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Summary

There is considerable confusion concerning Sarcocystis species in equids. Little is known
of Sarcocystis infections in donkeys (Equus asinus). Here we describe the structure of
Sarcocystis bertrami from the donkey by light and transmission electron microscopy (LM,
TEM). Nineteen sarcocysts from the tongue of a donkey from Egypt were studied both by LM
and TEM. By LM, all sarcocysts had variably shaped and sized projections on the cyst walls,
giving it a thin walled to thick walled appearance, depending on individual cyst and plane of
section. By TEM, sarcocysts walls had villar protrusions (vp) of type 11. The sarcocyst wall had

conical to slender vp, up to 6 um long and 1um wide; the vp were folded over the cyst wall. The
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total thickness of the sarcocyst wall with ground substance layer (gs) was 1-3 um. The vp had
microtubules that originated deeper in the gs and continued up to the tip. The apical part of the
vp had electron dense granules. The microtubules (mt) were configured into three types: a tuft of
electron dense mt extending the entire length of the vp with a tuft of medium electron dense mt
appearing in parallel, and fine mt present only in the villar tips. The gs was mainly smooth with
few indistinct granules. The gs was mainly smooth with few indistinct granules. All sarcocysts
were mature and contained metrocytes and bradyzoites. Bradyzoites were approximately 11-15 x
2-3 um in size with typical organelles.
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Introduction

There is considerable confusion concerning the validity of different species of Sarcocystis in
the horse and other equids (Dubey et al. 2015). Five species, Sarcocystis bertrami, Sarcocystis
neurona, Sarcocystis fayeri, Sarcocystis equicanis, and Sarcocystis asinus have been named
(Dubey et al. 2015). Of these, S. neurona is transmitted by Didelphis virginiana and is confined
to the Americas, coinciding with the geographic distribution of the opossum. Sarcocystis fayeri,
originally described from the USA, has been found in Germany; the domestic dog is its definitive
host. Sarcocystis fayeri sarcocysts are thick-walled and has characteristic slender villar
protrusions. Sarcocystis bertrami was named by Doflein (1901) in his book. The description was
based on earlier observations by others (Siedamgrotzky, 1872, Bertram, 1892 —we do not have
access to these papers). Its description is vague and very brief. Rommel and Geisel (1975) found
a thin-walled sarcocyst in Germany with dog as the definitive host; they named the parasite, S.

equicanis. Dubey et al. (2015) reviewed the literature and synonomized S.equicanis with S.



bertrami because the identity of the original S. bertrami will remain unknown as there are no
archived specimens. Sarcocystis bertrami has not been reported from the Americas. Both S.
fayeri and S.bertrami/S.equicanis have been reported from Germany (Erber and Geisel, 1981).

Gadaev (1978) named a new species, S. asinus from the donkey, based on a very cryptic
morphological description of the sarcocyst. This species was declared species inquirende/invalid
by several authors (Levine and Tadros,1980; Odening,1998; Dubey et al. 2015).

Part of the confusion concerning the identity of Sarcocystis species in equids is attributable to
inadequate desriptions of the parasite, specially from the donkey.

Donkeys are important for the economy of Africa, Asia, and the Arabian Peninsula, and their
popularity is increasing in Europe. Sarcocysts have been found in donkeys from Egypt, Austria,
Russia (former USSR), and Great Britain but the parasite has not been adequately described
(Gadaev, 1978 ; Hilali and Nasser, 1987 ; Hinaidy and Loupal, 1982 ; Edwards, 1984 ; Kirmse,
1986 ; Zayed and EI-Ghaysh, 1998).

The objective of the present paper is to describe the structure of sarcocysts in a donkey.

Materials and methods

An adult donkey was obtained live on 14 January 2015 from El Fayoum Governorate,
Egypt for teaching post mortem technique to veterinary students. The donkey was euthanized by
the Pathology Department, Faculty of Veterinary Medicine, Cairo University,Giza, Egypt.

For the present study, tongue tissue was fixed in glutaraldehyde (GF) and formalin. The
formalin-fixed (FF) tissue was processed for paraffin embedding. The paraffin blocks and the
glutaraldehyde fixed samples were transported to the Faculty of Veterinary Science, University of

Pretoria, Onderstepoort, South Africa for light and electron microscopic examinations. For light microscopy

(LM), paraffin-embedded sections were cut at 5 pum thick and examined after staining with hematoxylin and



eosin (H and E). For transmission electron microscopy (TEM), glutaraldehyde-fixed tissue was

processed using standard techniques. Briefly, the samples wase post-fixed in 1% osmium tetroxide in
Millonig’s buffer (pH 7.4), dehydrated through a series of graded ethanols, infiltrated with an epoxy
resin/propylene oxide mixture before being embedded in absolute resin, and polymerized at 60°C overnight.

Two cysts were detected in the glutaraldehyde-fixed sample. A further 17 tissue cysts, located in paraffin

blocks (by matching with H and E sections) were deparaffinised (Van den Berg Weermans and Dingemans,
1984). Ultrathin resin sections were contrasted with uranyl acetate and lead citrate and examined in a Philips

CM10 transmission electron microscope (FEI, Eindhoven, The Netherlands) operated at 80 kV.

Results

In total, 19 sarcocysts from 1 donkey were studied ultrastructurally; 2 from
glutaraldehyde and 17 from paraffin blocks. Sarcocysts were microscopic, and up to 110 um
wide. By light microscopy of 5 um histological sections, the cyst wall thickness varied from <1
pm to 5 um , depending on the individual cyst and the plane of section (Fig.1). Some cysts had
villar protrusions (vp) that varied in shape and size. Examples from 9 sarcocysts are shown in
Figure 1.

By TEM of glutaraldehyde sarcocysts, the parasitophorous vacuolar membrane (pvm)
was undulating, and lined by an electron dense layer (edl). The edl was thinned out and
invaginated giving the pvm a vacuolated appearance (Figs. 2,3). The pvm was folded into villar
protrusions (vp) that varied in shape and size, within the same cyst (Fig. 2 B ,C). In some cysts,
vp were adjacent to each other, while in others they were 2 pum apart. Villar protrusions were
mostly elongated, up to 6 um long and up to 1 um wide, with some showing a conical shape.
Electron dense, evenly distributed hair-like structures were seen on vp tips, both in

glutaraldehyde- and formalin-fixed vp (Fig. 3A). The vp contained microtubules (mt) that varied



in ultrastructure. A tuft of highly electron dense mt extended from the tip of the villus deep into
the interior of the cyst reaching the pellicle of the zoites (Fig. 2C). Another group of less
electron dense mt existed parallel to the electron dense mt (Fig. 2C). Additionally, fine mt were
located towards the tips of the vp. Microtubules lacked electron dense granules. Dense granules,
however were present in the distal portion of vp, juxtaposed with host myocyte. The ground
sustance layer (gs) was up to 2.5um thick and was relatively homogenous, except for a few
dense granules. In tangentially cut sacrocysts, the gs sections of electron dense mt were scattered
throughout the gs.

All sarcocysts contained few metrocytes and numerous mature bradyzoites. Both
metrocytes and bradyzoites were arranged in groups (Fig. 2C). The bradyzoites were 11-15 pm
long and 2.5-3.0 um wide. They had the same structures as seen in other Sarcocystis
bradyzoites, including micronemes, 2 rhoptries, a micropre, several dense granules, a nucleus, a
mitochondrion, and numerous amylopectin granules (Fig. 4). The micronemes were in the
conoidal third of the bradyzoite. Most micronemes were arranged in rows and were
approximately 300 x 50 nm in size with tapering or round ends (Fig.4).. The micropore was
located 2.5 pm from the tip of conoid. Granular material was seen below the micropore

(Fig.4C).

Discussion

As stated earlier, there is considerable confusion concerning the species of Sarcocystis in
equids. Rommel and Geisel (1975) in reviewing the earlier literature stated that Siedamgrotzky
(1872) first reported sarcocysts in horses in Germany (we do not have access to this paper). He

noticed cillia-like 2 um long protrusions on the cyst wall. Doflein (1901) named the parasite,



Sarcocystis bertrami; he noticed cone-like structures on the cyst wall. Rommel and Geisel (1975)
found thin-walled sarcocysts that lacked protrusions; they named the parasite Sarcocystis
equicanis following the nomenclature proposed by Heydorn et al. (1975), combining the names
of intermediate and definitive hosts. Gobel and Rommel (1980) described the ultrastructure of S.
equicanis and noticed hair like 2-3 um long protrusions on the cyst wall. Odening et al. (1995)
expanded on the ultrastructure of sarcocysts in wild Equidae, and concluded that the structure
broadly resembled the description of S. equicanis from the domestic horse.

In the present study, only one morphologic sarcocyst was found in the donkey and it is
similar to the description of S. bertrami in the horse. Dubey et al. (2015) synonmyzed S.
equicanis with S. bertrami. Illustrations in Figure 1 in the present study explain why the
confusion arose concerning the thin-walled S. equicanis described by Rommel and Geisel (1875)
and the hairy to thick walled sarcocysts described by Doflein (1901). In the present study both
smooth and hairy portions were seen in the same cyst.

Gadaev (1978) found sarcocysts in 8 of 20 donkeys from the former USSR. He named
the parasite S. asinus, solely based on the size, shape and staining of bradyzoites in smears. He
said that brdyzoites of S. asinus were 1-3 um larger (12.3-17.5x 4.5-6.2 for S. asinus, and 11.5-
14.5x 3.5-4.0 for S. bertrami) than S. bertrami of horses, and the nuclear chromatin was pale red
in S. asinus versus crimson in S. bertrami (Gadaev, 1978). These differences are untenable for
separating Sarcocystis species. Babudieri (1932) mentioned S. bertrami in a donkey in Italy but
did not provide any details.

Hilali and Nassar (1987) found sarcocysts in 18 of 20 donkeys in Egypt. In histologic
sections, sarcocysts were microscopic, up to 410 um long and 50.2 um wide. The sarcocyst wall

was striated, and had villar protrusions that were up to 3.7 um long and up to 1 um wide (Hilali



and Nassar, 1987). The bradyzoites were 16.2-16.9 x 4.1-4.2 um in size. This description is
generally similar to the present study.

Hinaidy and Loupal (1982) found sarcocysts in 1 of 2 donkeys in Austria and said that
sarcocysts were the same as in the horse. They mentioned that sarcocysts in the donkeys were 1.7
to 14.1 mm long (Hinaidy and Loupal, 1982). However, they did not provide any detail and
remarked that the cysts in the donkey were similar to those in the horse. All sarcocysts in the
donkey in the present study were microscopic, and macroscopic sarcocysts were never found in
donkeys in Egypt (Hilali, personal observations).

The description of the S. bertarami sarcocysts described here from the donkey should

assist in the recognition of this parasite in horses and other equids.
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Fig. 1. Sarcocysts in histological sections of esophageal muscle of a donkey in Egypt. A-H, hematoxylin and eosin
stain, I, Toluidine blues tain. Bar applies to all images. The sarcocyst wall appears smooth, striated, or cilliated

(opposing arrowheads).



Fig. 2. TEM of S. bertami sarcocyst walls from 2 cysts. Glutarladehyde-fixed. Note parasitophorous vacuolar
membrane (pvm) lined by electron dense layer, villar protrusions (vp), ground substance layers (gs), microtubules
(mt), bradyzoites (br), metrocytes (me) and host cell (hc). (A) The vp are folded on the cyst wall. The gs is thin. Cyst
#1. (B) The vp are angled or folded over the cyst wall. The gs appears thick and has portions of microtubules (mt).
(C). Same cyst as in B but the vp are conical, the gs is thick. The mt extend from the tip of the vp to the pellicle of

metrocytes (arrowheads). Cyst #2.



Fig. 3. TEM of S. bertami sarcocyst walls from cyst #2. (A) Tip of a vp showing undulating pvm, lined by electron
dense layer (edl), that is thinned out or absent at places (arrowheads). The pvm has outpocketing of protrusions (pr).
Three types of microtubules are visible: (i) a thick tuft of electron dense microtubules (mtl), (ii) another tuft of
medium electron dense microtubules (mt2), and (iii) fine mt that appear to criss cross towards the villar tips (mt3).
Note numerous dense granules (gr) in the villar tips. A collar of hair-like (arrow) projections is present on vp. The gs

is relatively smooth with few granules. (B) Cross section of vp showing protrusions (pr) on the pvm and mt.



Fig. 4. TEM of S. bertami bradyzoites. Glutarladehyde-fixed. Note conoid (co), numerous micronemes (mn), several
dense granules (dg), a nucleus (nu) and rhoptries (rh) with long slender neck. (A) A longitudinally cut bradyzoite.
(B) Longitudinal section of conoidal part of a bradyzoite . Note conoid (co) with two rhoptries (rh1, rh2) with
slender neck. The micronemes (mn) are arranged in rows. (C) Note a micropore (mp) with a collared rim (rm),

dense granules (dg), and electron dense secretory material surrounds below the mp.
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