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Proliferative enteropathy (PE) is an intestinal disease that affects equine and several other species.
The goal of this study is to determine whether proliferative enteropathy could be experimentally
reproduced in foals. Seven foals were divided into two groups: A (n=5), and B (n=2). The foals were
inoculated intragastrically with porcine intestinal mucosal homogenate (group A), or a placebo
challenge (group B). Ante mortem and post mortem tests were performed. All foals were euthanised
on day 22 post challenge. Physical examination detected variable signs of depression, colic,
decreased appetite, diarrhoea, dehydration and emaciation in three foals in group A. At necropsy, one
foal (foal 5, group A) was severely emaciated, the wall of the ileum and distal jejunum was thickened
and the mucosa was corrugated and hyperaemic. Histologically, hyperplasia of immature enterocytes
and reduced number of Paneth and goblet cells were observed. PCR confirmed the presence of
Lawsonia intracellularis. The foals in groups A were positive for L. intracellularis by immunohis-
tochemistry. The control foals (group B) remained physically normal, had no pathologic lesions and
were negative by immunohistochemistry. PE was reproduced in foals using intestinal mucosal
homogenate. Physical, gross and histopathologic alterations typical of PE were detected in some
foals. The presence of L. intracellularis was confirmed by immunohistochemistry and/or PCR. The
role of L. intracellularis from different species in the etiopathogenesis of PE in the horse was
established.
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INTRODUCTION

Proliferative enteropathy (PE) is an ente- dogs, blue foxes, guinea pigs, rats, ferrets,
ric disease that affects weanling foals monkeys, rabbits, emus and ostriches
(Lavoie et al., 2002). The disease has be- (Williams et al., 1996; Cooper et al.,
en described in multiple animal species 1997; Lawson & Gebhart, 2000). In hor-

including horses, pigs, hamsters, deer, ses, PE was described for the first time in
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a six-month-old Arabian foal (Duhamel &
Wheeldon, 1982). Later, Williams et al.
(1996) used pathological, immunological,
polymerase chain reaction (PCR) and
Southern blot hybridisation to associate
Lawsonia intracellularis with PE in the
horse. Since then, PE has been reported in
several individual cases and in outbreaks
in horses (Frank et al., 1998; Brees et al.,
1999; Lavoie et al., 2000; Schumacher et
al., 2000). Clinical signs of PE include
depression, diarrhoea, weight loss or poor
weight gain and death in untreated cases.
The PE lesions described in affected foals
include an increase in thickness of the
small intestine and hyperplasia of the
crypt epithelium. In addition, curved, rod-
shaped organisms can be detected in the
apical cytoplasm of the crypt epithelial
cells.

L. intracellularis is an intracellular
bacterium that is non-culturable in con-
ventional media (Lawson et al, 1993;
McOirist et al., 1995). To our knowledge,
there is one report of experimental repro-
duction of PE in horses in which the
infection was reproduced using a pure
culture (Pusterla ef al., 2010). The disease
has been reproduced successfully in swi-
ne and hamsters (Roberts et al, 1977,
Stills, 1991). In swine, challenge models
using pure culture of L. intracellularis
usually produce clinical and macroscopic
lesions comparable to the chronic form,
porcine intestinal adenomatosis (PIA), of
the disease in growing pigs (McOrist et
al., 1993). Hamsters experimentally infec-
ted with a porcine source of L. intra-
cellularis do not usually present any
clinical signs of PE other than reduced
growth rate (Gebhart, 1987).

The goal of this study was to deter-
mine whether PE can be experimentally
induced in horses with a porcine mucosal
homogenate containing L. intracellularis.
Experimental induction of PE in foals,
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clinical monitoring and laboratory testing
of blood parameters will provide us with
valuable information concerning clinical
signs and pathology of the disease.

MATERIALS AND METHODS

Sample population

Seven two-month-old foals were obtained
from a herd with no history of PE in the
past two years. One week prior to chal-
lenge, the foals were weaned and
screened for L. intracellularis using sero-
logy and faecal PCR utilising previously
described methods (Cooper ef al., 1997,
Guedes et al., 2002). The foals were also
screened for other intestinal bacteria
(Salmonella spp., Clostridium difficile),
and parasitic (using faecal flotation) di-
seases of horses. One-day before chal-
lenge, the foals were divided into two
groups, challenged group A (n=5) and
control group B (n=2). The foals were
kept off feed overnight before the
challenge day. Animals in group A were
inoculated intragastrically with intestinal
mucosal homogenate derived from expe-
rimentally Lawsonia-infected pigs that
tested Salmonella spp. negative using
PCR and culture enrichment. Each foal
received 4.5x10° L. intracellularis orga-
nisms, scraped from the affected mucosa
of the pigs and diluted in a proportion of
1:1 (w/v) in sucrose potassium glutamate
(SPG) with 10% foetal bovine serum
(FBS) solution (McOrist et al, 1993).
The control foals received a placebo
challenge of SPG with 10% FBS only.
Each foal was incubated with 250 mL of
the challenge material. The foals were
housed in the Research Animal Resources
Facility at the College of Veterinary
Medicine, University of Minnesota. The
study protocol was conducted according
to the guidelines of the Animal Care and
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Use Manual of the University of Minne-
sota and approved by the Institutional
Animal Care and Use Committee
(0011A71921). The foals were fed pel-
leted foal start, mixed hay and water ad
libidum.

Sampling Procedure

Whole blood, serum and faecal samples
were collected at days 0, 7, 14, and 21
post challenge. The foals in groups A and
B were humanely euthanised on day 22
with the exception of one foal (No 5),
which was euthanised on day 19 due to
severe signs of depression, decreased ap-
petite, diarrhoea, dehydration, emaciation
and hypoalbuminaemia. Tissues from
duodenum, jejunum, ileum, large colon,
caecum, small colon and mesenteric
lymph nodes were formalin-fixed, pro-
cessed for routine histopathology by the
hematoxylin and eosin (H&E) method
and by immunohistochemistry specific for
L. intracellularis.Sections from stomach,
liver, kidney, lung, spleen and heart were
also formalin-fixed and processed for
routine histopathology (H&E).

Ante mortem testing

Physical examination, including evalua-
tion of body temperature, appetite, attitu-
de, lung sounds, respiratory and heart ra-
tes, gut sounds and motility, digital pulse,
and mucus membranes, was performed
every day. Complete blood counts (CBC)
and serum chemistry profiles were perfor-
med on days 0, 7, 14, and 21. Ultrasound
examination of the abdominal cavity was
performed on days —1 and 21. The ultra-
sound examination evaluated thickness,
content and smoothness and motility of
the small intestine, large colon and cae-
cum. Serology, including a slide immuno-
peroxidase assay (slide-IPX), an immu-
noperoxidase monolayer assay (IPMA)
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and faecal PCR testing were performed
on days 0, 7, 14, and 21 post-infection.

Slide immunoperoxidase assay
(slide-IPX)

Glass slides with 15 wells, coated with L.
intracellularis, were prepared as descri-
bed elsewhere (Guedes et al., 2002).
Briefly, L. intracellularis were harvested
from the supernatant of infected cell
culture monolayers, concentrated by cen-
trifugation and inactivated via addition of
0.2% formalin. Ten pL of the suspension,
containing 1.5x10° bacteria/mL, was ad-
ded to each well on 15-well slides. The
slides were dried and fixed with cold
acetone for 20 s. Serum samples were
diluted in PBS at two fold dilutions (1:15,
1:30, 1:60 and 1:120) and 10 pL of each
diluted sample was added to each well.
Slides were incubated for 30 min at 37 °C
and washed with PBS. Horseradish
peroxidase conjugated rabbit anti-horse
IgG diluted 1:500 in 4% FBS was added
and slides were incubated for 45 min at
37 °C. Excess fluid was discarded and
slides were incubated at room temperature
with  3-amino-9-ethyl-carbozole (AEC)
for 20 min.

Immunoperoxidase monolayer assay
(IPMA)

The IPMA serologic test used for pig
serum was modified for horse serology
(Guedes et al., 2002). Fifty pL of 1%
bovine serum albumin (BSA) was added
to rehydrate the antigen and as blocking
buffer and plates were incubated for 30
minutes. Serum samples were diluted
1:15 to 1:480 in PBS and 30 pL were
added to each well. Plates were incubated
for 30 min at 37 °C and then washed 4
times with PBS. Horseradish peroxidase
conjugated rabbit anti-horse IgG diluted
1:500 in 1% BSA was added to wells and
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incubated for 45 min at 37 °C in a wet
chamber. After washing, AEC was added
and incubated at room temperature for 20
min.

Faecal PCR

The QIAamp DNA stool mini kit was
used to extract DNA from feces. Primers
878F 5'-TAA-CGC-GTT-AAG-CAY-C-
3" and 1050R 5'-GTC-TTG-AGG-CTC-
CCC-GAA-AGG-CAC-CTC-TTA-ATC-
3" that were developed from the 16S
rDNA sequence of L. intracellularis (Ge-
neBank accession number L15739) and
primers A (5-TAT-GGC-TGT-CAA-
ACA-CTC-CG-3") and B (5'-TGA-AGG-
TAT-TGG-TAT-TCT-CC-3") that ampli-
fy a random genomic fragment of L.
intracellularis (GenBank accession num-
ber L08049) were used (Jones et al,
1993; Cooper et al., 1997). PCR was per-
formed in 25 pL volumes containing PCR
buffer, 1.5 mM MgCl,, 0.2 mM each
dATP, dTTP, dCTP and dGTP, I U Taq
polymerase, 45 uM of each of primers
878F and 1050R and 30 uM of each of
primers A and B and 5-10 ng of extracted
sample DNA. PCR was performed in a
thermal cycler 9800. Samples were
subjected to 35 cycles of denaturation at
93 °C for 30 s, annealing temperature of
45 °C for 1 min, and an extension
temperature at 72 °C for 1 min. PCR
products were electrophoresed on 2%
agarose gel for 2 h at 85 V. Samples were
considered positive only when they
produced two bands: a band of 182 bp
using primers 878F and 1050R and a band
of 319 bp using primers A and B.

Post mortem examination

Foals in groups A and B were euthanised
22 days after inoculation. The jejunum,
ileum, caecum and colon were evaluated
in each foal for lesions typical of PE.
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Histology and immunohistochemistry

The formalin-fixed samples were proces-
sed routinely for histology, embedded in
paraffin, and sectioned 5 pum thick. All
tissue sections were stained by hematoxy-
lin and eosin. Selected tissue sections we-
re stained by the immunoperoxidase me-
thod of labelled streptavidin with polyclo-
nal antibodies to L. intracellularis as well
as with Warthin-Starry silver stain (Gue-
des et al., 2003a).

RESULTS

Ante mortem testing

In group A, the daily physical
examination revealed signs suggestive of
PE in three foals. Two foals, foal 1 and 2,
had mild signs of depression, reduced
appetite, colic and loss of body weight.
One foal, foal 5, had severe clinical signs
of PE. This foal gradually lost weight
from day 8 through day 19 and had
decreased gut motility on days 11 to 13
after which the motility increased until
day 19 (Fig. 1). The foal passed soft
facces on day 14 that progressed to
profuse watery diarrhoea until day 19. On
days 17 and 18, the foal was very weak,
severely emaciated and recumbent and on

GeReT

Fig. 1. Foal 5, group A, showing severe signs
of emaciation and depression.
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100 bp

Fig. 2. Ethidium bromide stained agarose gel
of PCR products amplifying L. intracellularis
DNA from foal 5. Lanes 1&6: 100 bp DNA
marker; lane 2: faecal sample from foal 5;
lane 3: intestinal mucosal scraping from foal
5; lane 4: negative control; lane 5: positive
control.

day 19 it was euthanised for humane
reasons. Physical examination of two
other challenged foals, foal 3 and 4
detected no unusual findings.

Foal 5 had elevated fibrinogen, 8 g/L
(normal range 1-5 mg/dL), on day 14. On
day 7, the albumin was slightly low, 28
g/L (normal range 29-37), with normal
total protein but on day 14 the total
protein was 55 g/L (normal range 58-75)
and the albumin was 24 g/L. The total
plasma protein averaged 54 g/L in the
challenged foals and the albumin ave-
raged 24.2 g/L. Ultrasound examination
of the foals in group A showed no
significant findings. Foal number 5 was
not evaluated during the second exami-
nation since it was euthanized on day 19.
Serologic testing failed to detect antibody
titer to L. intracellularis in any foal up to
day 21 post challenge. Faecal PCR was
negative in all the foals with the
exception of foal 5 which was positive on
days 14 and 19 (Fig. 2).

Daily physical examination of the
control foals (group B) detected no abnor-
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mal findings. In addition, CBC and serum
chemistry analysis showed no significant
deviations. The foals were negative using
the serologic tests and faecal PCR.

Post mortem testing

At necropsy, gross pathologic examina-
tion of foal 5 indicated that it was
severely emaciated and had soft, non-
formed faeces in the small colon. The
wall of the ileum and distal jejunum up to
2 metres from the ileocecal valve was
thickened and the mucosa was corrugated
and hyperaemic (Fig. 3). Histopathologic
examination of foal 5 showed that the
crypts of the ileum were elongated, with
marked proliferation of the enterocytes

Fig. 3. A longitudinal section of the ileum
showing thickened and corrugated mucosa in:
A. foal 5 from group A; B. similar sections of
intestine from a control foal with normal ap-
pearance.
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resulting in formation of multiple layers
of cells (Fig. 4). The villi of the ileum
were severely atrophied. The number of
Paneth and goblet cells was reduced in
the hyperplastic crypts. Similar pathologic
changes were detected in the jejunum up
to 4.7 m proximal to the ileocecal valve.
No abnormal pathologic lesions were
detected in the duodenum or the large in-
testines. Two additional foals in group A,
foals 1 and 2, had signs of poor body co-
dition during gross pathologic examina-
tion however histopathologic examination
revealed no significant findings.

Fig. 4. H&E stained area of the ileum. A. from
foal 5, group A, showing thickened crypts, with
marked proliferation of the enterocytes, forma-
tion of multiple layers of cells and reduced
number of Paneth and goblet cells; B. from a
control foal with normal mucosa and with a
single epithelial cell layer (200%).
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Immunohistochemistry  staining of
foal 5 intestinal tissue detected abundant
L. intracellularis-specific antigen in the
apical part of the cytoplasm of entero-
cytes in the hyperplastic crypts and villi
(Fig. 5). Mononuclear cells in the lamina
propria also had bacterial antigen in the
cytoplasm. The bacteria were detected in
the ileum, jejunum and duodenum, but
only in the lamina propria of the duo-
denum.

Bacterial antigen was also detected in
the cytoplasm of the mononuclear cells in
the ileocecal lymph nodes (Fig. 6). Scat-
tered bacteria were detected in the surface
epithelium of the large and small colon
and in the lamina propria in the caecum.
IHC testing of the other 4 challenged
foals detected L. intracellularis antigen in
focal areas in the lamina propria in the
ileum and jejunum.

The foals from the control group (B)
had no abnormal findings during gross
and histopathologic examinations. In
addition, no Lawsonia-specific staining
was detected in the tissue from the foals.

DISCUSSION

L. intracellularis has been associated with
PE in horses (Williams et al, 1996). In
this study, intestinal mucosa homogenate
obtained from pigs that were experimen-
tally infected with L. intracellularis was
successfully used to reproduce the disease
in foals. The use of porcine intestinal mu-
cosa homogenate provides great advanta-
ge since it is available for larger scale
studies while pure culture may be availab-
le for limited studies. Although the disea-
se has been reported to occur in foals up
to 7 months of age (Duhamel & Wheel-
don, 1982; Williams et al., 1996; Frank et
al., 1998; Brees et al.,, 1999; Schumacher
et al., 2000; Lavoie et al., 2002) our pre-
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Fig. 5. IHC positively stained sections of ileum. A. presence of L. intracellularis in apical parts of
the cytoplasm of enterocytes of crypts obtained from foal 5, group A (400%), B. presence of L.
intracellularis in apical parts of enterocytes of villi obtained from foal 5 (400x), C. presence of L.
intracellularis in apical parts of enterocytes of crypts obtained from foal 5 at higher magnification
(600x), D. IHC positively stained section of ileum from negative control foal (100x).

vious experience with reproducing PE in
foals 4—6 months of age that weighed 150
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Fig. 6. IHC stained section showing inflam-
matory cells of mesenteric lymph node
(foal 5; 400x).
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to 200 kg failed (Al-Ghamdi, unpublished
data). There is a possibility that these
foals were previously exposed to L. intra-
cellularis and, therefore, developed natu-
ral immunity to the challenge. In pigs,
successful challenge with L. intracellula-
ris was possible in animals between 4-5
weeks of age and weighing 10-15 kg
(McOrist et al., 1993; Guedes & Gebhart,
2003b). This suggests that experimental
challenge with L. intracellularis is more
likely to induce pathologic disease in very
young foals that have no previous expo-
sure to L. intracellularis.

Severe clinical signs suggestive of PE
were observed in one foal only. Similar
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signs of anorexia, lethargy and loose
faeces were reported during the experi-
mental reproduction of the disease by
Pusterla (Pusterla et al., 2010). Some of
these signs were observed during the
second week. This foal was the smallest
in size and probably the youngest among
challenged foals in group A. This may
indicate that the disease is more severe in
young foals. A change in the normal flora
of the intestine induced by weaning may
have resulted in an increased suscepti-
bility of the foals to the disease. An
additional reason might be the elimination
of milk from the diet which may have
provided some intestinal protection to the
unweaned foals through molecular com-
ponents such as secretory IgA, cytokines,
lactoferrin, oligosaccharides, nucleotides,
lysozyme and other protein molecules that
may be found in milk (Kelleher &
Lonnerdal, 2001). The presence of immu-
ne cells including macrophages, lympho-
cytes and neutrophils may also be present
in milk (Riedel-Caspari, 2001). However,
since all foals were weaned at the same
time these factors may not explain the
severity of the disease in foal 5. Variation
in size and possibly age is the most
logical explanation since foal 5 was appa-
rently the youngest in the group and
therefore may have had the least mature
immune system and less chance to deve-
lop acquired immunity. Two additional
foals in the challenge group A exhibited
minor clinical changes such as sporadic
episodes of colic, failure to gain weight
and hypoproteinaemia. These signs are
consistent with reported symptoms of
natural PE cases in horses as well as
experimentally reproduced disease (Frank
et al., 1998; Lavoie et al., 2000; Pusterla
etal, 2010).

Although foal 5 showed severe signs
of the disease and extensive pathologic
lesions, serologic tests failed to detect any
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positive antibody response to L. intracel-
lularis. Therefore, this foal was probably
unable to mount a normal immune res-
ponse to L. intracellularis. The other 4
foals in the challenge group also failed to
mount detectable immune response despi-
te fairly normal clinical conditions. Our
previous experience with L. intracellula-
ris challenge in older foals, 4-6 months of
age, showed that foals may produce an
antibody response by day 14 postchal-
lenge without showing clinical symptoms
of PE (Al-Ghamdi, unpublished data).
The fast immune response in these foals
might be due to a previous exposure to L.
intracellularis and therefore by the time
of challenge the immune system was mo-
re mature. In this study, the immune
response might require more time in the
course of the disease to be detected. In
pigs, challenged animals had detectable
antibody titre as early as day 14 and cell
mediated immune response at 21 days
postchallenge (Guedes & Gebhart, 2003b).
However, on occasion, challenged pigs
may not develop a detectable immune
response (McOrist et al.,, 1993). Since L.
intracellularis is an intracellular orga-
nism, the bacteria may be capable of eva-
ding normal body immune defense
through establishing a sheltered environ-
ment inside the host cells.

Gross and histopathologic examina-
tions detected no abnormal lesions in the
control and challenged foals in group A
except foal 5. The lesions typical of PE
observed in these two foals reflected the
poor clinical condition of the foals. Faecal
PCR testing of foal 5 detected L. intra-
cellularis shedding on days 14 and 19,
similar to shedding time in a previous
report (Pusterla et al., 2010). PCR testing
of the other challenged foals detected no
positive cases. Clearly, PCR results
reflected the clinical and pathological sta-
tus of the foals. Finally, the use of IHC
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and Warthin-Starry silver stain confirmed
the physical and pathologic findings.
Large numbers of bacteria were detected
in the ileum, and jejunum of foal 5 (group
A). In addition, the four other challenged
foals (group A) tested positive using IHC,
however to a lesser degree. These foals
may not have been infected with suffici-
ent number of bacteria to produce clinical
changes. Nonetheless this indicates that
IHC may detect L. intracellularis in hor-
ses that have no obvious clinical disease.

In conclusion, PE was reproduced in
foals using intestinal mucosa homogenate
obtained from experimentally Lawsonia-
infected pigs. Signs consistent with PE
were detected using physical examination,
chemical profile, gross and histopatholo-
gic examination. In addition, the causative
agent of PE, L. intracellularis, was detec-
ted with faecal PCR. IHC not only con-
firmed these finding but also detected the
bacteria in clinically normal challenged
foals.

ACKNOWLEDGMENTS

The author would like to thank Bochringer
Ingelheim Vetmedica Inc., St. Joseph, MO, for
providing financial funding for this project.
Also, the technical help of Dr Connie Gebhart
from the Department of Veterinary and Bio-
medical Science, College of Veterinary Medi-
cine, University of Minnesota, Minnesota,
USA is highly appreciated.

REFERENCES

Brees, D. J., A. H. Sandhoff & J. P. Kluge,
1999. Lawsonia intracellularis-like orga-
nism infection in a miniature foal. Journal
of the American Veterinary Medical Asso-
ciation, 215, 511-514.

Cooper, D. M., D. L. Swanson & C. J. Geb-
hart, 1997. Diagnosis of proliferative ente-
ritis in frozen and formalin fixed, paraffin-

BIVM, 15, No 4

embedded tissues from a hamster, horse,
deer and ostrich using a Lawsonia int-
racellularis-specific multiplex PCR assay.
Veterinary Microbiology, 54, 47-62.

Duhamel, G. E. & E. B. Wheeldon, 1982. In-
testinal adenomatosis in a foal. Veterinary
Pathology, 19, 447-450.

Frank, N., C. E. Fishman, C. J. Gebhart & M.
Levy, 1998. Lawsonia intracellularis pro-
liferative enteropathy in a weanling foal.
Equine Veterinary Journal, 30, 549-552.

Gebhart, C. J., 1987. The roles of various
Campylobacter species in swine prolifera-
tive enteritis. Ph.D. thesis. University of
Minnesota.

Guedes, R. M., C. J. Gebhart, N. L. Winkel-
man, R. A. Mackie-Nuss, T. A. Marsteller
& J. Deen, 2002a. Comparison of different
methods for diagnosis of porcine prolife-
rative enteropathy. Canadian Journal of
Veterinary Research, 66, 99-107.

Guedes, R. M., C. J. Gebhart, J. Deen & N. L.
Winkelman, 2002b. Validation of an im-
munoperoxidase monolayer assay as a
serologic test for porcine proliferative
enteropathy. Journal of Veterinary Diag-
nostic Investigation, 14, 528-530.

Guedes, R. M.. & C. J. Gebhart, 2003a. Prepa-
ration and characterization of polyclonal
and monoclonal antibodies against Lawso-
nia intracellularis. Journal of Veterinary
Diagnostic Investigation, 15, 438—446.

Guedes, R. M. & C. J. Gebhart, 2003b. Onset
and duration of fecal shedding, cell-media-
ted and humoral immune responses in pigs
after challenge with a pathogenic isolate or
a commercial vaccine of Lawsonia intra-
cellularis. Veterinary Microbiolology, 91,
135-145.

Jones, G. F., G. E. Ward, M. P. Murtaugh, G.
Lin & C. J. Gebhart, 1993. Enhanced
detection of intracellular organism of swi-
ne proliferative enteritis, ileal symbiont
intracellularis, in feces by polymerase
chain reaction. Journal of Clinical Micro-
biology, 31,2611-2615.

281



Reproduction of proliferative enteropathy in foals using porcine intestinal mucosal homogenate

Kelleher, S. L. & B. Lonnerdal, 2001. Immu-
nological activities associated with milk.
Advanced Nutritional Research, 10, 39-65.

Lavoie, J. P. & R. Drolet, 2002. Proliferative
enteropathy in foals. In: Manual of Equine
Gastroenterology,1* edn, eds T. Mair, T.
Divers & N. Ducharme, W. B. Saunders,
pp. 508-509.

Lavoie, J. P., R. Drolet, D. Parsons, R. Leguil-
lette, R. Sauvageau, J. Shapiro, L. Houle,
G. Hallé & C. J. Gebhart, 2000. Equine
proliferative enteropathy: A cause of
weight loss, colic, diarrhoea and hypopro-
teinaemia in foals on three breeding farms.
Equine Veterinary Journal, 32, 418-425.

Lawson, G. H. K. & C. J. Gebhar, 2000. Pro-
liferative enteropathy: Review. Journal of
Comparative Patholology, 122, 77-100.

Lawson, G. H. K., S. McOrist, S. Jasni & R.
A. Mackie, 1993. Intracellular bacteria of
porcine proliferative enteropathy: Cultiva-
tion and maintenance in vitro. Journal of
Clinical Microbiology, 31, 1136—1142.

McOrist, S., S. Jasni, R. A. Mackie, N. Mac-
Intyre, N. Neef & G. H. Lawson, 1993.
Reproduction of porcine proliferative en-
teropathy with pure culture of lleal sym-
biont intracellularis. Infection & Immuni-
1, 61, 4286-4292.

McOrist, S., C. J. Gebhart, R. Boid & S. M.
Barns, 1995. Characterization of Lawsonia
intracellularis, gen nov., sp. nov., the obli-
gate intracellular bacterium of porcine pro-
liferative enteropathy. International Journal
of Systemic Bacteriology, 45, 820-825.

Pusterla, N., S. Wattanaphansak, S. Mapes, J.
Collier, J. Hill, M. Difrancesco & C. Geb-
hart, 2010. Oral infection of weanling
foals with an equine isolate of Lawsonia
intracellularis, agent of equine prolifera-
tive enteropathy. Journal of Veterinary
Internal Medicine,3, 622—-627.

282

Riedel-Caspari, G., 2001. The antimicrobial
and immunomodulatory actions of milk
leukocytes. Advances in Nutritional Re-
search, 10, 187-307.

Roberts, L., G. H. K. Lawson & A. C. Row-
land, 1977. Experimental reproduction of
porcine intestinal adenomatosis and nec-
rotic enteritis. The Veterinary Record, 100,
12-13.

Schumacher, J., J. Shumacher, M. Rolsma, K.
V. Brock & C. J. Gebhart, 2000. Surgical
and medical treatment of an Arabian filly
with proliferative enteropathy caused by
Lawsonia intracellularis. Journal of Vete-
rinary Internal Medicine, 14, 630-632.

Stills, H. R., 1991. Isolation of an intracellular
bacterium from hamsters (Mesocricetus
aureus) with proliferative ileitis and repro-
duction of the disease with a pure culture.
Infection & Immunity, 59, 3227-3236.

Williams, N. M., L. R. Harrison & C. J.
Gebhart, 1996. Proliferative enteropathy in
a foal caused by Lawsonia intracellularis-
like bacterium. Journal of Veterinary Di-
agnostic Investigation, 8, 254-256.

Paper received 24.06.2012; accepted for
publication 27.09.2012

Correspondence:

Dr. Ghanem M Al-Ghamdi
Department of Biology,

College of Science,

Al-Baha University,

P. O. Box 2433,

Al-Baha, Saudi Arabia

e-mail: ghanemalghamdi@gmail.com

BJVM, 15, No 4




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


