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A Report of Intestinal Sarcocystosis in the Bullsnake
(Pituophis melanoleucus sayi) and a Re-evaluation of
Sarcocystis sp. from Snakes of the Genus Pituophis

Peter Daszak' and Andrew Cunningham,? ' School of Life Sciences, Kingston University, Kingston-u-Thames,
Surrey KT1 2EE, United Kingdom and 2 Veterinary Science Group, Institute of Zoology, Regent's Park, London NW1

4RY, United Kingdom

ABSTRACT: We report a severe enteric infec-
tion of Sarcocystis sp. from a wild-caught bull-
snake (Pituophis melanoleucus sayi). The ani-
mal was collected in October 1988 by a com-
mercial dealer, imported into the United King-
dom during November 1988 and purchased by
the London Zoo, in December 1988. The animal
was not fed after capture and was anorexic from
the time of purchase to the time of death in
January 1989. On necropsy, the animal was
emaciated and the mucosa of the proximal in-
testine was markedly thickened. The lamina
propria was packed with oocysts, and entero-
cytes were parasitized by an organism which
closely resembled Sarcocystis roudabushi and
Sarcocystis idahoensis, two bisporocystid coc-
cidia described previously from Pituophis me-
lanoleucus. We propose that Sarcocystis ida-
hoensis and Sarcocystis roudabushi are synon-
ymous since both occur in the same host species,
both invade the intestinal lamina propria and
enterocytes, and sporocyst measurement ranges
of both species overlap. This is the first report
of death believed to be due to sarcocystosis in
a naturally-infected definitive host.

Key words: Pituophis melanoleucus, Sar-
cocystis, Isospora, sarcocystosis, pathology, tax-
onomy.

Sarcocystosis is an important disease of
livestock caused by the asexual develop-
mental stages of Sarcocystis spp. within
non-intestinal tissues of the intermediate
host (Dubey et al., 1989). In the definitive
host, the parasite reproduces sexually with-
in the intestinal mucosa. Reports of intes-
tinal sarcocystosis causing clinical signs are
rare, but occasionally symptoms of vom-
iting, diarrhea and anorexia have been re-
ported in humans (Bunyaratvej et al.,
1982). Here we report disease associated
with an enteric infection of a Sarcocystis
sp. in a wild-caught bullsnake (Pituophis
melanoleucus sayi).

Identification of intestinal Sarcocystis

spp. is complicated by the similarity of
their oocysts and sporocysts to those of
Isospora spp. and Toxoplasma spp. How-
ever Sarcocystis spp. undergo merogony
in the intermediate host only (Dubey et
al., 1989). The presence of fully sporulated
oocysts within the host (endogenous spor-
ulation) is another distinguishing charac-
teristic (Upton et al., 1992). Only three
coccidia with Sarcocystis sp. or Isospora
sp. types of oocysts have been described
in snakes of the genus Pituophis: Sarco-
cystis roudabushi Levine and Tadros, 1980,
(Roudabush, 1937; Pellerdy, 1974) S. ida-
hoensis Bledsoe, 1980 and an unnamed
Sarcocystis sp. Upton et al. 1992 (Wacha
and Christiansen, 1975). All are found in
subspecies of Pituophis melanoleucus. In
this paper we describe lesions associated
with a Sarcocystis sp. in a wild-caught
bullsnake, and propose that S. roudabushi
and S. idahoensis are synonymous using
the criteria by which they were originally
described.

An adult male bullsnake (Pituophis me-
lanoleucus sayi) was captured in northern
Illinois within the area 39° to 42°N, 88° to
90°W, by a Tennessee dealer in October
1988. The snake was exported to the Unit-
ed Kingdom within 2 wk of capture, col-
lected immediately upon arrival by a Brit-
ish dealer, who then sold the snake to Lon-
don Zoo in mid-December 1988. Based on
all available information, we believe that
the snake was not fed in the USA between
capture and export. The snake was not fed
during or after import into the United
Kingdom on 13 December 1988; indeed
the snake refused to eat following purchase
by the zoo until its death on 18 January
1989. The animal had no other signs of
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disease. The snake was kept in quarantine
from its arrival until its death.

The carcass was refrigerated at 3 C and
necropsied 48 hr after death. Tissue sam-
ples were fixed in neutral buffered 10%
formalin, embedded in paraffin, and 5 um
thick sections were cut and stained with
hematoxylin and eosin. In addition, a sam-
ple of intestine was embedded in epoxy
resin (Araldite CY212, Agar Scientific Ltd.,
Stansted, Essex, United Kingdom), and 1
um sections were cut and stained with to-
luidine blue (Trump et al., 1961). The di-
mensions of the spaces left after collapse
of sporocysts were measured from 1 um
resin sections. Samples of esophagus and
intestine were streaked onto 5% horse blood
agar and MacConkey’s agar (both from
Oxoid Ltd., Basingstoke, Hampshire, Unit-
ed Kingdom). Media were incubated ei-
ther aerobically or anaerobically at 25 C
for 24 and 48 hr. Bacterial isolates were
identified using API biochemical test strips
(API-bio Merieux (UK) Limited, Basing-
stoke, Hampshire, United Kingdom).

The carcass weighed 200 g and was
emaciated. The proximal gastro-intestinal
tract was empty, but some digesta were
present in the distal intestine. There was
an area of necrosis in the esophagus and
the mucosa of the proximal intestine was
markedly thickened. Microscopically, the
villous architecture of the proximal intes-
tine was disrupted; the epithelium was ne-
crotic with bacterial overgrowth and the
lamina propria was greatly thickened (Fig.
1). The serosal vasculature was markedly
congested and there was a slight infiltrate
of granulated leukocytes within the serosa.
The lamina propria was packed with bi-
sporocystid oocysts; some remaining en-
terocytes also contained oocysts (Fig. 2).
Sporocysts and oocysts had collapsed dur-
ing fixation and processing. The collapsed
sporocysts were not measured; however,
the spaces left by collapsed oocysts mea-
sured 10.2 x 7.1 (9to 16 x 5.5to 12) um.
A pentastomid in the lung had provoked
a mild infiltrate of mononuclear cells. No
other lesions were seen. A mixed growth
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FIGURE 1. Histological section through the small
intestine of a bullsnake infected with a Sarcocystis
sp. There is extensive sloughing of the epithelium.
Oocysts are visible within the remaining enterocytes
(O, arrowhead) and throughout the lamina propria
(0). E, epithelium; L, lumen; LP, lamina propria; M,
layer of longitudinal muscle. Masson's trichrome stain.
Bar = 200 um.

of Proteus spp. was cultured from the in-
testine. Proteus sp., Pseudomonas spp. and
Aeromonas hydrophila were cultured from
the esophagus.

Numerous Sarcocystis sp. use reptiles
as definitive or intermediate hosts (Ma-
tuschka, 1987). Fantham and Porter (1950,
1952) described emaciation and destruc-
tion of enterocytes during intestinal sar-
cocystosis within definitive reptile hosts.
Clinical signs and post mortem findings
reported herein are consistent with those
found by Bledsoe (1980) in a Pituophis
melanoleucus catenifer experimentally
infected with Sarcocystis idahoensis. Al-
though the mucosal necrosis seen in this
study may have been post mortem change,
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FIGURE 2.
the small intesine of the infected bullsnake. Note the
lamina propria, packed with bisporocystid (arrow-
heads) oocysts. LP, lamina propria. Toluidine blue
stain. Bar = 20 um.

A 1 um-thick plastic section through

the good preservation of other tissues and
the presence of an inflammatory response
is evidence that this was part of the disease
process. This is the first report of death
believed to be due to sarcocystosis in a
naturally-infected definitive host. It is pos-
sible that the snake was infected with Sar-
cocystis sp. in the USA during the 2 wk
between capture to export; however, the
dealer asserted that the bullsnakes are not
fed prior to export due to regurgitation
problems, and only commercially bred,
laboratory-strain white mice are used for
feeding colubrid snakes.

Bisporocystid coccidia have been de-
scribed previously from Pituophis melan-
oleucus and there has been some confusion
over their classification (Levine and Tad-
ros, 1980). At the time of the description
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of S. idahoensis, no other Sarcocystis sp.
had been described from Pituophis spp.
and Bledsoe (1980) separated Isospora
roudabushi and S. idahoensis on the
grounds of geographical separation of their
respective hosts and location of oocyst de-
velopment in the mucosa of the intestine.
Isospora roudabushi recently has been
termed S. roudabushi by Upton et al. (1992)
and we put forward the following evi-
dence that S. idahoensis and S. roudabushi
are synonymous.

The geographical separation of hosts
pertains only to subspecies of Pituophis
melanoleucus and therefore cannot be used
to distinguish the two parasite species
(Ernst and Barbour, 1989). Furthermore,
Bledsoe (1980) described S. idahoensis
from three geographically separated sub-
species of P. melanoleucus. The inter-
mediate host for S. idahoensis, the deer
mouse (Peromyscus maniculatus), occurs
throughout the range of P. melanoleucus
(Hall, 1981), and therefore within the range
of the hosts of S. roudabushi and S. ida-
hoensis (Ernst and Barbour, 1989).

Roudabush (1937) showed that S. rou-
dabushi invades the lamina propria of the
snake host intestine, and this was contrast-
ed with the more superficial infection of
the epithelial layer by S. idahoensis (Bled-
soe, 1980). However, this cannot be used
to distinguish species since other Sarco-
cystis sp. vary in their ability to invade the
epithelium and lamina propria among dif-
ferent individuals of the same host species.
For example, Sarococystis (syn. Isospora)
dirumpens Matuschka and Hafner, 1984
(Hoare, 1933) has been recorded from both
sites, with the lamina propria parasitized
to varying degrees in different specimens
of Bitis arietans (Hoare, 1933). Bledsoe
(1980) reported invasion of the lamina pro-
pria following heavy experimental infec-
tion of P. melanoleucus catenifer with S.
idahoensis, and published a photomicro-
graph to support this. Finally, Sarcocystis
idahoensis cannot be distinguished from
S. roudabushi using sporocyst dimensions,
since the measurements given by Bledsoe



(1980) for S. idahoensis (11 to 12 x 13 to
14 um) are within the range of those re-
ported by Roudabush (1937) for S. rou-
dabushi (8.8 to 11.0 x 9.6 to 13.2 um).
Thus, we propose that Sarcocystis ida-
hoensis is a synonym of Sarcocystis rou-
dabushi Levine and Tadros, 1980 (Rou-
dabush, 1937; Pellerdy, 1974). Further-
more, an isosporan parasite described from
P. melanoleucus, and renamed Sarcocys-
tis sp. Upton et al.,, 1992 (Wacha and
Christiansen, 1975) also may be synony-
mous with S. roudabushi, based on overlap
of sporocyst dimensions. The measure-
ments of sporocysts and oocysts of the par-
asite we report cannot be used in identi-
fication since the tissue had undergone
shrinkage during fixation and treatment;
however, the appearance and location of
the endogenous developmental stages are
evidence that the parasite we report may
be S. roudabushi. Due to the lack of full
life-cycle information and accurate mea-
surements, it is proposed that this species
be named Sarcocystis sp. incertae sedis.
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