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Sarcocystis SPP. IN WHITE-TAILED DEER 1. DEFINITIVE AND
INTERMEDIATE HOST SPECTRUM WITH A DESCRIPTION OF
Sarcocystis odocoileocanis N. SP.®

JAMES M. CRUM, @ RONALD FAYER @ and ANNIE K. PRESTWOOD @

Abstract: Sporocysts containing four sporozoites and measuring (avg.) 15.2 um X 10.7
um (N=195) were shed in the feces of dogs (Canis familiaris) 8 to 16 days (avg. 11.6
days) after the first feeding of venison infected with Sarcocystis sp. Sporocysts
containing four sporozoites and measuring (avg.) 11.5 um X 8.1 um (N=35) were shed
by a cat (Felis catus) 14 days after ingesting Sarcocystis-infected venison. Statistical
(pooled t-test) comparison of the mean measurements of the sporocysts passed by the
dog and cat demonstrated a significant difference (P<.01). The raccoon (Procyon
lotor) and opossum (Didelphis virginiana) could not be infected with Sarcocystis from
white-tailed deer (Odocoileus virginianus).

The name, Sarcocystis odocoileocanis, is proposed for the species transmitted from
white-tailed deer to dogs. Sarcocystis odocoileocanis is differentiated from S.
hemionilatrantis Hudkins and Kistner, 1977 of mule deer (Odocoileus hemionus), S.
ovicanis Heydorn, Gestrich, Mehlhorn and Rommel, 1975 of sheep (Ovis aries)and S.
cruzi Hasselmann, 1926 (=S. bovicanis Heydorn, Gestrich, Mehlhorn and Rommel,
1975) of cattle (Bos taurus) because S. odocoileocanis has (1) low infectivity for calves
and sheep and (2) apparent insignificant pathogenicity for its intermediate host.

INTRODUCTION

Sarcosporidian cysts have been
reported in all nine genera of North
American wild ruminants; however, the
life cycle of Sarcocystis has been

The present study was undertaken to
reveal the epizootiology of Sarcocystis
sp. of white-tailed deer.

MATERIALS AND METHODS

elucidated in only four species, i.e., bison
(Bison bison),? moose (Alces alces),? mule
deer (Odocoileus hemionus)'%''142% and
wapiti (Cervus canadensis).'® There are
four accounts of Sarcocystis in white-
tailed deer, Odocoileus virgini-
anus,'®»"2122 gnd each reports a high
prevalence of cysts in skeletal muscle.
Collectively these reports suggest a wide
geographic range for the organism, viz.,
Alberta, Montana, Ontario, Texas, West
Virginia and Wisconsin.

Definitive host studies (Ex-
periments 1-6). Animals fed
Sarcocystis-infected venison included
dogs (Canis familiaris), cats (Felis
catus), raccoons (Procyon lotor) and an
opossum (Didelphis virginiana) (Table
1).

Dogs used in this study included
Beagle, Doberman x Labrador and
Beagle x Airedale pups which were
housed individually. Beagle pups were

O This study was supported by the Federal Aid in Wildlife Restoration Act (50 Stat. 917) and Contract No. 14-16-
0009-78-025, Fish and Wildlife Service, U.S. Department of the Interior, and by the Animal Parasitology
Institute, Science and Education Administration, U.S. Department of Agriculture.

@ Southeastern Cooperative Wildlife Disease Study, Department of Parasitology, College of Veterinary
Medicine, The University of Georgia, Athens, Georgia 30602, USA.

@ Animal Parasitology Institute, SEA, U.S. Department of Agriuclture, Beltsville, Maryland 20705, USA.
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laboratory reared, appeared to be
coccidia-free as determined by multiple
negative fecal flotations and had not
eaten meat. They were used to determine
prepatent and patent periods and for
production of sporocysts for transmis-
sion experiments. Doberman x Labrador
pups were littermates reared in an ex-
terior, concrete-floored pen until 8-weeks-
old. They were maintained on commer-
cially available dry dog food after wean-
ing. Doberman x Labrador puppies were
shedding wunsporulated oocysts
morphometrically similar to Isospora
canis, but sporulated oocysts or
sporocysts were not detected in preinfec-
tion fecal flotations. Beagle x Airedale
pups were littermates and were acquired
at 6 weeks of age. Pups were fed commer-
cially prepared dry dog food and
powdered milk until 8-weeks-old, at
which time they were placed on experi-
ment. Beagle x Airedale pups appeared to
be coccidia-free as determined by multi-
ple fecal examinations.

Domestic cats used in the experiments
were housed in individual cages within a
semiclosed colony of cats and fed com-
mercially prepared dry cat food. The cats
had been held in the laboratory animal
care facility 2 weeks to 6 months before
being fed infected deer meat. Cats were
coccidia-free with exception of one con-
trol cat which sporadically shed un-
sporulated oocysts morphometrically
similar to Isospora felis.

A wild-caught female raccoon and two
of her captive-born young approximately
1-month-old were acquired from a city
park menagerie. The adult female rac-
coon was held 3 weeks prior to being fed
venison, during which time she was fed
commercially prepared dry dog food and
quail eggs. Fecal examinations per-
formed on the adult raccoon revealed
unsporulated oocysts of an Eimeria sp.
The two young raccoons were held in the
laboratory care facility for 3 months
prior to being fed infected meat.

The opossum was born in captivity and
placed in the laboratory animal care

facility when approximately 4-months-
old. Multiple fecal flotations did not
reveal coccidian infection. The opossum
was fed commercially prepared dry dog
food.

All experiments involving carnivores,
except Beagle pups, were conducted in
the laboratory animal care facility,
College of Veterinary Medicine, Univer-
sity of Georgia, Athens, Georgia.

Meat for experiments 1-6 was obtained
from 24 deer in four southeastern states
(Table 1). Diaphragm, esophagus, heart,
loin, thigh muscle and tongue were
transported to the University of Georgia
on wet ice. Infected muscle tissue was
determined by finding sarcocysts in
frozen sections (7 um) of esophagus,
tongue and heart that were stained with
hemotoxylin and eosin. Infected meat
from each collection was pooled, ground
in a food mill and fed daily for 2 to 4
consecutive days to potential definitive
hosts. Each feeding consisted of ap-
proximately 0.23-1.0 kg of infected meat.
Infected venison was shipped on wet ice
from Athens to the Animal Parasitology
Institute (API) in Beltsville, Maryland,
where it was fed to Beagle pups.

Feces from all carnivores were
collected daily from the day of feeding for
24 to 60 consecutive days (Table 1). A
centrifugal fecal flotation examination
was made with Sheather’s sugar
solution'® to detect coccidian parasites.

Intermediate host studies (Ex-
periments 7-11). Intermediate host ex-
periments 7 and 9 which involved deer
and sheep were conducted in the
laboratory animal care facility, College
of Veterinary Medicine, University of
Georgia. Intermediate host experiments
8, 10 and 11 involving cattle and sheep
were conducted at the Animal
Parasitology Institute in Beltsville,
Maryland.

Sporocysts collected as previously
described® from Beagles (experiments 1
and 2) were fed to or orally inoculated
into cattle, sheep and white-tailed deer
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via gavage. Animals were observed daily
for clinical signs of disease. Obser-
vations of the calves (experiment 8) also
included daily body temperatures; body
weights and packed cell volumes were
determined at weekly intervals. Obser-
vations of the sheep in experiment 11
also included daily body temperatures
and body weights taken 2 weeks prior to
inoculation, 117 days postinfection (DPI)
and 123 DPIL.

Prospective intermediate hosts were
killed and examined postmortem for
gross pathologic lesions. Representative
organs and tissues were fixed in 10%
neutral buffered formalin for histologic
preparation. Tissues were processed ac-
cording to standard procedures, em-
bedded in paraffin, cut at 7 um and
stained with hematoxylin and eosin.

Diaphragm, esophagus, heart, skeletal
muscle and tongue were collected from
prospective intermediate hosts (experi-
ment 7-9), ground and fed to dogs (Table
2). Dogs used for xenodiagnosis con-
sisted of Beagle and Beagle x Airedale
pups whose maintenance has been
previously described.

Sporocysts obtained from Beagles fed
meat of wild white-tailed deer from South
Carolina (experiment 1) were given oral-
ly to two white-tailed deer (experiment 7,
Table 2). Dosages were5 X 10*and 1 X 104
sporocysts, respectively. The deer were
approximately 9-months-old and had
been held in an isolated building in the
absence of carnivores from approximate-
ly 2 to 3 weeks of age (Table 2). Deer were
killed 90 DPI.

In experiment 8, each of two calves was
orally inoculated with 5 X 10° sporocysts
obtained from Beagles fed experimental-
ly infected deer meat (experiment 2), and
two calves served as uninoculated con-
trols (Table 2). Calves were 4-month-old
male Holstein-Friesian calves reared in
isolation from carnivores and housed in
individual stalls in an isolated building.
Calves were killed 90 DPI.

In experiment 9, an 18-month-old
mixed breed sheep and a 6-month-old

white-tailed deer each were given 1 X 103
sporocysts obtained from definitive host
experiment 2 (Table 2). The sheep had
been reared from birth in a building
isolated from carnivores. The deer was
reared from approximately 2 to 3 weeks
of age in a building isolated from car-
nivores. Both animals were held in in-
dividual stalls. The sheep and deer were
killed 120 and 104 DPI, respectively.

In experiment 10, each of two sheep
was orally inoculated with sporocysts
from Beagles fed experimentally infected
deer meat (experiment 2), and one sheep
served as an uninoculated control (Table
2). Sheep were 2-month-old male Polled
Dorset lambs born and reared in isola-
tion from carnivores and housed in in-
dividual stalls. The sheep were killed 94
DPI.

In experiment 11, each of two sheep
was orally inoculated with 1 X 10¢
sporocysts from Beagles fed experimen-
tally infected deer meat. Two sheep
served as uninoculated controls (Table
2). Sheep were 4-month-old Polled Dorset
lambs which had been reared in isolation
from carnivores and housed in in-
dividual stalls. The sheep were killed 123
DPI.

An index of infectivity was calculated
for all herbivores (Table 2) by counting
sarcocysts per section of cardiac and
striated muscles (viz., diaphragm, es-
ophagus, skeletal muscle and tongue)
and then dividing by the area (cm?2) of the
sections. Areas were calculated by pro-
jecting the sections from a standard
distance and tracing the images. The
tracings were measured using a digitizer
coupled to an electronic graphics
calculator.

RESULTS

Experiments 1-6. All 13dogs and 1 of
5 cats fed Sarcocystis-infected venison
shed sporocysts. Sporocysts were not
detected in the feces of the raccoons,
opossum and unfed control dogs or cats
(Table 1).
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Sporocysts were first observed in the
feces of dogs 8 to 16 days (avg. 11.6 days)
after the first feeding of infected venison
(Table 3). Patent periods were not deter-
mined, but sporocysts were found in the
feces for at least 38 DPI. Sporocysts first
observed 10 DPI in feces from one Beagle
(experiment 1) were present in pairs. It
was not determined if they were sur-
rounded by an oocyst wall. Sporocysts
were next shed by this dog 13 DPI, at
which time only single sporocysts were
found (Fig. 1). Other dogs did not shed
paired sporocysts. Shedding of
sporocysts by Beagles was intermittent
and never occurred for more than 6
consecutive days. All other dogs shed
sporocysts continuously. Sporocysts
shed by all dogs were morphologically
similar; each sporocyst contained four
sporozoites and a compact granular
residuum. Sporocysts averaged 15.2 um
X 10.7 um (13.2-15.7 um X 8.8-12.1 pym)
(N-195).

Sporocysts were first detected 14 DPI
in the feces of one cat fed meat of wild
white-tailed deer from West Virginia.
Similar to the dog in experiment 1,
sporocysts first observed in feces of the
cat were present in pairs and appeared to
be surrounded by a very thin oocyst wall.
Paired sporocysts gradually decreased in
occurrence until only single sporocysts
were present. From a total observation
period including 17 days preinfection
and 60 DPI, sporocysts were detected
intermittently between 14 DPI and 38
DPI. Sporocysts contained four
sporozoites and a granular residuum
which varied from scattered to compact
(Fig. 2). Sporocysts averaged 11.49 um X
8.09 um (11-13.2 um X 6.69 um) (N=35).

Statistical analysis (pooled t-test) com-
paring the mean measurements of the
length and width of sporocysts passed by
the dog and cat demonstrated a signifi-
cant difference (P<.01).

Experiments 7-11. White-tailed deer
inoculated with sporocystsin experiment
7 did not have clinical signs or necropsy
lesions suggestive of disease. Each

FIGURE 1. Sarcocystis odocoileocanis
n. sp. sporocyst with 4 sporozoites and
granular residuum. X 1850.

~.

FIGURE 2. Sporocyst shed by a cat fed
Sarcocystis-infected white-tailed deer
meat. X 1840.

histologic section of diaphragm, eso-
phagus, heart, skeletal muscle and
tongue contained 1 to 272 sarcocysts
(Fig. 4A). Multifocal areas of inflam-
matory cell infiltration occurred in both
skeletal and cardiac muscles and were
associated mainly with sarcocysts. The
esophagus and tongue were the most
heavily affected. Inflammatory foci were
similar in both muscle types and con-
sisted of a central concentration of
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mononuclear  cells, predominantly
macrophages and lymphocytes, with a
dispersion of giant cells and eosinophils.
A proliferation of sarcolemma nuclei of
surrounding muscle fibers was present
around the foci. Dogs fed meat from these
deer shed sporocysts.

Calves inoculated with sporocysts in
experiment 8 had normal weight gains,
temperatures and packed cell volumes.
Gross lesions were not observed at post-
mortem examination. Microscopic ex-
amination revealed 1 to 6 sarcocysts in
each histologic section of diaphragm,
esophagus, heart, ocular muscles, tongue
and other skeletal muscles (Fig. 4B). Mild
multifocal interstitial myocarditis was
present in both experimentally infected
calves. The predominant cells present in
the microscopic lesions were
macrophages, a lesser number of
lymphocytes and a few plasma cells.
Kidney sections from each calf had
predominantly lymphocytic, multifocal,
mononuclear cell infiltrates with a
vascular distribution. Similar multifocal
infiltrates were seen in the lungs and
liver. Dogs fed musculature from calves
shed sporocysts which were similar to
sporocysts collected from dogs fed in-
fected venison. Microscopic examination
of tissues from the control calves did not
reveal Sarcocystis or histopathologic
lesions, nor did the dogs fed musculature
of the control calves shed sporocysts.

In experiment 9, a sheep inoculated
with sporocysts did not show clinical
signs nor did histologic examination of
selected tissue or xenodiagnosis reveal
Sarcocystis. A deer, inoculated at the
same time as the sheep, became infected
as demonstrated histologically and by
canine xenodiagnosis.

Neither of two sheep orally inoculated
with sporocysts in experiment 10 showed
clinical signs of infection and both
appeared normal at postmortem ex-
amination. Microscopic examination
revealed intramuscular cysts in one
sheep. In histologic sections of
diaphragm, esophagus, heart and

FIGURE 3. A cyst of Sarcocystis
odocoileocanis n. sp. in skeletal muscle of
experimentally infected white-tailed
deer. X 975.

tongue, 57, 18, 52 and 66 cysts were
found, respectively. Slightly more than
half the cysts contained zoites; all cysts
contained metrocytes, indicating that all
had developed recently. Cysts were not
found in the other inoculated sheep or in
a control sheep.

In experiment 11, one of the two in-
fected lambs began to lose wool 40 DPI
and by 54 DPI there was almost complete
alopecia. Temperatures of both infected
sheep remained normal. Microscopic ex-
amination revealed sarcocysts (Fig. 4C)
in both inoculated and both control
lambs, however, there were approximate-
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ly 100 times the number of sarcocystsper  experiment was terminated, control
section in the infected lambs than inthe lambs had gained 20.8 and 20.2 kg
controls (Table 2). At 123 DPI, when the  whereas the infected lambs had gained

‘\

()

FIGURE 4A and 4B. Cysts of Sarcocystis odocoileocanis n. sp. in skeletal muscle of
experimentally infected (A) white-tailed deer X 1520, (B) calves X 1520. H & E stain.
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FIGURE 4C. Cysts of Sarcocystis odocoileocanis n. sp. in skeletal muscle of
experimentally infected (C) lambs X 1075. H & E stain.

only 7.7 and 8.2 kg. Two dogs fed infected
lamb shed large numbers of sporocysts
from 8-26 DPI and 12-27 DPI, respective-
ly. These sporocysts were similar to those
collected from dogs fed infected venison.
The dogs were killed at 28 and 29 DPI,
and approximately 17 X 10% sporocysts
were found in mucosal scrapings from
each dog.

Sarcocysts observed in all deer, calves
and lambs were morphologically
indistinguishable.

Description: Sarcocystis odocoileo-
canis n.sp., (Fig. 1, 3, 4).

Intramuscular cysts occur in both car-
diac and skeletal muscles of white-tailed
deer, cattle and sheep. Cysts in skeletal
muscle of deer 104 days post inoculation
measure 149.5 um to 535.9 um by 29.9 um
to 50.6 um (avg. 264.0 um X 39.9 um
N=15). Prepatent period in dogs varies
from 8 to 16 days (avg. 11.6 days). Patent
period is =38 days. Sporocysts 13.2 um to
15.7 um by 8.8 um to 12.1 um (avg. 15.2
um X 10.7 um N=195) contain four

sporozoites and a compact granular
residuum. A stieda body is absent.
Intermediate Host: primarily
white-tailed deer (Odocoileus virgini-
anus); secondarily, cattle (Bos taurus),
sheep (Ouis aries).
Definitive Host:
(Canis familiaris)
Type Locale: South Island, George-
town County, South Carolina. Ad-
ditional Locales: Escambia County,
Florida, and Nottoway County, Virginia.
Type Specimens: Tissue cysts
deposited in U.S.N.M. Collection No.
76621.

Domestic dog

DISCUSSION

The results of this study are similar to
previous studies on the life cycle of
Sarcocystis spp.” As in moose,> mule
deer,'™''4  wapiti'* and domestic
ruminants,™?" the life cycle of one species
of Sarcocystis in white-tailed deer is
completed through Canidae.
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Sporocysts shed by dogs in the present
study are similar morphometrically to
sporocysts of S. hemionilatrantis
Hudkins and Kistner, 1977 from mule
deer,!!! S. ovicanis Heydorn, Gestrich,
Mehlhorn and Rommel, 1975 from
sheep'%?and S. cruzi Hasselmann, 1926
(=S. bovicanis Heydorn, Gestrich,
Mehlhorn and Rommel, 1975) from
cattle.»!! Unlike S. hemionilatrantis, S.
odocoileocanis is infective for cattle and
sheep and is less pathogenic for its
intermediate host as compared to
previously reported comparable infec-
tions of S. hemionilatrantis.'®'
Sarcocystis odocoileocanis differs from
S. ovicanis in pathogenicity for sheep
and infectivity for calves; it did not
produce clinical signs in lambs as severe
as those reported in comparable ex-
perimental infections of S. ovicanis in
lambs!® but was infective for calves while
S. ovicanis is not.* Sarcocystis
odocoileocanis differs from S. cruzi in
pathogenicity and infectivity for calves;

it did not produce clinical or microscopic -

manifestations in calves similar to those
reported in comparable experimental in-
fections of S. cruzi in calves.*'? Infectivi-
ty for bovine heart was comparable to
that for white-tailed deer heart, but infec-
tivity for bovine striated muscle was less
than infectivity for white-tailed deer
striated muscle as demonstrated by the
number of sarcocysts present in the
calves as compared to white-tailed deer
(Table 2). Previous studies revealed rac-
coons shed sporocysts of S. cruzi.* This
differs from the present findings in that

Acknowledgements

raccoons did not become infected with S.
odocoileocanis.

The successful transmission of S.
odocoileocanis to cattle and sheep
parallel recent findings that avian
Sarcocystis can infect multiple in-
termediate hosts.! However, the low in-
fectivity and pathogenicity of this
parasite for cattle and sheep as
demonstrated in the present study
suggest cattle and sheep are of little
clinical consequence in the epizootiology
of S. odocoileocanis in white-tailed deer
and vice versa.

The apparent infection of the cat
revealed by this study suggests that a
second species of Sarcocystis exists in
white-tailed deer. Reasons for the detec-
tion of this possible species in only one
locality are unknown, but geographic
differences in evolutionary developed
predator-prey relationships possibly
could be an explanation. Without ex-
perimental repetition it would be
premature to conclusively confirm a
species of Sarcocystis with a feline
definitive host.

The wide geographic origin of infected
deer utilized in this study suggests a
uniformity in the deer-dog species of
Sarcocystis in white-tailed deer
throughout the southeastern United
States. Additional surveys and transmis-
sion studies involving other carnivores
or scavengers and deer of different
locales are needed to fully understand the
species and epizootiology of Sarcocystis
infections in white-tailed deer.

The authors wish to thank personnel of the game and fish agencies of Florida,
South Carolina, Virginia and West Virginia for aid in collecting animals, and
members of the staff of the Southeastern Cooperative Wildlife Disease Study are
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