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Abstract Sarcocystis spp. are cyst-forming coccidia that in-
fect numerous animals species, including several livestock
species. Despite the importance of sheep and goat production
in Brazil, little it is known about the Sarcocystis species that
infect small ruminants in the country and their potential im-
pact onmeat condemnation due to the presence of macroscop-
ic cysts of the parasite. The aims of the present study were to
determine the frequency of infection by Sarcocystis spp. in
goats and sheep intended for human consumption in Bahia
State, Brazil, as well as to identify the parasite species in
selected samples. The entire tongue, esophagus, and heart
were collected from 120 goats and 120 sheep. Tissues were
examined for Sarcocystis spp. by macroscopic evaluation,
light microscopy, electron microscopy, and molecular tests.
Microscopic cysts of Sarcocystis spp. were detected in
95.8 % of sheep and 91.6 % of goats. Using either transmis-
sion electron microscopy or partial sequencing of the 18S
region of the ribosomal DNA (rDNA) for species identifica-
tion, Sarcocystis tenella and Sarcocystis arieticanis were ob-
served in sheep and Sarcocystis capracanis in goats.
Macroscopic cysts were not detected in the analyzed samples.
We concluded that goats and sheep destined for human
consumption in Bahia possess high frequencies of Sarcocystis
infection. Carcass condemnation due to Sarcocystis
macrocysts seems to be rare in the studied region. S.

arieticanis and S. capracaniswere confirmed for the first time
by electron microscopy or by molecular tests in small rumi-
nants from Brazil.
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Introduction

Sarcocystis spp. are cyst-forming protozoan parasites with a
broad host range and distributed worldwide (Levine 1986).
Sarcocystis infection is commonly observed in sheep and
goats, but the occurrence of disease due to sarcocystosis is
not frequent in these animal species (Buxton 1998). Infected
animals may present anemia, weight loss, and reduced weight
gain; when the central nervous system is affected, the animals
may show hind limb weakness, ataxis, paresis, myopathy, and
death (Buxton 1998).

Despite the sporadic outcome of clinical sarcocystosis in
small ruminants, there is a major economic impact in some
regions due to condemnation of sheep and goats’ carcasses
containing macroscopic cysts of Sarcocystis spp. In a study
carried out in Spain, macrocysts of Sarcocystis spp. were ob-
served in 12% of 6065 adult sheep and goats; among the 12%
of the positive animals, 79 % of their carcasses were totally
condemned, what may represent to the Spanish industry a loss
of 20 million euros annually (Martínez-Navalón et al. 2012).

Sheep are infected by four Sarcocystis species: Sarcocystis
tenella and Sarcocystis arieticanis, which have canids as de-
finitive hosts, and Sarcocystis gigantea (syn. Sarcocystis
ovifelis) and Sarcocystis medusiformis, with cats as definitive
hosts (Collins et al. 1979; Heydorn & Mehlhorn 1987). Three
Sarcocystis species are found in goats: Sarcocystis capracanis
and Sarcocystis hircicanis, which have canids as definite
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hosts, and Sarcocystis moulei (syn. S. hircifelis) that uses cats
as the definite hosts (Dubey et al. 1989; Heydorn et al. 1975;
Heydorn & Matuschka 1981).

Sheep and goat production in Brazil has a significant role in
the economy of the country, with populations of 17.6 million
sheep and 9.3 million goats. Bahia state, which is located in
the Northeast of Brazil, has a country-like territory (564,
733.177 km2), which is, for example, larger than countries
such as France and Germany. Bahia state possesses the second
biggest population of sheep and the largest number of goats in
the country (Instituto Brasileiro de Geografia e Estatística—
IBGE 2011); however, the Sarcocystis species that infect small
ruminants in Brazil, as well as the frequency of infection in the
animals, are poorly known. Sarcocystis sp. was associated
with abortion in sheep in the south of Brazil, what was con-
firmed by electron microscopy, but the Sarcocystis species
could not be determined (Pescador et al. 2007). In another
study, S. tenella DNA was detected in two animals from the
south and southeast regions of the country.

The aims of our study were to determine the frequency of
Sarcocystis infection in sheep and goats destined for human
consumption in Brazil from an economically important region
for small ruminants, as well as to accurately identify
Sarcocystis species that infect these animals using a combina-
tion of ultrastructural and molecular techniques.

Materials and methods

Animals

Tissue samples from 120 sheep and 120 goats were acquired in
a slaughterhouse in Bahia state, Brazil, which is under a federal
inspection veterinary service and receives animals from several
municipalities in Bahia state. The slaughtered animals are des-
tined for human consumption in the internal Brazilian market.
The samples were collected from January 2012 to June 2013.
For the sample size calculation, a finite population for each
animal species was estimated using a confidence interval of
90 %, expected prevalence of infection of 90 %, and 5 % of
precision. The minimal number of animals was estimated to be
97, but 120 were obtained for each animal species (goats and
sheep). The samples were collected by convenience, accord-
ing to the day and time available for slaughtering. The
sheep were from Santa Inês breed and Santa Inês-mixed
breed. This breed is a woolless hair sheep raised for meat
production. The goats consisted of mixed breed animals
that are also mainly raised for meat production.

The entire tongue, heart, and esophagus from each animal
were collected and individually stored in sealed plastic bags.
The samples were obtained in six different days with intervals
of at least 1 month between each collection. The tissues were
transported to the laboratory in styrofoam boxes containing ice

packs and processed during the 2 days post-collection. All
tissue samples were collected from the carcasses after the ani-
mals were killed in the slaughterhouse during its regular com-
mercial routine for meat production. Therefore, no specific
ethics approval was required.

Macroscopic analysis

The macroscopic examination was carried out at the same day
that the tissues were collected. At least ten transversal cuts
were done using a scalpel in the tongue and heart for macro-
scopic cyst visualization. The whole esophagus was longitu-
dinally sectioned to expose the esophageal lumen, and its
internal and external walls were macroscopically analyzed.

Microscopic examination of fresh tissues

The microscopic survey for cysts using fresh tissues was per-
formed according to two methods. (1) Squash preparation:
separate fragments of each tissue, measuring approximately
5 mm thick, were firmly squashed between two slides and
examined under an optical microscope at ×40 and ×100 mag-
nification. This procedure was done in triplicates for each
tissue. (2) Tissue grinding: approximately 50 g of each tissue
was grinded in a manual meat grinder and mixed with PBS
(pH 7.2). After homogenization, it was filtered in gauze and
centrifuged (600×g for 10 min). The supernatant was
discarded, and the sediment was added to 1.5-mL tubes. Three
smears were made with a fine layer of the sediment and visu-
alized through an optical microscope (×100 magnification).
When cysts were observed, a minimum of ten cysts was mea-
sured in an Olympus BX50 microscope. With the help of a
syringe needle (19G) and the use of a stereomicroscope, the
cysts were individually collected and transferred to 1.5-mL
DNAse/RNAse free tubes for further molecular analysis.

Histologic examination

Samples from each tissue were fixed in 10 % buffered formalin,
embedded in paraffin, sectioned at 6 μm, and stained by con-
ventional hematoxylin-eosin (HE). The tissue sections were mi-
croscopically examined for Sarcocystis spp. One section for each
individual organ (tongue, esophagus, and heart) was analyzed
using goat and sheep samples, totalizing 360 tissue sections.

Transmission electron microscopy

Sarcocystis spp. cysts observed by fresh tissue preparation
were collected for transmission electron microscopy (TEM).
Part of the cysts was collected with an adjacent muscle layer
from the host, in order to better preserve the morphology of
the cyst wall. The cysts were fixed in 2 % glutaraldehyde
solution in sodium cacodylate buffer 0.1 M (pH 7.4) for 2 h
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at room temperature and stored at 4 °C until processing. After
fixation, the sample was washed in sodium cacodylate buffer
0.1 M (pH 7.4), post-fixed with 1 % osmium tetroxide,
dehydrated in different acetone solutions (30, 40, 50, 70, 90,
and 100 %), and treated in block with 1 % phosphotungstic
acid and 1 % uranyl acetate. Then, the 100 % acetone was
replaced by Polybed resin, followed by paraffin embedment
and polymerization in an oven at 60 °C. Semi-thin cuts were
made to observe the Sarcocystis spp. cysts by light micro-
scope. Ultrathin cuts were performed and examined using a
Zeiss EM900® transmission electron microscope.

Molecular analysis

DNAwas extracted from individual cysts using a commercial
DNA extraction kit (Easy DNA, Invitrogen®) according to the
manufacturers’ instructions. The final addition of buffer to the
extracted DNAwas reduced to 10 μL instead of 100 μL. The
samples were maintained at −20 °C until the PCR analysis.

A conventional PCR was done to amplify part of the subunit
18S of the ribosomal DNA (rDNA) of Sarcocystis spp. using the
primers 1L (forward: CCATGC ATG TCTAAG TATAAG C)
and 3H (reverse: GGC AAA TGC TTT CGC AGT AG)
(Dahlgren & Gjerde 2007; Yang et al. 2001b). For each 25-μL
reaction, 1 μL of the sample DNA, 20 pmol of each primer, and
12.5 μL of PCR Master Mix (Promega®) were used. The PCR
was done in a thermal cycler (Bio-Rad, USA) in the same con-
ditions proposed by Dahlgren and Gjerde (2007). Positive con-
trol (DNA extracted from a pool of Sarcocystis spp. from a
sheep) and negative control (ultrapure water) were included in
all reactions. The products obtained in the PCR were observed
in 1.5 % agarose gels under UVemission. The amplicons were
purified from the gel and submitted for sequencing. A BLAST
search (http://blast.ncbi.nlm.nih.gov) was performed using the
obtained nucleotide sequences for species classification.

Statistical analysis

The McNemar test was used to compare the two techniques
(tissue grinding and squash) that were employed for the

detection Sarcocystis sp. animal tissues. Values of p under
0.05 were considered statistically significant. The lengths
and widths of at least ten cysts from each organ (heart, tongue,
and esophagus) were determined by light microscopy and
expressed as mean sizes and amplitudes of variation.

Results

Macroscopic analysis

Nomacroscopic cysts were observed in tongue or heart tissues
of the 120 sheep and 120 goats. Macroscopic cysts were also
not found in the inner or outer surface of the 240 examined
esophagi.

Microscopic examination of fresh tissues

Out of 120 sheep that were examined by light microscopy
using tissue squash preparation or tissue grinding, 95.8 %
(115/120) were infected with Sarcocystis spp. The detected
microscopic cysts were slender and highly septated. The septa
of the unstained cysts presented a dark color. In contrast, the
septa from cysts in histologic sections stained by HE were
white (Fig. 1). The frequencies of microscopic cysts in the
three employed tissues, observed through the squash method
and tissue grinding, varied from 58.3 to 86.7 % (Table 1). A
higher proportion of positive animals was detected using the
squash technique than by means of tissue grinding (p<0.05).
A larger number of cysts in ovine tissues were found in the
tongue and esophagus than the heart (p<0.05).

The histologic analysis of tongue, esophagus, and heart
sections in sheep revealed sarcocysts with variable sizes and
shapes; these variations were in part associated with the angle
that the tissues were sectioned. The cysts presented round,
elliptical, or elongated forms, with zoites separated by septa.
The length of the cysts ranged from 100 to 1100 μm and the
width from 30 to 130 μm (Table 2). The cyst walls were
evident, but the thickness of the walls varied among cysts in
the same tissue section. In higher magnification, villar

Fig. 1 Sarcocystis spp. in the tongue of a sheep. A squash preparation
containing a nonstained cyst (a); the septa dividing the internal
compartments are seen as dark structures. A histologic section of a cyst

stained by hematoxylin and eosin (b); the septa are visualized as
nonstained (light) structures. Bars= 50 μm
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protrusions could be seen in some cyst walls, although the
details of these protrusions could not be accurately visualized
by light microscopy (Fig. 2).

The overall frequency of microscopic Sarcocystis spp. in
the tested goats was 91.6 %. The squash preparation resulted
in a larger number of positive samples than the tissue grinding
when hearts and esophagi were used. For the tongue, the
number of positives did not statistically differ between the
two techniques (Table 1). The sarcocyst appearance in goat
tissues was similar to that observed for sheep, with cysts of
variable sizes (Table 2) presenting thick walls and thin walls.
The lengths of the cysts in goat tissues ranged from 110 to
1060 μm, and their widths varied from 30 to 400 μm (Table
2). The tongue and esophagus had higher numbers of tissue
cysts than the heart (p<0.05). The HE-stained goat cysts were
similar to those observed in the ovine tissues.

Transmission electron microscopy

The ultrastructural evaluation of Sarcocystis spp. in tissues
from sheep and goats was mainly targeted to the cyst walls.
Ovine tissue cysts collected from two animals were examined
by TEM. Two distinct types of villar protrusions were ob-
served for the ovine cyst walls, which were characteristic of
S. arieticanis and S. tenella. Cysts of S. arieticanis were ob-
served as having snake-like protrusions, starting from the pri-
mary cyst wall, with lengths ranging between 1 and 6 μm. A
granular substance was observed inside the primary cyst wall,
which was approximately 0.5 μm thick (Fig. 3). The cysts
were internally separated by septa in different compartments,
which were filled with bradyzoites (Fig. 4). The cyst walls of
S. tenella presented a ground substance and finger-like protru-
sions, with average lengths up to 1 μm.Numerous bradyzoites

were observed underneath the walls (Fig. 5), in which amylo-
pectin granules and micronemes were evident.

Cysts analyzed by TEM from three goats were morpholog-
ically compatible with S. capracanis. Finger-shaped or
palisade-like villar protrusions arising from the primary cyst
walls measured from 1 to 3 μm in length. The cyst walls were
filled with a granular substance (Fig. 6). There was an abun-
dant amount of bradyzoites inside the cysts, which had a large
number of micronemes, and in smaller amount, rhoptries. The
appearance of the villar protrusions as finger-like or palisade-
like depended on the angle in which the cyst was sectioned. In
some bradyzoites, the conoid could be seen in one of the
apices. Numerous amylopectin granules were noted inside
the bradyzoites. Part of the cysts had muscular tissue adhered
to the external layer of the cyst wall. In other cysts, the host
muscle tissue was completely absent. The treatment of the
nude cysts (without attached muscle) for TEM did not alter
the cyst wall morphology (Fig. 7).

Molecular analysis

PCR was carried out for 53 ovine samples of Sarcocystis col-
lected after tissue grinding (tongue, esophagus, and heart).
Out of these samples, 19 (35.84 %) were positive for the
Sarcocystis spp. Amplicons of approximately 800 pb were
visualized on 1.5 % agarose gels. DNA amplified from indi-
vidual cysts from one animal was sequenced and matched
with S. tenella, with 97 % identity with sequences deposited
in GenBank using BLAST (http://blast.ncbi.nlm.nih.gov/).

A total of 270 individual cysts from 63 goats were tested by
PCR. Sarcocystis DNA was amplified from 137 of the 270
examined samples. Reactions using individual cysts resulted
in amplicons of approximately 800 bp. PCR products for
Sarcocystis spp. were purified from the agarose gels and
submitted for sequencing. Samples from two animals
generated sequences with suitable sizes that were blasted
(http://blast.ncbi.nlm.nih.gov/) for species classification.
Two cysts corresponded to S. capracanis.

Discussion

In this study, we examined heart, tongue, and esophagus from
120 sheep and 120 goats for Sarcocystis spp. The overall

Table 1 Frequencies and tissue distribution of Sarcocystis spp. in
slaughtered sheep (n = 120) and goats (n = 120) in the state of Bahia,
detected by two different methods (squash and tissue grinding)

Heart Tongue Esophagus
Positive (%) Positive (%) Positive (%)

Squash Sheep 97 (80.3) 104 (86.7) 93 (77.5)

Goat 10 (8.3) 101 (84.2) 110 (91.6)

Grinding Sheep 78 (65) 86 (71.6) 70 (58.3)

Goat 7 (5.8) 110 (91.6) 78 (65)

Table 2 Sizes of cysts of
Sarcocystis spp. observed by
fresh examination of the
esophagus, tongue, and heart of
120 sheep and 120 goats
slaughtered in Bahia

Heart Tongue Esophagus
Mean (amplitude) Mean (amplitude) Mean (amplitude)

Length (μm) Sheep 185.18 (100–320) 308.63 (140–600) 254.36 (120–1100)

Goat 384.31 (310–510) 417.3 (120–1000) 396.65 (110–1060)

Width (μm) Sheep 57.98 (30–130) 67.54 (40–100) 70.01 (40–100)

Goat 72.69 (40–100) 66.31 (30–400) 72.78 (40–140)
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frequencies for Sarcocystis spp. were 95.8 % for sheep and
91.6% for goats. The evaluation of selected cysts by TEM and
molecular analysis revealed S. arieticanis and S. tenella in
ovine tissues and S. capracanis in tissues from goats. To the
authors’ knowledge, this is the first confirmation of S.
arieticanis and S. capracanis in Brazil and South America
using ultrastructural or molecular analysis of parasite cysts.
We also demonstrated S. tenella in sheep by both ultrastruc-
tural and molecular analysis. As mentioned before, the only
previously confirmed report of S. tenella in Brazil was based
in the detection of DNA in two animals, with no demonstra-
tion of the cysts in animal tissues (da Silva et al. 2009).

Sarcocystis spp. cysts were microscopically detected in the
current work by means of tissue squash, tissue grinding, and
HE staining. The tissue squashmethodwas compared with the
grinding technique; the former method, which is a fast and
practical diagnostic tool, detected a higher number of positive
animals than the grinding technique, although these methods
did not permit the differentiation among the Sarcocystis spe-
cies. There was a great variation in the lengths and widths of
the observed cysts, what may be related with the age of the
cysts. The sizes of the microscopic cysts do not seem to con-
tribute for the species identification in the genus Sarcocystis
that infect small ruminants.

The use of TEM was crucial for the identification of the
species of Sarcocystis in some selected samples. The visu-
alization of finger-like villar protrusions in sheep samples
allowed the identification of S. tenella cysts. The villar pro-
trusions with hair-like morphology permitted the confirma-
tion of S. arieticanis in sheep tissues. It is interesting to note
that Dubey et al. (1988) described S. arieticanis cysts from
sheep in the USA as not possessing septa. In our study, S.
arieticanis cysts were septated, similarly as observed by
Heydorn and Mehlhorn (1987). We have noted that the sep-
ta inside some cysts are sometimes not easily visualized,
especially in large cysts with large compartments. The lack
of septa in S. arieticanis cysts described by Dubey et al.
(1988) was probably due to the low number of analyzed
cysts (n= 3).

The cysts examined by TEM in goat tissues in the present
study had cyst wall morphologies characteristic of S.
capracanis, which has finger-like or palisade villar protru-
sions (Heydorn & Haralambidis 1982), similar as the walls
from S. tenella in sheep. No microcysts of S. hircicanis were
observed in the current study; however, only a small number
of cysts could be examined by TEM.

Fig. 2 A cyst of Sarcocystis sp. in a tongue section from a sheep stained
by hematoxylin and eosin. A highmagnification of the cyst wall (arrows)
does not permit the accurate visualization of its arrangement and
classification of the Sarcocystis species

Fig. 3 Transmission electron microscopy of Sarcocystis arieticanis in
the tongue of a sheep. Hair-like villar protrusions (VP) and the primary
cyst wall filled with a granular substance (GS). Different sections of
bradyzoites are observed inside the cyst, in which several amylopectin
granules (AG) and numerous micronemes (Mn) are visualized

Fig. 4 A cyst of Sarcocystis arieticanis with compartments separated by
septa (Se) and numerous bradyzoites (Br) inside. Note the hair-like villar
protrusions (VP) on the lower part of the image

Fig. 5 Sarcocystis tenella in the tongue of a sheep. The villar protrusions
(VP) have a finger-like structure. A granular substance (GS) is part of the
cyst wall. A bradyzoite is seen underneath the cyst wall. Host muscle (M)
is observed adjacent to the VP
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Macroscopic Sarcocystis in sheep, which are characteristics
of S. medusiformis and S. gigantea, were not observed in any of
the 120 tested animals. In goats, the species that form macro-
scopic cysts (S. moulei) have also not been found in the tested
animals. Cats are definitive hosts for S. medusiformis, S.
gigantea, and S. moulei. In Brazil, sheep and goats destined
for meat production are usually raised on pasture and in closer
contact with dogs than cats, what may be one of the reasons for
the absence of the macroscopic cysts in the tested samples. It
has been reported that macroscopic cysts of S. gigantea are
found in older animals, usually over 3 or 4 years old (Munday
& Obendorf 1984). The sheep used in our study were up to
2 years old. S. medusiformis has been more frequently detected
in larynx, abdominal, and diaphragmatic musculature of sheep

(Obendorf & Munday 1987). In our study, heart, tongue, and
esophagus were employed. Macrocysts of S. moulei, which are
specific of goats, are found in esophagus; however, the presence
of these cysts by the naked eye is more frequent in animals from
19 months old (Heydorn & Kirmsse 1996).

The high frequencies of Sarcocystis spp. observed in goats
and sheep in the current work are not surprising. Studies car-
ried out by various authors from different countries have re-
ported prevalences of infection in goats and sheep ranging
from approximately 70 to 100 % (Dubey et al. 1988; Latif et
al. 1999; Shekarforoush et al. 2005). The histologic and fresh
examinations by light microscopy allowed the identification
of thick wall and thin wall cysts, but they did not permit the
differentiation of the species, even using high magnification
(×1000).

S. arieticanis and S. capracanis have been reported in sev-
eral studies conducted in different countries (Al Quraishy et al.
2014; Morsy et al. 2011; Haziroglu et al. 2003; Oryan et al.
1996; Singh et al. 1990; Heydorn & Mehlhorn 1987). In the
Americas, the only reports of S. arieticanis and S. capracanis
have been made in the USA (Dubey et al. 1988; Dubey &
Livingston 1986). In the present study, the use of TEM
allowed the identification of S. arieticanis and S. capracanis.

Besides the morphological characteristics of the cyst wall,
molecular analysis provides a valuable support for the confir-
mation of Sarcocystis species (Yang et al. 2001a; Yang et al.
2001b). The rRNA gene subunit has been widely used to
differentiate the apicomplexan from other eukaryotic species
(Ellis & Morrison 1995; Ellis et al. 1995; Fischer & Odening
1998; Holmdahl et al. 1993; Jenkins et al. 1999). Other genet-
ic markers, such as cytochrome oxidase, have been identified
and shown to be useful for species confirmation in the genus
Sarcocystis (Gjerde 2013). In this study, nucleotide sequenc-
ing of the PCR products using general primers for Sarcocystis
spp. was performed in a small number of samples. The DNA
obtained from individual cysts allowed the identification of S.
tenella in sheep and S. capracanis in goats.

Although not performed in this work, bioassaymethodsmay
be applied for the differentiation among Sarcocystis that use
cats or dogs as definitive hosts (Dubey et al. 1982; Heydorn
& Haralambidis 1982; Heydorn &Matuschka 1981; Mehlhorn
& Scholtyseck 1974; Munday & Rickard 1974).

In conclusion, we observed high frequencies of infection
by Sarcocystis spp. that form microscopic cysts in sheep and
goat destined for human consumption in Bahia, Brazil. We
report, for the first time in Brazil and South America, the
confirmation of Sarcocystis ariticanis and S. capracanis by
combining ultrastructural and molecular analysis. Although
Sarcocystis spp. that form macroscopic cysts in sheep
(S. gigantea and S. medusiformis) and goats (S. moulei) were
not found in the current work, more studies using older ani-
mals are needed to determine whether these macrocyst-
forming species infect small ruminants in Brazil.

Fig. 6 Transmission electron microscopy of Sarcocystis capracanis in
the esophagus of a goat. Typical finger-like villar protrusions (VP) arise
from the primary cyst wall, which contains a granular substance (GS).
Several zoites are seen above the GS

Fig. 7 Transmission electron microscopy (TEM) of Sarcocystis
capracanis in goat tissues. One cyst (a) was fixed for TEM with no
muscle (M) from the host, while the other cyst (b) was processed for
TEM with adjacent muscle to better preserve the cyst wall morphology.
No differences in the morphology of the cyst walls were noted between a,
b. The anterior portion of a bradyzoite (Br) is shown in a, whose
micronemes (Mn), conoide (Co), and amylopectin granules (AG) are
evident
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