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Abstract

Background: Sarcocystosis is a zoonotic disease worldwide caused by Sarcocyst-
Zs spp., some of these species can show clinical and subclinical manifestations,
resulting in financial losses. Our study was performed for identifying Sarcocystis
sp., in slaughtered buffalo by PCR—RFLP based strategy with sequencing in Gui-
lan, North of Iran.

Methods: Overall, 400 fresh muscle samples were prepared via naked-eye obser-
vation from 100 buffaloes (esophagus, diaphragm, shoulder, and thigh), followed
by the digestion of samples. The PCR was done to amplify partial parts of the
188 rRINA and mitochondrial cytochrome ¢ oxidase subunit I (Cox7) genes.
Then, the PCR products were digested by endonuclease Sspl, Dral, and FokI.
Sequencing of all species was done to confirm the RFLP results.

Results: Five macroscopic cysts (1.25%) were visible in the sample by naked-eye
examination. Furthermore, 293 samples (73.25%) were found to be Sarcocystis sp.
positive through tissue digestion and microscopic observation, whereas 376
samples (94%) were positive by PCR. In addition, the findings of PCR-RFLP
and nucleotide sequence samples exhibited the infection of buffaloes with S.
Crugi.

Conclusion: Based on the data presented herein, Bovine sarcocystosis caused by S.
¢eruzi is very common in buffalo in the Guilan region. Regarding the high preva-
lence of sarcocystosis, developing disease control and prevention policies for
buffaloes is necessary, and a change of attitude in #aditional farming is recom-
mended.
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Introduction

ore than 200 known species of Sar-
cocystis worldwide are capable of in-
fecting animals (1). Sarcocystis is one

of the most common cyst-forming species of
protozoan parasites with universal distribution
in different types of hosts as definitive (carni-
vores) and intermediate hosts (herbivores) (2-
5). Some species of Sarcocystis may contribute
to clinical symptoms, leading to weight loss,
anorexia, fever, diarrhea, anemia, weakness,
and death (6). Consumption of undercooked
or raw beef is an important risk factor for
humans (7).

Human intestinal sarcocystosis is a zoonotic
disease, caused by two species of S. fusifornis
(by consumption of infected beef) and .
meischeriana (by consumption of raw infected
pork), resulting in digestive disorders (8). In
addition to economic losses in animal hus-
bandry, Sarcoeystis infection can be a threat to
public health (9). This parasite has a global
spread and can infect various species of do-
mestic animals. There have been many vali-
dated species in buffaloes such as . fusiformis,
and S. buffalonesis (cats as definitive hosts), as
well as S. levinei (canids are the definitive host),
and . dubeyii with an unknown definitive host
(10) .

Adult Sarcocystis of different species is dis-
tinguishable via distinct phenotypic character-
istics, e.g., the shape, size, cyst wall thickness,
etc. Nevertheless, these characteristics may be
influenced by the location and stages of cyst,
growth, parasite stage and host tissue type.
Therefore, molecular methods are considered
reliable for affirming species identification and
differentiation (11). The wvariable regions of
the 785 rRINA gene are a valuable target for
identifying different species (12). Molecular
markers including 785 rRNA, 285 rRNA, IT,
and Cox7 sequence have been effectively used
to identify Sarcocystis (13). However, the Cox7
is capable of differentiating Sarcocystis spp. thus
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described to be a favorable marker when
compared with 785 rRNA gene (14).

Protozoan parasites are common in Iranian
domestic livestock (15). However, few studies
are available in Iran for Sarcocystis spp. in water
buffaloes (2).

We aimed at evaluating the phylogenetic and
molecular data of 785 7RIN.A and Cox7 genes
of Sarcocystis sp. in Guilan province, North of
Iran.

Materials and Methods

FE'thical considerations

This study was done on slaughtered buffa-
loes. Research Ethics committees of Islamic
Azad University-Science and Research Branch
approved the study with 1D
IR.JAU.SRB.REC.1401.126.

Sampling

From January to May 2022, esophagus, dia-
phragm, shoulder, and thigh muscle samples
of 100 buffalo carcasses from different slaugh-
terhouses were collected in Guilan Province,
northern Iran. Fifty grams of each muscle tis-
sue was taken by veterinarians during post-
mortem inspections, transported to the la-
boratory through a cold chain, and then stored
at -20°C until further evaluation.

Trypsin digestion

Briefly, 20 g of buffalo muscles were digest-
ed in 50 ml trypsin based on the optimized
protocols for 16 h at 37 °C and then centri-
fuged for 5 min at 7000 rpm, followed by sus-
pending the pellet in 5 ml PBS and centrifuga-
tion for 3 min at 5000 rpm (16, 17). The pellet
was suspended in 5 ml of PBS and the result-
ing suspension was finally applied for DNA
extraction.
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DNA extraction and molecular detection
of Sarcocystis spp

DNA extraction was performed using a
commercial DNA extraction Kit (MBST,
IRAN), according to the Kit instruction (18).
Amplification of 785 rRNA and Cox7 genes
were done by primers of the 785 7RIN.A gene
(f: 5-TCAGGGAGGTAGTGACAAGA-3; R:
5-ATGTCTGG ACCTGGTGAGTT-3) and
Cox1 gene (f: 5-
CTTTAGCGTTGTTGGTAC-3; R:  5-
CCCGTAGGAATGGCAAT-3). The primers
applied for 785 rRNA (JQ713824), and CoxT7
genes (KU247899) were designed based on
published sequences, and synthesized by
Sinaclon Biotech Co, Tehran, Iran. PCR was
performed by the standard method, except for
denaturation temperature (94°C). Each 25 ul
PCR reaction consisted of 0.5 uM of each
ptimer, 0.2 mM of each dANTP, 0.2 u/ul
Dream Taq buffer, 1 ug DNA template, and
distilled water. The cycling conditions consist-
ed of initial denaturation at 95 °C for 5 min,
followed by 40 cycles of 94 °C for 45 s, 56 °C
for 45 s and 72 °C for 45 s, and a final exten-
sion cycle at 72 °C for 10 min. Negative con-
trol of the Hzo was used as a sample. PCR
products were finally electrophoresed on a
1.5% (w/v) agarose gel for 90 minutes (19).

Sequencing and phylogenetic analysis

The amplified 785 RN.A and Cox7 genes
of Sarcocystis were sequenced based on a spe-
cific primer set to achieve species identifica-
tion. The obtained sequences were blasted,
and ClastalW V.2 software was applied to
align the 785 rRINA and Cox7 genes sequenc-
es (20). MEGA 6.06 software was applied to
generate a phylogenetic tree using Neighbor-
Jinning (NJ) phylograms (with 1000 replicates)
of both gene sequences (21, 22).

Results

RFLP-PCR
PCR amplification of 785 rRN.A and Cox7
genes from of Sarcocystis species produced
DNA fragments with the expected size of
about 860 and 950 bps, respectively (Fig.1 and
2). Interestingly, RFLP analysis of PCR prod-
ucts with endonucleases exhibited the pattern
of S. cuzi. As shown in Fig. 1, digestion
with Dral and Fokl produced 790 and 600
bps fragments of §. cwgi, respectively. The
endonuclease Ssp1 did not result in any diges-
tion band pattern of the 785 rRN.A gene.
In the mitochondrial gene Cox7, Di-
gestion with Fok1l produced a DNA fragment
of 910 bp, while the endonuclease Sspl and
Dral did not result in any digestion band pat-
tern of Cox7, representing S. cruzi (Fig. 2).

Dral & Fok1l

ra-1:1-3=1

S00bp

Fig. 1: PCR-RFLP analysis of 18S tRNA gene of Sarcocystis isolated from Iranian water buffalo demonstrating
species-specific fragments of S. cugs: Lane 2, 3 and 4 digested whit Ssp1(a), Lane 2 and 4 digested whit Dral,
Lane 3 and 5 digested whit Fok1(b), M marker of 100 bp, lanel(a and b) uncut (control)
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Fig. 2: PCR-RFLP analysis of Cox1 gene of Sarcocystis, demonstrating species-specific fragments of 5. eruzi:
Laneland 2 digested whit Ssp1, Lane 4, 5 and 6 digested whit Fok1, Lane 8 and 9 digested whit Dral, M
marker of 100 bp, lane 3 and 7 uncut (control)

PCR-RFLP

For PCR-RFLP analysis, the 785 RIN.A and
Cox1 products of different Sarcocystis species
were digested (19). Digestion of amplified
PCR products was separately perfumed by
three restriction enzymes: Dral, Sspl, and
Fok1. Briefly, reaction mixtures were applied
in a total volume of 50 pl, consisting of 10
units of restriction enzyme, 10-20 ul of PCR
product, and 5 ml of buffer. All re-
striction mixtures were incubated for 16 h at
37 °C (Dral, Sspl) and 5 min at 37 °C (Fokl1),
followed by inactivation at 65 °C for 20 min
(Dral and Ssp1) and at 65°C for 5 min (Fok1),
(Thermo Scientific, USA). A 100-bp DNA
ladder was utilized to estimate the sizes of the
restriction fragments (Armanbiotech, cat no.
Y'T8503).

DNA sequencing and analysis

The amplified PCR products of both genes
were successfully sequenced for sampled .
cruzi. Assembly of DNA sequence on both
strands was obtained from fragments consist-
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ing 773 and 858 consensus nucleotides of
rRNA and Cox7, respectively. All Iranian 785
rRNA and Cox7 sequences were completely
similar to each other as registered in GenBank
under accession no. OP278729, and
OP609867, respectively. The Iranian sequenc-
es were compared to eight corresponding se-
quences obtained from 785 rRNA gene
(AF176935, KT306827, KM434885, and
KJ917944), and Cox7 gene of S. cugi
(MT796928, MT796935, MW490605,
KC209598). Based on the multiple alighments
of Iranian 785 rRINA (Fig. 3) and Cox7 genes
sequences with other S. cuzi strains (Fig. 4),
different isolates were characterized by single
nucleotide polymorphisms (SNPs) and indels
in the present study.

According to accession numbers OP278729
and OP609867 (Figs 3, and 4), these sequenc-
ing results also showed nucleotide polymor-
phism in the sequenced 785 rRN.A and Cox7
genes at positions 444, 459, 511, 518, 526, 527
and 539, as well as at 664 of the 785 rRINA
and 585, 599, 708, and 845 of the Cox7, re-
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spectively. Sequencing of 785 rRIN.A gene of
the Iranian isolates demonstrated Sequencing
of the Iranian isolates of 785 rRIN.A demon-
strated four nucleotide positions (444, 459,
539, and 664) are responsible for double peaks
on the chromatogram. Two possible nucleo-
tide characters were present for each of the

four locations (Fig. 3); also, sequencing of
Cox1 revealed two nucleotide positions (585,
and 845) responsible for double peaks, where
two possible nucleotide characters were ob-
served in each of these locations (Fig. 4).

Query (Iran,S.cruazi) EFEY GCTAAT TEOC T TGAATAC TGO AGCATGEGAA TAACAATATAGEAT TTCGGTTCTATTTTGT asa
AFLFEDIS{(China, S _ crux =5 FEe - - =
KT336327(1ﬁdia,5 cruzi) 36 95
KMAZABSS, Tndia, S . crux a3y e Fza
K3917944(Ma13ysla cruzi) Z9sS 2sa
ey Iram,S.cruzi) s aae
AF1L7693S(China, S . cruz=i) s26 aas
KT306827(India,S.cruzi) GG 55
KMAZASSS,India,S.cruzi) F2s FEa
Kilga7odaa(Malaysia,cruzi) 355 A
Query (Iram,S.cruazi) Aaaa S
AFLFEIIS{(China, S . crux ES 886 Sas
KT2oe827(India,S . cruzd) TSe s21S
KMA3IABSSE India,S. cruzi) FBS Faa
KIS179adal{Malaysia, cruzi) 415 azFa
Query (Iran,S.crazi) sed sSea
AFLFESIS(China,S..cruzi) Das 1eas
KT326827( India,S. . cruz=i) a16 sB7s
KMA3aAaS8S(India,S . cruzi) Ba5 el
KIS17oaa(Malay=ia,cruzi) 475 s3a
Qe Iran.,S.cruzi) se1 ez
AFL7693IS(China,S..cruzi) 1o 1DES
KTIOG827({ India,S . crux > 876 EETY
KMazgagas{India,S.cruzd) Sas DG
KIJ917944(Malaysia,.cruzi) S35 S9a
Query (Iran,S.cruzi) e21 ===
AFLFESIS(China,S . cruzi) ABEE 112S
KT2O6827(India,S. . cruzi) 36 Sos
KMa3aBaS{India,S.cruzi) 265 1224
KIisi7Saal{Malaysia,cruzi) S95 &5

Fig. 3: A sequence alignment of the 185 tRNA (680 bp) derived from S. ¢r#zi of the Iranian water buffalo
and other . eruzi strains. Nucleotide polymorphism in the sequenced 18S tRNA genes, at positions 444, 459,
511, 518, 526, 527, 539, and 664.

Query{Iran,S.cruz=i) Sao TcTAACTACGGGCCTGTA(GATGGGGCCCTCGGAGGCGATGCCGTTCTTTACCAECATTT cos
MT 726928 (Lithuania,S.cruzi) sa9 EEE
MT79693S(Lithuania, S cru=i) a9 68
MNASSEOS {Poland, S .. cru=i) ss1 sao
KCZ@95S98 (Morway , S . cruz=i) sa9 P11
Query{Iran,S.cruzi) oo ses
MT 796928 Lithuania, S cru=i) GO 728
MT79693S{Lithuania, S _cru=i) et F2a
MNADSSEOS Poland, S . cru=i) Gal Too
KC2Ze9598 (Morway , S . cru=i) e 728
Query (Iran,S.cruzi) e F2a
Tz vaa
Tz s
w Fai e
KC2Z89598 (Morway , S . cruzi) rza ras
Query{Iramn,S.cruzi) Tz Tas
MT 796928 (Lithuania, S.cruzid) Faa sas
MTFS693S(Lithuania, S cruxi) FES sBas
MASRERS (Foland, S . Cruzi) FeL s2a
KCZ@9598 (MNorway , S . cruz i) Fa sas
Query{LIram,S.cruzi) FED sas
MT 796928 (Lithuania, S.cruzi) ‘a9 S86
MTFS693S(Lithuania,S.cru=i) sas S
MANADSREaS ( PFoland, S . Sruzi) sB21 BIE
KC2Z89SIB {MNorway , S - ru= i) sa9 Se6
Query{Tran,S.cru=i) sas
MT7o6928CLithuania, S cruzi) oo
MT 796935 (Lithuania,S.cru=i)1 987
MNASB6RS {Poland, S . croax El avo
KC2ZO0S98 (Morway , S . cru=i) oo

Fig. 4: A part of multiple sequence alignment of the Cox1 (855 bp) derived from §. ¢7uz7 of the Iranian water
buffalo and other 5. ¢ruzi strains derived. Nucleotide polymorphism at positions 585, 599, 708, and 845

The phylogenetic analysis of 785 rRN.A and
Cox1 sequences by the maximum likelihood
(ML) method (Fig. 5 and 6) exhibited that the
Iranian isolates of Sarcocystis 185 rRNA se-

quences were in a group with three strains of
S, owz (AF176935, KT306827 and
KM434885), while Cox7 sequences were
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grouped with two previously reported S. cruzgi
strains (MT796928 and MT796935). Further-
more, the cladogram of 785 RN.A and Cox7
genes demonstrated that these groups were
more linked to S. Levines (KU247921, and
KU247920) and S. cruzi (MW490605), respec-
tively.
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GUILAMN_DF

AF17B935 . 1_Sarcocystis__cru=zi
KU247921 1_Sarcocystis_levinei

g9 | KU2473920. 1_Sarcocystis_levinei

KT306827_1_Sarcocystis_cru=zi

KMA34885_ 1__Sarcocystis_cf _cru=i

EE KU247922 1_Sarcocystis_levinei

19

23
LCA7F1828.1_Sarcocystis_cruzi

KJ217935 . 1_Sarcocystis_cru=zi
KJ917906_1_Sarcocystis_cru=zi

KU247919 1_Sarcocystis_levinei
— KJ1917944 _ 1__Sarcocystis_cruzi
K191 7905 1_Sarcocystis_cruzi

=

LC481029 1_Sarcocystis_gjerdei

LC349479 1__Sarcocystis_gjerdei

100 \_|: LC349478.1_Sarcocystis_sp.
=15] LC349476_1_Sarcocystis_gjerdei

0002

Fig. 5: Phylogenetic tree of partial 18S rRNA sequence of Iranian water buffalo strain and other Sarcocystis
species based on maximum likelihood (ML) method. The scale bar indicates distance

WMWYS0¥158.1_Sarcocystis_cruzi
KC209599 1_Sarcocystis_cru=i

a5 |MWEOT159.1_Sarcocystis_cruzi
KT901079.1_Sarcocystis_cru=zi
80 | |KT901091 1_Sarcocystis_cruzi
KC209598 1_Sarcocystis_cruzi

MW4390605.1_Sarcocystis_cruzi
GUILAN_E_F

gg | MTT96928.1_Sarcocystis_cruzi
EEL- MTT96935.1_Sarcocystis_cruzi

MHZ55TTT . 1_Sarcocystis_levinei
MHZ255776.1_Sarcocystis_levinei

100 | MH255775.1_Sarcocystis_levinei
MH255774.1_Sarcocystis_levinei
—— MTOT0677_1_Sarcocystis_pilosa

Er——
0.01

MTOFOEY 3. 1_Sarcocystis_pilosa

a2 KU753907.1_Sarcocystis_pilosa
53 MTOT70676.1_Sarcocystis_pilosa
F1 I MTOT0675.1_Sarcocystis_pilosa

100

Fig. 6: Phylogenetic tree based on partial Cox1 sequence of Iranian water buffalo strain and other Sarcocystis
species using maximum likelihood (ML) method. The scale bar indicates the distance

Discussion

Sarcocystis infection has been reported among
vertebrates, including humans (23). The mor-
phological evaluation of Sarcocystis, especially
the structure of the cyst wall and sporocysts,
has been used to identify Sarcocystis species in
livestock. Sarcocystis may show quite a few vari-
abilities, depending on the location and stage
of development and other parameters of the
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parasite cell. Molecular investigations have
been carried out for morphologically identi-
fied species (24). Today, available molecular
methods are capable of identifying morpho-
logically similar sarcocysts or belonging to
other species (25). CoxT is the preferred target
for taxonomic differentiation of Sarcocystis spe-
cies affected ruminant intermediate hosts (e.g.,
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cows, sheep, goats, deer, etc.), (26). Although
1885 rRNA sequences are mostly registered in
public databases due to their frequent use for
identification, the mitochondrial Cox7 is the
most useful tool for differentiating closely re-
lated Sarcocystis spp. in venomous mammals
@7).

According to clinical, morphological, and
pathological characteristics, S. cruzi has been
identified in infected calves after experimen-
tally infecting the calves with excreted oocysts
of puppies (27). This protozoan may result in
clinical manifestations such as weight loss, and
abortion in calves. On the other hand, it prob-
ably causes nausea, stomachache, and diarrhea
in humans after consuming half-cooked meat
(28). Identification of Sarcocystis species has
been performed through host characteristics,
cyst morphology, and cyst wall ultrastructure,
as well as molecular and biochemical features
(29). To detect different species of Sarcocystis in
meat, common techniques such as methylene
blue staining, dob smear, and digestion have
been applied in studies (30).

Serological methods have their own limita-
tions in domestic animals such as significant
antigenic similarity and subsequent cross-
reactivity with other Sarcocystis species. In addi-
tion, serological tools are not useful for spe-
cies identification (31). Molecular methods
have been used to classify Sarcocystis spp. iso-
lated from diverse samples (32). Highly con-
served 18S ribosomal subunit variable regions
are suitable for distinguishing Sarcocystis species
in hosts. According to recent studies, Cox7 is
preferred for identifying Sarcocystis species in
domestic animals (5, 33, 34). Based on the da-
ta presented herein, S. ¢z was found among
buffaloes in Guilan Province, but no infection
with other Sarcocystis species was found. Sarco-
¢ystis was reported mainly in the muscles of the
esophagus, larynx, and tongue (35, 36). Our
findings showed the highest rate of infection
in the diaphragm. We utilized 785 #RIN.4 and
Cox1 genes to identify Sarcocystis sp. According
to the gene sequence data collected by analysis
of morphological criteria, it can be concluded
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that the tested isolates collected from water
buffalo belong to S. cruzi.

The phylogenetic analyzes performed based
on the 785 rRNA gene showed a close evolu-
tionary relationship between the current §.
cruzi isolate and the China S. euz7 isolate (ac-
cession no. AF176935) (32), the Indian isolate
(accession no. KT306827) (36) shown to have
a little more than 99% sequence similarity with
only five nucleotide substitution and 100%
query coverage. Also, according to Cox7 gene
showed a close evolutionary relationship be-
tween the current S. ¢ug/ isolate and the Lith-
uania . ¢uzi isolate (accession no. MT796928,
MT796935) (37), which was shown to have
more than 99.48% sequence similarity with
only two nucleotide substitution and 100%
query coverage.

By comparing the recorded sequences, the
polymorphisms of the 785 rRNA and
CoxTgenes of the Iranian S. w7 strain in our
study may indicate geographical stability isola-
tion. Intraspecific polymorphisms in these tar-
get genes can be usefully applied for phyloge-
netic assessment and the genetic structure of S.
cruzi. Studying sarcocystosis from wider geo-
graphical areas and sequencing more loci, such
as the rRNA large subunit gene, ITS1 or ITS2,
can contribute to our deeper understanding of
the differences between each species.

Sarcocystis 1solates of sheep by 18S rDNA -
RFLP and macroscopic cysts were reported to
be S. gigantea and 8. arieticanis, respectively (39).
S. cameli was reported in camels for the first
time in Iran based on an electron microscope
and PCR-RFLP method (30). Available epi-
demiological data confirm the increase of sar-
cocystosis cases and the geographical spread
of Sarcocystis in buffaloes of the Khuzestan
province of Iran (2).

Buffalo breeding in Iran is mainly limited to
the south and northwest regions. Sarcocystosis
may be associated with decreased production of
water buffaloes (10). Another study (2) re-
vealed macroscopic forms of Sarcocystis in 3%
of water buffaloes, while 83% exhibited mi-
croscopic forms. Our study is the first mo-
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lecular description of . crugi in water buffalo
in Iran. The findings of another study (19) are
in accordance with the hypothesis that S. cruzi
is capable of infecting water buffalo and is not
limited to cattle. On the other hand, water
buffalo were infected with S. fusiformis, S. cruzi,
S. homiinis, and S. hirsute based on RFLP of the
185 rRNA gene. They reported that Sarcocystis
spp. in infected cattle is capable of infecting
water buffaloes (19).

Despite the presence of polymorphisms in
the 785 rRINA and Cox7 variable regions of S.
cruzi, complete identity for the FoklI restriction
site was determined in all strains from various
regions, (i.e., China, India, Iran for 785 rRNA;
Iran and Lithuania for CoxT), suggesting the
suitability of these conserved regions for Fokl
digestion as a suitable method for easy differ-
entiation of S. ewzi from other species infect-
ing water buffalo worldwide (Fig. 2 & 3).

Furthermore, all the double peaks in the
chromatograms may be associated with at
least two distinct variants of 785 rRIN.A and
Cox1 genes in DNA isolated from cyst mero-
zoites. The distinct variants might result from
the 785 "RIN.A and Cox7 genes being a multi-
copy gene. They might be expressed in the
Sarcocystis due to differences between gene
copies from different merozoites. Unrelated
double peaks for SNPs may be linked to the
variants of the gene in various isolates of any
global species.

However, changes in this gene can be stud-
ied directly by DNA sequencing, as has been
done previously (6, 33), but this is expensive for
identification and epidemiological research.

Jehle et al evaluated the partial sequence of
the 185 rDNA by modified RFLP analysis to
identify Sarcocystis spp. in cattle and water buf-
faloes in Vietnam. This method was called a
cost-effective technique for identifying Sarco-
¢ystis species. In addition, the PCR amplicon
sequence analysis of the collected samples was
performed in comparison with the results of
registered sequences. Different species such as
S. birsute, S. cruzz, and S. hominis were detected
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in cattle, while infection of water buffaloes
with S. fusiformis, S. cruzi, S. hominis, and S. bir-
sute has been reported. Most Sarcocystis species
of cattle were capable of infecting water buffa-
lo (39).

Based on the molecular results of the pre-
sent study, it seems that the microscopic
forms are probably early stages of developing
cysts of S. eruzi and are not different species of
Sarcocystis.

Conclusion

This study is the first report of S. eruz/ in wa-
ter buffalo in Guilan Province North of Iran.
Water buffalo could be considered as a re-
placement intermediate host for §. oz In
addition to the complete sequence of the 78§
rRINA gene and the mitochondrial Cox7 gene,
sequence analysis of other genetic loci will be
useful to better identify the genotypes of dif-
terent Sarcocystis species isolated worldwide.
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