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2 Department of Biomedicine, University of Pisa, l-56100 Pisa, Italy

ABSTRACT: Samples of heart, tongue, oesophagus and diaphragm muscle from twenty-two nat-

urally infected roe deer (Capreolus capreolus) harvested in central Italy were examined for sar-

cos1)Oridiasis. The structure of Sarcocystis spp. muscle cysts was examined by light and electron
microscopy. Only one type of thin-walled cyst was distinguished by light microscopy. Electron
microscopy showed cysts having a thin highly folded primary cyst wall, without fibrillar material,

that formed thin hair-like protrusions often having a T-form, especially close to host cell mitho-
condria. The cysts appeared to belong to a single Sarcocystis sp. so that all the animals had
monospecific infections. This cyst was compared with cysts described in other cervid in an attempt

to determine if single or multiple species of the genus Sarcocystis occur in the Cervidae. Appar-

ently, a single Sarcocystis sp. with a low specificity for the intermediate host can infect the

Cervidae.
Key words: Capreolus capreolus, roe deer, Sarcocystis sp., sarcosporidiasis, ultrastructure.

INTRODUCTION

Sarcocystis spp. are apicomplexan pro-

tozoa having an obligate two host life-cy-

cle. The sarcocyst stage is in striated mus-

cle cells of wild and domestic herbivore

intermediate hosts. The produced oocyst is

in the intestine of definitive host cami-

vores which become infected by ingestion

of meat containing sarcocysts; sporocysts

are infective stages passed in the feces of

carnivore. Mature sarcocysts contain bra-

dyzoites and few metrocytes. A number of

Sarcocystis spp. are found in domestic and

wild herbivores. In Europe, Sarcocystis

spp. have been described in wild sheep,

Ovis rnusiinon (Nigro et a!., 1991; Oden-

ing et a!., 1995); red deer, Cervus elaphus

(Hernandez-Rodriguez et a!., 1981a, b;

Entzeroth et a!., 1983); fallow deer, Cervus

darna (Entzeroth et a!., 1985; Poli et a!.,

1988); roe deer, Capreolus capreolus (Er-
ber et a!., 1978; Entzeroth, 1982); and

reindeer, Ran gifer tarandus tarandus

(Gjerde, 1985a, b, c, d, e, f, 1986).

In the roe deer, light microscopic stud-

ies demonstrated the presence of three

different types of muscle cysts (types I to

III) in the muscle tissue (Erber et a!.,

1978). Additionally, a fourth type of sar-

cocyst also has been described (Entzeroth,

1982). The purpose of the present study is

to accurately describe the ultrastructure of

the cyst wall of a Sarcocystis sp. from roe

deer in Italy. We compare these cysts with

those described in fallow and red deer

from the same geographic areas in order

to determine whether or not the same or

multiple species infect different species of

Cervidae in southern Europe.

MATERIALS AND METHODS

From August to September 1994, 22 adult roe

deer from Mugello hunting district, in the cen-

tral part of Italy (Florence, Italy; 43#{176}48’N,
l0#{176}20’E) were examined for sarcosporidiasis.
Samples of muscle tissue from tongue, heart
and diaphragm musculature of each roe deer
were examined for Sarcocystis sp. bradyzoites

by pepsin digestion technique (Entzeroth et al.,

1985) modified as described: 5 g of muscle
samples were broken into small pieces and di-

gested for 60 mm at 37 C in a solution con-
taming 0.2% of pepsin (Sigma, St. Louis, Mis-

souri, USA) and 1% HC1. After filtration, the
digest was centrifuged and examined for bra-
dyzoites by phase contrast microscopy. For
light microscopy, 1 cm3 samples of tongue,

sophagus, diaphragm muscle and heart were
fixed in 10% buffered formalin (pH 7.4) and
embedded in paraffin. Five p.m sections were
stained with haematoxylin and eosin or periodic
acid Schiff (PAS) stain (Luna, 1968). For elec-

tron microscopy, 1 nim3 pieces of heart, diaph-

gram muscle and tongue were collected from

each roe deer, fixed in 2.5% glutaraldehyde in
0.1 M cacodylate buffer solution for 2 hr. rinsed

overnight in 0.1 M cacodylate buffer and post-
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FILIISE I . Light miiic’rograph of sarc’oc’vsts fromn

tlit� mimmmsc’le of roe (leer. The cysts are located �vithin

time mmmmmsc’le ‘ells amm(l (li�i(l(’(ltv this septa (arro�vs)

imito (i)mmlpartmllemlts. 1I�mE staimi. Bar 10 p..mn.

fixed in 1% (w/s) OsO.4 in the same buffer for
2 hr at 4 C, partially dehydrated in ethanol, and

prestained in 1% (w/x) uranyl acetate and 1%
(w/s’) phosphotungstic acid in 70% (v/v) ethanol

at 4 C for 12 hr. Tissues were further dehy-
(lrated in a graded series of ethanol amid three
changes in propylene oxide, and embedded in

epon-araldite niixture. Thick ( 1 jim) and ultra-
thin sections were cut using a Ultracut E

( Reichert-Jung, Wien , Austria) microtome.
Thick sections were stained with toluidine blue.
Ultrathin sections were stained with uramiyl ac-

etate amid lead citrate and examined in a Philips
EM400 (Philips, Eindhoven, Holland) trans-

mimissiomi electron microscope operatimig at 80

Key.
Represemitative specimens (histological slides

amid formalin fixed tissues) of Sarcocystis sp.
fromn this study are deposited in the U.S. Na-
tiomial Parasite Collection (U.S. Department of
Agriculture, Beltsville, Maryland, USA; Acces-
sion Number 87018).

RESULTS

Using pepsin digestion, sarcosporidiasis

was diagnosed in all 22 roe (leer examined.

Mean size ( ± Standard deviation) of ba-

nana-shaped bradyzoites was 15 ± 2.4 �im

long and 3.4 ± 0.4 �im wide (range

13.3-20.8 �i.m long, 3.1-4.9 p�m wide; ii

25). Metrocytes measured 11.1 ± 0.3 �im

long and 3.3 ± o p.m wide (range 11-11.4

�.tm long, 3.3 p.m wide n 15).

All the sarcocysts examined were micro-

scopic, located within the sarcoplasm of

the host cells and differentiated to the

stage which contained mostly bradyzoites

and few metrocytes. By light microscopy

they appeared elongated and thin-walled

(Fig. 1). The cyst walls were characterized

by the absence of fibrillary structures in

the cyst ground substance. Therefore, they

appeared smooth by light microscopy. The

cysts measured 158.8 ± 44.6 jim long and

60 ± 14.8 �m wide (87-304 p�m long, 30-

102 p.m wide; ii 50). All the cysts ex-

amined ultrastructurally were intracellular.

Immediately adjacent to the cyst, there

was a thin layer of host cell material con-

sisting of sarcoplasm with mitochondria

and partially degenerated and disoriented

myofibrils. The sarcocysts showed a struc-

turally unique primary cyst wall (PCW).

Sarcocysts collected from heart, diaph-

gram muscle and tongue appeared ultras-

tructurally similar. The PCW was 20 to 35

nm thick, consisted of a unit membrane

and had a parasitophorus vacuolar mem-

brane (PVM) and an osmiophilic dense

layer on the inside. There was no second-

ary cyst wall. The PCW was highly folded

forming hair-like protrusions over the en-

tire surface of the cyst (Fig. 2). In longi-

tudinal sections, these projections ap-

peared as elongated digitations at variable

lengths of 2.5 ± 0.09 �im (2.2-2.9 p.m

long; n = 25), although the determination

of the total length of the protrusions was

difficult due to their tangential orientation

and folding. These protrusions were wider

at the base, arising as evaginations of the

PVM and having a length ranging from 16

to 26 nm and a width from 180 to 290 nm.

Distally they became narrowed, measuring

30.0 ± 0.05 p.m long (25-45 nm; n = 25)

in width and consisted of parallel mem-
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FIGUIW 2. Electron niic’rograph of roe (leer heart mriuscle showing a marginal part of a cyst of Sarcocr,stis

sp. The cyst is situated imi the host cell sarcoplasm (bc) amid is limite(l by a fklded cyst ��‘all (c’w). ( lmmsters of

muerozoites (mmie). each comitaimiimig a miucleomis and demise granules are smirroumlde(l by grolmmm(l smmhstamic’e (gs)

fhrniimig septa. Bar = :3 p.mim.

‘�y.

FIGURE 3. Electron mmiic’rogra1)h showimig higher mmmagnific’ation of a portiomi of cyst wall of .Sarcoc stis’ �

frommi rod’ (leer. Noti’ time highly folded cyst wall (c’w) wlmic’h formns mmummneromms projec’tiomms h)ramld’hle(l at time tip

adjac’emit to host cell miivohhrmls amid the gromm(l smmbstamic’e (gs) (‘omitaimumig vescic’les (v). Bar = 0.5 p.m.
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branes without a central core (Fig. 3).

Many of the projections were T-shaped

and were in close contact with host cell

mitochondria and myofibriulae. The thick-

ness of the terminal ends was the same as

hair-like protrusions from which they

emerged. Tangential sections of the PCW

demonstrated that these hair-like projec-

tions had a laminar arrangement running

in parallel with the cyst surface and folding

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 24 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use



#{149} . . #{149}#{149}

#{149} #{149}#{149}�., #{149}‘,

.;#{149}.

Ficuni’: 4. Transmission electron micrograph of peripheral portion of a transversally sectiomiecl sarcocvst

fromu roe (leer: mmote the flattened sac appearance of the primarv cyst wall projections audi time presemic’e of pit-

like invagimiatiomis (arrows) imi to the cyst smmrface l)etweemi the protrilsiomis which appear as lucid spots (miotitle)

l)roie(’tiomls (F). Bar = 50 ummi.
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upon or overlapping each other to form 3

to 4 layers (Fig. 3). Examination of trans-

versa! ultrathin sections of peripheral por-

tions of sarcocyst demonstrated that these

elongated protrusions were not simply

hair-like projections, hut more like a series

of flattened digitations (Fig. 4). The zone

of the PCW projections, corresponding to

the “thin wall” O1)served by light micros-

copy, had a thickness ranging from 0.5 to

0.6 p.m. In the space between the projec-

tions, the cyst membrane formed numer-

ous pit-like invaginations appearing in tan-

gential sections as lucent spots (Fig. 4).

These invaginations were 36 to 61 nm

deep and 35 to 56 nm wide and were reg-

ularly distributed (Fig. 5). Immediately

beneath the PCW there was a moderately

electron-dense fibrogranular layer of

ground substance which formed a band,

0.4 to 0.6 p.m thick, filling the core of the

projections and extended into septa. This

divided the interior of the cyst into com-

partments containing numerous bradyzo-

ites, few metrocytes, and spheroid masses

of degenerated material. Bradyzoites

shared all the morphological characteris-

tics of the Sarcocystidae such as a three

membrane pellicle, an apical complex, a

dense cytoplasm with abundant free ribo-

somes, amylopectin, dense granules and

mitochondria with tubular cristae. The nu-

cleus was located posteriorly, contained a

prominent nucleolus and a few clumps of

condensed chromatin. Metrocytes were

ovoid and had low electron density of their

cytoplasm due to a moderate number of

ribosomes.

DISCUSSION

These preliminary results indicate that

the prevalence of sarcosporidiasis in roe

deer in central Italy is very high (100%).

The high prevalence of infection observed
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FIGURI.: 5. l)etails of the cyst wall of .Sarroci,stis

sp. from roe (leer showing the morphology of time

primnamy cyst wall. Small imivagimiatiomis of the cyst smir-
f�ic’e are visible imi the sp�tcs’ h)etweemm the projectiomis

of the c’�st wall (pr). Bemieath the groummid smihistamice

muerozoites (mime) are shossii. Bar = 05 p.mmm
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in this area is not unusual in cervids

(Mahrt and Colwell, 1980; Crum and

Prestwood, 1982) and confirms previous

observations on adult roe deer in Europe.

Sedlaczek and Wesemeir (1995) found

Sarcocystis sp. in 29 of 35 roe deer from

Germany and 30 of 31 roe deer from Po-

land. Entzeroth (1982) found sarcospori-

diasis in only 74 of 103 roe deer in Ger-

many, but 95% of >3-yr-old animals were

infected. Sarcocystis spp. also occur in

other cervids living in other areas of south

or central Europe. Ninty-eight % of 45 fa!-

low deer in Italy had Sarcocystis sp. (Poli

et a!. , 1988) and in red deer with a prey-

alence ranging from 90 to 95% (Hern#{225}n-

dez Rodriguez et a!., 1981a) to 30% (Entz-

eroth et a!. , 1983) depending on the meth-

ods used (digesting or histological method)

to determine presence of the infection.

Our results suggested that all the ani-

mals were infected with a single Sarcocys-

tis sp. All the cysts had a thin wall (<1 p.m)

and shared a unique wall ultrastructure

characterized by hair-like protrusion ter-

minating with a T-shaped extension and

numerous pit-like invaginations regularly

distributed in the space between the pro-

jections. In the roe deer four Sarcocystis

spp. have been described by light and

electron microscopy (Erber et a!. , 1978;

Entzeroth, 1982). Sedlaczek and Wese-

meier (1995) listed Sarcocystis gracilis

(R#{225}tz, 1 909), Sa rcocystis cap reolica n is

(Erber et a!., 1978), Sarcocystis ho,finarani

(Odening et a!., 1994) and Sarcocystis sp.

(Schramlov#{225} and Blazek, 1978) as parasites

of the roe deer.

The sarcocysts observed in our study co-

incide with that of Sarcocystis sp. de-

scribed by Schramlov#{225} and Blazek (1978)

which is synonymous with the “cyst wall

type 4” of Entzeroth (1982) and Sarcocys-

tis sp. of Dubey et a!. (1989). The other

three Sarcocystis sp. (S. gracilis, S. ca-

preolicanis, S. hofrnanni) were not seen in

our samples, whereas they are observed

frequently in roe deer from central Eu-

rope (Erber et a!., 1978; Entzeroth, 1982;

Sedlaczek and Wesemeier, 1995).

The sarcocysts we observed are the

same of those described in fallow (leer by

Entzeroth et a!. (1985) and Poli et a!.

(1988), 5. grueneri in reindeer (Rangzfer

tarandus tarandus) by Gjerde (1985a), S.

cervicanis in red deer by Hernandez-Rod-

riguez et a!. (1981a, b), S. gr#{252}neri by Entz-

eroth et a!. (1983), and S. wapiti in Amer-

ican elk (Cervus elaphus) by Speer and

Dubey (1982). There is no agreement in

the nomenclature of cervid Sarcocystis

spp. Entzeroth et a!. (1983) after reexam-

ining Sarcocystis spp. from red deer con-

cluded that S. gruneri, S. cervicanis and S.

wapiti are synonymous and that S. gruneri

has priority. We believe that we are dealing

with a single species that has low specific-

ity for the intermediate host, infecting roe
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deer, fallow deer and red deer. This is sup-

ported by the fact that cross-transmission

between intermediate hosts is possible

(Fayer et a!., 1982; Matuschka, 1983; Ba!-

bo et a!., 1988). The alternative hypothesis

is that the described Sarcocystis spp. could

belong to sibling species, or almost

phologically identical species that do not

interbreed.
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