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Interdisciplinary Team
Seeks Parasite That
Causes EPM

CPIWI (Equine Protozoal My-
••• IVI eloencephalitis) is the most
common cause of neural disease in

American horses. Usually affecting
young adult Standardbreds, its course
is particularly cruel: progressing from
weakness, incoordination, and some
times the loss of balance, to the inability
to stand, paralysis of the hind or all four
limbs and, eventually, death. At pres
ent, there is no effective treatment.

It's a disease that's particularly diffi
cult to diagnose. There is no definitive
serologictestbecause the parasitic proto
zoan that causes EPM is unknown.

Before a clinical diagnosis can be at
tempted the disease must be in its ad
vanced stages, when much brain or
spinal cord tissue damage has already
been done by the parasite as it spreads
from cell to cell. Even then it's tough to
be sure because EPM looks very much
like three other major spinal cord disor
ders; usually only an equine clinician
experienced with neurologic diseases is
equipped to recognize it.

"The fact that EPM is so difficult to

diagnose means that the actual number
of cases is probably much higher than
just those we know about," says Dr.
Dwight D. Bowman, an assistant pro
fessor of parasitology, who with sup
port from the Zweig Memorial Fund,
heads a team of researchers investigat
ing the cause of EPM.

"The horses we see here already have
lesions in the spinal cord or the brain
stem, but these horses may only be the
tip of the iceberg," he explains. "There

A EPM usually affects young adultStandardbreds.
at present, there is no effective treatment for the
neural disease.

may be a lot of horses out there that
harbor the organism, but don't show
any signs, just as there are many people
who have antibodies to Toxoplasmosis, a
similardisease affecting people, yet very
few have the disease.

"On the other hand, it could be that as
soon as the horse becomes infected with

the organism, the symptoms appear. We
just don't know because there is no sero
logic test. And because we don't know
how horses are becoming infected we
can't come up with any scheme to break
the cycle, to prevent their exposure to
the parasite."

The key lies in identifying the infec
tious parasite. Then veterinarians can
make a definitivediagnosis, which could
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The fact that EPMis so difficult
to diagnose means that the actual
number of cases isprobably much
higher than just those we know
about".

later lead to discovering both how the
disease is transmitted and how it could

be treated.

To find the parasite, Bowman and is
working with a neurologist; an anato-
mist/organismal morphologist; a pa-
thologist/immunohisto-chemist; and a
scientist from the United States Depart
ment of Agriculture who is an expert in
the group of suspected organisms. He
and his team have narrowed the field to

those parasites that are morphologically
related, that is similar, to Toxoplasma
and to the newly discovered dog parasite
Ncospora.

"Based on our knowledge of these
two organisms there is no reason to
believe that EPM is infectious from horse

to horse. Rather there is probably an
other host animal in whose intestines

the parasite reproduces and then is
expelled in its feces," says Bowman.
"Horses then come in contact with the

parasite by eating contaminated food
stuffs."

In order to isolate the organism, in
fected brain or spinal cord tissue must
be removed from a horse with EPM. The

(continued on page4
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Intestinal Nerve

Damage May
Cause Colic

O 0% I • r» —which can result froma
OUIIv variety ofintestinal disor
ders—is the leading cause of death in
horses. One insurance company reports
an annual loss to the horse industry of
$100,000,000 due to colic.

Most cases of colic are caused by
poor management practices, according
to Dr. Gil Burns, a doctoral candidate in
the Department of Anatomy. "Inappro
priate parasite prevention programs,
abrupt changes in nutrition or low qual
ity nutrition, an insufficient water sup
ply, poor trailering techniques, and pas
turing in sandy paddocks can all lead to
the abdominal pain known as colic,"
Burns says.

But what about those horses who are

well cared for yet, nevertheless, experi
ence chronic colic? Through a grant
from the Zweig Memorial Fund, Burns
is investigating whether damage to the
nerves in the gastrointestinal tract might
be the answer.

The equine intestinal nervous system
consists of two large groups of nerve
cells called plexuses. One plexus coor
dinates the absorbing and secreting ac
tivities that occur during digestion and
the other causes the smooth muscles of

the intestinal wall to contract, moving
food through the system. It is in this lat
ter plexus, called the myenteric plexus,
that Burns suspects the trouble may lie.
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"Any disturbance in the function of these
nerves would cause abnormal move

ment in the gut which the horse would
then experience as colic," he explains.

A site along the intestine that is of
particular interest to Burns is a portion
of the large colon called the pelvic flex
ure. It is in this area that horses regulate
the flow of digesta through the large co
lon. "Horses are hindgut fermenters, that
is they digest cellulose and complex
carbohydrates in the large colon as
opposed to cows which digest these
substances in a series of fore-stomachs,"
Burns explains. "The plant materials are
kept in the initial portion of the colon,
which acts like a holding vat, for about
72 hours by waves of muscle contrac
tions that sweep large food particles
backward into this region until they are
fully digested. Then they proceed down
the intestinal tract."

Previous research conducted at

Cornell's College of Veterinary Medi
cine would indicate that these coordi

nated waves of contractions that move

food back up into the initial portion of
the colon and then eventually through
the pelvic flexure seem to be controlled
by a pacemaker mechanism. Such a
mechanism would require a larger

number of nerve endings in this loca
tion than elsewhere in the large colon.
And that is just what Burns discovered.

In his research Burns examined

samples of the myenteric plexus at 10
different sites along the gastrointestinal
tract. His study results indicate that there
is increased nerve density at the pelvic
flexure, corroborating the presence of
the pacemaker mechanism. This is the
first detailed account of the structure

and numbers of these nerves in the

healthy horse. As such they provide an
essential baseline against which to judge
damage to the intestinal nervous sys
tem. What's more, to coordinate such
complex muscle function these nerve
endings secrete perhaps as many as 17
different kinds of neurotransmitters,
some of which induce the muscles to

contract, others to inhibit contraction,
and yet others to regulate the two ac
tions.

Burns next step is to delve into the
complexities of how each of the differ
ent typesof neurotransmitters function.
In the end, what he learns about the
structure and the function of the nerves

in the equine intestine will enable re
searchers to confirm whether their

damage is, indeed, a cause of colic.



Brain Cell Studies

Seek Cause of

Roaring

Imagine a cluster of cells the size of a
grain of rice. It's one such tiny group
of neurons, imbedded deep in the

brainstem of a horse, that is responsible
for opening its larynx at each breath. An
abnormality in these few cells might
well be the cause of roaring. Dr. Susan
Hackett, a doctoral candidate in the De

partment of Anatomy, wants to find
out.

Roaring (idiopathic laryngeal hemi
plegia) is the most common upper respi
ratory obstructive disease in horses,
affecting at least 5 percent of the Thor
oughbred population. Typically the
larynx of a roarer is paralyzed on the left
side, so that the horse has use of only
half of its airway. Unable to breath fully
while running, the horse quits.

Although roaring has been recog
nized as a disease for many years its
cause is still unknown. The symptoms
can be treated through surgery but this
is effective in only about half the cases.
Hackett, supported by a grant from the
Zweig Memorial Fund, aims to pinpoint
the cause.

"Early research into roaring showed
that the muscles activating the larynx
were smaller than they should be,"
Hackett explains. "Then in the '40s and
'50s it was found that the muscles were

atrophied because the nerve that acti
vates them was damaged: itbecame clear
that roaring was primarily a disease of
the nerves, not of the muscles."

The nerve in question ends at the
larynx after traveling about 71/2 feet in
a tall horse. The nerve runs down the

neck from the larynx, loops around the
aorta in the chest, and then goes back up
to the brainstem where it began as a tiny
group of neurons (or nerve cell bodies)
known as the nucleus ambiguus. From
this one spot, signals are sent along the
nerve (via axons, which compose the
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A Labeled neuron inleft nucleus ambiguus following injection of the left vagal nerve withhorseradish
peroxidase

nerve and which are extensions of the

nerve cell bodies) telling the muscles to
contract, opening the larynx. An abnor
mality here, Hackett believes, would
cause the whole system to falter.

Her first problem was to find that
grain of rice, because the nucleus am
biguus is aptly named. "It's only a small
number of neurons loosely grouped
together," Hackett explains. "At it's
thickest point it only contains about 30
neurons. The area where it's located has

been examined before but with only a
light microscope and there was no way
for researchers to be certain they were
even looking at the correct neurons.
What I needed first was a road map to
find the exact location."

Hackett created this map by using a
retrograde tracing technique whereby
she injected the nerve with horseradish
peroxidase (HRP). The HRP was trans
ported along the axons back to the nu
cleus ambiguus, marking each neuron.

In the second phase of the project,
just now underway, Hackett will use the
map to remove the ambiguus neurons
from two healthy horses and two that
roar. She'll then examine these under an

electron microscope, looking at what's
never been seen before.

"I will be looking for two things,"
Hackett says. "First I want to see if

there's a difference between the cells

from the horses that roar and those that

don't. Then secondly I want to identify
what kind of difference it is, whether the
difference suggests there's something
basically wrong with the nerve cell body
so that the axon can't function properly
or whether a problem located in the
axon is affecting the nerve cell body."

Observable differences could lead to

an understanding of cause, hence both
to prevention and to treatments that are
less invasive and expensive than sur
gery, the only treatment available to
day. "If we saw differences that suggest
there is a dietary deficiency or found
evidence of hypothyroidism or an envi
ronmental toxin then we could supple
ment the diet, chemically treat the hypo
thyroidism, or remove the toxin," she
explains. "Although we know there is a
genetic component to roaring, it's clear
that other factors are involved in devel

oping the disease."
Hackett's work is a major stepping-

stone to a fundamental understanding
of the form and function of nerve cells

that have never been described before.

And from it could come the key to pre
venting one of the racing industry's most
pervasive problems.
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organisms present in that tissue will
then be grown in the laboratory using
two different procedures: in laboratory
animals by the team here at Cornell's
College of Veterinary Medicine and in
tissue at the Zoonotic Disease Labora

tory of the United States Department of
Agriculture in Beltsville, Maryland.

"Having isolated the organism we
can identify what it is," says Bowman.

"Once we get it to multiply then it's
possible to do two things: begin drug
trials to find an effective treatment and

develop an immunodiagnostic test.
When this is accomplished early cases of
EPM could be diagnosed and treatment
commenced before this devastating dis
ease cripples the animal."

Preventive work could also progress
more rapidly. With a serologic test in
hand, field studies could be done in lo
cales where there have been outbreaks

of EPM to find out how many horses
have been exposed to the organism.
Then epidemiologists could identify the
definitive and, possibly, intermediate
hosts—those animals in whose bodies

the organism breeds. "This is the ulti
mate goal of a parasitologist," says
Bowman. "To break the cycle by limit
ing contact between the host animal
transmitting the disease and horse."
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Thoroughbred Breeding and Development Fund; Theodore J. Zornow, Avon Farms; Anna Zweig, widow of Dr. Zweig; and Robert
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