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Summary
Objective: To describe epidemiologic char-
acteristics of outbreaks of porcine prolifera-
tive enteropathy (PPE) and evaluate asso-
ciations between herd production and
management factors, and disease
occurrence.

Methods: A questionnaire about manage-
ment factors was administered by tele-
phone to the owners or managers of 30
PPE-affected herds (cases) and 18 unaf-
fected herds (controls). Morbidity, mortal-
ity, and demographics of animals in af-
fected herds were recorded. Fecal samples
from approximately six pigs in each herd
were tested by polymerase chain reaction
(PCR) for Lawsonia intracellularis.

Results: Porcine hemorrhagic enteropathy
(PHE) occurred in 11 herds, and porcine
intestinal adenomatosis (PIA) in 19 herds.
In multivariable logistic regression analysis,
use of a new building and recent mixing of
pigs were associated (P<.05) with PPE.
Management stressors such as overheating,
chilling, number of times mixed, number
of feeders per pen, and group size were not
significantly associated with PPE. Fecal
samples were more likely (P<.05) to be
positive by PCR in case than control herds.
Herds with PHE were more likely (P=.05)
than herds with PIA to have at least one
PCR-positive fecal sample.

Implications: Placement of pigs into new
facilities and commingling of groups of

pigs significantly increase the risk of PPE.
Production and management practices
linked with high health status may not be
associated with reduced risks of PPE out-
breaks. Analysis of fecal samples by PCR is
useful to detect L intracellularis in the
population, but fecal samples are more
likely to be PCR positive in herds with
PHE than in herds with PIA.
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Porcine proliferative enteropathy
(PPE) is a commonly described dis-
ease syndrome of growing and adult

swine, and is reported worldwide. The dis-
ease is caused by Lawsonia intracel-
lularis1,2,3 and has two common clinical
manifestations: an acute, hemorrhagic form
often termed porcine hemorrhagic enter-
opathy (PHE), usually observed in
finishing pigs or replacement breeding ani-
mals; and a more chronic, proliferative
form often referred to as porcine intestinal
adenomatosis (PIA), typically detected in
growers weighing 20 to 50 kg.

Swine practitioners in North America
identified PPE as the most commonly diag-
nosed intestinal disease of grower-finisher
pigs,4 and laboratory evidence supports
this contention.5 A national survey of
swine producers in 1995 estimated that
PPE (ileitis) was diagnosed by a veterinar-

ian or diagnostic laboratory in 7% of swine
herds in the previous year.6 Using slaugh-
terhouse examinations, Pointon et al found
that 28% of Minnesota swine herds had
evidence of PPE lesions.7 It is likely that
these surveys have underestimated herd
prevalence. Herd prevalence greater than
60% has been found when adequate num-
bers of pigs have been sampled and sensi-
tive ante mortem tests for L intracellularis
infection have been used, such as poly-
merase chain reaction (PCR) of feces and
the serum indirect fluorescent antibody
test.8,9

Various farm management factors may
influence the development, severity, and
therapeutic response of the naturally occur-
ring clinical syndromes, but few published
scientific studies have evaluated such risk
factors. Smith et al10 studied risk factors
for PPE using a postal survey of 319 Brit-

ish herds. Breeding herd size of >500 sows,
concurrent enzootic pneumonia, purchase
of replacement boars from selected nucleus
herds, and use of slatted floors above deep
sunken pits were important factors associ-
ated with owner-reported PPE on the farm
in the 3 years prior to the survey. Move-
ment and mixing of pigs, nutritional
changes, feed antibiotic usage, temperature
fluctuations, pig density, facility design,
and sanitation also have been proposed as
factors that precipitate PPE outbreaks in
endemically infected herds.4,11

In the present study, we investigated the
association of several swine production
management variables with clinical PPE in
US swine herds, using a case-control study
design. We describe clinical findings in 30
PPE-affected herds and indicate factors
associated with disease occurrence.

Materials and methods
Case-control study
Veterinary practitioners in the mid-western
US were notified by mail and telephone of
our study and were asked to nominate PPE
case and control herds. Case herds (PPE-
affected) were selected on the basis of re-
cent occurrence of clinical signs of PPE
and a confirmed histologic diagnosis of
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PPE from a veterinary diagnostic labora-
tory within the previous 12 months. Herd
veterinarians were consulted by telephone
to obtain accurate disease histories of all
case herds, and to aid in selection of con-
trol herds. Control herds were free of clini-
cal signs consistent with PPE for the previ-
ous 12 months. Wherever possible,
controls were serviced by the same veteri-
nary practice that provided the case herd.

Between July 1995 and April 1996, farm
management data were collected by tele-
phone survey of owners or managers of
case and control herds. Farm management
data included herd size (sow and growing
pig inventory), environment (season,
flooring, ventilation system), biosecurity
(isolation of herd additions, frequency of
herd additions, age segregation) and animal
history (genotype, feed and water medica-
tions, weaning age, group size and animal
density, nutritional history). To facilitate
questionnaire completion and allow for
ranges of values, many variables (eg, me-
dian age group affected, median group
weight) were categorized into broad group-
ings (eg, 5 to 8, 9 to 12, or 13 to 16 weeks
of age; 1 to 14, 15 to 27, or 28 to 40 kg).
For case herds, morbidity and mortality
data and demographics of affected animals
were also recorded. A copy of the question-
naire is available from the senior author on
request.

The owner or veterinarian collected fecal
samples per rectum from approximately six
PPE-affected swine in each case herd as
soon as possible after a diagnosis of PPE
was made. Fecal samples were collected
from the same numbers of pigs in the same
weight classes on control farms. All samples
were refrigerated and shipped within 24
hours to the laboratory of one of the co-
authors (CJG) for testing by PCR for L
intracellularis.

Polymerase chain reaction
Polymerase chain reaction was performed
as previously described,12 using primers
derived from the L intracellularis type
strain, NCTC 12656 (National Collection
of Type Cultures, Collindale, London).
Results were interpreted as positive if
amplification products of expected size
were detected on ethidium bromide-
stained gels. All evaluations were per-
formed independent of knowledge of herd
PPE status.

Statistical analysis
Characteristics of case herds were summa-
rized by frequencies, medians, and ranges
and were compared by chi-square for cat-
egorical variables and by Mann-Whitney
tests for continuous variables. Strength of
association between herd-level risk factors
and case or control disease status was mea-
sured by odds ratios (OR). Multivariable
logistic regression (BMDP Statistical Soft-
ware, Inc, Los Angeles, California) was
used to adjust for the simultaneous effect
of several risk factors.13 For comparison of
the results of PCR testing, a herd was con-
sidered PCR positive if at least one fecal
sample was positive for L intracellularis.
The proportion of PCR-positive herds was
compared among PIA, PHE, and control
herds by chi-square tests. Because not all
herds provided the requested number of
fecal samples, this analysis was restricted to
44 herds from which at least four fecal
samples had been collected.

Results
Description of outbreak herds
Thirty case herds (19 with PIA and 11
with PHE) and 18 control herds from 11
states participated in the study. Table 1
compares the characteristics of herds with
each clinical form of PPE (PIA and PHE).
Although the median age was the same in
pigs with PIA and PHE, PHE occurred in
heavier pigs (P<.05). Morbidity was nu-
merically lower in PHE than in PIA out-

breaks, and outbreak duration was numeri-
cally longer for PHE than PIA. Mortality
and frequency of multiple occurrences
within a cohort of pigs did not differ be-
tween the two forms of the disease.

Risk factors
In univariable analysis, risk factors for PPE
which approached significance of associa-
tion (P≤.2) are shown in Table 2. These
factors were considered for inclusion in
logistic modeling. Only two variables, re-
cent mixing of animals (≤ 2 weeks) and the
use of a new building, entered and re-
mained in the final logistic regression
model. Odds ratios, which provide a mea-
sure of association between risk factor and
disease, were calculated for the manage-
ment variables. High odds ratios (greater
than 3) indicate a strong association be-
tween the risk factor and disease. The odds
ratio for mixing animals was 7.2, with a
95% confidence interval of 1.2 to 43. For
use of a new building, the odds ratio was
11.4 with a 95% confidence interval of 1.1
to 115. The interaction term between these
two variables was not statistically
significant.

There was no significant association (P>.2)
between the following variables and occur-
rence of PPE: repopulation of the herd in
either the previous 4 or 12 months, total or
partial confinement, flooring (total slats,
partial slats, or solid flooring), cooling sys-
tem, pig density, dietary factors (pellets or
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Table 1: Characteristics of 30 swine herds with outbreaks of porcine intestinal
adenomatosis (PIA) and porcine hemorrhagic enteropathy (PHE)

t Sample size was 12 for PIA herds and 8 for PHE herds.
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meal; crude protein, lysine, fat, fiber), time
on current ration, recently purchased pigs,
age weaned, number of moves, continuous
pig flow or all in-all out management, lack
of washing and disinfection, concurrent
disease (atrophic rhinitis, pneumonia,
clostridial enteritis, gastric ulcers), isolation
of breeding stock replacements (always,
sometimes, never) or duration of isolation,
frequency of breeding stock additions,
number of breeding stock sources, and an-
tibiotic use in rations (breeding, nursery,
grower, finisher herds). Insufficient data
were gathered to evaluate the association of
several variables with PPE (including ge-
netics, use of flush gutters, limit feeding,
wet feeding, lack of drinking water, and
power failures).

Polymerase chain reaction
At least one fecal sample was positive for L
intracellularis by PCR in 12 of 27 case
herds, but in only one of 17 control herds
(P<.01). There was a higher proportion
(P=.05) of PCR-positive results among
herds with PHE outbreaks (seven of ten)
than among herds with PIA outbreaks (five
of 17). There was no significant difference
(P=.15) between PHE herds and PIA herds
in the number of days from recognition of
the clinical outbreak to the day when the
sample was collected (6 days for PHE
herds, 8 days for PIA herds). However,
most samples were collected from PHE
herds after the outbreaks ended.

Discussion
Findings from our descriptive analysis and
case-control study confirmed several of the

suggested epidemiologic patterns and risk
factors associated with PPE.4,10,11 The
hemorrhagic form of PPE occurred in
heavier growing pigs than the proliferative
form, but the two forms of the disease did
not differ with respect to several other epi-
demiologic characteristics. The factors
which cause this variation in clinical re-
sponse to infection with L intracellularis are
unknown. Possible explanations are that
the organism varies in pathogenicity
among herds, that herd immunity towards
L intracellularis may play a role in age sus-
ceptibility, or that other organisms are act-
ing synergistically with L intracellularis in
some herds. Some experimental infection
studies suggest host factors may play a role
in disease susceptibility.3 In our study, it
was interesting that both forms of PPE
were not documented within a single herd,
but our sample of herds was small, and per-
haps both forms do occur concurrently in
some herds.

It has commonly been suggested that stres-
sors precipitate clinical occurrence of
PPE.4,11 In univariable analysis, chilling,
overheating, and mixing of pigs were asso-
ciated with clinical PPE in this study, and
the association with recent mixing of pigs
remained significant in the logistic regres-
sion analysis. Although mechanisms by
which these insults may initiate PPE are
unknown, we speculate that a disruption of
eating patterns caused by environmental or
social stressors may alter intestinal motility
and render the intestinal mucosa more sus-
ceptible to infection by intestinal

organisms.

Pigs housed in new buildings (less than 1
year old) were more likely to be diagnosed
with PPE than pigs housed in older build-
ings. Herd owners may reduce the antibi-
otic usage in new facilities because of the
pristine environment of the new building.
A reduction in antibiotic usage may in-
crease the likelihood of enteric disease out-
breaks.

We found no significant association be-
tween several of the production and man-
agement variables commonly linked with
poor herd health and the occurrence of
PPE. Solid flooring systems, continuous
pig flow, lack of washing and disinfection,
and lack of isolation of breeding stock were
not associated with the disease. This
finding may be the result of selection bias,
of unidentified interactions of several fac-
tors, or of misclassification of the status of
control herds. Because the number of fecal
samples tested by PCR in control herds was
small, we were not able to determine un-
equivocally that these herds were non-in-
fected.

We believe that the PCR test for L
intracellularis was acceptable for herd PPE
diagnosis, although only 44% of case herds
had at least one PCR-positive fecal sample.
A greater percentage of case herds would
probably have tested PCR positive if more
fecal samples had been tested in each herd,
because outbreaks of PPE often affect a
small proportion of pigs.4,11 Therefore,
increasing the sampling size increases the
likelihood of finding at least one PCR-
positive pig in each case herd. For example,
in a study of Danish finisher pigs,9 20 pigs
were tested per herd. In our study, sample
deterioration prior to PCR testing, or de-
layed collection of samples relative to the
PPE outbreak, may also have generated
false negative results. Prompt collection,
refrigeration, and analysis of a large num-
ber of fecal samples (ideally direct rectal
swabs) after detection of clinical PPE
would most likely result in highly accurate
herd-level PCR test results. Only one PCR-
positive fecal sample was found in the 17
control herds. This may have been a false
positive result, but we believe that it is
more likely that the presence of L
intracellularis alone is not sufficient for the
development of clinical disease.

The higher proportion of PCR-positive
results from PHE outbreaks compared to

Table 2: Odds ratios (OR) and 95% confidence intervals (CI) for various
production and management risk factors for occurrence of porcine
proliferative enteropathy in 30 case and 18 control herds.
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PIA outbreaks may have occurred because
within-herd prevalence of L intracellularis
was higher in the PHE-affected herds, or
because pigs with PHE shed more L
intracellularis organisms for a longer pe-
riod. Alternatively, PPE-affected animals
may be more easily identified, and there-
fore sampled, when they exhibit the hem-
orrhagic form of the disease (PHE) rather
than the nonhemorrhagic form (PIA).

Our study had a number of limitations. We
had initially planned to include at least 40
case and 40 control herds to detect odds
ratios of at least 3 with high power and
confidence. Control herds were more
difficult to obtain than case herds. Accord-
ingly, the lack of significant association for
some variables may be attributable in part
to the small number of herds in the study.
In our analysis, we assumed that the two
types of case herds would have identical
risk factors. To test this assumption, we
performed a stratified analysis using the
PIA and PHE cases separately. The two
significant risk factors were still significant
in the separate analyses (data not shown),
although other risk factors might not have
been affected similarly.

Implications
• Clinical signs of PPE change as pigs

grow and mature.
• Testing of fecal samples by PCR is a

useful indicator of herd status
regarding L intracellularis infection.

• Placement of pigs within new facilities
and recent mixing of pigs (≤ 2 weeks)
are significant risk factors for PPE.

• Production and management practices
linked with high health status may not
be associated with reduced risks of
PPE outbreaks.

• Common stressors such as overheat-
ing, chilling, repeated mixing of pigs,
inadequate number of feeders per pen,
and group size may be associated with
outbreaks of PPE and warrant further
investigation.
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