infection of the sow's reproductive tract or a direct the health of the recipient sows. The biosecurity protocol
effect on spermatogenesis. 10 PRRS infection has a should detail the following:
marked effect on spermatogenesis, the semen quality
o Siting of the boar stud to minimise the risk of latof infected boars being reduced for up to 13 weeks. 11
eral spread of disease;
In. order to ensure that semen supply is maintained it is
o AI stud design to minimise the risk of introduction
essential to establish a protocol describing every aspect
of disease via incoming boars, visitors, staff, wildof the AI activity. Attention to detail is key to successful
life, etc.;
application of AI. It is suggested that each AI operation
establishes an AI Blueprint.
o Policy for the introduction of new boars including
health testing procedures before and after entry, quarantining and. acclimatisation, and routine screening
The AI Blueprint
of the stud population;

Or "AI is easy to do--easy to screw up!"

· o

Policy for the introduction of all materials to be
used on the stud including feed, water, bedding, semen diluent, chemicals, and consumables;

While certain procedures within an individual AI operation will be similar to those ofmany others, there will be
some aspects which will be 'stud specific.' An AI Blueo Microbiological studies ofthe boar stud and laboprint must be tailor-made for the AI operation in quesratory are of value to demonstrate the effectiveness
tion, whether it be a single small stud or the AI service
of hygiene precautions: 12
for an entire international breeding company. It will be a
comprehensive document, and should be taken seriously AI center design
by all personnel. It is the source document for all techni~ The stud design should aim to promote the health and
cal and practical issues relating to the AI activity. The
welfare of the boars, support the biosecurity protocol and
Blueprint will address every aspect of the AI activity. Let
to optimise production efficiency. The type of accommous examine these in some detail.
dation offered to the boars is often a balance between
labour efficiency, building costs·and boar welfare. DeciStaffing
sions on the type of accommodation (e.g., pen or crate,
Staffing structure, lines of communication and levels of slatted or solid floor, method offeeding and water delivauthority for an AI activity must clearly be defined. This ery system} are all of importance. Attention should be
will ensure that decisions are made at the appropriate level, paid to boar security, ensuringthat gates and partitions
and that those with responsibility carry also the neces- are totally stock-proof. It should be possible to handle the
sary authority. In this respect, difficulties can be encoun- boars safely at all times- installation of a handling crate is
tered if quality control and semen supply are handled by invaluable on a large boar stud. Environmental control of
the same individual. Staff selection is ofvital importance the building is of particular relevance in countries which
to the AI activity. The best AI centre technicians are con- encounter extremes of temperature.
sistent with their work, taking pride in achieving high stanLaboratory design will influence efficiency. and also the
dards of quality control. They must be calm, steady and
quality of the end product. The entire laboratory area
reliable, able to work to deadlines, under pressure and as
should be constructed of materials which facilitate appli- ·
a team. They must be prepared to pay attention to every
cation of strict hygiene precautions. Riskof contaminatdetail, and must be meticulous in their record-keeping.
ing clean equipment must be eliminated. Sterilising faFor those involved with the boars, the highest level of
cilities are necessary, even if a primarily 'disposable'
stockmanship is essential. The routine of a boar stud can
system is in operation. The laboratory equipment must be
appear to be tedious to some, and staff motivation reprearranged to allow for 'dry' and 'wet' areas, and to facilisents a significant challenge to the stud manager.
tate a logical processing protocol. Dimensions of equipStaff training and continuing education should promote a ment and necessary power supply must be considered at
consistently high standard of work. New developments in the outset. Semen storage facilities must be catered for,
the technology should be incorporated only after careful in order to ensure maintenance ofhigh quality ofthe prodevaluation - the AI Blueprint should ensure that this is uct before despatch.
the case.
Consideration must be given to the provision of showerin facilities should these be required within the health
AI biosecurity
protocol. The entire site should be protected from uninThe health of the AI stud boar population can have a rna- vited visitors in order to safe-guard biosecurity; a perimj or impact on semen production and quality, as well as on eter fence is essential. .
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Approaches for avoiding problems

Boar· management

Order processing and semen despatch

AI boars should be managed in order to optimise semen
production within a healthy population. Turnover rate of
boars will depend upon the function of the AI stud, but
provision must be made for an appropriate and biosecure
way of introducing new boars onto the stud. Maintainance
of a single source of AI boars for a particular stud is ideal.
Quality control of feed, water, bedding, and pharmaceutical products is essential if boar productivity is to be
maintained. A change in supplier is not something to be
taken lightly, Boar handling should follow a strict routine, paying proper attention to health and safety of both
the animal and the handler. The training regime and
method of assessing a new AI boar are essential to the
efficient operation of the stud.

While order processing and semen despatch may not appear to be of high technical status within the operation
and activities of a boar stud, this aspect represents the
final crucial link in the supply of high quality semen to
the 'customer'- even if the customer is simply the breeding barn next door. Making sure that the order is treated
in an efficient way, and that the semen arrives in good
condition can be the weakness in the entire activity. Every effort must be made to ensure that communication
between the breeding unit and the semen supplier is accurate. Semen requirements must be written down, preferably in a standard format to simplify order processing.
Semen packaging must be adequate for the environmental conditions under which the semen is to be despatched
- extremes of temperature can have seriously adverse
effects on the viability of the semen. Packaging materials
must be regarded as disposable, never returning to the AI
stud from the pig unit. The despatch mechanism must be
cost-effective, low-cost, reliable, and in accordance with
the biosecurity protocol for the AI stud.

Semen collection procedures

The semen collection protocol must be detailed and all
staff trained in this particular process. It is essential that
the boars are handled in a consistent way - any change
can influence adversely the productivity of the unit. To
this end it is wise to ensure that the boars do not become
accustomed only to handling by one stockman- this can Customer liaison and training
lead to problems if the individual is unavailable for any Successful and efficient supply of high quality semen is
reason.
of no value if the recipient unit does not handle the semen
in an appropriate way. This must take into account semen
storage until use in terms of temperature and length of
Consumables
All consumable items which come into direct contact with storage. It must also address the timing ofthe inseminathe semen at any stage must undergo strict quality control tion, insemination technique and the regime for insemimeasures before use. Inadvertant introduction of nation. training in this area is very practical - it cannot
spermicidal agents have been the cause of many prob- be taught in an adequate way from a book. The stud should
lems in AI laboratories - items which have caused par- have close invol~ment with the recipient units to ensure
ticular problems are the gloves, water, semen diluent and that the end-user is successful in the application of the
some semen storage containers. Stock control measures semen, exploiting all the benefits of this system of breedshould ensure that all consumable items are used within ing. A feedback mechanism is necessary to inform the
boar stud of fertility of the AI boars. This provides inthe specified shelf-life.
valuable information on the fertility of new boars, and
the success of new treatments or technologies.

Semen assessment and processing
procedures

Production of sufficient supplies of semen of a consistently high quality is the raison d 'etre of an AI operation.
The quality control mechanises must be detailed to ensure that this is the case. Staff must be motivated to follow the specified protocols with strict attention to detail.
Exercise of HACCP (hazard analysis of critical control
points) is an invaluable process by which all aspects of
semen processing (and indeed boar stud management) may
be scrutinised, evaluated and reviewed to ensure consistent high quality in the end product. Involvement in anational or international quality assurance scheme is also
worthwhile (e.g. IS09000).
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Trouble-shooting AI
A close working relationship must be nurtured between
the semen supplier and the end user to ensure that any
weak links in the chain are identified rapidly and efficiently. The activity must be regarded as a team effort.
Given the potential use of an outstanding boar through
AI, the individual must be selected carefully on the basis
of genetic merit, fertility, health and physical conformation. The boar must be managed to ensure that optimum
productivity is achieved. The semen must be processed to
ensure consistent high quality. The semen must be despatched in such a way thatthe quality is maintained from
collection to delivery, and throughout storage time on the
farm. The semen must be inseminated in an appropriate
way at the appropriate time.
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Provided that a protocol is in place, and that records are 7. Swierstra, EE (1973). Influence of breed, age and ejaculate
maintained of all activities, the AI operation has every frequency on boar semen composition. Canadian Journal of
Animal Science 53, 43-53
chance of continued success and profitability.
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Preventing problems in semen collection,
processing, and distribution
J.D. Bobb DVM, G. D. Spronk DVM, G. F. Kennedy DVM
The impact of Artificial Insemination (AI) on swine farms
is not only through breeding barn and gestation management, but also through disease control and transmission
in a swine production system. Although there are many
diseases that can be eliminated through the use of AI, there
are also many diseases that can be spread rapidly across,a
large sow population by using AI. Therefore, it is important to carefully consider boar sources, boar housing, boar
security, and semen collection and distribution to prevent
disease spread via AI across a large sow population.

Boar selection and housing

o

o

o

o

Boar selection, important points:
o

o

o

Buy boars only from herds of known health status.
"Vet to vet" communication will help make sure
there's a health-status match between the semen
source and the sow herd.
use a single source of boars, if possible.

Use appropriate isolation procedures for
incoming boars:
o
o
o

minimum 30 days.
all-in-all-out.
serological testing.

Boar housing-. important points:
o

o

Use "offsite" incoming boar isolation

o

Install motion detectors around the perimeter with
alarms.
Implement and rigidly enforce "shower in" procedures
for all workers and visitors.
Make sure you only accept supplies and feed deliveries from sources that can ensure that the truck and
delivered material has not been previously exposed
to pigs - have them drop off the delivery only to
off-site isolation areas or areas on-site that can be
quarantined.
Monitor people movement- make sure people have
been free of prior pig exposure for 4 days prior to
entry into the boar stud.
Visitor rules- make sure they match or exceed the
biosecurity protocol for that herd.

Health monitoring
Blood testing in the isolation barn should reflect the regulations that govern movement of animals between states.
In most cases, an appropriate isolation and testing period
must be met to lift quarantine of animals crossing state
lines. This would include, in most cases, testing for
pseudorabies virus (PRV) and brucellosis status.
Other diseases can also be monitored at this time to determine exposure and/or disease status. These incoming
baseline titers (or lack thereof) can be used as a future
baseline for determining the health status of the boar population in the stud.

Blood test all boars prior to entry into boar stud and
In some cases it may be desirable to blood test the boars
apply the results to your particular production
upon entry into the isolation barn and before they exit the
pyramid's health protocol.
isolation barn in order to determine rising or declining
titers to better assess recent exposure to disease.

Boar housing security:

In the boar stud itself, routine testing and monitoring will
Boar housing security should follow the same rules established for all herd biosecurity, including:
help determine the ongoing disease levelin the boar population.
o Site the boar facility in a low "pig dense" area. The
common definition of"low" is: no pigs within a 2-5- Laboratory serological testing procedures
mile radius.

would include:

o

o

Site the facility away from heavily traveled roads.
Enclose the perimeter with fencing and a 10-foot-wide
strip of rock.

Pipestone Artficial Breeders, Pipestone Minnesota
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o

serum neutralization (SN),
virus isolation,
fluorescent antibody,
ELISA, and

o

PCR.

o

o
o
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Routine sampling is carried out on a monthly basis with
random boars selected on a rotating basis to get an accurate picture of the viral or bacterial diseases present.

Semen processing laboratory
biosecurity

•
•
•
•
•

Corynebacterium
Enterobacter
Mycoplasma
Proteus
Streptococcus

Viruses known to be transmitted in
Laboratory personnel must be trained to provide the high- semen:
est possible standards of semen processing and quality ·
control. These should include:
• keeping all lab areas, housing, collection areas, and
semen processing and handling equipment clean and
sanitary;
• installing a "pass through" security window between
the semen collection area and the semen processing
lab;
• doing random bacterial culturing of semen and equipment;
• using a "double glove" technique while collecting
semen;
• using sterile, disposable pipettes, etc.;
• monitoring people traffic through the boar housing
and lab areas;

• African swine fever
• porcine parvovirus
• porcine reproductive and respiratory syndrome
(PRRS)

Viruses that have been found in semen:
•
•
•
•
•
•
•
•
•
•

adenovirus
pseudorabies virus (PRV) (Aujeszky's disease)
cytomegalovirus
foot-and-mouth disease
hog cholera
Japanese encephalitis
reovuus
swine vesicular disease
transmissible genital papilloma
various enteroviruses

Semen delivery biosecurity

• training and ongoing education of semen-collection
and -handling personnel;
Once semen has been collected and processed, the final
remaining
link in the AI chain is actually delivering the
• using antibacterials to reduce swine pathogens and
semen
to
the
sow farm. This can be accomplished in inany
to minimize toxin production. Antibiotics that are
ways,
including:
commonly used include:
- Gentamycin
-Neomycin
- Penicillin
- Streptomycin

• using a private courier (preferred) rather than the
employees working in the stud, who can act as vector
of diseases that s/he has picked up elsewhere; or
• using stud employees (not working in the stud or laboratory itself).

Semen testing and culturing
(adapted from Almond, et. al. 1)

Delivery protocol

Bacteria commonly found in semen:

In most cases, the following protocol is helpful in reducing risk of disease transmission:

•
•
•
•
•
•
•

Citrobacter
Escherichia
Eubacterium suis
Klebsiella
Micrococcus
Pseudomonas
Staphylococcus

Bacteria uncommonly found:
• Aerobacter
• Bacillus
• Bordetella
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• off-load the semen to a common distribution point
away from the boar stud and lab;
• use a "double sleeve" technique (place the semen in
double plastic bags so that outer bag can be removed
when the semen is delivered to the farm);
• route semen deliveries from "highest to lowest" health
herds. (i.e., deliver semen to farms with recent disease breaks last);
• have semen storage coolers located on sow farms in
biosecure areas;
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Preventing problems in semen collection, processing, and distribution
• immediately discard any containers (bags or bottles) are many practical, common-sense methods to purchase
minimal-disease-status boars and to maintain that minithat are compromised during shipment;
mal disease status in the boar stud. Using these practices
• randomly test semen samples after they have been
should assure a swine production system of long-term
stored on the farm for quality control.
gains through the use of AI.

Future technologies

References

A number of technologies current exist that have the po- I. Almond, G. eta!. The Swine AI Book. Morgan Morrow,
tential for tremendous impact on the disease status of se- Publisher. North Carolina State University, 1994.
men, including:
2. Glossop, C. "AI Biosecurity" Pigtales International Review
• adding antiviral products to the semen;
• using techniques to certify semen "bacteria free;" such
as filters, UV light, etc.;
• using techniques to certify semen "virus free;" e.g.,
PCR technologies;

1994.
3. Veltkamp, J. Artificial Insemination Guidelines. ITSI,
Princeton, Ontario
4. PAB & PIC AI Swine Workshop, STC, Pipestone, Minnesota
1995
5. Chase, C. South Dakota State Diagnostic Laboratory, personal
communication 1995.

• using filters to "cleanse" semen of debris.

Summary
It is important to know the status of your semen source,
because the potential disease impact is tremendous. There
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Diagnosing on-farm problems: heat detection
and insemination
Clark Huinker, DVM
In recent years, the use of artificial insemination (AI) in
swine has increased at an enormous pace. Success rates
u_sing AI vary greatly from farm to farm. To aid in the
transition from natural service (NS) to AI it often helps to
start by using NS for the first service followed by AI for
the second service. This allows herdsmen to practice insemination techniques and gain confidence in AI. Gradually, and at their own pace, a farm should do more and
more double AI matings while observing 21-day returns
and breeding records.

Just because sperm cells still show adequate motility
doesn't necessarily mean they are capable of fertilization.
Aged sperm cells can have leaky acrosomal caps and lose
most of their ovum penetrating enzymes, yet still show
adequate motility. 3

Heat detection/timing
The most difficult routine task of AI is estrus detection
(heat detection). To improve the efficiency of heat detection, boars should be housed separately from sows and
gilts. Otherwise the females may become habituated to
the boars presence and will be less aggressively stimulated and behavioral signs of estrus will be more subtle.

The biggest key to a successful AI program is the people
involved. Good, well-trained people who are enthusiastic
about AI and exhibit patience, precision, confidence and
curiosity are likely to be highly successful. 4 If the whole
team does not support AI, the program will probably fail. Visual signs of estrus include 1•3 :
Individuals that are sloppy, impatient, or abusive to the
o Swollen and reddened vulva (less obvious in sows)
stock will probably do poorly with AI. If farrowing rates
o Vaginal mucus becomes greasy feeling and warm
or liveborn suffer after switching to AI, then either the
(thumb checking)
semen quality is poor or procedures are not being pero Standing reflex, immobilization
formed correctly.
o Vocalization, decreased appetite, unruly behavior
o Searches out boar, mounts other females
Storage and shipment
o Erect ears, trembling, flicking tail up and down
The inseminator's results can be no better than the quality
of the semen utilized. Semen transported to the farm
should be maintained between 16-l9°C with as little vibration and temperature fluctuation as possible. Severe
or frequent fluctuations in temperature will drastically
decrease sperm viability or cause death of the sperm cells.
Semen should be stored at 16-l9°C (60-66°F) in a reliable storage unit. Most experts feel that stored doses
should be gently turned twice a day to enhance sperm
cell exposure to diluent (extender) and, consequently, increase shelf life. 2
There are several extenders on the market with different
claims of sperm longevity. The fact remains, however, that
the fertility is never as good on any given day as it was
the day before. Therefore, one should establish a protocol
for each extender type as to how long doses will be kept
before being discarded completely. As a quality control
precaution, one dose of each ejaculate or pooled ejaculate should be checked under a microscope for motility
before use. This is especially critical if the dose is over 48
hours old or has been shipped great distances.

Heat detection twice a day is preferred. Run a mature,
chatty boar in front of the females. Nose-to-nose contact
is very important because the boars saliva contains potent pheromones which effectively stimulate the females
and improves heat detection. Concentrate on the female's
response to the boar's presence, not the other way around.
Do the same to check for 21 day returns to heat.
Timing is the single most important factor in optimizing
conception rates and litter size. The ideal time for the first
service is 12 hours after the beginning of strong standing
heat. Subsequent inseminations should occur at 18-24 hour
intervals (18 hours is best for gilts). If we lmow exactly
when a female was going to ovulate, we would inseminate her 8-10 hours prior to ovulation. Sperm cells require a period of time in the females reproductive tract to
undergo physiologic changes rendering them capable of
egg penetration. This process is called capacitation and
takes about 6-8 hours. 1 Adequate numbers of sperm cells
probably remain viable for at least 24 hours after insemination but this varies with individual boars and length of
storage outside of a pig.

If heat detection is performed only once a day, then the
This sample should be placed on a slide warmed to 37°C
first service should occur right away. If heat detection is
or motility will seem artificially slow. Caffeine slides also
performed twice a day, then the first service should occur
work well to evaluate motility. Some semen bag contain10 to 14 hours after strong standing heat is observed.
ers can be checked without opening the container.
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Diagnosing on-farm problems: heat detection and insemination
Table 1: sequence of events in ovulation and
conception in gilts and sows 1.4

Event

Time*

Onset of estrus to ovulation
Ova transport to site of
fertilization
Viable life of pig eggs in
oviduct
Duration of time embryos in
oviduct
Formulation of blastocysts
Elongation and intrauterine
movement of embryos
Signal to establish and
maintain pregnancy
Trophoblast attached to
uterus

36-48 hours
30-45 minutes
8-10 hours
46-48 hours
(72 hours max)
6 days
Before day 9
Days 12 to 15
Days 13 to 15

*These times are approximate and can vary considerably among females.

Insemination
Once a female has been identified as ready to inseminate,
then proper procedures should be followed to ensure a
quality mating occurs. If only 1-3 sows need to be serviced, then this can be accomplished in conjunction with
running boars for heat detection. But if several females in
heat are exposed to the heat detection boar at once, then
come back an hour later to inseminate. If too many fe"
males are strongly stimulated at once, then by the time
the inseminator gets down to the last ones, the females
will have become refractory (tired of exhibiting estrus).
This lessened interest will decrease uterine contractions
and semen transport, lengthen insemination time, and
potentially decrease conception rates and litter size.
When large numbers of females are to be inseminated,
come back an hour later. Restrict boar movements to a
narrower area near the females to be immediately inseminated. An additional advantage can be obtained if
several herdsmen inseminate together as a team to speed
up the process and decrease the likelihood of females
becoming refractory.

Insemination procedures
1. Use boar exposure for stimulation
2. Make sure vulva is clean and dry using disposable
towels as necessary.
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3.Keep catheters in a clean bag and lubricate if necessary with a non-spermicidal gel.
4. Part the lips of the vulva and gently but firmly insert
catheter pointed slightly upward to avoid entering the
bladder. (Note: If the female urinates during catheter
placement, then discard catheter and use a clean one.)
· 5. Push catheter forward, rotating it counter-clockwise
until a 'lock' or 'spring-back' is felt.
6. Clip half of the catheter tip off and connect bottle or
tube to catheter.
7. Apply gentle pressure to inseminate 15% of contents
(prime the uterus).
8.Bend bottle upwards slightly and make a hole in the
base of the container to decrease any vacuum inside.
9. Hold the bottle with one hand while stimulating the
female with the other hand (rubbing back, flank or
underline).
10. Once insemination is complete, gently rotate catheter clockwise and remove it.
11. Record information from bottle onto breeding card,
along with any other pertinent information about the
insemination itself.

Other helpful hints
• Foam-tipped catheters are used much the same as
spiral catheters except it doesn't matter which way,
or how much, you twist them.
• Use of bags instead of tubes or bottles is different in
that the catheter is connected to the bag prior to insertion and no pressure is applied to or holes punched
into the bag.
• Having good empathy with the stock is very important when using AI. If the female is anxious or restless when near the inseminator then the insemination
process becomes more difficult and fertility will be
reduced. 2
• Always remain clean, calm, and patient.
• Avoid heavy pressure to force semen through the catheter as this can potentially damage sperm cells and/
or cause excessive run back.

Common problems and possible
causes
• Increased number of vulvar discharges:
-Not cleaning vulvas prior to insertion.
-Not properly parting the lips of the vulva.
-Touching the tip of the catheter.
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Figure 1: Pointers for successful heat detection
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Figure 2: How to successfully implement your AI program
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Diagnosing on-farm problems: heat detection and insemination

-Late estrus or early diestrus inseminations,
-Generally filthy technique.
-Re-using catheters or towels without discarding or
cleaning them properly.
·
-Contaminated semen doses.
• Too many regular returns to heat:
-Inseminating too early or too late.relative to ovulation (poor heat deteCtion and timing).
·-Poor semen quality or handling.
-Poor insemination techniques.
-Improper handling of females (stress levels too high:
movements, mixing, crowding).
• Too many irregular returns to heat:
-Improper handling of females __:__ stress.
-Concurrent disease processes.
-Environmental extremes ____:_ stress.·
• Too much leakage (flowback) during insemination:
-Improper catheter placement.
-Old sow with a misshapened cervix,
-Highly stimulated female with very strong uterine
contractions.
-Inseminating with excessive pressure.
,• Blood on the end of the catheter:
-Overly aggressive catheter placement.
-Dry vagina because female is not really in heat. ·
-Not using enough non-spermicidal gel.
-Tear or irritation neat urethral opening.
-Recent injury to reproductive tract due to farrowing
or other trauma.
• Poor semen flow mto the female:
-Opening ofthe catheter is partially blocked by a cervical fold.
-Inadequate stimulation and corita:ct with a boar.
-Female has become refractory or habituated ...
-Female is not really in peak estrus.
-No hole in the bottle and hence, a vacuum exists inside (not a factor using bags).

Records
Records are always important to track the production and
financial health of the swine unit. When troubleshooting
AI problems it can be useful to record the following:
•
•
•
•
•
•

SowiD.
Boar ID or Semen Batch ID.
Date.
Time of day for each service.
Inseminator ID.
Age of semen dose being used.
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In addition, the following are useful also:
•
•
•
•
•

Quality of insemination.
Standing reflex score.
Insemination time score.
Semen leakage score. ·
Sows that return.
-Days from first service to return toheat.
• Wean to first service interval.
• Anything abnormal about the service or the sow.
-Blood or puss on catheter.
-Female was very anxious.
Table 2: Effect of AI technician on reproductive
performance
Technician

Farrowing
rate

Pigs/Litter

Total
pigs

1
2
3
4
5
6

91..5%
87.2%
82.3%
90.2%
91.3%
65.4%

10.3
10.5
10.3
10.2
10.4
7.5

2060
1995
1864
2009
2070
1050

Source: Dr. Billy Flowers, North Carolina State

Even the best AI farms can fall into a 'trap' and get themselves in trouble. The trap is complacency and involves
the human habit of starting to take short cuts. Herdsmen
may start to follow procedures less and less. AI efficiency
records should be reviewed frequently and AI techniques
observed and refined constantly.
AI has the potential to make the good manager look very
good. 4 When quality semen is utilized by quality herdsmen who understand heat detection and timing, a successful AI program is likely to result. Ifwe guard against
complacency and continue to polish techniques, this success should become long-lasting and profitable.
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Human health hazards from meat and meat
products
George W Beran

Occurrence of foodborne
diseases in the United States
. Among the 4398 food borne outbreaks reported from
1983-1991 by Centers for Disease Control and Prevention (CDC), only 15.7% were traced to meat and meat
product sources. Among these 691 outbreaks, 26.8% were
traced to pork and pork products, including 13 to Salmonella, 19 to Staphylococcus au reus, 2 to Clostridium botulinum, 1 to Clostridium perfringens, 1 to Bacillus cereus,
1 to Hepatitis A virus, and 27 to Trichinella spiralis parasites. A total of32.5% of these outbreaks with identified
meat sources were traced to beef and beef products, including 29 to Salmonella, 1 to Campylobacter, 4 to
Escherichia coli 0157:H7, 8 to C. perfringens, 1 to B.
cereus, 5 to S. aureus and 1 to toxic chemicals. A total of
40.8% of these outbreaks with identified meat sources
were traced to poultry and poultry products, including 41
to Salmonella, 1 to Campylobacter, 8 to C. perfringens, 1
to C. botulinum, 1 to B. cereus, 5 to S. aureus and 2 to
Shigella.

mentor may be passively transmitted by the environment from animal or human contamination.
• Human handlers of animals, carcasses, and/or meat
and poultry products. The infective microorganisms
may originate from sick, infected carrier, or passively
contaminated persons.

The prevalence and sources of
hazards
Survey studies on contamination of carcasses and meat
have not differentiated sources of contaminants; only for
internal parasites can exposure during production be identified with certainty. Many published studies provide some
data, usually limited to the conditions of sampling, on
microbiological hazards in and on pork, beef, lamb and
poultry.

The prevalence of nine most commonly identified human
pathogenic bacteria in/on swine, ruminant, and poultry
carcasses, meat and meat products reported in survey studies conducted essentially during the past decade are shown
Extrapolating from foodbome disease reports, CDC rein Table 1.
ports the estimated numbers of cases offoodbome bacterial and parasitic disease cases from all food sources each
year as 8 to 33 million patients with 6000-9000 deaths Human health hazards
and medical and work loss costs between 5 and 6 billion
dollars. Seven of the major foodbome diseases from foods Pathogens with reservoirs in food animals
of animal origin are Salmonellosis, Campylobacteriosis,
Pathogens infective to animals but not able to multiply in
E. coli 0157:H7 infections, Toxoplasmosis, Listeriosis,
meat are limited to multiplication in living animals on
Taeniasis, and Trichinosis. Together, these account for up
farm. Livestock carry these pathogens commonly as
to one-half of the cases and deaths from foodbome illsubclinical infections from production to slaughter and
nesses.
in/on meat to consumers. Among parasites of farm animals which may be meat borne to humans, Cysticercus
Sources offoodbome pathogens cellulosae, Trichinella spiralis and Toxoplasma gondii may
be present in pork only from infected swine. Protection
Pathogenic microoganisms which may be present in/on of pork can be achieved only on farm; if infected swine
live animals, meat and poultry, and their products may enter slaughter, terminal inactivation of these pathogens
originate from the following sources:
is needed to prevent transmission to consumers. In beef
• The living animals and poultry, which may be dis- and lamb, Cysticercus bovisand Toxoplasma gondii in tiseased with zoonotic agents, but are more commonly sue result only from infection on farm; Coxiella burnetti
apparently healthy intestinal, respiratory, or skin car- and Cryptosporidium spp. are commonly sequestered in
inedible tissues and contaminate carcasses and meat by
riers of microorganisms pathogenic to people.
inadequate or ineffective process controls. Poultry may
• The environment of the slaughter, fabrication, and/or also be infected with Toxoplasma gondii. Among bacteria
processing plant. The pathogenic organisms may be · and rickettsiae, Campylobacter jejuni, Arcobacter butzleri
growing in the organic matter present in the environ- and Coxiella burnetti have livestock reservoirs but do not
multiply in meat. Major meat transmitted viruses are of
Chair, Food Safety Consortium, Iowa State University, Ames, IA human origin, not from infected animals or poultry. These
50011
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Human health hazards from meat and meat products
Table 1: Reported surveys for foodborne pathogens on carcasses and meat
Percentages of Tissue Sa~ pies Which Yielded Pathogens
Human
Pathogens
Salmonella spp.

Pork Beef Lamb Poultry Pork Beef Lamb Poultry Pork Beef Lamb Poultry Pork Beef Lamb Poultry
16.2

Campylobacter jejuni

10.0

Yersinia enterocolitica

3.7

1.0
27.0

Aeromonas hydrcphila

40.0

47.4
66.2

14.7

41.9

7.8

13.4

0.8

43.7

2.0

98.0

100.0
0.3

3.7

2.0

1.5

18.2

37.0

23.8

C/ostidium pe1jringens

2.6

79.0

66.0

25.5

85.0

38.0

12.0

21.5

55.0

41.6

40.0

4.2

40.3

46.0

75.0

11.9

21.5

1.5

100.0

100.0

50.0

34.0

aureus

63.3

53.0

22.0

Bacillus cereus

12.0

52.7

4.1

0.2

52.7

30.0

15.0

isteria monoc.ytogenes

E coli 0157:H7

St~phylococcus

Ground Meat

Organ Meat

Fresh Meat

Carcass

7.0

100.0 100.0 82.5

12.0

65.6

39.0

12.0

72.0

23.0

pathogens must be considered for control at production cereus are principally environmental organisms, having
their reservoirs in moist organic matter and soil. The health
level.
impacts of Listeria and Clostridium are moderate in all
Pathogens multiplying in infected animals meats: pork, beef, lamb and poultry. Bacillus cereus, a
more obligatory soil organism has a negligible health
and in contaminated meat
impact from meat except in poultry. These three foodbome
Five very important foodborne bacterial pathogens have pathogens are not amenable to production level controls
reservoirs of infection in living animals and thus occur in by present methodologies; their presence in the rearing
livestock on farms. They commonly enter slaughter plants environment is ubiquitous. They are however, subject to
in clinically inapparent carrier states in the animals' di- control by scrupulous sanitary measures and strict time:
gestive tracts and may further multiply if they contami- temperature product controls from slaughter to consumer.
nate tissues. If control could be achieved on farms, they
could be prevented from entering slaughter plants. A maBacterial toxins and viruses which may be
jor safety step could be achieved if infection and shedding levels could be reduced during production to reduce foodborne to humans
pathogen loads entering marketing and processing chan- Three foodborne pathogens, Staphylococcus aureus which
nels. Because these bacteria are able to multiply on ani- must multiply in contaminated food to produce its enmal tissues, sanitary measures, prevention of contamina- terotoxin, and two viruses, Hepatitis A and Norwalk,
tion and cross contamination, and avoidance of time: which do not replicate in meat are human carried organtemperature abuse are of utmost importance. Salmonella isms which may cause illness in susceptible persons
spp., Escherichia coli 0157:H7, Yersinia enterocolitica, through contaminated meat. Prevention of contamination
and Aero monas hydrophila are all important pathogens at by these pathogens requires control of transmission from
production level with further critical ability to multiply animal and meat handlers, principally post slaughter.
post-slaughter. In pork, Salmonella and Yersinia have Maintaining meat below 6" or above 60"C will prevent
moderate human health impacts. In beef, Salmonella con- multiplication of Staphylococcus aureus. Terminal decontamination of carcasses is uncommon, but Salmonella tamination of product or thorough cooking of contamiprevalence rises through the handling in processing, cre- nated meat will inactivate contaminating viruses but will
ating a moderate human health impacts. Because of its not inactivate staphylococcal enterotoxin once it has
potential to cause severe human disease, E. coli 0157:H7 formed.
has a high health impact. Highest health impacts on lamb
and on poultry are due to Salmonella; Yersinia is rarely
reported on either lamb or poultry.

Critical controls

Environmental organisms which may be
foodborne to humans

Foodborne pathogens infective to food
animals but not multiplying in meat

Three important foodborne bacteria, Listeria Prevention of infection of food animals during producmonocytogenes, Clostridium perfringens, and Bacillus tion is the major focus of production level controls; ef1995 Allen D. Leman Swine Conference
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Table 2: Pathogens infective to animals but not able to multiply in meat

Human Health Hazards: Food borne Pathogens with Reservoirs in Food Animals
Pathogens Infective to Animals but Not Able to Multiply in Meat

Prevalence on Meat

Meatborne Pathogens
Pork
Trichinella !piralis

Rare

Toxoplasma gondii

Low

Cysticercus cellulosae

Low

Beef
Low

Lamb Poultry
Low

Cysticercus bovis

Rare

Cryto!pordium parvum

Low

Rare

Low

Low

Campylohacter jtjuni
~rcohacter hutzleri

Coxiella burnetti

Rare

Rare

Moderate

Moderate

Rare

Low

forts to achieve control are at this time primarily research
studies and pilot projects. Lesser efforts are being developed therapeutically or immunologically to cure carrier
states of pathogens once they occur, or to microbiologically sterilize or to reduce pathogen levels in the digestive tracts of food animals before they enter the slaughter
plants.
Avoidance of feeding raw garbage which could contain
animal products to farm animals has been effective in preventing transmission of several infectious agents with limited host species such as vesicular exanthema virus of
swine which is not infective to humans, and partially effective in preventing Trichina infection in swine which is
infective to people. Current research efforts in prevention of Trichina infections include provision of only feeds
which have been pelleted by processes which heat inactivate pathogens. Swine management systems under study
totally exclude rats, mice and other rodents which may
serve as alternate hosts. Identification and depopulation
of infected herds offer the greatest promise at this time.
An Elisa test is under study which could be used either
in/on farm sampling or in slaughter sampling with
traceback. Microscopic examination of muscle samples
of swine at slaughter with or without pooling, and muscle
digestion and concentration of Trichina larvae followed
by traceback to infected herds are practical on a smaller
scale. Eradication on a national basis cannot be achieved
at present levels of technology in bear and certain marine
mammals and carrion eating birds which in addition to
rodents are alternate reservoir hosts.

Transm•ssibility
by

Human

Human Health Impact of Disease

Disease

Transmitted by Meat

Meat

Severity

Pork

High

Moderate

Low

Moderate

Moderate

.Low

High

Low

High

Negligible

Low

Low

Moderate

Moderate

Negligible

Low

Low

Negligible

Low

Moderate

Beef

Lamb

Negligible Negligible

Poultry

Negligible

Low
Negligible
Negligible Negligible

Low

Low

Moderate

Negligible Negligible

sheep and poultry, but only if it is protected from subsequent·contamination with cat feces. All animals must be
protected from ingesting cat feces throughout their lifetimes and swine must be prevented from eating carcasses
of dead cats; ie, the animal production units must be cat
proof. Swine units must also be rodent and bird proof as
swine must not eat carcasses of dead rats, mice; fieldmice
or birds. Swine must be prevented from any cannibalism;
ie, preventing tail biting by tail clipping at birth or preventing swine from eating any carcasses of dead pigs by
their prompt removal. With these transmission preventive
measures in place, it may be feasible to build Toxoplasma
free herds ofswine though turn over of the herds and using serological sampling on farms to ensure the free status. Elisa aiJ.d immunofluorescent tests are available for
serological testing. With serological testing for Trichina
free status as well, herds of swine freed of Toxoplasma
infections may also be free of Trichina infections. The
human health impact of toxoplasmosis is recorded as
greatest from swine, and this may be the only food animal for which control programs are practical. Elimination of Toxoplasma infections on a broader scale than individual herds of swine or flocks of poultry is not possible
at present levels of technology.

Cysticercus cellulosae and C. bovis infections in swine
and cattle respectively can be prevented only by protection of these animals from purposeful or inadvertent ingestion of feces or feedstuffs contaminated by feces of
Taenia infected persons. This can be achieved only by
assuring that sanitary habits are followed by all personnel
working in swine and cattle production units, or preferCurrent studies demonstrate that avoidance of raw gar~
ably that no infected persons are engaged in these probage feeding is an essential component in Toxoplasma
duction units. Swine and cattle units with outdoor access
gondii as in Trichinella spiralis control in swine. Pathomust be so designed that drainage from adjacent producgen freed pelleted feed offers protection to swine, cattle,
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· Human health hazards from meat and meat products
Table 3: Pathogens infective to animals and able to multiply in meat

Human Health Hazards: Foodbome Pathogens with Reservoirs in Food Animals
Pathogens Infecpve to Animals and Able to Multiply in Meat
TransmisHuman
sibility
by
Disease

Prevalence on Meat

Meatborne Pathogens

Human Health Impact of Disease
Transmitted by Meat

Beef

Lamb

Poultry

Meat

Severity

Pork

Low

Low

Moderate

Moderate

High

Moderate

Moderate

Negligible

Low

Negligible Negligible

High

High

Negligible Negligible Negligible Negligible

Yersinia enterocolitica

Low

Negligible

Moderate

Low

Moderate

~eromonas hydrophila

Moderate

Low

Negligible

Negligible

'rSalmonella spp.
Escherichia coli 0157:H7

Moderate

Moderate

tion units with potentially infected personnel must flow
away from the protected herds. Identification of infected
herds may be achieved by traceback from slaughter plants
. where infected swine or cattle were diagnosed at inspection, enabling operators to discern whether on site transmission occurred or whether infected animals were imported. With extensive movement of persons, especially
from taeniasis endemic countries, elimination of
cysticercosis other than on individual herd bases is not
feasible at this time.
Technology for prevention of Cryptosporidium parvum,
Campylobacter jejuni, Arcobacter butzleri, ·or Coxiella
burnetti infections in cattle, sheep and poultry are beyond
present capabilities. Research would be appropriately targeted in swine against Arcobacter, in cattle against
Campylobacter and Cryptosporidium, in sheep against
Coxiella and in poultry against Campylobacter. Preliminary studies have indicated that Salmonella reduction also
reduces Campylobacter carrier states. Research should
be targeted on the role of water safety in disrupting
Cryptosporidium transmission cycles.

Foodbome pathogens infective to food
animals and capable of multiplying in
meat
Prevention of zoonotic Salmonella infections in farm animals is the major focus of production level foodborne.
pathogen reduction. Salmonellosis ranks moderate in human health impact from all food animal products, pork,
beef, lamb, and poultry, making the 23 79 presently classified serotypes of Salmonella spp. highly important targets for control at all levels from farm to fork. With the
critical source of pathogenic Salmonella being the carrier
animals entering marketing and slaughter, control. efforts
should begin at production. Once these carrier animals
enter slaughter, there is the hazard of contamination of
1995 Allen D. Leman Swine Conference

Beef

Lamb

Poultry

Pork

Moderate Moderate Moderate

Negligible

Negligible Negligible Negligible Negligible

carcasses, product and the environment and of transmission to personnel, with subsequent multiplication of these
bacteria and ultimately the hazard of human infective levels of Salmonella present at consumer level. Levels of
success are being achieved in Salmonella reduction in
individual herds and flocks, and on national bases in countries around the world. Rigorous management and health
promotion systems must be instituted to achieve prevention of transmission of Salmonella in production units.
Essential components of prevention programs include
ensuring that all feeds. are Salmonella free and protected
from contamination to the production units, scrupulous
sanitation in th~roduction units, absolute control ofpersonnel working in or entering production units, rigorous
control of cats, dogs, rodents, birds and insects from any
contact with production units or animals, maximum prevention of animals from infectious and parasitic diseases
which immunocompromise or exacerbate Salmonella infections in the animals, and maximum control of stress.
Salmonella control herds and flocks must either be closed,
or protected from introduction of Salmonella infected
breeding stock. Animals must be transported from Salmonella control herds and flocks in sanitized vehicles
promptly and directly to slaughter as the time from exposure to active shedding may be measured in hours, not
days. Studies are providing evidence that Salmonella infections are self-limiting in individual animals and that
endemic infections are maintained in herds and flocks by
continuous cycling of the bacteria. Age segregated rearing of swine on multiple premises or separated sectors of
the same premises is proving effective in disrupting transmission cycling in swine production. Scrupulous management practices are proving effective in broiler poultry
production. Feedlot cattle production is already characterized by low Salmonella carrier rates, but contamination ofbeeffrequ'ently occurs post slaughter, making beef
a potential source of Salmonella infections to people.
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Table 4: Pathogens able to multiply in the environment, meat, and animals

Human Health Hazards: Foodborne Pathogens with Reservoirs in the Environment
Pathogens Able to Multiply in the Environment, Meat and Animals

Meatborne Pathogens

Prevalence on Meat
Pork

Beef

~,Listeria monocytogenes

Low

Low

Clostridium perfringens

Moderate

Low

Bacillus cereus

Transmis
Human
sibility.
by
Disease

Low

Lamb

Human Health Impact of Disease
Transmitted by Meat

Poultry

Meat

Severity

Moderate Moderate

High

Moderate Moderate Moderate Moderate Moderate

High

Low

High

High

Moderate

High

Moderate

Low

Pork

Beef

Lamb

Poultry

Moderate Moderate Moderate Moderate
Negligible Negligible

Low

Salmonella prevention in all food animals will be a major tion by environmental pathogens, especially Listeria
area for both research and implementation for the future, monocytogenes and Clostridium perfringens are still dia leading focus for animal production level pathogen re- rected post slaughter.
duction.
The effect of Salmonella reduction measures on herd and
flock infections by Yersinia enterocolitica and Aeromonas
hydrophila remain to be assessed. Major research and
development of production level control measures against
these pathogens will become important in the future, especially as both Y. enterocolitica and A. hydrophila are
prevalent in swine on farms but are considered to have
moderate and negligible foodbome human health impacts,
respectively at this time.
The human health impact of E. coli 0157 :H7 is high only
from beef. This pathogen is self limiting in live cattle but
is found to cycle in both calves and older cattle within
herds. The individual prevalence of fecal carrier states is
low, generally <2%, but herd infection rates are high in
feedlot cattle, in some studies up to 80%. Mechanisms to
interrupt transmission are still undetermined but water
safety may be of critical importance. An important experimental study indicates that multiplication of the organism in the bovine rumen may be enhanced dUring feed
withdrawal. Prevention of E. coli 0157:H7 at produ.ction
level is still to be developed; protection of carcasses from
fecal contarpination and of product from time: temperature abuse which fosters multiplication are important. Final control by thorough cooking, especially of ground beef
is still our best intervention.

Foodborne pathogens of environmental
origin
In so far as control measures against infectious agents
with reservoirs in food animals also control environmental pathogen contamination, reduction at production level
is fostered. Greatest efforts to reduce product contamina76

Foodbome pathogens of human origin
Control efforts against these important foodbome pathogens must be directed at protecting product post slaughter. One of these organisms, Staphylococcus aureus ranks
moderate in human health impact from pork, beef, and
poultry, due to its prevalence as meat and poultry contaminants and the frequent occurrence of human staphylococcal poisoning, underscoring the importance of post
slaughter control measures.

Costs:benefits of hazard reduction at
production level
A limited number of studies evaluating costs and benefits
of approaches to prevent hazards at production level have
been reported, principally in Salmonella control programs
in Europe, and more are in progress. Particular assessments need to be made comparing costs and effectivity of
alternative interventions, and of economies in production
achieved by successful reduction of infections by pathogens with reservoirs in food animals. These are priority
studies.
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Table 5: Bacteria and viruses of human origin; bacteria multiply in meat

Human Health Hazards: Foodborne Pathogens with Reservoirs in Humans
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Farm level implications of human food safety
Peter E. Poss, DVM
Recent human illness caused by Escherichia coli 015 7:H7 The AP-TAG, in the Poultry Section of the report, recomin beef and Salmonella enteritidis in table eggs has in- mended using Salmonella as the pathogen model for Food
creased the pressure on USDA Food Safety Inspection Safety for a number of reasons.
Service (PSIS) to improve food safety. A str1;1tegic plan
• The AP-TAG Risk Analysis group identified salmodeveloped in 1994 is under way with funding expected
nella as the pathogen with the greatest public health
from Congress this year to carry it out.
impact.
The meat industry has a good track record in the control
• The poultry industry has a long history of successful
of physical and chemical contamination; however, mivoluntary industry/federal disease eradication and
crobiological contamination has not been addressed to any
control programs in the National Poultry Improvesignificant degree by industry or government. A new
ment Plan (NPIP)3, which includes salmonella spe"Mega Reg" I is currently in the rule-making process that
cies.
will impose science based processing procedures and inspection standards in the plant using the HACCP system
• All livestock species carry a salmonella food safety
to improve microbiological safety of red meat and poulrisk.
try.
• The industry, scientific community and regulating
On the farm, improvements in food safety will be faciliagencies have a significant banlc of knowledge contated and led by Animal Production Food Safety, a new
cerning salmonella.
agency in PSIS, headed by Dr. Bonnie Buntain.
The AP-TAG also suggested that the live production husThe PSIS strategic plan included commissioning Techni- bandry and disease control practices required to reduce
cal Analysis Groups (TAG) to provide recommendations salmonella contamination should contribute significantly
and direction to their food safety thrust. The Animal Pro- to the control and reduction of other pathogens.
duction TAG (AP-TAG) produced a report2 in early 1995
The livestock industry has a major concern with governwhich included recommendations for a National Forum.
ment involvement in live production disease control beThe forum was held May 23-25, 1995 in College Park
cause of the risk of business interruption and economic
Maryland; approximately 300 registrants provided PSIS
loss. The question asked was: does the federal governwith a range of views on Animal Production Food Safety
ment have authority for on the farm live animal investi(APFS). The presenters defined the complexity of the
gation and control of food born pathogens?
problem and all agreed that preventing microbiological
contamination of live animals with human pathogens is a
• In a recent FDA court case involving residues, it was
huge task. No one wanted to say it was impossible but it
determined that FDA has jurisdiction over live aniwould certainly require a massive industry/government
mals destined for human food.
cooperative effort. While exclusion or eradication of hu• PSIS is not thought to have the authority to go out on
man pathogens from our food animals is a long term goal,
the farm for disease control as APHIS does, however
pathogen reduction is seen as a more realistic goal.
they can require pre-harvest testing for chemical resiPSIS also sought input during the forum concerning the
dues based on producer history and they do have anterole they should play in the process. Reconimendations
mortem condemnation authority on livestock at the
were made for leadership, information, facilitation, and
processing plant.
research versus regulation, inspection and quarantine.
Apparently a live animal diagnosed with a human pathoRisk assessment by theAP-TAG identified and ranked the gen infection can be condemned for use as human food
top 5 pathogens with the greatest public health impact as prior to slaughter, conceivably while still on the farm.
follows:
There are two specific concerns industry has with micro1. Salmonella,
biological monitoring of carcasses and meat products in
2. Camphylobacter,
the processing plant:
3. Toxoplasma gondi,
• Release of information to the public concerning posi4.Escherichia coli 0157H:7, and
tive pathogen test results for meat products will re5.Listeria monocytogenes.
sult in market interruption for brand name operations;
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• Trace back of positive pathogen test result from the
as the national forum for food safety issues and that a
processing plant back to the source farm and the prod~rmmic and ongoing process be. established to keep up
ducer, can result in producer responsibility for prodWith current research and the state of the art in industry
uct recall, imposed product destruction, human illproduction practices.
ness or human death.
This FSIS food safety initiative will result in fallout for
These risks will not be satisfactory to industry. Sanitaproducers and will have a significant effect on the activition monitoring in the processing plant using coliform
ties offood animal veterinarians in the future. Each comand/or total bacterial counts would be satisfactory. Monimodity group needs to prepare the Best Management Practoring of equipment and contact surfaces in the processtices suited to their industry now rather than being forced
ing plant might be an alternative.
into practices later with which they may not be able to
HACCP is perceived as the appropriate system for mi- live.
crobiological improvement in the processing plant howThe poultry industry adopted "Best Management Prace_ver, HACCP on the farm is controversial and its applicatices for Salmonella Risk Reduction"4,5,6 during US AHA
tion to live production is questioned. There certainly are
meetings in 1991 for table egg layers, and in 1993 for
numerous e_a~ily identifiable control pbints, but there may
broilers and turkeys. The National Turkey Federation
not be a cntical control point in live animal production
(NTF) currently has a committee working on a draft of
for the prevention of salmonella contamination of meat.
"Food Safety Best Management Practices for Turkey ProA production flow chart is the first step required in deterduction" that they plan to submit for review at the USAHA
mining all the control points and the critical control points
meeting in October 1995; the guidelines will subsequently
however, the AP-TAG report identified the control points
be ready for adoption during the NTF's annual meeting in
as Food Safety Control Points.
January
1996.
'
The P?ul_try Section of the TAG Report suggests using
The best approach to "Food Safety on the Hoof" is inthe pnncipals of the grade A milk ordinance as a model
dustry/government cooperation so that regulatory control
for food safety in live animal production. Live animals
and business interruptions are not necessary to produce
raised for food should be reared with food safety stansafe food.
dards that might be called "Food Safety Best Management Practices for Live Animal Production". Producers
would need to abide by these standards for their livestock
to be processed into food, just as grade A milk standards
1. Pathogen Reduction; Hazard Analysis and Critical Control
must be met on the farm in order to produce and market
Point (HACCP) S)stems; Proposed Rule. Federal Register Part
grade A milk for human consumption. These standards II Department ofAgricultrue, Vol. 60, No. 23, Friday, February
will need to include monitoring or testing standards to 3, 1995
measure improvements. Salmonella isolation from pro- 2. Final Report for the U.S. Department of Agriculture Food
duction animals and facilities with industry controlled Safety Inspection Service by The Animal Production Technical
reporting has not been economically disruptive in the past. Analysis Group via Information Data Systems, Inc. Silver

References

Springs, MD 20910, April 17, 1995
3. National Poultry Improvement Plan. USDA, APHIS Veterinary Services, Rm. 205, Presidential Building., 6525 Belcrest
Rd, Hyattsville, MD 20782. APHIS Publication 91-55-0211
1994
4. United States Animal Health Association Committee on
Salmonellosis. Salmonella risk reduction - Integrated guidelines
for table egg producers. San Diego, CA, October 26-November
I. Proc. 95th Annual Meeting U S. Animal Health Assn.
'
Ad~itiona!ly, in the processing of grade A milk, the prod- 1991 ;465-500.
uct IS subjected to heat over time to pasteurize and fur- 5. Holder T. Best management practices for Salmonella risk
ther insure a safe food. Meat processing could and should reduction in broilers. Proc. 97th Annual Meeting U S. Animal
require additional handling such as antibacterial rinses Health Assn. 1993;505-523.
rapid chilling, temperature control and possibly heat ove; 6. Nagaraj a KV, Halvorson DA. Best management practices for
Salmonella risk reduction in turkeys. Proc. 97th Annual Meeting
time or irradiation under certain circumstances.
U S. Animal Health Assn. 1993;486-504.

The AP-TAG report also suggested that the husbandry
an~ mana~ement procedures required to produce healthy
ammals With high livability and high performance which
is es~ential to _the economic well-being and long~vity of
the livestock mdustry, will result in a cleaner and safer
human food product. There is a serious market driven interest for safe food.

The Poultry Section of the AP-TAG also recommended
that the U. S.Animal Health Association (USAHA) serve
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Detecting carrier animals in herds chronically
infected by Actinobacillus pleuropneumoniae:
the detection of antibodies and the detection of
the bacteria
Marcelo Gottschalk 1 and Robert Bilodeau2
Detecting Actinobacillus pleuropneumoniae (APP) car- tion, we will emphasize some important practical implirier animals has proved to be an essential feature in cations to remember.
epidemiologic studies and in the control of swine
pleuropneumonia, a disease of economic importance in Once you have convinced the
the modem pig industry. In fact, severe outbreaks ofthe
disease occur when an immune, subclinical, chronic car- producer to verify whether the
rier is introduced into a non-immune herd. 1 It is impor- herd is infected (even though no
tant to remember that even though clothing, vehicles,
and possibly flies can in theory be vectors of APP, pigs clinical signs are visible)
are the only verified known carriers ofAPP.
The first step is to choose the population you are going to
Producers have two options when a diagnosis of infection test, independent of the test to be used. This is of paraby APP has been confirmed:
mount importance, since results obtained from the laboratory may vary considerably depending on the group of
• live with the infection, minimizing its economic imanimals you decided to analyze. Remember the followpact on herd performance, or
ing facts:
• try to have a APP- (of a spe~ific serotype) free herd.
• Colostrum from an immune sow can provide protecThe decision is not easy to make, since each situation has
tion from clinical disease, but piglets can become
advantages and disadvantages. The first and perhaps the
chronically infected and they have the potential of
most important and difficult step is to recognize a herd
shedding the organism at a later time. Thus, weaned
that is chronically infected. A common misconception
pigs seem to be the target population. However, if the
is: "a herd that does not have a history of clinical
producer sells the pigs, you have, in general, until the
pleuropneumonia is not infected with APP." 2 It is hard for
age of 8 weeks to test them. From farrowing to the
a producer to believe that pigs that seem to be healthy or
age of 4-5 weeks, circulating antibodies are materthat come from herds with no history of clinical
nal antibodies. To test actively induced antibodies,
pleuropneumonia are potential carriers of APP. Current
you can· perform the test just before sale as feeder
diagnostic tests for detecting these infected herds involve
pigs. Our experience indicates that most carrier
serology and bacterial culture. Serological analysis of a
piglets are serologically negative at this age. At least
representative number of sera can generally establish
50% of feeder pigs have to· be tested to find one
whether the herd has been exposed to the bacterium. To
positive and a negative result should not be conreach this goal, a wide variety of serological tests have
sidered an indication of aAPP-free herd.
been developed to detect antibodies in pigs exposed to
• If in the above-mentioned case results are negative,
APP. In the first part of this paper, we will present some
you must confirm that the herd is APP free. Obviimportant points to remember before you ask the laboraously, if the animals will be sent to a unit where they
tory to perform a serological test. In addition, we will
will not be mixed with other animals from other
present our experiences with the serological tests themsources, your problem is solved: animals between
selves, with a practical example of their use in a specific
14 and 21 weeks of age will be the target group.
case of early weaning. In the third part of this paper, we
This is also true for farrow-to-finish herds. However,
will discuss our experience in the development of tests
if this is not the case, you only have one choice: to
for detecting APP from carrier animals and our current
test the sows and/or to test the gilts. The problem is
research on this subject. In the last part of this presentathat most serological tests have been developed and
validated with sera from growing pigs from infected
or non-infected herds. Very little is known about the
'Groupe de Recherche sur les Maladies lnfectieuses du Pore.
acceptability of these tests with older. animals. In
Universite de Montreal. St-Hyacinthe, Quebec. Canada. 2 SteBrigitte-de-Laval, Quebec, Canada.
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other words,it is difficult to assess whether or not
the tests routinely used are sensitive enough to
detect animals infected a long time ago, or specific
enough to differentiate older animals that are carriers of"APP-like organisms." These microorganisms may serologically cross-react with APP. Results coming .from the laboratory will indicate that
the sera you sent for analysis are either negative, positive, or suspicious. If the sows and/or gilts are negative and the test is sensitive enough, you may be relatively confident that the piglets are probably not
carriers of APP. If the result is positive (and you are
confident with the test), it is possible that the herd is
infected and piglets spreaders of the infection. If the
result is suspicious, complementary tests may be done
and this should be consulted with the laboratory. Is it
possible that the sows and/or gilts but not the piglets are infected? We believe that this situation is,
in fact, possible. Actually, it is this possibility that
warrants the whole principle of SEW.
Once the target population has been chosen, the next question is "how many serum samples do I have to send?" It is
important for the clinician to be aware of the circumstances
that may lead to inaccurate and unreliable diagnostic information. To actually prove (100%) that an infection is
absent from a population, the testing of every individual
is required. However, testing entire herds is difficult from
a practical and an economic standpoint, therefore practitioners may have to accept the results of testing only a
portion of the herds. Selecting the sample sizes to estimate the prevalence depends upon:
• the size of the population,
• the expected prevalence of the condition, and
• the desired confidence.
In the case of APP, the prevalence of the infection is probably not the same that the prevalence of the disease. For
example, we have already observed a herd without history of swine pleuropneumonia (0% of prevalence of the
disease) with a 50% of prevalence of the infection (half
. oftheanimals were seropositive). This is very difficult
for the practitioner, since he or she does not have much
information about the real prevalence of the infection
before testing. When a decision has to be made, we recommend you select a sample to be examined based on
a 10% of prevalence with a 95% degree of confidence.
In general, this means that you have to send between
28 and 30 serum samples independent of the. size of
your population.

• the. health status and previous sero-epidemiological
studies of the herd of origin; and
• the health status and previous sero-epidemiological
studies of the purchasing herd.
There is a 'golden' rule: a serologically negative result
during the quarantine, even if it is repeated twice, does
not ensure that one specific animal is not a carrier of APP
if the serological status of the herd of origin is positive,
suspicious, or unknown. As a conclusion, owners/managers of the purchasing herd should be familiar with the
situation in their own herd and that of the selling herd.
When several animals are tested during a quarantine, one
positive result indicates that the herd is most probably
infected: rejecting the positive animal(s) and keeping the
negative ones is not an advisable decision. Seronegative
animals in an infected herd should be considered as infected. For example, some animals may never produce
antibodies against APP, even though they are carriers of
the microorganism.
Before sending the samples to the laboratory, you have to
decidewhich serotype(s) of APP is (are) to be requested.
Antibodies against different serotypes of APP are commonly found in a high proportion of swine herds. However, only a few serotypes are commonly isolated from
clinical cases of pleuropneumonia in a given geographic
region. In 1993, APP serotypes 5, 1 and 7 represented
44%,30%, and 12% of Canadian isolates recovered from
diseased pigs, respectively. 3 This means that the prevalence of serotype 5 has been increasing considerably since
1989 and, in addition:, that of serotype 7 has more than
doubled the last three years. 4 It is important to add that
some serotypes considered to be avirulent in North
America (such as serotype 2) may be of main importance
in Europe. We have demonstrated that Canadian isolates
of APP serotype 2 from clinically healthy pigs are avirulent when inoculated in large doses to immunological
naive pigs. These isolates are devoid of one hemolysin
(Apxiii) (unpublished observations).

In Canada, serology for serotypes 1 (9,11), 2, 3 (6,8), 5
(5a, 5b), and 7(4) is normally asked for with high-health
herds or, as they were frequently called, specific-pathogen-free (SPF) herds. Serotypes 10 and 12 are almost
never required, although their importance does not seem
to be different from serotypes 2, 3, 6, or 8. Sporadic clinical cases due to serotype 12 have recently been observed
(unpublished observations). If the herd you are going to
test is considered a conv~ntional commercial and not a
high-health herd, it is advisable to ask only for important
Do not feel confident with data coming from quarantines, serotypes such as 1 and 5 and, if you consider it neceswhere only a few animals are tested. Different factors sary, serotype 7. Asking for other serotypes will most probshould be taken into consideration:
ably give you several positive results which, most of the
time, are meaningless.
• the serological status of the animal: negative, positive, or suspicious;
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Table 1. Sensitivity and specificity of the long-chain LPS ELISA (LC-LPS ELISA) and the complement
fixation test (CFT) for detecting antibodies against Actinobacillus p/europneumoniae (APP) serotypes 1, 5,
and 7.
CFT

LC-LPS ELISAa
Serotype
of APP
1
5
7

Sensitivity Specificity Sensitivity Specificity
80%
79%
81%

99.8%
99.6%
100%

60%
46.6%
35%

99%
98.5%
99.3%

aA cut-off value of 0.3 was used. A total of 1671, 1123, and 998 sera were used for validating the LC-LPS
ELISA for serotypes 1, 5, and 7 respectively. The sensitivity and specificity was calculated on an individual
(and not on a herd) basis.

Serological tests

past. 8 The same antigen extract has been used by Nielsen,
et al} in a blocking ELISA test for APP serotype 2. More
recently, our laboratory has described an ELISA based
on the use oflong-chain LPS (LC-LPS) antigens. 10•11 Even
though most ELISAs claim a high sensitivity and specificity, the possibility of some cross-reactions and/or nonspecific reactions still remains. APP is a bacterium that
possesses serotype-specific antigens, species-specific antigens, and other antigens that are probably shared by other
Gram-negative bacteria.

Practitioners should be aware that different laboratories
use different tests, and this is crucial. In fact, the result
may depend directly on the test used. APP is composed
of different antigens, such as capsular polysaccharides
(CPS), lipopolysaccharides (LPS), and outer membrane
proteins (OMP). In addition, APP produces different toxins (Apx). Different laboratories will use different antigens that correlate with the sensitivity and specificity of
the test. There are, in general, two different groups of tests
Table 1 shows sensitivity and specificity values obtained
that are currently used:
with the LC-LPS ELISA developed and used in our labo• tests based on bacterial structural antigens (CPS, LPS,
and OMP), and
ratory. Results obtained with the CFT are also presented.
• tests based on the neutralization of toxins.

The conclusions made about the LC-LPS ELISA, when
compared with the ELISA using other antigens such as
There are advantages and disadvantages for each group the CPS and the SBE, are:
of test.
• There is no available serological test capable of differentiating serotype 1 from serotype 9- or serotype
Tests based on bacterial structural
11-infected herds.

antigens

Our laboratory has experience mainly with these kind of
tests. Tests used in the past include, among others, the
enzyme-linked immunosorbent assay (ELISA), tube agglutination test, and the complement fixation test (CFT).
The ELISA is considered to have good potential as a rapid
diagnostic test and has the additional advantage that it
can be adapted to automation. Several ELISAs have been
developed in the past. Nicolet, et al., 4 used an
ethylenediaminetetraacetate (EDTA)-extracted antigen
that was considered to be serotype-specific; Wilson, et
al., 5 conducted a field survey using a serotype 5 EDTAextracted antigen in ELISA and reported good results.
Using a partially purified capsular polysaccharide and
LPS, other authors also developed an ELISA. 6•7 Another
ELISA, with a hot saline extract ofboiled-formalinized
whole cells (SBE), has been used in our laboratory in the
84

• There is no available serological test capable of differentiating serotype 4- from serotype 7-infected
herds.
• There is no available serological test capable of differentiating serotype 5a- from serotype 5b-infected
herds.
• Using crude antigens (SBE), cross-reactions with sera
from animals infected with other serotypes of APP
or other bacteria can occur.
• Purified capsular polysaccharides (CPS), generally
considered to be serotype specific, should be carefully used as antigen for an ELISA in detecting antibodies againstAPP, because contamination with rough
LPS may compromise their specificity.
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• The CFT is a low-sensitive test and should not be nonhemolytic but strongly cytotoxic and is produced by
APP serotypes 2, 3, 4, 6, and 8. It seems that the APP
used alone for identifying infected herds.
serotypes that produce a combination of two Apx toxins
• In our hands, the LC-LPS makes an easily obtainable
have a higher virulence than serotypes with one toxin
antigen and seems to retain the best specificity while
alone. The serotypes containing Apxi and Apxll are the
minimizing losses of sensitivity.
most virulent ones. No APP strain that produces all three
Obviously, these results were obtained with sera from a toxins has yet been found.
defined age group and with a specific cut-off value. Each
Thus, advantages of toxin neutralization tests may be that
test should be carefully validated. Indeed, the problem of
they detect antibodies to important virulence factors.
establishing the negative cut-off value is one of the main
However, some questions may be raised:
concerns: can we consider the sera coming from minimal-disease swine to be representative "negative controls"
• Since different serotypes share common toxins, it
to establish the negative cut-off value? These animals are
seems difficult to identify the serotype( s) implicated.
probably not exposed to some of the antigenically related
This may be of paramount importance, since we have
organisms, which are common pathogens of swine. If sera
demonstrated that most of the commercial herds in
from these animals are to be used, most animals coming
Quebec are chronically infected with APP serotypes
from commercial herds might be considered positive.
2, 3, 6, 7, 8, 10, or 12, which are also toxin producWhen animals from conventional commercial herds are
ers. Identifying the serotype implicated is still of
used to establish the negative cut-off value, several asmajor concern in order to make important decipects should be considered:
sions for the producer.
• Are these herds really "free of APP" infection?
• Are there other serotypes present, which can be responsible of some cross-reactions?• Are we going to use the same cut-off value for animals of all ages (for instance, sows and piglets)?
• To establish the predictive value, what are we going
to consider as a "disease," if most seropositive animals .show no clinical signs?
All these problems are present for any serological test and,
most of the time, it is very difficult to obtain the answers.
We have just begun a large experiment in our laboratory
designed to comprehensively evaluate different cut-off
values for the LC-LPS ELISA and their sensitivity, specificity, accuracy, and predictive indexes, taking into consideration important variables (age group, health status,
management procedures, etc.).

Tests based on the neutralization of toxins
Toxin neutralization tests seem to be intermediate between
the CFT and the ELISA in terms of sensitivity and specificity. A characteristic for all APP strains is a secreted
hemolytic activity that seems to play an important role in
pathogenesis. The strength of hemolytic activity could be
correlated to some extent with the strength of virulence
of the different serotypes. The hemolysins of APP have
therefore been subject to intensive research during the last
5 years. They were shown to belong to the family of poreforming RTX-toxins, a group of proteins that is widespread among pathogenic Gram-negative bacteria. Apxi
is the strongly hemolytic and cytolytic toxin that is produced by serotypes 1, 5, 9, 10, and 11. Apxll is the weakly
hemolytic and weakly cytotoxic toxin that is produced by
all serotypes except serotype 10. Apxiii (pleurotoxin) is
1995 Allen D. Leman Swine Conference

• It is not known whether bacteria located in the ton-

sils of carrier animals produce adequate amounts of
toxin to induce antibodies.
• Neutralization tests are complicated and are more
expensive. 12

Practical implications: An
example of the use of serology in
an early weaning of multiple
sources of piglets
Early weaning and segregation of weaned piglets away
from contaminated sources was considered in 1994 by a
boar testing station as a means to achieve healthy commingling of young males of multiple Quebec purebred
farms, since numerous farms were seropositive to APP
serotypes 1, 5, or 7. These serotypes are believed to be
the main cause of clinical pleuropneumonia in Canada.
Based on previous experiences in recent years, 13- 16 a protocol was followed in order to gather 320 male piglets
from 23 different farms weaned between the age of 8 and
14 days. The monitoring included three bleedings of a
cohort of 30 pigs at week 1, week 11, and week 20 after
entry of animals. Animals were serologically tested for
seven different serotypes of APP, namely serotypes 1, 2,
3 (6,8), 5, 7, 10, and 12.
The results are shown in Table 2. During the course of
the experiment, no clinical signs of pleuropneumonia were
noticed, nor any coughing. During a slaughter check, no
lesions of pneumonia or pleuritis were observed. The first
bleeding showed a certain number of reactors mainly to
serotype 7 and, to a lesser degree, serotypes 1, 2, and 12
(probably maternal antibodies). Antibodies to serotypes
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5, 3 (6,8), and 10 of APP were not detected, even though
some of the herds presented a high seroprevalence to some
of these serotypes. The second and the third bleedings
were negative to all serotypes. A final random bleeding
on 60 other pigs was conducted at week 24. Since one
single subject was seropositive to serotype 1, it was decided to expose this pig to four sentinel SPF pigs during a
period of 4weeks and, at the end of this exposure, rebleed
them. The four sentinels remained negative but the suspicious pig remained positive. These five pigs were then:
slaughtered, their lungs examined, and tonsils sent for APP
isolation. All results were negative. It was concluded that
the positive serological reaction obtained was, in fact, a
false-positive reaction. The experiment was considered
to be successful. This shows that serology may be very
useful in the surveillance ofthis kind of practice; however, serological results should be taken as only one of
several indications of infection. The final decision will
always be made by the practitioner, who is the· only
person with a general view of the problem. Similar re~
suits were noticed by the teani of Dr. L.K. Clark on pigs
raised after early weaning (15 days) from a large swine
herd infected withAPP (Drs. B. Fenwick and Clark, personal communication on unpublished data). Dr. Fenwick
also mentioned unpublished results from research done
in collaboration with Dr. H. Harris, where only weaning
at 11 days of age was successful in eliminating APP
seroreactors from infected sources. In contrast, weaning
at 16 and 21 days would generate 50% and 100% positive
results, respectively.
Table 2. Number of seropositive early-weaned
pigs using seven different APP serotypes LC-LPS
ELISA at three different periods of the
experiment. A total of 30 pigs were tested at each
period

Serotype
.1
2
3

No of weeks after the entry of animals
Week #1 Week #1.1 Week#20

techniques seems clinically feasible but obtaining
seronegative animals might vary frorp one trial to another
due to different factors such as weaning age, number of
sources, and clinical status of the different sources as well
as the biosecurity, prophylactic, and man-agement features
of these farms. The use of serology in these instances may
be based on the assumption of a 5% or less prevalence·
with a 95% degree of confidence, therefore necessitating
larger sampling sizes.

Detecting the bacteria
Isolating and/or detecting APP in a herd with
asymptomatic pigs is an interesting complement to the
serology. 17 It is important to remember that:
o

o

o

a serologically positive test indicates that the animal
has been exposed to an antigen, but it does notnecessarily indicate that the agent is still carried by the
animal;
if the animal has been infected only a few days before the test, the serology may be negative; and
some animals can be carriers without presenting
· serological response.
·
·

a:

Our laboratory has a good experience witli selectively iso-"
lating APP from tonsils. However, two poirits should be
considered:
o

o

A negative result does not mean that the bacteria were
not present.
Isolating low-virulentAPP strains of serotypes 1 or 5
is possible. However,- it is presently not possible to
assess the virulence of an isolate without testing it in
swine by an experimental inoculation. Low-virulent
isolates of serotype J recovered in our laboratory
were demonstrated to produce the same toxins as
·
fully virulent isolates.

Some authors have used immunological tests to detect the
presence of bacterial antigens in lungs fr()m infected ani~
inals. For example, the coagghitination test has been used
to detect the presence of APP in lungs with chronic lesions, or when the specimen is too contaminated to per5
form the isohitiom. 18 It may be possible that detecting
7
7
antigens in the lungs may not indicate the presence of
10
0
live organisms, but it may indicate that the animals have
1
12
been exposed to infection sometime in the past. The advantage of this technique, in comparison to isolation, is
Recently in Quebec, a second experiment in the same fa- that the lung tissue could be preserved in 10% formalin
cilities and at similar weaning ages ( 10-14 days) with 400 solution, which obviously will kill
viable bacteria.
piglets of 30 sources was plagued by clinical
pleuropneumonia, with isolation of APP serotype 1 and a However, these tests cannot be used with tonsils or nasal
severe death rate (8%) between weeks 6 and 14 after en- swab samples from infected butclinically healthy animals,
try. Despite the results obtained with this last experiment, due to the presence of a natural bacterial flora that rn:ay
most other trials show that eradicating APP using SEW catise cross-reactions when polyclonal antibodies are used: _.
Monoclonal antibodies (MAbs) may offer a solution to
3.
1
0
0

0
0
0
0
0
0
0

0
0
0
0
0
0
0

all
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Table 3. Reactivities ofthree different monoclonal antibodies with Actinobacillus p/europneumoniae (APP)
serotype 1 field strains using a DOT-ELISA
Monoclonal antibodies
(epitope recognized)
B
A
A+B
(CPS) (CPS) (lPS) (CPS)

c

APP
serotype

No of
strains

Origin

1

112

Lungs

1
9 or 11

35
15
121

Tonsils
Lungs
Lungs/tonsils

Othersb.

75a
97
0
0

98

87.5

100

57
0
0

91
87
0

100
0
0

CPS: Capsular polysaccharides
LPS: 0-chain lipopolysaccharides
aN umber of positive strains
X 100
Number of tested strains
bStrains of APP which belong to one of the following serotypes: 2,3,4,5,6;7,8;10, or 12.
Table 4. Reactivities of three different monoclonal antibodies with Actinobacillus p/europneumoniae (APP)
serotype 5 field strains using a DOT-ELISA
Monoclonal
antibodiesa
APP serotype
5 (5a and 5b}
5 (5a and 5b}
OthersC

No of
strains

Origin

A

8

c

A+B

117

Lungs

97

86

99

42
121

Tonsils
Lungs/Tonsils

gab
95

93

83

98

0

0

0

·~

8 The monoclonal antibodies were directed to different epitopes located in the o~chain of the LPS.
bNumber of positive strains
·
·
X 100
Number of tested strains
cstrains of APP which belong to one of the following serotypes: 1,2,3,4,6,7,8,9, 10,11, or 12.

these difficulties by providing a higher specificity; however, very few MAbs have peen tested with a representative number of field isolates. Our laboratory has produced ·
several MAbs to APP serotypes 1 and 5. Tables 3 and 4
summarize the reactivities of the selected MAbs with field
· strains of APP. 19•20
The following conclusions were reached:
• There is a relative high antigen variability among field
·
isolates of APP.
• All APP serotype-1 isolates tested, from clinically
healthy or diseased animals, seemed to be well capsulated; however, it would be advisable to use antibodies against the LPS since the possibility of the
presence of noncapsulated isolates cannot be ruled
out.
1995 Allen D. Leman Swine Coriference

• It would be very difficult to obtain a MAb directed

against the LPS of serotype 1 that does not recognize
isolates of serotypes 9 and 11.
• It is advisabl~ to use a mixture of several MAbs in

order to increase the sensitivity.
.We are presently working on developing a technique that
would selectively capture the target organism (APP) and
remove it from a mixture culture. The method involves
~sing magnetic beads coated with monoclonal antibodies
directed to APP, which are. added to an enrichment culture, The beads (with the attached APP) can be removed
. from the culture with a commercial magnetic concentrator. This technique would allow us to selectively isolate
APP from highly contaminated environments, such as
tonsils or nasal cavities.
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Practicalhnplicationsto
remember
o

Be sure to select the appropriate target population.

o

Be sure to test a representative number of animals.

o

o

o

o

o

o

o

Decide which serotype(s) of APP is (are) important
for your producer.
Discuss with the laboratory the sensitivity and specificity of the test used.
There is no serological test that is 100% sensitive:
remember that the number of positive results may also
depend on the prevalence of the infection.
There is no serological test that is 100% specific, even
though this figure was obtained during the validation
of the test. The real and absolute "field" specificity of
a serological test may never be known, since animals
may come in contact with hundreds of different bacterial species that will never be tested for possible
cross-reactions with APP.
Use results from the laboratory as a tool: you have to
correlate them with other information available. The
final decision on the real health status of the herd (regarding APP) will be up to you.
If you are going to ask for APP isolation from tonsils, be prepared for a negative result, which does not
mean that the bacteria is not present in the samples.
In the near future, MAbs specifically directed against
APP will be available and more reliable tests (direct
detection or selective isolation) will be at your disposal.
Low-virulent strains of APP serotypes 1 or 5 do exist; however, since it is not possible to differentiate
them from highly virulent strains, each isolation or
confirmed-positive serology should be considered to
be a high risk of disease.
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An update on Streptococcus suis infections: the
University of Montreal experience
M. Gottschalk; S. D' Allaire; J.D. Dubreuil; J. Harel; R. Higgins; M. Jacques; G.P. Martineau; B. Martineau-Doize
Streptococcus suis is considered a major problem in the
North American swine industry, particularly for the past
ten years. Although its occurrence is more frequent in
swine, more and more reports of isolation of this bacterium from different animal and bird species are being
made. 1 In fact, S. suis seems to act as an opportunistic
pathogen in these hosts. It must be noted that this microorganism is also an important zoonotic agent. In Quebec,
two human cases have been reported in the past 3 years.

Research on diagnostic tools, pathogenesis, virulence factors, and the control of the disease has been increasing in
the last 5 years, especially with S. suis serotype 2. The
objective of this presentation is to review the latest research results on S. suis obtained by our research group
and to discuss·them in relation to recent literature.

Diagnosis
There are currently 35 described serotypes of S. suis. 2
Nontypable strains are not frequently isolated and their
implications for clinical disease are, in general, negligible.
Table 1 shows the distribution of different serotypes isolated from diseased pigs in Canada from 1990-1994. Note
that the prevalence of different serotypes has not undergone major change during these years. Serotype 2 is still
the most predominant capsular type; however, other types
such as serotypes 112 and 3 also appear to be important.
In the United States, recent data have indicated that serotype 2 was also the most predominant capsular type in
diseased pigs. 3
Table 1: Distribution of capsular types of
Streptococcus suis recovered from diseased pigs
in Canada between 1990 and 1994
a Capsular types 1 to 22 and 1/2
b Capsular types 1 to 28 and 1/2
c Capsular types 1 to 34 and 1/2
UT = Untypable

types (19, 21, 7, 3, 8 and 28) represented almost 10% of
all typable isolates. 4 Nearly 75% of animals harbored
one or another of the S. suis serotypes in their nasal
cavities.
Because it is difficult to isolate S. suis serotype 2 from
chronically infected animals, we intended to develop an
ELISA to detect antibodies against this pathogen, using a
highly purified capsular polysaccharide antigen, and to
compare it with a previously described test that used crude
antigens (cell extract). 5 Results showed that the purified
antigen-based ELISA significantly reduced the level of
cross-reactions obtained with the cell extract; however, a
certain level of cross-reactions was still observed with
some serotypes, possible due to common epitopes in their
capsule. Finally, pigs experimentally and/or naturally infected with S. suis serotype 2 (virulent or avirulent strains)
did not develop high titers of antibodies against the capsule. 'n conclusion, this ELISA can not be used to differentiateS. suis serotype 2 infected from non-infected
animals.

Virulence factors (serotype 2)
It is now accepted that virulent and avirulent strains of S.
suis serotype 2 do exist, as suggested by Dutch researchers. A general agreement indicates that ·discrimination
between virulent and avirulent strains would be more useful than serotyping alone. Studies from Minnesota6 and
from our group7 indicated that genomic fingerprinting has
emerged as an interesting method to distinguish between
the natural inhabitants of the nasal flora from S. suis isolated from clinical cases. However, because virulence
factors are still incompletely known, diagnosis is complicated. Indeed, there is still no universal virulence marker
that could be used to differentiate virulent from avirulent
S. suis serotype 2 strains. Among virulence factor candi~
dates, there are the capsule and the cell-wall associated
or extracellular proteins.

Clinically healthy pigs are often carriers of one or more Capsule
capsular type of S. suis. We have reported that in 19 herds
It is not clear whether or not the capsule of S. suis serothat had not experienced any disease problem associated
type 2 is a virulence factor. We have shown· that a
with S. suis in the previous 6 months, serotype 2 was isononcapsulated spontaneous variant is not virulent, 8 that
lated in only 1.5% of piglets, whereas a few other serothe thickness of the capsular material correlates well with
the degree of virulence and that, in vivo, grown bacteria
show a marked increase in the thickness of the capsule.9
Groupe de Recherche sur les Maladies Infectieuses du Pore.
Universite de Montreal. St-Hyacinthe, Quebec. Canada.
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However, we have also shown that virulent and avirulent
strains are both capsulated and possess a similar concentration of capsular sialic acid, another potential virulence
factor. 10 This indicates that the presence of the capsule
(serotyping) can not be used to establish the virulence
of aS. suis serotype 2 isolate. Capsule might be a virulence factor but it is certainly not a virulence marker.

Cell wall associated and extracellular
proteins

In addition, several other proteins have been described as
possible virulence factors forS. suis. Our group has recently described the presence of an immunoglobulin-binding protein, 16 which might interfere with opsonization of
antigens and prevent or decrease the phagocytosis. However, this protein is present in virulent as well as in avirulent isolates of different serotypes. Finally, our group has
described aS. suis albumin- and myosin-binding protein,
and results suggest that interaction with host proteins could
contribute to the dissemination of S. suis serotype 2 in
the host. 17

Researchers from the Netherlands have identified two
virulence markers inS. suis serotype 2 strains. One is the Pathogenesis
muramidase-released-protein (MRP) and the other is an
extracellular factor (EF)." Strains belonging to the phe- British researchers 18 postulated the following hypothesis
notype MRP+EF+ were highly virulent; MRP+EF- were concerning meningitis:
• bacteria gain access to the cerebrospinal fluid comslightly virulent and MRP-EF- were avirulent. An ELISA
that can detect both of these proteins (and differentiate
partment in association with monocytes migrating
along normal pathways;
virulent from avirulent strains) is available. Our results,
using 20 Canadian isolates, showed that the protein pro• pathogenicity of bacteria is related to their ability to
file of the cellular fraction is similar for the majority of
virulent and avirulent isolates studied with the exception
survive within phagocytes; and
of three virulent strains in which the MRP was not de• S. suis is easily phagocytosed in the absence of typespecific antibody and/or complement.
tected.12 In addition, the EF pr~tein was present in 14 of
16 virulent but not in avirulent strains. Some virulent
strains appeared to be MRP-EF-. In addition, the 110 kDa Our results showed that capsulated virulent and avirulent
protein that corresponded to the EF did not react with the strains are similarly phagocytosed and that bacteria can
monoclonal antibody developed by Dutch researchers. 12 survive for at least 3 hours inside macrophages. Host
Thus, the ELISA developed by these workers for the complement as well as bacterial capsular sialic acid do
differentiation of virulent from avirulent strains can not seem to be involved in the phagocytosis of S. suis.
not be used with Canadian isolates. Finally, little is These facts seem to confirm the hypothesis put forward
known about the role of these proteins in virulence. Stud- by the British researchers. However, on the other hand,
ies from Minnesota suggested that there is a correlation . we also observed that the phagocytosis rate of capsulated
between the possession of MRP and EF proteins by S. bacteria is very low (<15%), that anoncapsulated variant
suis and its ability to resist post-phagocytic killing by was easily phagocytosed (>75%) and that, in the presporcine alveolar macrophages. 13 Recent studies showed ence of serum (with or without complement), virulent and
that isogenic MRP- EF- mutants, obtained from a highly avirulent bacteria seem to survive in similar rates inside
virulent MRP+ EF+ wild strain, did not lose their viru- macrophages. 19 In our view, the pathogenesis of menlence (Dr. H. E. Smith, s. suis Symposium, Canadian ingitis caused by S. suis serotype 2 is still not clear. In
Society ofMicrobiologists, Kingston, Ontario, June 1995). addition, very little is known about the pathogenesis
of other pathological conditions caused by this microA hemolysin, another extracellular protein, has recently organism.
been described for S. suis serotype 2. 14·15 Mice immunized
with a vaccine containing the purified hemolysin appeared Control of the infection
to be protected against a lethal S. suis serotype 2 chalPenicillin remains the empiric therapy in severe S. suis
lenge, indicating that the hemolysin may be an important
infections. We recently reported the minimal inhibitory
factor and that the neutralization of this single factor is
concentrations (MICs) of various antimicrobial agents for
sufficient to protect mice against the infection. 14 Howrepresentative strains of S. suis. 20 Overall, 50% of strains
ever, our results showed that antibodies against the hemolwere not fully susceptible to penicillin, whereas these
ysin could not be detected in pigs experimentally infected
percentages for ampicillin and cephalothin were 9% and
with a hemolysin-positive strain of S. suis capsular type
6% respectively. We have shown that modifications of the
2. 15 In addition, less than 10% of Canadian virulent isopenicillin-binding proteins (altered molecular weight and/
lates of S. suis capsular type 2 are hemolysin-positive (unor decreased affinity for penicillin) are involved in the
published observations). The role of this hemolysin in the
mechanisms of resistance to penicillin by S. suis. 21 This
pathogenesis of S. suis infections remains to be investimay have some practical implications, since the extengated.
sive use of penicillin in the field may stimulate this kind
90
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of resistance. Variable blood concentrations of different
types of penicillin (PEN G and PEN V) are· achieved depending on several factors, as reported separately in this
proceedings.
Protection by immunization using vaccines seems to be
an important feature in the control of S. suis infections,
since other control methodologies, such as medicated early
weaning, does not seem to provide good results. However, equivocal results have been obtained with bacterins.
Autogenous vaccines have been used but because no controlled trials have been reported, their effectiveness is
questionable. Preliminary results in mice showed that an
avirulent S. suis serotype 2 strain could be used as a live
vaccine to protect against a challenge with a virulent
strain. 22 These results have recently been confirmed in
swine. In fact, animals vaccinated with an avirulent MRP,
EF, hemolysin-negative strain isolated from a clinically
healthy animal were protected against an intravenous challenge with a highly virulent MRP, EF, hemolysin-positive
strain. 23 This suggests that protective antigens are not
necessarily related to virulence antigens. Recently, our
group reported that antibodies to the EF protein protected
mice against a challenge with a homologous and heterologous S. suis strains. 12 However, results from the Netherlands did not show protection by antibodies against this
protein (A. Jacobs and H. Smith, S. suis Symposium,
Canadian Society of Microbiologists, Kingston, Ontario,
June 1995).
Other studies suggested that administering interleukin113 for 3 consecutive days at vaccination (using a commercial bacterin), is more effective than a single S. suis
vaccination in protecting pigs against S. suis challenge. 24
All these experiments have been specifically carried out
for serotype 2~ Recently, an avirulent streptomycin-dependent mutant of S. suis serotype 1/2 was used as a vaccine in mice, and complete protection against challenge
with S suis serotypes 1 and 1/2 and partial protection
against challenge with S. suis serotype 2 were obtained; 25
Because of the large number of capsular types, overall
success with commercial vaccines may be elusive until
the specific virulence factors contributing to the pathogenicity of the micoorganism and implicated in the protection process are identified and characterized.

Practical implications
• Isolation and biochemical identification of S. suis can
be carried out by most diagnostic laboratories. Since
more than 70% of S. suis isolates recovered from diseased pigs belong to serotypes 1 to 9 ap.d 1/2, it would
be advisable for small laboratories to have antisera
corresponding to these 10 serotypes and send the
untypable strains to reference laboratories.
• There is no currently available serological test to detect herds chronically infected by S. suis serotype 2.

1995 Allen D. Leman Swine Conference.

• There is no currently available test to differentiate
virulent from avirulent S. suis serotype 2 isolates in ·
North America.
.
• According to some results on the pathogenesis of the
infection, antibiotics that can reach a high concentration inside phagocytes might be useful in treating S.
suis meningitis; resistance to penicillin may slowly
but consistently increase during the next years. ·
• The use of medicated early weaning does not seem to
help in controlling the infection caused by S.

suzs.

• Scientifically-proved prptective irrimunogens would
probably be very useful in controlling the infection
caused by S. suis.
• Live avirulent vaccines might be useful in preventing disease ca11sed by S. suis serotype 2.
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The use of pharmacokinetics to implement
penicillin prophylaxis for streptococcal diseases
Jerome del Castillo**, DVM, IPSAV, MSc; Guy-Pierre Martineau**, DVM, DESS;
Serge Messier***, DVM, PhD; and Robert Higgins***, DVM, PhD.
Prevention of Streptococcus suis-related problems in
postweaning operations are currently one of the most
important concerns in swine production. While S. suis can
be found in most intensive swine operations, diseases related to this bacterium often occur in farms with management or infectious problems. 3 Streptococcal diseases, because they increase death rate, reduce growth of piglets,
and increase labor, can have major consequences on economic profitability. 2 Antibiotics are usually administered
in feed or drinking water to prevent clinical disease during risk periods such as weaning or commingling. Penicillin G (pen-G) is still the antibiotic most frequently chosen by veterinary practitioners for preventing this disease.
Despite its great activity in vitro against S. suis, in many
cases the prophylactic strategies do not achieve the expected outcome. 7

both penicillins seem to diffuse to peripheral compartments. Our experiments with 3-week-old piglets show that
the apparent distribution volume (Vo(area)) is 730 mL per
kg for pen-G and 580 mL per kg for pen-V, aproximately
three times more than in dogs.'
Penicillins are known to be almost completely excreted
by the kidney. In piglets, their elimination half-life (t 112 ~)
is quite fast, about 25 minutes, 4 which is similar to values
found in humans and dogs, but its body clearance (Cl0 ) is
much higher in piglets than in dogs. In our experiments,
this kinetic parameter was equal to 18.7 mL per kg per
minute for pen-G and 16.7 for pen-V, which is 6 times
higher than in dogs. 1

Oral bioavailability

Streptococcus suis resistance to antibiotics has been cited
to explain the inefficacy of penicillin for prophylactical
purposes. Antimicrobial resistance can be induced in this
bacterium under laboratory conditions. 5 Despite the sensitivity of Streptococcus pneumoniae to pen-G, this product is never administered by the oral route in humans because it is susceptible to acid conditions, such as. those in
the gastric lumen, and bioavailability is greatly reduced. 6
Penicillin V (pen-V) is a better choice for oral administration. Because of this, it appeared important to evaluate
the clinical pharmacokinetics of both penicillins in pig-.
lets, with a special emphasis on oral administration.

Bioavailability is a very interesting parameter for practitioners because it gives an estimate of the proportion of a
drug that is found in the serum after being administered.
It plays a key role in predicting the likelihood of antibiotic serum levels to meet the MIC of pathogenic bacteria.
Absolute bioavailability (F) is the ratio of the amount (area
under the curve or AU C) of drug found in serum after a
non-IV administrlttion (i.e., a medicated food) compared
to IV route. In relative bioavailability (FreD, the denominator is an AUC of drug-related to another non-IV administration (i.e., by drinking water). Bioavailability of a
drug depends on the type of administration used, such as
the vehicle (water, moist or dry food), the presence of
substances that can interact on availability (citric acid,
calcium, fiber, metal ions). It also depends on the indiWe performed several experiments 4 on 3-week-old pig- vidual.
lets, weaned on day 16. Each piglet was administered two
In our experiments,4 pen-V was administered in three diftreatments of pen-G or pen-Vat 2-day intervals. Both treatferent ways (Figure 1):
ments given to each individual differed in penicillin type
and/or route of administration. Penicillins were adminis• an aqueous solution to fasted piglets by a gastric tube,
tered either by intravenous (IV) or oral routes. Intrave• mixed to 25 g of food when drinking water was given
nous administration of drugs was selected as our referad libitum,
ence route to help us understand its disposal by the animals
and evaluate what happens when other routes of adminis• during food intake when piglets were deprived of
tration are used.
water.

Pharmacokinetic experiments

Behavior of both penicillins seems to be quite similar. A median F of 40% (21 %-65%) was found when the gut
Once in the intravascular compartment, a fair amount of was empty, while only 20% of the dose administered in
·medicated food was found in serum when water was offered. Only 7% of the pen-V administered was found when
Departments of Clinical Sciences** and Pathology and
it was given during food intake and water was withheld.
Microbiology***Faculte de medecine veterinaire, Universite de
Montreal. Quebec. Canada.
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Figure 1: Intestinal bioavailability of penicillin V
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Absorption
This latter protocol of administration showed great indi- mals, the AUC of pen-V was 1.3-4 times higher than the
vidual variability; some piglets were able to absorb about AUC of procaine pen-G.
13% of the dose administered, while others had F of 4%.
This points out the important role played by water in penicillin absorption and the amount of interference caused
· by food in the gut. Using the AUC of water-administered
pen-Vas a denominator, the Frel offeed-administered penV was 50% when water is available, but only 17% when
piglets were not offered water during food intake.
In repeating the same type of experiments with procaine
pen-G, the piglets refused to eat the medicated feed. They
also had nausea, anorexia, and vomiting after being treated
with this kind of penicillin.
· About 18% of the administered dose of procaine pen-G
in aqueous solution was absorbed, which is significantly
(P<0,05) different from the F ofpen-V When water was
not offered to piglets and procaine Pen-G was administered during food intake,F was reduced to about 3% with
little individual variation. Five of our piglets were given
both pen-G and pen-V at 2-day intervals, during feed intake and while water was hot being offered. In those ani-
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Conclusions
The most important feature of drug therapy is to. achieve
the desired effect. To be successful, serum drug titers have
to reach concentrations enough to harm the bacteria. Of
all the types of oral treatments studied, only the pen-V in
water given to fasted piglets could reach serum concentrations greater than the target concentrations selected for
S. suis isolates. In the same conditions, pen-G concentrations were much lower and hardly stayed above the target
serum level. In presence of food, only pen-V reached the
target level, but just in a few piglets. Thus, penicillins
should be exclusively administered by drinking water to
avoid the interference to absorption caused by feed.
When planning population antibioprophylaxis, econom-.
ics should not be the only decision factor. Choosing the
right antimicrobial for oral administration can seriously
increase the likelihood of success and minimize therapy
duration. Practitioners should also be aware ofthekinetic
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Figure 2: serum penicillin G and penicillin V administrated as 20 000 IU/Kg
three week old fasted piglets
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· data of antimicrobials and the influence of the route of streptococcie chez le porcelet sevre - Memoire de maitrise,
administration on bioavailability, as demonstrated in the Universite de Montreal. 1995: 140 pages.
5. Gottschalk, M., D' Allaire, S., Dubreuil, J.D., Hare], J.,
present study.
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Disease Transmission in Boar. Semen
Christianne E. Glossop
There are many excellent reviews of the transmission of
disease through boar semen in the literature. 1•2•3 The purpose of this paper therefore is not to reiterate the work of
fine pathologists and epidemiologists the world over, but
to focus on the practical issues which arise from their
observations. The questions of urgent and immediate relevance to the pig industry are as follows:
• What are the risks?
• What diseases can be transmitted through boar semen?
• What action can be taken to minimise the risks?

policy, taking into account the diseases of importance,
how to protect the stud against them, how to recognise
the infection at the earliest stage, and contingency planning in the event of a disease outbreak.

The Risks
The extent of semen distribution from a boar stud can
vary widely depending upon the size and function of the
stud. A modest on-farmAI facility may supply semen only
within that particular unit and under those circumstances
it is likely that the health status of the AI boars will be
equivalent to the heath status of the rest of the herd. A
large commercial AI stud may hold hundreds of boars,
and distribute semen across an entire breeding pyramid
or even an entire country - in this case the potential for
disease spread is considerable. While the risk of disease
transmission is perhaps the most serious implication of
infection entering a boar stud, there are other implications:

AI in cattle developed to facilitate widespread use ofhigh
quality sires and to eliminate the problem ofvenereally
trari.smitted disease; at the outset it was clear that caution
was necessary to ensure that this new vehicle for improved
genes did not facilitate spread of genetic defects or pathogens. As one bull ejaculate may produce up to 1000 straws
of frozen semen the potential for disease spread is considerable. 1 The potential problem is exacerbated by the
fact that many viruses survive freezing, and Reduced semen production
cryoprotectants may render antibiotics less effective. 4 This
Any infection or disease which causes a hyperthermia can
highlighted the need for establishment of a biosecure sysaffect semen quality (e.g. localised infection, respiratory
tem for the operation of bull studs and this is organised
disease, generalised viral or bacterial infection). In addion a national and international basis.
tion, specific pathogens appear to act directly on the funcThe development of pig AI in Europe was accelerated by tion of the test~:
the 1967 outbreak of foot and mouth disease in the Neth• Brucellosis. This pathogen can become localised in
erlands, when AI provided a lifeline in terms of facilitat..:
the testes, causing orchitis. When this occurs, spering gene movement when movement of live animals was
matogenesis is impaired and testicular degeneration
not permitted. It is clear that AI has much to offer in this
occurs. Erysipelas and Mycoplasma hyosynoviae also
situation provided that the risks do not outweigh the benappear
to have a deleterious effect on testicular funcefits. Consideration of the potential for disease transmistion.6
sion through boar semen becomes of greater relevance
and economic significance as the usage of AI increases;
• Ubiquitous pathogens such as Streptococcus spp.,
and the applications of AI become more diverse. A herd
Staphylococcus aureus and Escherichia coli can
is most likely to receive semen from a boar stud on a
localise in the testes. It is not known whether the subweekly basis and is thus exposed regularly to the same
sequent reduction in fertility is due to infection of
risk of disease transmission. 5 The impact of a disease outthe sow's reproductive tract or a direct effect on sperbreak on a major boar stud is not limited only to the posmatogenesis. 6
sibility of widespread transmission of disease or reduced
• PRRS infection has a marked effect on spermatogenfertility of the semen despatched; closure of a major boar
esis, the semen quality of infected boars being restud would have a significant impact on the herds
duced for up to 13 weeks. 7
dependant upon it for semen supply. The importance of
AI biosecurity cannot be overemphasised.

Reduced fertility

Although the risk of disease spread is low, and there exThe presence of bacteria in boar semen can have a negaists an excellent track record in this respect, AI cannot yet
tive effect on its shelf-life and fertility 8 ; experimentally
offer a totally biosecurity. In order to minimise the risk a
has been demonstrated that semen seeded with more than
stud must be operated under the most stringent health
10,000 bacteria per ml had reduced fertility, and that its
PIC, Fyfield Wick, Abingdon, Oxfordshire, England

1995 Allen D. Leman Swine Conference

97

Christianne E Glossop

insemination significantly increased the risk of uterine infection.2

Disease Transmission
Although the potential for disease transmission through
AI is great, the track record is good. In Europe, where AI
has been in widespread use for over 20 years, there are a
small number of reports ofAI being the most likely source
of disease transmission (e.g. PRRS 9 , Pseudorabies (personal communication)). The risk of spread varies accord:..
ing to the pathogen; in each case the pertinent questions
are as follows:
o
o

o
o

o

o

Is the pathogen shed in semen?
Is the pathogen a contaminant of semen (e.g. from
the sheath, respiratory secretions, feces)?
What is the nature of the pathogen?
How long does the pathogen survive in diluted boar
semen?

Table 1: Bacteria identified in boar semen 5 •8

Commonly found
Staphylococcus spp
Pseudomonas spp
Escherichia spp
Klebsiella spp
Citrobacter spp
Micrococcus spp
Eubacterium suis

·

Infrequently found
Corynebacterium spp
Streptococcus spp
Proteus spp
Serratia spp
Bacillus spp
Enterobacter spp
Aerobacter spp
Bordatella spp
Mycoplasma spp
Leptospira spp
Brucella suis
Actinobacillus
Pasteurella spp
Erysipelothrix rhusopathiae
Salmonella spp

What is the required infectious dose and is the pathogen present in sufficient quantities in diluted semen
to cause infection?
Can the sow be infected by this pathogen through intrauterine infusion?

Bacteria found in boar semen
Presence of bacteria in boar semen may result from an
infection within the boar's urogenital tract or from contamination of the ejaculate during collection or processing. Boar semen is likely always to contain a number of
bacteria and control measures must recognise this. Bacteria which have been identified in boar semen are identified in Table 1.

Vrruses found in boar semen
Every effort must be made to protect AI boars from sources
of viral infection as this is the most secure means by which
transmission through semen may be avoided. Virus may .
be shed dire~tly into the ejaculate from the testes or accessory glands, or may contaminate the ejaculate during
or after collection (e.g. feces, uritle, respiratory secretions,
skin, saliva). Virus can be difficult to detect in semen as
proteolytic enzymes in seminal plasma can interfere with
identification, and an infected boar inay only shed virus
intermittently. 3 Viruses which have been found in boar
semen are discussed in Table 2.
. .

It is worth considering two of these organisms in greater
·
This list represents a diverse range ofvinis pathogens and
detail:
it is pertinent to consider the more important of these in
greater detail.

Brucella suis

This important bacteria is found in large numbers in the
Major epizootic diseases
semen of infected boars. 10 Routine testing of new AI boars
Infection with foot and mouth disease, African swine fe- ·
and continual monitoring of boar stud populations for
ver,
classical swine fever (hog cholera) and swine vesicuBrucella suis should be standard practice. 11
•
lar disease can result in presence of virus in boar semen. 3 .
In such cases virus may be present in the semen before
Leptospirosis
clinical signs of the disease, and this offers the greatest
The importance of venereal transmission ofLeptospirosis period of risk, particularly as the majority ofboar semen
is recognised 12 , boars shedding spirochaetes in the urine is despatched fresh on the day of collection. Siting of the
· for up to a year after infection. 13 Contamination of the boar stud and operational procedures are key to the
· ejaculate during collection is a potential problem, and minimisation of risk in the c~se of these diseases.
efforts should be made to maintain a stud free of infection, monitoring for disease, treating the boars and treating the semen with antibiotics as appropriate. 12
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Disease Transmission in Boar Semen
Table 2: Viruses identified in boar semen 8

Adenovirus
African swine fever*
Aujeszky's disease (pseuadorabies)*
Cytomegalovirus
Enterovirus
Foot and mouth disease
Hog cholera (classic swine fever)
Japanese encephalitis
Porcine parvovirus*
PARS*
Reovirus
Swine influenza
Swine vesicular disease
Transmissable genital papilloma
*Transmitted through semen

Aujeszky's disease (Pseudorabies)

J

boar stud to be maintained free from PRRS (with the constant risk of infection) or sero-positive (with the possible
risk of transmission) is very difficult to answer. Boar studs
world-wide appear to have reached differing conclusions
on this question. Although at an early stage of application, the advent of a PRRS vaccine may offer the solution.

AI biosecurity protocol
It should be recognised that the scale and function of AI
· operations can vary widely from an entirely in-house facility to a dedicated commercial boar stud. While the risk
and implications of infection or contamination of the semen may differ in each case, a high standard health and
quality control should always be the aim. 22 In addition to
the internal health protocol there may alsobe national or
international legislation which must be observed. An AI
biosecurity protocol must be adopted which takes into
account all methods by which a disease agent may be distributed through the semen. It should aim to prevent the
population of AI boars from infection, to prevent of the
semen becoming contaminated with a pathogen, ·and to
minimise the chance of infected semen being distributed.

Pseudorabies virus has been isolated from boar semen14•15
although the process is rendered difficult by the presence
of viral inhibitors in the semen. 16 There is some controversy as to whether vaccination is acceptable for AI boars,
as it is thought that vaccinated animals may still shed virus in the, semen. 16 It is possible however to differentiate
between field virus and vaccination antibodies. 17 The EU
Semen Directive 18 requires that all boars admitted to the
semen collection centre must have been tested for
Aujeszky's disease by a serum neutralisation test or an
ELISA test using all the viral antigens, or in the event of
their having been vaccinated with a G 1 deleted vaccine
'
by an ELISA test for G 1 antigens.

Consideration must be given to controlling the potential
sources of infection of boar stud population (i.e., lateral
spread, new boars, people (staff and visitors), feed, water,
and wildlife). Siting of the stud in a biosecure location
and paying attention to the health of incoming boars are
essential. A policy must be in place to avoid all unnecessary visitors to the stud; all staff must maintain 'pig-clean'
status and a shower-in policy should be in operation. Stud
deliveries and collections should be minimised and all
delivery vehicles kept outside the perimeter fence. The
health of the stud should be monitored on a regular basis.
The policy must also ensure that semen is collected only
from boars which are free of clinical signs of infectious
disease. The development of a rapid in-house test for presPorcine parvovirus
ence of pathogens in ssmen would revolutionise the enTransmission of this widespread virus through semen has tire situation.
been demonstrated and vaccination of boars is recomThe biosecurity policy must take into account all possible
mended.19
sources of semen contamination. Pathogens may be introduced
into the semen directly from the urogenital tract.
PRRS
Alternative routes are by contamination of the ejaculate
Epidemiological studies ofboar studs infected with PRRS
from the preputial sac, feces, the skin of the boar, expelled
virus in the UK have provided circumstantial· evidence
air, the collector, the collection equipment, semen diluent,
that this disease can be transmitted through AJ.9 More
or water. Cross-contamination between two ejaculates in
recent methodical studies have demonstrated the presence
the laboratory is also possible. The health protocol should
of virus in the semen of infected boars by PCR (polydetail procedures for semen collection, processing, and
merase chain reaction) for up to 92 days post infection20 ,
dilution, including the biosecurity of all chemicals which
and the transmission of virus through insemination with
are
used. A routine procedure for monitoring the bacteraw semen. 21 This disease presents a major challenge for
riological contamination of the ejaculate, diluent, and the
AI s~uds as it not only can be transmitted through semen,
enviroiunent in which the semen is collected and processed
but 1t also has significant effect on the productivity of a
is recommended. 23 Microbiological examination of the
boar stud. 7 The question as to whether it is better for a
diluted semen on storage is also advisable; this can be.of
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particular value in ensuring the appropriate choice of antibiotic to be added to the semen diluent. 24 HACCP (hazard analysis of critical control points) is of value in developing an appropriate protocol.
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Porcine Reproductive and Respiratory
Syndrome in Boars
Tom Molitor and Jinho Shin
Efficient production of high quality semen is of major
importance to the swine industry, especially to artificial
insemination organizations with the reason for the prevention of diseases. Semen used for artificial insemination has a great potential for the transmission of infectious diseases. A review of the Office International Des
Epizooties (OlE) Group A diseases and other viral, bacterial diseases of particular importance to artificial insemination (AI) and embryo transfer (ET) in cattle, sheep,
pig and horse was described by Philpott (1993).

.from boars challenged with 106.5 TCID 5olboar intranasally from 3-5 up to 13-43 days post-inoculation (DPI).

Virus isolation from semen on cell cultures using porcine
alveolar macrophages or continuous cell line cells is difficult because of cytotoxic effect of semen on cells (Van
Woensel et al; 1994; Swenson et al, 1994). According to
Van Woensel et al (1994), a 100-fold was reduced in
median tissue culture infective dose (TCID5o) when
PRRSV was diluted in sperm and then cultured on macrophages. We also obtained a similar result when PRRSV
At present, a major concern exists on the transmission of with various dilution ranges in semen was inoculated on
porcine reproductive and respiratory syndrome virus CL-2621 cells (50- 200 folds in TCID5o).
(PRRSV) via semen and the effect of vaccination on Recently, Christopher-Hennings et al (1995) reported a
PRRSV shedding in semen. An epidemiologic study in sensitive polymerase chain reaction (PCR) using nested
Great Britain revealed circumstantial evidence that PRRS primers for the detection of PRRSV in semen.
They
virus was spread to non-infected farms via purchased se- detected PRRSV RNA in semen from 3-5 upto 13-47 DPI
men (Robertson, 1992). Results from an epidemiologic using the same samples of Swenson et al (1994). They
investigation of an outbreak of PRRS in a large farrow- reported a modified PCR method, especially modificato-finish operation in South Dakota implicated fresh se- tion of RNA isolation from fractionated or non-fractionmen as a potential source of infection (Yaegaret al, 1993). ated semen. This modification provided increased sensiYaegar et al (1993).reported that 2 gilts inseminated with tivity and specificity of the PCR method. In general,
semen from 2 experimentally infected boars had clinical nested PCR method has been lmown to provide the sensisigns of PRRS, developed antibodies against PRRS vi- tivity of detection limit around 1,000-fold increase comrus, and failed to conceive. Evidences of seminal shed- pared to that of PCR with single pair of primer.
ding ofPRRSV were not obtained by virus isolation (VI)
(Ohlinger, 1992), or by PCR without using nested primers (Woensel et al, 1994). Seminal shedding ofPRRSV
was observed either by swine bioassay using animal inoculation (Swenson et al, 1994), or by PCR using nested Seminal shedding
primer sets (Christopher-Hennings et al, 1995).
PRRS vaccine virus from semen samples of vaccinated
boars
was not isolated on cell cultures, but vaccine virus
Boar vaccination against the PRRSV infection has beRNA
was
detected from three boars at day 6 to 15, 9 to
come important as soon as prolonged seminal shedding
12,
and
15
to 21 post vaccination by nested PCR. Folwas confirmed by improved methods of virus detection
PRRSV RNA was detected in semen
lowing
challenge,
in semen. Recently, several ofPRRS vaccines have been
of
non-vaccinated
boar by nested PCR at 7 to
from
two
developed around the world, but its effect on boar was not
50
and
2
to
57
days
post-challenge.
PRRSV was isolated
well determined yet.
from semen of non=vaccinated challenged boar on CL2621 cell cultures only at day 7 post-challenge. Virus
RNA from vaccinated boar semen was not detected by
nested PCR after challenge.
Swenson et al (1994) confirmed seminal shedding of
PRRSV by inoculation of semen from experimentally infected boars to suseptible young pigs to determine if Viremia
PRRSV can be excreted in semen. Although animal in- PRRS vaccine virus from serum samples of3·vaccinated
oculation for the detection of viruses in semen is not a boars was isolated using CL-2621 cell cultures at day 2 to
new procedure, this method provided evidence ofPRRSV 9, 2 to 6, and 6 to 12 post-vaccination, respectively. And
excretion in semen for a considerable period. According also vaccine virus RNA was detected in sera at 2 to 15, 2
to Swenson et al (1994), PRRSV was detected in semen to early days post-challenge, and 2 to 28 post-vaccination. Following challenge, PRRSV was not isolated from

Vaccination

PRRSV in semen
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sera of vaccinated boars, but virus RNA was detected at virulent virus without significant effects on semen qualday 9 only, early days post-challenge to 15, and 9 to 15 ity.
post-challenge. The challenge virus was isolated from
sera of non-vaccinated challenged boars at 2 to 9, 2 to 7
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Conclusions

free or cell-associated state.
PRRS vaccine virus was shed into semen with shorter
period than that of virulent PRRSV PRRS vaccine proved
to protect boars from the prolonged seminal shedding of
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Infectious diseases of concern to boar studs:
biosecurity and health monitoring
Jerry Torrison
With increasing interest in, and expanding use of, artificial insemination (AI) in the US swine industry comes
the need to review measures to control the risks of disease dissemination via semen. We are not starting from
scratch, as AI has been applied broadly in other segments
of animal agriculture- in cattle breeding worldwide and
in pigs throughout Europe, for example; health control
programs for movement of breeding and growing pigs
have been developed and applied previously. As an industry, it is likely that some form of standardization of
minimum health and hygiene requirements will develop,
perhaps modeled after the program developed by the National Association ofAnimal Breeders. In the interim, boar
studs will operate under unique systems developed and
operated individually.
Use of nrtificial insemination cnn be considered ::1 means
of reducing the risk of disease transmission relative to
live pig movement in that fewer swine diseases are transmissible via semen than by pigs 'on the hoof'. However,
given the frequency of semen introduction (weekly or
more frequently, with the associated transport risk), the
number of farms and/or sows exposed to semen from a
given AI center, and the inability to effectively 'quarantine' incoming semen, we characterize distribution of
swine semen as low risk, but potentially high impact in
terms of potential disease transmission.
Because of the potential high impact, prevention of disease problems through a comprehensive health control
program has to be the cornerstone of managing the risk
of disease transmission via semen. A comprehensive list
of agents transmissible via semen isn't included in this
discussion as it will be covered by others and has been
reviewed extensively elsewhere (Philpott, 1993; Hare,
1985; Thacker, et al, 1984). It bears mentioning, however, that the list of disease agents and, subsequently, the
program to control them must be considered a work in
progress due to the changing structure of our industry,
the emergence of new agents and detection methods, and
renewed interest in old agents.

Four principles of health control
Our veterinary services group is frequently called-on to
discuss biosecurity and health monitoring for training
within our company or for advising customers. To provide a digestible framework for presenting the concepts,
Dr. Barry Wiseman reduced the components of a health
control program down to four basic elements which will
be used as the structure for this discussion. We refer to as
these as the four principles of health control. They are:
o

o
o
o

Establish and maintain barriers against disease.
Stock the farm with healthy pigs.
Monitor the health and health security of the farm.
Have contingency plans in place for problems.

Establish and maintain barriers against
disease
Before boars are ever placed into an AI center, careful
consideration must be given to designing a stud with intrinsic barriers against disease entry. These barriers must
consider all the inputs, processes, and outputs of the farm.
These barriers include both the design and management
of the facilities.
The old saying t~t, in business, the three most important
things are location, location and location is certainly true
in terms of preventing disease entry into swine facilities.
Long distance aerosol transmission of viruses is possible
under certain circumstances, but the more likely shorter
range transmission is a function of meteorological conditions, distance from source farm, and the relative sizes of
the population that is the source( s) of a given disease agent
and as of the susceptible farm population (Mortenson, et
al, 1995).
There is, however, a conflicting need to locate a boar stud
centrally among the farms to be served by the center to
reduce transportation time and costs. Because of the potential for long distance transmission in some cases, there
is no magic distance that has been identified as safe. Therefore, risk of disease transmission from neighboring swine
units must be assessed individually, considering regional
swine density and health, and distances to other farms,
farm-to-market roads, buying stations, and slaughter facilities.

The discussion that follows outlines the philosophy and
structure of the program we have developed to control
the risks of disease transmission via semen. The basic
components were developed initially by Dr: Joe Connor
in 1993 while he was Director ofVeterinary Services for
PIC (Connor, et al, 1994). It is shared as one example of A more controllable source of disease introduction is the
actual boars brought into the stud. Requiring an isolation
how it can be done.
period for boars coming into a stud is vital for preventing
disease introduction, and is a component of the condiPIC USA, Franklin, Kentucky
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tions of sale for most breeding stock suppliers. Isolation
period and testing protocols are dependent on the frequency ofboar introductions, but isolation facilities must
always be managed with all-in-all-out movement. Traditionally a 30 day isolation period has been recommended, with serum samples taken after a minimum of
14 days. Recent work on the ecology of PRRS virus has
led to recommendations for longer periods of isolation to
reduce the likelihood of transmission from incoming
breeding stock when coming from a PRRS positive source
(Dee and Joo, 1995). Additionally, certain states require
testing for PRV after a 30 period which also affects the
isolation duration. Our testing includes serology for Brucella suis, Leptospira interrogans (6 serovars ), parvovirus,
PRRS virus, PRY, STY, and TGE, with movement into the
stud allowed only after results are received.

ting is considered essential, as are ongoing pest control
measures for rodents and flies.
On the output side of the equation is the collection, processing, distribution of semen, the removal of culls, and
the management of manure. Distribution of semen poses
the greatest biosecurity concern in that it requires a routine exposure to pigs outside the stud where local farms
are delivered to by courier. This poses a potential threat
to the recipient sow herds as well as the boar stud. Procedures to reduce this risk within our system include a single
use, double bag delivery system to prevent contamination from farm to courier, following our production pyramid with the order of deliveries, washing and disinfecting of the delivery vehicle following every run, and
restrictions against returning any materials back to the
stud.

The procedures for moving boars into (and· out of) the
stud pose another health risk that must be controlled. Only
clean, disinfected and dry transport vehicles and loading
chutes should be used, with clean boots and coveralls used
by the transport personnel.

Collection of semen within the AI center should not pose
a threat of disease introduction into the boar stud, but techniques to reduce the bacterial count of the semen are likely
to improve shelf life of the semen and may have an impact on subsequent fertility. This, however, is not well
Other inputs into the farm include feed, supplies, water, characterized at this point
people, and other (uninvited) species. Feed-related risks
can be reduced in a manner similar to working with Stock with healthy pigs
seedstock suppliers by developing open communications Control of the health of boars entering a boar stud can be
as to their quality control practices, such as grain sources exercised by understanding very well the health status of
and delivery vehicles, other feed ingredients and sources, the source farms, restricting the number of sources, and
as well as expectations concerning hygiene related to feed maintaining a period of isolation/acclimatization of boars
delivery. Feed deliveries within our system follow the prior to admission into the stud (as discussed previously).
pyramid structure and are monitored by truck logs. Simi- The key to understanding the health status of incoming
lar truck logs could be established at commercial studs boars is communication with the source farm as to the
for delivery from commercial feed companies.
past or current disease conditions of interest, and the health
Supplies and equipment entering the stud should not have
been exposed to pigs previously. Contacting pharmaceutical and biologics companies to ensure no returned products arc shipped is helpful, but cleaning and disinfecting
all supplies prior to entry is a more certain measure.

program that is in place. Depending on the objectives of a
given stud, certain sources may not be acceptable from a
health risk standpoint. Minimizing the number of sources
further reduces risks, hut conflicts with the objective of
some studs to offer a wide range of genetic options (a.k.a.
'Boargasmords ').

Water could be a potential source of infection for a limited list of swine diseases (e.g. Lepto and PRRS), but may
be more critical in terms of contamination in semen pro- Monitor the health and health security
cessing. Quarterly water analyses are warranted, as well A boar stud that has been established with healthy boars
as treatment of water by chlorination or other means as a that are well-protected by a comprehensive biosecurity
program still must be monitored closely for reasons outpreventative measure.
lined in the introduction (i.e., there is broad exposure to a
We consider restricting movement of people into boar large number of sows on a regular basis without the benstuds to be an important means of preventing disease in- efit of a quarantine period to observe for latent infections).
troduction. The most important component of movement The monitoring program must include not only the health
restriction is a shower and change of clothes by anyone of the boars, but also the barriers to disease introduction.
entering the facility. We also have requirements for peri- In studs we manage, independent veterinarians conduct
ods of time away from other pigs and livestock that are monthly visits to inspect the pigs, facilities and practices,
monitored by a logbook at the entrance to the facility.
and conduct the necessary diagnostics. However, the most
Other species can harbor and transmit significant swine important aspect of monitoring in a stud is the daily clinidiseases; control of birds, rodents, and insect populations cal monitoring conducted by the staff.
is required. Total restriction of birds by means ofbird net104
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Infectious diseases of concern· to boar studs: biosecurity and health monitoring

Daily monitoring of the boar inventory by the staff includes evaluating each boar in terms of appetite, affect,
and evidence oflameriess and respiratory or enteric signs.
This is to provide a means of early detection of health
problems, and also allows for early treatment of individual
problems that could reduce the productivity of the stud.
Treatment records are kept for review at the monthly veterinary inspection.

semen production, as well as the potential for disease dissemination throughout their entire system.

A final option is to maintain stores of frozen semen, either at the stud or on-farril, for use as a backup. Reproductive performance using frozen semen in swine has not
been satisfactory, but new techniques are being developed
that will improve the efficiency of this option. With the
improvements, frozen semen stores at the sow herd may
Monthly veterinary visits, as mentioned, focus on
be useful not only as a backup for fresh semen, but also
biosecw-ity, presence of clinical disease and semen han· as a semen source for breedings between fresh semen shipdling procedures, and also provide the opportunity for
ments.
collecting diagnostic samples. Routine diagnostics include
a quarterly statistical screening by serology for several In summary, the biosecurity and health monitoring ofboar
swine pathogens, in addition to quarterly semen cultur- studs is a very important component of health control for
_mg.
breeding herds. The principles and methods are not new
to the US swine industry, but new developments are likely
In order to avoid potential masking of clinical signs of
to improve our abilities to manage the risks.
infection, antibiotics are not included in the feed or water, and PRV vaccine is not used.
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Despite detailed attention to preventing the introduction
of disease into a boar stud, there must be plans in place
should a condition develop that threatens the health of
the sow herds receiving the semen. In the event a stud is
closed due to a suspected health risk, the alternatives could
include a stable of 'contingency' boars available for shortterm use in each farm, the availability of semen from another stud by previous agreement, or distribution of frozen semen held in reserve.

the event of a problem. Larger systems may consider an
upper limit on the proportion of the system that is to be
supplied by a single stud, breaking up the boar populations into smaller units. This reduces the risk oflosing all
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State of becoming
Gordon D. Spronk
"It is an especially American trait not to be satisfied with
what you are, but to be in a constant state of becoming."

-An American Experience - The Way West
"Given the choice between change and proving the need
not to change, most people get on with the proof."

-John Kenneth Galbraith
Who will produce the food tomorrow? Farmers have a
decision to make-what role to play in a changing world
food system. As more farmers exit the business, veterinarians must be concerned with who will take their place.
Since peaking in the early 1950s, rural populations have
been on a gradual decline. 1 Today, less than 2% of the
population lives on a farm as opposed to nearly 50% at its
peak. 2 As people have left, the number of farms as viable
economic units has also declined. The days of a swine
veterinarian making over 30 f~rms calls in a day are over.
Will the midwest become a 'buffalo commons,' as some
academics have proposed? Rutgers University professors
Frank and Deborah Popper3 believe the upper midwest
and west should be returned to its native habitat- a vast
prairie. That is certainly one option, but one that, at least
for the agricultural industry, leaves much to be desired.
Other options need to be brought forward to be considered.
Given Minnesota's natural resources, agriculture has and
will play a vital role in its future. Traditionally one of the
top five pork-producing states, is has been blessed over
the years with a number of veterinary leaders in both the
University and in private practice. Faced with a changing
world and environment in which to produce food, how
will the swine practitioner influence that change?

Change in the Minnesota swine
iJ!dustry
"Meat of Area Economy is Eroding"

-headlines from St. Paul Pioneer Press, March 13, 19954
The face of the swine industry has changed over the last 5
decades and this change has accelerated in the past 5 years
(Appendix A). Nontraditional swine states are growing
in production, while traditionally strong swine-producing states are stable, if not shrinking. This change happens in all industries, as profit centers move and technology is adapted. A true story5 may best exemplify change
that may be occurring in the swine industry:
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In 1968, if you had asked anyone what nation would
dominate the world of watchmaking in 1990, you
would have expected the same answer: Switzerland.
Why? Because Switzerland had dominated the world
of watchmaking for the past 60 years. The Swiss made
the best watch in the world. Anyone who wanted a
good watch, an accurate watch, bought a Swiss watch
And the Swiss were constantly improving their watches.
They had invented the minute hand and the second
hand. They led the research in discovering better ways
to manufacture the gears, bearings, and the mainsprings of modern watches. They were on the cutting
edge of research in waterproofing watches. They
brought to the market the best self-winding watches.
They were constant innovators. The Swiss did not rest
on their laurels, they continually worked at making
better watches.
By 1968, they had done their job so well that they had
more than 65% of the unit sales in the world watch
market and more than 80% of the profits. No one was
even a close second.
Yet by 1990 their market share had collapsed from 65%
to less than 10%. Their huge profit domination had
dropped to less than 20%. They had been dethroned.
What happened?
The fundamental rules of watchmaking had changed.
The mechanical mechanism was about to give way to
electro11ics. Everything that the Swiss were good at
- the making of the gears and the bearings and the
mainsprings- was irrelevant with the new technology. In less than 10 years, the Swiss industry was
destroyed. Between 1979 and 1981, 50,000 of the
62,000 watchmakers lost their jobs. In a nation as
small as Switzerland, it was a catastrophe.
For another nation, however it was the opportunity of a
lifetime. Japan, which had less than 1% of the world
market in 1968 (even though their mechanical watches
were just as good as those of the Swiss), was in the
midst of developing world-class electronic technology. The electronic quartz watch was a natural derivative. Seiko led the charge and today Japan has
33% of the market with an equivalent share of the
profits.
The irony of the story is that the situation would have
been totally avoidable if only the Swiss had known
how to think about their own future, because it was
the Swiss themselves who invented the electronic
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quartz movement attheir research institute. Yet, when
the Swiss researchers presented this revolutionary new
idea to the Swiss watch manufacturing owners in
1967, it was rejected. The rest is history.
Could it be the same for the swine industry? The midwest
has been the traditional stronghold for production, yet has
been the slowest to adopt new technology. The midwest
has even rejected some of the new ways to handle pigs
("no way you can wean a pig younger than 21 days").
These technological leaps have been adopted by the states
that have the fastest-growing swine populations, but have
been more slowly adopted by the traditional states. For
what reason? Are the midwest swine states the Swiss
watchmakers of the swine world?

Minnesota industry trend
Minnesota has gone through the same agricultural cycles
as the rest of the country that maintains agriculture as the
core of their economic engines. In the 1970s there was
great anticipation and expansion of all livestock species,
mostly built on the back of increased equity in land values. In the 1980s, the bubble burst and farms that were
not based on good enterprise-accounting systems were
doomed to failure. Swine farms were included in many
of those failures. Those same failures opened the door
for farms in other states to capture the market share that
was hcing relinquished by those farms exiting the busi~
ness. However, if there was accurate enterprise accounting and the farm was run in a businesslike fashion, there
were opportunities for profit.
Minnesota swine production has remained relatively stable
in the last 20 years while nontraditional swine states have
grown tremendously (i.e., North Carolina, Missouri, Oklahoma). This shift in growth is alarming, given the fact
that the swine industry in Minnesota is worth $2.6 billion
per year to the state. 6 The industry provides $624 million
in annual wages plus another $34 million in business
taxes. 6 Pork industry jobs account for enough employees
to make it the fifth-largest employer in the state behind
the state and federal governments, the University of Minnesota, 3M, and Dayton Hudson. Fifteen percent of the
state's corn and soybean crops are fed to pig production. 6
The number of pigs on Minnesota swine farms peaked in
1951 (5,928,000 on June 1, 1951). The distribution of pigs
within the state has shifted over the last 50 years and will
continue to concentrate in production areas bordering the
southern tier of counties. (Table 1). 7
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Table 1: Distribution of Minnesota hogs7
All hogs
1950
1955
1960
1965
1970
1975
1980
1985
1990
1995 (est.)

3,498,000
3,668,000
3,594,000
2,990,000
3,692,000
3,000,000
5,100,000
4,100,000
4,500,000
4,850,000

%SW*

%SC**

18.58
18.08
17.77
19.67
22.81
24.47
20.08
21.26
21.90
24.33

23.93
24.15
23.75
25.55
24.50
24.98
26.21
28.63
31.18
31.03

* Southwest counties: Cottonwood, Jackson, Lincoln,
Lyon, Murray, Nobles, Pipestone, Redwood, Rock
** South Central counties: Blue Earth, Brown,
Faribault, Freeborn, Le Sueur, Martin, Nicollet, Rice,
Steele, Waseca, Watowan

The two main swine-growing areas in Minnesota are the
South Central and Southwest districts - the areas along
the southern portion of the state bordering Iowa. In the
1980s, there was a dramatic swing in the state from an
almost historical high to a precipitous drop in inventory,
and some areas were never to regain their numbers. Given
the fact of stable or even shrinking inventory, how should
the local producers and veterinarians respond?
In order to develop the swine industry in other states, leaders in those statB.'> have focused on pointing out the benefits to the rural economies of those states. 8 There is no
doubt that Minnesota (along with other rural states)could
use livestock production as a vital part of their rural economic development plans. Models are available ofdifferent production systems that are evolving. Who are the
rural leaders who will implement those plans?

Minnesota rural population trend
The changes in the swine industry are reflected in the
change in rural populations. In his book The Decline of
Rural Minnesota, Amato 1 proposes that the rural areas of
Minnesota are in a constant state of decline since populations peaked in most counties in the early 1950s and then
took a dramatic dive in the farm crisis of the 1980s, never
to recover (Table 2).
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Table 2: Minnesota rural population changes,
1980-19901
County

%
Populatio
n change

/o
Migration

Median
age in
1990

Cottonwood
Jackson
Lincoln
Lyon
Murray
Nobles
Pipestone
Redwood
Rock

-14.54
-14.70
-16.05
-1.66
-16.05
-7.98
-10.26
-10.79
-8.38

-15.62
-18.50
-16.53
-8.72
-19.81
-12.73
-12.87
-14.12
-13.55

39.2
36.9
41.4
31.6
38.8
35.8
36.0
36.7
36.6

0

five dairy state, Minnesota may soon relinquish this position to others. The sheep industry in Minnesota may soon
be no longer a viable agricultural economic unit, but rather
a nice hobby that would better be classified with the llamas, ostriches, and emu category. The story continues: as
rural population declines, the livestock industry leaves.

The need for veterinary
leadership
"Therefore I say 'Know the enemy and know yourself;'
in a hundred battles you will never be in peril. When you
are ignorant of the enemy but know yourself, your chances
of winning or losing are equal. If ignorant of both yourself and your enemy, you are certain in every battle to be
in peril."
-Sun Tzu 9

What has most aroused Amato's attention is the 'natural "Knowledge is wealth"
population decline' (in which deaths exceed births) that _Peter Drucker
is evident in the 12 rural Minnesota counties he studied.
According to Amato, 1 there are also a number of other Rural leaders
trends that are alarming:
It always amazes me, when I meet a resident of a small
• "a shrinking and aging population,"
town, that soon s/he will immediately begin to espouse
• "diminishing economic resources;"
the benefits and economic engines of his/her own com• "weakened political influence;"
munity. Meet any small town economic development of• "the emigration of youth and talent;" and
ficer and s/he will tell you about his/her latest scheme to
• "a decline in business and civic leadership." 1
boost jobs in his/her community.

Veterinary practice trends
Veterinary practices have also changed the manner in
which they deliver services to swine herds and to other
species, reflecting the change in type of production (Appendix B). ,The following profit center trends illustrate
these changes:
•
•
•
•
•
•

1950s: cholera vaccine
1960s: end of hog cholera, begin other vaccine
1970s: PRV eradication
1980s: herd health/records
1990s: networking
2000: ??????

If there ever was a time that rural areas and agriculture
needed leadership, it is now. Small towns and swine producers are always in serious need ofleaders and there has
never been a better time for veterinarians to fill that role.
There is no other person or profession that better understands the pressures of the livestock production today than
the local veterinarian. The local practice could easily serve
as a clearinghouse for any information about livestock
production.
What can veterinarians do to "establish a larger alliance
or bring a vision," as Amoto 1 says? Are small towns
doomed? Are rural areas doomed? Should we respond with
despair and resignation? The hope of many rural areas
seem to be getting bleaker. Attempts at rural development
often are driven by the wrong motives: greed, fear, incompetence, pie-in-the-sky thinking (how many times
have you heard of the latest scheme of city hall to bring
jobs to town?)

Swine herds have evolved so that there is now a clear line
of demarcation between professionally managed herds that
are in the business of raising food and the herds that are
barely surviving before exercising their exit strategy. This
view of the industry is reflected in the veterinarians that
service the herds. in the case of larger herds that arc firmly Why don't more of these small towns promote livestock
positioned, the need for veterinary services is different production? (Why not pigs?) If a team of the right people
from those for which the herd is barely hanging on.
is assembled in any community (i.e., a banker, accounOther species are facing the same struggles. The dairy tant, veterinarian, producer, lawyer, politician), think of
industry in Minnesota continues to search for ways to keep the possibilities. This working group could be loosely asits producers in business in -the face of declining numbers sociated to do one thing: promote swine production. This
of farms and people in the business. Traditionally a top108
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"swine team" is by no means an original thought and has The most important may be the first: know yourself and
your strengths (remember: your opposition will know your
been done on a larger scale in other states.
wcakncsscs). 12 Usc of the team built around you will allow max:imum use of effort. This infrastructure of supCrop versus livestock farms
portive, loyal, and trustworthy people will blend together
In his study of the financial impact of crop farmers verto make change happen.
sus livestock producers on small town economies, Weness,
et. al., 10 points out that the livestock producer spends more
money on main street than does the crop farmer (Table
3).
"Therefore, when using troops, one must take advantage
of the situation'exactly as ifhe were setting a ball in moTable 3: Comparison of money spent by crop
tion
on a steep slope. The force applied is minute, but the
10
farmers versus livestock farmers in rural towns
results are enormous."
Crop
Livestock
-Sun Tzu 9
$187.63
$334.79

Strategic intent

Let there be no doubt that livestock farms provide more
support for main street than do crop farms. The infrastructure needed to run a successful livestock enterprise
is much larger than that of a cropping operation. Yet main
street fails to realize this. One of the clear battles that
exists in rural areas is among the rural population itself.
Not only does main street not realize what has changed in
the 'country,' but the residents themselves that are not
involved in swine or other livestock production fail torealize it. The dissemination of information is critical to
successfully maintain any industry. "Perception is reality" could never be a truer statement. What is the perception of livestock production in your area? Is it like that of
the Murray county area (Table 4)? 11

The enemy
As Sun Tzu9 put it "know the enemy." The list of possible
enemies includes:
•
•
•
•
•
•

yourself,
clients that refuse to change,
employees that refuse to change,
local politicians,
financial institutions, and
public perception (main street).

Swine strategy
Strategic intent captures the essence of winning. 12 It is
very specific about its end but flexible in its means. What
is the strategic intent of your veterinary practice? Whatis
the strategic intent of your local swine producers? Are
they committed to the future? Is your practice poised to
help them reach their goals? What are the roadblocks to
being sure that livestock production survives? Are there
opportunities for you or your practice to capture the lead?

Veterinary opportunities
One study of a rural Minnesota county 11 concluded that
an overall strategy to promote swine production was
needed to even retain (never mind increase) the number
of swine farms in that county:
• strategy l -Assist pork producers in gaining access
to financing.
• strategy 2 - Help producers earn higher incomes by
learning new production techniques
• strategy 3 - Increase community ability to sustain
strong swine industry.

Table 4: Attitudes toward the swine industry in Murray County, Minnesota, 199311
%of group
Community group
Mainstreet
Local government official
Farmers (not pork
producers)
Ruralnon-farm residents
City residents
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Negative

Indifferent

Positive

15
11
13

25
39
35

60
50
52

25
29

47
46

28
25
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• strategy 4 -help county pork producers earn higher
incomes through networking. 11
The above four strategies beg for veterinary involvement.
The rural producer is crying for leadership to provide a
vision for the producer of tomorrow. In areas that are applying any of the above there is a hope for survival of
their industry. The obstacles are many but may be overcome with the help of the right people (Table 5). 11 ·
Table 5: Obstacles for expansion among
producers that plan to expand in the next 5 years
(1994) 11

The future
"You can shape your future; if you don't, someone else
surely will."

- JA. Barker5
"The problem with the future is that it keeps turning into
the present."

- Waterson 15

Technologies of tomorrow

A plan

There are a number of technologies on the horizon that
make sure that leadership is even more important to local
swine producers. Veterinarians will/may play a vital role
in adopting these technologies. Success ri1ay depend on
the area and the ability of the veterinarian to successfully
communicate the need to adapt to any of these technologies. Some are easy- e.g., buying new seedstock. Others require advance planning and may entail some riske.g., three-site production. And the final benefit may not
be realized until all elements are in place (a state of becoming) . These a fantastic opportunities for you and your
local practice to help influence the industry in your area.
The possibilities are endless. With a little guidance and
the opportunity to survive, most producers grab on with
gusto.

There are a number of ways that veterinary leaders can
provide the right environment to help local producers in
their efforts to succeed. In doing so they help themselves
as praCtitioners and fulfill the mandate of their education.
They could be summarized as follows:

Dr. Ralph Vinson 16 in his model has computed the returns
on investment (ROI) on the six most important technologies that will need to be implemented if a swine system is
to be competitive in the year 2000 (Table 6). 16

Obstacles to expansion

o;o
producers

Insufficient capital
Limited capacity of facilities
Feedlot regulations
Difficulty recruiting labor
Insufficient land for manure
Don't want to manage
employees

91
85

48
9
6
6

• Build a community consensus to support the swine
industry.
• Develop a plan -

Table 6: Summary ofeffect on ROI and cost of
production with a $45 market 16

'a system.'

• Set up a specific record system (both biological and
financial).
• Educate.
• Encourage information sharing.
• Implement the 'system'.
In his 1923 J.O. Hanson lecture, Dr. Connie Schmidt 13
outlined the number of ways that veterinarians can affect
and provide services to a local swine production system.
In the 1994 J.O. Hanson lecture', Dr.Kirk Clark 14 outlined
some of the production techniques that the producer of
tomorrow will need to use in order to succeed. In both
cases, a foundation has been laid upon which the veterinary profession can build.
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Modern genetics
Artificial insemination
Segregated
production
E:arly weaning
Split sex nutrition
Phase feeding
Total:

Reduction in cost
of production
(cwt)

ROI

$1 .41
$0.12
$0.73

4.8%
2.1%
1.8%

$1.14
$0.49
$0.51
$3.40

1.3%
1.00%
1.00%
12.00%

The ability for producers to adapt may be the key to their
long-term survival. Are you willing to help your producers survive? Will they (ean they) depend upon you (your
practice) to help them? The fees that veterinarians derive
from various profits centers described earlier may have to
be adjusted or moved (profit centers are always moving)
to pay for what is really a 'leadership fee'. This more aptly
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describes what is needed in each local area. Will your The perpetual change that occurs in any industry is ineviproducers survive?
table. To be able not only to adapt to change, to lead clients, to influence local economies, but also to be able to
capture
the benefits of being on the leading edge of the
Meeting the challenge
learning
curve may be both rewarding to the area and to
Only the most innovative and resilient producers will surIt pushes us and our clients to new levels of
individuals.
vive. "Adapt or die" are strong words that many producunderstanding
of ourselves and the world we live in.
ers are unable to comprehend. The better battle cry may
be "do it better and cheaper," as George Anthan 17 says.
Writing in Choices, the magazine of American Agricultural Economics Association, MarkDrobenstott 17 stated
that "The onward crush of new technology will encourage more product engineering from the farm to the consumer." The midwest could end up 'a sea' with islands of
specialized production.

As Peters 19 says, "To get going, one should simply get
going." Is it inevitable to be in a constant 'state ofbecoming'? Is it impossible to think that veterinarians can lead
swine production into the next century? What will you
become ? What will become of you ?

The mission of the industry
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The National Pork Producers Council has made it its mission to make pork the "meat of choice" by the year 2000.
To achieve this, producers will need to raise the demands
of consumers-to increase their desire to purchase pork
in the face of severe competition from other meats. Poultry and beef are· the main competitors for the center of the
plate and must be displaced for pork consumption to ~n
crease.
Poultry faced industrialization many years ago and has
successfully replaced all other meats in per capita consumption. There are many reasons for this, but a fundamental n:~ason has been the constant driving down of production costs, which in turn have lowered the cost to the
consumer. The swine industry (and. veterinarians) must
realize this in order to understand some of the fundamental reasons why livestock production is under these extreme pressures (Figure 1 18}.

Conclusion
"How do we make sense of ambiguous phenomena? We
usually sit and ponder. But if we are wise, we'll quickly
do something concrete-and then watch what happens."
-Tom Peters 19

Facing change paralyzes most people. Agricultural people
in general are a consyrvative type that generally take the
long-term view and don't consider the outside forces that
may affect them. In the case of the swine industry, the
outside forces are global in nature.
In his 1993 Howard Dunne lecture, "Oppbrtunity: AMatter of Perspective,'' Bob Morrison20 points out that change
is opportunity if you are looking for it. As veterinarians,
we are in the unique position of controlling our own destiny. We have the tools at our disposal to lead ourselves
and our clients into ·the 21st century of pork production
and at the same time make a positive impact on rural areas.
1995 Allen D. Leman Swine Conference
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Appendix A. Changes in Minnesota Swine Production21
Was

Is

Becoming

Hog farmer
"Way of life"
Anonymous transaction
Wanted all the $$$
$$/pig

Pork producer
Business
Traceable to carcass
Some sharing
Premiums

Product for the masses
Commodity-based
Sort done at customer
Product: pigs
No withdrawal
Product-based

Specific customer
Blend
Sort done at plant
Carcass
Level Ill
Production-based

Food producer
Earn/prove why to society
Traceable top to bottom
Happy when customer is
How much discount for market
access
Customer of 1
Consumer spending base
Sort done at 'source'
Prima Is/food
Premarket testing
Needs driven

Appendix B. Changes in Minnesota Veterinary Practice
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Was

Is

Becoming

Multispecies
Reactive (fire engine)
Few abx
Single vet
Vet clinic
dx: individual animal
dx by: intuition
No data
One size fits all
Traditional services
Single office
Manual accounting
Communication: they called

Species specific
Passive
Wide variety of abx
Multi vet
Ag business
Population
Biological records
Fragmented sources
Small, medium, large
Combination of services
Numerous redundancy
Fragmented
Newsletter

$/call

$/animal or $/hour

Production specific
Proactive
Bioprobes
Multi discipline
Product services company
System
Research, fact, analysis
Integrated databases
Customer-specific
'Engineering' production solutions
Operational centers
Automation of routine tasks
Letters, fax, phones, computer,
email, voice mail, satellite links,
cellular, the Internet, pagers
'leadership fee' plus product sales
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State of becoming

Appendix C. Industry Buzzwords
Old

New

Slaughter plant

Food plant
HAACP
TOM (continuous improvement)

?
Problem
investigation
Sort loss
Kill sheet
POA Ill
All-in-all-out
Building permit
Vaccinate
Seed stock
Disease diagnosis
Time plot

Variation control
Control charts
Food analysis
Food Quality Assurance level IV or V
Age-segregated rearing
Environmental assessment/handling
plan
Bioprobes
Genetic material (DNA) program
Health maintenance
SPC (statistical process control)

Figure 1: Comparison of prices of turkey, chicken, beef, and pork
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Structure of the U.S. pork industry the year 2000

toward

William F. Tooley
In autumn of 1994, hog prices plunged to the lowest level
in U.S. history, measured in constant dollars. Since then
nearly everyone involved in pork has paused to question
how the industry is changing and what their business
should be doing.

• Are annual averages in constant dollars always above
or always below prices in previous years?
• When most producers cut back or hold steady, are
some others expanding their herds? Who's cutting
back? Who's expanding? And why?

Autumn 1994 was a signal event for the pork industry.
• Are packers cutting capacity or building more plants?
Yetwe believe many producers are still not fully aware of
what they are facing or how soon that future will be upon Questions like these help us orient toward what is really
them. As an industry, many are still grappling with ques- happening. Is this just a strange cycle variation? Does it
tions:
mean business as usual? Or is there something more going on?
• Were 1994's low hog prices just an unusual downswing in the cycle? Should we expect them again
Complexity versus clarity
anytime soon?
• Did 1994's low prices reflect short term situations that Hog price cycles are extremely complex. There can be
just happened together or the continuation of a trend? many explanations for each variation in hog prices. One
• Has the fundamental hog price trend changed? Is a could argue almost forever about reasons for and meanings behind each event.
new trend emerging?
• Do these events reveal underlying structural problems Arguments about individual events, however, don't usually supply fundamental understanding of where things
in the U.S. pork chain?
are going. Such arguments can be even less helpful in
• What opportunities or challenges do we face?
predicting when that future might arrive, or what the enProviding answers to questions like these is the whole terprise might do about it.
purpose of strategic research. The conclusions drawn and
the way these answers are reached offer significant lessons for how a pork enterprise needs to shape its business
future.

The challenge of change
Faced with the complex cycles found in almost any industry, those involved can easily come to believe that "the
more things change, the more things remain the same!"
After all, how does anyone know when variation stops
and when true change begins?
Such challenging issues are the bread and butter of strategic research organizations. How do we know when something important is happening? How do we know when it's
time to take action? How can we know what actions will
or won't work?

To achieve strategic perspective, one needs to take the
long view. Strategic things do not show up monthly, quarterly, or even when comparing this year to last. Rather we
need to look five, ten, or fifteen years back over the past
and out into the future to see where things are pointed.
Fortunately all complex systems seem to have one thing
in common- they tend to balance in a state of relatively
stable equilibrium. In fact the greater the number of different events occurring, the more they tend to offset each
other and achieve some overall balance. In time, things
usually settle down and move in clear directions.
Let's take an example. Figure 1 shows U.S. hog prices
from 1950 to 1994 in constant 1994 dollars; the trend is
projected out to the year 2010. There are cycles shown
around this projection. These are provided only to provide a sense of the normal highs and lows expected, but
not when they might occur.

To help discern between cyclical events, long term trends,
Taking the long view, one conclusion is obvious: U.S. proand structural changes, there are key questions producers
ducers got paid a lot more for their hogs in the past than
and others can ask. For example:
they do today. Figure 2 shows producer margins have also
• Did hog prices this time bounce back as high as they been squeezed by the downtrend.
have in the past? Why do I think that happened?
In the mid 1970s, as a direct result of the Russian grain
purchase, U.S. hog prices rose sharply. This became a turnGeneral Manager, SARC- USA
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Figure 1: U.S. hog prices, 1950-2010
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ing point. Figure 1 shows the U.S. hog price trend before ducers thought they were always ending up with less for
the event was not as steep as it was after. The Russian hogs, year after year, they were right.
purchase destabilized the U.S. pork chain.
Surprising as it may seem, the low hog prices of autumn
When things settled down again in about 1980, hog prices 1994 were not very far off the trend. In fact they were
resumed their downward march, but the slope was steeper exactly predictable from a line drawn through price botthan previously. One could only speculate or wait and see toms going back to 1980. ln other words, we knew they
if this steeper decline would gradually level-offand ad- were commg.
just back toward the previous equilibrium.
Then why did everyone suddenly seem to notice how low
As time passed, however, that didn't happen. Hog prices the hog price was and why were producers hit so hard by
kept marching relentlessly downward. Independent pro- it? There are a number of reasons:
ducers found it difficult to keep up with the efficiencies
• Hog prices in the years immediately prior were not
of multi-unit specialists. Many independents did not rehigh enough. In 1992-1993 prices topped lower than
invest and more left the business. But much of the story
expected. Most hog producers did not get the war
in the pork industry may have gone unnoticed, disguised
chest they needed to see them through the next price
by the overall crisis in U.S. agriculture.
downswing.
Using our long lens again, let's zoom in on prices from
• The hog price finally got low enough. Just for a time,
1980 to the year 2010. Figure 3 shows the hog price trend,
no one was making money. With an average hog price
in constant 1994 dollars, continuing a clear and stable
around $28, everyone was complaining. Even the
downward path, right up to autumn of 1994. So if pro-
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Figure 2: U.S. hog production and packing margins, 1987-1994
Figure 2-3
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least-cost producers felt the pinch. Average perform- These signals went up like rockets in the industry sky.
Large corporllte producers don't expand herds unless they
ers were hemorrhaging profusely.
are sure they can make money. Packers don't build plants
• Futures prices for 1995 were not showing much reunless they are sure of plenty of hogs at the gate.
lief. Instead of a rapid run up to old highs, the futures
market topped out again around $42, about breakeven for average producers. This did not provide the Obviously something had changed?
profit replacement producers hoped for. Many were How could this be? The U.S. pork industry had just been
left to wonder when they might make money again. through the lowest hog price in history, the futures price
turned down well below historic expectations for the next
Despite these severe hog prices not everyone was hurting rebound and yet every major hog player was rushing to
-at least not for very long. Concurrent with the autumn expand.
- 1994 price bottom, other signals appeared in the indusLet's take a look at why this might be happening. Figure
try:
4 provides an illustration of the variation in the cost of
• At least half of the ten largest, U.S. hog producers hog production. This is only an illustration and not actual
revealed significant expansion plans - in the range data.
of 10% to 30% and one at 50% increase in their herds.
Hog production cost are shown across the bottom and the
• Packing organizations announced major new plants. number of producers at that production cost are shown by
• Packers and large specialized producers were quickly the height of the bar. For purpose of this illustration, a
moving into 'window' agreements with each other. normal distribution curve and an average production cost
of about $41/cwt live are assumed. The dotted line on the
116
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Figure 3: U.S. hog prices, 1980-2010
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left reminds us of the $28 November 1994 hog price. The So we can see why in autumn of 1994, with a $42 futures
rest is illustration, not real data.
market and a good supply of hogs in the pipeline, why
large specialized units would be confident and commence
No one was making rrioneyin autumn 1994. But the 'speaggressive expansion. The worst they could accomplish
cialized units' with an average production cost of$36 were
would be to drive the hog price back down a little. With
loosing only about half as much as the others, referred to
'window' contracts in place, specialized units might not
as 'independent producers' in this illustration.
be hurt very much. And there were still plenty of others
Looking at this situa~ion, suppose the hog price rebounded who would have to exit, making room to expand even furto around $42 and stayed there as the futures price pre- ther.
dicted. The 'specialized' producers will already be making money, about 17% over their costs on average. But Where does it go from here?
half of the 'independent' producers will still be at break- At this point, it is easy to presume we are talking just
even or losing money.
about independents and they are the ones in trouble. One
Selling hogs at break-even or up to 25% below cost is not
a way to stay in business. The longer hog prices hang
around the $42 level or begin to cycle lower, the more
independents will be forced to exit the business. This of
course creates room for specialized units to expand.

1995Allen D. Leman Swine Conference

might expect business as usual for large specialized units
or contractors. But we judge that will not prove to be the
case for very long.
SARC has always believed the relentless downward U.S.
hog price trend (which is still continuing) reveals severe
problems inherent in the very structure of U.S. pork. The
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Figure 4: Illustration of the variation in the cost of hog production
Figure 3-1
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pork chain seems fundamentally impotent to extract may seem pessimistic, SARC believes it is actually optimoney from retail consumers for the added value it pro- mistic. It is entirely probable things will happen much
vides.
faster than the 15 year time line suggests.
Inability to recapture added value, creates a 'zero sum'
game where the size of the pie never grows. The pieces
just get smaller. This forces all players to compete against
each other on costs alone. In a 'zero sum' environment,
staying in business will soon become just as challenging
for specialized units, and even for packers themselves, as
it has beenfor independents.

Why do we believe this? And how long might it take to
reach a mid cycle average $28/cwt hog price? Let's look
at a different picture of the same time period.

Figure 5 asks the question: one or two trends in US hog
prices? This picture shows the overall trend to the year
20 10 as we have seen it before. But what if there are really two trends? Where would the break occur, and what
While there are still lots of little guys to knock ofl: large would each look like?
operators may appear strong. However, what will happen
One trend, a 'dot-dash' line up to 1989, reflects the influwhen only large operators dominate the market and they
ence of 'independents' making conservative herd expanstart butting heads directly with each other? And how long
sion decisions just like the good old days. This trend bewill that be? To get an answer, let's look at the trends again.
gins to level off and projects a much higher hog price,
Figure 3, as we saw earlier, may have seemed extremely perhaps around $3 6 dollars, if it were to continue to the
pessimistic. It predicts that the low price paid in the au- year 2010.
tumn 1994, barring other catastrophic events in the U.S.
Another trend, beginning about 1990, reflects. the influpork chain, will actually be the high price paid by the
ence oflarge, specialized units making aggressive expanyear 2010 - only 15 years from now. While this forecast
118
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Figure 5: Trends in U.S. hog prices
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The changing balance between specialized units and independents in the U.S. pork industry implies several
things: more hogs to market, stiffer cost competition, more
aggressive herd expansion, and special producer-packer
purchase arrangements. Herd expansion is already alWe all learn from events. After the autumn of 1994, SARC
most predatory.
rethought its own projections. The structure of the U.S.
pork industry had obviously changed and would continue With this in mind, SARC reworked its hog price trend
line. When we look at hog price data from only the most
changing.
recent five years, excluding the influence of earlier periods, the U.S. hog price trend falls much more steeplythan
Changing industry structure
earlier trend lines would indicate. Extending this new
U.S. pork i.s on the road from mainly independent pro- trend, hogs would reach a mid-cycle average price of$28
duction to mainly specialized corporate units. Window within the next five years. Producers who cannot find a
agreements between producers and packers will speed up way to make money when hogs sell at $28/cwt, will be
the process. Large corporate producers become even more squeezed out. We may be tempted to say this. can't hapaggressive when packers absorb some of their price risk pen, no one can profitably produce hogs at that level.
through window arrangements. SARC also judges that Please understand there are still many things specialized
for producers, 'windows agreements' are a fools' game, hog units can and will do to lower production costs even
to be played for a brief time only. But we will discuss that further when their own survival is at stake.
another day.
sion decisions and quickly building up their herds during
low hog price cycles in anticipation of the next hog price
run-up. This new trend shows U.S. hog prices falling much
faster than before.
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Large specialized units will also improve their environ- Commodity markets versus free
mental standing. Environmental resistance to large pig
units may slow the process slightly, but ultimately good markets
environmental practice and efficient agriculture are not
At present, the U.S. pork industry offers little significant
incompatible.
choice in consumer pork products. The meat case contains different cuts, even some new ones, and some hams
VVhatcanindependent
come from different makers. However, almost everything
found in the U.S. meat counter is made from the same
producers do - and stay
pork- commodity pork.

independent?

Commodity markets should be used only to get rid of prodFirst, I hope this paper raises serious questions in the uct that doesn't sell any other way- the lowest common
reader's mind about the desirability of continuing to pro- denominator. High value pork must get to market in other
ways and through other channels.
duce commodity hogs for sale to packers.
Whether an independent, a contract producer, or a large
hog production corporation, the end in view is the same.
Expect continually declining hog prices, increasingly
tough competition, and shorter profit periods between low
price cycles. If that sounds dreary, hog production is not
'
foryou.
To stay in commodity hog production, you must continually find new ways of doing a tough job better and cheaper.
And you must move faster than ever before. Your target is
to make money on $28/cwt hogs by the year 2000.
Suppose you can do all this. SARC is still not certain that
free markets for hog producers will continue exist for very
many years into the future.
Window contracts signal the intention to capture supplies
into committed relationships between packers and producers. When this happens, free markets can quickly disappear. All producers will have to be windowed or will
become dependent on 'spot' markets that open and close
with demand.

Producers must create their own markets
- selling pork not hogs

Commodity markets are currently the only way to sell
hogs in the U.S. This country has developed no direct-tothe-customer linkages that can allow producers to capture added value. A few recent experiments are moving in
this direction.
Added value in U.S. pork flows directly into the consumer's
basket. The consumer probably never notices. But it
doesn't really matter if consumers notice or not. The way
commodity markets work, consumers couldn't find the
same valued pork again, even if they did notice and went
looking for it. As a result, consumers are never asked to
pay more for the added meat value they receive. In fact
the next time they buy meat, it will no doubt be cheaper.
What kind of a free market is this? It strikes me as odd to
call something a 'free market' when it provides choice
for neither the buyer nor the seller? How might the pork
industry be different in this country if new, direct 'farm
to fork' linkages were developed?

Will consumers pay more for choice and
value they enjoy?

This is worthless speculation unless we know that U.S.
consumers are willing to pay more for choice and value
What does it take to 'become' independent in the U.S.
in pork when they can find it. This important question has
pork industry - and is that possible? In general to be
only recently been answered. At a March 1995 industry
independent, any business has to have:
conference held in Des Moines, the National Pork Producers Council (NPPC) released landmark findings on
• customers - not just one customer;
U.S. consumer willingness to pay for pork value.
• products - not just one product;
• alternatives -when things change.
NPPC 's definitive study concluded there may be more than
Anything less than this arrangement, and the business is a "$1/lb" difference in U.S. consumer willingness to pay
for better pork the consumer enjoys. (Study available from
always in danger of losing its freedom.
NPPC.) If this study is right, it clearly shows there is a lot
This simple 'independent business' scenario helps point
of money lying around on U.S. consumer tables and no
out why SARC has concluded the U.S. pork industry as it
current way for producers to retrieve it!
is currently structured can never provide a free market
for independent hog production. In order to do this, the To become independent in U.S. pork really means to step
outside the lines. Production groups and businesses must
U.S. pork chain has to be radically restructured.
step outside their comfort zone and find a way to make
some of these willing-to-pay-consumers, into customers
120
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for their own business. This might be done through retail,
through restaurants, through catering, through institutional
food service, through catalogue sales, or any other way.
But if U.S pork producers ever intend to become independent, then it must be done. And it must begin quickly.
Whether and how pork marketing alternatives can be developed is the subject of our next SARC study.

Where does this analysis come
from? Where does it lead?
What this paper presents is the result of an intense energy, spanning a lifetime of interest, experience, and contact with key actors involved in the pork industry worldwide. Although written in collaborative style, much of
what is expressed here springs directly from the mind and
tutelage of Alister Pease.
Alister was SARC International's originator. He found
success and took great satisfaction in always being counted
on to deliver uniquely simple yet powerful insights. His
thoughts were always provocative, the result of an unrelenting intellect in pursuit of its own satisfYing conclusions.

Alps blew down in a mountain storm. Olive wood is as
hard as stone and nearly as difficult to cut; it polishes to a
deeply radiant glow. Alister could not bear to see this ancient beauty die. So he came up with a plan. He sectioned
the olive trunk, loaded a few pieces at a time on his garden trailer and drove fifty miles through the mountains to
a sawmill in another valley that was equipped for the task.
The glowing olive wood was cut into 900 toy-sized blocks
which he sanded and polished himself, 300 for each of
his grandchildren at Christmas. After a brief and unexpected illness, Alister died onApril22, 1995, in his home·
town of Chambery.
The trends and figures presented in this paper are drawn
from SARC's latest study, Viability of Small US. Pork
Packing Plants. This study has been published as part of
NPPC Market Access- Situation Analysis, March 1995
from the National Pork Producers Council in Des Moines,
Iowa. The volume is available, free of charge, to producers who request it. I encour.age everyone with a serious
interest in the future of the U.S. pork industry to call the
NPPC and request the Market Access volume. It will expose you to a series of timely and worthwhile papers as
well as to the brilliant mind and provocative style of thinking that was the Alister Pease hallmark. In the SARC paper you will be challenged, you will learn, and you will
profit fr.om some of Alister's best thinking in this timely
and important study for the U.S. pork industry today.

Alister extracted insight from his wide reading, from intellectual training in the British debating style, from a life
full of experiences in the pork industry worldwide and
above all, from intimate consulting contact with best minds Of this larger than life figure who has passed from the
at work in ·global 'Pork Chains'- a useful termAlister global pork scene I can only say - we will miss him. I
coined to describe pork production and marketing sys- hope my comments are communicative of his vision.
tems at the national level.
Readers with questions about the SARC paper are welOn a personal note, those who lmew Alister, enjoyed and come to call or fax. My desk number in Des Moines is
valued him for his passionate pursuit of life and under- (515)274-6908 or fax (515)274-1932.
standing. He was an RAF Pilot, a mountain climber, a
father and grandfather, a spouse, and always a friend.
During the final year of Alister's life, a 500-year-old olive
tree that grew in the garden at his home in the French
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An international perspective on the swine
industry
G. Edward Schuh
I am pleased and honored to be asked to speak to this
important conference, and especially to be asked to provide an international perspective. I trust you will note that
I made a rather subtle change in the title of my presentation by changing the introductory article from "the" to
"an." That was done to reflect the fact that one can take
multiple approaches to providing an international perspective. I, of course, have a particular perspective.
The livestock sector in this country has not traditionally
given a great deal of attention to international trade issues and the swine sector is no exception. In the aggregate our agricultural sector has tended to concentrate on
the export of grains and other raw materials and has given
less attention to exporting value added. However, that may
change significantly as we move to the end of the 20th
Century and the beginning of the 21st.
In my remarks today I will paint with a rather broad brush,
with the emphasis on identifying key issues for the future
rather than on providing clues to particular markets. I do
that because it is the larger issues we must address as we
move to the future.
My paper is divided into four parts:
• a brief description of the international setting of the
swine industry;
• some issues in international competitiveness;
• likely developments in the international economy; and
• some policy issues.
Atthe end I will have some concluding comments.

The setting
The period since the end of World War II has been a period of rapid growth in international trade and international interdependency. Contrary to expectations at the
end of that global conflagration, trade has persistently
grown at a faster pace than global GNP. In fact, this period has in a sense been a golden age for international
trade.
International financial markets have grown at an even
faster pace. In fact, the international financial markets
provide a more important dimension to our international
perspective than does trade per se - a point we must constantly keep in mind. The growth in international trade
and the emergence of a huge international financial marDean and Professor, Humphrey lnstitue of Public Affairs,
University of Minnesota
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ket combined links the national economies of the world
together as they have never been linked before.
Although we tend to think of these linkages as international dependency, a more useful way to think about them
is as an increased openness of all national economies. We
are all now more influenced by technological, economic,
and political forces from abroad than we have ever been
before.
The key question as we look to the future is to identify
and understand the forces that have been driving this internationalization of our economy. Understanding those
forces is the critical part of understanding our future, for
the trends of the past are likely to continue in the future.
The driving forces behind this increased openness of our
national economies are three technological revolutions in
sectors pertinent to international trade. There has been a
technological revolution in the transportation sector that
has dramatically lowered the cost of transportation services; another technological revolution that has dramatically lowered the cost of communication services; and
the revolution in the computer industry that has enabled
us to manipulate and analyze huge amounts of data. These
three technological revolutions have increased enormously
the scope of markets and thus increased the potential benefits from international trade. That explains in part why
we have had such a significant growth in trade despite the
tendency of political forces to want to drive us in the direction of more protectionism.
The important feature of having technological forces driving the growth of international trade is that the gains from
these forces are likely to be with us well into the future.
We seldom give up the benefits of such significant technological developments, despite the shocks they may impose to our economic activities. We don't give them up
largely because they are the source of significant increases
in our per capita incomes. Moreover, as I will note in a
later section, the potential benefits from these three technological revolutions are far from being realized.

International competitiveness
In thinking about international competitiveness we all tend
to have intuitive insights that for the most part take us a
long way in understanding where we stand. For example,
we know that we have to have high productivity so our
costs of production are lower than those for our competitors. However, it is important that we understand the full
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implications of that high productivity, and that we under- budgets. They now appear to be serious about balancing
stand some related issues as well.
the budget. If they are successful in that effort we are
likely to see our real interest rates decline in th~ future.
!he .cost/productivity issue surfaced in a rather noisy fashThe value of the dollar will decline in a parallel fashion,
IOn m the debates surrounding the North American Free
and we are likely to find ourselves more competitive in
Trade Agreement (NAFTA). Those debates were coninternational markets. That will be good for our export
ducted in a rather naive way, however. Some of the oppoand import-competing sectors. It .will not be good for the
nents of the NAFTA made it sound as if the main issue
nation as a whole, for a weak dollar means that we have
shaping relative costs was the differential in wage rates
to give up more in terms of domestic resources to pay for
between the United States and Mexico, and that Mexico
the raw materials and consumer goods we import, and to
would carry a large trade advantage because their wage
service our international debt. As many developing counrates were much lower than ours.
t~ies have discovered, we pay a high price for our past
The truth of the matter, however, is that the cost of pro- S111S!
duction involves much more than wage rates. It also inThe final factor affecting the international competitivevolves, for one thing, the productivity of that labor. The
ness of the swine industry in particular is the cost of feed
United States competes with nations which have much
grains. The production of swine, in addition to being a
lower wage rates than we have in large part because we
capital-intensive industry, is also a grain-intensive indus~
have a much higher level of productivity. That difference
try. The cost of those feed grains is an important determiin productivity is due to the fact that we have invested
nant of how competitive the swine industry will be. Thus,
much more in our human capital, and especially in the
the flow of new production technology to the feed grain
development of new technology. In fact, because of this
sector will be a critical factor shaping the future of the
p~oductivity differential, this country tends to export preswine industry.
cisely those goods and services that use relatively large
amounts of high-wage labor.

Likely developments in the

Another factor shaping our international competitiveness
is the value of our currency, the dollar, in foreign exchange international economy
markets. A strong currency makes it difficult for us to
compete in foreign markets, and makes it possible for ~prosperous U.S. agricultural sector will be possible only
foreign producers to put their products in our markets at 1fwe are able to compete in international markets. Thus,
being informed, and understanding the forces likely to
highly competitive prices.
shape that international economy, will be a key to deciThe key factor now influencing the value of the dollar is sion making ~ we participate in the markets of the fuour macroeconomic policies, and especially our monetary ture.
and fiscal policies. The value of the dollar is now subject
to two sets of conflicting forces. The fact that we are not Our future markets are likely to be in the currently lowbalancing our budget, yet pursue monetary policies de- income or developing countries. The potential for insigned to avoid inflation, means that we have high inter- creased incomes is greatest in those countries, and some
est rates in real terms. High interest rates enable us to 80% of the world's population is located in those counattract capitalfrom abroad to help finance the deficit, That tries. These countries are where we should direct most of
our attention. ~
in turn gives us a strong dollar, and tends to reduce our
competitiveness abroad. The importance of the interna- The outlook for growing markets in those countries is very
tional financial markets thus comes to the fore as a factor promising. In the first place, those countries are on the
influencing our competitiveness.
verge of experiencing, for the first time in their history,
On the other hand, the fact that we have been running a economic development similar to that experienced by the
deficit in our federal budget for so long means that we are developed countries of the industrialized West. Over recent decades they have increased the level of general edunow the world's largest debtor nation. To service that debt
cation among their citizens very substantially, and that is
and to eventually reduce it or pay it off, implies that th~
a key to the future productivity of their labor force. In
dollar will have to be weak in the future. This is what
causes foreigners to be increasingly reluctant to hold dol- addition, many of them have taken an acid bath in reforming their economic policies and in giving a greater
lar~, thus requiring a high interest rate to induce the capitalmflows. Hence, we tend to be caught on the horns of a role to markets in organizing their resources. Some of these
dilemma- the squeeze between high interest rates and a countri~s should not have been poor in the first place.
Countries such as China and India, with their large popustrong currency.
lations, show what can happen when they undertake the
Our political leaders now appear to recognize that we can- appropriate reforms.
not continuewith persistent large deficits in our federal
1995 Allen D. Leman Swine Conference
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A second factor influencing the potential of these countries is that they are only now beginning to experience the
important technological revolutions I referred to earlier.
They are beginning to build the transportation and communication infrastructures that have been such a powerful force behind the growth in international trade in the
post-war period. They are also beginning to realize the
benefits of the computer revolution. These three developments together are powerful forces behind the opening of
future markets for the United States. They will lead to a
great deal of international specialization in production and
growth in trade.
A third factor may be the most important of all, and rests
in an important difference in the technology for a modern
agriculture and for a modern industrial sector. New production technology for agriculture tends to be location
specific. Biological innovations in particular, such as improved varieties and cultural practices, need to be adapted
to the local ecology. Thus, to produce such innovations a
nation has to have agricultural experiment stations in each
ecological zone to produce the improved varieties and
cultural practices.
This is not the case with industrial technology, which tends
to be highly transferable across ecological conditions and
national boundaries. The main barriers to the adoption of
this technology are the skills of the local labor force. With
the spread of general education in the developing countries, they are increasingly able to adopt industrial technology from the developed countries.

technology from the developed countries to their own
economies and in the near future will specialize in the
production oflabor-intensive manufactured products. This
will give them the income to purchase their food from
abroad, and in particular from the United States.
The developed countries such as the United States, on the
other hand, will tend to have a comparative advantage in
agricultural products by virtue of their established capacity for agricultural research. An important issue, of course,
is that it tends to take some eight to ten years from the
beginning of an agricultural research effort until the benefits begin to show up on the farmers fields. Most of the
developing countries haven't even begun to develop their
agricultural research systems. Thus, U.S. agriculture can
have a comparative advantage for some time into the future so long as it sustains its own research capability.
This is riot an entirely rosy picture, however. My concern
is that we may be facing a world food problem in the relatively near future. Potential increases in production from
the miracle rices and wheats are now about exhausted.
The dwarfing process that gave rise to the large increases
in yields has gone as far as it can go. Moreover, the geographic spread of those improved varieties is also leveling out. The problem is that there is nothing on the scene
to replace those powerful sources of increased output. And
as I noted above, the developing countries lack the capacity to produce a steady stream of new biological innovations, while the political and financial support for the international system appears to be waning.

The advantage U.S. agriculture has in this situation is that
we have a vital agricultural research system. The developing countries do not have vital agricultural research
systems. To the contrary, many of the nascent research
systems and graduate programs in the agricultural sciences that were emerging in the late 1970s were decimated
by the economic crises of the 1980s. Many of them now
have a lesser capability than they had at the beginning of
the 1980s.

If we do experience a world food problem, and I believe
the chances we will are quite great, the result will be an
increase in food prices globally, including here in the
United States. Such an increase in food prices is equivalent to a decline in our real incomes, and that decline is
likely to be especially severe in the developing countries.
Thus, the general economic growth I referred to above
could be braked by the emergence of a food problem. Our
foreign markets would quickly disappear since the developing countries would not have the wherewithal to buy
This problem is exacerbated by the apparent weakening
our exports, especially our livestock products.
of the political will ofthe developed countries, and especially that of the United States, to continue to support the The final development in the international economy is the
Consultative Group for International Agricultural Re- recent completion of the Uruguay Round of the GATT's
search (CGIAR). As most of you know this is the interna- multilateral trade negotiations and the establishment of
tional system with some 18 strategically located research the World Trade Organization. If those developments stay
stations. That system produced the miracle rices and on track we are likely to see substantial trade liberalizawheats of Green Revolution fame, and has the capacity to tion around the world and a significant expansion of ecohelp develop new production technology on a broader nomic growth. Although we are likely to see continued
tension surrounding protectionist issues, the potential
scale in the developing countries.
gains from trade will in my view continue to drive the
This differential in both the capacity to generate new techprocess of trade liberalization and counter the protectionnology and in the characteristics of that new technology
ist forces.
can create important market opportunities for U.S. agriculture and the swine industry. My expectation is that the
developing countries will transfer a lot of the industrial
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Some policy implications
The implications ofthe above for economic and development policy are fairly clear, but let me review them as a
means to begin to draw my presentation to a close. The
first, of course, is the importance of sustaining our own
capacity for agricultural research. My concern is thatthis
nation is becoming complacent about our commitment to
science and technology. Unfortunately, we are discovering that our past commitment to science and technology
was driven in large part by the Cold War. With that war
now apparently over, the political support for science and
technology is declining. Moreover, the financial support
for higher education at the state level is being squeezed
by the growing problems of our youth, the aged, and crime.
Colleges of agriculture are finding their budgets decimated
by central administrators who face general budget cuts
and political pressures against raising tuition.
The motivation for investing in science and technology in
the future should be rooted in a concern about international competitiveness. Being competitive will largely
determine the future levels· of our standard of living, although politically we do not yet seem to realize that. We
need to recognize it soon, however, since some of the developing countries are making rapid gains, especially in
Asia.
We also need to give a great deal more attention to the
organization of our own agricultural research systems. We
need to become much more efficient in how we organize
those resources, and to reflect the significant changes in
our own economy. Once the importance ofbecoming competitive in the international economy is recognized, we
will probably reach a point at which a larger share of the
agricultural research budget comes from the federal government. In a parallel fashion, the issue of whether we
can continue to have a viable comprehensive agricultural
research system for each state will increasingly come into
question. My guess is that we will increasingly see specialization at the state level, and the emergence of re~ional
centers.
There are likely to be many more issues about how we
organize our agricultural research efforts and we will collectively need to address them in a serious way if we are
to remain competitive. I have only scratched the surface
of this complex topic.
The second policy implication is the importance of sustaining rational and sensible monetary and fiscal policies.
At this juncture, the critical issue is the need to sustain
our present attempts to balance our budget. We will not
recover our past rates of economic growth in this country
until we do. The road will be difficult, and the political
conflicts real. But we must perserve.
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Finally, there is the challenging issue ofour international
economic policies. We are currently going through one
of our periodic turns inward behind isolationism. Unfortunately, we persuade ourselves that we cannot afford to
sustain our international responsibilities. The truth of the
matter, of course, is that we cannot afford not to sustain
them.
I would like to focus on just one dimension of those international responsibilities, our foreign aid program. The
problem here is how badly informed we are as a citizenry
on this issue. Recent surveys indicate that the American
public believes we spend from 25% to 30% of our federal
budget on foreign aid. The truth of the matter is that it is
closer to 1%. Moreover, although we pride ourselves on
being the most benevolent society in the world, we have
ranked last among the developed countries in the share of
our Gross Domestic Product (GDP) we commit to foreign aid, and we have ranked that low for some time.
It is little short of amazing how uninformed we are on

this issue. One of our candidates to be President, in announcing his candidacy, said that if elected he would stop
our foreign aid program and use the money so released to
solve our domestic problems. Few people recognized that
he was talking about something on the order of $12 billion, in an economy of $6 trillion. ·
Even that is not the main issue, however. Our challenge is
that we are now part of an interdependent global economy.
Our own prosperity is now linked to the prosperity of the
rest of the world, and especially to the prosperity of the
developing countries. Our future markets will be in those
countries, as I n~ed above, and those markets will not
become a reality unless their citizens experience economic
growth. We can help them grow by being willing to trade
with them. But strategic investments to help them grow
at a faster pace will be of great importance to our future
welfare.
There is still another dimension to this problem. Helping
these countries to strengthen their agricultural research
capacity is also in our best interest. New agricultural technology is the key to the future economic growth of these
economies. It is the one way to assure pervasive sharing
in the benefits of economic growth, and in favor of the
poor. That growth is the key to our future markets. We
need to recognize that it is in our best interests to help
them develop that capacity.

Concluding comments
The U.S. swine industry has done a remarkable job of
responding to changing conditions in the domestic
economy. Few sectors of the economy have done so much
to change the quality of their product to meet changing
conditions of demand. Few sectors have experienced such
large changes in the system by which their product is pro125
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duced. These developments, largely a result of enlightened leadership, are doing much to improve the competitive potential ofthe industry. You are all to be commended.
Thenext challenge is to press ahead on gaining an international perspective on the sector. That is why I was so
pleased to be asked to be on your program. The
globalization of our economy puts us into a much more
complex world, and one that will challenge our ingenuity
and leadership in the future. I have no doubt that we will
be up to the challenge.
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Strain variation of porcine reproductive and
respiratory syndrome (PRRS) virus isolates
H.S. Joo, DVM, PhD
Many researchers have reported PRRS virus isolation. The
reports indicate that PRRS virus with different virologic,
serologic or pathogenic characteristic is prevalent under
field condition. Some isolates caused typical PRRS clinical signs but were serologically not identical each other.
Variable pathogenicity in pigs has been demonstrated fol"
lowing experimental infection with different PRRS virus
isolates.
PRRS virus isolate variants can be identified by:
•
•
•
•

virologic characteristic examination;
cross serological methods;
nucleotide and amino acid seqnence analysis;
experimental infection in susceptible pigs.

Virologic characteristic

cross-react with a European isolate, the Lelystad virus,
and with several strains of PRRS virus isolated in U.S.
and Canada. However, two monoclonal antibodies (VO
17 and EP 147) clearly differentiate between European
and American PRRS viruses. Although a cross serologic
comparison of these viruses have not been carried out,
PRRS virus canbe divided into at least two subgroups
using monoclonal antibodies.

Sequence analysis
The complete nucleotide sequence was determined for
European PRRS virus 1•5 and American VR-2332 virus. 6
In order to examine relationship and molecular heterogeneity, open reading frames (ORFs) 2 through 7 ofPRRS
virus isolates were amplified by polymerase chain reaction and sequenced. Analysis of these sequences showed
considerable differences among the isolates. The homologies of nucleotide and amino acid sequences of the ORF4
betweenMN~1b(U.S. isolate) and LV (European isolate)
were 69% and 64%, respectively, and ORF4 of MN-lb
was 36 bases shorter than that of LV 4 The North American isolates were 87-95% homologous to each other but
only 64-67% homologous to the European viruses at the
nucleotide sequence leveP

All isolates were shown to have RNA and lipid~contain
ing envelope but no hemagglutinating ability to erythrocytes of different animal species. The virus replicates in
primary swine alveolar macrophage, CL 2621 and MARC145 cell lines. Some PR,RS virus isolates grow exclusively
in one cell line, and other strains grow equally well in all
cell systems. Certain isolates replicate on cell monolayers without an evidence of wet cytopathic effects. Differences in virus plaque sizes were also observed with PRRS
virus isolates. The viral plaque of different isolates could Experimental infection in pigs
be classified into 3 groups of the plaque sizes (:Sl, 2-3 or
2:4 mm). It is interesting to know if the plaque size is Under field condition, clinical signs of PRRS vary conrelated with viral pathogenicity.
siderably. Some herds experience severe acute reproductive failure andrespiratory disease, others endemic respiratory disease, and in many herds no clinical disease is
Cross serologic method.
observed. The clinical variabilitycould be due to a variAntigenic variation has been reported for PRRS virus iso- ety of causes including strain of virus, immune status,
lates from the Netherlands, Germany andtheU.S.A. 9 The environmental factors or differences in genetic susceptiEuropean strains resemble each other closely on thebasis bility.
of their reaction with experimental and field sera but difUpon experimental. infection in colostrum deprived pigs
fer serologically from the American isolates. North Ameriwith PRRS viru.s isolates, significant differences between.
can strains were found to be closely related to each other
the isolates were observed in the pathogenicity including
serologically than to the European strains. The isolates
lung lesion scores, clinical respiratory scores, rectal temmay be subgrouped using a cross serum neutralization
peratures,
red blood cell counts. 2 Mean gross lung lesion
(SN) test. 10 The SN antibody titers were high when hoscores ranged from 10-77% consolidation. For example,
mologous PRRS virus isolate was used in the test but
the PRRS virus VR 2385 induced an estimated 54.2%
markedly low to heterologous PRRS virus isolates (Table
consolidation of the lung at 10 days post inoculation,
1). The difference in antibody titers was not observed when
whereas the VR 2431 and Lelystad virus isolates induced
homologous and heterologous PRRS virus isolates were
only 9.7% and 6.8% consolidation, respectively. Microtested by an indirect fluorescent antibody (IFA) assay.
scopic lung lesions were similar in type between the isoNelson et aF reported that 2 monoclonal antibodies
lates but differed in severity and duration;
(SDOW 12 and SDOW 17) produced against VR-2332
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Table 1: Comparison of antibody titers to different PRRS virus isolates tested-by the modified SN and IFA

Exp. sera*
1
2
3
4
5
6
7
8

Modified SN titer
MN-1b MN-W
MN-H
32
32
64
64
16
64
16
3

2
2

Indirect FA titer
MN-1b MN-W
MN-H
1024
1024
256
1024
1024
1024
1024
256'

2
2
2
2

1024
1024
1024
1024
1024
1024
1024
1024

1024
1024
1024
1024
1024
1024
1024
1024

* Pigs were inoculated with PRRS virus MN-1 bat 3 weeks of age and sera were collected 56 (1-4) and 28
(5-8) days post inoculation, respectively.
Table 2: Farrowing results and virus isolation from 86-day gestation sows infected with different PRRS
virus isolates

Sows
Number

Virus/route

17
53
153
147
124b
95b

MN-Hs/IN
MN-Hs/IN
MN-HLIIN
MN-HL/IN
Control
Control

155
49
176
110
800
44

Fetuses
Total

Live

Experiment 1
9
6
10
8
13
0
12
0
14
14
12
12
Experiment 2
MN-Hs/IN
11
7
MN-Hs/IN
10
8
MN-Hs/IM
15
12
15
13
MN/Hs/IM
OVL-173/IN 12
OVL-173/IN 18
5

Dead

Virus
lsolationa

3
2
13
12
0
0

6/9
6/10
2/11
3/7
0/14
0/12

4

8/11
9/10
3/15
2/15
1/12
10/18

2
3
2
11
13

a No. of samples virus isolated/ No. of sample tested
b Sows were slaughtered at 107 days of gestation to examine the fetuses
IN; Intranasal, IM; Intramuscular, NO: Not determined
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In a recent experiment, 8 mild pathogenicity was demonstrated in pregnant sows with a small plaque variant (MNHs) ofPRRS virus. The MN-Hs virus was initially cloned
from MN-H virus that was a mixture of 2 different viruses with large (MN-L) and small (MN-Hs) plaque in
size. In an experimental infection in pregnant sows, an
obvious difference in the pathogenicity was observed between MN-HL and MN-Hs viruses (Table 2).
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A possible explanation for the inability to
control PRRS in large herds: the theory of·
subpopulations
Scott Dee, DVM, MS Dipl, ACVM; HanSoo Joo, DVM, PhD; Bong Kyun Park, DVM,
MS; Steve Henry, DVM; Lisa Tokach, DVM
Since the initial publication describing Nursery Depopulation (ND) as a potential method for controlling post
weaning PRRS; the technique has met with both success
and failure. 1 While the majority (>75%) of the herds that
have use ND reported significant (p < 0. 000 1) improvements in nursery growth rate and mortality in these studies, in certain cases problems have persisted. 2 Various reasons for potential reinfection have been reported; however,
there have been individual cases of recurrent post weaning PRRS where the· reason for continuous reinfection
could not be determined. 2 While the use of commercially
available vaccines has been shown to improve post-weaning PRRS problems in certain cases, results have been
inconsistent. 3 Field and laboratory observations indicate
that controlling viral circulation in the breeding herd is
critical to the success of both strategies. Therefore, it be~
comes important to determine factors that predispose viral shedding among members of the adult population.

has been described and virus has been isolated from tonsillar tissue. 4 If chronically infected sows initiate shedding, subpopulations of non-exposed animals may become
infected, leading to uncontrolled viral transmission. If
sows are exposed in late gestation, transplacental infection may take place, or virus may be shed to piglets during parturition or lactation. The weaning of infected piglets then leads to in recurrent infection of nursery
populations.

Materials and methods
Serologic Profiling
Theindirect fluorescent antibody (IFA) test has been the
primary serologic assay for detecting exposure to PRRS
virus. 5 This test measures IgG, detects the formation of
an antibody within 7 - 10 days of infection, and may persist for 3 - 4 months. The serum neutralization test (SN)
detects antibodies within 9 - 28 days following infection
and has been reported to persist for up to 365 days. 6 •7 Recently, an IgM IFA test has been described to be highly
effective at detecting acute PRRS virus infection. 8 Titers
are detected within 5 days post infection, however the
duration ofigM antibody is very short (14 ~ 28 days). Of
particular interest is the high correlation (81.3%) of successful virus isolation from serum when IgM is present,?
This is in contrast to the IgG IFA, which correlates to a
59.3% isolation rate of virus from serum containing this
antibody.

Initial observations indicate that the size of the breeding
herd and the annual rate of replacement gilts may be important factors in the maintenance of an 'unstable' population. According to production records, farms with per~
sistent PRRS problems may also have breeding herd
inventories of 2: 1000 sows, house animals in gestation
stalls, and have aggressive annual replacement rates of
40 -45%. 3 Clinically, these farms not only display recurrent post weaning pneumonia problems, but signs of upper respiratory distress (coughing, sneezing, etc.) are evident in suckling piglets as welP Finally, anorexia and/or
agalactiae with udder edema may be present in a percentBased on using these 3 testsin combination, it was theoage (10- 15%) of sows with affected litters. 3
rized that it may be possible to detect whether subpopulations exist at a point in time and persist over time within a
population. All testing was done at the University of Min~
Based on the observation of this clinical presentation over nesota swine serology lab and involved consistent laboa large number offarms, it was hypothesized that consis- ratory personnel throughout the study period. All samples
tent exposure to PRRS virus following infection may not collected were tested for the presence or absence of IgM,
occur among all members of a population particularly if IgG, and SNantibodies. Following serological assessment,
previously described housing and management strategies attempts were made to classify sows into one of four
are present. The lack of exposure to virus may also im- groups (Table 1). Animals that were serologically negapair the development. of a stabilized population immu- tive on all three tests were classified as 'Not Exposed'.
nity. Therefore, 'subpopulations' of non -exposed, poten- Animals were classified as 'Acute Exposure' if titers of
tially naive animals may exist within the same population ~1:64 were evident on the IgM test, while IgG and SN
as previously exposed sows. The chronically infected sow were negative. 'Acute Re-exposure' was determined to
have taken place if samples were IgM positive at ~1 :64

The theory of subpopulations
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and SN positive at ~1 :4. Finally, 'Antibody Decay' was lations over time, a total of 85 randomly selected 6" and
defined as the reduction in titers over time.
8-month-old gilts were collected from 10 study farms,
Samples were tested as previously described. If any
changes in titer levels were deteced between the different
Study design
.use groups, differences were assessed for significance.

Part 1: Assessment of sub populations at a point
in time
Based on available farm histories and diagnostic data, 10
farms were ~>elected for an initial screening of the breeding herd to determine whether subpopulations existed at
a point in time. (Table 1) All herds were located in the
same geographical region and had similar breeding herd
inventories and clinical problems with PRRS virus. All
farms had failed to control post weaning PRRS using conventional measures. A sample of randomly selected animals was collected for serologic analysis. Sample sizes
were based on an expected prevalence of lO% negative
animals, therefore at least 15 samples were collected to
insure a 99% confidence at a ±20% accuracy of detecting
a non-exposed female.
Table 1: Proposed categories of subpopulations
based on multiple serologic tests

Category
Not Exposed
Exposed
Acute Re-exposu re
Antibody Decay

Antibodies detected
lgM
lgG
SN

+ (~1 :64)
+ (:2:1 :64)

t

Results
At the time of writing, theentire study was not complete.
Preliminary data will be summarized at this time; final
results will be presented at the Leman Conference.

Part 1: Assessment of subpopulations at a
pointin time
Results are summarized in Table 2. A total of 258 adult
breeding females were tested. Subpopulations of non-exposed animals (IgM(-), IgG(-), SN(-)) were detected in
· 80% of the study farms. The overall percentage of individual samples displaying this serologic profile was 26.0%
(65/258) with a range of 0- 52%. Subpopulations of exposed animals (IgM(~l :64), IgG(-), SN(-)) were detected
in 50% of the study farms. The overall percentage of
samples displaying this profile was 13.6 (35/258) with a
range of 0 - 35,6%. Finally, evidence of acute re-exposure (IgM(~l :64), IgGH, SN(~l:4))was also detected in
40% of the study farms. The overall percentage of samples
displaying this profile was 3.9% (10/258) with a range of
0- 15%.

+ (;:o:1 :4)

t

Part 2: Assessment of subpopulations over
time

This study is not complete; however, based on preliminary
results, it appears that in chronically infected breedThe potential of subpopulations to exist over time in a
ing
herds,
one or more of the following can happen over
specific farm was assessed. It was hypothesized that some
time:
animals may remain serologically negative on all tests
while others may become exposed or repeatedly re-ex• animals may exist within a population and become
posed. In order to test this theory, it was decided to seexposed to the virus;
quentially test selected animals. Two farms from the ini• non~exposed animals can become acutely exposed;
tial study group of 10 were selected based on owner
willingness. At least 15 randomly selected sows were
• animals previously exposed can be re-exposed;
sampled 3 times at 3· month intervals. Based on· an ex• previously exposed animals may exhibit antibody
pected prevalence of 10% negative animals in the popudecay over time.
lation sampled, at least 15 animals were tested in order to
be 99% confident at a 20% accuracy in. detecting whether Additional testing will continue and results will be prechanges took place in the serostatus of the individuals sented at the Leman Conference.
sampled over time.

Part 2: Assessment of subpopulations over time

Part 3: Relationship of age and serological status
in replacement gilts
Previously published reports have described the role of
the replacement gilt in the maintenance of PRRS problems in infected farms. 9•10 In order to determine whether
any changes took place in the serologic status of gilt popu1995 Allen D. Leman Swine Conference

Part 3: Assessing serologic changes in
replacement gilts
It appears that as animals age, antibody titers (particularlySN antibodies) decay. Animals tested at 8 months of
age appeared to have lower SN titers (:s;l :8) than did gilts
of at 6 months of age. Animals serologically negative on
all three tests were detected in both use groups as were
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Table 2: Assessments of subpopulations: breeding herd serology

Farm
#

#tested

1
30
2
25
3
20
4
22
45
5
6
40
7
20
8
18
20
9
10
18
Total
258
Mean percentage
Range

Not
exposed 1
o/o
#

Acute
exposure 2
#
%

Acute reexposure 3
#
%

23.3
52.0
10.0
0
33.3
22.5
40.0
38.9
0
22.2
65
26.0%
0-52.0%

4
9
5
0
16
1
0
0
0
0

4
0
3
2
0
0
0
0
0
1

7
13
2
0
15
9
8
7
0
4

13.3
36.0
25.0
0
35.6
2.5
0
0
0
0
35
13.6%
0-36.0%

13.3
0
15;0
9.1
0
0
0
0
0
5.6
10
3.9%
0 -15%

1 Not

exposed=lgM(-), lgG(-), SN(-)
:64), lgG(-), SN(-)
3 Acute re-exposure=lgM(2::1 :64), lgG(-), SN(2::1 :4)
2 Exposed=lgM(2::1

animals which were only IgM positive, but a greater percentage were found in 8-month-old animals.

Discussion
Although the study is not completed, preliminary data
suggests that subpopulations may exist and that theyt may
be a contributing factor to the maintenance of viral transmissions in large farms. Although one cannot make definite statements on the relationship between the presence
of detectable antibody and immunity, the inability to produce consistent viral exposure within a population, along
with evidence of SN antibody decay over time, does not
appear to be beneficial towards successful PRRS control.
The most obvious solution to these problems is vaccination ofbreeding animals and replacement gilts. Although
it is not currently approved, it is currently being practiced
in the field. Whether vaccination can produce consistent
exposure and protective immunity is not yet known. The
long-term effect of a modified live PRRS product on the
porcine fetus is also not known. Until these questions are
answered, it is important that practitioners explain the
potential risks of extra-label usage to clients, maintain a
strong veterinary-client-patient relationship, and practice
good communication as we experience yet another new
challenge and a new learning process with this disease.
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Monitoring PRRS virus in the breeding herd
Lisa M. Tokach, DVM; Steven C. Henry, DVM; and Scott A. Dee, DVM, MS*
In 1991, Wensvoort et. al.(Netherlands), Ohlinger et.
al.(Germany), and Collins et. al.(United States) isolated
the Arterivirus now known to be the etiological agent in
Porcine Reproductive and Respiratory Syndrome (PRRS)
in swine herds throughout the world. 1•2 This significant
finding allowed rapid development of antigen and antibody testing. Researchers and practitioners have been
applying serologic information in an effort to define the
epidemiology ofPRRS. Information on prevalence, transmission, and risk factors is being gathered to gain knowledge that will hopefully enable us to stabilize the syndrome in swine herds.
Stabilization of the breeding herd implies predictability
and control of the disease. This is necessary in order to
apply many of the protocols described which are aimed
at eradicating PRRS virus from entire herds or at least
from certain phases of production within herds. 3 ·4 Prior to
this study, we had become increasingly frustrated with
the failure of elimination and control programs for PRRS
in many of our clients' herds. It seemed that all control
measures were either complete failures or only mildly
successful when compared to the effort and expense involved. We began investigating the incidence of reinfection of breeding animals and the reproductive performance
of those same animals over time by comparing repeated
PRRS serology of individual sows.

Herdt
This 1300-sow farrow-to-finish operation has noted clinical signs ofPRRS since 1987 and a confirmed diagnosis
since 1991. It is a total confinement system with off-site
finishing and internal gilt multiplication. Nursery facilities are located on the same site as the sows. Nursery
depopulation as described by Dee et al were attempted.
Unfortunately, the efforts resulted in only 3-4 weeks of
reprieve from clinical signs of PRRS in weaned pigs.
Vaccination (RespPRRS, NOBL Labs) was used according to labeled instructions beginning in July, 1994. No
differences in performance (ADG, FIG, feed intake, mortality rate) were detected. The use of the vaccine in piglets was discontinued. It appeared that the failure of control was due to the fact that the nursery was on the same
site as the breeding herd and there was apparent instability ofPRRS immunity of the breeding herd.

tested at approximately 3 month intervals beginning December, 1994 to see what changes occurred over time and
how those changes affected the reproductive performance
of the sow. We chose to monitor IgM (indirect fluorescent
antibody (IFA)), IgG (IFA), and serumneutra1ization (SN).
This was based on the following premises:
• lgM titers to PRRS rise rapidly post infection and
decline in 2-3 weeks. This may correlate with viremia, therefore is a possible indicator of very recent
infection and a potential substitute for virus isolation
(VI);
• IgG titers to PRRS have long been the standard test
used by diagnostic laboratories;
• Monitoring SN reveals the ability of the serum antibodies to neutralize the virus, therefore we wanted to
see if SN positive animals were protected from reinfection.5
. The first complete serological examination was sampled
from available parities and repeated on the same animals
three months later (See Tablet). Upon repeated testing,
we were able to identify 7/25 samples that appeared to
show reinfection with PRRS virus based on the fact that
the animals had a positive SN titer with a negative IgM
titer on the firsttest, followed by positive IgM and declining or negative SN titer on the second test. The reinfected
sows were from various parities: two parity 0, one parity
1, one parity 4, and three parity 5. PigCHAMP® records
were used to compare the reproductive performances of
the reinfected sows to the average of the entire herd and
the average of their respective parities. Granted the sample
size is small, however, no detectable differences were
noted in gestation length, total pigs born, pigs born alive,
adjusted 21-day litter weights, or farrowing interval where
appropriate.

Herd2
This 550-sow farrow-to-finish operation has had a confirmed diagnosis ofPRRS since 1992. The nursery is on
the same site as the sow facilities with off-site finishing
facilities. Like herd 1 above, the producers had been unsuccessful with nursery depbpulation and labeled use of
the modified-live PRRS vaccine as methods of control
for the disease.

To investigate the variability of PRRS titers within the
sow population oflarge herds, 25 sows were serologically Twenty sows were sampled for repeated serology beginning January, 1995 and repeated twice more at approximate three month intervals (See Table 2). Upon repeated
Abilene Animal Hospital, Abilene, KS
testing, we were able to identify 7/20 sows that appeared
* Swine Health Center, Morris, MN
1995 Allen D. Leman Swine Conference

133

Lisa M. Takach
Table 1: Herd 1 percent positive PRRS serology by parity

12/20/95
Parity

# of

3/16/95

lgM

lgG

SN

lgM

lgG

SN

0/3
0/8
0/1
1/2
0/4
0/5
0/2

1/3
2/8
0/1
0/2
1/4
3/5
0/2

3/3
2/8
0/1
1/2
1/4
4/5
1/2

2/3
3/8
0/1
0/2
1/4
3/5
1/2

1/3
4/8
1/1
0/2
3/4
2/5
0/2

2/3
5/8
1/1
2/2
3/4
2/5
0/2 ·.

sows

0
1
2
3
4
5
6

3
8
1
2
4
5
2

Table 2: Herd 2 percent positive PRRS serology by parity

1/19/95

4/12/95

6/26/95

Parity

# of
sows

lgM

lgG

SN

lgM

lgG

SN

lgM

lgG

SN

0
1
2
3
4
5
6

3
2
5
4
2
3
1

1/3
1/2
2/5
0/4
0/2
1/3
1/1

1/3
1/2
3/5
4/4
2/2
2/3
1/1

3/3
2/2
5/5
4/4
2/2
3/3
1/1

3/3

0/3

2/3

NT

NT

NT

3/5
1/4
0/2
3/3
1/1

1/5
0/4
1/2
0/3
0/1

2/5
2/4
1/2
0/3
0/1

0/3
0/2
0/5
1/4
0/2
0/3
0/1

0/3
0/2
0/5
0/4
0/2
0/3
0/1

1/3
1/2
2/5
2/4
1/2
2/3
1/1

to become reinfected with the PRRS virus. The reinfected
sows were from various parities: two parity 0, two parity
2, one parity 3, and two parity 5. As with herd 1,
PigCHAMP® records were used to assess reproductive performance of the reinfected sows as compared to the average of their respective parities in the herd. Again, no differences could be detected in gestation length, total pigs
born, pigs born alive, adjusted 21-day litter weights, or
farrowing interval where appropriate.
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Discussion

of individual sows does occur as measured indirectly by
serology. Although reinfection with PRRS virus may not
be pathogenic to the sow, these potentially viremic animals may have an enormous impact on PRRS control
methods being applied to the entire herd.
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Failure to stabilize immunity in a large
·breeding herd · .
.

.

Bruna, G. D.V.M.; Cabeza de Vaca, S. D.V.M.; Joo, H.S. D.V.M. Phi); Pijoan, C.
D.V.M. PhD.
PRRS was first described inNorthAmerica in 1987, in
Europe hi 1990, and in SoutheastAsiain 1993. 1 Following isolation of the etiologl.cal_ agent in ·1991, 1 various
approaches to control the disease have been ~~d, Depopulation-repopulation, Test and removal, Mult1-s1te production, Segregated Early Weaning and NurseryDepopulation are examples of such technologies. 2 They are based
on the use of serological tests and different management
procedures, especially on the breeditlg herd: In all of these·
systems, stabilization of PRRSv immunity, wi~ a high
prevalence of seronegative animals in the breedmg ~erd
plays the most important role in the control and eradlcatioil of the disease.
·

Data/results·
A study was clll'ried out in a 1400 sow-herd, that had been
infected with PRRSv in 1992. The farm did not previously experience-a classical reproductive outbreak ?fthe
disease but it was having performance problems m the
growing phase, apparently associated to PRRSv and sec. ondary pathogens.
· ·
In February 1993, quarantine procedures for incoming
seedstock with monthly serologiCal monitoring were
implemented in an attempt to define and stabilize ~itus
circulation. The. replacement aninials came from a h1ghly
infected population and they went through a quarantine
until they showed low descendentiFA serologic titers. The
farm was closed to incoming animals during the two
months previous to Nursery Depopulation in the Summer of 1994.
·
At that time, the breeding herd appeared stable, being
serologically negative to the PRRSv. Piglets got infected
in the nursery, suggesting that at this point, 1he virus was
only circulating in the nursery and gro~-finishing areas.
Therefore, the decision was taken of usmg Nursery Depopulation for eradication of the <;iisease.
However, Nursery· Depopulation was unsuccessful to
eradicate PRRSv from-the farm. This was shown·by the
fact that nursery pigs slowly seroconverted, with ±50%
positive at 8 weeks (compared to 100% positi~e ~efore
depopulation). Even though the virus was not ehnnnated,
there was a good improvement in growth performance.

College ofVeterinary Medicine, University of Minnesota
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Discussion
. The clinical history and diagnostic results indicate that
PRRSv still is present in the farm. Some possible factors
could have led to the failure of stabilization of the breeding herd· immunity;
• While the Nursery. Depopulation procedures were
done, some positive gilts (> 1:256) that were removed
· from the finishing were brought back irito the herd. A
. high correlation between IFA titers > 1:256 and .
viremic state has been demonstrated. 3.4 These replacement gilts that were removed were taken to another
farm where they were commingled with anitnals from
a different source. This gilt management procedure
could be the source of reinfection of the breeding herd,
although the sow herd was presumably immune. The
possibility of introducing a different virus strain exists and the presence of such a different field strain
could be the reason of re-appearance of clinical episodes. 5 Alternatively, these results suggest that sows
that have recovered from the·disease and are presumed
immune could get reinfected after some time, if immunity were a transitory event;
• Following Nursery Depopulation, high persistent ti- .
ters were detected in a few multiparous sows, indicating the potential for carrier animals, even though
these sows were negative to virus isolation from serum. Recent experiinents have demonstrated the possibility of virus isolation from the palatine tonsils at
periods upto 157 days post-infection, 134 days a~er
the laSt virus isolation from serum. Also, transnnssionofPRRSvbypigs infected 15 weeks earlier has
been demonstrated; 6
• High titers in multiparous sow could be caused b?'
reinfection ofimmunedeficient adult animals or ammals previously exposed to the virus a long time before -that are no longer protected;·· . .
.
• fufection age could be different between-animals of
the same herd. Animals which get infected during the
late finishing stage, <;:auld be a source ofPRRSv following arrival to the gilt pool. Also, some animals
may not be exposed to the virus in these large_ endemic farms with low· virus. circulation, potentially
reaching reproductive age without being infected.
These animals could be danger spots for virus circulation in the breeding herd: However, the existence
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of naive animals in infected sow herds has not been
proven;
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• Large herds (> 1000 sows) have higher possibilities
of maintaining
endemic status to PRRSv infection due to the difficulties in identifying positive and
carrier animals.

an

Conclusion

ease.
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Maximizing profit from the growing-finishing
phase
Michael C. Brumm, PhD
Historically, 25% of the nation's pigs farrowed were sold
and finished as feeder pigs in facilities located at sites
separate from the farrowing/nursery site. Often filled with
commingled pigs and managed as continuous flow sites,
these finishing enterprises were the only opportunity for
financial analysis of various grow-finish management
practices.

little interest in refining the management skills necessary
to make the finishing facility a profit center.

The current 'building-boom' is being driven by a different set of forces and expectations. To begin with, the
financial risks are greater today than 20 years ago. In 1975,
a Nebraska-style MOF with partial slats and deep pit costs
$90-$110 perpig space. Today's fully-slatted, curtain-sided
With the recent resurgence of investment in swine pro- finishing facilities often carry price tags of>$170 per pig
duction facilities and the rapid adoption of SEW two- or space.
three-site production technology, coupled with AIAO
For the 20 year period 1975-1994, the average Omaha
management, pork producers and advisors have begun to
price for US No. 1 and 2 barrows and gilts was $47.17. 1
recognize the growing-finishing phase of production as
Many industry observers today are predicting an average
an independent profit center in the swine production cycle.
interior Iowa/southern Minnesota base price of $40-$42
If one looks backward at the swine industry, two items for the next 5-7 years.
stand out as explanations for the delay in this recogniTo day's building revolution is occurring in the midst of a
tion:
major genetic shift. This genetic shift is occurring, in part,
as a result of consumer demands for products in the retail
Lack of records
meat case with less visible fat. This message has been
In continuous flow facilities on farrow-finish farms, it was translated to producers via packer procurement systems
very difficult to monitor pig performance. When com- that have put increased financial rewards on pigs with less
bined with the lack of appropriate computer software to measurable backfat (i.e., greater lean as predicted by less
summa~ize the information that was collected, it is easy backfat).
to see why little knowledge was available of the impact of
Leaner pigs (i.e., pigs with less backfat) are more effivarious management practices on profitability.
cient in the conversion of feed grains to live weight, but
The last five years have seen an explosion of computer they are also less able to tolerate the variable environrecord systems that attempt to summarize in a meaning- ments often associated with facilities constructed and/or
ful manner the information that can be gathered in con- utilized since the mid 70's. The rule today is that, as protinuous flow facilities. When combined with the increased ducers adopt improved genetic sources in their producuses of AIAO management, producers and advisors in- tion systems, improved facilities are required if pigs are
creasingly can look at the big picture and assign dollar to express their genetic capabilities. On the other hand, if
values to the impact of various management recommen- investments are made in new facilities, it takes the perdations. Increasingly, they are now searching for infor- formance capabilities of the improved genetics to genermation systems that allow them to monitor individual ate enough income and savings in feed costs to pay for
pieces of information to better refine their management the facilities.
skills. Producers and advisors have adopted the old axiom
Assuming producers have made the decision to invest in
that 'y~m can't manage what you can't measure'.
new facilities and have accessed improved genetics, what
are the key components that will maximize the opportuReliance on low investment facilities for
nities for profit from the facility? Assuming AIAO management so that disease risks are minimized, the two key
pigs of average genetic potential
The 'confinement-boom' of the 1970s involved moving variables to profit are:
pigs from outside facilities to a variety of confinement
• minimize feed cost per unit of gain.
facilities. However, this move was accomplished without
• maximize profit per unit of space.
a significant, concurrent change in the type of pig being
finished for slaughter. With low investment costs per pig
space, adaptable genetics and homegrown grain, there was
Professor of Animal Science, University of Nebraska, Concord,
NE 68728
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Feed cost per unit of gain

common mistake made by many producers and advisors
is to feed diets formulated for high rates of lean gain, ·
After accounting for the value of the 50-pound pig enter- when in fact the pigs don't have the genetic potential for
ing the finishing facility, feed remains the major cash ex- high lean gain; facility or other limitations may also prepense for the growing-finishing enterprise; 75% to 80% vent expression of genetic merit.
of the total pounds of feed used in the production of pork
is accounted for in this phase of production. Too many Relating carcass merit with daily gain
producers continue to 'grind feed' for pigs rather than It is quite common for producers to assume that pigs with
'manage feed expense.' Producer coffee shop discussions high carcass merit also have high rates of lean gain. To
and producer decisions are still driven by the desire for assist producers in relating carcass merit to daily gain,
the best feed conversion, rather than the best (while low Tables 1 and 2 were developed.
not always the lowest) feed cost per unit of gain.
How important is feed cost per unit of gain to the profit
potential of a growing-finishing enterprise? If a producer
has a feed ingredient expense of $130/T for all ingredients used in the grow-finish phase of production and each
pig gains 200 pounds (50-250 pounds), each 0.1 unit of
improvement in feed conversion is 20 pounds of feed or
$1.30 (20 lb x $0.065/lb). This equates to a change in
price received of $0.52/cwt ($1.30 divided by 2.5 cwt).
That is, for each 0.1 improvement in feed conversion, the
break-even price needed is reduced $0.52. At $150/T feed
ingredient price, the break-even changes $1.50 per pig
per 0.1 unit improvement or $0.60/cwt.

Using backfat depth to estimate lean gain
If a producer's packer reports last rib midline backfat
depth, use Table 1 to estimate daily lean gain. Most university specialists and industry advisors consider 0. 750.80 lb/d as the dividing line between medium and high
rates of lean gain.
Table 1: Estimating lean gain (units expressed in
lb/d containing 5% fat'· ..) when last rib midline
backfat is known
Last rib midline backfat depth

Average Daily
To better illustrate the importance of feed expense conGain in lbs
0.6
0.8
1.0
L2
trol to profitability, consider death loss. For years, producers and advisors have been concerned with death loss
1.4
0.55
0.53 0.50
0.48
in growing-finishing facilities, with the quip often being
1.6
0.63 0.60 0.58
0.55
"you can't sell a dead pig". Let's take the example of a
1.8
0.70 0.68 0,65
0.62
500-head finishing facility to put a dollar value on death
2.0
0.78
0.75 0.72
0.69
loss. If3% of the pigs that are delivered to the facility die
2.2
0.86 0.83 0.79
0.76
prior to market, this is 15 pigs. If those pigs would have
2.4
0.94 0.90 0.86
0.83
been worth $100 per head at slaughter ($40/cwt x 2.5 cwt),
income is reduced $1,500.
"High lean gain is generally defined as 0.75 or
For this same 500-head barn, assuming a feed conversion 0.80 lb/d.
of3 .2 for the remaining 485 pigs, total feed use would be .. Combinantion of barrows and gilts
155.2 tons. If death loss climbs to 4% (another five pigs
die for a potential income loss of$500), feed usage needs Using fat free lean index to estimate daily fat free
to be improved only 3.85 tons on the entire barn or 16 lean gain
pounds per pig (7,700 pounds offeed/480 pigs). Iffeed If a producer's packer reports a fat free lean index (FFLI),
wastage is the problem, this translates to 0.15 pounds per use Table 2 to estimate daily fat free lean gain. Consider
pig per day or 4.4 pounds per pen of 30 pigs per day less 0.70 lb/d as the dividing line between medium and high
waste to make up for the lost income from a 1% increase rates of fat free lean gain.
in death loss.

The above discussion is not meant to minimize the importance to profit of keeping pigs healthy, but rather to
highlight the often misguided emphasis many producers
place on small changes in death loss percentages while
ignoring feed expense.

Discussion

Table 1 results suggest producers who market 250 pound
pigs which routinely have 0.8 in. last rib midline backfat
need to have daily gains of two pounds per day, or better
to be classified as high lean gain. Results from Table 2
suggest a combination ofFFLI of 48 or greater, and averAnotherkey component for controlling feed cost is mak- age daily gain of two pounds per day is required to qualify
ing the correct diet selections for the genetic potential of as high lean gain.
the growing-finishing pig, given the facility and other limitations which will limit expression of this potential. A
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Table 2: Estimating fat free lean gain using FFLI (units expressed in lb/d.)
Fat Free Lean Index value
Average Daily
Gain in lbs

42

44

46

48

50

52

54

1.4
1.6
1.8
2.0
2.2
2.4

0.43
0.49
0.55
0.61
0.67
0.73

0.45
0.52
0.58
0.65
0.71
0.78

0.48
0.55
0.61
0.68
0.75
0.82

0.50
0.57
0.65
0.72
0.79
0.86

0.53
0.60
0.68
0.75
0.83
0.91

0.55
0.63
0.71
0.79
0.87
0.95

0.58
0.66
0.74
0.83
0.91
0.99

"High fat free gain is usually defined as 0.70 lb/d

Table 3: Estimated daily feed intakes for growingfinishing pigs in thermoneutral conditions with
moderate space restriction
Weight
range

Mixed
sex in
lb/hd/d

Barrows in
lb/hd/d

Gilts in
lb/hd/d

45-80 lb
80-130
130-190
190-250

3.3
4.6
5.8
6.9

3.3
4.7
6.2
7.2

3.3
4.5
5.5
6.6

Table 4: Approximate daily gain patterns for
various weight intervals during growing-finishing

Weight
range in lbs
45-80
80-130
130-190
190-250

Average daily gain in lb/d
1.85
1.50
1.65
1.75
1.20
1.40
1.70
1.62

1.35
1.65
1.80
1.75

1.42
1.75
1.90
1.85

1.55
1.85
2.00
1.95

University of Nebraska and South Dakota State
University 5
Table 5: Estimated total feed needs per pig· for various levels of daily gain Daily gain in lb/d
1.65
1.75

mixed sex pens

1.85

Weight
range in lbs

1.50

45-80
80-130
130-190
190-250

96.4 lb feed/pig
164.2
204.7
255.3

88.8 lb feed/pig
139.4
193.1
236.7

81.2 lb feed/pig
131.6
183.3
223.6

7 4.6 lb feed/pig
124.2
174.1
212.5

TOTAL
F/G

721 lb feed/pig
3.52

658 lb feed/pig
3.21

620 lb feed/pig
3.02

585 lb feed/pig
2.86

·Assumes minimal feed wastage
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mended if feed intake is reduced due to these health and
management
factors.
Traditionally, producers with AIAO managed facilities
have made diet switches in response to increasing pig
weight when pigs "looked" big enough for the next ap- Profit Per Unit of Space
propriate diet in the planned diet sequence. Increasingly,
producers are using preplanned feed deliveries to more In an effort to better understand space allocation and the
interaction of performance with economic reality, Uniprecisely manage feed costs.
versity of Nebraska specialists2·3 developed a simulation
There are an increasing array of computer models and model of pig flow for continuous flow feeder pig finishing
record systems available to assist producers in the timing facilities. The model is based on a Nebraska-style MOF
of diet switches. However, until producers have established and uses the performance prediction equations cited in
a seasonal history of a specific genetic cross in a specific the accompanying paper in this proceedings entitled
facility for feed intake and gain, it is suggested that they "Management and Facility Influences on Growing Pig
use the growth data in Tables 3, 4, 5, and 6 as a starting Performance." 4 Economic considerations were developed
point in estimating feed deliveries.
using data from the Nebraska Swine Enterprise Records
system.

Timing diet switches

Table 6: Estimated feed needs for barrows and
gilts

Weight
range in lbs

Barrows
(1.75 ADG)

Gilts
(1.65 ADG)

45-80
80-130
130-190
190-250

81.2 lb feed/pig
134.4 lb feed/pig
197.2 lb feed/pig
233.3 lb feed/pig

85.5 lb feed/pig
136.4 lb feed/pig
183.2 lb feed/pig
226.4 lb feed/pig

TOTAL
FG

646 lb feed/pig
3.15

632 lb feed/pig
3.08

Reduced space allocations, limited feeder access, and disease are known to reduce feed intake. Increasing nutrient
density in diets offered to pigs under these conditions has
not been demonstrated to return pig performance to a level
similar to unstressed or healthy pigs. Thus, changes in
diet composition (i.e., nutrient density) are not recom-

Simulated continuous flow operation
Table 7 presents pig flow, pig performance, total predicted
pork produced and total predicted break-even for all costs.
For this simulation, grower diets were priced at $160/T
and finisher diets were $140/T with 40 pound feeder pigs
costing $45/head and a 4% death loss assigned at the end
of the grower phase. It was assumed that feeder and drinker
spaces were adequate with crowding achieved by adding
more pigs per pen, with increasing group size effects minimal.
While advisors are no longer recommending the construction of continuous flow facilities, the lessons of Table 7
are still valid. Best pig performance, as measured by daily
gain and feed conversion efficiency, does not equate to
best or most profit. Nor do the economic conclusions in
Table 7 take into account the improved carcass merit reported for pigs given less space.

Table 7: Pig performance, cwt production, and total cost for simulated MOF'·"
Pen ::p'a:::e

...

4.2/6.0 (5.3)"""
4.9/7.0 (6.2)
5.6/8.0 (7.1)
6.2/9.0 (7.9)
7.0/10.0 (8.8)

ADG

1.41
1.46
1.50
1.55
1.61

ADF

4.92
5.02
5.10
5.18
5.27

F/G

3.49
3.42
3.38
3.36
3.31

Cwt p:lrk
sold
2465.15
2160.84
1943.14
1787.65
1619.55

Cost in
$/cwt
sold

Total cost

46.52
46.88
47.16
47.36
47.73

114.678.77
101,300.17
91,638.48
84,663.10
77,301.12

Total
income in

Profit in $

$'""

116,281.12
101,926.82
91,657.91
84,323.45
76,394.17

1,602.35
626.65
19.43
-339.65
-906.95

'Adapted from Powell and Brumm 2
•• Building is 28 ft x 102 ft with four growing pens (168 ft2each) and seven finishing pens (230 fF each)
"'FF pen space for the grower and finisher, respectively
""Includes a labor charge
.....$47.17/cwt 20-yr Omaha average
"""Average ft 2 pen space for all pigs
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Maximizing profit from the growing-finishing phase

growing-finishing space in the Midwest is contracted for
in one of two methods. The first method is a fixed fee per
For new grow-finish facilities, the best space allocation,
pig space (or per facility per year). In this example, a flat
with best being defined as the space allocation that maximizes profit, depends on the methods used to pay for the fee of $17,000 per year ($34/space at 500 spaces) was
used.
costs associated with the space. To best illustrate this,
Tables 8, 9, and 10 were created.
The other common method of payment is a per pig fee. A
fee of $6.50 per pig placed and $6.50 per pig sold was
In Table 8, pig performance for a new 42' x 100' doubleused.
wide fully slatted finishing facility with 10' x 19' pens is
predicted for various stocking densities. For this example,
a depression in gain and a worsening in feed conversion Maximizing profit per unit ofspace
is predicted as the number of pigs per pen increases from Under the pig performance and cost and expense scenarios
23 to 27. In on-farm situations, feed conversion may or depicted in Tables 8 and 9, the results ofTable 10 suggest
may not be influenced to this extent by increasing the the appropriate space allocation (in this case pigs per pen)
number of pigs per pen by four. It is also possible that depends on the method used to pay for the space. If the
daily gain may not be impacted in as negative a manner facility is producer-owned with fixed yearly payments or
as in Table 8. Note that in Table 8, an increase in price is contracted with a fixed payment, increasing the numreceived is predicted as the number of pigs per pen in- ber of pigs per pen, even if it results in reduced pig percreases. Recent research trials have shown a decrease in formance, results in a larger net return. However, if the
backfat and increase in carcass lean as space per pig is space is contracted for on a per head basis, fewer pigs per
pen, which results in best pig performance, maximizes
restricted.
net returns.
Table 8: Simulated pig performance for AIAO
Another way of stating this conclusion is that if payments
space analysis
for space are fixed, the management goal is to maximize
the gain per square foot per year, within reason. IncreasPigs/ Ft2 / ADG
F/G Turns/
Carcass
ing the pounds of gain per square foot decreases the fixed
pen
pig
year
merit in
cost per pound of gain. In addition, each pound of gain is
$/cwt
worth slightly more since pigs given less space are leaner.
23
8.3 . 1.75 3.00 2.70
If payments are on a per head basis, the management goal
1.70 3.05 2.63
25
7.6
+0.1 0
is to maximize individual pig performance, since the fixed
7.0
1.65 3.10 2.57
27
+0.20
cost per pig is constant, regardless ofperformance. Carcass merit increases associated with space restrictions may
In Table 9, the income and expenses associated with the or may not modify this recommendation, depending on
pig performance predicted in Table 8 is given. Note that the individual situation.
there is no difference in death loss between the various
stocking densities, which is in agreement with research References
results for AIAO trials.

Simulated AIAO operation

I. Wellman A, Slaughter hog price patterns at Omaha. Univ Neb

In Table 10, the income and expense summaries of Table Coop Ext Neb Fact NF 95 _21 o, Lincoln.
9 are combined payment schedules for space. Currently,
Table 9: Income and expenses (500 head facility)

Pigs/
pen
23
25
27

Pigs/year
Placed Sold.
1242
1315
1388

1204
1276
1347

..
Income
$123,410
$131,109
$138,741

Expenses
Feed····
Pigs

...

$55,890
$59,175
$62,460

$47,190
$50,871
$54,606

Net to facility and
management
$20,330
$21,063
$21,675

·3% death loss
.. $41 net price received after deductions and transportation for 23 pigs/pen treatment. Carcass merit predicted in Table 8 .
...$45 delivered price for a 50-lb pig
.... $130/ton
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Table 10: Effect of method of paying for space on facility profit

Pigs/
pen
23
25
27

Flat fee
Payment/
Netto
year·
management
$17,000
$17,000'
$17,000

$3330
$4063
$4675

Per pig fee
Payment
Net to
/year··
management
$15,899
$16,842
$17,778

$4431
$4221
$3897

"$34 per pig space per year
··$6.50 per pig placed, $6.50 per pig sold

2. Powell T, et al., Economics of space allocation for grower. finisher hogs. J Amer Soc Farm Managers and Rural Appraisers.
1992; 56:67-72. .
.
· 3. Powell T, et al., Economics of space allocation for growerfinisher hogs: a simulation approach. Rev Agric Econ. 1993;
15(1):135-143.4. Brumm M, Management and Facility Influences on Growing
Pig Performance. 1995. University of Minnesota, St. Paul.
Proceedings ofthe 1995 AI Leman Conference.
5. Reese D, et al., Nebraska and South Dakota Swine Nutrition
Guide. Univ Neb Coop Ext 95-21 0; Lincoln.
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Assessing the value of a contract for growing
pigs
Bob Morrison, Bill Lazarus·
The traditional pig farm is single site farrow to finish, Producers have several options for growing pigs. These
farrow to feeder pig or finish only. As the swine industry are:
evolves, the manner in which pigs 'flow' from farrowing
• retain ownership and management of the pigs and
through finish has been changing dramatically. Just as in
facilities,
a manufacturing process, inefficiencies in a system are
• retain ownership of the pigs and contract with anbeing identified and eliminated. Traditional pig flow is
other party for facilities, and
inefficient due to high exposure of weaned pigs to infectious agents and excessive variation in growth perfor• own facilities and grow someone else's pigs under a
mance. Therefore, pig flow is being changed to accomcontract for a specified period of time.
plish two objectives:
For the purposes of thi~ paper, we will refer to the con• reduce exposure of weaned pigs to infectious agents
tractor as the party who retains ownership of the pigs.
from the adult herd by moving the weaned pigs to a
This party assumes most of the business risk (volatility in
'clean' site at an 'early' age, and
cost of production and market price) and therefore, ex• reduce age and weight variation within groups of pects to make most of the profit that is available. We will
refer to the party who owns the facilities as the
weaned pigs.
'contractee'. The contractee has a relatively minimal risk
With these two objectives in mind, the flow of pigs with\n
position with respect to volatility of prices and producthe U.S. industry is undergoing revolutionary restructurtion cost, but faces the largely unquantifiable risk that the
ing. Existing facilities are being remodeled and new facontractor may default on contract obligations.
cilities are being built to segregate groups of pigs at weaning. These groups generally remain intact and flow through
the nursery and finishing system. If a system is properly Payment Schedule
designed regarding pig flow, facility location and design, The contractor generally pays the contractee a set amount
and feeding program, managing the performance of the per pig or per pig space for labor, use of the facilities,
growing pigs becomes rather automated. The implication utilities, and miscellaneous expenses. Because the conof this is that any competent, conscientious, and teach- tractor stands to make more profit if the pigs perform
able person is capable of managing these. growing pigs. 'well', a production bonus is often paid to the contractee
Hence, our explosive growth in contracting out the growth under the assumption that this will incent the contractee
to do what is possible to manage the pigs 'well'.The payphase of pig production.
ment will generally reflect three considerations; ( 1) the
'going' market rate for contracts, (2) the length of the
Production Contracting Issues
contract, and (3) other assistance that might be available
There are several issues to evaluate when considering · such as for financing and facility construction.
whether to contract pigs with or for someone else. Some Market Rate The contractor will generally pay the
of these include:
contractee the going market rate plus or minus some
• compatibility of people involved,
amount depending upon the urgency with which the con• length of the contract,
tractor attempts toattract contractees. The going market
• ability of and willingness of contractor to stand be- rate will reflect what is regarded as a 'fair' payment based
on an assessment of each party's risk position. The
hind contract if market prices decline,
• ability and willingness of each party to terminate or contractee has various investment alternatives including
change the contract,
treasury bills (risk free), a portfolio of stocks, or a com• quality of pigs and the performance bonus system,
pletely new business venture. Is this contract being con• assistance in providing financing,
sidered an attractive investment given the alternatives, the
• assistance in barn design, construction, and site se- degree of risk aversiveness, preferred field of employment
lection
and desired financial return? As is true with market forces,
• location of proposed site, and
the amount offered in the contract will be more attractive
• pig payment schedule.
in times of contractee shortages. One can be assured that
as the contract market matures, terms will change accord.
ingly.
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Length of Contract To propose a payment schedule, the
contractor must forecast value of the pig as it exits the
contractees' facilities. As the length of the contract extends, uncertainty increases and it becomes more difficult to predict market value. As uncertainty increases, the
contractor accepts more risk if contract payments are to
be held stable. Therefore, the contractor pay have a lower
payment to the contractee to compensate. Conversely, as
the length of a contract decreases, uncertainty and risk
decreases. Consequently, all else being equal, payment to
contractees should increase with shorter duration contracts.
Other Assistance Inadequate equity may be a problem
for some potential contractees. Therefore, the contractor
may elect to provide partial financing to help secure a
loan. Additionally, assistance may be available for designing and/or constructing the facilities. Both of these types
of assistance can be invaluable for potential contractees,
especially those lacking experience in the industry.

-Taxes (accounting for interest expense)
+Depreciation (non cash expense)
+ Change in invested capital (net fixed assets+ working capital)
After Tax Cash flow from Operations

Money can be made by using other people's money (leverage) effectively. Return on invested capital (ROIC)
assesses the underlying profitability of the farm, independent of its financial structure.
ROIC = Earnings before interest & after taxes/Invested
Capital.

Effective use ofleverage occurs when ROIC exceeds the
cost of debt (effective interest rate). There is a balance
between increased risk when using debt financing & increased potential profitability.

The residual value is the value of the investment, if any,
beyond the investment decision horizon. One can be conservative and assume no value. Alternatively, one can assume that the cash flow will continue at the preceding
amount for ever (perpetuity method). Lastly, one can asFinancial Analysis of Payment Schedule
sume that the farm is liquidated and, has some value at
Most traditional analyses consist of a partial budget for l that point. In this case, this residual value could be the
period of time (e.g. 1 yr) with a benefit/cost, or examine liquidation value.
the benefit over time but not adjusted to present value, or
do not consider the tax advantages of borrowing, and vir- The discount rate is the rate used to calculate the present
value of future cash flows. The rate of inflation is often
tually never have sensitivity analysis.
used for this purpose but this is insufficient for investThe decision model employed here will have the follow- ment decisions. This is because the investor is expecting
ing components:
more than the rate of inflation as a return on the investment. The appropriate discount rate incorporates the cost
• Incremental change in income,
of capital and the relative proportion of debt being used
• After-Tax Operating Cash Flow (ATOCF),
in the investment. This modified discount rate is commonly
• Other Peoples' Money (using debt),
referred
to as the Risk-Adjusted Discount Rate (RADR).
• Residual value,
• Discounted to Present Value,
• Internal Rate of Return (IRR),
• Sensitivity analysis of key drivers.
Incremental change in income isolates the incremental
effect of the investment decision ($$). In so doing, one
can greatly simplify the process and examine the true effect of the investment (no other changes are incorporated
in the analysis). An annual partial budget is extremely
useful to do this:

=

additional income + reduced expenses +
reduced income + increased expenses

After-tax operating cash flow (ATOCF) is used to assess the cash flows from operations, after accounting for
taxes. Taxes are included in the investment to account for
interest and depreciation deductibility. After tax operating cash flow is used to pay principle and interest (if money
is borrowed) and the residual is retained earnings.
Sales
- Operating expenses

144

Indicators of Profitability Payback period, net present
value, and internal rate of return are methods employed
to evaluate the results of the analysis and compare alternative investments. Payback period is the time required
to recoup the initial cost of the investment. While intuitively simple, its disadvantage is that it does not account
for the time value of money. The cumulative present value
is the cumulative sum of discounted cash flows The value
at the end of the forecasted horizon is referred to as the
Net Present Value (NPV). As a general rule, if the NPV is
positive, then the investment decision is a good one. The
cumulative PV is a powerful tool since it indicates when
the NPV becomes positive. That is, how long does it take
for the project to recover the initial ilivestment and have a
rate of return equal to the cost of capital. Since the cash
flows are discounted at the cost of capital, any money at
the end of the forecast period can be considered to be
new value. That is, value was created above the required
rate of return. Internal Rate or Return (IRR) is the discount rate at which the net present value of the investment is zero.
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Assessing the value ofa contract for growing pigs
Figure 1: Calculation of expenses
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Sensitivity Analysis of key drivers is essential to evaluate the effect of unknown variables on the investment. We·
rarely know all the anticipated costs and benefits and minor changes can have dramatic effects. Key drivers are
those components of incremental income that have most
influence on the projected profit such as feed efficiency,
premium/pig, market price, and the projected investment
amount.

Example 1: Financial Analysis
A producer is proposing to put up a finishing barn and
finish pigs for a neighbor under a contract. Given the anticipated costs, market price, and contract length, is the
proposed payment a 'good' investment? The contractor
will provide pigs, feed, management advice, and transportation. The contractee will provide use of facilities,
labor, utilities and propane, and manure management. In
return, the contractor proposes to pay $3 5. 00 per pig space
per year. In addition, there is a produc:tion bonus for feed
efficiency and weight gain.

1. Calculate the total new investment required for the
contractee.
2. Calculate the total expenses per pig or per pig space
(Figure 1).
3. Calculate the after tax, operating cash flow available
annually for the length of the contract (Figure 2).
4. Discount the stream of ATOCFs to present value using
the weighted average cost of capital as the discount rate.
5. Determine the project's profitability by calculating the
payback period, the internal rate of return and the net
present value.
6. Examine the financial feasibility by determining the
effect of leverage on the ability to make principle and
interest payments (Figure 3).
7. Conduct sensitivity analyses with key drivers such as
facility cost payment and faCility cost (Figure 4).
In this example, we conclude the following:

The steps involved in the analysis are:
1995 Allen D. Leman Swine Conference
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Figure 2: Abbreviated pro-forma cash flow for a contract paying $35 per pig-space per year
Operating

Return on Investment
Internal rate of return
Net Present Value
ROE (method 2)
Payback Pertod (yrs)

1997

1996

1995

Number of years
Incremental EBIT
After-tax operating income
Add back depreciation
Change in invested capital (inv.)
Incremental A TOCF
Percent borrowed ~ % interest
Weighted Cost of Capital
Present value of cash flows
Cumulative PV
Payback (no time value of $)

0

1998

2000

1999

2002

2001

2003

:2004

2005

•2005

1

2

3

4

5

6

7

8

9

10

11

$6,893

$6,893

$6,893

$6,893

$6,893

$6,893

$6,893

$6,893

$6,893

$6,893

$241,337
$168,936

$4,825

$4,825

$4,825

$4,825

$4,825

$4,825

$4,825

$4,825

$4,825

$4,825

$11,429

$20,161

$15,429

$11,843

$9,124

$7,888

$7,343

$5,854

$4,376

$6,557

$16,254

$24,966

$20,254

$16,888

$13,949

$12,711

$12,168

$10,679

$9,201

$11,382

so
($100,002)

so

90.00%

$166,936

10.00%

7.07'lEI
($100,002)

$15,181

$21,796

$16,501

$12,683

$9,913

$8,437

$7,543

$6,183

$4,976

$~.7411

$79,665

($100,002)

($84,821)

($63,025)

($48,524)

($33,841)

($23,928)

($15,491)

($7,948)

($1,765)

$3,211

$8,959

$88,844

($83,748)

($58,761)

($38,507)

($21,838)

($7,889)

$4,822

$16,991

$27,670

$36,871

$48,254

$217,190

($14,647)

Wllhout ,.sidual

With residual

18.36'1(,

9.29'!E.

s

$108,961
188,646
61.58'1(, (examines annual Income· P&l and then IRR aver yro; no residual)
' (no i:cnsideratlon of timing or duration of cash flows)

Financing
Prtncipie & interest payment
($90,002)
Loan balance
Financial Feasibility (cash after P & I)

($14,647)

($14,647)

($14,647)

($14,647)

($14,647)

($14,647)

($14,847)

($14,647)

($14,647)

($84,355)

($78,143)

($71,310)

($63,793)

($55,525)

($48,430)

($36,426)

($25,421)

($13,316)

(SO)

$4,307

$12.870

$7,951

$4,160

$1.216

($270)

($1.0116)

($2,875)

($4,683)

($2,866)

Figure 3: Financial feasibility of the project with 90% debt financing
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Assessing the value of a contract for growing pigs
Figure 4: Sensitivity analysis of cost of facilities and payment on internal rate of return

o

o

o

o

o

the project is profitable with or without including a Add: division of profits among 3 cost centers (e.g., 'As
residual value,
you split up the enterprises, there is no profit left for anyone.') Calculate profit for finishing available given varithe project has a payback period of approximately 6 ous contracts.
years,
Time line of contract (i.e., 2x5 years with 35 and then
return on equity can be increased by increasing le30).
verage,
if the project is financed with more than 59% debt,
principle and interest payments cannot be made in
the later years of the contract from available cash flow,
the key to increasing profitability of the project, assuming payment remains the same, is to keep building costs down.
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Genetic biotechnologies: research
developments
Lawrence B. Schook, Ph.D.

Creating a gene map
Imagine for a moment that your heart's desire is a pair of
boots that (you have discovered) can only be bought in
Menahga, Minnesota. In order to own the boots of your
dreams, you must first answer the question, "Where's
Menahga?"
In the same way, our ability to select for or against production characteristics at the level of the gene depends on
our ability to find the genes involved in producing the
characteristics. Researchers interested in being able to
encourage or eliminate a certain gene must also begin with
the fundamental question: "Where is it?"
In the case of the hunt for the boot shop, the question can
be answered in several ways. You could call and get directions to the town of Menahga, ~relative to someplace you
already know- Duluth, perhaps, or Park Rapids. Or, you
might pull out a map of Minnesota, highlight the town,
and then trace your route there.
Similarly, chromosomal cartographers can describe the
location of a gene that codes for a trait of interest to producers in more than one way. We can talk about its relative distance from other, more readily identifiable reference points (genetic markers) along a chromosome based
on the likelihood that they will remain together during
the process that creates haploid eggs and sperm. Alternatively, its precise physical location can be marked using
radiation or photosensitive molecules that appear as actual spots when chromosomes are photographed with the
right kind of film. Researchers working to develop genome maps use both approaches.

Finding the link
The most hotly pursued map of the pig genome today is
one that locates a gene's position relative to that of other
identifiable signposts on the chromosome. Known as a
linkage map, this type of representation does not tell where
on a chromosome - or even necessarily on which chromosome- a particular gene is actually found. Rather, it
indicates the probability that it will be inherited along
with other known points in the genome.

that, if an animal has a certain marker, there is a high
probability it also has the code for production characteristics which are linked to that maker but which have not
yet been expressed phenotypically.. This knowledge can
then be applied to marker-assisted selection (MAS), the
process of choosing animals for breeding based on the
markers that we know they have inherited (their genotype) and that we know are associated with the economically important traits (phenotypes) we desire.
Genetic linkage maps are created by observing in a population of animals of known relationship how often two
polymorphisms are inherited together. When gametes
(eggs and sperm) are formed, the two sets .of chromosomes
divide up so only half end up in each gamete. Genes on
different chromosomes stand a more or less random
chance of ending up in the same gamete. Genes on the
same chromosome, on the other had, obviously are quite
likely to end up together, but riot 100% likely, surprisingly enough. That's because, when the two chromosome
sets part company to form gametes, occasionally bits of
the chromosome the animal inherited from one parent
trade places with the equivalent bits of chromosome that
it inherited from the other. This 'crossing over' means
that even though two traits are carried on the same chromosome, they may not always be inherited together. The
actual rate of recombination is determined by how far apart
the two are on a gene; the closer they are, the less likely it
is that they will be separated.
Crossing over is an extremely useful tool in the world of
gene mapping for the simple fact that the chance that two
genes will be separated in this way is related to how close
they are together on the chromosome. Just as it's much
more likely that lightning will strike today between you
and the West Coast than it is that it will strike between
you and your next-door neighbor, the odds of a split occurring between two proximate genes are meager compared to those of one occurring between genes on opposite ends of a chromosome. Thus, by observing the
frequency with which two genes are inherited together,
we can get a pretty good notion of how close they are
relative to each other on the chromosomes. In addition,
by doing this for different pairs of genes, we can determine the precise order in which the genes appear as well.

Such information is valuable because if two genes are The payoff for this knowledge is a big one in the world of
linked, they have a higher chance of being co-inherited pork production. With a linkage map in hand, we can tell
-inherited together by an animal's offspring. This means with great certainty whether an animal has inherited a
specific gene by determining whether it has inherited the
Department of Veterinary PathoBiology, University of Minnemarker associated with it. Thus, if a marker is discovered
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that is linked to a gene contributing to prolificacy, a breeder
could test for the presence of the marker in DNA obtained
from blood samples to find out whether a newborn male
pig inherited the prolificacy gene from his mother, rather
than waiting an entire generation to discover whether he
passes it along to his daughters.

Making markers

example here), we can use a laboratory technique known
as polymerase chain reaction (PCR) to make millions of
copies of just the stretch of DNA containing the
microsatellite. And once we have a pile of microsatellite
copies on hand, it's a relatively simple procedure to identify whether an offspring has inherited the long or the short
form of the microsatellite and, therefore, which copy of
the linked gene of economic importance has been passed
along.

Among the most immediately useful pursuits in the realm
of gene mapping today is the identification of markers.
These are nucleotide sequences that are polymorphic (i.e.,
they exist and are inherited in different, easily distinguishable forms in different individuals) and are linked to genes
for production traits which are not so readily observed.

Researchers have already mapped more than 400
microsatellite markers in swine. Because microsatellites
have the advantage of having a higher heterozygosity than
RFLPs (that is, they are more likely to appear in different
forms in different animals), such markers are likely to
play an increasingly key role in the further elucidation of
One of the first kinds of marker developed is the Type I the pig genome.
marker, also known as a restriction fragment length polyFigure 1: Genetic markers
morphism, or RFLP. These are DNA segments that encode for expressed DNA sequences thatare inherited in
different forms, one of which is recognized and cleaved
by highly specific chemical scissors known as a restricGenetic Markers
tion enzyme. When a restriction enzyme comes upon the
specific sequence of nucleotides that it is equipped to cut
Type I
Type II
(different sequences activate different restriction ·enzymes), it attaches to and splits the DNA at that site. Be- - Expressed sequences
- Microsatellites
of DNA (for example
(di/tri/tetra-nucleotide
cause the presence of the characteristic fragments can be
proteins)
repeats in genomic
detected in the laboratory, it is relatively easy to identify
DNA sequence)
which of the forms of the RFLP was inherited - and - Relatively low
thus which form of the linked production characteristic
polymorphism (number
- No identified biological
of alternative alleles at
function
the animal carries - by treating a DNA sample with a
a single marker locus)
restriction enzyme and biochemically observing the fragin comparison to
- Highly polymorphic
mentation pattern that results.
type II markers
There are many different RFLPs, each with its own corresponding restriction enzyme. If the gene that codes for
an economically important trait is known to be linked to
(or to contain) an RFLP, the restriction enzyme then becomes a test for the production characteristic. To date,
more than 20 Type I markers that are linked to genes of
interest in swine have been described. Additional research
is focused on identifying even more RFLP sites and linking them to relevant traits.
A second type of marker, the Type II marker, is based on
common chromosomal quirks that are known as
microsatellites. These are stretches of otherwise meaningless DNA in which a simple pattern of nucleotides is
repeated over and over. The length of this genetic 'stutter'
is polymorphic; for example (though in reality most are
much longer, on the order of 100 to 300 nucleotides), an
animal might carry on one chromosome the sequence
[ATCAA( GT)2oATGCT] and at the equivalent spot on the
other member of the chromosome pair the sequence
[ATCAA(GT)28ATGCT].

- Used in comparative
gene mapping studies
of various species (due
to relatively high
evolutionary conservation

(as large as 10 alternative
alleles at a single locus)
within and between breeds

- Not well conserved
between species

Marking the spot
A detailed genetic linkage map is only one of the goals of
genetic mapping. Researchers also are working to create
a second type of map, lmown as a physical map. This kind
of map identifies the location of genes and markers on
specific parts of specific chromosomes. A physical map
is important because it allows scientists to hone in on a
gene of interest to study its actual chemical makeup and
so better understand and perhaps eventually modify how
it contributes to or detracts from the productivity of the
food animal.

Ifwe lmow the sequence of the nucleotides on either side At the lowest level of resolution, physical maps are simofthe microsatellite (the "ATCAA" and "ATGCT" in the ply drawings of the patterns of light and dark bands that
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Figure 2: Genotyping

0

equivalent of state and city road maps. The most common
way of doing so is to make copies of the DNA section we
want to locate, tag them with radioactive or fluorescent
labels, and then mix them with intact chromosomes, a
process known as in situ hybridization (When the label is
fluorescent, the technique is referred to as fluorescence
in situ hybridization, or FISH). The tagged DNA selectively binds to matching sites on the chromosomes, and
its location can then be observed using radiosensitive or
light-sensitive film.
The most hotly pursued sites on physical maps are those
that contain restriction fragment length polymorphisms
(RFLPs) ofType I or DNA that is expressed as muscle
protein. Because many of these sites have been identified
on linkage maps, they hold the key to correlating the two
types of maps into a single, clear picture of the layout of
the pig genome.

Gene mapping and the bottom
line
Why care where genes are within an animal? Because it
allows us to tell at a micro-glance whether an animal is
likely to develop or pass along to its young a particular
desirable or undesirable trait. That means being able to
predict production characteristics and disease susceptibilities in newborn pigs, and so make better management
decisions. It means being able to better identify whether
a particular sow or boar is likely to produce offspring with
certain desirable or undesirable traits.

Gel Electrophoresis

The bottom line is that gene mapping provides the means
for a faster and more efficient selection of good production characteristics and quicker and more thorough elimination of undesirable ones. It means saving time and production costs.

But that's not all. Knowing where to find a gene is also a
key first step in being able to study how it does what it
does. This in turn may lead to new techniques for enhancing positive production traits and reducing or eliminating
negative ones or developing ways in which to modulate
appear on chromosomes observed under a microscope. such traits.
At the highest level of resolution, physical maps consist Ultimately, mapping efforts converge toward the goal of
of actual descriptions of the lineup of bases along the improving the quality and quantity of the globaLfood supDNA. Although we have known for some time how to ply and enhancing the wise use of financial and physical
create both very low and very high resolution maps, their resources by helping producers grow healthier, higherutility is limited by the very fact that they represent the quality pigs at lower input costs.
two extremes of the spectrum. With nothing in between,
the information these two kinds of physical maps provide
is about as useful as a satellite photo of the earth and a
floor plan of your host's home when you're trying to find
a party.

Genotyping uses genetic markers (RFLP and
microsatellites) to generate "hard copies" of marker
allele inheritance patterns.

Fortunately, techniques recently have become available
that allow us to get at the middle ground -the genetic
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Gene Mapping and Marker Assisted Selection:
Present Applications
David G. McLaren, Ph.D., Thomas H. Short, Ph.D. and Graham S. Plastow, Ph.D.
Pig breeding companies have been extremely successful
at improving the efficiency of production oflean pork over
the past three decades using the science of quantitative
genetics. The basis for this improvement has been the development of increasingly sophisticated statistical methods to analyze performance test data based on the infinitesimal gene model, which assumes an infinite number of
genes of small effect affecting quantitative traits.
Evidence is accumulating from many species, however,
that such polygenic traits may involve a relatively small
number of genes with relatively large effects (known as
major genes, see Figure 1). Experimental results have
showed that single major genes often account for 10% to
50% of the phenotypic variation in segregating populations 1• Genetic linkage maps of the porcine genome provide the tools required to explore new paradigms for genetic improvement. Over 900 genetic markers have been
mapped in the pig 2•3•4 •5 with the majority of these being
anonymous molecular markers called microsatellites. Figure 2 shows comparisons of some of the mammalian gene
maps.

Manipulating major genes
Manipulating qualitative major genes
The first practical manipulation of a major gene in pig
breeding using molecular biology tools was the case of
the so-called halothane or stress gene. This has been well
documented elsewhere6•7 but, briefly, a single point mutation in the calcium release channel ryanodine receptor
gene (ryrl) in recessive condition is responsible for porcine stress syndrome (PSS, malignant hyperthermia) and
also results in, or is closely linked to, a gene(s) involved
in determining leanness. The detection of this mutation
using the HAL-1843® (The HAL-1843® trademark is licensed from THE INNOVATIONS FOUNDATION,
Toronto, Canada, owner of the trademark. This PCR test
is performed in the U.S. under a license with Roche Molecular Systems, Inc.) test provides pig breeders with the
means to precisely control the distribution of the mutation. As PSS is a recessive condition, while effects on
leanness are essentially additive; elimination of the gene
from parent females can allow the use of high lean yield

PIC USA, Franklin, KY and Dalgety Food Technology Center,
Cambridge, England
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boars homozygous for the mutation to boost the performance of non-susceptible (heterozygous) slaughter progeny.

Manipulating quantitative major genes
The PSS effect of the halothane gene is, however, qualitative. An important question has been whether there are
genes having major direct effects on quantitative traits.
One concern frequently raised by quantitative geneticists
is that there are too many loci controlling quantitative
traits, and that they cannot practically be followed by using genetic markers (see Figure 3).
While the number of loci controlling reproductive and
growth traits in livestock probably well exceeds 100 for
any particular trait, "rate-limiting" loci (major genes)
might number a dozen or less. Use of genetic markers to
localize and identify genes contributing to selectionresponse in the fruit fly, Drosphilia, indicated a small number of genes with large effects were responsible for most
of the response, with the remainder due to a large number
of loci with small effects 8 . With large phenotypic variance and experimental numbers, use of genetic markers
is expected to detect quantitative trait loci (QTL) of major importancei_n livestock species. Figure 4 and Figure
5 demonstrate the challenges associated with locating
QTLs.
The discovery of highly polymorphic microsatellite sequences has enabled the rapid development of genetic linkage maps 2•3.4.s .. Genetic markers are now being used to
search for loci affecting quantitative traits of economic
importance in the pig. Such QTL have been identified for
lean growth 9 and intramuscular fat 10 using divergent
crosses between European meat breeds and either the
Chinese Meishan or the European wild boar. Figure 6
shows the chromosomes of a normal boar.

Using genetic markers to
improve productivity
Background to the experiment
A potential use of such markers is the introgression of
desirable genes from exotic unimproved or resource lines,
while minimizing the effect of genes unfavorable for lean
growth. Using marker-assisted selection, the efficiency
of incorporating high prolificacy genes from the Chinese
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Figure 1. Major genesa affecting quantitative traits of pigs

Locus
CRC (Calcium
Release Channel) aka
RYR (Ryanodine
· Receptor) or
Halothane gene

Associated
quantitative trait effects
Higher lean meat yield, lower
meat quality, stress related
mortality, decreased litter size

Chromosome
6

Reference

1

23,24

19,20:;!.1,22

ESR (Estrogen
Receptor) gene

Increased litter size

RN (Rendement
Napole) or acid meat
or Hampshire gene

Decreased cured ham yield

15

25

K88

E. coli resistance, antibody

13

26,27 :;!.8

levels
SLA (Swine major
histocompatibilityLymphocyle Antigen complex)

Litter size, piglet birth weight
and viability, growth rate,
backfat

7

29

Transferrin

Decreased litter size,
T1c linked to a lethal gene?

13

30

Unknown

Backfat

4

9

Unknown

Intramuscular fat

?

10

Unknown

Lean tissue growth rate

?

31

a A major gene has been somewhat arbitrarily defined as a gene where the difference in performance
between alternate homozygotes is greater than or equal to one standard deviation 32 • Association with
performance can arise either from direct effects of the gene(s) or due to close linkage with other gene(s)
having major effect(s).

Meishan into meat breeds will be significantly improved, line. While highly prolific, Meishan pigs are also extremely fat and improving this new line by testing and
for example.
selection began in 1991. In addition to using core animal
Meishan sows have on average three more piglets per litbreeding/quantitative genetics technology, it was decided
ter than their western counterparts. Scientists from PIC
to simultaneously explore use of rapidly developing moand Iowa State University (ISU) began working together
lecular biology tools in an attempt to "dissect" the comin 1991 to test a theory that different forms of the estroplex genetic difference between the Meishan and comgen receptor (ESR) gene were associated with the large
mercial lines for litter size. Given the relative paucity of
litter size found in certain Chinese breeds of pig.
random DNA markers available at the time, PIC and ISU
PIC USA imported Chinese Meishan pigs from its sister scientists initiated what is known as a candidate gene apcompany in the UK in 1990 and formed a 50% Chinese proach. Estrogen, mediated through the ESR, is intimately
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Figure 2. Mammalian gene maps

No. of chromosomes
No. of markers mappeda
Length of genetic mapb (eM)
Average marker density (eM)
Number of nucleotidase (bp x 10 9 )

Pig
38
900
1,997
2.2
2.8

Cattle
60
500
2,513
5.0
3.0

Mouse
40
6,000
1,600
0.3
2.3

Human
46
6,000
4,000
0.7
3.0

a Approximate
b Sex averaged linkage "distance", eM = centiMorgan (1 eM represents a one-in-one hundred chance two
points on a chromosome will be separated and end up in different gametes during meiosis).
c Nucleotides are the letters of the genetic code. There are tour different nucleotides which link together in
pairs (bp = base pairs), like rungs on a ladder, to form the DNA double helix which is the basis of chromosomes. A gene may consist of fewer than 1,000 bp, or hundreds of thousands of bp. The order in which
nucleotides appear in a gene dictates the protein product ultimately constructed based on this information.
Figure 3. Classification of inherited traits
Qualitative

(e.g., coat color, halothane reaction)
• Discrete phenotypic classes
• Controlled by one or a few genes
• Little affected by environment

•
•
•

Quantitative
(e.g., litter size, growth rate,
carcass quality traits)
Continuous phenotypic variation
Controlled by many genes
Greatly affected by environment

Figure 4. Searching for QTL

Trying to find individual genes affecting quantitative traits, or QTL (quantitative trait loci), has
been likened to looking for a needle in a haystack! Consider the following:
• Imagine the DNA from a single cell stretched out from PIC HQ in Franklin, Kentucky to
Nashville International Airport in Tennessee (50 miles, 80 km).
• A gene is difficult to specify: varying from less than 1 ,000 bp to hundreds of thousands of
bp; but let's use 50,000 bp for this example.
• Our target gene represents a distance of little over two feet (.72m) in this 50 mile (80km)
stretch! (50,000/5,600,000,000 x 50 miles= 28.3 inches).
• The pig gene map has markers on average every 2.2 eM, where 1 eM represents
approximately 1,400,000 bp, approximately 30 times the size of our gene.
• Even where marker intervals are up to 5 eM, we can identify QTL with relatively large
effects on the trait (major genes).
• If we can pinpoint the QTL itself, rather than using closely linked (1 eM) and/or flanking (<
5 eM) markers to assist in selecting for the favorable QTL allele(s), we can develop an
accurate test such as those used for HAL-1843® and ESR.
•

In these cases, the "distance" visualized in the PCR test (1 bp) is equivalent to only 5.7 x
1o· 4 in (0.01 mm in the 80km chain of DNA!).
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Figure 6. Chromosomes of a normal boar34

Figure 5. Levels of analysis in genome research
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Each porcine cell contains some 60,000 to 80,000
genes, which are made of DNA. Only about 3% of the
DNA codes for gene products, the remainder is
regulatory elements and "scaffolding."
Geographic analogy gives a rough sense of the
relative sizes of the subcellular entities involved in
genome research. In the world of the cell, the information encoded in a triplet of nucleotide bases, or
codon, corresponds loosely to the address of a
single building 33 •

involved with pregnancy and preliminary work had found This marker is now being further evaluated as a means of
genetic differences for the ESR between Chinese and developing new lines based on Meishan prolificacy, but
with the growth performance and carcass characteristics
western breeds of pig.
ofexisting dam lines. This is being accomplished using a
backcrossing
program designed to reintroduce the bulk
Experimental Findings
of
the
existing
commercial background (Figure 7). The
An experiment involving PIC Meishan synthetic lines was
first
backcross
generation
contains an average of75% of
designed which led to the discovery that one form of the
the
desired
commercial
genotype,
however, within this
ESR gene, unique to the Meishan, accounted for a statispopulation
there
will
be
individuals
that are proportiontically significant increase of 0. 8 pigs a litter for each copy
to
the
desired
genotype.
By
identifYing breed
ally
closer
a sow carried ("carrier" parity one sows averaging 0.8
each
chromosome
it will be posspecific
markers
along
more pigs per litter and sows with two copies of the fato
identifY
those
individuals
with
higher
amounts of
sible
vorable Meishan gene averaging 1.6 more pigs per litter
the
commercial
background
together
with
the
desired
trait
than littermate sows with no copies of the favorable
from
the
exotic
parent,
thereby
speeding
up
the
process
Meishan gene, Table 1). In addition, it was shown that
the favorable effects of the Chinese pig gene were not of marker assisted introgression (MAI).
associated with unfavorable effects on growth and car- In addition to beginning MAl, research with other PIC
cass traits 11 •12 .
dam lines has revealed the presence of the same form of
the ESR marker in lines of Large White origin, with asso154

· 1995 Allen D. Leman Swine Conference

Gene Mapping and Marker Assisted Selection: Present Applications

Figure 7. Marker assisted introgression using the ESR gene test
Example·oevelopment Schedule
Feb 94

++1 X __2

1
Jan 95

+- (25% Meishan) x --

1
Dec95

+-x +- (121/2% Meishan)

1
Nov 96

++ (121/2% Meishan) x GP dam

1
+-Parent gilt selects (61/4% Meishan)

Oct 97

1
slaughter pigs (31/8% Meish
1
2

ESR ++ 50% Meishan synthetic line boars.
ESR- dam line sows.

Table 1. Least squares means for total number born (TNB) and number born alive (NBA) by estrogen
receptor (ESR) genotype for PIC 50% Meishan synthetic sows 1
ESR
Genotype
+
++
Value 2
a
d

n
71
82
27

Parity 1
TNB
NBA
9.8a
11.P
12.4a
11.P
13.5b
12.3b
1.26**
0.10

n
46
68
34

1.24**
0.05

Parity 2. 2 3
NBA ·
TNB
11.5
11 .1
11.8
12.8
12.7
11.3
0.66
0.70

0.14
0.60

Model: TNB, NBA = quarter farrowed + parity+ ESR + sire + error, Means in a column without a common superscript differ, P < 0.01.
a= additive (linear) effect of the "+"allele, **P < 0.01; d = dominance deviation (from LS means, quadratic effect P > 0.1 0).
3 61% parity 2, 38% parity 3, 1% parity 4.
2

Table 2. Least squares means for total number born (TNB) and number born alive (NBA) by estrogen
receptor (ESR) genotype for PIC lines with Large White ancestryi
ESR
Genotype
+
++
Value
a
d

n
674
652
425

Parity 1
TNB
9.7a
10.1 b
10.4b

NBA
8.9a
9.2b
9.5b

0.5**
0.1

0.4**
0.0

n
541
595
405

Parity 2_2 3
TNB
10.2a
11.0b
10.8ab
0.5**
0.5*

NBA
9.2a
9.9b
9.9ab
0.4**
0.4

Model: TNB, NBA =quarter farrowed+ parity+ ESR +sire+ error, Means in a column without a common superscript differ, P < .05.
a = additive (linear) effect of the "+"allele, **P < .01; d = dominance deviation (from LS means, quadratic effect P > .1 0).
3 62% parity 2, 31% parity 3, 6% parity 4.
·
2
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ciated effects of +0.4 to +0.5 pigs per litter for each copy
of the favorable gene (Table 2) 13 • The estimated effect of
the beneficial ESR allele appears to be less in these lines
thEm in the Meishan synthetics, suggesting that background genetics may play a role in ESR gene expression,
or that ESR is not the major gene but a linked gene. It is
interesting to speculate why this beneficial allele has been
detected only in lines of Meishan or Large White origin.
Previous selection for litter size may have increased the
frequency of a rare beneficial allele already in these breeds,
however its origin may derive from early importation of
Chinese pigs into England prior to the 1800s and their
interbreeding with pigs that eventually became the Large
White breed 14 •

However, this work assumes that the cost of marker-assisted selection will limit its application to a relatively
small number of loci, which we do not believe will be the
case. Further work is required to see if and by how much
the rate of genetic improvement could be increased by
selection for multiple QTL. In addition, comparisons are
often made with existing selection systems and traits,
whereas the real advantage of marker assisted selection
will be in non-traditional improvement schemes. For example, pre-selection prior to conventional performance
testing to increase accuracy and selection intensity, and
for traits which are difficult to test or measure, such as
meat quality and disease susceptibility, or are sex or age
limited.

An illustration of the polygenic nature oflitter size in pigs,
and the relative impact of ESR in selection for improved
litter size, is given by the results of hyperprolific selection schemes carried out by PIC and by INRA (the French Gene mapping efforts in the pig are providing important
Institut National de la Recherche Agronomique) over the tools that are being used to accelerate rates of improvement in lines of pigs designed to profitably produce sopast 20 years 15 •
cially and environmentally acceptable pork products. DisPIC created L03 by hyperprolific selection from a L01 coveries to date have involved genes with qualitative (PSS)
(Large White) base. Both lines are present in a PIC Canada effects, or having relatively large effects on quantitative
genetic nucleus herd, and the frequency of the favorable traits in crosses between genetically divergent lines. In
ESR gene is 0.45 and 0.66 in LOl and L03, respectively. the near future, many additional markers associated with
L03 averaged 1.1 more live pigs per litter than LO 1 in QTL will, we believe, be discovered, and the capability to
1994. Similarly, for the INRA hyperprolifics the ESR+ cheaply and rapidly screen for many DNA markers will
gene frequency is 0.58, versus 0.35 for the base Large be available, allowing pig breeders access to the full poWhite population (C. Legault and M. F. Rothschild, per- tential of marker assisted selection and introgression prosonal communication). INRA hyperprolific Large Whites grams.
have 1.5 more live pigs per litter than normal Large
Whites 15 •

Conclusion

References

Implications
This example serves both as independent evidence for the
association between ESR marker genotype and litter size,
and to show that this is just one of numerous genetic factors involved. If we assume the average effect of the ESR+
gene to be +0.5 pigs per litter, then only 9.5% of theresponse in PIC L03 and 7.7% of the response in the INRA
line is attributable to the increased frequency of ESR+
genes.
Despite the many recent exciting discoveries, the general
value of marker assisted selection techniques continues
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within existing lines where current statistical genetic selection techniques continue to be highly efficient for economically important traits measurable on the live pig 16 •
For the case of within-line selection, simulation studies
show that while marker assisted selection for a single QTL
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progress at the other polygenic loci affecting the trait such
that the increase in overall progress will be limited 17•18 •
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PRRS control in the nursery: management
factors in small to medium herds
Stephen D. Patterson, DVM
Since April of 1993, our clinic in Northeast Missouri has
worked through several outbreaks of PRRS. The cases
have included the breeding herd, nursery populations, and
the grow/finish unit. This discussion will concentrate on
our efforts to manage PRRS in the nurseries of small to
medium size herds.

cate the production areas involved and the level of activity in that area. We follow the Scott Dee recommended
protocol and serologically sample pigs of several age
groups using IFA testing.

Breeding herd:
negative
negative
Reports of chronic PRRS in nursery and grow/finish stages 4-week-old pigs:
8to
1
0-weekold
pigs:
60-1
00% positive
1
of production have centered around secondary infections.
5to
6-month-old
pigs:
25-50%
positive 5
In our experience, the nursery infections have included
Salmonella cholerasuis, Strept suis, Haemophilus
parasuis, Pasteurella multocida, Hemolytic E.coli, and Depending on alertness of the producer and how quickly
· Mycoplasma Pleuropneumonia. Ultimately, the results we were called, the Breeding Herd may or may not be
have been reduced growth and feed efficiency and in- "quieted down" to a low or negative PRRS status. Based
creased post-weaning mortality. 1 Average Daily Gain on the IFA-PRRS activity of the sows, we proceed as fol(ADG) is reduced by as much as 15% and post-weaning lows:
mortality may be as high as 15%. 2 Previously published
1. If the herd fits the Dee guidelines serologically and
research on the financial impact of PRRS in post-weanthere are no observed clinical signs of PRRS in Faring pigs for farrow to feeder pig farms has estimated a
rowing, i.e., weak, lethargic pigs, poor milking sows,
cost per pig placed into a nursery for a 6-week period of
etc., we proceed with Step 2 maintenance protocol.
$3.82 and $5.48, given a O.llbs/pig/day reduction inADG
2. If the breeding herd is showing serological activity
and an average increase in mortality of between 2% and
3
for PRRS or clinical signs are present, we attempt to
7%. In a 600 sow farm, Dr. Scott Dee estimated the cost
stabilize
the herd as follows:
of an endemic PRRS nursery problem at $255 per sow
per year. The cost estimate was based on a 10% nursery
• Close down incoming animals for 4 months.
mortality, a 50% reduction in ADG, and a 33% rate of
• Observe proper isolation procedures (45-60 days
non-marketable pigs. 4 With these numbers in mind, it is
preferred).
no wonder PRRS is a primary concern in management of
the nursery pig.
• Vaccinate gilts and boars for PRRS on arrival and

Characteristics of smaWmedium
herds

30 days later.
• Depending on clinical signs and producer willingness, we may vaccinate all breeding animals
twice 30 days apart.

For this presentation, I reviewed information and diag• In 3-5 months, we re-survey the farm and pronostic reports for 28 of our clients. These clients were
ceed to Step 2: Maintenance.
chosen based on the fact that some time between April,
1993 to date, PRRS had been investigated on their farm.
This investigation may have included serology and/or tis- Step 2: maintenance program
sue submission for PRRS. Characteristics for the farms The Breeding Herd Maintenance program we choose is
are shown in Table 1.
situation dependent, but normally involves one of the following protocols.

Management factors for smaW
medium herds
Step 1: serological herd profile and
stabilization
Before implementing any control procedures, we feel it
is imperative to profile the herd serologically to help indi158

• Protocol 1: All sows and boars vaccinated quarterly. Protocol 1 is normally limited to farms with
individually housed females and severe PRRS symptoms.
• Protocol 2: Sows vaccinated 4-6 weeks
prefarrowing and boars semi-annually. Protocol2
is used if the producer has had PRRS symptoms in
1995 Allen D. Leman Swine Conference

PRRS control in the nursery: management factors insmall to medium herds
Table 1: Characteristics of .28 farms

#of farms:
Sow herd size range
Avg. herd sow size

28
60-600
245

Farrow to finish farms: single site ·
Farrow to finish farms: multiple site
Farrow to feeder pig: single site

22 of 28
4 ot28
2 of 28

78;6%
14.3%
7.1%

PRRS positive: farrowing & nursery rooms connected
PRRS negative: farrowing & nursery rooms connected

14 of 28
4of 28

50%
14.3%

PRRS positive: farrowing & nursery not connected
PRRS negative: farrowing & nursery not connected

3of 28
3 of 28

10.7%
10.7%

PRRS positive: pasture farrowed with no nursery
PRRS negative: pasture farrowed with no nursery

2 of 28
2 of 28

7.1%
7.1%

17 of 28
9 of 28

60.7%
32.1%

2 of 28
0 of28

7.1%
0%

28 of 28

100%

PRRS positive: breeding herd outside
PRRS negative: breeding herd outside
PRRS positive: breeding herd inside
PRRS negative: breeding herd inside
Labor: one manager involved in breeding, farrowing,
nurserv, & qrow/finish

the farrowing house, i.e., weak piglets atbirth, poor Pre-vaccine availability/depop-repop
milking sows, etc.
After the sow herd was stabilized, we made plans to
Depop/Repop
the nursery facilities. In the small/medium
• Protocol3: Sows vaccinated 1-2 weeks prebreeding
herds
we
work
with, this has always been an on-site
and boars semi-annually. Protocol3 is used on herds
Pigs
were
weaned at 14-21 days into 'makeshift'
project.
which have not experienced farrowing house probnursery
facilities
on
the same site. In some cases, this
lems. These linits ·appear to have a stable breeding
as close as 30 meters to the farnursery
may
have
been
herd and are combating PRRS in the nursery or grow/
rowing
facilities
or
as
far
as 1200 meters from farrowing.
finish areas.
The facilities utilized have included large cattle barns,
Many of our farms initially utilized Protocol 3 and vacci- aluminum sheds, and individual wooden sow houses. In
nated sows prebreeding. Over time, PRRS eventually all cases, these projects were carried out in warm weather,
worked its way into the farrowing house. Thus, the ma- June through September. Piglets were given some extra
jority of our small/medium herds are now using Protocol attention, i.e., electrolytes in water 2-3 days post-wean2 and vaccinating sows 4-6 weeksprefarrowing in efforts ing, increased bedding, and supplementary heat lamps.
to potentially maximize maternal antibody levels. We ex- During this time, existing nursery facilities were allowed
pect.this protocol to give us the healthiest pig at weaning. to be emptied for 7-14 day periods and the "Dee" cleanup
protocol was followed. 5 After the appropriate downtime
was allowed weanings proceeded as prior to their preStep 3: nursery cleanup and control
PRRS
status. Results are shown in Table 2:
Our nursery cleanup procedures have changed slightly
since the introduction of a commercial PRRS vaccine.
Following are our experiences:
1995 Allen D. Leman Swine Conference
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Table 2: Results of depop/repop

Farm

Nursery mortality
Before
After
Months negative
clean-up
clean-up
for PRRS

A

1 CJVo

B

15%

3%
2%

c

15%

2%

Current status

13 month>

Re itf oc ted April 199 5*

9 months
12 month>

Re itfoc ted April 199 5* *
Re fD p1lat ed * *"

*Assumed contamination from continuous flow finisher lots
**Assumed contamination from continuous flow Cargill floor
***Depop/repop entire farm for genetic purposes

recontamination on farms with the presence of on-site
After the sow herd is stabilized, we begin vaccinating pig- continuous flow finishers being the suspected source.
lets at 21 days of age with modified live PRRS vaccine. The availability of a commercial vaccine may reduce the
We still attempt Nursery Depop/Repop when possible, chances for recontamination of the nursery facilities on
though some producers elect not to. Our intentions have single-site units, though cost for this program must be
always been to eliminate the weaning vaccination, though continually reviewed.
in our experience, it may be difficult or impossible if continuous flow finishing facilities are on-site as with many Long-term, we feel PRRS management success will deof our small/medium herds. Results are shown in Table pend on proper handling of incoming breeding stock,
breeding herd stabilization and maintenance, AIAO man3.
agement of nursery, and Grow/Finish facilities which will
Table 3: Results of piglet vaccination
preferably be off-site or managed as such on-site. The
small/medium producer must continually cost justifY these
procedures and look for inventive, non-traditional ways
Nursery
to remain competitive especially during this "Age of
mortality
PRRS."

Post-vaccine availability/piglet vaccination

Farm

D
E
F
G
H

Before
vax

After
vax

15%
10%
12%
3%
7%

2%
3%
2%
1%
2%

Months free
Current
of clinical
status
signs
10 months* Vaccinating
5 months
Vaccinating
8 months · Vaccinating
9 months
Vaccinating
Vaccinating
6 months

*Herd farrowed viremic sows 5 months post-initial
outbreak. Instituted prefarrowing vaccination protocol
at that time. There have been no clinical signs to
date.

Discussion
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Short-term, both cleanup methods described (nursery
depop/repop and piglet vaccination) have been used successfully in our practice. Prior to development of a commercial PRRS vaccine, implementation of the depop/repop
procedures was a cost-effective alternative to herd depopulation. Long-term, we felt the program left us open for
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McREBELTM PRRS: Management Procedures
for PRRS Control in Large Herd Nurseries
Monte B. McCaw DVM PhD
Since its onset in North Carolina in 1987 and Midwestern states after 1988, PRRS has become the most devastating disease problem facing swine producers this decade, if not since the eradication of Hog Cholera. Acute
outbreak losses can be severe and include abortions, stillbirths, and mummified fetuses contributing to large decreases in liveborn pig numbers. Additionally, preweaning mortality may increase to above 30% since many of
the liveborn piglets are born weak, are infected by PRRS
and various secondary bacterial infections and subsequently become sick or die . Surviving pigs that reach the
nursery often gain poorly. There is usually an elevated
nursery mortality shortly after the onset of the original
outbreak. One of the most devastating aspects of PRRS
which sets it apart from PRV and frequently from TGE is
the continuation of farrowing house and nursery losses
from endemic infection for months or years after the original outbreak. It is also now apparent that in previously
infected herds the infection can reactivate and clinical
signs return in the farrowing house and I or nursery.
The McREBEL™ procedures (outlined below) have been
used successfully to immediately reduce preweaning mortality either a few weeks after an outbreak or in herds that
have experienced reactivated or endemic PRRS disease
losses. These procedures have worked successfully in
herds where vaccination of piglets was unsuccessful in
controlling PRRS related disease losses. As groups of pigs
are weaned using the new management procedures they
show fewer clinical signs in the nursery (if any at all) and
their performance returns to normal. These improvements
are seen without disrupting pigfiow significantly nor with
depopulation.
McREBEL™" PRRS
Management
Changes to
Reduce·
Exposure to
Bacteria to
Eliminate
Losses from PRRS

NCSU College ofVeterinary Medicine, 4700 Hillsborough St.,
Raleigh, NC 27606
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The intent of the McREBEL TM PRRS procedures are to
stop PRRS-associated death losses due to secondary bacterial infections. These procedures are not intended to
immediately eliminate PRRS virus from farrowing house
piglets or from nursery pigs. However, virus circulation
has been stopped in at least one large herd to date.
McREBELTM PRRS also stops mortality and disease of
suckling or nursery pigs in herds where virus circulation
had not been stopped in the sow herd. Finally,
McREBELTM PRRS procedures have worked without the
use ofvaccine.

Procedures
• Stop crossfostering of piglets between litters for
resizing or saving sick pigs, fall-behinds, and runts.
• Cross-foster piglets to equalize number of piglets per
litter only within the first 24 hours of age.
• Only move pigs within farrowing rooms at birth. Do
not move sows or piglets between rooms.
• Stop use of nurse sows for weak-born PRRS infected
pigs, fall-behinds, and runts.
• Minimize handling of piglets, especially routine antibiotic or ~tra iron injections.
• Evaluate the effect on clinical disease levels of each
nonessential processing or treatment procedure for
suckling and nursery pigs.
• Immediately destroy piglets that become very sick
and are unlikely to recover completely.
• Hold NO pigs back. DO NOT move fall-behind or
lightweight pigs backward to younger rooms or nurse
sows.
• IMMEDIATELY STOP ALL FEEDBACK of
weakborn or aborted/stillborn fetuses.
Nursery pigs should be moved STRICTLY ALL INALL OUT. Leave 2-3 days clean-up and disinfectant
time between groups.
• Nurseries may be loaded ALL IN by early weaning a
few of the oldest, best doing litters from the next oldest
farrowing room.
These changes must be followed completely to achieve a
sudden reversal of PRRS-associated secondary bacterial
disease and mortality of suckling and nursery pigs. Normal management practices can be resumed once all groups
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of piglets in farrowing and nursery rooms are showing
normal health and growth. This may be as soon as 12
weeks after starting McREBEL™ PRRS procedures. Several producers have chosen to limit cross-fostering as a
long-term management change and also continue to eliminate poor quality pigs at weaning. If PRRS-associated
disease reoccurs in the farrowing house or nursery, producers can immediately restart McREBEL™ PRRS procedures to limit their losses.

Conclusion
PRRS has drastically changed the infection/disease balance so that previously acceptable and successful management practices are now not always successful since
they increase the risk of endemic disease and mortality
problems. McREBEL™ PRRS is one approach to economically and rapidly regain normal production levels in
clinically affected PRRS infected herds.

PRRS virus circulation control procedures as outlined by
Dr. Scott Dee, particularly replacement breeding stock
isolation and stabilization, and hopefully sow vaccination
are essential to long term PRRS-associated disease control after successful completion of McREBELTM PRRS
procedures.
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Porcine reproductive and respiratory syndrome
(PRRS) virus control by vaccination
Thomas G. Gillespie, D.V.M.
Over the last several months, an increasing number of
swine producers experienced a worsening of nursery performance due to porcine reproductive and respiratory virus. Historically the syndrome has been characterized by
acute outbreaks that include abnormal reproductive outcomes and respiratory signs in the pigs. PRRS is now
considered one of the most economically important swine
diseases due to high reproductive losses and piglet mortality. Endemic (chronic) PRRS virus in the nursing piglets and nurseries will only add to the economic losses
when considering this disease syndrome. A commercial
vaccine RespPRRS®, manufactured by Boehringer
lngelheimAnimal Health, Inc. located in St. Joseph, MO
64506 and marketed by NOBL Laboratories, located in
Sioux Center, lA 51250 became available in July 1994.
This paper describes the steps taken to diagnose endemic
(chronic) PRRS virus in nursery pigs. Discussion with
the producers included administration of the vaccine to
pregnant females and to their offspring. This paper will
also describe the results of using the commercial PRRS
vaccine in improving the clinical picture and performance
of nursery 'pigs.

On-farm clinical signs
The clinical picture in the farrowing room is very mild. It
is necessary to take the temperature of nursing piglets
before fully appreciating the presence of the virus. The
sow in infected herds usually remains asymptomatic in
the farrowing room. The entire litter does not express a
clinical problem at the same time. The piglets almost always maintain a very robust appearance.
The severity of clinical signs in the nursery is due to secondary pathogens, The clinical picture worsens after the
piglets have been weaned 4 to 7 days. The second through
the fifth week post-weaning is when the majority of the
pigs express problems. Secondary bacterial pathogens isolated from clinically ill pigs from several herds include
Streptococcus suis (several types), Hemophilus parasuis,
Bordetella bronchioseptica, Pasteurella multocida type
A, hemolytic E. coli, Mycoplasma hyopneumoniae, and
Salmonella choleraesuis. Viruses also isolated have included Swine Influenza virus (SIV), and Coronavirus. The
Coronavirus was assumed to be Porcine Respiratory
Coronavirus (PRCV). The lung tissue was positive on FA

and EM for coronavirus. Histopathological lesions supported the presence ofPRCV, although isolation attempts
were not successful.
Nasal discharging, sneezing, and coughing are wide spread
in most nursery groups. The more severe cases are associated with mortality. Antibiotic therapy will reduce the
severity but not eliminate the clinical signs. Mortality has
increased when either Streptococcus suis, Hemophilus
parasuis, or Salmonella choleraesuis have been involved.
In a few cases (approximately l 0% to 15%) SIV has been
found as a concurrent viral pathogen.

Diagnosis ofPRRS virus
infection
The clinical diagnosis of a viral insult was first made.
Efforts to support the clinical diagnosis have included
virus isolation, serology, and histopathologic examinations. Virus isolation from serum samples did not reveal
adequate support, so live pig submissions were done. Piglets from farrowing and early nursery stages were found
to be the best submission. Pigs with acute signs and temperatures of 104°F or above increased the chance of isolating the PRRS virus. At the same time a cross-sectional
profile of serum from different ages was submitted for
PRRS ELISA testing. This profile established a 'base-line'
of antibody levels for comparison after the vaccine program was determined and initiated. Pigs as young as 10
to 14 days of age were PRRS virus positive by isolation.
The ELISA test detects IgG antibodies within 10 to 14
days post-infection. 1

Diagnostic Summary
• Typical on-farm clinical signs: fevers and respiratory
insult;
• Submission of pigs (up to 4 total) to local laboratory
for a complete necropsy, viral and bacterial isolations
and histopathologic examination. FA examinations
were done for SIV, PRV, and Mycoplasma;
• Cross-sectional serum profile of pigs (4 to 8 head in
each group) at 3 to 4 weeks, 5 to 7 weeks, 8 to 10
weeks and occasionally older ages.

Rensselaer Swine Services, P.C. 210 East Wood Road,
Rensselaer, IN 47978
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Table 1: Clinical signs of chronic PRRS virus

Farrowing rooms

Nursery

Mild or
subclinical
signs

Shallow and rapid respiratory rate
Low grade fever (1 03°F-1 04°F)
Sows are asymptomatic
Piglets that show clinical signs
are from a few litters

Slight depression
Rapid respiratory rate
Moderate sneezing
Very few with gaunt appearance
Fevers (1 03°F-1 06°F)
Moderate coughing
No mortality

Moderate
signs

Rapid respiratory rate
Low grade fevers (1 03°F-1 05°F)
Sneezing
Occasional cough
Several piglets showing clinical
signs are from a small
percentage of litters
Sows are asymptomatic

Sneezing and coughing
Nasal discharges
Fevers (1 03°F-1 06.5°F)
Mortality 2%-10%
Gaunt appearance is common
Disadvantage pigs 2%-10%
Diarrhea is common
Reduced feed intake

Cross-sectional sampling

Vaccination Summary
o

A serial or sequential sampling would be a more accurate
picture of virus activity over a period of time. The crosssectional sampling approach was initially selected to further support the live pig submissiorrs. This procedure was
found to be very supportive and even diagnostic where
PRRS virus was the only pathogenic agent. The S/P ratios are easy to comprehend and lend themselves to be
put into graph form. (Figure 1)

Vaccine program
The finding ofPRRS virus in nursing piglets as well as in
the nursery pigs began the discussion of how to best use
the commercial vaccine. In all of these herds the sows
were currently receiving a 2 cc dose at weaning. This
amount of vaccine usage controlled almost all of the clinical problems in the sow herd but was not stopping the
spread of virus to the nursing piglets. Initially, a 2 cc dose
given intramuscularly (IM) at weaning did not control the
clinical signs in the nursery well enough. This direct effort to a piglet vaccine program consisting of a 1 cc dose
given intranasally (IN) between 2 and 5 days of age and a
second 1 cc dose given intramuscularly (IM) at weaning
(14 to 28 days of age). At the same time a booster dose of
2 cc was given to sows 6 weeks prior to farrowing. The
weaning injection was maintained to the sows.
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o

Sows boostered 6 weeks prior to farrowing and again
at weaning;
Piglets were given 1 cc IN (one nostril only) between
2 and 5 days of age and again 1 cc IM at weaning ( 14
to 28 days of age).

Discussion of the risks of using a
modified-live vaccine
Discussions with the owners, managers and employees
of the units included the risks of using a modified-live
vaccine in pregnant animals. This is clearly an extra-label
approach so the legal aspects were discussed. An alternate route of administration intranasally, is also extra-label and discussion included the best way to give the vaccine, as well as the short shelf-life after reconstitution.
An additional topic included how intranasal administration was helpful in a totally different virus, Pseudorabies.
Many of the herds had already used the PRRS vaccine a
few months prior when more acute problems began occurring in the sows. One approach selected during the
acute outbreak was to vaccinate the entire sow herd within
a one or two day period. Few problems arose from this
technique although the natural virus was also active. Some
confusion would always occur on which to give the credit
of any problems.
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Porcine reproductive and respiratory syndrome (PRRS) virus control by vaccination
Figure 1: Cross sectional sampling for PRRS
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By this time, almost everybody associated with the herd
was willing to 'plow ahead' if response could be seen.
The losses already associated with the PRRS infection
were known and further losses were not welcomed.

Response to vaccine program

concurrent viral agents and was used as a monitoring tool
after improvement in clinical signs. Secondary bacterial
pathogens caused severity of the situation to be worse. In
a few cases the presence of PRRS virus was over-looked
until the mild clinical signs were noticed in the farrowing
rooms. Serum profiling the sow herd found titer levels to
vary. The importance of sow titers varying prior to farrowing was thought to be a part of why the virus could be
found in young piglets. The process of weaning and grouping the pigs is believed to be the method of infecting the
nurseries. Other routes of infection are also present on
farms such as, when pigs are moved back to younger age
nurseries, people and equipment traffic and even fostering piglets between litters and room occurs.
Is it possible to contain the virus to the sow herd? This
would greatly improve the situation for farms needing to
use technologies such as nursery depopulations. Some
farms have continued to use the two dose program (1 cc
each time) to control clinical problems in nurseries. Other
farms are looking at little or no piglet vaccine especially
when improvements were made in their animal flow patterns and facilities. The objective of this paper was not to
have the scientific answer for why the vaccine gave the
improvements. Positive responses were seen and have
continued for these producers. The extra-label use in pregnant sows and intranasal route of administration should
not be view to be free of risk. Discussion with owners,
managers, and employees should educate everybody to
extra-label risks and possible vaccine failure. The responses have raised many more questions that need fur,ther research and investigation. The PRRS virus has continued to contributed to large economic loses on numerous
farms.

The clinical picture in the nurseries vastly improved as
the full vaccine program was utilized. The two piglet doses
resulted in the majority of the improvement, although the
sow vaccination appeared to reduce the clinical signs in
the farrowing rooms. Mortality rates dropped back to previous levels for each farm. Average daily gains and feed
efficiency performance were not always available. Effort
to compare accurate records before and after the '{accination changes continue to be done. The necessity for routine antibiotic therapy diminished. Owners, managers, and References
employees have supported the vaccine program due to the
I. Dr. Dale Polson. NOBL Laboratories, Inc. Sioux Center, lA. improvements seen in thepigs.

Summary
Concurrent infections of PRRS virus, SIV and other viruses do exist in the field. The finding of SIV in a few
cases made evaluation of the clinical picture more difficult. In additional herds where PRRS virus was not active, SIV became the primary agent to address. The multiple agent syndrome has been called "Porcine Respiratory
Viral Complex" 2 and "Swine Respiratory Disease Complex"_3.4 Serum profiling helped illustrate the presence of
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personal communications.
2. Jarke, B.H. Porcine Respiratory Viral Complex. Swine
Consultant 1995, Spring.
3. Stevenson, G. W. 1993. Bacterial contributors to Porcine
Respiratory Disease Complex (PRDC). Proceeding American
Association Swine Practitioners, p. 351-363.
4. Halbur, P.G. P.S. Paul, and B.H. Jarke, 1993. Viral contributors to Porcine Respiratory Disease Complex. Proceeding
American Association Swine Practitioners, p. 343-350.
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Nursery pig vaccination for PRRS: does it
make a difference?
·
Timothy P. Trayer, D.V.M.
In the late 1990s swine practice has changed its focused
view of contagious disease, more speCifically viral disease, and its impact upon economical swine production. 1•2 •3•4•5•6 PRRS virus disease has challenged the
financial mettle of central Pennsylvania producers in recent years. PRRS outbreaks in Pennsylvania have had the
similar acute and chronic clinical symptomatology as reported in the literature. This chronic re-occurring health
problem in the nursery and/or early grower production is
a continuous financial drain. The econ<;>mic severity and
clinical signs appear to be related to each unit's unique
'bacterial fingerprint'. Frequently documented nursery
performance observations with a chronic PRRS scenario:6,7,S,9,to,tt .

•
•
•
•
•

2x-3x elevation in expected death loss;
2x-3x elevation in expected disadvantaged pigs;
25-50% reduction in AUG;
+/- response to pharmaceuticals;
failure of established successful vaccine programs. ·

The approach to this lost production has required multiinterdisciplinary solutions:

• virus circulation;
• serology monitoring·IgG, IgM; ELISA S/P ratio.

History: Farm A & B
Commercial two site, all-=in~all-out by room, swine units
established production in 1989. First diagnosed PRRS
virus exposureiil thefall~of1992. Clinical signs on farm
ofPRRS:
•
•·
•
•

temperature 104-105°F 2-3 days post weaning;
reduced ADG: 0.9 ~ 0. 7;
increased disadvantaged pigs: 2% ~ 5%;
reproductive PRRS problems: Farm A; no; Farm B,
yes;
• bacterial fingerprint:
- ParmA: Strep suis: Pasteurella non-toxigenic
D;
- Farm B: P.R. V., Strep suis; Pasteurella toxi- ·
genic AID; Haemophilus parasuis. ·

Method

A two-study procedure was planned. Phase I of study was
a baseline bleeding following vaccine label directions with
nutrient dense phase dieting;
bracketed bleeding pre-post vaccination, vaccinates verfeed monitoring for mycotoxins;
sus control. Phase II of investigation utilized extra-:label
environmental and sanitation reviews;
vaccine protocol serologically monitoring vaccinated dam
accurate and complete diagnostic work-up 14 :
and paired littermate offspring pre and post vaccination.
- culture/sensitivity nasal swabbing;
Dams in this study had received multiple doses of vac- ·
- virus isolation/PRRS-specific serology;
cine intramuscular within seven days of diagnostics. The
- E. Sap® serology;
piglets in Phase II received vaccme intranasally at pro- histopathology;
cessing and at weaning intramuscularly; vaccine versus
biological solutions:
controls. The product RespPRRS® was used at full 2cc
-··killed autogenous - Oxford Laboratories, ·dosage in all vaccination protocols.
Inc.; 1
- M.L.V - RespPRRS®Y
16 17

• animal flow changes- partial de-population; 12•13
•
•
•
•

•

Diagnostic tools used

Biological solution
The goals of this field study toward answering several
concerns in reference to RespPRRS®:
• maternal antibody and offspring;

•
•
•
•
•
•

• :

Ratio; 18

ELISA S/P
IFA;
virus isolation;
IgM IgG;
piglet weights;
statistical analysis of data.

• RespPRRS® vaccine sequencing intramuscular at
weaning versus controls;
• intranasal vaccination followed by intramuscular vaccination pre-weaning versus controls;
P. 0. Box 190, Denver, PA 17517-0190
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Results ·to date

Table 3: Pre-shipment to grower

Phase I study
Table 1: Pre-vaccination I.M.

Farm B
(N = 20)

Farm A
· (N = 20)
Average age
(days)
S/P range
Vaccinated
Control
S/P ratio
Vaccinated
Control
Virus isolation
(% positive)
Vaccinated
Control
Statistical
analysis

24

0.10~2.09

-0.04 ~ 1.21
0.03 ~ 2.39

1.00
0.41

0.43
0.35

0.04

~

3.31

0%
0%
0%
0%
To be presented at
conference

Average age
{days)
S/P range
Vaccinated
Control
S/P ratio
Vaccinated
Control
Virus isolation
(% positive)
Vaccinated
Control
Statistical
analysis

Farm A
(N = 20)

Farm B
(N = 20)

56

6.1

1.00 ~ 2.83
-0.05 ~ 1.36

1.44
0.42

1.96
0.97

~
~

3.91
3.00

2.61
1.75

10%
0%
20%
0%
To be presented at
conference

Phase II study
Table 4: Pre-vaccination I.N.

Table 2: Five days post-vaccination

Average age
(days)
S/P range
Vaccinated
Control
S/P ratio
Vaccinated
Control
Virus isolation
(% positive)
Vaccinated
Control
Statistical
analysis

Farm A
(N = 20)

Farm B
(N = 20)

24

29

0.05
0.06

~
~

3.02
1.87

-0.16 -4 1.44
0.01 ~ 1.29

0.95
0.36

0.28
0.35

0%
11%
0%
0%
To be presented at
conference

Maternal
Range S/P
Average S/P
lgG (% positive)
lgM range
lgM (%positive)
Piglet age {days)
S/P range
Vaccinated
Control
Average S/P
Vaccinated
Control
Virus Isolation
(% positive)
Vaccinated
Control
Statistical
analysis

Farm A
N=20

Farm B
N=60

-0.13 ~2.66
0.52
30%
4-64
40%
7 days

*
*
*
*
*
*

0.11~1.43
0.24~1.63

*
*

0.67
0.73

*
*

*
0%
*
0%
To be presented at
conference

* Data presently being collected
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Table 5: Pre-vaccination I.M.

Piglet age (days)
S/P range
Vaccinated
Control
Average S/P
Vaccinated
Control
Virus Isolation
(% positive)
Vaccinated
Control
Statistical
analysis

Table 7: Pre-shipment to grow

Farm A
N=20

Farm B
N=60

19 days

*

0.26--71.31
0.12--71.06

*
*

*
0%
*
10%
To be presented at
conference

55 days

Farm B
N=60
*

0.01--72.81
-0.04--70.27

*
*

.::::....-~.--.

1.48
0.11

*
*

*
*
*
*
To be presented at
conference

* Data presently in laboratory

Table 6: Post-vaccination I.M.

Discussion

Farm A
N=20

Farm B
N=60

24 days

*

0.05--70.92
0.11--70.80

*
*

0.50
0.34

*
*

At document submission deadline all data hasn't been
received and reviewed. Finalized data and analysis will
be available at the presentation. It is the presenter's objective to formulate concluding statements regarding:
•
•
•
•
•

vaccine virus shedding;
maternal antibody interference;
extra-label vaccine use and value;
value of ELISA and IFA serology;
performance data.

References
*
0%
*
0%
To be presented at
conference

* Data presently being collected
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Piglet age (days)
S/P range
Vaccinated
Control
Average S/P
Vaccinated
Control
Virus Isolation
(% positive)
Vaccinated
Control
Statistical
analysis

*
*

0.60
0.50

* Data presently being collected

Piglet age (days)
S/P range
Vaccinated
Control
Average S/P
Vaccinated
Control
Virus Isolation
(%positive)
Vaccinated
Control
Statistical
analysis

Farm A
N=20
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Observations and results in different
segregated early weaning andmultiple~site
production systems
Luc Dufresne, DVM
For the last few years, expectations oflower pork market Multiple-site. system
prices, reduced profit margins, and the constant consumer A system in which piglets are transferred to a nursery
demand for higher standards of meat qu&lityhave forced and afterwards to a finisher AIAOby building or by site: .
producers to apply new technology to stay competitive in
a world market. This is why many pork producers have
started to use segregated early weaning {SEW) and off- Commingled-mingled multiple-site
site weaning.
system
Segregated early weaning has created many new produc- The satne system as multiple-site except thaf. the piglets
come from more than one farm. ·
tion systems:
• two-site,
•

Reasons·

three~site,

All of you are well acquainted with the principles behind
early weaning and multi-site,systems. The main reasons
• commingled-mingled multiple-site production sys- our clients have decided to use this programare:
tems.
• ·.commingled three site, and.

Many of our clients have applied these different strate. gies in different situations, for different reasons, and with
widely different results. Inthis presentation, I will try to
summarize our observations and results using different
applications of SEW and multiple-site systems.

Definition

Control of disease·.
The vast majority of our clients use these techniques to
reduce the effect of diseases on their cost of pork production. This ·allows them to more easily control diseases
present in the sow herd or to be able to commingle pigs
·
with fewer health problems.

. Increasing sow herd inventory

To keep this presentation as clearas possible, I have iri- Weaning at an earlier age increases the sow:crate ratio.
eluded some definitions of the terms we use to describe This allows producers to substantially increase their sow
the different production systems:
inventory with just a minor investment.

Segregated. early weaning

Increasing finisher turn over rate

In all systems described in this summary, SEW has been When we·move from conventional production to. SEW,
applied in commercial farms when.piglets are between the finisher-piglet entry weight incre.ases frorri the 30- to
35-lb range to a 60-.to 75-lb range.This incr:eases the
14and 18 days of age.
turnover rate of finishers and the totallb of pork produced
per square foot per year. . .
Three-site systems
A system in which early-weaned piglets are transferred
to a nursery and afterwards to a finisher in an ali-in-allout (AIAO)fashionby room (semirotation).

Sow herd·

SEW has been applied to nearly 20,000 sows in our eli~
ents' production systems for 4 years now in farms varyCommingled three~site system
.·
ing from 200 to 1200 sows. Although we were concerned
The same system as the three-site except that the piglets · about the impact of early weaning(14-18 days) on reprocome from inore than one farm.
ductive performance, we are pleased with the results. What
we see is a slight reduction in farrowing rate (2%-3%)
and in total born (0-0.5). Interestingly enough, we didn't
observe an increase in the weaning-to~service interval as
•
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previously reported. 1 Overall, we have seen an increase As Table 1 shows, one-source, three-site, and commingled
of0.5 to 1 pig-weaned-per-mated-sow-per-year ih the herd multiple sites are the systems that show the best perforwere we applied SEW
mance. In our studies, the commingled three sites have
consistently shown reduced ADG, higher mortality rates,
Many factors are important for the success of SEW in the
and increased medication costs related to higher disease
sow herd, but the two that we feel are the most important
expression. An importantfactor to consider in these data
are:
is that commingled three-site system piglets came from
Gilt pool management: Improper gilt-pool management five or fewer sources that were matched for health status.
plays an important role on maintaining the population of These nurseries are placed at least 1500 feet from other
sows infected with PRRS. 2 ·3 This is also true for anum- farms. The commingled multiple-site systems used pigber of other diseases, and particularly in recently refiowed lets coming from 7-14 sources, some with wide variaherds where a high number of gilts have been added to tions in sow health status. Some of the nursery buildings
the herd and the parity distribution is skewed to the left. are 80 feet apart from other nurseries or finishers. This
stresses the point that pig flow may play a more imporIn our experience, we have seen health and production
tant part in disease control than geographic isolation beproblems in all stages ofpfoduction associated with imtween barns. 5
proper gilt acclimatization: Either the acclimatization
phase was too shortor improper procedures were used. Therefore when commingled piglets are involved, the apAcclimatization protocol should be herd-specific, but its plication of AIAO by building or by site is considered the
importance should be stressed to the client and the effi- number one priority. Although one-source three-site shows
ciency of the program should be evaluated by gilt serol- the same gain with better mortality rate than commingled
multiple-site, we must remember that these systems are
ogy at the start and finish of the acclimatization phase.
relatively young. Even though it reduces .the sanitary drift
Sow feeding management: To maximize piglet weaning
of the herd, the three-site system doesn't completely stop
weight and reduce the weaning-to-service interval, you
it. Outbreak of disease could and does happen in the sow
must maximize sow feed consumption during lactation.
herd and in the nursery. For these reasons, in any new
All feeding and environmental management must be oriSEW project using one source of piglets we recommend
ented towards that goal. Variations in weaning-to~service
building more than one nursery (200 feet apart) to allow
interval are probably more related .to feed consumption
for the possibility of completely emptying the building.
in lactation than it is to genetics. 4
·
The extra cost related to building two nurseries instead of
one can represent an increase of 10%-20% of the total
Nursery
construction cost depending on the size of the sow herd.
The central componentofthe SEW and multiplecsite systems is the nursery. It is also here that people have applied wide variation in the system with varying degrees
of success. The three main models we worked with are:

At this point we still don't have a lot of data on the different finishers. But some important observations have been
made in the finisher buildings data set:
·

• three-site,
• commingled three-site, and
• commingled multiple sites.
Table 1: Summary of performance in nurser,y
Three
sites
Number
%Mortality
Start age
Startwt (lb}
End age
End wt (lb)
Weight gain
ADG (lb/day)
Feed conv (LW)
Feed conv (gain)

15,479
0.85%
16.26
11.35
74.30
68.09
56.74
0.977

Commingl
ed-mingled
. three sites
39,468
3.71%
16.00
11.03
73.24
57.40
46.37
0.806

Finishers and other
considerations

Commingled
-mingled
multiple sites
49,306
2.5%
15.20
11.05
74:45.
67.0
55.95
0.944
.1.35
1.61
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• The difference between good-performing and badperforming pigs in the nursery is enhanced in the
·
finisher.
• Three-site and multiple-site systems show the best
performance for ADG, feed conversion, and mortal-

ity.
• Early-weaned piglets.coming out of different nurseries have ·different health statuses and· mixing them
could cause disease outbreak.
The economic benefits of good performance in the nursery go far beyond this stage of production. The work of
Stahly, et al., has shown the major impact ofpiglet immune status and performance in the nursery on their performancein finisher (ADG and feed conversion) and car~
cass composition: 6 This is particularly true in pigs with
171
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good genetics. This represents a tremendous opportunity in the future. As we apply more AIAO by site, we need to
to enhance the profit per lb of pork sold.
find the most profitable way of managing not only the
slowest- but also the fastest-growing pigs to reduce the
Others factors, not related to health, demonstrate the adopen days in finishers without increasing sort. loss. Gevantage of AIAO by site over the other systems:
netics also play an important role in the variation. Some
• Your cost of production for each batch of pigs in the of our clients have put a lot of work into this area and we
nursery and finisher could be more rapidly and accu- believe thatthis is a major component in reducing the
rately calculated than in a semirotation group. This cost of production in multi-site systems.
represents an important source that identifies and
corrects technical and economic bottlenecks that limit Conclusion
the profit of the pork-production system.
• Multiphase-feeding and split-sex feeding programs Unfortunately, because the majority of the systems were
are applied more easily. This becomes a valuable tool started in the last year, we still don't have a lot of data.
to reduce cost of production. These techniques repre- But the performances that we observed to this point in
nurseries and finishers show us that commingled nursery
sent a potential savings of $2-3 per pig. 7
piglets need to be managed in AIAO by building or by
Another major consideration in the multi-site system is site.
how we can manage weight and performance variations
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We now think of SEW and multiple-site systems less as a
technique to eradicate disease and more as a way of
homogenate health status and reduce disease expression,
Early weaning is not a miracle program that will completely prevent pathogen transmission. If you add the additional health risk of commingled piglets to semirotation,
the chance of disease outbreak is very high unless you
partially compensate by weaning at a younger age combined with an aggressive medication program.
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Early weaning: influence on maternal
productivity and longevity
JinLiang Xue, DVM, PhD. and Gary Dial, DVM, PhD
A previous studyi with 39 farms and 14,925 farrowings
indicates that sows with shorterlactation lengths, relative
to longer lactation lengths (range from 17 to 30 days),
have smaller subsequent litter sizes (total born and born
alive pigs) and longer weaning-to-service intervals, but
shorter farrowing-to-service intervals and shorter farrowing-to~farrowing intervals, thus, more litters produced per
year. Eventually, pigs produced per sow per year are not
different with lactation lengths from 17 to 30 days. In
·addition to improved maternal productivity, early weaning gives an opportunity to supply healthy piglets and more
efficiently use farrowing facilities.
Early weaning has been applied in U.S. swine industry
for years. Lactation lengths currently used at many farms
are shorter than those in the previous study. 1 Influence of
early weaning on maternal reproduction is not well docu~
mente& We recently investigated breeding herds using
PigCHAMP® for more than two years in Minnesota and
Iowa. The range of average ages at weaning in 156 Minnesota and 134 Iowa herds was from 11 to 32 days during
1993 and 1994 (Table 1). Forty percent herds (117 out of
290) had average ages at weaning less than three weeks.
Ninety-one percent herds (264 out of 290) had average
weaning ages less than four weeks. Data from two of the
290 herds shown that ages at. weaning continuously de~
creased in last seven years (Table 2).
Since weaning ages have been decreasing in recent years,
ages at weaning currently applied on some farms are out
of the range of the previous study. 1 We want to see if the
findings in the previous study are still held in currently
early weaning swine herds. It is not .uncommon to see
that sows having poor productivity or production problem are weaned early. Iftheseearly weaned sows are com~
pared with normal sows having longer lactation for reproductive performance, a bias occurs obviously. Sows
who did not have subsequent farrowings are commonly
excluded in the data analysis in published studies. In this
. paper, we want to see influence of weaning age currently
used on maternal performance and longevity.

Early weaning and maternal
productivity

very likely have different sources or genetics·of animals
and different diets, and apply different strategy of management and weaning ages. Therefore, data used for this
projecfwere analyzedwithin individual herds. Two Minnesota herds were utilized. The criteria to selectthe herds
were that:
o

o

weaning ages fell in the ranges between J 1 and 14
days or between 18 and 20 days; and
the herds had multiple-year data.

Nineteen herds were eligible. We randomly selected one
from each range. Average ages at weaning were 19 days
in Herd A and 13 days in Herd B during 1993-1994 (Table
2). Weaning ages were decreasedin both herdsin the years.
Female inventories in the. herds were relatively stable and
increased from 1987 to 1993 (Table 2). Breeds used in
Herd A were primarily Duroc and Yorkshire from 1987 to
1990. Gilts entered since 1991 were primarily PIC
Camborough and L26. Breeds used in Herd B were primarily PIC Camborough from 1987 through 1993. PIC
L31 and L26 were also used in Herd B.
Since ages at weaning varied in the years, data were analyzed by year for litter traits and intervals of weani1lg-toservice, farrowing-to-weaning, and farrowing-to-farrowing. Records with either extreme short orlong lactation
lengths were omitted from data analysis. Approximately
10% of data were excluded. Seasonal variation of reproductive performance of commercial swine has been re~
ported. 2 Parity is highly associated with female productivityY Therefore, season and parity were included in
statistical models (general linear model) to adjust the effects on litter traits and interval variables.
· There was generally a trend that total born and born alive
pigs per litter were decreased with decreases in ages at
weaning inboth herds (Figure 1 and 2). Fluctuations appeared with variation of ages at wea11ing. This is often
seen when sample size is not large enough. A large varia- .
tion was observed in 1990 at HerdA (Figure 1). Pigs in
1987through 1989 were weaned relatively older compared
with those in 1991 through 1993. The producer perhaps
changed genetics and switched conventional weaning to
early weaning during 1990. Data on day 26 through 3 0 of
age at weaning had only severaranimals(< 9).

A bias may occur when data from different farms are sim- Intervals of weaning-to-service, farrowing-to-service, and
ply pooled without adjusting farm effects because farms farrowing-to-farrowing changed with changes in ages at
weaningin both herds (Figure 3 and 4}. Farrowing-to- ·
service intervals and farrowing-to-farrowing intervals
Department of Clinical and Population Sciences, College of
increased with increases in ages at weaning. Weaning-to~
Veterinary Medicine, University of Minnesota
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Table 1: Average age at weaning in herds using PigCHAMP® in Iowa and Minnesota during 1993-1994

Total
Age (d)

%

11
13
t4
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

0.6
1.9

Total

3
3
8

9
9
4
2
7
3
2
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Q.3

1~9

7.7
5.1
7..7
7.1
12.8.
10.9
8.3
5.1
5.8
5.8
2.6
1.3
7.1
4.5
1.9
1.3
0.6

100

service intervalsincreased with increases in ages at wean~
ing. A pattern of decrease in weaning-to-service intervals
as increases in ages at weaning was'obviously seen in Herd
B (Figure 4). The scale ofY-axis in top of Figure 3 partly
made the pattern ofweaningcto-service intervals not significant to be seen. Data of intervals ofweaning"to-service, farrowing-to-service, and farrowing-to-farrowing in
the two herds indrcate that sows with early weaning had
more litters produced per year. Reproductive performance
of sows with different lactation lengths from the two farms
has the same patterns as the previous findings. 1

Sowlongevity and productivity
A pig farm is a factory.Moreprofitability can be achieved
with less input and more output -. efficient productiorr.
Even though best efficiency is not equal to best profit~
ability, generally, a positive relationship is held between
production efficiency and profitability. Pigs produced per
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%
.. ..

1
2
3
6
9
9
19
10
16
14
6
14
12
7
1
1
3

0.7
1.5
2.2
4.5
6.7
6.7

14.2
7.5
12.0
10.5
4.5
10.5
9.0
5.2
0.7
0.7
0.7
2.2

3
2
3

1.0
1.0
4.5
3.5
5.2
5.9
10.0
9.0
11 .1
6.2
8.6
7.9
3.5
5:5
7.9
4.8·
1.4
1.0
0.7
1:0

290

100

3
13 .
10
15
17
29
26
32
18
25
23

23
14
4

sow per year (P/S/Y) isone of themost impmtant param~
eters to measure production efficiency. Time units, a year,
is commonly calculated from a time span of entry toremovaL Since entry-to~service intervals vary greatly between and within farms, P/S/Ybased on the time span of
. entry-to-removal .is not a good indicator for evaluating
herd productivity and management. Age at first service is
apotential risk factor ofreproductlveperformance. 3 Thus,
age at first service should be considered: Three life spans
are usedto compute P/S/Yin recentstudies 4•5 : reproductive .life (RL ), herd life (HL ), and lifetime (LT), which
were.defined as the time spans from the firstservice (gilts)
to removal, from entry to removal, and from birth tore~
moval, respectively. HL is frequently used for computing
P/S/Y. RL excludes entry-to-firstservice intervals, determined by ages at entry and at first service which are arbitrarily decided by producers. LT should be considered to
· estimate herdproductivity and economics, espe<:;iallyfor
producers·who supply their own breeding animals.
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Table 2: Average age at weaning of two Minnesota herds

Herd
A
B

Traits

1987

1988

1989

Year
1990

Age(d)
Female inventory
Age(d)
Female inventory

34.1
695
15.7
362

33.1
756
16.2
430

30.9
690
15.3
431

27.9
622
14.7
436

1991

1992

1993

20.2
638
13.9
457

17.1
818
12.3
523

18.8
885
12.6
523

Table 3: Median of age at weaning

Herd

Year

Parity

Removed (d)

In herd (d)

Range (d)

A

1987-1989

1
2
3

32
33
34
18
18
19
16
15
16
13
13
13

32
34
34
20
19
20
16
16
16
14
14
14

22-38

1991-1993
2
3
B

1988-1989

1990-1993

2
3
1
2
3

Number of total born pigs (TB), born alive pigs (BA),
and pigs weaned (PW) of a sow increases lineally with an
increase in parity at removal observed in the recent studies with a data set of50,720 sows and 150,922 farrowings. 4
TB, BA, and PW per litter increase along with an increase
in parity until parity 5 or 6, then decrease. 5 TB, BA, and
PW per sow per year of RL, HL, and LT, however, increase with increases in parity at removal from parity 1
through parity 10. 4 The increases are slow when animals
are removed at high parity. Differences in TB, BA, and
PW among RL, HL, and LT are large at low parity and
are small when sows are removed at high parity. The increase in P/S/Y of RL and HL is small after parity 7.
However, the increase in P/S/Y of LT is still great from
parity 7 through parity 10. The results indicate that production is more efficient if you improve your sow longevity.

Early weaning and sow longevity
Evaluation of herd productivity, as a production advisor,
should use a systematic approach because a farm is a production system. Most productive parameters are mutually related, changing one will affect others. Management
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10-25

13-21

8-20

strategy should be made based on the overall productivity, not individual parameters.
Although P/S/Y was not influenced by age at weaning,
animals who did not have subsequent farrowings were
commonly excluded in data analysis. That is, sows removed from the herds were not considered. As mentioned
above, sow longevity is positively related with production efficiency, influence of age at weaning on sow longevity should be paid attention.
Reasons for removal were notwell recorded in the studied farms. To investigate influence of early weaning on
sow longevity, sows removed at parity 1, 2, and 3 were
compared with sows staying in the herds at the same parity, respectively. Because sowages at weaning of the first
three parities in Herd A appeared two clusters, data used
for analysis oflongevity were separated into two groups,
one from 1987 through 1989, and another from 1991
through 1993. Due to wide discrete distribution of weaning age in 1990, the data of.l990 was omitted for longevity analysis. Distributions of sow age at weaning of the
first three parities in Herd B showed three clusters. Ages
at weaning in 1987 fell into 15, 16, 17 days (94.8%), no
difference in longevity was found between ages at weaning. Thus, data were analyzed in two groups, 1988-1989,
and 1990-1993. In a similar way as analysis of reproduc1995 Allen D. Leman Swine Conference

Early weaning: influence on maternal productivity and longevity
Table 4: Odds ratio of removal events and lactation lengths

Shortvs long
Herd

A

Year
19871989

19911993

B

19881989

19901993

Short vs
intermediate
Odds ratio P-value

Intermediate vs
long
Odds ratio P-value

Parity

Odds ratio

P-value

1

1.36

0.243

0.95

0.738

1.43

0.089

2
3
1

1.67
3.67
1.60

0.178
0.006
0.050

1.67
1.76
0.97

0.211
0.268
0.910

1.02
2.08
1.65

0.943
0.010
0.020

2
3
1

0.96
2.52
1.75

0.890
0.020
0.321

0.77
0.97
1.34

0.312
0.931
0.241

1.15
2.60
1.37

0.391
0.060
0.574

2
3
1

0.71
1:28
2.15

0.569
0.758
0.029

1.28
0.69
1.48

0.400
0.241
0.061

0.55
1.98
1.46

0.303
0.371
0.070

2
3

1.44
2.51

0.251
0.040

1.11
1.68

. 0.690
0.033

1.30
1.49

0.321
0.812

tive performance, data with extremely short and long lactations were discarded. Post-weaning sows of the first three
parities were examined for their status as either removed
from the herds or stayed in the herds for next farrowings.
We assumed that SOWS removed in several days after weaning were due to non-early-weaning reasons. Therefore,
sows removed within 10 days post-weaning were omitted
from the dada analysis.

..

were 2.0 times likely to be removed from breeding herds
compared with those having long lactations.
Short and intermediate lactations had odds ratios over 1. 0
compared with long lactations in most parity-year categories (Table\4), indicating that sows with early weaning were more likely to be removed relative to animals
with late weaning. The same results were found in short
vs intermediate lactations (Table 4). It is understandable
biologically. Sows with early weaning will have a high
chance to have delayed estrus after weaning and smaller
subsequent litter sizes. If the delay and sizes were beyond
the producers' tolerance, the sows will very likely be removed.

Sows removed at parity 1 thrsmgh parity 3 had shorter
lactation lengths compared wlth those stayed in herds at
the same parities (Table 3), suggesting that early weaning may be a risk factor for sow longevity. Odds ratio is
often used to calculate a relative risk in case control studies. In this study, sows removed were cases, and sows
stayed in herds were controls. Exposure was early weaning. Lactation lengths were classified into three groups,
short, intermediate, and long, defined as:
High parity sows are inore productive than low parity sows
in their lifetime. Improving sow longevity will improve
herd productivity. Early weaning decreases farrowing-toShort Intermediate
Long
service and farrowing-to-farrowingintervals, but increases
28-33
34-38
Herd A 1987c1989 22-27
weaning-to-service
intervals. Sows with short lactations
1991-1993 10-15
16-20
21-25
have
smaller
subsequent
litter sizes. Also, sows with early
16-18
19-21
Herd B 1988-1989 13-15
weaning
have
a
high
chance
to be removed from breeding
8-11
1990-1993
16-20
12-15
herds. Reproductive parameters are related each other. It
Short and intermediate lactations were exposures relative is necessary to evaluate herd productivity in a systematic
to long lactations. Similarly, shortlactations were expo- way.
sures relative to intermediate lactations. An example to
understand odds ratios is: an odds ratio 2.0 of short vs
long lactations means that sows having short lactations

Summary
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Figure 1: Herd A total pigs born (top) and born
alive pigs (bottom) per litter for the years between
1987 and 1993. There was a trend that total born
and born alive litter sizes decreased with
decreases in age at weaning. It appears that the
herd switched to early weaning from 1990. Since
the sample sizes were not large enough,
fluctuations occurred. Data on age at weaning
from 26 to 30 days in 1990 had less than 9 sows.

Figure 2: Herd B total pigs born (top) and born
alive pigs (bottom) per litter for the years between
1987 and 1993. There was a general trend that
total born and born alive litter sizes decreased
_with decreases in age at weaning although
fluctuations occurred.
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Figure 3. Herd A intervals of weaning-to-service
(top), farrowing-to-service (middle), and
farrowing-to-farrowing (bottom) in the years
between 1987 and 1993. Weaning-to-service
intervals were negatively associated with age at
weaning. Farrowing-to-service intervals and
farrowing-to-farrowing intervals were positively
associated with age at weaning.
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Figure 4. Herd B intervals of weaning-to-service
(top), farrowing-to-service (middle), and
farrowing-to-farrowing (bottom) in the years
between 1987 and 1993. Weaning-to-service
intervals were negatively associated with age at
. weaning. Farrowing-to~service intervals and
farrowing-to-farrowing intervals were positively
associated with age at weaning.
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Increasing farm output: application of the
principles of process analysis to the breeding
herd
Gary D. Dial* and Mark Engel**
Until relatively recently, the swine industry has tolerated
production inefficiencies and highly variable product quality. As its customers have become more discerning and
its markets more competitive, the swine industry will increasingly be forced to critically examine its production
systems, if it is to remain competitive with other producers of food protein and if it is to capture emerging market
opportunities. Much can be learned from the processes
used by the non-meat food and durable goods manufacturing industries. As long as the swine industry remains
sensitive to the welfare needs of swine and understands
that swine production is a biological system with high
inherent variation, many of the tools and processes developed by modern-day manufacturing systems will be applicable to today's progressive swine industry. The implementation of these processes promises to dramatically cut
operating costs, increase output, and improve quality, and
if implemented correctly, will do so without compromising the well-being of the pig being reared in a commercial setting.

The pig as work-in-progress
The pig being produced in a modern commercial swine
operation can be compared to work-in-progress (WIP),
the partially completed goods that move from station to
station accumulating raw material, direct labor, and overhead costs until becoming a finished product. For the growing pig phases of production, the breeding herd supplies
the 'raw material', the weaned pig, and costs are added at
each phase of production until either a feeder or market
pig is sold as the finished product. Similarly, the breeding
herd enterprise can be broken down into phases of production in which WIP moves along accumulating costs.
Replacement stock enter as raw material having an inherent cost. Gilts accumulate costs in the gilt pool cost center until they are bred or made available for being bred
and are subsequently moved to the breeding area cost center where they incur costs along with unbred weaned sows.
As weaned sows, repeat breeders, and replacement gilts
are successfully bred, they are moved into the gestation
cost center where they accumulate costs until they evaluated for pregnancy status. If found to not be pregnant,
served females are then moved back to breeding; iffound
pregnant, they will continue in gestation completing their
*College of Veterinary Medicine, University of Minnesota, St.
Paul, MN 55108. **Audubon-Manning Veterinary Clinic,
Audubon, IA 50025
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pregnancies and eventually being moved on to the farrowing cost center. The pigs weaned from farrowing incur all of the accumulating costs that have been passed
along from each of the breeding herd cost centers.

Application of cost allocation to
the breeding herd
While many accounting packages allow costs to be accumulated for each phase that a breeding female passes
through, producers typically treat the entire breeding herd
as a cost center. The use of cost drivers, such as the total
number of animal days that available spaces are tied up
housing animals, will allow costs in the future to be allocated by phase of breeding herd production. The implementation of cost allocation by phase may eventually become a tool for reducing weaned pig costs. Ali-in-all-out
technologies, used increasingly throughout the swine industry, already allow the costs associated with rearing the
growing pig to be accumulated by phase of production.

The objective of process analysis
Inherent with the WIP view of swine production are the
concepts of process control and process analysis. Process
control, the process of identifying and eliminating special causes of variation, is covered in another article that
we have written. Process analysis, sometimes called process flow analysis, is the systematic study of the activities
and flows of the manufacturing process, both the individual processes and the collective sets of all processes
involved in producing a product.
The objective of process analysis is to improve the capacity of the manufacturing process. Capacity is commonly
defined as the maximum output of a facility and is typically. restrained by the presence of one or more bottlenecks. A bottleneck in a manufacturing process is an activity whose individual capacity is equal to or less than
the demand being placed upon it. In intensively capitalized swine operations, bottlenecks are typically animal
spaces, such as the number of farrowing crates available
for a group of breeding females, the number ofbreeding/
gestation spaces available for dry sows, or the number of
spaces/group available during a growing phase. If the total capacity of a manufacturing facility would be increased
by adding additional spaces, then demand for that space
is greater than its capacity, and that space is called a bottle1995 Allen D. Leman Swine Conference
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Figure 1: Capacity on a farm-level basis

Capacity on a Farm-level Basis

No. Days be\Weer
SeNice Groups

No. Days between
Entry and SeNice

neck. Non-bottlenecks are those activities (spaces) whose turing industries. Many of these can be modified for application in swine production to maximize capacity.
capacity is greater than the demand placed upon it.
As process analysis identifies and removes bottlenecks,
non-bottlenecks often become bottlenecks. Whel1 emerging bottlenecks are successively dealt with, the flow
through the facility becomes 'balanced'; that is, the individual capacities for the various activities are matched
so that the demand from a downstream activity matches
the individual capacity of a preceding activity. In durable
goods manufacturing, the capacity of a facility should
match the demand of the marketplace.In swine production, where an individual farm's marketcan be viewed as
being relatively unlimited, capacity never meets d~mand.

• The objective of process analysis is not to maximize
the flow ofWIP (i.e., capacity) through an individual
activity or process but to maximize the output for the
entire facility. To increase the capacity of a facility,
the capacity of only the bottleneck(s) must be increased.

Applying the rules of process
analysis to swine production

• Increasing.the capacities of non-bottlenecks does not
increase the output ofthefacility; overall capacity is
limited by the bottlenecks. Increasing non-bottleneck
capacities results inlarger.inventories ofWIP down-

There are several general rules regarding process analysis that have been applied to the durable goods manufac1995 Allen D. Leman Swine Conference

• Emphasis shouldnot be placed on reducing the capacities of non~bottlenecks so that they match that of
bottlenecks, but should be placed on improving the
capacities ofbottlenecks so that they approach or meet
the capacities of non-bottlenecks.
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Figure 2: Capacity on a group-level basis
Capacity on a Group-level Basis
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Service Groups
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stream from the non-bottleneck or, in swine production, excess animal storage.

ina production process, which is being monitored
. and controlled.

• ·The· objective of production should not be to eliminate all bottlenecks, but to match the capacities of
the bottlenecks to market demand.

• Bottlenecks can be identified by the accumulation of
WIP at an activity. In swine production this may be
manifested by suboptimal stocking densities or· re.duced days of animal storage.

• Bottlenecks are not good or bad; they just exist There
should always be atleast one identifiable bottleneck ·
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• Some facilities do not have bottlenecks; they have
enormous excess capacities of someindividual ac1995Allen D. LemanSwine Conference
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tivities or processes. Forexample, while the farrowing phaseisthe most expensive phase of production
to build, on a per-animal-day basis, most farms have
too much farrowing capacity for the dowt1stream,
growing phases ofproduction.
o

o

The ultimate cost of a bottleneck is not the costs associated with the lost time at the bottleneck; it is the
lost time for the entire operation. For example in a
swine operation,,· afarrowingbottleneck can result in
empty animal spaces for all subsequent phases of production.
Due to marginal cost considerations, the costs of the
added production resulting from the alleviation of a
bottleneckare reduced. Thus, profits improve dramatically with the removal of bottlenecks. This is attributable to fixed costs, and some coststhatare classically described according to their behavior as variable
costs (e.g. labor), being spread over more units.

. Dealing with swine production
bottlenecks
..

.

'

There are several tools that the durable goods and food
manufacturing industries have used to reduce the impact
of bottlenecks on facility capacity.
o

o

o

o

o

o

Reduce batch sizes at bottlenecks. For example, if
f~m'owing is a bottleneck, build smaller farrowing
rooms: two farrowing rooms with 20 crates for each
weekly . farrowing group··.rather .than 40 crates ina
single room. By allowingsma1ler groups of animals
to be moved more frequently, smaller batch sizes allow rooms and units of animal spaces to be used more
efficiently.

Use just-in"time (JIT) inanufacturingprinciples. JlT
is based on the principle that parts used by a manufacturing activity or process are delivered just before
they are needed. Benefits of JITinclude: the preven. tion of the accumulation ofWIP, raw materials, and
purchased parts inventories, increased productivity of
direct labor and indirect support employees, improved
equipment and space utilization, and higher product
quality. An example of JIT as applied to· the· swine
industry is the delivery of cyclic replacement .gilts at
weekly intervals into the breeding phase of production rather than the delivery of acyclic gilts at monthly
intervals.

Swine production bottlenecks by
·. . .
·
production phase '

Specific ways for reducing the impact of bottlenecks in
Prioritize inputs for use by bottlenecks over non- various production phasesof intensive swine confinement
bottlenecks. In swine production, use capital to add operations include:
animal spaces to a bottlenecked phase. Applyaddio When the farrowing phase is the bottleneck, consider:
tionallabor to improve the capacity of a production
. ( 1) reducing~verage lactation length (thereby increasphase; for example, use more labor in farrowing to
ing litters/crate/year), (2) reducing farrowing crate
reduce perinatal and preweaning deaths.
downtime (e.g. prefarrow duration and crate cleanup
Reduce lost time in the bottleneck. For example, when
times), (3) abandoning all"in-all-out use of farrowthe farrowing phase is a bottleneck, consider: ( 1) split
ing rooms, and (4) as a last resort, reducing breeding
weaning groups, (2) abandoning all~in~all~out use
female inventory and number offarrowings/group so
of farrowing rooms, (3) weaning sows at an earlier
as to achieve optimal utilization of farrowing faciliage, and (4) cutting down-time by reducing tirne for
ties.
room cleanup and the time that pregnant sows spend
o When the breeding animal facilities are the bottlein a crate prior to farrowing.
neck, consider: ( 1) increasing average lactation length
Have bottlenecked activity work only on 'good' WIP
(so as to inaximizetotal-born litter size and improve
Weed out 'defective parts' to .be worked on by the
farrowing facility utilization), (2) reducing NPD/inbottleneck. Examples in swine production include .
ventoried female, as by reducing the average entry·early weaning of sows thatfarrow small litters, when
to-service interval for giltsand/or the weaning- and
farrowing isthebottleneck, and selling slow grow. service-to-cull intervals for sows {e.g. offcsite matu·
ing pigs, when space is limited in a growing phase.
ration of gilts; .out-of~ facility housing), (3) increasing the delivery frequency of replacement gilts
Do not have the bottleneck work on partS that are not
(smallergroups
sizes), (4) reducing boar inventory
needed. For exampleifbreeding/gestation is a bottle~
(e.g.
increase
sow:boar
ratioorreplace natural
neck, avoid carrying excess replacement gilt invenc
matings
with
artificial
insemination,
and house sows
tory.
.
.
.
where boars had been housed), or (5) building new
Take some of the load off the bottleneck by giving it
. breeding-gestationspace or remodeling farrowing or.
to non-bottlenecks. For example, if nurseries are a
growing pig space so that it can be used to house
bottleneck, move pigs early to finishing. lfgestation
breeding females.
is a bottleneck, reduce npnproductive days.
~

o
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• When growing pig space is the bottleneck, consider:
(1) selling either weaner or feeder pigs (depending
upon whether the nursery or grow-finish space is
short), (2) modifying existing space for use as growfinish space (typically too costly) or build additional
grow-finish space, or (3) pursue nursery or finishing
contracts with other producers.

their counterparts, the number of pigs weaned/female/
year and number of pigs weaned/litter.
• The number of females served/group is more important than farrowing rate in its influence on capacity.
Therefore, the old adage "keep your crates full" appears to hold true.
o

Assessing capacity

It is difficult to influence the number of weaned sows,

repeat breeders, and postweaning culls; thus, the number of gilts served/group has a more important influence on capacity than the number of sows served/
group. Gilt pool size and management is critical to a
farm's capacity.

The capacity of a commercial farm can be looked at in
two ways. The first method determines capacity as the
number of pigs weaned from a farm annually. With this
approach, capacity is a factor of the number of breeding
o Farrowing schedule (i.e. number of days between serfemales in the inventory and the efficiency by which they
vice group) affects several factors driving capacity
produce pigs (Figure 1). Capacity is assessed using this
and, thus, has a compounded influence on capacity.
method on a farm-level basis and, thus, it is most useful
However, since farrowing schedule cannot be changed
when evaluating the factors affecting the capacities of
on most farms, it typically has no real effect on camultiple farms in a large database. The second method
pacity.
determines capacity on a number of pigs weaned/group
o Nonproductive days affect both throughput and outbasis. With this approach, capacity is a factor of the numput efficiency. That is, they not only affect the effiber of sows farrowing/group and the number of pigs
ciency offemale production (i.e. pigs weaned/female/
weaned/sow (Figure 2). Capacity is determined with this
year) but also herd female inventory.
approach on a group-level basis and, thus, it is useful in
evaluating the factors that affect the capacity of individual In sum, our studies are beginning to reveal that traditionfarms.
ally monitored measures of performance are not the best
diagnostic indicators of herd productivity. As we learn to
Takehome lessons on capacity
translate fundamental manufacturing principles into terms
that can be used by the swine industry, we will no doubt
There are several lessons that are being learned from on- begin to understand what measures should be monitored
going studies of the relative importance of the factors in- on a routine basis and the relative importance of factors
fluencing the capacity of the breeding herd.
affecting those diagnostic variables.
• Of the two major factors driving a farm's capacity,
output efficiency dominates throughput efficiency.
That is, breeding female inventory (Figure 1) and the
number offemales weaned/group (Figure 2) typically
have substantially more influence on capacity than
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