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Summary
Objectives: To evaluate the effectiveness of
tylosin tartrate administered via drinking
water to pigs orally challenged with
Lawsonia intracellularis.

Materials and methods: The study consisted
of three treatments (Nonchallenged–
unmedicated, Challenged–unmedicated, and
Challenged–medicated), with six pens of
six pigs per treatment (N = 108 pigs). Pigs
28 days old were challenged orally on Days
0 and 1 with L intracellularis. Drinking wa-
ter medicated with tylosin tartrate (Tylan
Soluble Powder; Elanco Animal Health,
Indianapolis, Indiana) was provided to
medicated pens Days 10 to 17. Pigs
were weighed daily and assigned clinical

scores, and feed consumption was measured.
At necropsy (Days 17 and 18), gross lesions
consistent with porcine proliferative enter-
opathy (PPE) were recorded, and tissues
were collected for histopathologic examina-
tion and testing by polymerase chain reac-
tion (PCR).

Results: Among challenged pigs, those
medicated with tylosin had lower mean fecal
consistency scores (P < .05), fewer pigs per
pen with PPE-associated lesions (P < .05),
less PCR-positive ileal tissue (P < .05), and
better growth parameters (P < .05), com-
pared to unmedicated pigs. Among
unmedicated pigs, those challenged with L
intracellularis had higher mean fecal consis-

tency scores (P < .05), more pigs per pen
with PPE-associated lesions (P < .05), more
pigs PCR-positive for L intracellularis (P <
.05) and poorer growth parameters (P <
.05), compared to nonchallenged pigs.

Implications: This study provides evidence
that tylosin tartrate administered in drink-
ing water is effective in reducing clinical
signs, lesions, and suppression of growth
performance associated with PPE in swine
challenged with L intracellularis.
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Porcine proliferative enteropathy
(PPE) is an important enteric dis-
ease of swine, causing significant

morbidity and mortality in swine herds
throughout the world. The name “PPE”
describes a group of diseases associated
with infection of enterocytes by the obli-
gate intracellular bacterium, Lawsonia
intracellularis, and characterized by hyper-
plasia of crypt enterocytes.1,2

The main clinical manifestations of PPE
include the acute form, porcine hemor-
rhagic enteropathy (PHE), and the chronic
form, porcine intestinal adenomatosis

(PIA). Porcine hemorrhagic enteropathy
usually occurs in pigs 4 to 12 months of
age, particularly replacement breeding
stock.2 Clinical signs include loose, watery
stools with or without blood, gauntness,
and high morbidity and mortality. Stressful
events, such as mixing or sorting, shipping,
overcrowding, and weaning, often precede
an outbreak of PHE. Porcine intestinal ad-
enomatosis commonly occurs in postweaned
pigs 6 to 20 weeks of age. Failure to gain
weight is the usual manifestation; other
signs may include mild to moderate diarrhea,
dullness, and apathy.2

Control of PPE is dependent in large part
on the prudent administration of effective
antimicrobial agents.2,3 The macrolide an-
tibiotic tylosin is effective in the control of
PPE when administered in feed or by intra-
muscular injection.4–7 The objective of this
study was to evaluate the efficacy of tylosin
tartrate administered in drinking water for
treatment of experimentally induced PPE,
using a mucosal challenge model.

Materials and methods
Animals and housing
One hundred and eight clinically normal
pigs, obtained from a commercial farrowing
unit at 14 ± 3 days old, were used in this
study. The source herd was negative for
swine dysentery, transmissible gastroenteri-
tis, and Actinobacillus pleuropneumoniae, as
determined by historical records. Pigs re-
ceived injectable iron prior to weaning, but
no vaccines were administered.

Pigs were penned in groups of six in an
isolated nursery that had been thoroughly
cleaned and disinfected prior to their intro-
duction. Each pen measured 0.9 m × 1.2
m and had fully slatted floors. Lighting

!Paradis 5/26/04, 1:16 PM176



Journal of Swine Health and Production — Volume 12, Number 4 177

program, heating, ventilation, and other
management procedures were typical of
modern intensive swine farms in Canada.
Water was provided ad libitum by one nipple
drinker per pen during the nonmedication
period. During the medication period, wa-
ter was supplied for all treatment groups in
identical covered, calibrated reservoirs sus-
pended above the pens. This enabled water
disappearance per pen to be measured and
the tylosin tartrate to be administered where
appropriate. Feed was provided ad libitum
in one feeder (121.92 cm of feeding space
per pen). Pigs were fed a commercial,
unmedicated complex diet from Day -13
to Day -2 (phase 1) and a commercial diet
from Day -1 until trial termination on Day
17 (phase 2). Both diets were analyzed for
crude protein, calcium, phosphorus, and
sodium prior to feeding (Shur-Gain Labo-
ratory, St Marys, Ontario, Canada). The
phase 2 diet was also analyzed for tylosin
activity (Elanco Animal Health Customer
Services Laboratory, Corporate Center, In-
dianapolis, Indiana) and bacitracin activity
(AT Laboratories, Memphis, Tennessee).

Study design
Pigs were blocked on initial body weight,
and treatments were randomly allocated at
the pen level in a randomized complete
block design. The study consisted of three
treatments, with six pens of six pigs per
treatment group, for a total of 108 pigs.
Treatment groups were Nonchallenged–
unmedicated, Challenged–unmedicated,
and Challenged–medicated (tylosin tartrate
in the drinking water). Pens of challenged
groups were separated from pens of
nonchallenged controls by at least one
empty pen. After allocation to pens, one
animal per pen was tested serologically for
L intracellularis using an immunoperoxidase
monolayer assay.8 After a 13-day acclimation
period (Day -13 to Day -1), L intracellularis
was administered on Day 0 and Day 1 to
Challenged–unmedicated and Challenged–
medicated groups. Medicated water contain-
ing tylosin tartrate was administered to
Challenged–medicated pigs on Days 10
through 17. All pigs were sacrificed by
block, commencing on Day 17 and ending
on the morning of Day 18.

Preparation of challenge inoculum
The challenge inoculum was prepared from
mucosa harvested from the intestines of
pigs having gross lesions consistent with
PPE. Mucosa was diluted with sucrose
phosphate glutamine (SPG) buffer and
blended to obtain a uniform homogenized

suspension.9 Samples of the homogenate
were culture-negative for Salmonella
serovars and Brachyspira hyodysenteriae, and
were also negative by slide agglutination for
Escherichia coli serotypes commonly associ-
ated with diarrhea in pigs in the herd at the
time of the study.

Administration of challenge
inoculum
The challenge inoculum contained 3 × 106

L intracellularis per mL on Day 0 and 1 × 106

L intracellularis per mL on Day 1, suspended
in SPG buffer. The inoculum was adminis-
tered via stomach tube to each challenged
pig on Day 0 (32 mL) and on Day 1 (25 mL)
for a total dose of 1.2 × 108 L intracellularis
per pig. Nonchallenged control pigs re-
ceived a dose of 32 mL SPG on Day 0 and
25 mL of SPG on Day 1. In order to mini-
mize cross-infection of nonchallenged con-
trol pigs, SPG was administered to controls
before the inoculum was administered to
challenged pigs. In addition, in the areas

where the pigs were inoculated, floors and
pen dividers were washed and disinfected
immediately following administration of
inoculum, and dedicated boots, coveralls,
and a footbath were used for each entry to
the challenged pens.

Administration of tylosin tartrate
The test article, Tylan Soluble Powder
(Elanco Animal Health, Indianapolis, Indi-
ana), was formulated with 100% tylosin
tartrate. Medicated drinking water was mixed
at a rate of 1 gram of tylosin tartrate per 12
liters of water (83.3 mg per liter), with a
target dose of 8 mg per kg of tylosin tartrate
per day. Medicated water was mixed and
issued to reservoirs above each medicated
pen daily, beginning when a fecal consistency
score > 1 (Table 1) was observed in more
than seven pigs (10%) among challenged
groups, and ending on Day 17. At the time
of writing, tylosin tartrate is not registered
for the control of PPE in swine.
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Table 1: Scheme for clinical and pathology scores in a study of the efficacy of
tylosin tartrate in drinking water for the treatment of porcine proliferative
enteropathy (PPE) in pigs challenged with Lawsonia intracellularis at 28 days of
age
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Clinical scoring
Beginning on Day 10, individual pigs were
scored daily for fecal consistency and fecal
blood (Table 1), using a range of 1 (normal)
to 3 (marked change). Individuals responsible
for clinical scoring were blind to treatment.

Production parameters
Body weights were measured on a pen basis
on Day -13, Day -1, Day 14, and prior to
euthanasia. Pigs that died were also weighed.
Remaining feed was weighed on Day -1,
Day 14, and the day of euthanasia. Water
disappearance per pen for the medicated
pigs was recorded daily during the medica-
tion period. Animal days were calculated
for each pig from Day 14 to the day on
which each animal was euthanized. Daily
gain per pig was calculated by dividing
weight gain by pig days. Daily feed per pig
was total feed consumed per pen divided
by total pig days per pen. All experimental
procedures were conducted in accordance
with the guidelines of the Canadian Council
on Animal Care (1993).10

Necropsy procedures
All dead or sacrificed pigs received a routine
postmortem examination. The ileum, cecum,
and colon were opened and scored for con-
sistency of content, blood in content,
mucosal thickness, mucosal necrosis, gross
diagnosis of PPE, and length of affected
gut (Table 1). The following sections of the
intestinal tract (approximately 3 cm in
length) were collected and placed in 10%

buffered formalin for histopathologic ex-
amination: ileum, both 10 and 50 cm
proximal to the ileocecocolic junction; je-
junum; apex of the cecum; proximal part
of the ascending colon; and apex of the spiral
colon. When gross evidence of PPE was
present, additional sections containing gross
lesions consistent with PPE were collected.
All tissues were stained with hematoxylin
and eosin and were scored for mucosal epi-
thelial proliferation, proprial inflammation,
mucosal necrosis, and crypt abscessation on
a scale of 0 to 3: 0 = none, 1 = mild, 2 =
moderate, 3 = marked. Tissues were also
stained by the Warthin-Starry technique to
identify intraepithelial bacteria and were
similarly scored on a scale of 0 to 3. Sections
of ileum taken 10 cm proximal to the
ileocecocolic junction were tested for L
intracellularis by polymerase chain reaction
(PCR) (Dr Connie Gebhart, University of
Minnesota).

Statistical analysis
Data were analyzed by analysis of variance
(ANOVA) using the pen as the experimental
unit. For binomial parameters, proportions
were subjected to an arcsine transformation
prior to analysis. For continuous parameters,
means were compared using a Student
Newman Keul’s multiple range test.11

Results
Body weight, feed intake, average daily
gain, and ratio of feed to gain were similar

for the three treatment groups during the
acclimation period (P > .05). Mean daily
water disappearance per pig was 1.66 litres
during the 7-day medication period and
includes a water wastage factor of 40%,
estimated from water turnover rates for
pigs similar in body weight.12 Medicated
water contained 83.3 mg tylosin per liter;
therefore, apparent intake of tylosin was
83.3 mg per pig per day (8.7 mg per kg per
day). All feeds were within expected ranges
for nutrient content and contained no de-
tectable tylosin or bacitracin activity.

Among challenged pigs, those receiving
tylosin had lower mean fecal consistency
scores on Day 12 and from Days 14 to 17
(Figure 1). Higher fecal consistency scores
were observed on Days 10 to 12 and Days
14 to 17 for Challenged–unmedicated pigs
compared to Nonchallenged–unmedicated
pigs (Figure 1). No fecal blood was observed
during this study.

Fewer Challenged–medicated pigs per pen
had gross lesions consistent with PPE, mean
ileal lesion length scores were lower, and
proportions positive for L intracellularis by
PCR were lower, compared to Challenged–
unmedicated pigs (Table 2). More Chal-
lenged–unmedicated pigs per pen had gross
lesions consistent with PPE, mean ileal lesion
length scores were higher, and proportions
positive for L intracellularis by PCR were
higher, compared to Nonchallenged–

Figure 1: Mean fecal consistency scores in a study of the efficacy of tylosin tartrate in drinking water for the treatment of
porcine proliferative enteropathy in nursery pigs. The study consisted of three treatments, with six pens of six pigs per pen
in each treatment for a total of 108 pigs. After a 13-day acclimation period in an isolated nursery, pigs approximately 28
days of age were orally challenged on Days 0 and 1 with Lawsonia intracellularis (total dose, 1.2 ×108 organisms per pig).
Nonchallenged–unmedicated pigs were sham inoculated. Challenged–medicated pigs were treated with tylosin at
approximately 8.7 mg/kg/day, beginning Day 10 and continuing until all 106 remaining pigs were euthanized Days 17 and 18.
Challenged–unmedicated pigs received no treatment. Individual pigs were scored daily for fecal consistency (1 = normal, 2
= semi-solid, 3 = watery). During the trial, two pigs died of unrelated septicemia. Means within a given day with different
letters are different (ANOVA; P < .05).
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unmedicated pigs (Table 2). All nonchal-
lenged pigs were negative for L intracellularis
by PCR. No PPE mortality was observed
during this study, although two pigs died
from unrelated septicemia (one Challenged–
medicated pig and one Challenged–
unmedicated pig). Mortality data were not
analyzed due to the small number of animals
involved.

A smaller proportion of Challenged–medi-
cated pigs had histologic lesions typical of
L intracellularis infection, and mean
Warthin-Starry scores were lower for all
tissues examined, compared to Challenged–
unmedicated pigs (Table 3). A greater pro-
portion of Challenged–unmedicated pigs had
histologic changes typical of L intracellularis
infection and mean Warthin-Starry scores
were higher for all tissues examined, com-
pared to Nonchallenged–unmedicated
pigs. No nonchallenged pigs had histologic
lesions consistent with L intracellularis
infection.

Challenged–medicated pigs had greater
body weights at trial termination, greater
feed intakes Day 14 to trial termination,
and greater average daily gains Day 14 to
trial termination and Day -1 to trial termi-
nation, compared to Challenged–unmed-
icated pigs (Table 4). Challenged–medicated
pigs also had lower ratios of feed to gain
Day -1 to Day 14, Day 14 to trial termina-
tion, and Day -1 to trial termination, com-
pared to Challenged–unmedicated pigs
(Table 4).

Challenged–unmedicated pigs had lower
body weights Day 14 and at trial termination;
lower feed intakes Day -1 to Day 14, Day 14
to trial termination, and Day -1 to trial
termination; lower average daily gains Day -1
to Day 14, Day 14 to trial termination,
and Day -1 to trial termination; and greater
ratios of feed to gain Day -1 to Day 14,
Day 14 to trial termination, and Day -1 to
trial termination, compared to Nonchal-
lenged–unmedicated pigs (Table 4).

Discussion
The results of this investigation demon-
strate the in vivo effectiveness of tylosin
tartrate administered via the drinking water
in reducing the incidence and impact of
PPE among pigs experimentally infected
with L intracellularis. Administration of
tylosin for 7 days was associated with
significantly fewer gross and histologic
lesions of PPE, lower fecal consistency
scores, fewer pigs with PCR-positive ileal

Table 3: Histologic lesions in large and small intestine in a study of the efficacy
of tylosin tartrate in drinking water for the treatment of porcine proliferative
enteropathy in pigs orally challenged with Lawsonia intracellularis1

1     The study consisted of three treatments, with six pens in each treatment group (N =
108). Pigs approximately 28 days old were challenged orally with L intracellularis on
Day 0 and Day 1. Tylosin treatment (8.7 mg/kg/day) was initiated for Challenged–
medicated pigs on Day 10. Pigs were sacrificed on Days 17 and 18. One Challenged–
medicated pig and one Challenged–unmedicated pig died from unrelated
septicemia.

2     Sections stained with hematoxylin and eosin.
3     Warthin-Starry-stained sections; scores: 0 = none, 1 = mild, 2 = moderate, 3 = marked.
abc Means within a row with different superscripts are different (ANOVA; P < .05).
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Table 2: Gross intestinal lesions and results of polymerase chain reaction (PCR)
testing for Lawsonia intracellularis in a study of the efficacy of tylosin tartrate in
drinking water for the treatment of porcine proliferative enteropathy (PPE)1

1     The study consisted of three treatments, with six pens in each treatment group (N =
108). Pigs approximately 28 days old were challenged orally with L intracellularis on
Day 0 and Day 1. Tylosin treatment (8.7 mg/ kg/day) was initiated for Challenged–
medicated pigs on Day 10. Pigs were sacrificed on Days 17 and 18. One Challenged–
medicated pig and one Challenged–unmedicated pig died from unrelated
septicemia.

2     Pigs with gross lesions consistent with a diagnosis of PPE.
3     PCR testing of sections of ileum 10 cm proximal to the ileocecocolic junction.
abc Means in a row with different superscripts are different (ANOVA, P < .05).
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sections, and improvement in all measured
growth parameters. The occurrence of both
diarrheal illness and lesions typical of PPE
in the challenged pigs suggest that changes
in growth parameters were due to L
intracellularis infection.

Nonchallenged–unmedicated pigs had
significantly lower fecal scores and frequency
of gross lesions of PPE compared to
challenged animals. There was no histologic
evidence of PPE and all ileal sections were
PCR-negative for L intracellularis. This
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Table 4: Growth performance in a study of the efficacy of tylosin tartrate in
drinking water for the treatment of porcine proliferative enteropathy1

1     The study consisted of three treatments, with six pens in each treatment group (N =
108). Pigs approximately 28 days old were challenged orally with L intracellularis on
Day 0 and Day 1. Tylosin treatment (8.7 mg/kg/day) was initiated for Challenged–
medicated pigs on Day 10. Pigs were sacrificed on Days 17 and 18. One Challenged–
medicated pig and one Challenged–unmedicated pig died from unrelated
septicemia.

2    NA= not applicable.
3    In Challenged–unmedicated pigs Day 14 to Day 17, mean gain:feed was 0.01 (ie, very

little gain occurred), hence feed:gain was 1 ÷ 0.01 = 100.
abc Means within rows with different superscripts are different (ANOVA; P < .05).
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suggests that efforts to prevent cross-infection
were successful.

Results of this investigation cannot neces-
sarily be extrapolated to pigs of other age
groups or pigs raised under other manage-
ment of environmental conditions. A 1-week
treatment period was chosen because it was
considered likely to be effective under the
conditions of this study, on the basis of
biological plausibility. Because pigs were
sacrificed on Day 17, the longer-term im-
pacts of treatment on clinical signs, lesions,
and performance cannot be determined
from this investigation.

The results of this study are consistent with
previously published reports of the effec-
tiveness of tylosin in the management of

PPE,4–7 and with studies of the susceptibil-
ity of L intracellularis to tylosin in vitro.13

Porcine proliferative enteropathy is recog-
nized as a leading enteric infection of grower
and finisher swine and causes significant
morbidity, mortality, and economic loss to
swine producers worldwide.2,14–19 Appro-
priate use of antimicrobials is an important
component of the control of this disease.2,3,20

In this study, we used a challenge inoculum
obtained from ileal mucosa of naturally
infected pigs and administered by the natu-
ral route of infection. Although the study
design did not permit for long-term moni-
toring post treatment, the results provide
evidence that tylosin tartrate administered
in drinking water is effective in reducing

clinical signs, lesions, and suppression of
growth and feed efficiency associated with
PPE in swine exposed to L intracellularis.

Implication
Under the conditions of this study, tylosin
tartrate administered in drinking water to
nursery pigs infected with L intracellularis
is effective in reducing the clinical signs,
lesions, and suppression of growth and feed
efficiency associated with PPE.
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