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Abstract Sarcocystis species are cyst-forming intracel-
lular protozoan parasites. Cattle are mainly infected with
Sarcocystis cruzi, Sarcocystis hominis and Sarcocystis
hirsuta. Water buffaloes are intermediate hosts for Sarco-
cystis fusiformis, Sarcocystis levinei (S. cruzi-like species),
Sarcocystis dubeyi, Sarcocystis sinensis (S. hominis-like
species) and Sarcocystis buffalonis (S. hirsuta- like spe-
cies). The aim of this study was Identification of Sarco-
cystis spp. in slaughtered cattle and water buffaloes in
Ahvaz, Khuzestan province by PCR-restriction fragment
length polymorphism. Meat inspection was done on 124
cattle and 147 water buffaloes. From each animal tissue
samples (each 50 g) from heart, esophagus, diaphragm and
intercostal muscle were collected during meat inspection.
Samples examined with digestion method. Genomic DNA
of 80 positive samples was extracted and their 18S rRNA
gene was amplified. PCR products were digested by
restricted enzymes (Fokl, Sspl and Dral). S. cruzi in cattle
and S. fusiformis in water buffaloes were identified. Our
study clarified that sarcocystosis in cattle in Ahvaz district
may be results acute infection according to determined
species, but in buffaloes as S. fusiformis was detected we
may expect only economic loss follow up slaughterhouse
inspection.
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Introduction

The cyst-forming coccidian parasites, Sarcocystis spp.
(Apicomplexa: Sporozoa), have obligatory two-host life
cycle involving carnivorous as definitive hosts and her-
bivorous or omnivorous as intermediate hosts. These
organisms cause sarcocystosis in domestic animals and
sometimes human and each intermediate and definitive
host may be infected with more than one Sarcocystis spe-
cies (Dubey et al. 1989). Cattle and water buffaloes are the
intermediate hosts of some important species of Sarco-
cystis, that is, they may harbor macro or micro sarcocystis
on their muscles. Intermediate hosts become infected with
the parasite via ingesting sporocysts or sometimes sporu-
lated oocysts existed in the food or water (Dubey and
Lindsay 2006).

The parasites are most prevalent in livestock animals all
around the world which the infection rate in cattle reported
up to 100 percent in many countries (Dubey et al. 1989).
Cattle are mainly infected with Sarcocystis cruzi, Sarco-
cystis hominis and Sarcocystis hirsuta (Dubey and Lindsay
2006) and water buffaloes are usually infected with Sar-
cocystis fusiformis, Sarcocystis levinei, Sarcocystis dubeyi
and Sarcocystis buffalonis (Dubey et al. 1989). Some
Sarcocystis species induce weight loss, general weakness,
fever, anorexia, abortion and death in domestic animals
but, macrocyst inducing Sarcocystis species are often
considered as economic loss producers in slaughterhouses
(Dubey et al. 1989).

The conventional tools for species diagnosis of Sarco-
cystis spp. were based on transmission electron micros-
copy, structure of the cyst wall in the striated muscles of
the intermediate host or information about the lifecycle of
the parasite (Jehle et al. 2009). However, because of
showing the morphologic variations in these procedures
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they are not exactly reliable at the species-specific identi-
fication. On the other hand, electron microscopy is not a
choice for wide and extensive detective studies (McManus
and Bowles 1996).

In recent times, various molecular techniques such as
PCR and its variants based on sequence changes have been
used regarding the sensitivity and rapidity to determine
genetic diversity among many parasites, phylogenetic and
taxonomic studies and in epidemiological mapping (Gon-
zalez et al. 2006; Maurer 2011).

Currently, PCR-restriction fragment length polymor-
phism (PCR-RFLP) based on variable regions of the small
subunit ribosomal RNA sequences is considered and used
widely as a rapid, inexpensive and accurate molecular
approach to discriminate different protozoa as well as
Sarcocystis spp. (Ellis et al. 1995; Heckeroth and Tenter
1999a, b; Motamedi et al. 2011).

As cattle and water buffaloes are rearing as the strategic
animals in livestock industry in Iran, so, the aim of this
study was to determine the Sarcocystis species of these two
economically important animals in Khouzestan by PCR-
RFLP in basis of amplification of 18S rRNA gene.

Materials and methods
Samples collection

The presented study was conducted on 123 and 147
inspected cattle and water buffaloes respectively in
Ahvaz slaughterhouse from Khouzestan, Iran. After
inspection of carcasses, at least 50 g from esophagus,
diaphragm, intra-costal, abdomen and leg muscles from
cattle and water buffaloes were sampled. Sample col-
lection continued until we reached to 40 microcyst
positive cattle and 40 positive water buffaloes (18 mi-
crocysts and 22 macrocysts) that confirmed by digestion
method as described below.

Digestion method

The method of Dubey et al. (1989) with some modifica-
tions was utilized for digestion of muscles. Briefly, mixture
of collected muscles from each animal was minced and
digested for 24 h at 37 °C in 100 ml of digestion medium
containing 6 g of pepsin (Merck), 10 ml of HCI, and
600 ml of distilled water. After digestion, the mixture were
centrifuged 3 min at 2,500xg and the sediment was then
stained with giemsa and examined by optical microscope at
400x magnification for detecting bradyzoites. Thereafter,
the sediments containing bradyzoites washed two times
with normal saline and TE solution respectively and pre-
served at —20 °C until molecular examinations.

DNA extraction

DNA was extracted using the genomic DNA extraction Kit
(Cinnagen, Iran) according to manufacturer instructions.
Next, the extracted DNA was stored at —20 °C until PCR
performance.

PCR Amplification and RFLP

Species determination was carried out by PCR-RFLP
according to amplification of 18S rRNA gene. PCR pro-
tocol and primer selection were adopted according to the
previously described by Jehle et al. 2009.

Briefly, amplification of the 18S rRNA gene was carried
out in 25 pl reaction volumes containing 5 pl of DNA
template, 15 pmol of each reverse and forward primers,
5 mM MgCl2, 2.5 pl 10 x PCR Buffer, 10 mM of each
dNTP and 0.5 U Taq DNA Polymerase. Forward and
reverse genus-specific primer sequences used in this study
were (18S1H): 5 GGC AAA TGC TTT CGC AGT AG 3’
and (18S9L): 5" GGA TAA ACC GTG GTA ATT CTA TG
3’ respectively. The thermal program of PCR was as fol-
lows: 94 °C for 5 min, 40 cycles of 94 °C for 2 min,
annealing at 57 °C for 40 s, and 72 °C for 2 min, followed
by a final extension step at 72 °C for 5 min. To verify the
results, 10 pl of each PCR product was electrophoresed in
a 1 % agarose gel, stained with ethidium bromide and
visualized on a UV transilluminator. The PCR products
were identified by size using a 100 base pair ladder (Fer-
mentas). The expected PCR product had a length of
900 bp.

To determine the possibility of the cross reaction with
related protozoans, Neospora caninum and Toxoplasma
gondii, the whole tachyzoites of these two parasites were
also analyzed by mentioned primers. The amplified pro-
ducts were analyzed with RFLP using Sspl, HindIl, Fokl
and Dral restriction enzymes. Digested PCR products were
resolved on a 2 % agarose gel and visualized with safe
stain under ultraviolet light.

Results

Follow up slaughterhouse inspections there was no macro
cyst in cattle, but after digestion, all of the samples were
infected with micro cysts.

PCR amplification of 7. gondii and N. caninum tach-
yzoites with mentioned primers revealed no electrophoretic
bands but, in the same situation our isolates demonstrated a
Sarcocystis specific 900 and 850 base pairs band for cattle
and water buffaloes respectively (Figs. 1 and 2).

Gel electrophoresis of the PCR-RFLP by amplification
of 18S rRNA gene from all isolates of micro sarcocysts
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Fig. 1 PCR analysis of 18S rRNA gene with Sarcocystis sp. From
cattle (Numbers /-5) revealed only 900 bp band (/-5 Samples;
L Ladder)

Fig. 2 PCR analysis of 18S
rRNA gene with Sarcocystis sp.
From water buffaloes revealed
850 bp band. (/ Sample,

2 Ladder)

Fig. 3 PCR-RFLP analyzes of PCR products of the 18S rRNA gene
from isolated microcysts of Sarcocystis sp. from examined cattle
digested by Dral (412, 444 bp) and Fokl (321, 535 bp) restriction
enzymes

from cattle showed that restriction with Dral enzyme
produced 412 and 444 base pairs fragments and also, Fokl
produced 321 and 535 base pairs fragments which clearly
representing the S. cruzi (Fig. 3).
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Fig. 4 PCR-RFLP analyzes of PCR products of the 18S rRNA gene
from isolated micro and macrocysts of Sarcocystis sp. from examined
water buffaloes digested by Sspl (266, 613 bp) and Dral (99, 768 bp)
restriction enzymes

Also, examination on 40 water buffaloes micro and
macrocysts apparently revealed that restriction with Sspl
enzyme produced 266 and 613 base pairs fragments and
Dral produced 99 and 768 base pairs fragments which
represent the S. fusiformis (Fig. 4).

Discussion

The results of our work approximately repeated other data
prevalence of Sarcocytis infections in cattle or water buf-
faloes in Iran (Ghorbanpoor et al. 2007; Nourollahi Fard
et al. 2009; Hamidinejat et al. 2010) and also support the
importance of this parasite in this district.

Exact detection of etiological agents of infectious dis-
eases is critically important and has central role on control
and prevention purposes. Many conventional procedures
such as trichinoscopy, staining with methylene blue, dob-
smear, digestion and histology have been employed for
diagnosis of sarcocystosis in meat samples. These methods
are genus specific and just performable on slaughtered
carcasses (Williams et al. 1990; Verhasselt et al. 1992;
Holmdahl et al. 1993). On the other hand, some serological
assays including enzyme linked immunosorbent assay
(ELISA) and indirect fluorescent antibody test, based on
bradyzoites derived from sarcocysts have been assessed for
serological diagnosis of sarcocystosis in sheep as well as
some other animals (Uggla and Buxton 1990; Moré et al.
2008). Since, the bradyzoites of different Sarcocystis spp.
have very antigenic similarities and therefore they have
considerable cross reactions with other Sarcocystis spp.
and other related parasites (Mor€ et al. 2008), it is obvious
that these serological methods have serious limitations for
species diagnosis as well as the genus determination.

To our knowledge there is not distinct molecular data in
Iran to determine the species of micro and macro
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sarcocysts in both cattle and water buffaloes accurately and
simultaneously.

Three species of Sarcocystis, S. cruzi, S. hominis and
S. hirsuta (Dubey and Lindsay 2006) have detected in
cattle. Among these species S. cruzi and S. hominis pro-
duce microscopic cysts, whereas water buffaloes are usu-
ally infected with microcyst forming S. levinei and
S. dubeyi as well as S. fusiformis and S. buffalonis which
produce macrocysts (Dubey et al. 1989). Microcyst have
pathogenic subsequences as an acute disease presented by
abortion, fever, anemia and anorexia in early period of
infection and then some chronic disorders maybe develop.
On the other side, although macrocyst forming species are
considered nonpathogenic, they can affect the meat quality
and marketing and subsequently cause economic loss
(Tenter 1995; Pescador et al. 2007). From the other point of
view, another aspect of differences between macro and
microcyst producers is that the definitive hosts of these two
types of Sarcocystis spp. always are different in which cats
often the final hosts of Sarcocystis spp. macrocyst pro-
ducers and dogs play this role for microcyst forming Sar-
cocystis spp. By inference, exact determination of the
species has central role for control and prevention
purposes.

In recent years, molecular diagnostic techniques have
been assessed for specific determination of Sarcocystis spp.
(Yang and Zuo 2000). Among various genomic targets, the
highly conserved 18s ribosomal subunit is used widely for
species-specific detection of different protozoa as well as
Sarcocystis spp. due to presentation of highly variable
regions (Yang and Zuo 2000). On the other hand, many
authors confirmed the 18S rRNA for firmly species-specific
discriminating of sarcocysts (Yang et al. 2001; Tenter et al.
1992, 1994). Thus, the aim of our study was to determine
the Sarcocystis species of cattle and water buffaloes in
Khouzestan province, Iran, using PCR-RFLP in basis of
amplification of 18S rRNA.

This work not detected any cross reactions with
T. gondii and N. caninum. Reported by Homan et al.
(2000), no cross reaction exists between T. gondii and
Sarcocystis spp. or N. caninum in PCR results.

Since our work demonstrates the presence of S. cruzi in
cattle we can conclude that probably acute clinical sarco-
cystosis is considerably important in differential diagnosis
of cattle disorders. On the other hand, detected species in
water buffaloes, S. fusiformis, which is not considered as
illness producing agent is cause of many economical loss in
slaughterhouses according to its effect on meat quality. The
definitive hosts of these two species are cats, soO we must
concentrate on both of them for control and prevention
programs of Sarcocystis infection in the area of our study
especially when it appears that another species are not
present in the quarter at yet. Otherwise, this goal is proper

to prohibit of probable transmission of other Sarcocystis
species to herds (Adriana et al. 2008).

These conclusions clearly reveal and support the
importance of molecular investigations to identify the eti-
ology of different diseases, especially when these methods
are more accurate and economically superior in compare
with other methods (Pescador et al. 2007).
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