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Summary
Objective: To evaluate the efficacy of linco-
mycin (Lincomix 20 Feed Medication;
Pharmacia Animal Health, Kalamazoo,
Michigan) at 44 and 110 ppm adminis-
tered in feed for control of porcine prolif-
erative enteropathy (PPE) in swine chal-
lenged with mucosal homogenate.

Methods: A total of 312 commercial cross-
bred pigs at two sites were randomly as-
signed to receive lincomycin in feed at ei-
ther 44 or 110 ppm, or no treatment. On
2 consecutive days, each pig was inoculated
orally with Lawsonia intracellularis in the
form of porcine intestinal mucosal homo-
genate. Animals were observed until clini-
cal signs of disease were seen, then pigs

assigned to treatment groups received lin-
comycin in the feed daily for 21 days. Con-
trol animals received no treatment. Clinical
observations and performance were as-
sessed throughout the study. Necropsies
were conducted at the end of the study or
at death.

Results: The L intracellularis challenge pro-
duced a high incidence of clinical disease.
The incidence of diarrhea and scores for
abnormal clinical impression were lower
and ADG and feed conversion efficiency
were better in groups treated with either
dose of lincomycin than in untreated con-
trols. Mortality was lower in the group
treated with lincomycin at 110 ppm than
in the untreated controls.

Implications: Under the conditions of this
study, lincomycin administered in feed at
44 and 110 ppm for 21 consecutive days
was effective in controlling clinical signs of
PPE, and at 110 ppm also reduced mortal-
ity associated with PPE.
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Porcine proliferative enteropathy
(PPE), also known as ileitis, is an
enteric disease of pigs worldwide.1–3

It is characterized by thickening of the
mucosa of the small intestine and occasion-
ally the large intestine. Pathognomic le-
sions consist of proliferative immature
crypt cells in the intestinal epithelium,
with free-floating bacteria in the apical
cytoplasm. The causative agent is Lawsonia
intracellularis,1–3 but development of PPE
requires the involvement of other enteric
bacteria. This was demonstrated by
McOrist et al,4 who showed that gnotobi-
otic pigs are resistant to challenge and in-
fection by L intracell-ularis unless pre-
dosed with a minimal inoculum of normal
gastrointestinal microflora. A variety of

Campylobacter species have been isolated
from proliferative lesions. However, oral
inoculation of these bacteria has never re-
produced the disease, suggesting that they
are secondary agents which may contribute
to the disease.1,4–6

The use of polymerase chain reaction
(PCR) and immunological detection meth-
ods has shown that strains of L intracell-
ularis isolated from geographically distinct
worldwide locations are practically indis-
tinguishable.2 Isolates from different geo-
graphical locations also have similar fastidi-
ous growth characteristics.2,7 Pathogenicity
of both US and European strains has been
confirmed in model studies.1,2,5

Porcine proliferative enteropathy occurs in

a chronic form, comprising both necrotic
enteritis and porcine intestinal adenopathy
(PIA), and an acute hemorrhagic form
known as porcine hemorrhagic enteropa-
thy. A subclinical form also exists.1,8,9

Chronic PPE, the most common form of
the disease, occurs mainly in growing pigs
6 to 20 weeks of age,1,3 and manifests pri-
marily as a transient reduction in the rate
of weight gain. Inappetence and diarrhea
are also occasionally observed. Commonly,
clinical signs are not readily apparent.1,8,9

When diarrhea occurs, it is generally mod-
erate, with loose stools of normal to gray-
brown color and no visible blood. Morbid-
ity is usually 5 to 20% in affected herds.1,3

The acute form of the disease occurs more
commonly in young adults (4 to 12
months old) and is manifested by acute
anemia, hemorrhagic diarrhea, and sudden
death. Up to 50% of affected animals may
die.1,3

In vivo hamster challenge models and in
vitro testing of L intracellularis in host cell
tissue culture systems have been used in an
attempt to predict the efficacy of various
antibiotics in treatment of PPE.3,10 How-
ever, it is difficult to correlate the results of

David Brown
A minor layout glitch resulted in incorrect page numbers in this PDF. The correct page range as printed is 107-111.



Journal of Swine Health and Production — Volume 10, Number 3 107

these studies to field efficacy. Challenge
models have been developed in swine. A
swine challenge model was employed in a
study to determine appropriate in-feed
doses of lincomycin for a prevention and
control program.11 Daily treatment with
lincomycin at either 44 ppm or 110 ppm
was initiated 4 days before challenge. Both
doses were found to be effective in reduc-
ing mortality and improving production
parameters compared to no medication.
Although prevention-control, in-feed pro-
grams are used in the field, treatment is
more commonly initiated when clinical
signs are already present in the herd. This
study was designed to evaluate the efficacy
of in-feed lincomycin in controlling PPE
(ie, reducing mortality, reducing incidence
and severity of clinical signs, and improv-
ing production parameters) when treat-
ment was not initiated until inoculated
animals were showing clinical signs of PPE.

Materials and methods
Study animals
A total of 312 commercial crossbred pigs
were included in the study. Pigs of known
health status were purchased from local
farms that used segregated early weaning
management. Healthy pigs weighing be-
tween 6.8 and 13.6 kg were acceptable for
inclusion. At the time the pigs were pur-
chased, the source farms had no history of
clinical disease due to L intracellularis,
Brachyspira hyodysenteriae, B pilosicoli, Sal-
monella serovar Choleraesuis, Actinobacillus
pleuropneumoniae, transmissible gastroen-
teritis virus, or porcine reproductive and
respiratory syndrome (PRRS) virus. The
source herds were screened for PPE by in-
direct fluorescent antibody (IFA) assay
(reciprocal titer of 30 was considered posi-
tive) and for PRRS virus by ELISA
(HerdChek PRRS ELISA; IDEXX Labora-
tories, Westbrook, Maine) (a
sample:positive ratio ≥0.4 was considered
positive).

Housing and feeding
The study was conducted at Sites A and B,
two locations in Minnesota remote from
other swine facilities.

Site A. One hundred and eighty pigs were
housed in two adjacent modern nursery
barns, each with two rows of eight pens
(3.0 m2) separated by an alley. Pens had
perforated plastic grating floors, and each
pen provided one five-hole dry-feed feeder

and two nipple waterers. In each barn, pigs
were housed in 15 pens in groups of six.
Solid plastic partitions between pens pre-
vented pig-to-pig contact and feed transfer.
The buildings were environmentally con-
trolled using negative-pressure mechanical
ventilation with integrated heater and fan
controllers. Barn and ambient temperatures
were measured continuously by computer.

Site B. One hundred and thirty two pigs
were housed in a single barn, which was a
renovated, wooden pig nursery building
containing two rows of five and six pens
(3.6 m2) separated by an alley. Pens had
vinyl-covered expanded metal floors, and
each pen provided one six-hole dry-feed
feeder and two nipple waterers. Solid vinyl
planks fitted together prevented pig-to-pig
contact and feed transfer between pens.
Pigs were housed in groups of 12. Heat was
provided by a thermostatically controlled
gas-fueled furnace. Ventilation consisted of
an exhaust fan for exit air and an inlet mix-
ing tube which allowed outside air to be
blended with inside air and circulated over
the pens. Environment monitors automati-
cally recorded the building temperature.

Treatment assignments
At each site, pigs were randomly allocated
to pens and pens to treatment by a com-
puter-generated plan using PROC PLAN
of the SAS System.12 Pens of the same
block were located as close as possible to
each other.

Site A. The experimental design was a ran-
domized complete block design. Pigs were
grouped in blocks by weight before chal-
lenge. A pen of six pigs was the experimen-
tal unit. Treatment groups received one of
two dosages of lincomycin (Lincomix 20
Feed Medication; Pharmacia Animal
Health, Kalamazoo, Michigan) adminis-
tered in feed. A complete block contained
three pens: one for each treatment group
(44 and 110 ppm lincomycin), and one for
the nonmedicated control group. There
were ten replicates of each treatment and
the control group.

Site B. The experimental design was a ran-
domized incomplete block design. Pigs
were grouped in blocks by weight before
challenge. A pen of 12 pigs was the experi-
mental unit. Treatment groups received one
of two dosages of lincomycin (Lincomix 20
Feed Medication; Pharmacia Animal
Health) administered in feed. A complete
block contained three pens: one for each
treatment group (44 and 110 ppm linco-

mycin) and one for the nonmedicated con-
trol group. One block was incomplete be-
cause there was one less pen for the 110
ppm group, ie, there were four replicates of
the 44 ppm treatment group and the
nonmedicated control group, and three
replicates of the 110 ppm treatment group.

Inocula
The inoculum used in this study was
pooled intestinal mucosal homogenate de-
rived from previously challenged pigs
manifesting gross pathology of PPE. To
obtain the homogenate, mucosa was
scraped from small intestines affected with
moderate to severe PIA and (or) necrotic
PPE lesions, and suspended at a 1:1 ratio
in sucrose-phosphate-glutamate (SPG)
buffer, pH 7.0, which contained sucrose
(0.218 mol per L), monobasic potassium
phosphate (KH2PO4; 0.0038 mol per L),
dipotassium phosphate (K2HPO4; 0.0072
mol per L), and L-glutamic acid (0.0047
mol per L). The source for all reagents was
Sigma (St Louis, Missouri). The mucosal
suspension was homogenized in a blender.
Homogenates were stored at -70˚C until
used, and thawed and stored on ice on days
of use. Samples were submitted on ice to
the Department of Veterinary Pathobio-
logy, University of Minnesota, for enu-
meration of L intracellularis by
immunoperoxidase staining, and to
confirm absence of the following poten-
tially confounding enteric pathogens
(methods in parentheses): Brachyspira spe-
cies (dark field microscopy), Salmonella
Choleraesuis (culture on sheep blood agar,
MacConkey agar, XLD agar, Brilliant
Green agar), and β-hemolytic Escherichia
coli (culture on sheep blood agar,
MacConkey agar). All pigs at both sites
were inoculated before assay results were
available.

At each site, a total infective dose of 108 to
109 L intracellularis was estimated (on the
basis of findings in previous studies) and
administered by gavage to each pig in two
equal divided doses of approximately 15 to
30 mL per dose, 24 hours apart.

Records and observations
The study was conducted according to
both US13 and European14 Good Clinical
Practice guidelines. All personnel who as-
sessed and recorded clinical signs and who
performed and recorded performance mea-
sures were masked to treatment.
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Evaluation of efficacy was based a test-con-
trol comparison of percent mortality, per-
cent of pigs with diarrhea, percent of pigs
with abnormal clinical impression scores,
and growth performance parameters, in-
cluding average daily gain (ADG), feed
intake, and feed conversion efficiency
(FCE). Mortality, diarrhea, and clinical
impression scores were recorded every day
from inoculation (Day 0) until the day
treatment began, then every other day until
study termination.

Diarrhea scores were assigned as follows: 1
= no diarrhea; 2 = semi-solid stool, no
blood; 3 = watery stool, runs through the
floor slats, no blood; 4 = blood-tinged fe-
ces, loose or formed; 5 = profuse diarrhea
with blood or very dark tarry feces.

Clinical impression scores were obtained
from the sum of the pig demeanor score
and the abdominal appearance score, di-
vided by two. Pig demeanor scores were
recorded as follows: 1 = normal; 2 =
slightly to moderately depressed, listless,
will stand; and 3 = severely depressed, re-
cumbent, unwilling to stand. Abdominal
appearance scores were recorded as follows:
1 = normal; 2 = moderately gaunt; 3 = se-
verely gaunt.

Feed consumption and body weights were
recorded weekly. Feed was weighed daily
and added manually to individual feeders.
Uneaten feed was weighed weekly to per-
mit calculation of weekly pen feed con-
sumption. Pen feed consumption was
corrected for mortality by calculating con-
sumption by pig-day. One pig-day was
each day one pig was alive in the pen.

Necropsies were performed on all pigs by
the investigator either at death or at study
termination (one day after the end of the
21-day treatment period). Gross pathologi-
cal evaluation of the intestines was made by
the investigator. Ileal segments from all
pigs were submitted in buffered formalin
to the Department of Veterinary
Pathobiology, University of Minnesota, for
histopathological testing using an
immunoperoxidase staining technique in-
corporating monoclonal antibody to
L intracellularis.

Treatment initiation
At Site A, treatment was to be initiated
when ≥10% of pigs in each barn had cu-
mulatively manifested either watery diar-
rhea (score ≥3) or abnormal clinical

impression scores (≥2). At Site B, treat-
ment was to be initiated when ≥20% of the
pigs had cumulatively manifested either
abnormal fecal scores (≥2) or abnormal
clinical impression scores (≥2), with at least
one pig per pen meeting these criteria. Un-
til treatment began, all animals were fed
the same unmedicated diet. Medication
was added to this diet at 44 or 110 ppm
for the two treatment groups, and
unmedicated feed continued to be supplied
to the control groups. Diets were manufac-
tured in bulk and were color and letter
coded to maintain masking. Samples of
each batch were analyzed before the study
to confirm the correct concentrations of
lincomycin and freedom from other
antibiotics.

Statistical design and analysis
The experimental design for both studies
was a randomized block design with pen as
the experimental unit. Pigs were blocked
by weight to reduce the impact of weight as
a potential confounding factor. Treatment
efficacy was assessed by measures of pen
mortality, diarrhea, clinical impression, and
performance variables as defined below.
Mortality was defined as the percentage of
deaths in a pen due to PPE. Diarrhea was
defined as the percentage of pig observa-
tions in a pen with a diarrhea score ≥2
during the treatment period. Abnormal
clinical impression was defined as the per-
centage of pig observations in a pen with
either a pig demeanor score or an abdomi-
nal appearance score ≥2 during the treat-
ment period.

Average daily feed intake (ADFI) was cal-
culated by dividing the total amount of
feed consumed during the treatment pe-
riod by the number of pig-days. Average
daily gain was calculated by dividing total
weight gain of the pen by the number of
pig-days. Feed conversion efficiency was
calculated by dividing ADG by ADFI.

Animals that died of diseases other than
PPE were excluded from the analyses. To
adjust feed consumption for excluded ani-
mals, the pen average for individual daily
consumption was subtracted for each day
the excluded pig was present in the pen.

Treatment differences in these variables
were investigated using a pooled analysis of
variance for the two sites, weighted on the
number of pigs per pen. When necessary,
variables based on pen percentages were
transformed using the Freeman-Tukey

arcsin to better satisfy model assumptions
for the statistical analyses. Mean values and
the P values for the one-sided t test (α=.05)
of treatment comparisons represent the
results of the pooled analysis.

Results
The source herds were serologically nega-
tive for PRRS virus and L intracellularis.
Average pig weights at the beginning of the
study were 9.3 kg at Site A and 10.8 kg at
Site B.

Brachyspira species, Salmonella Cholerae-
suis, and β-hemolytic E coli were not
identified in the challenge homogenates.
The challenge dose of L intracellularis was
5.5×108 organisms per pig at Site A, and
1.8×109 organisms per pig at Site B.

Treatment was initiated at each site on Day
7 post challenge. At Site A, 50% of pigs in
one barn and 60% of pigs in the other had
cumulatively manifested grade 3 diarrhea
by Day 7, with this score observed in at
least one pig in 100% of pens. The pre-
treatment occurrence of diarrhea was
nearly equal in the nonmedicated control
group (30.4% of pig-days), the 44-ppm-
lincomycin group (29.7% of pig-days), and
the 110-ppm-lincomycin group (28.9% of
pig-days). At Site B, 61% of pigs had cu-
mulatively manifested grade 2 diarrhea and
40% had manifested grade 3 diarrhea by
Day 7, with at least grade 2 diarrhea ob-
served in at least one pig in 100% of pens.
Pre-treatment diarrhea occurred less fre-
quently in the nonmedicated control group
(15.8% of pig-days) than in the 44-ppm-
lincomycin group (24.6% of pig-days) or
the 110-ppm-lincomycin group (26.3% of
pig-days).

A total of 40 of the 312 pigs died or were
humanely euthanized during the 28-day
study period. Eleven were diagnosed pre-
and (or) post-mortem with diseases other
than PPE. Enteritis associated with Salmo-
nella serovars or E coli was diagnosed in five
pigs, pulmonary disease in two pigs, and
miscellaneous morbidities in four pigs.
Data obtained from these 11 pigs were ex-
cluded from the analysis.

Results for the primary clinical variables
(mortality due to PPE, diarrhea, and ab-
normal clinical impression) are presented
in Table 1. Mortality was lower for the
group treated with 110 ppm lincomycin
(P<.05) than for unmedicated controls.
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Groups treated with either 44 or 110 ppm
lincomycin had less occurrence of diarrhea
and abnormal clinical impression (P<.05)
compared to the nonmedicated controls
(Table 1). Also, groups treated with either
44 or 110 ppm lincomycin had better
ADG and FCE (P<.05) than the
nonmedicated control group (Table 1).

Necropsy results confirmed infection with
L intracellularis: greater than 50% of pigs
either manifested classical PPE intestinal
lesions or were positive for L intracellularis
by tissue immunohistochemistry.

Discussion
In addition to mortality, the disease param-
eters important to the pig producer are
principally performance related. The
chronic form of PPE primarily causes a
depression in FCE and growth,1,3 resulting
in increased time to market, increased feed
costs, and uneven pig weights. All of these
factors increase the producer’s cost of rais-
ing pigs. In addition to such management
practices as improved sanitation and reduc-
tion of stress factors, the strategic use of an
in-feed antibiotic, such as lincomycin, to
control the disease and help maintain uni-
form pig performance through the period
of risk, is an important consideration.

The PPE challenge model used in this
study utilizes conventional market pigs. It
consistently reproduces clinical signs and
pathology typical of field cases of PPE15

and has been shown to be repeatable. Per-
formance of the model in this study was
consistent with previous studies (N.
Winkelman, DVM, unpublished data,
2001).

On necropsy, diseases other than PPE were
diagnosed in a small minority of pigs
(3.5%), principally enteritis due to either
salmonellae or E coli. This multi-etiology
has been observed in field cases of
PPE.16,17 These pathogens were not
identified in the mucosal homogenates
used as inocula, and it is, therefore, most
likely that the sources were the pigs them-
selves. Results from these animals were ex-
cluded from the analysis. As lincomycin is
not active against members of the Entero-
bacteriaceae, it is not likely that any such
underlying pathogenic etiology in the non-
excluded pigs biased the results in favor of
lincomycin. The incidence and severity of
disease occurring at both sites (40% to
55% incidence of grade 3 diarrhea) prior to

initiation of treatment was probably greater
than would normally occur in the field.
Nevertheless, lincomycin administered in
feed at both 44 and 110 ppm was effective
in reducing clinical signs and ameliorating
performance deficits (ADG and FCE) due
to PPE.

Results of this study and data from a previ-
ously published report11 show that in-feed
regimens of lincomycin (44 and 110 ppm)
approved for the control and treatment of
swine dysentery, a disease that manifests
clinical signs similar to those of PPE, are
also effective in the treatment of PPE.

Implications
• Under the conditions of this study,

lincomycin administered in feed at
either 44 or 110 ppm for 21 consecu-
tive days, beginning after the onset of
clinical signs, controlled diarrhea and
clinical signs associated with PPE in
treated pigs compared to nonmedicat-
ed controls.

• Under the conditions of this study,
lincomycin administered in feed at

either 44 or 110 ppm for 21 consecu-
tive days, beginning after the onset of
clinical signs, improved ADG and
FCE in treated pigs compared to
nonmedicated controls.

• Under the conditions of this study,
lincomycin at 110 ppm reduced
mortality due to PPE in treated pigs
compared to nonmedicated controls.
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