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Isolation of Lawsonia intracellularis in Korea and Reproduction of Proliferative

Enteropathy in Pigs and Hamsters
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ABSTRACT. Lawsonia intracellularis (L. intracellularis) was isolated from a Korean pig suffering acute proliferative enteropathy. In vitro
culture conditions of L. intracellularis were established in McCoy cells. Pigs and hamsters experimentally infected with the pure culture
of L. intracellularis reproduced clinical signs and intestinal lesions of proliferative enteropathy. The presence of L. intracellularis in the
intestinal lesions was confirmed by immunohistochemistry with L. intracellularis-specific monoclonal antibodies.
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Proliferative enteropathy (PE) is an enteric disease of
pigs caused by the obligate intracellular bacterium, Lawso-
nia intracellularis (L. intracellularis) [11, 13]. It is esti-
mated that about 30% of pig herds suffer from clinical or
sub-clinical PE [9]. A study in Korea indicated that 53% of
finisher pigs in the disease-harboring farms were infected
with L. intracellularis [8)]. Since L. intracellularis is a fas-
tidious bacterium for pure culturing in vitro, its isolation and
culturing has been achieved in only a few laboratories [6, 7].
In this study, we report the isolation of L. intracellularis for
the first time in Korea and the reproduction of PE in pigs
and hamsters that were infected with the pure culture of L.
intracellularis.

A hemorrhagic region of the small intestine was obtained
from a 20-week-old finisher pig in Korea that showed typi-
cal signs of acute hemorrhagic PE [3, 13]. Isolation of L.
intracellularis was performed by the previously reported
methods with some modifications [6, 13]. Briefly, the
mucosa taken from the PE lesion of the small intestine was
partially digested with 1% trypsin (Gibco BRL, U.S.A.) and
homogenized with a blender. The homogenized tissue was
diluted 1:20 vol/vol with sucrose-potassium-glutamate solu-
tion (pH 7.0) containing 0.218 M sucrose, 0.0038 M
KH,PO,, 0.0049 M potassium glutamate and 10% fetal
bovine serum (FBS), and then filtered through 0.8-xm-pore
sized filter. One milliliter of the sample suspension was
added to McCoy cells (ATCC CRL 1696) grown in DMEM
medium supplemented with 1% L-glutamine, 2.5 ug/ml
amphotericin B and 5% FBS without antibiotics. The cell-
containing flasks were immediately centrifuged at 2,090 x g
for 10 min and the atmosphere of the flasks was replaced
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with hydrogen gas for 10 min. Each flask was then refilled
with a gas mixture containing 8.0% oxygen, 8.8% carbon
dioxide, and 83.2% nitrogen as described elsewhere [7].
After 3-hr incubation at 37°C, the culture medium of the
flask was changed with DMEM containing 100 z/m/ of gen-
tamicin and 100 gg/ml/ vancomycin. The cell culture
medium was changed at days 2 and 4 post-inoculation. On
day 7, L. intracellularis was harvested from the McCoy
cells by lysis with hypotonic solution as described else-
where [7]. After five passages in the McCoy cells, L. intra-
cellularis present in the cytoplasm of the cells was identified
by immunostaining with monoclonal antibodies 1G4 and
2001 MAD [2, 10]. Six 3-week-old pigs were used in this
study. They all tested negative for Brachyspira species and
L. intracellularis as determined by serologic tests and PCR
[1, 5]. Three of them were orally infected with 4.5 x 108 L.
intracellularis that had been purified from the bacteria-
infected McCoy cells after nine passages. The other three
pigs were used as non-infected controls. In addition, eight
4-week-old Syrian hamsters (Mesocricetus auratus) were
used in this study, all of which were negative for L. intracel-
lularis when tested by PCR [4, 5]. Four hamsters were
orally inoculated with 1.5 x 107 L. intracellularis and the
other four were used as non-infected controls.

A Korean strain of L. intracellularis, designated as PHE/
KK421, was isolated by infecting the McCoy cells with the
intestinal homogenate of a PE-suffering pig. The presence
of L. intracellularis was identified both in the cell culture
supernatants and in the cytoplasm of the McCoy cells from
five passages (Fig. 1A). Replication of L. intracellularis in
the cytoplasm of the infected cells continued to day 7 post
infection (PI) without cytopathic effects such as cell round-
ing, fusion, detachment or vacuoles. The identity of L.
intracellularis was also confirmed by PCR reaction with the
bacterium-specific primers (data not shown) [5]. L. intrac-
ellularis was not identified in the uninfected McCoy cells
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Fig. 1.

Identification of L. intracellularis in McCoy cells. (A) McCoy cells infected with L. intracellularis were immunostained with L.

intracellularis-specific monoclonal antibodies and counterstaining was performed with hematoxylin. (B) Uninfected control McCoy cells.

Magnification, x 200.

Fig. 2.
tally infected with L. intracellularis. The presence of L. intracellularis was confirmed by immunohistochemistry with L. intracellularis-
specific monoclonal antibodies. Magnification, x 400.

(Fig. 1B). The isolate of L. intracellularis (PHE/KK421)
has been deposited in the Korean Collection for Type Cul-
ture (KCTC 10686BP).

The clinical signs, including diarrhea, depression and
weight loss, were observed in all pigs infected with L. intra-
cellularis from day 11 to day 21 PI. Gross and histological
lesions of PE were observed in all infected pigs by autopsy
after sacrifice on day 21 PI. A severely thickened mucosa
was identified along the middle to terminal ileum, as has
been reported in other studies (data not shown). A lot of L.
intracellularis was identified in the ileal tissue by immuno-
histochemistry with the L. intracellularis-specific mono-
clonal antibodies (Fig. 2A). Pigs that had been infected with
the ileal homogenates prepared from a pig with an acute

L

Identification of L. intracellularis in the crypt cells of the ileum. (A) The ileum of a pig and (B) the ileum of a hamster experimen-

hemorrhagic PE also produced typical clinical signs and PE
lesions (data not shown). However, L. intracellularis was
not detected in the mesenteric lymph nodes of the infected
pigs. Similar pathological changes and the presence of L.
intracellularis were observed in the ileum of the hamsters
infected with the pure bacteria (Fig. 2B). The phenotypic
study indicated that the Korean isolate was almost identical
with other European and North American isolates of L.
intracellularis (data not shown) [6, 11, 12]. In conclusion,
this study reports the first isolation of L. intracellularis in
Korea and describes the experimental reproductive infec-
tions produced in pigs and hamsters with pure culture of the
bacterium.
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