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Cyst Wall Ultrastructure of Two Sarcocystis spp. from European

Mouflon (Ovis ammon musimon) in Germany

Compared with Domestic Sheep

K. Odenlng, M. Stolte, 0. Walter, and I. Bockhardt, Institutf#{252}rZoo- und Wildtierforschung, Postfach 1103, 10252

Berlin, Germany

ABSTRACT: Muscle samples from six wild and
two captive European mouflons (Ovis ammon

musimon ) in Germany as well as one domestic
sheep from a German zoo were infected with
sarcocysts (Sarcocystis: Sarcocystidae, Apicom-

plexa). Sarcocystis tenella and S. arieticanis were
identified by light and electron microscopy. Both

species are determined for the first time from
wild sheep, and this is the first description of S.
arieticanis from wild sheep.

Key words: Sarcocystis tenella, S. arieti-

canis, Ovis ammon musimon, domestic sheep,
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Sarcocysts of at least four Sarcocystis

species occur in domestic sheep (Ovis am-

mon L., hemerotype) (Dubey et a!., 1989):

Sarcocystis tenelba (Railliet, 1886), 5. gi-

gantea (Railliet, 1886), 5. arieticanis Hey-

dorn, 1985, and S. medusiformis Collins

et a!., 1979. The first three species occur

globally; S. medusiformis has been re-

ported only from Australia and New Zea-

land (Dubey et al., 1989).

Sarcocysts occasionally were found in

free-ranging mouflon (Ovis ammon L.,

agriotype), conspecific with domestic

sheep. Most of these reports did not in-

clude detailed descriptions. Nigro et a!.

(1991) first described a Sarcocystis species

in detail from wild sheep (0. ammon mu-

simon) in Italy; the parasite probably was

S. tenebba, based on the fine structure of

the cyst wall. In our study, we extend the

host range of two Sarcocystis species to

free-ranging mouflon, and compare them

with same species of sarcocysts from a do-

mestic sheep, occurring in the same area.

Muscle samples from eight European

mouflons (Ovis ammon musimon) were

evaluated for the occurrence of sarcocysts

in 1993 and 1994. Six of these mouflons

originated from a population near Nied-

erfinow, Land Brandenburg, Germany

(52#{176}51’N, 13#{176}40’E), founded in 1981

(Briedermann, 1990). The other two mou-

flons came from two zoos (Tierpark Berlin-

Friedrichsfelde and Tierpark Eberswalde,

Land Brandenburg, Germany). Sarcocysts

from a 7-yr-old domestic sheep that died

in June 1993 were used for comparison;

this sheep as well as its parents were born

in the zoo Tierpark Berlin-Friedrichsfe!de.

Fresh samples of muscle tissue from head,

neck, larynx, heart and loin (Musculus psoas

major) were tested. Individual sarcocysts

found in the musculature were extracted

from the muscle fibers under a dissecting

microscope for fresh-state examination or

prepared for transmission electron micro-

scopical (TEM) investigations. The size of

the bradyzoites (cystozoites) was deter-

mined in fresh preparations. Their length

was taken by measuring the more or less

bent median line from pole to pole. Their

width was measured at the widest diam-

eter. For TEM investigation the sarcocysts

were fixed according to Pospischil and von

Bomhard (1979). After repeated washing

with 0.1 mol phosphate buffer, they were

post-fixed in 2% osmium tetroxide (Serva

Feinbiochemica Heidelberg, Germany)

solution, dehydrated in ethanol and em-

bedded in Epon#{174}812 (Serva Feinbiochem-

ica Heidelberg, Germany), and exposed to

polymerization for 3 days. The TEM in-

vestigations were carried out using an EM

902 A microscope (Zeiss, Oberkochen,

Germany).

We found Sarcocystis tenelba (Rai!!iet,

1886) (synonyms: S. ovicanis Heydorn et

a!., 1975; Sarcocystis sp. Nigro et a!., 1991)

in all eight mouflons and the domestic

sheep. The sarcocysts were up to 2.4 mm

long and 186 �m wide. The cyst walls were

1.08 to 3.85 �m thick (n = 130) and had
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FIGURE 1. Sarcocystis tenella from a mouflon,

views of the fresh state. Bar = 10 .�m. Above: top of

a 1.9 mm long sarcocyst from larynx in which the

fingerlike protrusions are most prominent. Below: part

of the cyst wall from the middle of the sarcocyst.
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a palisade-like texture, with finger-shaped

vi!!ar protrusions that were positioned

closely side by side (Figs. 1 and 2). The

protrusions were 2.10 to 3.85 �sm long and

0.42 to 2.14 �im wide (n = 105). The dis-

tance between the protrusions was 0.2 to

0.5 �tm at their base; in mouflons the mean

± SD value was 0.32 ± 0.10 �m (n = 15)

and in the domestic sheep the mean ± SD

value 0.43 ± 0.11 (n = 10). The protrusions

had a truncated tip with p!aquelike con-

densations (Fig. 4). Numerous fine and a

few large granules lay in the core (Figs. 3

and 4). The diameters of the compart-

ments in the region of the cyst wall ranged

from 6.2 to 31.0 �tm in the mouflon (� ±

SD = 14.8 ± 6.6 �zm, n = 50), and 11.0 to

49.5 �m in the domestic sheep (� ± SD =

28.6 ± 14.6 tim, n = 6). The diameters of

the compartments in direction of the cen-

ter were 6.2 to 28.5 �m in the mouflon (�
± SD = 13.2 ± 5.9 �m, n = 20) and 16.5

to 30.2 �m (i ± SD = 24.3 ± 6.4 �m, n

= 6) in the domestic sheep.

A!! eight mouflons and the domestic

sheep also had Sarcocystis arieticanis Hey-

FIGURE 2. Sarcocystis tenella from a domestic

sheep, fresh state views. Bar = 10 �tm. Above: top of

a 1.4 mm long mature sarcocyst from Musculus psoas

major in which the fingerlike protrusions are most
prominent. Below: a part of the cyst wall from the
middle of the sarcocyst.

dorn, 1985 (synonym: Sarcocystis sp. Boch

et a!., 1979). The sarcocysts were up to 1.8

mm long and 286 �m wide. The cyst walls

were thin (0.21 to 0.62 �m, n = 35). They

had unstable hairlike, 5.7 to 11.8 �tm (n =

100) long villar protrusions (Figs. 5 and 6),

which contained numerous fine granules

in the core (Figs. 7 and 8). The diameters

of the compartments in the region of the

cyst wall ranged from 20.0 to 59.9 �tm (�
± SD = 35.7 ± 7.9 �m, n = 50). The

diameters of the compartments in direc-

tion of the center ranged from 46.6 to 73.3

�m (x ± SD = 57.9 ± 10.3 �m, n = 10).

The four Sarcocystis species known from

domestic sheep are unequivocally defined

morpho!ogical!y and easily well distin-

guished from each other (Dubey et a!.,

1988, 1989). They can be distinguished

clearly from S. ferorns Dubey, 1983 (with

flattened mushroom-like protrusions) de-

scribed from the bighorn sheep (Ovis can-

adensis), as well as from Sarcocystis sp.

Foreyt, 1989 from the American mountain

goat (Oreamnos americanus) in North

America (Dubey et a!., 1989), and Sarco-
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FIGURE 3. Sarcocystis tenella from a mouflon;

transmission electron micrograph of a longitudinal

section of three villar protrusions from a 0.6 mm long

sarcocyst from the diaphragm. Note the two large

granules in the core of two protrusions. Bar = 0.4 tim.

‘ii .-. - -
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FIGURE 5. Sarcocystis arieticanis from a mou-

flon; fresh state view of a 1.2 mm long mature sar-

cocyst from neck, with hairlike villar protrusions. Bar

552 JOURNAL OF WILDLIFE DISEASES, VOL. 31, NO. 4, OCTOBER 1995

= 10 �m.

FIGURE 4. Sarcocystis tenella from a domestic

sheep; transmission electron micrographs of the cyst

wall of a 0.6 mm long mature sarcocyst from Mus-

culus psoas major. Longitudinal section of the villar

protrusions; note the electron-dense plaques on the

top (arrowhead). Inset: cross-section of the protru-

sions. C = Ground substance. Bar = 0.4 �sm.

FIGURE 6. Sarcocystis arieticanis from a domes-

tic sheep; fresh state view of a 1.1 mm long mature

sarcocyst from Musculus psoas major, showing the

hairlike villar protrusions on the top. Bar = 10 �m.
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FIGURE 7. Sarcocystis arieticanis from a mou-

flon; transmission electron micrograph of a 0.4 mm

long mature sarcocyst from heart, showing the in-

vaginations (arrows) of the cyst wall and sections of

hairlike villar protrusions (arrowheads). Bar = 0.4 sm.
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cystis sp. (2) Cornaglia et al., 1980 from

the chamois (Rupicapra rupicapra) in Eu-

rope. Both sarcocyst forms from the Rup-

icaprinae, Rupicapra sp. and Oreamnos

sp., appear similar if one compares fig. 10

by Cornag!ia et a!. (1980) with fig. 3 by

Foreyt (1989); the protrusions are club-

shaped, with two longitudinal grooves and

a bundle of microtubules reaching into the

ground substance. Sarcocystis tenebba and

S. arieticanis in sheep and the morpho-

logically very similar species S. capracanis

Fischer, 1979 and S. hircicanis Heydorn

and Unterho!zner, 1983 in goats are dif-

ferent species separated by intermediate

host specificity, as shown by unsuccessful

transmitting experiments with S. tenella

and S. arieticanis to goats (Heydorn, 1985;

Dubey et a!., 1989) and with S. capracanis

and S. hircicanis to sheep (Balbo et a!.,

1988; Dubey et a!., 1989). On the other

hand, cross transmission experiments by

Balbo et a!. (1988) provide evidence for a

less marked intermediate host specificity.

Most Sarcocystis spp. described from Ca-

prinae and Rupicaprinae can be distin-

FIGURE 8. Sarcocystis arieticanis from a domes-

tic sheep; transmission electron micrographs of the

cyst wall of a 1.6 mm long mature sarcocyst from

Musculus psoas major with invaginations (arrows) and

longitudinal cuts of hair-like protrusions (arrow-

heads). C = Ground substance. Left bar = 0.6 �sm,

right bar = 0.25 �m.

guished according to the ultrastructure of

the cyst wall and the species of the inter-

mediate host.

The species composition of Sarcocystis

spp. in domestic sheep is well established

(Dubey et a!., 1988, 1989), especially for

S. tenella and S. arieticanis which use can-

ids as definitive hosts. The mature sarco-

cysts of S. tenella and S. arieticanis can

be distinguished microscopically in the

fresh state (Boch et a!., 1979; Figs. 1 and

2 compared with Figs. 5 and 6) or also in

standard histological preparations (Savini

et a!., 1993). The fine structure of the cyst

wall of S. tenella was identical in our do-

mestic sheep and the mouflon (Figs. 3 and

4) and was similar to that described pre-

viously for this parasite from domestic

sheep (Bergmann and Kinder, 1975;

V!emmas et a!., 1989) and from the mou-

flon (Nigro et a!., 1991). Also in S. arieti-

canis, the fine structure of the cyst wall

was identical in both our domestic sheep

and the mouflon (Figs. 7 and 8). The TEM

pictures from domestic sheep in the lit-

erature (Heydorn and Mehlhorn, 1987)
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correspond we!! with ours. Sarcocystis ar-

ietlcanis seems to occur less frequently than

S. tenella (Schmidtov#{225}, 1992), but may be

more frequent in western Australia (Savini

et al., 1993). The present description is the

first report from wild sheep.

There are different data on the size of

the sarcocysts of both Sarcocystis species

described here. Sarcocystis arieticanis

reaches a length of 1.0 mm according to

Boch et a!. (1979), of 0.9 mm after Dubey

et a!. (1989), of 2.92 mm according to

Schmidtov#{225} (1992), of 1.3 mm after Savini

et a!. (1993), and 1.8 mm in our material.

Sarcocystis tenella is up to 0.58 mm long

after Boch et a!. (1979), seldom over 1.0

mm at 105 days post-infection after Hey-

dorn (1985), up to 0.7 mm according to

Dubey et a!. (1989), up to 1.3 mm accord-

ing to Savini et a!. (1993), and 2.4 mm in

our samples.
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