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Abstract
Infections with the Apicomplexa Toxoplasma gondii, Neospora caninum, and Sarcocystis spp. are common causes of repro-
ductive disorders in sheep. However, few epidemiological studies regarding co-infections with these three protozoa are 
reported in sheep in Italy. For this reason, this study aims to evaluate possible co-infections with T. gondii, N. caninum, and 
Sarcocystis spp. in sheep slaughtered for human consumption. From April to July 2019, individual blood, brain, heart, and 
diaphragm samples were collected from 138 sheep after slaughtering. The presence of IgG anti-Toxoplasma in serum sam-
ples was evaluated through ELISA. DNA of the three protozoa was investigated using specific PCRs. Co-infection with T. 
gondii, N. caninum and Sarcocystis spp. was found in 66.7% of the examined sheep. Antibodies against T. gondii were found 
in the 36.2% of serum samples. The presence of T. gondii DNA was detected in the 67.4%, 77.5%, and 21.7% of the brain, 
heart, and diaphragm samples, respectively. Neospora caninum DNA was found in 72.5% of the examined brain samples. 
Sarcocystis spp. DNA was detected in 92% and 52.2% of the heart and diaphragm samples, respectively. Sequence analysis 
of the Sarcocystis spp. revealed the sole presence of Sarcocystis tenella. The present study demonstrates that sheep have a 
high risk of infection with the three Apicomplexa investigated, suggesting the need to adopt adequate measures to prevent 
the spread of these parasitic infections considering their clinical and economic impact on ovine production. Furthermore, 
the possible role sheep play in the zoonotic transmission of toxoplasmosis to humans was highlighted.
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Introduction

The phylum Apicomplexa includes parasites of veteri-
nary and medical significance as well as economic inter-
est (Ortega-Mora et al. 2007; Gajadhar et al. 2015). Three 
important protozoa within this phylum, Toxoplasma gondii, 
Neospora caninum, and Sarcocystis spp., negatively impact 
the reproductive efficiency of farmed ruminants including 
sheep (Buxton 1998; Ortega-Mora et al. 2007; Lindsay and 
Dubey 2020). While N. caninum is mainly known to cause 

reproductive failure in cattle, T. gondii is recognized to be 
one of the principal causes of abortion in sheep (González-
Warleta et al. 2014; Hecker et al. 2019). Sarcocystosis in 
small ruminants is associated with foetal infection and abor-
tions to a lesser extent (Buxton 1998; Ortega-Mora et al. 
2007).

Toxoplasma gondii and N. caninum exhibit a similar 
two-stage asexual life cycle in the intermediate host and a 
host-specific sexual cycle in the definite host (Ortega-Mora 
et al. 2007; Lindsay and Dubey 2020). The first, T. gondii, 
is carried by felids (definitive hosts), and its infective stage 
is capable of infecting virtually all warm-blooded animals, 
including humans (Innes et al. 2009; Gajadhar et al. 2015). 
In sheep, clinical toxoplasmosis appears when the infec-
tion occurs during early to mid-gestation. In such cases, 
spreading tachyzoites can cause transplacental infection 
(exogenous trans-placental transmission) leading to para-
sitism of placental and foetal tissues followed by foetal death 
and resorption, abortion, stillbirth, or weakly born lambs 
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often together with a mummified foetus (Buxton 1998; Tay-
lor 2000; Innes et al. 2009; Lindsay and Dubey 2020). For 
N. caninum, canids act as definitive hosts and ruminants 
(including sheep) as intermediate hosts (Ortega-Mora et al. 
2007; Dubey et al. 2017). Like the previous, tachyzoites dis-
seminate to numerous organs, possibly including trans-pla-
centally to the foetus, causing tissue damage (Ortega-Mora 
et al. 2007; Dubey et al. 2017). Additionally, as in cattle, 
it is likely that reactivation of dormant tissue cysts during 
gestation allowing for tachyzoites to spread to the foetal tis-
sues (endogenous trans-placental transmission) represents 
a major infection route for this parasite in sheep (González-
Warleta et al. 2014, 2018; Filho et al. 2017). Contrary to T. 
gondii, ovine neosporosis was previously not considered to 
impact the reproductive success of flocks significantly (Bux-
ton 1998; Taylor 2000; Hässig et al. 2003). However, recent 
reports and studies are pointing towards N. caninum to be the 
cause of reproductive dysgenesis in sheep more often than 
previously thought (West et al. 2006; Masala et al. 2007; 
Howe et al. 2012; Moreno et al. 2012; González-Warleta 
et al. 2014; 2018; Hecker et al. 2019). Besides, experimen-
tally induced neosporosis during the first and second thirds 
of gestation was shown to be 100% fatal for the foetus, lead-
ing to foetal resorption or abortion (Arranz-Solís et al. 2015; 
Dubey et al. 2017). 

The third protozoa of interest, Sarcocystis spp., have 
an obligatory prey-predator life cycle in which prey ingest 
sporocysts presents in food or water contaminated by the 
faeces of predators (Taylor 2000; Lindsay and Dubey 2020). 
Asexual reproduction occurs in the intermediate host and 
includes multiple generations of merogony with the forma-
tion of bradyzoite sarcocysts in the intermediate host’s mus-
cle cells (Buxton 1998; Gajadhar et al. 2015; Lindsay and 
Dubey 2020). Overall, sheep function as intermediate hosts 
for six species of Sarcocystis: Sarcocystis tenella, Sarco-
cystis arieticanis, Sarcocystis gigantea, Sarcocystis medusi-
formis, Sarcocystis microps, and Sarcocystis mihoensis (Hu 
et al. 2017; Gjerde et al. 2020). Pathogenic species consist 
of those with canid definite hosts (S. tenella, S. arieticanis) 
(Buxton 1998; Ortega-Mora et al. 2007; Dubey et al. 2015a) 
where primary infection during gestation can lead to foetal 
death, abortion, or premature lambs (Taylor 2000; Ortega-
Mora et al. 2007; Dubey et al. 2015a).

Antibodies against T. gondii have been detected in small 
ruminants worldwide, and based on previously published 
reviews, it is clear this parasite to be highly prevalent in 
sheep (Dubey 2009; Stelzer et al. 2019). Similarly, the pres-
ence of N. caninum in sheep has been documented in most 
parts of the world including Europe, the Middle East, Asia, 
Australia, New Zealand, and South America (Dubey et al. 
2017). Sarcocystis spp. are some of the most common para-
sites in livestock (Hecker et al. 2018), and S. tenella, S. ari-
eticanis, and S. gigantea seem to have a global distribution 

(Dubey et al. 2015a; Gjerde et al. 2020). The presence of S. 
medusiformis has only been recorded in New Zealand, Aus-
tralia, Iran, Jordan, Spain, and Sardinia, Italy (Dubey et al. 
2015a; Gjerde et al. 2020), and S. microps and S. mihoensis 
are rarely reported (Hu et al. 2017; Gjerde et al. 2020).

In Italy, depending on the region and technique, a T. gon-
dii seroprevalence between 28 and 83% has been reported 
(Fusco et al. 2007; Masala et al. 2007; Natale et al. 2007; 
Vesco et al. 2007; Zedda et al. 2010; Cenci-Goga et al. 2013; 
Gazzonis et al. 2015; Bacci et al. 2016). For N. caninum, a 
seroprevalence of 19–46% can be found in the current sci-
entific literature (Tamponi et al. 2015; Gazzonis et al. 2016). 
Fewer studies on sarcocystosis in Italian sheep have been 
published. However, current data suggests pathogenic spe-
cies to be highly common as the presence of these parasites 
was detected in 78-100% of examined slaughterhouse sam-
ples (Pipia et al. 2016; Bacci et al. 2016; Pagano et al. 2020).

Even though current data show T. gondii, N. caninum 
and Sarcocystis spp. to be widespread in sheep in Italy, epi-
demiological studies concerning the co-infection of these 
three protozoa commonly recognized to cause significant 
economic losses are scarce. Furthermore, the few studies 
where multiple ovine Apicomplexa are included solely 
report two of the three parasites are discussed above (Masala 
et al. 2007; Bacci et al. 2016; Gazzonis et al. 2016). For this 
reason, this study aims to evaluate possible co-infections 
with T. gondii, N. caninum, and Sarcocystis spp. in sheep 
slaughtered for human consumption in Sardinia, where 
approximately half (over 3 million of sheep) of the entire 
Italian sheep population is reared (ISTAT 2020), through the 
use of biomolecular and serological methods.

Material and methods

Sample collection

From April to July 2019, individual blood and tissue samples 
(brain, heart and diaphragm) were collected, at the time of 
slaughtering, from 138 Sarda sheep, females, aged between 
3 and 7 years and semi-extensively reared. The amount of 
tissue samples was 50 g for the brain and heart, while 5 g 
was collected from the diaphragm. Samples were collected 
in abattoirs from 8 different municipalities in Sardinia. Each 
animal was assigned a unique ID number, and samples were 
marked accordingly. Samples were transported to the Para-
sitology Laboratory of the Veterinary Teaching Hospital of 
the University of Sassari immediately after collection. Upon 
arrival, blood samples were centrifuged at 2000 rpm for 10 
min, and the obtained sera were stored at – 20 °C. Each tis-
sue sample (brain, heart, and diaphragm) was homogenized 
into small pieces (approximately 1 mm × 1 mm) using an 
Ultra Turrax® homogenizer (IKA, Staufen, Germany). 
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All devices used were washed several times with sodium 
hypochlorite solution (2.5%) followed by distillate water to 
avoid DNA cross-contamination between the samples, as 
previously described (Santos et al. 2010). After homogeni-
zation, an aliquot of 50 mg was stored at – 20 °C for biomo-
lecular examination.

Biomolecular analysis

DNA was extracted from 50 mg of homogenized tis-
sue (brain, heart, and diaphragm) using a commercial kit 
(G-spinTM total DNA extraction kit, Korea), according to the 
manufacturer instructions. Three different polymerase chain 
reaction (PCR) protocols were applied to detect the DNA of 
T. gondii, Sarcocystis spp., and N. caninum, respectively. 
Each PCR reaction was carried out in a final volume of 25 
μl containing 10X PCR buffer, 1.5 mm MgCl2, 0.2 mM of 
each deoxynucleotide triphosphate (dNTP), and 0.2 μM of 
Thermus aquaticus DNA polymerase (Thermo Fisher Scien-
tific, Massachusetts USA). For all T. gondii samples (brain, 
heart, and diaphragm), a nested PCR (nPCR) was performed 
in order to amplify a 302 bp fragment of the internal tran-
scribed spacer 1 (ITS1) region as previously described (Hal-
ová et al. 2013). In detail, the external primers NN1 (5′-CCT​
TTG​AAT​CCC​AAG​CAA​AAC​ATG​AG-3′) and NN2 (5′-
CGA​GCC​AAG​ACA​TCC​ATT​GCTGA-3′) and the internal 
primers ITSfw (5′-GAT​TTG​CAT​TCA​AGA​AGC​GTG​ATA​
GTAT-3′) and ITSrev (5′-AGT​TTA​GGA​AGC​AAT​CTG​
AAA​GCA​CATC-3′ were used for the first and second PCR 
reaction, respectively. The thermal cycler conditions were 
94 °C for 3 min, 40 cycles of 94 °C for 30 s, 65 °C for 45 s, 
and 72 °C for 1 min, followed by 5 min at 72 °C for the first 
PCR reaction and 95 °C for 5 min, 50 cycles of 94°C for 40 
s, and 60°C and 72 °C for 1 min followed by 7 min at 72°C 
for the second PCR reaction. Neospora caninum DNA was 
detected in brain samples through an nPCR amplifying the 
224 bp NC5 target region as reported by Yao et al. (2009). 
Briefly, the external primers were Np6+ (5′-CTC​GCA​GTC​
AAC​CTA​CGT​CTTCT-3’) and Np21+ (5′-CCC​AGT​GCG​
TCC​AAT​CCT​GTAAC-3′), while the internal primer were 
Np9 (5′-GTT​GCT​CTG​CTG​ACG​TGT​CGTTG-3′) and Np10 
(5′ CTC​AAC​ACA​GAA​CAC​TGA​ACT​CTC​G 3′); the ther-
mal cycler conditions were the same for the first and second 
PCR reactions: 94°C for 5 min, 35 cycles of 94 °C per 30 s, 
63 °C for 20 s, and 72 °C for 30 s followed by 10 min at 72 
°C. Finally, Sarcocystis spp. DNA extracted from heart and 
diaphragm samples was detected through conventional PCR 
targeting a fragment of the rRNA 18S gene (609bp) accord-
ing to Hamidinejat et al. (2014). Specifically, the primers 
used were Sar-F1 (5′ GCA​CTT​GAT​GAA​TTC​TGG​ CA 3’) 
and Sar-F2 5′ CAC​CAC​CCA​TAG​AAT​CAA​G 3′), and the 
thermal cycler conditions consisted in 94 °C for 5 min, 30 
cycles of 94 °C for 2 min, 57°C for 30 s, and 72 °C for 2 min, 

followed by 72°C for 5 min. All PCR reactions were run in 
a GeneAmp® PCR System 9700 thermal cycler (Applied 
Biosystem, Foster City, CA, USA). The PCR amplification 
products were resolved using electrophoresis in 2% agarose 
gels and visualized by UVIdoc HD2 (UVITEC, Cambridge, 
UK). PCR-positive samples were purified using nucleospin 
gel and PCR clean up (Macherey-Nagel GmbH & Co. KG, 
Düren, Germany) and sent to an external sequencing ser-
vice (Eurofins Genomics, Ebersberg, Germany) in order 
to confirm the specificity of the PCR amplifications. The 
sequences obtained were compared with those found in the 
National Centre for Biotechnology Information (NCBI) data-
base using Basic Local Alignment Search Tool (BLAST) 
(http://​www.​ncbi.​nlm.​nih.​gov/​BLAST/).

Serological survey

Sera were tested for the presence of IgG anti-Toxoplasma 
using a commercial enzyme linked immuno-adsorbent 
(ELISA) kit (PrioCHECK® Toxoplasma Ab SR, Prionics, 
Schlieren-Zurich, Switzerland). The kit included ELISA 
plates coated with cell culture-derived T. gondii-tachyzoite 
antigens, a peroxidase-labelled anti-small ruminant second-
ary antibody, tetramethyl benzidine (TMB) as a chromo-
genic substrate, control sera, and buffer solutions. Serum 
samples were tested at a 1:100 dilution with sample diluent 
buffer. Optical density (OD) was measured at a wavelength 
of 450 nm (reference filter 620 nm), and the results were 
interpreted by calculating, for each sample, a percentage of 
positivity (PP) relative to the OD of the positive control (PP 
sample = OD450 nm sample/OD450 nm positive control × 
100). A PP value exceeding 20 was considered as positive 
and below 20 as negative, as suggested by the manufacturer.

Statistical analysis

The data generated for T. gondii, N. caninum, and Sarcocys-
tis spp. were recorded on a spreadsheet (Microsoft Excel®, 
Microsoft Corp., Redmond, WA) and subsequently analysed 
by Chi-square test (χ2) (Epi-info 6.04, CDC, Atlanta, GA, 
USA). Results were considered statistically significant for 
P < 0.05.

Results

All sheep included within this research (100%, 138/138) 
were found to be positive for at least one of the three targeted 
protozoa, at least one of matrices and diagnostic techniques 
used. Co-infection with T. gondii, N. caninum, and Sarco-
cystis spp. was detected in 66.7% (92/138) of the examined 
sheep. Details are shown in Fig. 1.

http://www.ncbi.nlm.nih.gov/BLAST/
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Biomolecular analysis

The presence of T. gondii DNA was detected in the 67.4% 
(93/138), 77.5% (107/138), and 21.7% (30/138) of the brain, 
heart, and diaphragm samples, respectively (χ2 = 98.75; P < 
0.001). No statistically significant differences were observed 
between samples from the heart and brain (χ2 = 3.56; P = 
0.059), while T. gondii prevalence was significantly higher in 
the heart (χ2 = 85.21; P < 0.001) and the brain (χ2 = 58.21; 
P < 0.001) compared to the diaphragm. Neospora caninum 
DNA was found in 72.5% (100/138) of the examined brain 
samples. The sequence analysis of the NC5 gene identified 
the isolates as N. caninum with a homology of 98.86–100% 
(accession number LN714488), confirming the PCR amplifi-
cation results. Finally, ovine heart and diaphragm tissues did 
not show any macroscopic cysts even though PCR revealed 
Sarcocystis spp. DNA in 92% (127/138) and 52.2% (72/138) 
of the heart and diaphragm samples, respectively (χ2 = 
54.49; P < 0.001). Sequencing of the 18s rRNA gene from 
the Sarcocystis spp. isolates showed a homology of 100% 
with S. tenella sequences deposited in GenBank (accession 
number KP263759).

Serological survey

Antibodies against T. gondii were found in the 36.2% 
(50/138) of serum samples. In 44 of these 50 seroposi-
tive animals, DNA could be detected in the brain, heart, or 
diaphragm. Thus, 31.9% (44/138) of the examined sheep 
were positive for T. gondii by both methods used, PCR and 
ELISA.

Discussion

The present survey highlights the presence of co-infection 
with T. gondii, N. caninum, and Sarcocystis spp. in sheep 
slaughtered for human consumption in Sardinia. Addition-
ally, high prevalence rates of these protozoa were recorded 
in different matrices (serum, brain, heart, and diaphragm 
tissue samples).

Results herein reported show the widespread presence of 
T. gondii in sheep farms in Sardinia, as recently reported in 
pigs and cattle on the same island (Pipia et al. 2018; Gaz-
zonis et al. 2020). The seroprevalence of T. gondii recorded 

Fig. 1   Venn diagram showing 
the prevalence of Toxoplasma 
gondii, Neospora caninum and 
Sarcocystis tenella found in 
the examined animals and their 
intersection
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in the present survey (36.2%) is considerably lower than 
that reported in Sardinia more than 10 years ago (51.3%) 
(Natale et al. 2007). Similar results were reported in Portu-
gal (33.6%) and Iran (33.62%) (Lopes et al. 2013; Izadyar 
et al. 2019).

A higher percentage of positive samples was found 
using PCR (performed in different matrices) than ELISA 
(on serum samples). This agrees with other studies where a 
higher T. gondii prevalence was found through PCR com-
pared to serological methods (Rasti et al. 2017; Yousef-
vand et al. 2021). Such differences most likely result from 
molecular methods having a higher precision, sensitivity, 
and specificity than serological methods (Martínez-Flores 
et al. 2017; Abd El-Razik et al. 2018). Furthermore, through 
PCR analysis, active T. gondii infections can be identified 
as both living and dead parasites can be detected (Robert-
Gangneux and Dardè 2012; Liu et al. 2015). Instead, ELISA 
test used in the present survey can solely identify chronic 
infection through the detection of IgG anti-Toxoplasma pro-
duced by the infected host (Robert-Gangneux and Dardè 
2012; Liu et al. 2015).

PCR results showed the prevalence of T. gondii to be 
significantly higher in the heart (77.5%) and brain (67.4%) 
compared to diaphragm samples (21.7%). Given these 
results, and in accordance with previous research, authors 
suggest heart samples to be the best choice for the isolation 
of T. gondii (Dubey et al. 2015b). In addition to skeletal 
and cardiac muscles, the central nervous system has been 
proven to be a preference site for tissue cysts (Tenter 2009). 
However, the distribution of cysts and the parasite burden 
in different tissues may depend on the T. gondii strain, the 
infective stage (oocysts, tachyzoites and bradyzoites), and 
the time of infection, increasing in heart and skeletal mus-
cles over time (Dadimoghaddam et al. 2014; Juránková et al. 
2014; Swierzy et al. 2014; Yousefvand et al. 2021).

An underestimation of the T. gondii prevalence in the 
diaphragm samples within this research may have occurred 
because for diaphragm, only 5 g was homogenized, whereas 
for brain and heart tissue, 50 g of each was homogenized, 
resulting in a potentially higher chance of including tissue 
cyst for those latter tissues. Indeed, the distribution of T. 
gondii parasites within tissues is heterogenous, and thus, the 
parasites could have been present in the unexamined parts 
of the diaphragm (Robert-Gangneux and Dardè 2012). It 
is worthy to note the high prevalence of T. gondii found in 
sheep slaughtered for human consumption in this research, 
revealing a potential risk for consumers, especially pregnant 
woman and immunodeficient individuals (Weiss and Dubey 
2009). Indeed, the consumption of raw or undercooked meat 
containing T. gondii tissue cysts is among the main routes of 
transmission of this parasite to humans, together with oocyst 
contaminated water and contact with cat faeces carrying T. 
gondii oocysts (Dubey 2021). Thus, this research allowed to 

confirm sheep meat as a possible source of toxoplasmosis 
for humans (Belluco et al. 2016; OIE World Organization 
for Animal Health 2021). This is especially true considering 
the popularity of sheep products on the island. Neverthe-
less, in Sardinia, several projects have been undertaken to 
improve the global value of sheep meat-based food prod-
ucts, e.g. the production of sheep sausages, ham, and air-
dried whole shoulder (Mangia et al. 2006). Although the 
curing processes applied in their production make these 
products microbiologically safe for human consumption, 
these processes have not been validated for the inactivation 
of T. gondii cysts present in meat and require further atten-
tion (Herrero et al. 2017; Hill et al. 2018; Fredericks et al. 
2020). Finally, given the high presence of T. gondii found in 
the heart and brain of sheep examined within this research, 
authors recommend at risk people to avoid the consumption 
of products derived from these sources or better to consume 
them after having been cooked thoroughly.

A potential risk for the livestock industry is also high-
lighted here since toxoplasmosis is recognized to be respon-
sible of great economic losses due to foetal death in addition 
to costs linked to veterinary services (e.g. diagnosis, costs 
for anti-inflammatory substances to reduce the fever in acute 
toxoplasmosis, treatment of fertility problems after abortion) 
(Stelzer et al. 2019; Nayeri et al. 2021).

Similarly, the significance of the high prevalence of N. 
caninum (72.5%) reported here should not be underesti-
mated. Despite that the clinical, epidemiological, and eco-
nomic importance of N. caninum infections in sheep is still 
unclear, the potential role of this protozoa in ovine repro-
ductive problems has been highlighted by several authors 
(Howe et al., 2012; González-Warleta et al. 2014; Al-Shaeli 
et al. 2020). Additionally, N. caninum has previously been 
isolated from ovine abortion samples in Sardinia, emphasiz-
ing its causal role in sheep abortions (Masala et al. 2007).

Besides this, the presence of numerous stray and shep-
herd dogs in Sardinia (and their close contact with sheep) 
could contribute to the spread of this parasitosis to more 
sensitive animal species such as cattle in which N. caninum 
is considered the highly prevalent cause of abortion (Al-
Shaeli et al. 2020; Varcasia et al. 2020). Luckily there is no 
evidence of the zoonotic potential of this protozoan even 
though high frequency of N. caninum antibodies has been 
found in humans, especially immunocompromised patients 
(Lobato et al. 2006; Duarte et al. 2020).

Most data regarding ovine neosporosis have been 
obtained through serological essays while those related to 
the detection of N. caninum DNA in naturally infected adult 
sheep are few (Castañeda-Hernández et al. 2014; Arbabi 
et al. 2016; Amdouni et al. 2018). Amplification of the NC5 
gene is one of the most suitable techniques for the detection 
of N. caninum due to its sensitivity and specificity, allow-
ing for the discrimination between the related apicomplexan 



	 Parasitology Research

1 3

parasites examined in the present survey and for the identifi-
cation of active infections, contrary to serological tests that 
only indicate parasite exposure (Castañeda-Hernández et al. 
2014; Arbabi et al. 2016). Results obtained here confirm the 
presence of this protozoa in sheep in Sardinia as previously 
reported in a sero-epidemiological survey where a preva-
lence of 44.4% and 46.4% was recorded by ELISA in blood 
and milk, respectively (Tamponi et al. 2015). However, this 
research reported the prevalence of Neospora DNA only in 
brain samples, chosen as it is the predilection site of this 
parasite (Dubey 2009). Further studies are needed to assess 
the presence of Neospora DNA in the other tissue samples 
and anti-Neospora antibodies in the serum.

Occurrence of Sarcocystis spp. was evaluated in ovine 
heart and diaphragm samples by PCR and revealed a preva-
lence of 92% and 52.2%, respectively. The absence of vis-
ible macroscopic cysts suggests the presence of microscopic 
species, and in fact, sequence analysis identified S. tenella as 
the only species involved. This finding is in accordance with 
a previous survey on sheep sarcocystosis carried out in Sar-
dinia that reported S. tenella with a high prevalence (95.5%) 
(Pipia et al. 2016). These microscopic cysts producing spe-
cies are considered the most pathogenic in sheep, respon-
sible for fever, loss of appetite, and anaemia (Dubey 1988; 
Bacci et al. 2016). Furthermore, S. tenella can cause abor-
tion or premature birth of offspring in pregnant sheep (Bacci 
et al. 2016). Other, less pathogenic species, S. gigantea and 
S. medusiformis, were not observed in heart and diaphragm 
tissues of all the examined animals. These macroscopic Sar-
cocystis transmitted by felids can be found in various tissues 
and organs depending on the species: S. gigantea is mainly 
detected in the oesophagus, larynx, and tongue, while S. 
medusiformis cysts are found in the diaphragm, abdominal 
muscles, and the carcass (Dong et al. 2018). A previous 
study carried out in Sardinia showed the oesophagus and 
abdominal muscles of sheep to be the most affected by these 
macroscopic species of Sarcocystis, while no macroscopic 
cysts were found in the diaphragm and heart, in agreement 
with our results (Pipia et al. 2016). Furthermore, S. tenella 
and S. arieticanis were reported as more prevalent in com-
parison to S. gigantea and S. medusiformis in China, Brazil, 
and Iraq (Dong et al. 2018; Minuzzi et al. 2019; Abdullah 
2021).

The detection of canid transmitted sarcocystosis in the 
examined sheep underlines the significant role of dogs in 
the spread of S. tenella among others (such as N. cani-
num) on the island. In Sardinia, sheep flocks have a great 
chance of coming into contact with dog faeces considering 
the extensive farming practices applied, the high presence 
of shepherd dogs, and the defecation behaviour of dogs in 
general (which increase the environmental spread of vari-
ous parasites, including S. tenella, and the risk of transmit-
ting infection to sheep during grazing) (Smith et al. 2014; 

Varcasia et al. 2020). Likewise, the extensive sheep farming 
applied in Sardinia contributes to the contact risk of sheep 
with cat faeces and the consequent transmission of parasites 
such as S. gigantea and S. medusiformis. However, the cat’s 
defecation behaviour, consisting of burying its faeces, leads 
to a lower spreading potential of oocysts and sporocysts, 
decreasing the risk of infection for sheep, possibly explain-
ing the absence of Sarcocystis species transmitted by cats in 
the sheep examined (Tamponi et al. 2020; El-Morsey et al. 
2021). On the other hand, for T. gondii, where cats also 
function as definitive hosts, a high prevalence was found, 
highlighting the possibility that vertical transmission could 
play an important role in the transmission of this protozoa 
in sheep (Minuzzi et al. 2019).

Despite that the species responsible for sarcocystosis 
in sheep (and Sarcocystis spp. in general) are host specific 
(Dubey et al. 2015a), their implication in the development of 
toxic effects has been studied experimentally in other animal 
species. In particular, protein extracted from S. gigantea was 
be found to be toxic in mice and rats (Al-Hyali et al. 2009, 
2010) and an antigen obtained from S. tenella caused toxic 
manifestations in rabbits (Mandour 1969). In any case, ovine 
Sarcocystis are believed to be non-zoonotic (Dubey et al. 
2015a).

In conclusion, the present study demonstrates that sheep 
have a high risk of infection with the three Apicomplexa 
investigated (T. gondii, N. caninum, and Sarcocystis spp.) 
and co-infections are frequent. Our results suggest the brain 
and heart to be suitable matrices for the molecular detec-
tion of the investigated protozoa (T. gondii: brain and heart, 
N. caninum: brain, S. tenella: heart). Overall, any ovine 
meat for human consumption should be cooked or prepared 
adequately in order to inactivate infective parasite stages. 
Finally, adequate control programs and sanitary measures 
(e.g. promotion of appropriate disposal of ovine placentas 
and carcasses, avoiding unsupervised home slaughtering, 
limiting the access of dogs and cats to livestock) should 
be adopted in order to prevent the spread of these parasitic 
infections considering their clinical and economic impact 
on ovine production and the possible role sheep play in the 
zoonotic transmission of toxoplasmosis to humans.
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