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SARCOCYSTIS NEURONA N. SP. (PROTOZOA: APICOMPLEXA),
THE ETIOLOGIC AGENT OF EQUINE PROTOZOAL

MYELOENCEPHALITIS

J. P. Dubey, S. W. Davis, C. A. Speer*, D. D. Bowmant,

A. de Lahuntat, D. E. Granstromi, M. J. Topper§$,
A. N. Hamir|, J. F. Cummingst, and M. M. Suter}

Zoonotic Diseases Laboratory, Livestock and Poultry Sciences Institute,
Agricultural Research Service, U.S. Department of Agriculture, Beltsville, Maryland 20705

ABSTRACT: Sarcocystis neuronan. sp. is proposed for the apicomplexan taxon associated with myeloencephalitis
in horses. Only asexual stages of this parasite presently are known, and they are found within neural cells and
leukocytes of the brain and spinal cord. The parasite is located in the host cell cytoplasm, does not have a
parasitophorous vacuole, and divides by endopolygeny. Schizonts are 5-35 um x 5-20 pm and contain 4-40
merozoites arranged in a rosette around a prominent residual body. Merozoites are approximately 4 X 1 um,
have a central nucleus, and lack rhoptries. Schizonts and merozoites react with Sarcocystis cruzi antiserum but
not with Caryospora bigenetica, Toxoplasma gondii, Hammondia hammondi, or Neospora caninum antisera in

an immunohistochemical test.

A fatal protozoan encephalomyelitis (EPM) in-
fection was reported originally from horses from
Illinois (Cusick et al., 1974), Ohio (Dubey et al.,
1974), and Pennsylvania (Beech, 1974; Beech
and Dodd, 1974). Since then, this disease has
been reported from horses throughout North
America (Brown and Patton, 1977; Mayhew and
de Lahunta, 1978; Mayhew et al., 1978; Clark et
al., 1981; Dorr et al., 1984; Dubey and Miller,
1986; Mayhew and Greiner, 1986; Fayer and
Dubey, 1987; Madigan and Higgins, 1987; Brew-
er and Mayhew, 1988; Fayer et al., 1990). Al-
though the parasite initially was thought (Cusick
et al., 1974) to be Toxoplasma gondii, structural
studies (Dubey, 1974; Dubey et al., 1974) indi-
cated that the parasite was not 7. gondii but pos-
sibly (Simpson and Mayhew, 1980) a species of
Sarcocystis. Sera from a large percentage of hors-
es with EPM reacted with Sarcocystis cruzi an-
tigen in an indirect hemagglutination test, sug-
gesting that the EPM organism may be related
to Sarcocystis (Mayhew et al., 1978). Further life

Received 7 August 1990; revised 15 October 1990;
accepted 25 October 1990.
* Veterinary Molecular Biology, Montana State Uni-
versity, Bozeman, Montana 59717.
+ New York State College of Veterinary Medicine, Cor-
nell University, Ithaca, New York 14853-6401.
1 Department of Veterinary Science, University of
Kentucky, Lexington, Kentucky 40546-0099.
§ U.S. Army Medical Research Institute of Infectious
Diseases, Fort Detrick, Maryland 21702.
|| New Bolton Center, School of Veterinary Medicine,
University of Pennsylvania, Kennett Square, Penn-
sylvania 19348.

212

cycle and transmission studies have not been
successful because the parasite rarely was found
in tissues probably as a result of sulfadiazine che-
motherapy (Boy et al., 1990; Fayer et al., 1990).
Recently, an EPM-like organism was cultured in
cells from a naturally infected horse. In the pres-
ent report we describe the structure of the or-
ganism from naturally infected horses, compare
it with the cultured organism, and propose a name
for it.

MATERIALS AND METHODS

Specimens of brains and spinal cords of numerous
naturally infected horses from published reports in-
cluding those of Beech and Dodd (1974), Cusick et al.
(1974), Dubey et al. (1974), and Madigan and Higgins
(1987) as well as unreported cases were reexamined for
this report. Tissues usually had been fixed in 10% buff-
ered neutral formalin. Paraffin-embedded sections of
tissues were cut (2-6 um) and stained with hematoxylin
and eosin (H&E), periodic acid Schiff (PAS) hematox-
ylin, and Wilder’s ammoniacal silver. Formalin-fixed
tissues or deparaffinized tissue sections were processed
for transmission electron microscopy (TEM) by stan-
dard techniques.

An EPM-like organism was cultured from a naturally
infected horse killed at the New York State College of
Veterinary Medicine, Cornell University, Ithaca, New
York. Specimens of spinal cord with discolored ma-
lacic lesions were teased and then ground with mortar
and pestle in 5 ml of chilled Hanks’ balanced salt so-
lution (HBSS). The resulting suspension then was
washed once in 50 ml HBSS by centrifugation at 800
g for 10 min. The pellet was resuspended in 5 ml sterile
0.9% Na(l solution and 0.5 ml of the suspension was
pipetted into a 25-cm? culture flask containing bovine
monocytes (BM) (Speer et al., 1985). Growth medium
was RPMI-1640 plus 3% fetal bovine serum, 2 mM
L-glutamine, 10 mM HEPES, 1 mM sodium pyruvate,
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5 x 102 mM 2-mercaptoethanol, and 100 pg/ml gen-
tamicin. Cultures were incubated at 37 C in a 5% CO,
incubator for up to 1 hr before pipetting off the me-
dium, washing flasks with HBSS, and adding fresh me-
dium. Twenty days following the primary inoculation,
a flask of BM cells containing several recognizable
schizonts as well as extracellular zoites was scraped
with a cell scraper. A portion of this cell suspension
was washed in HBSS, followed by the addition of ice-
cold 2.5% glutaraldehyde in 0.1 M sodium cacodylate
buffer pH 7.4 to the pellet. The pellet then was pro-
cessed for TEM by standard techniques.

For immunohistochemical staining, paraffin-em-
bedded sections (5-6 um) from naturally infected hors-
es were reacted with antisera raised against 7. gondii,
Caryospora bigenetica, Neospora caninum, Ham-
mondia hammondi, and S. cruzi in an avidin-biotin—
immunoperoxidase complex test as described by Lind-
say and Dubey (1989). The sera were prepared in rab-
bits and appropriate controls were included in each
test. Methods used to generate sera in rabbits against
T. gondii, N. canicum, H. hammondi, and C. bigenetica
and the methods used to examine the specificity of
these reagents have been described (Lindsay and Du-
bey, 1989; Dubey, Black et al., 1990). The anti-S. cruzi
serum used was prepared by Granstrom et al. (1990).
For Sarcocystis control slides, tissues experimentally
infected with S. cruzi (Dubey, 1982), Sarcocystis capra-
canis (Dubey et al., 1984), and Sarcocystis tenella
(Dubey et al., 1982) containing sarcocysts and schiz-
onts were used.

DESCRIPTION

Sarcocystis neurona n. sp.
(Figs. 1-10)

Diagnosis: Only asexual stages known. Schizonts
and merozoites PAS-negative and located in cytoplasm
of neural cells, leukocytes, and giant cells in gray and
white matter of brain and spinal cord of horses. Schiz-
onts divide by endopolygeny. By light microscopy ear-
liest uninucleated schizonts (4—7 um X 4-5 um) contain
a large nucleus with a nucleolus (Figs. 1, 2), nucleus in
larger schizonts lobulated (Figs. 2, 3), in some schizonts
nuclear division not seen until schizont 15 um long.
In 5-6-um H&E-stained sections structure of dividing
nucleus often not clear and appears as a granulated
mass, nuclear structure visible optimally in silver-
stained sections (Fig. 3). Merozoites bud from periph-
ery of multilobed nucleus, occasionally arranged in a
rosette around a residual body (Figs. 2, 4). Schizonts
5-35 um x 5-20 um and contain 4-40 merozoites.
Mature merozoites 2—4 x 1-2 um with centrally lo-
cated nuclei (Fig. 5).

Ultrastructurally, parasites from tissues of horses and
cell culture located free in the host cell cytoplasm with-
out a parasitophorous vacuole (Figs. 6—10). Merozoites
develop exclusively by endopolygeny, 2 merozoite an-
lagen appear in close proximity to a spindle apparatus
associated with each lobe of a highly irregularly shaped
nucleus (Fig. 7). Each merozoite anlagen elongates by
posterior extension of its inner membrane complex and
subpellicular microtubules and eventually incorporates
within it a part of the schizont nucleus and cytoplasm
(Fig. 7). The pellicular membrane folds in around de-
veloping merozoites until they appear to bud at the
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schizont surface (Fig. 8). After merozoites form com-
pletely, a prominent and relatively large residual body
remains (Fig. 9). Merozoites 4.1 x 1.2 um (3.6-5.8 x
1-2 um; n = 8), lack rhoptries but contain micronemes
and usually a large, mostly empty vacuole (approxi-
mately 0.75 um in diameter) between the nucleus and
anterior tip (Fig. 10). Tissue cysts and sexual stages
unknown.

Taxonomic summary

Type host: Equus caballus (horse).

Distribution: North America.

Specimens deposited: Syntypes from horse no. 1 of
Dubey et al. (1974), deposited in U.S. National Mu-
seum Helminthological Collection, USDA, Beltsville,
Maryland as USNM Helm. Coll. no. 18450; paratypes
from a horse from Cornell University from which the
organism was cultured in vitro were deposited as USNM
Helm. Coll. no. 18451.

Etymology: The species name is derived from neu-
ral (Greek) and refers to the location of the parasite.

Remarks

Structurally, schizonts of S. neurona closely resem-
ble the schizonts of other species of Sarcocystis and
Frenkelia (Krampitz et al. 1976; Gobel et al., 1978;
Geisel et al. 1979; Dubey, Speer, and Fayer, 1989).
Also the merozoites of S. neurona lack rhoptries, are
located free in the host cell cytoplasm and divide by
endopolygeny. The absence of rhoptries in merozoites
distinguishes S. neurona, other species of Sarcocystis
and Frenkelia from any other cyst-forming coccidian
parasite found in domestic animals. The absence of
rhoptries in S. neurona was mentioned also by Simp-
son and Mayhew (1980). Although Cusick et al. (1974)
did not specifically mention the absence of rhoptries,
none is visible in their excellent illustrations.

Sarcocystis neurona is distinct structurally and an-
tigenically from T gondiiand N. canicum. Toxoplasma
gondii and N. caninum divide into 2 zoites by endod-
yogeny, whereas S. neurona divides simultaneously into
several organisms by endopolygeny. Sarcocystis neu-
rona did not react with sera against T. gondii, H. ham-
mondi, C. bigenetica, and N. caninum, but reacted pos-
itively with S. cruzi antiserum. Both schizonts and
sarcocysts of cattle, sheep, and goat Sarcocystis spp.
(S. cruzi, S. tenella, S. capracanis) reacted with the S.
cruzi antiserum. The intensity of reaction in S. neurona
was of the same magnitude as that in control Sarco-
cystis spp. slides.

The positive reactivity of S. neurona with S. cruzi
antiserum indicates its close relationship with other
species of Sarcocystis. Antigenic relationship presently
cannot be used to differentiate species within the genus
Sarcocystis because all Sarcocystis species tested up to
now cross-react serologically with each other (Dubey,
Speer, and Fayer, 1989). Although S. neurona most
closely resembles Sarcocystis species and Frenkelia, it
differs in structure and location from any of the known
species of Sarcocystis in livestock (Dubey, Speer, and
Fayer, 1989). The schizonts of S. neurona generally
were not seen in endothelium of horses, were located
exclusively in the brain and spinal cord, and contained
a prominent residual body. Schizonts of all other known
species of Sarcocystis in livestock, including the tra-
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FIGURES 1-5. Stages of Sarcocystis neurona n. sp. in the spinal cord of naturally infected horses. Figures 1,
3-5 are from 1 horse. All x1,500. 1. Three uninucleated schizonts with differentiating nuclei (arrowheads).
Periodic acid Schiff hematoxylin stain. 2. Multiple schizonts in a neuron. A, merozoite with central nucleus; B,
schizonts with undifferentiated nuclei; C, schizont with a single nucleus with a prominent nucleolus; D, E,
schizonts with multilobed nucleus; F, mature schizont with merozoites around a central residual body (arrow-
head). Double arrows point to the host cell nucleus. Periodic acid Schiff hematoxylin stain. 3. Eleven (A-K)
schizonts in presumed order of nuclear differentiation. A, merozoite with a small nucleus; K, schizont with a
highly lobulated nucleus. The schizont boundaries are clear in G, H, and J. Only nuclei are stained. Wilder’s
ammoniacal silver stain. 4. Two schizonts. The top schizont has a residual body (arrow). The merozoites are
cut in cross section (arrowhead) in the bottom schizont. Hematoxylin and eosin stain. 5. Numerous individual
merozoites (arrowheads) in a neuron. Hematoxylin and eosin stain.

ditional Sarcocystis species of the horse (Sarcocystis
fayeri), are located in blood vessels throughout the body
and do not have a residual body, at least under the
light microscope (Fayer and Dubey, 1982; Dubey, Speer,
and Fayer, 1989). None of the other species of Sar-
cocystis causes the type of encephalomyelitis seen in
EPM. Furthermore, none of the horses and ponies in-
oculated with 10 species of Sarcocystis (including S.
fayeri and S. cruzi, T. gondii, H. hammondi, and Car-

yospora sp.) developed EPM-like disease (Fayer and
Dubey, 1987).

Organisms similar to S. neurona also are associated
with encephalomyelitis in sheep, raccoons, and dogs,
but infections are rare and, therefore, it has been dif-
ficult to study their life cycles (Dubey, Speer, and Fayer,
1989; Dubey, Speer, Munday, and Lipscomb, 1989;
Dubey, Hamir et al.,, 1990; Dubey and Slife, 1990;
Dubey et al., 1991). The organisms causing encepha-
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FiGUREs 6-8. Transmission electron micrographs of Sarcocystis neurona n. sp. in cells of the horse (Figs. 6,
7) and cultured bovine monocytes (Fig. 8). 6. Spheroidal schizont and merozoite (Mz); Nu, nucleus of schizont.
% 7,500. 7. Schizont in intermediate stage of merozoite formation; Dm, developing merozoite; Nu, nucleus of
developing merozoite; Pl, plasmalemma of schizont. x11,000. 8. Merozoites in final stages of budding from the

residual body (Rb); BM, budding merozoites; Nu, nucleus. x12,000.
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Ficures 9, 10. Transmission electron micrographs of Sarcocystis neurona n. sp. in cells of the horse. 9.
Mature schizont showing 8 merozoites (Mz) and a large residual body (Rb). x9,980. 10. Merozoite. Co, conoid,
Mi, mitochondrion; Mn, microneme; Nu, nucleus. x24,900.

lomyelitis in sheep and raccoons are similar structur-
ally to S. neurona and they are, like S. neurona, re-
stricted to the brain and spinal cord. However, the
organism in the dog also causes infections in extra-
neural organs.

The type of host cells most commonly parasitized
by S. neurona varied a great deal. Although up to 10

organisms were seen in the cytoplasm of macrophages
and rarely in neutrophils, it could not be determined
whether the organisms divided in these cells or merely
were engulfed. In one horse, as many as 14 schizonts
in different stages of development were seen within a
single neuron. There were as many as 120 individual
merozoites in a single neuron. Both immature and ma-
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ture schizonts were seen extracellularly in necrotic ar-
eas of brain and spinal cord. Schizonts occasionally
were seen in multinucleated giant cells.

DISCUSSION

The organism cultured in bovine monocytes
was similar structurally to S. neurona in fixed
tissues of naturally infected horses. The final
identity of the cultured organism will have to be
confirmed with further study. The morphologic
description of S. neurona from naturally infected
horses provided in this report should serve as a
basis to compare the results of further research
with the cultured organism.

The genus Frenkelia is very similar to the ge-
nus Sarcocystis. The genus Frenkelia was pro-
posed by Biocca (1968) for the lobulated cysts
found in the brain of rodents before the discovery
of the life cycles of Sarcocystis and Frenkelia.
Both Sarcocystis and Frenkelia are similar struc-
turally and have a similar 2-host predator—prey
life cycle. The sexual phase of their cycle is re-
stricted to the intestine of the definitive (preda-
tor) host and the asexual phase is in the inter-
mediate (prey) hosts. Because of this close sim-
ilarity, it has been suggested that Frenkelia should
be synonymized with Sarcocystis. However, the
host range for Frenkelia is restricted. Only pred-
atory birds (buzzard, hawk) have been found as
definitive hosts for Frenkelia, whereas, many
mammals, birds, and reptiles act as definitive
hosts for Sarcocystis species (Dubey, Speer, and
Fayer, 1989). Frenkelia schizonts have been
found only in the liver and tissue cysts only in
the central nervous system of rodents; whereas,
Sarcocystis schizonts may be found throughout
the body, and sarcocysts typically occur in stri-
ated muscles. Therefore, Dubey, Speer, and Fay-
er (1989) recommended retaining the genus
Frenkelia.
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