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Introduction

Porcine proliferative enteropathy (PPE), also called ileitis, is a common enteric disease 

in pigs caused by a gram-negative, obligate intracellular bacterium, Lawsonia intracel-

lularis. The disease is responsible for economic losses, which has been estimated at 

more than $1.63 ($1=€ 0.8) per infected pig, due to sudden death, bloody diarrhea, 

stunted growth, increased body weight variation and increased costs of feeding and 

medication worldwide [1-3]. 

 The disease has been categorized into two forms, as proliferative hemorrhagic en-

teropathy (PHE) in mature animals (>4 months old) and porcine intestinal adenoma-

tosis (PIA) in weaners or growing pigs (1.5 to 4 months old) [4]. PHE is characterized 

by the acute symptom of intestinal blood loss and sudden death without premonitory 

signs. PIA is characterized by decreased weight gain, increased weight variation, and 

reduced feed conversion rate with low mortality [5]. 
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Purpose: Porcine proliferative enteropathy (PPE) is known as one of the most important risk 
factors causing economic losses in swine industry worldwide. This study was conducted to 
evaluate the efficacy of a commercial oral attenuated Lawsonia intracellularis vaccine (En-
terisol Ileitis) against PPE under a commercial pig farm condition in Korea.
Materials and Methods: Thirty two-day-old 672 piglets were randomly allocated into vac-
cinated and control groups. All piglets in the vaccinated group were inoculated with a com-
mercial attenuated L. intracellularis vaccine as following the manufacturer’s instruction. Body 
weights of all pigs in both groups were measured on the vaccination day and 6, 14, and 20 
weeks post vaccination and an average daily weight gain (ADWG) was calculated. Health sta-
tus was observed biweekly during the whole trial. 
Results: The vaccinated group showed significantly higher body weight (p<0.05) and ADWG 
(p<0.05) than those of the control group. The vaccinated group had significantly reduced im-
pairments in activity, growth, defecation frequency, and stool hardness (p<0.05). Additional 
health benefits and improved weight gain by the vaccination produced a 4.2:1 return of invest-
ment, and the higher gross margin was $4.80 per pig.
Conclusion: Our finding suggests that the L. intracellularis vaccine program has effects on 
the substantial health and economic benefits in the Korean swine industry. 
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 Several methods, such as hygienic improvement, use of 

antibiotics and vaccination, have been suggested to control 

the disease and vaccination has been known as the most ef-

fective prophylactic tool [1,6-8]. A commercial oral attenuat-

ed L. intracellularis vaccine–Enterisol Ileitis (Boehringer In-

gelheim, Ingelheim, Germany) developed by serial in vitro 

passage in tissue culture has been used in several countries 

including Korea. Previous studies demonstrated that the vac-

cine application reduced secondary viral/bacterial infections 

and mortality/culling rates [2,6,9]. L. intracellularis was de-

tected from more than 50% of Korean commercial pig herds 

[10]. Although the vaccine has been used intensively in Korea 

since 2009, the efficacy of the vaccine has not been evaluated 

under a commercial pig farm condition.

 In the present study, we assessed the efficacy of the Enteri-

sol Ileitis vaccine in a Korean commercial swine farm with 

endemic PPE.

Materials and Methods

Experimental farm
A 550-sow, farrow-to-finish farm was recruited for this study. 

Endemic PPE has been confirmed using L. intracellularis 

specific polymerase chain reaction (PCR) [11] and enzyme-

linked immunosorbent assay (ELISA) kit (Enterisol Ileitis-

ELISA, Boehringer Ingelheim) in whole age groups of pigs 

from the farm. In the farm, pigs were usually moved from a 

nursery unit to a growing-finishing unit when they were 

around 10 weeks of age. All pens used in this study had half-

slatted and half-solid concrete floors. Each nursery pen con-

tained 30 pigs and was equipped with 1 self-feeder and 1 nip-

ple drinker. Each growing-finishing pen also contained 30 

pigs and was equipped with 1 self-feeder and 2 nipple drink-

ers. PPE, coccidiosis, salmonellosis, porcine reproductive 

and respiratory syndrome (PRRS), Mycoplasma pneumonia 

infection, Actinobacillus pleuropneumoniae infection, Glass-

er’s disease, atrophic rhinitis, postweaning multisystemic wast-

ing syndrome, porcine dermatitis and nephropathy syndrome, 

and Streptococcus suis infection have been diagnosed in the 

farm. However, the farm was free from transmissible gastro-

enteritis, swine dysentery, and swine influenza. The average 

mortality of the farm was approximately 6%. 

Experimental animals
Thirty two-day-old pigs born in the same house were random-

ly allocated into two groups (control group, 336 pigs [male, 

183; female, 123; F1, 30]; vaccinated group, 336 pigs [male, 

183; female, 123; F1, 30]). The mean±standard deviation (SD) 

of body weight in each group was 7.8±1.4 kg. The vaccinated 

group was inoculated with a 2 mL of attenuated L. intracellu-

laris vaccine (Enterisol Ileitis, Boehringer Ingelheim) orally 

according to the manufacturer’s instruction. The control group 

orally received a 2 mL of normal saline. The pigs in both groups 

were separately raised in different pens in the same house. 

All pigs were maintained under identical feeding and man-

agement practices. No antibiotic was administered for 3 days 

prior to and post vaccination. All other vaccinations (Briefly, 

PRRS, swine erysipelas, Japanese encephalitis, and hog chol-

era vaccines) were applied to all pigs used in this study ac-

cording to the established vaccination program of the farm.

 All pigs were weighed on the vaccination day and 6, 14, and 

20 weeks post vaccination. Average daily weight gain (ADWG) 

was determined by dividing weight gain (g) with the number 

of days between weighing. Health status of every single pig in 

both groups was evaluated using six criteria (Table 1). Health 

status of pigs was scored on the vaccination day and 1 day, 2, 

4, 6, 8, 10, 12, 14, 16, 18, and 20 weeks post vaccination. Rectal 

swabs and serum samples were collected from randomly se-

lected 36 pigs in each group on the vaccination day and 4, 6, 

10, 14, and 20 (only sera) weeks post vaccination. Presence of 

L. intracellularis in rectal swabs were analyzed using L. intra-

cellularis specific PCR. Serum samples were screened using 

the Enterisol Ileitis-ELISA kit. 

 For a cost-benefit analysis, several assumptions have been 

applied; $3.20 ($1=₩1,000)/carcass weight Korean grading 

grid; 3.2 kg/kg feed conversion rate of the farm; $0.50/kg mean 

Table 1. Criteria for scoring of health status of pigs

Score
Impaired health status

Activity Growth Respiration Defecation 
frequency Stool hardness Stool composition

0 Normal Normal Normal Normal Normal Normal
1 Depressed or inactive Emaciated Rapid (panting) Frequent Loose Mucoid or fibrin
2 Coma Weak Open-mouth respiration Fluid or watery Hemorrhagic or melena
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cost of feed; 368 kg feed meal amount until slaughter; 115 kg 

aiming slaughter weight.

Statistical analyses
Statistical analyses were conducted using SAS version 9.2 

(SAS Institute Inc., Cary, NC, USA). Body weight and ADWG 

data were analyzed as a repeated measurement design, as-

suming the model contained group (vaccinated or control 

group), weighing date (weeks 0, 6, 14, 20), and group×weigh-

ing date as fixed effects, sex as a covariate, and pigs as a ran-

dom effect. The differences of body weight and ADWG be-

tween weighing date were tested using a t-test adjusted throu-

gh the Tukey-Kramer method. The impaired health status 

during the study period was analyzed using the generalized 

estimating equation approach following a multinomial distri-

bution. Effects of vaccination on time to death and culling 

were evaluated using a survival analysis technique, the Kaplan-

Meier analysis. For all analyses, p<0.05 were considered sta-

tistically significant. 

Results

Body weight was not significantly different between two groups 

at the first three measuring points (0, 6, and 14 weeks post 

vaccination), while the vaccinated group showed significantly 

higher body weight than that of the control group at 20 weeks 

post vaccination. The standard deviation of body weight, in-

dicating weight variation between pigs, gradually increased 

with age in both groups but was not different between two 

groups (Table 2). The vaccinated group showed significantly 

higher ADWG than that of the control group in whole experi-

mental period and the fattening periods, between 14 and 20 

weeks post vaccination (Table 3).

 The vaccinated group showed significantly better health 

status in activity, growth, defecation frequency and stool hard-

ness, compared with the control group (Table 4). Although 

the vaccinated group showed lower proportions of death and 

culling (8.3% and 3.6%, respectively) than the control groups 

(11.3% and 4.2%, respectively), there were no significant dif-

ferences between the two groups in the time to death or cull-

ing (data not shown). In a cost-benefit analysis, we estimated 

a 4.2:1 return-of-investment.

 L. intracellularis was detected from only one sample among 

360 fecal swab samples collected through the whole experi-

ment (data not shown). However, ELISA results indicated that 

the L. intracellularis specific serum antibody level was prone 

to increase with age in both groups (Fig. 1). 

Discussion

Our present study showed that the vaccinated pigs against L. 

intracellularis achieved better health status and higher body 

weight gain and ADWG than unvaccinated pigs. These results 

did not contrast with previous results in other studies [2,6,9].

 ELISA results indicated that sero-conversion against L. in-

tracellularis occurred between 12 and 16 weeks of age in both 

Table 2. Mean of bodyweight of pigs after vaccination

Group
Measuring point (weeks post vaccination)

0 6 14 20

Control 7.8± 1.4
(n = 336)

28.8± 4.6
(n = 315)

73.4± 10.5
(n = 294)

99.8± 13.7
(n = 284)

Vaccinated 7.8± 1.4
(n = 336)

29.3± 4.5
(n = 323)

73.7± 9.8
(n = 304)

102.3± 12.5a) 

(n = 295)

Values are presented as mean± standard deviation (kg). 
n, number of pigs. 
a)p < 0.05 for the difference between two groups. 

Table 3. Average daily weight gain after vaccination

Group
Measuring point (weeks post vaccination)

0-6 6-14 14-20 0-20

Control 0.500± 0.090
(n = 315)

0.796± 0.155
(n = 294)

0.634± 0.191
(n = 281)

0.658± 0.095
(n = 284)

Vaccinated 0.509± 0.086
(n = 323)

0.793± 0.141
(n = 304)

0.678± 0.169b)

(n = 291)
0.674± 0.085a)

(n = 295)

Values are presented as mean± standard deviation (kg).
n, number of pigs. 
a)p < 0.05, b)p < 0.01 for the differences between two groups.

Table 4. Odds ratio and 95% confidence interval for the impaired health status

Group
Impaired health status

Activity Growth Respiration Defecation frequency Stool hardness Stool composition

Control Reference Reference Reference Reference Reference Reference
Vaccinated 0.76 (0.66-0.88)c) 0.62 (0.45-0.86)b) 0.73 (0.51-1.04) 0.69 (0.49-0.97)a) 0.65 (0.46-0.91)a) 0.98 (0.38-2.50)

a)p < 0.05, b)p < 0.01, c)p < 0.001 for the differences between two groups. 
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groups (Fig. 1). This suggests that pigs were exposed to the in-

fective environment approximately between 9 and 13 weeks 

of age. We assumed that PPE infection of pigs was associated 

with their move into the growing-finishing unit. All pigs were 

moved from the nursery to the growing-finishing unit around 

10 weeks of age, and they were mixed together within a group 

and put in a pen together in the growing-finishing unit. Al-

though both groups were raised under similar PPE endemic 

condition, their health statuses were significantly different 

from each other (Table 4). From this, we assumed that the 

pigs might be mobilized to be more resistant against various 

infections as well as PPE. In line with the health status, a treat-

ment record showed consistent benefits of vaccination (data 

not shown). The vaccinated group required 10 individual an-

tibiotic injections during experiment, while 55 treatments 

were applied to the control group. The one PCR-positive re-

sult suggested that there were a few pigs that had active lesions 

caused by L. intracellularis when we collected fecal samples, 

because only fecal sample obtained from pigs having active 

lesions can be PCR positive [12]. 

 The vaccinated pigs showed improved body weight gain 

(2.5 kg) and ADWG (16 g) than unvaccinated pigs. A meta-

analysis study, based on the data of Denmark, Germany, Phil-

ippines, and Switzerland, showed that L. intracellularis vacci-

nation resulted in significantly increased body weight gain 

(3.0 kg) and ADWG (26 g) during fattening period [9]. Another 

study, conducted from three farms of Australia, also showed 

significantly increased ADWG of approximately 50, 30, and 

150 g in the vaccinated group between 8 and 22 weeks of age, 

Fig. 1. Antibody levels against Lawsonia intracellularis determined 
by enzyme-linked immunosorbent assay (ELISA) after vaccination. 
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compared with the control group in the same period [2]. 

 The cost-benefit analysis also explained that the vaccinated 

pigs produced a higher gross margin of $4.80 than the control 

pigs, and this was almost consistent with meta-analysis based 

on the European data ($5.36) [9]. Moreover, better economic 

benefit from vaccination can be achieved by other factors, 

such as reduced antibiotic use.

 This study firstly evaluated the efficacy and return-of-in-

vest of L. intracellularis vaccination in Korea, but there were 

some limitations. We did not assess whether L. intracellularis 

was the cause of death, culling and impaired health status in 

pigs. This trial was not conducted in the various pig farm con-

ditions, so caution is needed to generalize our results to the 

total of South Korean swine industry. 

 In conclusion, L. intracellularis vaccination had effects on 

increasing body weight gain and preventing enteric disease. 

Additionally, this vaccination provided the substantial health 

and economic benefits.
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