
Introduction

Four valid species of Sarcocystis have been
reported from the cattle viz., S. cruzi, S. hirsuta, S.

hominis and S. rommeli [1]. Among them, S. cruzi is
often regarded as the most pathogenic and widely
prevalent Sarcocystis spp. affecting cattle throughout
the world [1,2]. It can cause fever, anorexia, anaemia,
weight loss, muscle twitching, prostration, abortions,
hyper salivation, neurological signs and sometimes,
death, depending upon the isolate involved and
number of sporocysts ingested [1,3]. The parasite is,
sometimes, also associated with fatal acute
eosinophilic myocarditis [3] characterized by severe,
disseminated eosinophilic granulomatous necrotizing
myocarditis with myocardial fibrosis. The parasite has
been reported worldwide with very high prevalence
rates [2,4]. As far as Indian scenario is concerned,
there are multiple reports about prevalence of S. cruzi

throughout India [4–7]. Religious sediments often

limits the wide epidemiological data covering the
exact prevalence of S. cruzi across India, yet many
abattoir [4–6] and post mortem [7] studies do
suggest a high prevalence rate of the parasite across
India. 

Molecular analysis based on variable region of
18S rRNA is routinely used to differentiate
Sarcocystis spp. [8,9]. Molecular characterization
studies on Sarcocystis species in India are very
much limited [9–11]. However, globally work done
on molecular characterization work done on S. cruzi

[12–14] suggests genetic variability amongst its
isolates. Baring a single report [10] authors did not
find any appreciable literature on phylogenetic
analysis of S. cruzi from India.  So the present study
was designed to genetically characterize Indian
isolates of S. cruzi based on 18S ribosomal (rRNA)
gene. 
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ABSTRACT. Sarcocystis cruzi is perhaps the most common Sarcocystis spp. affecting cattle throughout the world.
Despite its wide presence across Indian subcontinent, very limited studies are reported from India describing the
phylogenetics of the parasite. The present communication describes the phylogenetic characterization of various isolates
of S. cruzi. The isolates were characterized at 18S gene locus. An appreciable among of genetic variability was noticed
between various S. cruzi isolates.  Sequences generated from the present study (MN121572–MN121576) represented
two haplotypes with 99.0–100.0% nucleotide homology within themselves. Alongside, nucleotide homology of
98.36–100.0% was observed between Indian isolates and isolates across the globe. The two haplotypes were markedly
distinct from each other with 10 nucleotide substitutions within themselves. Moreover, there was a deletion of G
nucleotide at position 545 in one of the sequences (MN121575). In general, the Indian isolates were seen closer to
isolates from China than to the isolates from Iran, Argentina, Japan, Australia and Netherlands. Results clearly depicted
the presence of multiple lineages of S. cruzi in Indian cattle. The findings are very much important in delineating the
evolutionary phylogenetics of S. cruzi from India and abroad.
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Materials and Methods 

Sample collection

Heart tissue samples were collected from the
cattle brought for post mortem examination to the
College of Veterinary Science and Animal
Husbandry, DUVASU, Mathura as a part of separate
study [7].  The samples were collected from dead
animals irrespective of their sex and age. Tissue
samples were then transported to the Department of
Parasitology, DUVASU on ice and washed
thoroughly under running water. After removing
superficial fascia and fat and rinsing them with
normal saline, they were immediately processed for
isolation of cysts. Tissue samples were examined
microscopically for the presence of sarcocysts.
Examination was done by muscle squash method
with addition of methylene blue [15]. The cysts were
identified (Fig. 1) based on their morphological
features described elsewhere [1]. A total of 24
animals were screened in that study out of which 15
animals (62.50%) were found to be infected with
sarcocysts of S. cruzi. Individual sarcocyst was teased
out (one per animal) of cardiac tissue and stored at
–20°C till DNA isolation. 

DNA isolation, primer selection and cloning of 18S

gene of S. cruzi

DNA was isolated from teased out individual
sarcocyst using the commercially available DNA
isolation kit (Quaigen) following the manufacturer’s
protocol.  Primers for 18S genes of Sarcocystis spp.
were custom synthesized from Imperial Life
Sciences Pvt. Ltd., Gurugram, India using

sequences described elsewhere [16]. The PCR
reaction were set up into 50 μl volume containing 25
μl of Green PCR Master Mix (0.05/μlTaq DNA
polymerase in reaction buffer, 4 mM MgCl2, 0.4
mM dATP, 0.4 mM dCTP, 0.4 mM dGTP, and 0.4
mM dTTP), 3 μl of each primer (10pmol/μl of each
primer) and 5 μl of the extracted DNA template. The
total volume of the PCR mix was made up to 50 μl
using nuclease-free water. The amplified products
were visualized in ethidium bromide incorporated
1.25% agarose gel. The PCR products were, then,
purified using Gel purification and DNA clean up kit
(Fermentas, Germany) following the manufacturer’s
protocol. Thereafter, the purified products were
cloned into CloneJET PCR Cloning Vector
(Fermentas, Germany) following manufacturer’s
protocol. The recombinant clones were harvested for
plasmid isolation. The purified plasmids were sent for
outsourced DNA sequencing to Invitrogen Bio
Sciences Pvt. Ltd., Gurugram, India using pJET1.2
universal primers (specific for given cloning
vector). 

Sequence analysis and construction of

phylogenetic tree 

The sequences, hence obtained, were submitted
into NCBI and corresponding accession numbers
were obtained. A multiple sequence alignment was
generated with the Clustal W programme within
MEGA 6 software [17], using a gap opening penalty
of 10 and gap extension penalty of 0.1 and 0.2 for
the pair wise and multiple alignments, respectively.
The sequences were truncated at both ends, so that
nearly all sequences started and ended at the
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Figure 1. Sarcocystis cruzi from heart tissue of cattle upon methylene blue staining. (a) muscle squash method, (b)
teased out individual sarcocyst



Sarcocystis cruzi     775

Table 1. Table depicting nucleotide substitutions alongside the position of substitution and the nucleotide involved in
studied sequences of S. cruzi

Nucleotide position 25 53 114 204 445 603 793 903 953 960

Sequences

MN121572–MN121573 T C G T A G A G T A

MN121574–MN121576 C T A A T A G A A C

Figure 2. Phylogenetic relationship of S. cruzi isolates across the world based on 18S gene. All accession numbers
corresponds to different S. cruzi isolates followed by their country of origin. The sequences generated in the present
study are marked as red triangle. (AGN: Argentina; CHN: China; IND: India; JPN: Japan; KOR: Korea; NTH:
Netherlands)



homologous nucleotide position. Phylogenetic tree
was constructed using present sequences alongside
other available sequences of S. cruzi employing
maximum parsimony (MP) method with the tree-
bisection-regrafting (TBR) algorithm. Thereafter,
nucleotide homology between Indian sequences of
S. cruzi and sequences across the world was also
calculated. Phylogeny was tested with bootstrap
method using 1000 bootstrap replications. GenBank
sequence U67121 of E. tenella of chickens was used
as out-group species to root the tree and sequence
AF176935 was taken as the standard S. cruzi

sequence for comparing all the sequences.

Ethical statement

The tissue samples were collected in compliance
with the ethical standards and guidelines of the
Institutional Animal Ethics Committee (IAEC) and
permission was granted via order number
IAEC/17/24.

Results 

The sarcocysts were identified as those of S.

cruzi based on the morphological features described
elsewhere [1]. The microscopic cysts were thin
walled (Fig. 1).  A total of five sarcocysts (one per
animal) were analyzed. 
Phylogenetic analysis and nucleotide homology of

18S gene sequences of the present Indian isolates

with other isolates of  S. cruzi across the world

A total of five clones of S. cruzi were
characterized for 18S ribosomal gene. The
nucleotide sequences obtained were submitted in
NCBI and corresponding accession numbers
(MN121572-MN121576) were obtained. These
sequences were aligned with other sequences of S.

cruzi available in NCBI and phylogenetic tree was
drawn using Mega 6 software. Likewise, nucleotide
homology of present isolates with other isolates of
S. cruzi was also calculated. 

A total of two haplotypes were noticed within the
studied S. cruzi sequences in which sequences
MN121572 and MN121573 represented one
haplotype while the sequences MN121574–
MN121576 constituted other haplotype. These two
haplotypes were seen distinctly on phylogenetic tree
forming two opposite sub-positions on a large clade.
Both these haplotypes were close to different
individual isolates from China depicting vast genetic
variability. On a whole, the Indian isolates were
globally closer to Chinese isolates than to the Iranian,
Argentinean, Japanese, Australian and Netherlands
counterparts (Fig. 2). The two haplotypes showed 10
nucleotide substitutions between them. The details of
the nucleotide substitutions in these haplotypes are
given in table 1. Alongside, a peculiar deletion of G
was noticed at nucleotide position 545 in sequence
MN121575 in respect to all other sequences. These
five sequences constituting the two haplotypes had

Figure 3. Nucleotide homology table of various isolates of S. cruzi across the globe. All accession numbers
corresponds to different S. cruzi isolates followed by their country of origin. The sequences generated in the present
study are marked as red triangle. (AGN: Argentina; CHN: China; IND: India; JPN: Japan; KOR: Korea; NTH:
Netherlands)
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99.0–100.0% nucleotide homology between
themselves, however, the nucleotide homology levels
of 98.36–100.00% was noticed with other isolates of
S. cruzi across the globe (Fig. 3). 

Discussion

Marked genetic variability, among the respective
isolates of various Sarcocystis spp., is a peculiar
feature noticed throughout the globe [11,18–20].
Even though there are many reports on
characterization studies related to S. cruzi throughout
the globe, only a handful of information is available
about the associative genetic diversity within the
isolates of S. cruzi [12–14].  There is only one
literature available about genetic characterization of
S. cruzi from Indian context [10].

A total of 38 S. cruzi sequences including 5
(MN121572–MN121576) generated in the present
study were compared and two haplotypes were
noticed among the studied Indian isolates. The
present Indian haplotypes formed two parts of a
broader clade in the phylogenetic tree and were seen
as markedly distinct from each other owing to 10
nucleotide substitutions within themselves.
Moreover, there was a deletion of G nucleotide at
position 545 in one of the sequences. Additionally,
both these haplotypes showed marked similarity
with specific isolates from China. On a broader
term, Indian isolates were seen to be closer to few of
the Chinese isolates than to the isolates from Iran,
Argentina, Japan, Australia and Netherlands. In
contrast, the sequences earlier reported from India
showed marked resemblance with another set of
Chinese isolates and they together formed a separate
clade. This clearly suggests presence of different
lineages of S. cruzi among Indian cattle population. 

A substantial amount of intra isolate sequence
variation in the 18S rRNA gene has been recorded
in several Sarcocystis spp. [11–14,18–20].
However, this intra-isolate heterogeneity is mostly
attributed to indels which makes it a necessity to
clone the PCR products before sequencing as it is
hard to assign various sequence variants to a
particular Sarcocystis species until it is fully
ascertain that they all have been originated from a
single sarcocyst [19]. Hence, many authors have
reported this ambiguity in Sarcocystis spp. owing to
direct sequencing of their PCR products [21,22].
However, it has already been proven that 18S gene
alone can be used to differentiate between S. cruzi

and other closely related Sarcocystis spp. [14].

The studied Indian isolates showed 99.0–100.0%
nucleotide homology within themselves alongside,
98.36–100.00% nucleotide homology with other
available isolates across the globe. In contrast,
Daptardar et al. [10] reported much lesser levels
(96.0-99.0%) of nucleotide homology within Indian
isolates. This could be very much justified on the
above stated facts that fact that they opted for direct
sequencing of PCR products rather than cloning
alongside, the portion of 18S gene used by them for
phylogenetic analysis was different from that used
in present study. 

In conclusion, a total of two haplotypes were
observed sharing 99.0–100.0% and 98.36–100.0%
nucleotide homology within themselves and with
isolates across the globe, respectively. The two
haplotypes showed 10 nucleotide substitutions
within themselves alongside a unique deletion of G
nucleotide at position 545 in one of the sequences.
In general, the Indian isolates were seen closer to
isolates from China than to the isolates from Iran,
Argentina, Japan, Australia and the Netherlands.
Presence of multiple lineages, as evident by
nucleotide homology and wider distance on
phylogenetic tree, of S. cruzi clearly states of vast
genetic diversity of the parasite in Indian cattle.
More well planned studies, using multiple marker
genes, are thereby warranted to actually delineate
the evolutionary phylogenetics of S. cruzi from
India. So far no work has been reported from India
on S. cruzi using any other marker gene.

Acknowledgements

The authors are highly thankful to the Director
Research, Dean CoVSc and Vice Chancellor,
DUVASU, for the facilities provided. The authors
also want to acknowledge Rashtriya Krishi Vikas
Yojana (RKVY) for sanctioning project to the
Department for the procurement of instruments to
carry out such work. 

References

[1] Dubey J.P., Calero-Bernal R., Rosenthal B.M., Speer
C.A., Fayer R. (Eds). 2015. Sarcocystis in water
buffaloes (Bubalis bubalis) In: Sarcocystosis of
animals and humans. 2nd ed. CRC Press, Inc. Boca
Raton, Florida: 195–216. doi:10.1201/b19184

[2] Hornok S., Mester A., Takacs N., Baska F., Majoros
G., Fok E.,  Biksi I., Nemet Z., Hornyak A., Janosi S.,
Farkas R. 2015. Sarcocystis-infection of cattle in
Hungary.  Parasites and Vectors 8: article number 69.

Sarcocystis cruzi     777



doi:10.1186/s13071-015-0685-9
[3] Aráoz V., da Silva Silveira C., Moré G., Banchero G.,

Riet-Correa F., Giannitti F. 2019. Fatal Sarcocystis

cruzi-induced eosinophilic myocarditis in a heifer in
Uruguay. Journal of Veterinary Diagnostic Investigation

31: 656–660. doi:10.1177/1040638719856651
[4] Mounika K., Sreedevi C., Venu R., Srinivasa R.T.,

Sudhakar K. 2019. PCR-RFLP at 18S rRNA gene for
identification of Sarcocystis species and their
prevalence in cattle of Andhra Pradesh. Indian
Journal of Animal Sciences 89: 407–409.

[5] Mounika K., Sreedevi C., Venu R., Srinivasa R.T.,
Sudhakar K. 2018. Studies on prevalence and
histomorphology of Sarcocystis species infecting
cattle in Andhra Pradesh, India. Journal of Parasitc

Diseases 42: 77–80. doi:10.1007/s12639-017-0968-5
[6] Dafedar A., D’Souza P.E., Mamatha G.S. 2011.

Prevalence and morphological studies on Sarcocystis

species infecting cattle in Bangalore. Journal of

Veterinary Parasitology 25: 183–184.
[7] Sudan V., Shanker R., Kumar R. 2020. Molecular

identification of Sarcocystis cruzi and S. hirsuta

sarcocysts. Journal of Veterinary Parasitology 33:
8–11. doi:10.5958/0974-0813.2020.00007.8

[8] Sudan V., Shanker D. 2018. Redescription of
Sarcocystis species affecting buffaloes in the wake of
advancement in molecular biology. In: Parasitology:
camera lucida to OMICS. (Eds S. Khatoon, C.S.
Vaishnava). 1st ed. Himanshu Publishers, Udaipur:
133–141.

[9] Sudan V., Kumar R., Shanker D., Paliwal S. 2019.
First report of molecular characterization and
phylogenetic analysis of Sarcocystis tenella from
India. Parasitology Research 118: 1429–1434. 
doi:10.1007/s00436-019-06282-1

[10] Daptardar M., Bagicha S., Aulakh R.S., Gill J.P.S.
2016. Prevalence and first molecular identification of
Sarcocystis species in cattle and water buffaloes in
India. Acta Parasitologica 61: 523–528. 
doi:10.1515/ap-2016-0069

[11] Sudan V., Shanker D., Paliwal S., Kumar R., Singh
A. 2021. Phylogenetics of Sarcocystis fusiformis

isolates based on 18S rRNA and cox 1 genes.
Microbial Pathogenesis 159: article number 105144. 
doi:10.1016/j.micpath.2021.105144

[12] Ng Y.H., Fong M.Y., Subramaniam V., Shahari S.,
La Y.L. 2015. Genetic variants of Sarcocystis cruzi in
infected Malaysian cattle based on 18S rDNA.
Research in Veterinary Sciences 103: 201–204.
doi:10.1016/j.rvsc.2015.10.009

[13] Rosenthal B.M., Dunams D.B., Pritt B. 2008.
Restricted genetic diversity in the ubiquitous cattle
parasite,  Sarcocystis cruzi. Infection, Genetics and

Evolution 8: 588–592.
doi:10.1016/j.meegid.2008.04.004

[14] Gjerde B., Hilali M., Abbas I.E. 2016. Molecular
differentiation of Sarcocystis buffalonis and

Sarcocystis levinei in water buffaloes (Bubalus

bubalis) from Sarcocystis hirsuta and Sarcocystis

cruzi in cattle (Bos taurus). Parasitology Research

115: 2459–2471. doi:10.1007/s00436-016-4998-1
[15] Sudan V., Shanker D., Kumar R., Sachan A. 2019.

Pathological studies on bubaline tissues naturally
infected with Sarcocystis spp. Journal of Veterinary

Parasitology 32: 8–11. 
doi:10.5958/0974-0813.2019.00003.2

[16] Jehle C.,  Dinkel A., Sander A.,  Morent M., Romig
T., Luc P.V., De T.V., Thai V.V.,  Mackenstedt U.
2009. Diagnosis of Sarcocystis spp. in cattle (Bos

taurus) and water buffalo (Bubalus bubalis) in
northern Vietnam. Veterinary Parasitology 166:
314–320. doi:10.1016/j.vetpar.2009.08.024

[17] Tamura K., Peterson D., Peterson N., Stecher G., Nei
M., Kumar S. 2011. MEGA5: molecular evolutionary
genetics analysis using maximum likelihood,
evolutionary distance, and maximum parsimony
methods. Molecular Biology and Evolution 28:
2731–2739. doi:10.1093/molbev/msr121

[18] Gjerde B., Schulze J. 2014. Muscular sarcocystosis
in two arctic foxes (Vulpes lagopus) due to
Sarcocystis arctica n. sp.: sarcocyst morphology,
molecular characteristics and phylogeny.
Parasitology Research 113: 811–821.
doi:10.1007/s00436-013-3711-x

[19] Gjerde B., Hilali M., Mawgood S.A. 2015.
Molecular characterization of three regions of the
nuclear ribosomal DNA unit and the mitochondrial
cox1 gene of Sarcocystis fusiformis from water
buffaloes (Bubalus bubalis) in Egypt. Parasitology

Research 114: 3401–3413.
doi:10.1007/s00436-015-4566-0

[20] Yang Z.Q., Zuo Y.X., Ding B., Chen X.W., Luo J.,
Zhang Y.P. 2001. Identification of Sarcocystis

hominis-like (Protozoa: Sarcocystidae) cyst in water
buffalo (Bubalus bubalis) based on 18S rRNA gene
sequences. Journal of Parasitology 87: 934–937.
doi:10.1645/0022-3395(2001)087[0934:IOSHLP]
2.0.CO;2

[21] El-Seify M., El-Morsey A., Hilali M., Zayed A.,  El-
Dakhly, K., Haridy, M., Sakai, H., Yanai, T. 2014.
Molecular characterization of Sarcocytis fusiformis

and Sarcocystis buffalonis infecting water buffaloes
(Bubalus bubalis) from Egypt. American Journal of

Animal and Veterinary  Sciences 9: 95–104.  

doi:10.3844/ajavssp.2014.95.104
[22] Oryan A., Sharifiyazdi H., Khordadmehr M., Larki

S. 2011. Characterization of Sarcocystis fusiformis

based on sequencing and PCR-RFLP in water buffalo
in Iran. Parasitology Research 109: 1563–1570. 
doi:10.1007/s00436-011-2412-6

Received 10 June 2021

Accepted 02 September 2021

778 V. SUDAN et al. 


