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Abstract

Lawsonia intracellularis is an obligate intracellular organism that causes porcine proliferative enteropathy, a widespread
infectious disease. Very little is known about the immune response and the epidemiologic features of the disease in the field.
The aims of this study were to evaluate the duration and titers of antibody specific for L. intracellularis in gilts after an out-
break of proliferative hemorrhagic enteropathy (PHE), to evaluate maternal antibodies in piglets, and to evaluate serocon-
version and fecal shedding in growing-finishing pigs. Thirty-six gilts in a herd that had recently experienced an outbreak of
PHE, including 13 that had recovered, were bled 3 wk after the beginning of the outbreak and then every 3 wk until they
became seronegative in 2 consecutive tests. Fourteen piglets from 5 gilts seropositive at farrowing and 5 piglets from
2 sows that remained seronegative were bled once or twice at the farrowing house and then every 3 wk until they reached mar-
ket age. Fecal samples from these pigs were tested by polymerase chain reaction at 7 wk of age and then on the days of blood
collection. After the PHE outbreak, the gilts had high serum antibody levels; the levels decreased over time, but antibody was
still detectable for up to 3 mo in some animals. Four piglets from sows that were seropositive at farrowing had detectable
passive antibodies up to 5 wk of age. Some nursery pigs started shedding L. intracellularis around 7 wk of age; peak shedding
was observed between 13 and 16 wk. Antibody was not detected until 16 wk of age and was more often detected between
19 and 22 wk.

Résumeé

Lawsonia intracellularis est une bactérie intracellulaire anaérobie stricte causant une maladie infectieuse répandue, I’entéropathie
proliférative porcine (PHE). Tres peu de données sont disponibles sur la réponse immunitaire et I'épidémiologie de cette maladie dans sa
forme clinique. Les objectifs de cette étude étaient d’évaluer la durée et les titres d’anticorps spécifiques contre L. intracellularis chez des
cochettes provenant d'un troupeau ayant été au prise avec une poussée de cas de PHE; d’évaluer les anticorps maternels chez les
porcelets; et d'évaluer la séroconversion et I'excrétion fécale chez des porcs durant la période de croissance-finition. Des échantillons de sang
furent prélevés chez 36 cochettes, incluant 13 animaux convalescents, 3 semaines apres le début des cas et a toutes les 3 semaines par la suite
jusqu’a ce qu’elles deviennent séronégatives lors de deux prises d'échantillons consécutives. Des échantillons de sang furent également prélevés
de 14 porcelets provenant de 5 cochettes séropositives lors de la mise-bas et 5 porcelets provenant de 2 truies qui sont demeurées
séronégatives tout au long de I'étude, 1 a 2 fois alors qu'ils étaient dans les chambres de maternité et par la suite a toutes les 3 semaines jusqu’a
ce qu’ils atteignent I'age du marché. Des échantillons de feces furent testés par réaction d’amplification en chaine par la polymérase (PCR)
a partir du moment oil les animaux atteignirent I'dge de 7 semaines et au méme temps oil des prélevements sanguins furent effectués. Apres
la poussée de cas de PHE, des titres d’anticorps sériques élevés furent détectés chez les cochettes et diminuerent en fonction du temps
mais tout en demeurant détectables chez certains animaux jusqu’a 3 mois suivant le début de la maladie. Des anticorps maternels
furent détectés chez 4 porcelets issus de truies séropositives a la date de mise-bas jusqu’a ce qu’ils atteignent 1'dge de 5 semaines.
Quelques porcelets en pouponniere commencerent a excréter L. intracellularis a partir de I'dge de 7 semaines et le pic d’excrétion fut noté
entre I'dge de 13 et 16 semaines. Aucun titre d’anticorps ne fut détecté avant I'dge de 16 semaines mais ils furent plus souvent détectés entre
19 et 22 semaines d’dge.
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Introduction

Porcine proliferative enteropathy (PPE) is a widespread enteric
infectious disease caused by the obligate intracellular bacterium
Lawsonia intracellularis (1). PPE can have 2 different clinical pre-
sentations: chronic diarrhea and slow growth in growing-finishing
pigs [porcine intestinal adenomatosis (PIA)] or death of gilts and fin-
ishing pigs close to market age with acute hemorrhagic diarrhea [pro-
liferative hemorrhagic enteropathy (PHE)] (2). The importance of the
subclinical form of the disease (3) or the existence of carrier pigs
is unknown. Transmission of L. intracellularis is known to occur
through the fecal-oral route, but the epidemiologic aspects of the dis-
ease within a herd and among herds are poorly understood.

Two of the antemortem methods available for diagnosis of PPE
are the polymerase chain reaction (PCR) in fecal samples (4) and
serologic tests (5). Previous studies (5,6) have shown that the
indirect fluorescent antibody (IFA) test is much more sensitive (90%
to 91%) than PCR in fecal samples (39% to 67%) for detecting
experimental infection in pigs. However, the combination of these
tests has higher sensitivity and negative predictive value than a
single test (7). Recent data have shown that the immunoperoxidase
monolayer assay (IPMA) has a sensitivity similar to that of the
currently used IFA test (8). The IPMA showed high specificity
(100%) and fair sensitivity (89%) in experimentally infected ani-
mals (9). The obvious next step is to evaluate the IPMA in field
conditions.

Pigs infected with L. intracellularis are believed to have low
and short-lived serum antibody titers (5). There is no informa-
tion regarding titers and the duration of serum antibodies in gilts
that have recovered from the acute form of PPE. Evidence of
maternal antibodies in piglets has been reported in isolated cases
(10,11). A recent epidemiologic study using the IFA test showed
detectable antibody levels in growing-finishing pigs from 12 to
25 wk of age (7).

Information regarding the duration of serum antibodies in animals
that have recovered from the PHE or the PIA form of PPE, transfer
of passive immunity, and the presence or timing of seroconversion
in growing-finishing pigs in field conditions is needed for a better
understanding of the epidemiologic aspects of the disease. With this
understanding, the use of antibiotics and, or, vaccines could be
more strategic. Therefore, the objectives of this study were to eval-
uate the duration and titers of antibodies in gilts from a herd after
an outbreak of PHE, to evaluate maternal antibodies in piglets,
and to evaluate seroconversion and fecal shedding in growing-
finishing pigs.

Materials and methods

Farm and history

This study was conducted in a recently repopulated, 1300-sow,
commercial herd. The sow unit supplied several wean-to-finish
units. Piglets were weaned at 17 d of age. The wean-to-finish sites
typically had 3 or 4 barns, with 600 pigs in each barn, divided into
4 or 6 large pens. The pens had solid partitions, total slat floors, and
deep pits.

Owing to a pseudorabies-positive status, the farm owner chose to
depopulate the herd, following the US national eradication program
guidelines. The facilities were emptied, cleaned, and disinfected.
After 3 mo, the 1st group of 300 gilts, 160 d old, was received and
allocated to individual crates in 3 barns. Feed medicated with
100 gr/ton of neomycin-terramycin (Neoterra 10/10; Pharmacia
Animal Health, Kalamazoo, Michigan, USA) was used from arrival.
Sudden death or slightly bloody diarrhea followed by death in 12 h
began occurring in all 3 barns 70 to 80 d after the gilts” arrival, when
they were 230 to 240 d old. Affected pigs were usually inappe-
tent, although some continued to eat normally.

The outbreak persisted for 4 to 5 wk. Several feed and water
medications were used during this time, without much success.
There was a reduction in the number of new cases over time, but clin-
ically affected animals did not usually respond and eventually
died. At first, the level of neomycin-terramycin in the feed was
increased to 200 gr/ton. After the confirmation of PHE, the med-
ication was changed to 100 gr/ton of tylosin (Tylan 40; Elanco
Animal Health, Indianapolis, Indiana, USA) in the feed and 2 mg/kg
of body weight of injectable tylosin (Tylan 200; Elanco) twice a
day in clinically affected animals. Water medication with 60 mg/L
of tiamulin hydrogen fumarate (Denagard; Boehringer Ingelheim
Vetmedica, Ames, Iowa, USA) was also used in 2 barns. About
10% of all animals in this 1st group of 300 gilts died in the outbreak.

Another group of 102- to 150-d-old gilts arrived at the farm at the
end of the outbreak and gilts were allocated to different barns.
They received 100 g/ton of tylosin (Tylan 40) in the feed from
arrival and remained free of any clinical signs of PPE.

Postmortem examination and laboratory
confirmation of PPE

Two severely clinically affected gilts were sent to the Veterinary
Diagnostic Laboratory (VDL) at the University of Minnesota for post-
mortem examination and complementary tests 5 to 6 d after clinical
signs and deaths had started in the herd. Samples were collected for
bacteriologic, histopathologic, immunohistochemical, molecular
diagnostic (PCR), parasitologic, toxicologic, and virologic studies.

Sample collection from the gilts

Thirty-six gilts, including 13 that had recovered, were bled 3 wk
after the beginning of the outbreak and then every 3 wk until they
became seronegative in 2 consecutive tests. All serum samples
were tested by IPMA for serum IgG (8,9). Fecal samples from 7 of the
36 gilts were tested by PCR for L. intracellularis DNA (4) in the
last 2 wk of gestation, 12 wk after the beginning of the outbreak.

Sample collection from the piglets

Fourteen piglets from 5 gilts seropositive at farrowing and
5 piglets from 2 sows that remained seronegative were ear-tagged
and bled by jugular venipuncture once or twice at the farrowing
house and then every 3 wk until they reached market age. Serum
samples were tested by IPMA, which detects specific IgG against
L. intracellularis. Fecal samples from these pigs were tested by
PCR for L. intracellularis starting at 7 wk of age and then every
3 wk until they reached market age. The feed-grade antimi-
crobials used for growing-finishing pigs were 250 gr/ton of
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chlortetracycline-sulfamethazine-penicillin (Aureo SP 250; Alpharma,
Fort Lee, New Jersey, USA) from weaning (17 d) to 7 wk of age,
25 gr/ton of carbadox (Mecadox; Phibro Animal Health, Fairfield,
New Jersey, USA) from 7 to 11 wk, and 30 gr/ton of bacitracin
methylene disalicylate (BMD; Alpharma) from 11 wk until market age.

Confirmation of PPE

The 2 gilts sent alive to the VDL died during transport but were
still fresh at arrival. They were in good body condition but extremely
pale, and the hindquarters were soiled reddish-black. The mesen-
tery of the terminal jejunum and entire ileum of both gilts was
thick, gelatinous, and yellowish, owing to edema. The terminal
jejunum and entire ileum of both gilts had a reticulated serosa, a
markedly thickened wall, with a fibrinonecrotic membrane on the
mucosal surface, and large blood clots in the lumen. The colon
contents were pasty and dark red to black (melena). No other
gross lesions were noted.

The histologic changes observed in the intestines were essentially
as described by McOrist and Gebhart (2). Epithelial hyperplasia and
absence of goblet cells associated with hemorrhage in the lamina
propria were observed in sections of ileum and terminal jejunum
from both gilts. Large numbers of bacteria were demonstrable in the
cytoplasm of the hyperplastic glandular epithelial cells in sections
stained with the monoclonal antibody specific for L. intracellularis
(12). PCR tests for L. intracellularis (4) in ileal mucosa were positive
in both animals.

Aerobic and anaerobic cultures of samples of ileum, colon, and
mesenteric lymph nodes did not demonstrate growth of any path-
ogenic organism. Virus isolation, PCR, and immunohistochemical
studies were negative for porcine respiratory and reproductive
syndrome (PRRS) virus. Direct immunofluorescence studies of
tonsils and virus isolation tests were also negative for pseudorabies
virus. The fecal samples were negative for parasite ova and oocysts
by direct microscopic examination. Mineral analysis of the liver did
not show any abnormality. From the clinical and macroscopic find-
ings and the laboratory results, PHE was confirmed.

Samples from the gilts

The results of IPMA testing for 18 wk after the outbreak are
shown in Table I. Three wk after the beginning of the outbreak, 20
of the 36 gilts, including the 13 that recovered, had antibody titers
against L. intracellularis ranging from 1:240 to 1:1920. The titers
and the number of seropositive gilts gradually decreased over
time (Figure 1), but 6 animals were still positive 12 wk after the out-
break. Coincidentally, these 6 gilts had high antibody titers, rang-
ing from 1:960 to 1:1920, at the 1st bleeding, 3 wk after the beginning
of the outbreak. In 4 of these 6 gilts, clinical signs of PHE had
been observed, but the animals recovered.

The fecal samples collected from 7 gilts close to farrowing,
12 wk after the beginning of the outbreak, were PCR negative for
L. intracellularis. Four still had serum antibody titers against
L. intracellularis, whereas the other 3 animals were seronegative
throughout the study.

Table 1. Results of immunoperoxidase monolayer assay
(IPMA) of serum IgG in gilts after an outbreak of proliferative
hemorrhagic enteropathy

Interval after start of outbreak (wk)
5

Serum titer 3 6 9 12 1 18
Negative 16 15 26 26 9 8
Positive 20 20 7 6 0 0
1:30 0 1 0 2 0 0
1:60 0 0 1 2 0 0
1:120 0 1 3 1 0 0
1:240 2 5 3 1 0 0
1:480 6 11 0 0 0 0
1:960 7 2 0 0 0 0
1:1920 5 0 0 0 0 0
Total 36 35 33 32 9 8
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Figure 1. Geometric mean of serum IgG titers of gilts after an outbreak of
proliferative hemorrhagic enteropathy.
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Figure 2. Serum antibody titers of piglets, as detected by the immuno-
peroxidase monolayer assay.

Samples from the piglets

Four piglets (nos. 3, 5, 11, and 18) from gilts seropositive at far-
rowing were seropositive for L. intracellularis before weaning, and
1 of these (no. 5) was positive up to 5 wk of age (Table II). After that,
serum antibodies were detected again only starting at 16 wk of
age (in pigs 6 and 9), with a peak at 19 and 22 wk of age, when 7 and
6 pigs, respectively, were seropositive (Figure 2). One animal
(no. 7) died at 8 wk of age from a cause not related to PPE. Nine of
18 pigs seroconverted between 16 and 22 wk of age but with
low antibody titers (1:30 and 1:60). Antibody was detected in
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Table Il. Results of IPMA and fecal polymerase chain reaction (PCR) testing for Lawsonia intracellularis DNA at 3-wk intervals,
from 1 to 22 wk of age, in piglets from litters of sows seropositive (B+, C+, E+, F+, and G+) or seronegative (A— and D—) at

farrowing

Piglet age (wk)

1-2 5 7 10 13 16 19 22

Sows and pigs IPMA PCR IPMA PCR IPMA PCR IPMA PCR IPMA PCR IPMA PCR IPMA PCR IPMA PCR
A_

1 - NC - NC - NC - - - - - + 1:30 - 1:30 -

2 - NC - NC - NC - - - - - + 1:30 - 1:30 -
B+

3 1:30 NC - NC - NC - - - - - + 1:60 - 1:60 —

4 - NC - NC - NC - - - - - + 1:30 + 1:30 NC
C+

5 1:30  NC 1:30 NC - NC - - - - - - 1:30 - 1:30 -

6 - NC - NC - NC - - - + 1:60 + - - 1:60 —

7 - NC - NC - NC Died
D_

8 - NC - NC - - - - - - - - - - NC NC

9 - NC - NC - - - - - + 1:60 - - - NC NC

10 - NC - NC - - - - - - - - - - NC NC
E+

11 1:30  NC - NC - - - - - - - + - - NC NC

12 - NC - NC - + - + - + - - 1:60 + NC NC

13 - NC - NC - - - - - - - - 1:60 + NC NC
F+

14 - NC - NC - - - + - + - - - - NC NC

15 - NC - NC - - - - - - - - - - NC NC

16 - NC - NC - - - - - + - - - - NC NC
G+

17 - NC - NC - - - - - + - - - - NC NC

18 1:30 NC - NC - - - - - - - - - - NC NC

19 - NC - NC - - - - - + - - - - NC NC
Total no. positive 4 1 0 1 0 2 0 7 2 7 7 3 6 0
Total no. tested 19 19 19 12 18 18 18 18 18 18 18 18 6 5

NC — sample not collected

7 10 13 16 19 22

Age (weeks)

Number of fecal PCR
positive animals
O = N W saE D N ®

Figure 3. Results of polymerase chain reaction (PCR) for Lawsonia
intracellularis DNA in fecal samples collected from the piglets at 7 to 22 wk
of age.

2 non-consecutive bleedings in pig 6 (at 16 and 22 wk of age), in
2 consecutive bleedings in 5 pigs (nos. 1 through 5), and only once
in the other 3 animals that seroconverted (nos. 9, 12, and 13).
Fecal shedding was first detected by PCR much earlier than
seroconversion, at 7 wk of age (in pig 12), and a larger number of ani-

mals had PCR-positive fecal samples at 13 and 16 wk of age
(Table II, Figure 3). Fecal shedding was detected by PCR in 13 of
18 pigs between 7 and 19 wk of age. Pig 12 was PCR positive in fecal
samples at 7, 10, 13, and 19 wk of age but had detectable serum anti-
bodies only at 19 wk. Four animals (nos. 4, 6, 14, and 19) had PCR-
positive fecal samples in 2 consecutive tests, and the remaining 8 pigs
were positive only once. Besides pig 12, 7 pigs were both seropos-
itive and fecal PCR positive. Unlike pig 12, seroconversion and
fecal shedding in these 7 pigs was concomitant. In 5 pigs (nos. 11, 14,
16, 17, and 19) with detectable fecal shedding, serum antibodies were
never detected.

The herd was positive for PRRS before the depopulation. All
gilts were vaccinated with PRRS modified-live vaccine (PrimePac
PRRS; Schering-Plough Animal Health, Union, New Jersey, USA) at
arrival. Blood from all 18 growing pigs tested positive by PRRS
enzyme-linked immunosorbent assay (HerdCheck PRRS; IDEXX
Laboratories, Westbrook, Maine, USA), with sp/ratios ranging
from 1.0 to 2.67 between 10 and 19 wk of age. Despite their being
seropositive, clinical disease was not observed.
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Pigs infected with L. intracellularis were believed to have low and
short-lived serum antibody titers; the longest duration of detectable
serum antibodies was 6 wk after experimental inoculation of pigs
with a pure culture of L. intracellularis (5). However, that study was
terminated just after the last bleeding, at 6 wk postinoculation. In the
present study, following a PHE outbreak, gilts developed high
serum antibody titers that lasted for up to 3 mo in some animals
(Table I, Figure 1). The presence of specific serum antibodies (IgG)
should be interpreted as reflecting previous exposure to L. intra-
cellularis; it does not imply protection. In other words, the presence
of serum antibodies indicates stimulation of the immune system by
L. intracellularis antigen. As L. intracellularis is an obligate intracellular
organism that resides in the cytoplasm of enterocytes, we would not
expect serum IgG levels to be directly involved in protection. IgA in
the local mucosa and cell-mediated immune responses are proba-
bly more involved in protection against L. intracellularis infection.
These responses, however, are much more difficult to measure.

The low antibody titers detected in the first weeks of life in
4 piglets from serologically positive sows (Table II, Figure 2) indi-
cate the maternal origin of the antibodies. Two other studies (10,11)
have also shown serum antibodies in piglets between 1 and 3 wk of
age. In 1 of these studies (11), the seropositive piglets were from
litters of sows seropositive at farrowing. The findings of non-
consistent seropositivity among piglet littermates in our study
may indicate ingestion and, or, absorption of different amounts
of colostrum, limitation of the sensitivity of the IPMA (89%), or a
combination. More studies have to be done to determine the pres-
ence of IgA and IgG antibodies specific for L. intracellularis in the
colostrum of seropositive sows and to correlate those findings
with immunity in piglets.

In contrast to the high serum antibody titers observed in gilts after
the outbreak, growing-finishing pigs showed low titers that usually
lasted for only 3 wk. The period of seropositivity for most pigs was
between 19 and 22 wk of age (Table II, Figure 2). In another serologic
follow-up study (7), the pigs seroconverted earlier, around 12 and
16 wk of age. This difference could be related to several variables,
such as a different antimicrobial program, different pig flow, or dif-
ferent types of floors.

Under the conditions of our study, fecal shedding was detected
mainly at 13 and 16 wk of age and seroconversion at 19 and 22 wk.
Thirteen pigs were positive by PCR in fecal samples between 7
and 22 wk of age; only 9 seroconverted. From these results, it
appears that fecal shedding is the first finding in infected animals
in field conditions, and the level of infection in some of these animals
probably does not promote sufficient systemic humoral immune
response to be detected by serologic testing. Thus, serologic testing
may underestimate the prevalence of infection among growing-
finishing pigs within a herd. However, it gives an idea about the tim-
ing of peak fecal shedding, which was 3 to 6 wk prior to serocon-
version in the present study.

The long duration of fecal shedding in pig 12 suggests that some
animals start shedding L. intracellularis early; thus, the concentration
of bacteria in the environment and, consequently, the exposure of
penmates builds up over time. Unfortunately, the location of tagged

pigs in the wean-to-finish pens was not recorded. Also, clinical
scores based on body condition and consistency of feces were not
obtained, and therefore associations of seroconversion and fecal
shedding with clinical signs could not be made.

Transmission of the bacteria from the breeding herd to the grow-
ing pigs could not be evaluated in this study owing to the single col-
lection of fecal samples from only a few sows close to farrowing and
the late start of fecal collection from the growing pigs. Occurrence
of PIA in growing pigs after an outbreak of PHE in the breeding herd
has been reported in 2 other studies (13,14). At that time, the 2 dis-
tinct clinical presentations (PIA and PHE) were not known to be
caused by the same bacterium. In the 2 reports, there was not
much information about facilities separation, personnel move-
ment, and animal flow. Transmission of the bacteria between barns
by fomites like rubber boots was very likely. In the present study,
since the farm was a 2-site production system with different per-
sonnel at each site, the possibility of transmission by fomites
was greatly reduced. Despite the negative PCR results for the sero-
positive sows close to farrowing, sow-to-piglet transmission is
still a real possibility. The hypothesis of runt piglets becoming
infected at the farrowing house and carrying the infection over
time to the nursery needs to be studied. Fecal shedding has been
reported as early as 3 wk of age in piglets (15) and between 25
and 32 d of age in pigs (16). Low levels of antibiotics and growth
promoters in the feed of nursery pigs have a potential effect on the
epidemiologic features of PPE. Just and associates (7) have suggested
that the infectious dose of L. intracellularis must build up in the envi-
ronment for several weeks or the in-feed medication delays the
spread of infection in the nursery. Lanza and colleagues (17)
demonstrated a negative association between the use of growth
promoters and the presence of infection as determined by fecal
shedding detected by PCR.

In conclusion, gilts that had recovered from PHE had high
serum antibody levels for up to 3 mo. Piglets from sows that were
seropositive at farrowing had detectable passive antibodies up
to 5 wk of age. One nursery pig started shedding bacteria as early
as 7 wk of age, but fecal shedding peaked around 13 and 16 wk
and was usually followed by seroconversion between 19 and
22 wk of age. These results provide additional information for
the interpretation of PPE serologic data and time of exposure of
L. intracellularis in field conditions. With a better understanding
about the time of exposure, strategies for antibiotic and, or, vaccine
control can be improved.
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