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ABSTRACT: A 19-mo-old female captive white-
tailed deer in a public wild animal park in Rich-
mond (Virginia, USA) was necropsied and eval-
uated histologically following spontaneous
death after a 1 wk period of lethargy in a cap-
tive herd of 22 deer. An acute necrotizing
pneumonia was associated with intraendothelial
protozoal schizonts that were identified im-
munohistochemically as Sarcocystis spp. This is
the first confirmed report of acute sarcocystosis
in a wild ruminant.

Key words: Case report, Odocoileus virgi-
nianus, pneumonia, Sarcocystis spp., sarcocys-
tosis, schizonts, white-tailed deer.

A private veterinary practitioner per-
formed a necropsy on a 19-mo-old female
white-tailed deer (Odocoileus virginianus),
housed in a public wild animal park in Rich-
mond, (Virginia, USA; 77�30�N; 37�30�W).
The deer died following a 1 wk period of
lethargy characterized by standing by itself
and separation from 21 other deer in the
herd. The deer were held in a 1/4 ha fenced
enclosure with six bison (Bison bison) and
the animals were hand fed a grain mixture
and mixed grass hay. A stream that ran
through the enclosure served as the water
source. At necropsy, 11 ml of clear yellow
fluid was present in the pericardial space.
No other significant findings were noted.

Samples of lung, liver, kidney, small in-
testine, colon, abomasum, and heart were
collected, fixed in 10% buffered neutral
formalin, and submitted for histopatholog-
ical examination. The tissues were routinely
processed, embedded in paraffin, sectioned
at 5 �m, and stained with hematoxylin and
eosin. Additionally, tissue sections were
subjected to immunohistochemistry with
three polyclonal rabbit antisera, each spe-
cific for Sarcocystis cruzi, Toxoplasma gon-

dii, and Neospora caninum, respectively,
using previously described methods (Lind-
say and Dubey, 1989; Dubey et al., 1991).

Histologically, significant lesions were
limited to the lung, heart, liver, and kidney
(Figs. 1, 2). Sections of lung had marked
diffuse alveolar congestion and alveolar lu-
mens were filled with homogenous eosin-
ophilic material consistent with edema.
There was acute multifocal necrosis of al-
veolar walls with pyknosis, karyorhexis, and
microthrombosis. Many alveolar capillary
endothelial cells had large protozoal schiz-
onts containing 1–2 �m diameter merozo-
ites. A schizont was identified in the cyto-
plasm of an endothelial cell in a muscular
coronary artery. The liver had several small
foci of necrosis that were associated with
neutrophilic infiltration and there were nu-
merous scattered individual hepatocytes
that were necrotic. Schizonts were present
in glomerular capillaries and arterioles.
There was occasional random multifocal
necrosis and microthrombosis of several
capillary tufts. Sarcocystosis was suspected
based on light microscopy and organisms
were definitively identified as Sarcocystis
sp. by immunohistochemistry based on re-
activity with S. cruzi antiserum, and lack of
reactivity with T. gondii or N. caninum an-
tisera.

Sarcocystis spp. are apicomplexan par-
asites that have a two host life cycle (Dub-
ey et al., 1989). The intermediate host is
usually a herbivore or an omnivore, while
the definitive host is usually a carnivore or
omnivore. The intermediate host becomes
infected by ingesting sporocysts in food or
water that has been contaminated by the
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FIGURE 1. Lesions and Sarcocystis sp. in tissue sections of a naturally infected white-tailed deer. A. Lung
with interstitial pneumonia, septal necrosis, infiltrates of mixed leukocytes and merozoites (arrows). H&E
stain, Bar � 20 �m. B. Lung demonstrating several schizonts bulging in to the alveoli. ABC stain with anti-
Sarcocystis cruzi antibody. Bar � 200 �m. C. Kidney demonstrating three schizonts in a glomerulus (arrows)
and three schizonts in an arteriole (arrowheads). ABC stain with anti-S. cruzi antibody. D. Lung demonstrating
a schizont (arrow) in a capillary. H&E stain. Bar � 20 �m.

feces of the definitive host that produces
the sporocysts. Following excystation of
the sporocyst, sporozoites migrate from
the intestine to arterial vessels where they
develop into first-generation schizonts in
endothelial cells. These schizonts divide by
endopolygeny (a special type of schizogo-
ny) to produce first-generation merozoites.

These merozoites enter the circulation and
enter endothelial cells found in a variety
of organs and undergo a second-genera-
tion of schizogony and produce second-
generation merozoites. Second generation
merozoites enter the circulation and even-
tually enter the heart, skeletal muscle, and
occasionally neural tissue where they de-
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FIGURE 2. Developing and mature schizonts of Sarcocystis sp. in the lung of a white-tailed deer. All H&E
stain, Bar � 20 �m. A. Two schizonts in a capillary. Note the lobated nucleus (arrow) of the developing
schizont and the merozoites (arrowhead) in the mature schizont. B. Immature schizont with lobated nucleus
and two prominent nucleoli (arrowheads). C. Developing schizont (large arrow) and mature schizont (small
arrows).

velop into sarcocysts that contain brady-
zoites. Ingestion of sarcocysts by an appro-
priate definitive host leads to sexual repro-
duction, oocyst formation, and sporulation
of oocysts in the lamina propria of the in-
testine (Dubey et al., 1989). Fully sporu-
lated sporocysts are excreted in the feces.

Sarcocystis spp. infections are usually
asymptomatic in the intermediate host,
but if large numbers of sporocysts are in-
gested by pregnant or young animals, clin-
ical disease and death can occur (Dubey
et al., 1989). Abortion, wasting, and hem-
orrhaging of mucosal surfaces are the main
signs observed in acute sarcocystosis in the

intermediate host. Lesions are due to de-
veloping schizonts in endothelial cells.

Sarcocystis spp. infections are highly
prevalent in white-tailed deer (Lindsay et
al., 1988; Atkinson et al., 1993). White-
tailed deer are the intermediate hosts for
two named species of the genus Sarcocys-
tis (Dubey et al., 1989). Sarcocystis odo-
coileocanis produces microscopic sarco-
cysts that have a 2–3 �m thick sarcocyst
wall (Crum et al., 1981). The definitive
hosts for S. odocoileocanis include dogs
(Canis familiaris), wolves (Canis lupus),
coyotes (Canis latrans), red foxes (Vulpes
vulpes) and gray foxes (Urocyon cinereoar-

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 19 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



360 JOURNAL OF WILDLIFE DISEASES, VOL. 36, NO. 2, APRIL 2000

genteus) (Dubey et al., 1989). Sarcocystis
odoi produces sarcocysts that have a 5–10
�m thick sarcocyst wall (Dubey and Lo-
zier, 1983). The definitive host for S. odoi
are cats (Dubey and Lozier, 1983). The
white-tailed deer probably serves as inter-
mediate host for more than these two spe-
cies based on sarcocyst morphology (At-
kinson et al., 1993).

To our knowledge, naturally occurring
acute sarcocystosis has not been previously
been reported in the white-tailed deer or
other cervids. To date, no other deer at
this park have been affected. Lesions in
this case resembled accounts of acute sar-
cocystosis in adult cattle, originally de-
scribed in Canada and called Dalmeny dis-
ease (Dubey et al., 1989). A species of Sar-
cocystis, S. hemionilatrantis is pathogenic
for mule deer (O. hemionus hemionus). Of
12 mule deer fed 5 � 104 to 1 � 106 spo-
rocysts, all became anorexic and uncoor-
dinated and 9 died (Dubey and Kistner,
1985). However, natural fatal cases of S.
hemionilatrantis infections have not been
documented in mule deer. Data on the
natural epizootiology of Sarcocystis spp. in
mule deer suggests that S. hemionilatran-
tis infection predisposes mule deer to pre-
dation (Dubey and Kistner, 1985).

The deer described in this report was
housed in an enclosure with bison (B. bi-
son) and this enclosure had housed these
species exclusively for the past 10 yr.
While this was a naturally occurring case,
confinement and hand feeding practices
were speculated to have created condi-
tions suitable for development of acute
sarcocystosis in this deer. Contamination
of feed or water was considered likely as a
cause of overwhelming infection. Several
carnivores and omnivores including: red
and gray foxes (Vulpes vulpes, Urocyon ci-
nereoargenteus), bobcat (Felis rufus),
opossum (Didelphis virginianus), and bear
(Ursus americanus) were held in separate
enclosures within this wild animal park.
Preventive measures to limit cross-con-
tamination of different enclosures with fe-
ces carried on boots or other equipment

was not in common practice. None of the
captive carnivores or omnivores that could
be considered potential definitive hosts
were housed upstream of the enclosure in
which this deer was held. Wild foxes and
wild dogs had been previously observed in
the park. Attempts to exclude wild foxes
and dogs from the park had failed. A feral
cat was resident in the park, but recently
has been removed. Since then, additional
feral cats have been observed. The mixed
grass hay was stored in a barn and rac-
coons (Procyon lotor) were known to in-
habit part of the hayloft and fecal contam-
ination of the hay was noted. Additionally,
raccoon scats were observed in the enclo-
sure holding the deer and bison. Contam-
ination of forage or water with feces from
any of these animals could have provided
a source of exposure.

Many wild cervids serve as intermediate
hosts for Sarcocystis sp., yet different spe-
cies of Sarcocystis are considered host spe-
cific (Dubey et al., 1989). We observed
merozoites and schizonts, but not mature
sarcocysts indicating acute infection. Be-
cause sarcocysts were not present in myo-
cardial sections and skeletal muscle was
not examined, we were not able to defin-
itively identify the Sarcocystis sp. It is
quite possible that either of the previously
named species of Sarcocystis documented
in white-tailed deer or a previously un-
named species was present in this case.

We acknowledge the histotechnical as-
sistance of J. Songer, L. Vest, and M. Ber-
ger.
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