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Abstract

Background: Sarcocystis hirsuta, a tissue cyst-forming coccidian parasite of cattle, is worldwide in distribution. In
spite of its global presence, limited literature is available on its characterization studies. No literature is available
from India on molecular aspects of S. hirsuta. The present study was designed to characterize the isolates of S.
hirsuta on the 18S gene locus. A total of five isolates of S. hirsuta were characterized. PCR products were cloned,
sequenced, and compared with other sequences across the world. A phylogenetic tree was constructed based on
the maximum parsimony (MP) method with the tree–bisection–regrafting (TBR) algorithm.

Results: An appreciable genetic variability was noticed between various S. hirsuta isolates at the 18S gene locus.
Sequences generated from the present study (MN121567–MN121571) represented two haplotypes with 99.74–
100.00% nucleotide homology within themselves. Alongside, a nucleotide homology of 97.82–99.92% was observed
between Indian isolates and isolates across the globe. The two haplotypes were markedly distinct from each other
with 3 nucleotide substitutions within themselves. Overall, Indian isolates of S. hirsuta were close to those from
China and Vietnam than to those from New Zealand, Brazil, and Germany.

Conclusion: The present communication describes the first report of phylogenetic characterization of S. hirsuta
from India. The findings are very much important in delineating the evolutionary phylogenetics of S. hirsuta.
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1 Background
There are four species of Sarcocystis reported from the
cattle viz. S. cruzi, S. hirsuta, S. hominis, and S. rommeli
[1]. Among them, S. hirsuta is the only species that
forms macroscopic sarcocysts and is reported worldwide
[1]. So, as far as the Indian scenario is concerned, mul-
tiple reports about the existence of S. hirsuta in cattle
are available in the literature [2–5].
Differentiation and characterization of various Sarco-

cystis spp. are usually done targeting the 18S rRNA gene
[6]. Very limited work has been done in India on the

genetic characterization of various Sarcocystis spp. [7–9].
However, globally, the work done on the
characterization of S. hirsuta [10–13] suggests the exist-
ence of genetic variability within its isolates. There is not
even a single report about the phylogenetic
characterization of S. hirsuta from India. So, the present
work was undertaken with the objective to genetically
characterize Indian isolates of S. hirsuta based on the
18S rRNA gene. Alongside, the phylogenetic analysis of
the various sequences of S. hirsuta that are available
worldwide was also done. Lastly, the nucleotide hom-
ology of the Indian isolates, with each other and with
other isolates of S. hirsuta across the world, was
computed.
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2 Methods
2.1 Tissue collection and ethical compliance
Esophageal tissue was collected from the cattle brought
for post mortem examination to the College of Veterin-
ary Science and Animal Husbandry, DUVASU, Mathura.
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 no IAEC/17/24. The samples were
collected from dead animals irrespective of their sex and
age. Tissue samples were then transported to the De-
partment of Parasitology, DUVASU, on ice and washed
thoroughly under running water. After removing the
superficial fascia and fat and rinsing them with normal
saline, they were immediately processed for the isolation
of cysts. Tissue samples were examined for the presence
of sarcocysts. The samples were collected as a part of a
separate study [5] wherein molecular prevalence and
RFLP were standardized for S. hirsuta. Out of 25 animals
examined in the previous study [5], eight animals were
found to be positive for S. hirsuta with a prevalence rate
of 32%. The examination was done by teasing out of
superficial sarcocysts alongside the muscle squash
method with the addition of methylene blue [14]. The
cysts were identified (Fig. 1) based on their morpho-
logical features described elsewhere [1]. Thereafter, the
individual sarcocysts (one per animal) were stored at
−20 °C till DNA isolation.

2.2 DNA isolation, primer selection, and cloning of 18S
gene of S. hirsuta
DNA was isolated from teased out individual sarcocyst
using the commercially available DNA isolation kit
(Quiagen) following the manufacturer’s protocol.
Primers for the 18S genes of Sarcocystis spp. were cus-
tom synthesized from Imperial Life Sciences Pvt. Ltd.,
Gurugram, India, using sequences described elsewhere

[11]. The PCR reaction was set up into 50 μl volume
containing 25 μl of Green PCR Master Mix (0.05/μl Taq
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 5μl of the extracted DNA template. The total vol-
ume of the PCR mix was made up to 50 μl using
nuclease-free water. The amplified products were visual-
ized in ethidium bromide incorporated 1.25% agarose
gel. The PCR products were then purified using gel puri-
fication and DNA clean up kit (Fermentas, Germany)
following the manufacturer’s protocol. Thereafter, the
purified products were cloned into CloneJET PCR Clon-
ing Vector (Fermentas, Germany) following the manu-
facturer’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).

2.3 Sequence analysis and construction of phylogenetic
tree
Respective accession numbers were assigned to the se-
quences, generated from the present study, upon their
submission into the NCBI portal. A multiple sequence
alignment, with Clustal W programme [15] within the
MEGA 6 software, was made using a gap opening pen-
alty of 10 and gap extension penalty of 0.1 and 0.2 for
the pairwise and multiple alignments, respectively. The
sequences were truncated at both ends, so that they
started and ended at the homologous nucleotide posi-
tions. A phylogenetic tree was constructed employing
the maximum parsimony (MP) method with the tree–bi-
section–regrafting (TBR) algorithm on the available se-
quences of S. hirsuta. Thereafter, nucleotide homology
between Indian sequences of S. hirsuta and sequences
across the world was also calculated. Phylogeny was

Fig. 1 Muscle squash tissue showing S. hirsuta in the esophagus of cattle. a Unstained. b Methylene blue-stained
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tested using 1000 bootstrap replications. A sequence of
Eimeria tenella (U67121) was used to root the phylogen-
etic tree. Besides, a sequence (KU247911) of closely re-
lated species (S. buffalonis) was also kept in the tree.

3 Results
On the basis of morphological features, the sarcocysts
were identified as those of S. hirsuta. The cysts were
comparatively larger in size (up to 8 mm in length and 1
mm width) with a thick wall (Fig. 1). Electron micros-
copy or histopathology could not be performed owing to
the limited funds and lack of facility in the parent
department.

3.1 Phylogenetic characterization and nucleotide
homology of 18S gene of S. hirsuta
A total of five isolates of S. hirsuta were characterized
for the 18S gene. The accession numbers obtained from
NCBI were MN121567–MN121571. These five se-
quences were aligned with other available sequences of
S. hirsuta, and a phylogenetic tree was constructed using
the MEGA 6 software. Likewise, nucleotide homology of

these isolates with other isolates of S. hirsuta was also
calculated.
Two haplotypes were noticed. While sequence

MN121567–68 represented one haplotype, sequences
MN121569–71 represented the second haplotype. All
the five Indian isolates formed a separate portion of a
large clade on the phylogenetic tree and were seen close
to a particular isolate (AF176938) from China. On
broader aspects, the Indian isolates were globally seen
closer to isolates from Vietnam and Brazil. These Indian
sequences showed a marked distance from sequences of
S. hirsuta originating from New Zealand and Germany
(Fig. 2). The two Indian haplotypes differ by 3 nucleotide
substitutions between them viz. C→G at nucleotide
position 355, T→A at nucleotide position 494, and
A→T at nucleotide position 598. The two haplotypes
shared 99.74–100.00% nucleotide homology between
themselves; however, the nucleotide homology levels
of 97.82–99.92% were noticed with other isolates of S.
hirsuta across the globe. The sequence of S. buffalo-
nis was seen distinctly separate from the sequences of
S. hirsuta.

Fig. 2 Phylogenetic relationship of S. hirsuta isolates across the world based on 18S rRNA gene. All accession numbers correspond to different S.
hirsuta isolates followed by their country of origin. The sequences generated in the present study are marked as a red triangle. CHN, China; GER,
Germany; IND, India; NZD, New Zealand; VIET, Vietnam
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4 Discussion
A peculiar feature in sequence phylogenetic analysis of
various Sarcocystis spp. is the existence of genetic vari-
ation within the isolates of the concerned species [8, 9,
16]. Most of these variations are attributed to intra-
isolate heterogeneity due to the presence of certain
indels [8, 9, 13, 16]. It is hard to assign various sequence
variants to a particular Sarcocystis spp. until it is fully
ascertained that they all have been originated from a sin-
gle sarcocyst [17].
There are limited reports on the characterization stud-

ies pertaining to S. hirsuta throughout the globe and
subsequently, limited information is available about the
associative genetic diversity within its isolates [10–13].
Though there are many reports about the presence of S.
hirsuta from India [7–9] including a few reports on
PCR-RFLP-based differentiation of S. hirsuta from S.
cruzi [8, 9], yet the authors could not find a single litera-
ture regarding the genetic characterization of S. hirsuta
from the Indian context. So, the present study appears
to be the pioneer documentation regarding the genetic
characterization and subsequent, sequence phylogenetic
analysis of S. hirsuta isolates from India. Alongside, the
animals used for the collection of sarcocysts in the
present study were mostly adult farm animals. The area
where the animals are kept had an open access to dogs
and cats alongside, major chances of contamination of
their feeds and fooder with feces of these animals, ac-
counting for a high prevalence of infections like sarco-
cystosis and hydatidosis [5, 14].
A total of 21 sequences of S. hirsuta were compared

on the phylogenetic tree. This included five sequences
from India (generated in the present study), and subse-
quently, two haplotypes were noticed among the studied
Indian isolates. The Indian isolates differed within them-
selves owing to three nucleotide substitutions within
themselves. They showed marked closeness with particu-
lar Chinese isolate (AF176938) than with other S. hirsuta
isolates from China and across the world. On a broader
term, Indian isolates were seen closer to isolates from
China, Germany, Brazil, and Argentina. The Indian iso-
lates of S. hirsuta were seen markedly distinct from iso-
lates from New Zealand and Vietnam. This clearly
suggests the presence of an appreciable amount of gen-
etic variability within S. hirsuta isolates across the globe.
The Indian isolates shared 99.74–100.00% nucleotide

homology within themselves alongside 97.82–99.92%
nucleotide homology with other isolates of S. hirstuta
across the globe. Deletion of few indels was reported in
selective S. hirstuta isolates, upon full sequence analysis
of the 18S gene [11], accounting for nucleotide hom-
ology levels of 98.3.0–100.0% within various S. hirstuta
isolates. Gjerde et al. [13] stressed upon the use of mul-
tiple marker genes (28S, ITS, and cox 1), besides the 18S

rRNA gene, for the clear-cut differentiation of S. buffalo-
nis in buffaloes and S. hirstuta in cattle. Both these spe-
cies were considered to be monophyletic sister groups
based on the detailed evaluation of these four marker
genes [13].

5 Conclusion
In conclusion, two haplotypes of S. hirsuta, sharing
99.74–100.00% nucleotide homology, were reported in
the present study. They differ by three nucleotide substi-
tutions within themselves. In general, the Indian isolates
were found to be close to a selective isolate from China
suggesting possible common ancestry. Overall, Indian
isolates of S. hirsuta were close to those from China and
Vietnam than to those from New Zealand, Brazil, and
Germany. More well-planned studies, using multiple
marker genes and using isolates all across the country,
are required for the delineation of the evolutionary phy-
logenetics of S. hirsuta from India.

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 the various funding agencies like the Indian Council of
Agricultural Research (ICAR) and Rashtriya Krishi Vikas Yojana (RKVY) for
sanctioning various projects to the university for the procurement of
instruments to carry out such work.

Authors’ contributions
All authors have read and approved the final manuscript. VS performed the
study and prepared the manuscript. DS helped in the identification of the
parasite. RK collected the tissue samples and the parasite. AS helped in the
manuscript writing and isolation of cysts.

Funding
No funding was received.

Availability of data and materials
Data sharing is not applicable to this article as no datasets were generated
or analyzed during the current study.

Declarations

Ethics approval and consent to participate
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 no IAEC/17/24.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Parasitology, U. P. Pandit Deen Dayal Upadhyaya Pashu
Chikitsa Vigyan Vishwavidyalaya Evam Go Anusandhan Sansthan (DUVASU),
Mathura 281001, India. 2Department of Pathology, U. P. Pandit Deen Dayal
Upadhyaya Pashu Chikitsa Vigyan Vishwavidyalaya Evam Go Anusandhan
Sansthan (DUVASU), Mathura 281001, India.

Sudan et al. Beni-Suef University Journal of Basic and Applied Sciences           (2021) 10:22 Page 4 of 5



Received: 7 December 2020 Accepted: 17 March 2021

References
1. Dubey JP, Calero-Bernal R, Rosenthal BM, Speer CA, Fayer R (2016)

Sarcocystosis of animals and human, 2nd edn. CRC Press, Inc, Boca Raton,
pp 195–216

2. Dafedar A, D’Souza PE, Mamatha GS (2011) Prevalence and morphological
studies on Sarcocystis species infecting cattle in Bangalore. J Vet Parasitol
25:183–184

3. Mounika K, Sreedevi C, Venu R, Srinivasa RT, Sudhakar K (2018) Studies on
prevalence and histomorphology of Sarcocystis species infecting cattle in
Andhra Pradesh, India. J Parasit Dis 42(1):77–80. https://doi.org/10.1007/s12
639-017-0968-5

4. Mounika K, Sreedevi C, Venu R, Srinivasa RT, Sudhakar K (2019) PCR-RFLP at
18S rRNA gene for identification of Sarcocystis species and their prevalence
in cattle of Andhra Pradesh. Indian J Anim Sci 89(4):407–409

5. Sudan V, Kumar R, Sachan D (2020) Molecular identification of Sarcocystis
cruzi and S. hirsuta sarcocysts in Mathura, Uttar Pradesh. J Vet Parasitol 32(2):
8–11

6. Jehle C, Dinkel A, Sander A, Morent M, Romig T, Luc PV, De TV, Thai VV,
Mackenstedt U (2009) Diagnosis of Sarcocystis spp. in cattle (Bos taurus) and
water buffalo (Bubalus bubalis) in Northern Vietnam. Vet Parasitol 166(3-4):
314–320. https://doi.org/10.1016/j.vetpar.2009.08.024

7. Daptardar M, Bagicha S, Aulakh RS, Gill JPS (2016) Prevalence and first
molecular identification of Sarcocystis species in cattle and water buffaloes
in India. Acta Parasitol 61(3):523–528. https://doi.org/10.1515/ap-2016-0069

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. Himanshu Publishers, Udaipur, pp 133–141

9. Sudan V, Kumar R, Shanker D, Paliwal S (2019a) First report of molecular
characterization and phylogenetic analysis of Sarcocystis tenella from India.
Parasitol Res 118(5):1429–1434. https://doi.org/10.1007/s00436-019-06282-1

10. Gjerde B (2013) Phylogenetic relationships among Sarcocystis species in
cervids, cattle and sheep inferred from the mitochondrial cytochrome c
oxidase subunit I gene. Int J Parasitol 43(7):579–591. https://doi.org/10.1016/
j.ijpara.2013.02.004

11. Gjerde B (2016a) Molecular characterisation of Sarcocystis bovifelis,
Sarcocystis bovini n. sp., Sarcocystis hirsuta and Sarcocystis cruzi from cattle
(Bostaurus) and Sarcocystis sinensis from water buffaloes (Bubalus bubalis).
Parasitol Res 115(4):1473–1492. https://doi.org/10.1007/s00436-015-4881-5

12. Gjerde B (2016b) The resurrection of a species: Sarcocystis bovifelis Heydorn
et al., 1975 is distinct from the current Sarcocystis hirsute in cattle and
morphologically indistinguishable from Sarcocystis sinensis in water
buffaloes. Parasitol Res 115(1):1–21. https://doi.org/10.1007/s00436-015-4
785-4

13. Gjerde B, Hilali M, Abbas IE (2016) Molecular differentiation of Sarcocystis
buffalonis and Sarcocystis levinei in water buffaloes (Bubalus bubalis) from
Sarcocystis hirsuta and Sarcocystis cruzi in cattle (Bos taurus). Parasitol Res
115(6):2459–2471. https://doi.org/10.1007/s00436-016-4998-1

14. Sudan V, Shanker D, Kumar R, Sachan A (2019b) Pathological studies on
bubaline tissues naturally infected with Sarcocystis spp. J Vet Parasitol 32(2):
8–11

15. 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. Mol Biol Evol
28(10):2731–2739. https://doi.org/10.1093/molbev/msr121

16. 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. Parasitol Res 113(3):811–821. https://doi.org/1
0.1007/s00436-013-3711-x

17. Gjerde B, Hilali M, Mawgood SA (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. Parasitol Res 114(9):3401–3413. https://doi.org/10.1007/s00436-015-4
566-0

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Sudan et al. Beni-Suef University Journal of Basic and Applied Sciences           (2021) 10:22 Page 5 of 5

https://doi.org/10.1007/s12639-017-0968-5
https://doi.org/10.1007/s12639-017-0968-5
https://doi.org/10.1016/j.vetpar.2009.08.024
https://doi.org/10.1515/ap-2016-0069
https://doi.org/10.1007/s00436-019-06282-1
https://doi.org/10.1016/j.ijpara.2013.02.004
https://doi.org/10.1016/j.ijpara.2013.02.004
https://doi.org/10.1007/s00436-015-4881-5
https://doi.org/10.1007/s00436-015-4785-4
https://doi.org/10.1007/s00436-015-4785-4
https://doi.org/10.1007/s00436-016-4998-1
https://doi.org/10.1093/molbev/msr121
https://doi.org/10.1007/s00436-013-3711-x
https://doi.org/10.1007/s00436-013-3711-x
https://doi.org/10.1007/s00436-015-4566-0
https://doi.org/10.1007/s00436-015-4566-0

	Abstract
	Background
	Results
	Conclusion

	Background
	Methods
	Tissue collection and ethical compliance
	DNA isolation, primer selection, and cloning of 18S gene of S. hirsuta
	Sequence analysis and construction of phylogenetic tree

	Results
	Phylogenetic characterization and nucleotide homology of 18S gene of S. hirsuta

	Discussion
	Conclusion
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

