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ABSTRACT

Proliferative enteropathy (PE} (s a recently described disease of horses that Is char-
arterized by signs of elevated body tempernture. welght loss, dlarrhea and death. The
disease is caused by Lawsonia (ntracellutaris. Treatsnent may (nclude flunixin meglu-
mine, dexamethasone arul prednisone to control inflarrenation.  In addltion antiulcer
drugs such as cimetidine may be required. Finally, antibiofic therapy such as oral ad-
ministratton of combined erythromyetn/ rifampin, or chloramphenicaol and oxytetracy-

cline should be tnitiuted,

PROLIFERATIVE
ENTEROPATHY OF HORSES

The Proliferative Enteropathy (PE) of horses
ls a newly recognized cnteric disease that af-
fecets -on most gecaslons- the weanling ani-
mals (Willtams et ¢l 1698). Scveral anlmal
species have been reported with PE including
horses (Lawson and Gebhart 2000). PE was
described in the horse for the frst ime 1 a
stx-month-old Arablan foal {Dubamel and
Wheeldon, 1882). The authors intelligently
described curved, rod-shaped organisms in
the apical cytoplasm of the crypt epithellal
cells which were the obligate intraceliular bax-
teria causing geverely devastating leslons In
foals. Later, the etlologic agent of PE was
identified using immunohistochemistry, PCR
and Southern blot hybridizaton (Willlams et
al. 1808}
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ETIOLOGY

When PE was described In horses for the
first Hmc, Campytobacter spp was thought to
be the causative agent (Duhamel! and Wheel-
don 1982). However when the second equine
case was rcported, the causative agent, Leuw-
sonla intracellularis, has been well character-
zed In pigs.

L. tntraceliularts 1s an obligatory Intracellu-
lar, gram negative, curved organism. The bac-
terium takes the acld fast (Ziokl Neelsen
stalns) but does not form spores (McOrist et
al. 1998). L ouraceltulgris grows only In a
cell culture, Intracellularly In cnterocyles, and
requires a mlcroaercphilic atmosphere {(Law-
son et al. 1963). It was found to be more
closely related to the anaerobic human patho-
gen Biolphtla wadsworthia based on the 165
rDNA testing (Sapico et al. 1064). Il was
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thought that L. intracelfularis Is a non-motile
and non-llagellated bacterlum; however, ex-
aminatfon using electron microsegpy has
shown that L. Intracellularis possesses a long,
single, unipolar flagellum {Lawson and Geb-
hart 2000).

Inflammatory Bowel Disease in Human
and L. intracellularis :

In humau, inflammatory bowel disease
(IBD) Including Crohn's disease (CD} and ul-
cerative colitts (UC) are known to be Induced
by multifactortal agent including Infeetious
and genetic elements (Bouma and Strober
2003, Gresnstein 2003 and Ohkusa et al.,
2004). The use of PCR utilfzing L intracellulasr
ts -speciflc 168l primers indicated that there
Is no association between 1BD and L introcel-
luiaris (Michalskl et al., 2008). Since this
organism Is known ito cause the dlsease in
young animals. therefore it Is unclear whether
the age factor was responsible for the fallure
of detecting positive cases.

EPIDEMIOLOGY

Proliferaive Enteropathy has been diag-
nosed in horse cases in North America before
the year of 2003. Nevertheless, slnce then
more PE cases are being reported in other
parts of the world such as Australia and Eu-
rope {(McCHatock apd Colllus, 2004). The
increase of awareness among veterinarians
may explain Increased mmumber of reports of
the disease. Whether the diseases has been
underdlagnosed or misdiagnosed In previous
years, the difficulty in the diagnosis of PE
might has contributed to the Jack of informa-
tiory in the Uterature on equine PE. The mode
of Infection in the horse 13 not clear. Howev-
er, the fact that several other specles may be
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alfeeted with PE complicates the epidemiclogy
of the disease. PE-alfected foals has been re-
ported to shed L. intracelluloris using fecal
polymerase chain reaetion (PCR) testing (La-
vole et al 2000).

The vast majority of equine PE have been
among ndividual anlmals, with the exception
of outbreaks that aflected three breeding
farms in Canada {Lavole &t al 2000). Addi-
Honal study that looked at the incldence of
the disease over a period of almost ten years
showed that PE was the second most com-
monly dlagnosed enterlc pathogens after Sal-
monella {n foals less than 12 months. This
study also indicated that the dlsease wag only
detected In foals with enterle disorders (Al-
Ghamdi 2005).

CLINICAL SIGNS

The clinfeal manlfestations of the diseage
In feals can te tricky. Clinical signs may
Include depression, anorexia, lethargy and
diarrhea (Willlams et al 1896). The diar-
rhea may range in character from diseol-
ored soft feces to watery projectile diarrhea
{(Duhamel and Wheeldon 1982, Frank et al
1908, Willilamse et al 1906). More sever dls-
ease characterized by lever and dehydration
colic -mainly abdominal pain- may be seen
early in the course of the disease (Bchumach-
sr et al 2000). During an outbreak of PE
Arablarn and Thorgughbred foals, varety of
slgns were recarded (ncluding: poor body con-
dition. emacjatlon. depression, weakness,
vernitral edema, anorexta, rough halr coat, ca-
chexia, muscle fagciculation, dehydratton, hy-
peremic mucus membranes, hypoproteine-
mia, watery diarrhea and death (Lavofe &t al
2000).
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Foals experimentally Infected with L. tntra-
cellularis had decreased appetite, colle, de-
pression, dlarthea and dehydration (Al
Ghamdi et al. 2002). The diarrhea was sever
and watery. These signs were clearly ob-
served as early as 14 days after challenge.

PATHOLOGY

Due to the fact that only a limited number
of cases of PE were conflrmed In horses in the
Uterature, Wmited information on pathologic
lesiona of equine PE (s avallable. In meal of
the reported cases gdross pathologic lesions
were lgcalized in the small Intestlite (Brees et
el 1999, Duhamel and Wheeldon 1982,
Frauk ef al 1998, Willlamse et al 1906]. DIf-
fuse and Irregular thickening of the duode-
num, fejunium, and ileum as a result of muco-
sal hyperplasta and transmural edema may
be seen.  in addition, the small intestine may
have [ocal ulcerative lesions covered with leed
and or flbrin. Such lestons varies between
the jefjunum and the lleum, with those in the
mid-jejunum being muldfocal with areas of
discold thickening. While thosc les{ong in the
distal jejunum and the fleum contain diffuse
mucosal thickening forming a rugose pattemn.
Substantial lesions of the small intestine that
included thickened wall of the jejunum and il-
eum as well as corrugated and hyperemic mu-
cosa were described in experimentally chal-
lenged foals.

Signiflcant thickening that conststs of hy-
porplastie dlandular structure can be seen in
the affected mucosa durtng histopathologic
cxamtnation. This hyperplasia results n
change In the normal structure of the epithcli-
um, resulting In an increase In protelnaccous
fluid, cellular debrls and neutrophils in the
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affected areas. The lamina propria may have
a higher number of mononucicar cells. Func-
tioning cells such as Paneth and goblet cells
are reduced In affected areas (Duhamel and
Wheeldon 1982}

Clinical pathology may include increased
fibrinogen, an indication of an ongoing Inflam-
matory response (Brees et al 1999, Frank et
al 1988, Lavole et al 2000). Additional In-
flammatory parameters can be indicative,
such as an elevaled band neutrophil count,
elevated lymphocytes, and leukocytosis gener-
al. Serum blochemical analysis may show, hy-
poproteinermmia -the most constant finding (n
PE affected animals-, hypoglycemia, hypona-
tremia, azotemla, elevated alkaline phospha-
tas¢ and crealine kinase.

DIAGNOSIS

Clinical findings of PE (n horses are not
specific and may resemble other gastrontesti-
nal diseases. Therefore, the clinical dfagnosis
ol PE has been complicated to veterinarians
slnce most dlagnosis was based on postnior-
lem examinatlon ol sugpected cases. Gross
and histologic indings of lestons in the small
tintestine area have been key elements In
reaching diagnosis {(Duhamel and Wheeldon
1982, Frank et al 1908, Willams et al
1996). Warthin-Starry silver and Ziehl-
Neslsen stalning may detect the bacteria in
the apical part of the cytoplasm of enterocytes
during light microscopy examination. Electron
microscopy Is also used to visualize stralght
or curved bacllli within the cytosol ol enleroc-
vtes. Immunochistochmesitry (IHC) utilizing
monoclonal antibodics prepared against por-
cine L. intraceltularis are used against Intestl-
nal Hssue samples (McOriat et al 1987).
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Red-brownish IHC staining (n thc apical cyto-
plasm mndicates alfected Intestinal cclls. In the
meantime, molecular approaches Including
polymerase chaln reaction and Scuthern blot
hybridization that speciBlcally target a previ-
pusly cloned DNA fragment of L. intracellularts
were usged to further confinn this Bnding,.

DIFFERENTIAL DIAGNOSIS

Several viral, bacterial, parasitic, and non-
Infectlous diseases have (o be constdered as a
differential diagnosis for PE in fcals {(Murray
and Smith 2002) Rotavirus has to be ruled
out through electron microscopy of feces, ELI-
SA, or latex agglutination tests can be used to
rule out rotaviral infectton. Equine adenovirus
infection ls most commonly seen fn mmunoed-
eflcient foals. Eateric bacterial agents such as
Salmonella spp. Closiridium spp, Neoricketisia
risticll, and Rhodococens equl have to be test-
ed for. Seral fecal cultures and/or detection
of Salmwnelta DNA it feces using PCR are
used to rule out cnteric salmonellosis. N. rist-
clt cann be ruled out using serologle testa and
on less occaslons using PCR testing of blood
sampies to detect N, dsticl! DNA. Clostddium
spp are ruled out using fecal culfure for toxd-
genic ciostridia, detectlan of clostridial toxins
or toxic genes using PCR. Finally. parasitic
diseases causing diarrhea, such as Cryplos-
poridia, should be ruled out using IFA and
acld fast staining of feces of fecal flotation.
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Non-infectious diseases causting diarrhea
such as sand Uritation. nonsterotdal drugs
{NSAID), cantharidin toxcity, gastric uleera-
Hon, and antiblotic treatment bave {o be ruled
out. This can be done by carefully questioning
the owner and taking a eomplete history of
the case,

TREATMENT

Despite the [act that ltmited work has been
carried out on treatment of PE, the treatment
can be rewarding If detected early (personal
observation). Treatment should tnciude spe-
cIfic and supportive therapy. Supportive intra-
venous fluld therapy 18 tp be used to correct
dehydration. Plasma transfusion 1s used to
correct protein loss, Antf Inflammatory agents
such as flunixin meglumtne, dexamethasone
and prednisone are given to control tnflamma-
ton. However, the use of corticosterold thera-
py may be beneficial only tn the thitlal phases
and prolonged treattnent has the risk of en-
hancing the disease. Antiulcer drugs such as
clmetidine may be required. Antibiotic thera-
py (8 focused on the use of oral administra-
tlon of combined erythromycin/rifampin,
which ie the treatment of chotee to control L.
intracellutlaris (MeOcist et al 1998). Other an-
tiblotcs such as chlorarmuphenicaocl and axyte-
tracycline has been used with $ome success
on limlied number of cases under field condl-
tions but the risk has to be addressed.

¢
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