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ABSTRA(;T: The prevalence of Sarcocystis sp. (Protozoa: Sarcocystidae) in fallow deer (Cervus

dama) in Tuscany, Italy was determined by digestion technique and histological examination.
Forty-four of 45 fallow deer were infected. Infections occurred in adult deer and in fawns. Samples

from the heart were more intensively parasitized than samples from tongue, oesophagus and

diaphragm muscle. With transmission electron microscopy, the primary cyst wall was folded and
formed narrow, overlapping, sinuous projections which were often parallel to the cyst surface.
Dogs fed heart samples from infected fallow deer shed sporocysts after 10-11 days. Cats fed the
same samples did not shed any sporocysts.

Key words: Sarcocystis sp., fallow deer, Cervus dama, prevalence, ultrastructure, infectivity,
dog, cat, experimental infection.

INTRODUCTION

Recent studies have demonstrated the

pathogenicity of Sarcocystis spp. in do-

mestic (Johnson et al., 1975; Leek et al.,

1977) and wild intermediate hosts (Hud-

kins and Kistner, 1977; Koller et al. , 1977;

Martinez-Gomez et al. , 1985). These ob-

servations stimulated intensive studies on

Sarcocystis spp. in the Cervidae. Several

species of Sarcocystis, differentiated on the

basis of cyst morphology by electron mi-

croscopy, were identified in moose (Alces

alces) (Colwell and Mahrt, 1981), roe

deer (Cervuscapreolus) (Entzeroth, 1982),

white-tailed deer (Odocoileus virgini-

anus) (Entzeroth et al., 1982; Dubey

and Lozier, 1983), mule deer (Odocoileus

hemionus) (Dubey and Speer, 1985, 1986;

Speer and Dubey, 1986), reindeer (Ran-

gifer tarandus tarandus) (Gjerde, 1985a,

c, d, e, f), American elk (Cervus cana-

densis) (Speer and Dubey, 1982) and red

deer (Cervus elaphus) (Hernandez-Rodri-

guez et al., 1981a; Entzeroth et al., 1983).

At present, the only morphological studies

on Sarcocystis spp. from fallow deer (Cer-

vus dama) are on three specimens in West

Germany (Entzeroth et al., 1985) and on

three specimens in Tuscany, Italy (Poli et

al., 1986).

The purpose of the present study was to

report the prevalence and intensity of Sar-

cocystis sp. in fallow deer in Tuscany, to

conduct a detailed ultrastructural investi-

gation on the cyst wall of this species and

to determine the role of the dog and cat

in the life-cycle of this parasite.

MATERIALS AND METHODS

From January to May 1986 samples of tongue,
oesophagus, diaphragm muscle and heart from
45 fallow deer, 31 fawns (0.5-1.0 yr old) and
14 adults, were collected from S. Rossore, Mig-
liarino Natural Park (Pisa, Italy, lat. 43#{176}48’N,

long. 10#{176}20’E).
All samples were processed by pepsin diges-

tion technique; representative specimens were
fixed in buffered 10% formalin (pH 7.4) and
embedded in paraffin. Five-�zm sections were
stained by haematoxylin and eosin and periodic
acid Schiff (PAS) stain. One-mm3 pieces of heart
and tongue from 10 of the 45 fallow deer were
fixed in Karnovsky’s fixative, rinsed overnight
in 0.1 M phosphate buffer at pH 7.3 and post-

fixed in 1% osmium tetroxide in the same buffer
for 2 hr. Following fixation, fragments were de-
hydrated in a graded series of ethanol, placed
in propylene oxide and embedded in an Epon-

araldite mixture. One-am-thick and ultrathin
sections were cut using a LKB Ultratome III

(Bromma, Sweden) by glass or diamond knives.
Thick sections were stained with toluidine blue.
Ultrathin sections were stained with uranyl ace-
tate and lead citrate and examined with an El-
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FICI.’RE 1. Thin-walled Sarcocystis sp. in section of tongue muscle of a fallow deer. H&E.
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miskop 101 (Siemens, Berlin, Federal Republic
of Germany) electron microscope.

In order to determine whether or not dogs or

cats could serve as final hosts of this Sarcocystis

Sp. , samples of heart from infected fallow deer
were used to feed these potential definitive hosts.

Seven dogs and four cats were raised on canned
milk (Parmalat, Parma, Italy) and canned dog
(Laika, International Food, Rivolta d’Adda, It-
aly) and cat (Wiskas Effen Inc. and Cia, Madrid,
Spain) food until 4 wk old. Thereafter, they
were fed dry food (Loyal soupe, Unisabi s.a.,

Chapelle Vendomoise, France). These animals
were not fed raw meat until the experiment

began. Feces were examined for several days
before the beginning of the experiment and all
dogs and cats were found free from Sarcocystis
spp. infection. Dogs were 4-5 wk old and cats
were 5-6 wk old at the beginning of the exper-
iment. Five dogs and two cats, housed individ-
ually, were each fed 250 g of heart from nat-
urally- infected fallow deer. Two dogs and two
cats were used as controls. Feces were collected
and examined daily for sporocysts of Sarcocystis

spp. after flotation. Dogs were killed at 30, 40,
45, 50 and 60 days postinfection and cats at 30

and 40 days. Control dogs and cats were sacrificed
at 30 days after the beginning of the experiment.
Intestinal rnucosa and submucosa were scraped
from the muscularis externa with a glass slide
arid the sporocysts were collected and stored in

a balanced salt solution at 4 C as described by
Dubey (1980).

Representative specimens of Sarcocystis sp.

from this study are deposited in the U.S. Na-

tional Parasite Collection (Animal Parasitology
Institute, U.S.D.A., Building 1180 BARC-East,

Beltsville, Maryland 20705, USA; Accession
Number 79926).

RESULTS

Using pepsin digestion, Sarcocystis sp.

was diagnosed in 30 of 31 fawn (97%) and

14 of 14 adult (100%) fallow deer exam-

med (overall prevalence was 98%). Banana

shaped bradyzoites measured 13.2-21 �m

(� = 15.1 �m, SD = 2.42 �m, n = 30) in

length and 3.3-5.5 �m (� = 3.5 �m, SD =

0.6 zm, n = 30) in width. Metrocytes mea-

sured 11 �tm (SD = 0.1 tim) by 3.3 �im

(SD = 0, n = 20).

By light microscopy, 38 of 45 fallow

deer, 24 of 31 fawns (77%) and 14 of 14

adults (100%), showed the presence of thin-

walled muscle cysts of Sarcocystis sp. (Fig.

1). Intensity of Sarcocystis sp. in fawns was

significantly lower than in adult deer. The

mean number of cysts observed per cm2

of section of tongue muscle was 4.3 (SD =

3.6) in fawns and 14.2 (SD = 10.8) in adults.

The mean number of cysts observed per

cm2 of section of heart muscle was 10.1

(SD = 7.1) in fawns and 95.6 (SD = 49.2)

in adults. Longitudinally cut sarcocystis

measured 88-220 �m (n = 30) in heart and

210-360 �m (n = 30) in the tongue.

All the cysts examined ultrastructurally

were intracellular and showed a unique

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



FIGURE 2. Electron micrograph of a heart muscle showing a marginal portion of a cyst of Sarcocystis

sp. hc = host cell, dm = degenerating material.
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primary cyst wall (PCW) morphology (Fig.

2). A secondary cyst wall was absent. The

PCW was 20-30 nm thick and composed

of a unit membrane, the parasitophorous

vacuolar membrane (PVM) and an elec-

tron-dense layer immediately beneath the

PVM. The PCW was highly folded form-

ing sheet-like (cristae) projections over the

surface of the cyst. In all the micrographs

observed the projections appear as elon-

gated digitations of variable length (2-3

�m) and relatively constant width (40-60

nm) (Fig. 3). The projections of PCW were

thicker at their bases (190-200 nm thick).

Tangential sections of the PCW revealed

the laminar arrangement of the sheet-like

projections which were sinuous or tortuous

always running in parallel with the cyst

surface and overlapping each other, form-

ing at most 4-5 layers. The zone of folded

and overlapped projections reached a total

thickness of 0.5-0.6 j�m and corresponded

to the “thin wall” observed by light mi-

croscopy. The projections of the PCW were

often bifurcated at their tips (Fig. 4). The

bifurcated tips were often adjacent to mi-

tochondria and myofibrillae of the host cell.

The whole surface of the cyst showed nu-
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FIGURE 3. Details of the cyst wall of Sarcocystis sp. showing the projections of the primary cyst wall

some of which appear branched at their tip (arrows) and adjacent to host cell mitochondria and myofibrils.

The small invaginations of the cyst surface are visible also. me = metrocytes, gs = ground substance, hcm =

host cell mitochondria.

merous regularly distributed invaginations

of the primary cyst wall. These invagina-

tions, up to 75 nm deep, appeared in

tangential sections of the cyst wall as nu-

merous electron-lucent spots (Fig. 5). Im-

mediately beneath the PCW, there was a

moderately electron -dense fibrogran ular

layer, 0.4-0.6 j.tm thick that extended into

the projections of the PCW and also into

the septa of the cyst, delimiting compart-

ments containing numerous bradyzoites,

few metrocytes and a few spheroid masses

of degenerating material.

Bradyzoites were elongate with ultra-

structural features typical of coccidian

zoites such as a three membrane pellicle,

an apical complex, a dense cytoplasm con-

taining abundant free ril)osomes, amylo-

pectin, dense granules and mitochondria

with tubular cristae. Their nucleus was lo-

cated posteriorly, and contained a prom-

inent nucleolus and a few clumps of con-

densed chromatin. Metrocytes were

spherical or ovoid with low electrodensity

of their cytoplasm.

Of the five dogs that ingested Sarcocys-

tis sp. infected meat, one shed sporocysts

in its feces 10 days later, whereas four oth-

ers shed sporocysts at 11 days, the two

control dogs did not shed sporocysts. The

dogs killed at 30 and 40 days postinfection

were positive for the presence of sporo-

cysts, the other three experimentally-in-

fected dogs shed sporocysts continually for

40 days. None of the cats fed infected tis-

sues shed sporocysts. Sporocysts measured

15.4 x 8.8 �tm (SD = 0, n = 30) and con-

tained four sporozoites in addition to a cen-

tral or terminal cluster of residual granules

7 �tm in diameter (Fig. 6).
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FIGURE 4. Same as Figure 3 except higher magnification.

DISCUSSION
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The prevalence of Sarcocystis sp. infec-

tion in fallow deer of Natural Park of S.

Rossore, Migliarino seems to be very high.

It is comparable with the prevalence re-

ported in other cervids, especially in ani-

mals >2 yr old (Mahrt and Colwell,

1980; Crum and Prestwood, 1982; Marti-

nez-Gomez et al., 1985). However, in our

study we did not find a significant differ-

ence in the prevalence between fawns and

adults. Perhaps this may result from the

high intensity of the infection.

We found that the digestion technique

was a reliable method for detecting Sar-

cocystis sp. infection. However, as sug-

gested by Crum and Prestwood (1982), a

combination of both histologic and diges-

tive examination would result in a more

accurate estimate of prevalence.

The higher intensity of cysts found in

histological sections of heart versus the

tongue, oesophagus or muscle diaphragm

corresponds with the report on Sarcocystis

cervicanis in red deer from Spain (Mar-

tinez-Gomez et al., 1985). This is in con-

trast with the observations that in white-

tailed deer (Mahrt and Colwell, 1980;

Crum and Prestwood, 1982) and in mule

deer (Sayama, 1952) the tongue is a major

source of cysts.

All the cysts observed in fallow deer had

a thin wall (<1 �zm thick) that was ultra-

structurally similar to those observed in

type IV cysts from roe deer (Entzeroth,

1982) and to cysts of S. cervicanis (Her-

nandez-Rodriguez et al., 1981a), of Sar-

cocystis sp. from red deer (Entzeroth et

al., 1983), of Sarcocystis wapiti from

American elk (Speer and Dubey, 1982) and

of Sarcocystis grueneri from reindeer

(Gjerde, 1985a) and to a lesser extent sim-

ilar to those of Sarcocystis sp. type A from

moose (Colwell and Mahrt, 1981). Slight

differences in the thickness of the cyst wall

and/or in the spatial arrangement of the

projections of the PCW exist between our

findings reported herein and those of Sar-

cocystisspp. from these other cervids. How-

ever, some of these differences may be due
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FICt.RE 5. Tangential section through the cyst wall of Sarcocystis sp. The small invaginations of the cyst
surface appear as lucid spots (arrows) and the projections reveal their flattened shape. me = metrocytes, gs =

ground substance.

to the different methods employed for pro-

cessing of specimens as well as to the in-

terpretation of electron micrographs, rath-

er than to real differences between the

cysts from the various hosts.

Experimental infections indicated that

the dog, but not the cat, is the definitive

host of Sarcocystis sp. from fallow deer.

Various species of Canidae have been

demonstrated repeatedly to be infected by

cystozoites of the genus Sarcocystis de-

rived from several cervid species such as

reindeer (Gjerde, 1984), red deer (Her-

nandez-Rodriguez et al., 1981b), Ameri-

can elk (Speer and Dubey, 1982), moose

(Colwell and Mahrt, 1983) and possibly roe

deer (Blaz#{233}k et al., 1978).

Although the idea that Sarcocystis spp.

are highly specific for the intermediate

host, according to Dubey and Lozier (1983)

morphology and life-cycle studies are not

always reliable means of differentiating

among similar Sarcocystis spp. that occur

in different cervid hosts (Entzeroth et al.,

1985; Gjerde, 1985b). Nevertheless, cross-

transmission experiments involving hosts

that harbour morphologically similar Sar-

cocystis spp. seem to substantiate the idea

of a high host specificity. For instance,

sheep fed sporocysts of Sarcocystis capra-

canis and Sarcocystis hircicanis and two

FIGURE 6. Light micrograph of a sporocyst of
Sarcocystis sp. in fecal preparation from experimen-
tally infected dog.
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goats fed sporocysts of Sarcocystis ovicanis

and Sarcocystis tenella did not become

infected (Unterholzner, 1983). Other cross-

transmission studies have established also

that S. ovicanis and S. capracanis are sep-

arate species, although they have similar

cyst wall structure (Aryeetey et al., 1980).

Cysts of Sarcocystis tarandi from reindeer

(Gjerde, 1985b) resemble morphologically

those of Sarcocystis hirsuta from cattle

(Gestrich et al. , 1975). None of the Sar-

cocystis spp. from reindeer use the do-

mestic cat as a definitive host (Gjerde,

1984).

Our findings support the idea that dif-

ferent Sarcocystis spp. may form morpho-

logically indistinguishable cysts in related

intermediate hosts and accordingly each

cyst described from cervids could repre-

sent a different species. However, this

problem can only be resolved by extensive

cross-transmission and/or comparative

biochemical (isoenzyme) studies of the

Sarcocystis spp. from different cervids.
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