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ABSTRACT: This study describes the sequential formation of lesions associated with the endogenous
development of Sarcocystis rauschorum (Apicomplexa: Sarcocystidae) in varying lemmings, Di-
crostonyx richardsoni. Lethal doses of sporocysts (>500) were orally administered to lemmings
examined 1-6 days postinoculation (DPI) whereas sublethal doses were administered to lemmings
examined subsequently. Transient necrosis and purulent inflammation, in association with precystic
merogony, occurred in the liver by 4.5 DPI, peaked at 6 DPI and subsided beginning at 11 DPI
with the liver returning to normal by 15 DPI. Cyst formation in skeletal and cardiac muscle was
associated with purulent inflammation and sarcolemmal proliferation beginning at 9 DPI. These
lesions persisted to 42 DPI. In addition, multifocal nonsuppurative meningoencephalitis was present
in six of 11 infected lemmings examined between 11 and 15 DPIL

Key words: Sarcocystis rauschorum, pathology, experimental infection, varying lemmings,

Dicrostonyx richardsoni.

INTRODUCTION

Endogenous development of Sarcocys-
tis rauschorum (Apicomplexa: Sarcocys-
tidae) in the varying lemming (Dicrosto-
nyx richardsoni) has been documented
recently (Cawthorn et al., 1984; Cawthorn
and Brooks, 1985). A single cycle of pre-
cystic merogony occurred in hepatocytes
between 4 and 6 days postinoculation
(DPI). Infections may be lethal to lem-
mings even when sporocyst dose rates are
relatively low. Cyst formation occurred
subsequently in striated muscle as early as
9 DPI, but rarely in cardiac muscle. Other
species of Sarcocystis utilizing rodents as
intermediate hosts and raptorial birds as
definitive hosts have been found to cause
disease in the intermediate hosts (reviewed
by Cawthorn et al., 1984). The purpose of
the present study was to describe, at the
light microscopic level, lesions associated
with precystic merogony and cyst devel-
opment of S. rauschorum in experimen-
tally infected varying lemmings.

MATERIALS AND METHODS

Sporocysts of S. rauschorum were obtained
from the intestinal mucosa of a snowy owl (Nyc-
tea scandiaca), and prepared for inoculation as
reported previously (Cawthorn et al, 1984).
Varying lemmings were obtained from breed-
ing colonies at the University of Guelph (Guelph,
Ontario, Canada N1G 2W1) and were main-
tained as described earlier (Cawthorn et al.,
1984).

One group of eight lemmings was inoculated
orally with 10,000 sporocysts each and the lem-
mings were killed sequentially 1, 2, 8, 3.5, 4,
4.5, 5, 5.5 and 6 days postinoculation (DPI). A
second group of 16 lemmings was inoculated
with 500 sporocysts each. They were killed at
6,7 8,9 95, 10, 105, 11, 11.5, 12, 12.5, 13,
13.5, 14, 14.5 and 15 DPI. Five lemmings were
used as uninfected controls and killed at 3, 6,
9, 12 and 15 DPI. An additional group of lem-
mings was inoculated with sporocysts varying
in dosages from 250 to 100,000 sporocysts per
animal. Members of this group were sacrificed
at intervals up to 150 DPI and examined for
skeletal and cardiac muscle changes only.

Lemmings were killed with an overdose of
halothane (Fluothane, Fort Dodge Laboratories,
Inc., 800 Fifth Street, N.-W., Fort Dodge, lowa
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FIGURE 1.
DPI. H&E.

50501, USA) and portions of the following tis-
sues were fixed in 10% neutral buffered for-
malin: eye, brain, tongue, thymus, oesophagus,
heart, lung, liver, adrenal, kidney, spleen, uri-
nary bladder, gonads, pancreas, stomach, duo-
denum, jejunum, ileum, colon, rectum, brown
fat, diaphragm and skeletal muscle from various
locations. Tissues were embedded in paraffin,
cut at 5 um thickness and stained with hema-
toxylin and eosin.

RESULTS

Lemmings inoculated with <500 spo-
rocysts did not display any clinical illness
whereas those inoculated with =500 spo-
rocysts exhibited severe signs of weakness
and ataxia beginning at 5-6 DPI. The lem-
mings became moribund and died ap-
proximately 12 hr after the onset of clinical
disease.

In lemmings which died or were killed
when moribund at 5.5 and 6 DPI, the livers
were enlarged and coalescing white foci
were visible on the capsular surface and
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Focal infiltrate of mixed leukocytes adjacent to a central vein in the liver of a lemming at 4.5

throughout the parenchyma on the cut sur-
face.

Histopathologic changes were detected
in the liver, heart, skeletal muscle and brain
of lemmings examined between 4.5 and 9
DPI. No significant lesions were detected
in the other tissues examined.

The earliest detectable lesions were lim-
ited to the liver and occurred at 4.5 DPI.
These were characterized by small mul-
tifocal accumulations of histiocytes, lym-
phocytes and neutrophils (Fig. 1). While
randomly distributed throughout the he-
patic lobule, there was a slight predilection
for these to occur adjacent to central veins
and portal areas. By 5 DPI, the number
and size of these inflammatory foci had
increased. At this time, necrosis was evident
and neutrophils predominated. Mature
meronts of S. rauschorum were numerous
and in proximity to the inflammatory foci
(Fig. 2). The most intense reaction was
present at 6 DPI. Purulent foci were scat-
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FIGURE 2. Mature meront (arrow) of Sarcocystis rauschorum adjacent to a focus of leukocytic infiltration
in the liver. Lemming at 5 DPI. H&E.
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FIGURE 3. Coalescing foci of hepatic necrosis at 6 DPI. H&E.
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FiGURE 4. Necrosis of myofiber and mixed leukocytic infiltrate in a lemming at 9 DPI. H&E.

\

FIGURE 5. Moyositis associated with cysts of Sarcocystis rauschorum at 11 DPI. H&E.
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FIGURE 6. Perivascular cuff of mononuclear cells in the cerebrum of a lemming at 11 DPI. H&E.

tered throughout the liver and occasionally
coalesced to form large zones of necrosis
(Fig. 3). Inflammation began to subside by
11 DPI and the liver returned to a near
normal appearance by 15 DPI. Significant
lesions were not seen in the control animals
killed during this period.

At 9 DPI, skeletal muscle contained
multifocal areas of necrosis and mixed cel-
lular infiltrates (Fig. 4). Similar changes
were seen in all skeletal muscles examined.
The cellular reactions were characterized
by moderate numbers of neutrophils, his-
tiocytes and lymphocytes. There was mod-
erate hyperplasia and hypertrophy of sar-
colemmal nuclei. Cardiac muscle had a
similar, but less intense, inflammatory re-
action. A few cysts of S. rauschorum were
present primarily in skeletal muscle at 9
DPI and they were quite numerous by 11
DPI (Fig. 5). The most intense inflam-
matory reaction was present between 15
and 21 DPI. By 30 DPI, the inflammatory
reaction had substantially subsided. Cysts

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 13 May 2024
Terms of Use: https://bioone.org/terms-of-use

were still present at 150 DPI with very
few leukocytes present. Significant lesions
were not seen in the control animals killed
during this period.

Lesions were observed in six of 11 brains
from animals killed after 11 DPI. Small
inflammatory foci were randomly distrib-
uted throughout the brain and they were
characterized by endothelial cell swelling
and perivascular cuffs of mononuclear cells
(Fig. 6). In all instances, the reaction was
mild and no etiologic agent was identified.
Significant lesions were not seen in the con-
trol animals killed during this period.

DISCUSSION

The sequential development of hepatic
and muscular lesions, observed in the pres-
ent study, paralleled previous observations
on precystic merogony and cyst formation
of S. rauschorum in varying lemmings
(Cawthorn and Brooks, 1985). The extent
of the lesions would be sufficient in them-
selves to explain the lethal effects of the
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infections established by doses of >500
sporocysts. The major pathophysiological
abnormality may be related to hepatic in-
sufficiency, although this remains to be
demonstrated. Additional adverse effects
may be produced by the muscle and brain
lesions, and it is possible that the parasites
themselves release toxic metabolites.

Sarcolemmal proliferation, myositis and
muscle necrosis are associated with cyst
formation of S. rauschorum in varying
lemmings. The pathogenesis of muscle le-
sions associated with sarcocysts is not well
understood. It is generally accepted that
intact mature cysts do not stimulate a host
response (Dubey and Fayer, 1982; Dubey
et al., 1982). However, cyst rupture,
whether induced by senescence or extreme
host response leads to a florid reaction typ-
ical of a cell-mediated immunity (War-
necke, 1983; Orr et al., 1984).

The cause and significance of the neural
lesions are unknown. Meronts and cysts of
S. rauschorum were not observed in ner-
vous tissues, but could have been there in
very small numbers or have existed pre-
viously. Similar brain lesions occur in S.
gigantea infections of sheep subsequent to
the completion of a schizogonous phase
(Obendorf and Munday, 1986). Other pos-
sibilities are that other agents present in
the inoculum, or toxic metabolites from
elsewhere in the body, result in the de-
velopment of the neural lesions.

Lemmings infected with S. rauschorum
are probably more susceptible to aerial
predation (Quinn et al., 1986) as a result
of the pathophysiological effects of the in-
fection. This may provide an important
mechanism for optimizing the survival of
this protozoan.
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