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Abstract

also described herewith.
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Sarcocystosis is a global parasitic entity with a significant economic impact on meat animals. Additionally, the condition is very
zoonotic and affects human well-being. Lately, several species that don’t harbour humans as definitive hosts are now known
to affect humans with significant health impacts. The present mini-review comprises zoonotic sarcocystosis along with the
miscellaneous species affecting humans. Their pathogenesis, forms, and presentations, along with the control strategies, are

J

Introduction

Sarcocystosis is a prevalent parasitic disease that affects
a large number of animals worldwide [1-3]. The condition is
attributed to the various species of apicomplexan parasites
within the genus Sarcocystis. Levine initially examined the
taxonomy of the numerous species within the Sarcocystis
genus [1]. It infects many meat animals, such as sheep [4],
goats [1], buffaloes [5-8], cattle [9-11], among others. The
Sarcocystidae family consists of heterogenous apicomplexan
parasites, exhibitinga mandatory two-hostlife cycle involving a
predator and prey relationship. The parasite produces oocysts
within the intestinal lining of its definitive host following
the sexual phase. Within the intermediate host, the parasite
undergoes asexual reproduction, forming schizonts in vascular
endothelial cells and sarcocysts in striated muscle cells [1].
Consumption of muscle tissues containing sarcocysts infects
the definitive hosts, whereas ingestion of oocysts or sporocysts
found in contaminated food or water sources is associated with
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infection in the intermediate hosts. Sarcocystosis typically
presents as a hidden or concealed infection because the
clinical symptoms are nonspecific. Diagnosing the disease in
live intermediate hosts is challenging since no parasitic stages
emerge from these hosts [1,5]. The condition is commonly
identified during post-mortem examinations when the tissues
of slaughtered or deceased animals undergo macroscopic and
microscopic inspections [5,10].

Underlying the Causative Aetiology

Among the various Sarcocystis species, three of them
have a life cycle involving various animals and humans as
their intermediate and definitive hosts, respectively [12-
14] (Figure 1). These species are S. hominis, S. heydorni,
and S. suihominis [1,12]. Humans can also become infected
and ill from consuming raw, contaminated meat. Meat
containing Sarcocystis spp. infections are not safe for
human consumption, as they can result in a range of health
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issues such as diarrhea, bloating, difficulty breathing, rapid persons are associated with the consumption of offal

heartbeat, nausea, and decreased appetite [13,14]. In India, contaminated [1]. Hence, the repercussions of sarcocystosis

cases of severe abdominal pain and diarrhea in infected in the meat industry are often significant.
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Figure 1: Life cycle of Sarcocystis species with humans as definitive hosts. [From Centre for Diseases Prevention and Control
(CDC) site, https://www.cdc.gov/dpdx/sarcocystosis/index.html].

Inadequately cooked beef containing sarcocysts can The Curious Case of Sarcocystis nesbitti

lead humans to become definitive hosts for S. hominis [15]

or S. heydorni [12]. S. hominis is recognized for forming Sarcocystis nesbitti, initially identified in tissue cysts
sturdy-walled cysts in cattle tissue, particularly in heart within Rhesus macaques [18], was identified as the causative
muscle whereas S. heydorni produces thin-walled cysts agent behind several human outbreaks, with predatory snakes
with distinctive short protrusions from the cyst wall [1,16]. servingas its definitive hosts [19]. The first documented cluster
Conversely, consumption of undercooked pork meat could outbreak of symptomatic muscular sarcocystosis occurred
result in infections with S. suihominis [17]. among six American military personnel participating in a
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jungle mission in Malaysia [20]. However, the most significant
outbreak involved 89 symptomatic patients infected with
S. nesbitti in Malaysia [20]. This outbreak affected foreign
nationals who, between 2011 and 2012, returned from Tioman
Island, which is located off the eastern coast of Peninsular
Malaysia, and occasionally developed an acute muscular
illness similar to the Sarcocystis infection [20].

Reports of Zoonotic Sarcocystosis

The existing literature on human sarcocystosis primarily
consists of individual case reports and sporadic outbreaks
originating from regions like Southeast Asia, Malaysia, and
Thailand [1]. Limited seroprevalence studies and stool
surveys conducted in these areas corroborate the widespread
presence of this condition and human exposure to it [12,21].
Autopsy examinations conducted in these endemic regions
have unintentionally revealed frequent occurrences of
widespread human infections. For example, in one autopsy
study, the estimated prevalence of infection surpassed 20%
[21].

In Iran, Sarcocystis sporocysts were identified in humans
(> 2000 cases) with unexplained abdominal discomfort [22].
Studies on the pathology of human sarcocystosis are limited
to research conducted on human volunteers intentionally
infected with what could be considered unusually high
quantities of sarcocysts. Moreover, the complete genome
of S. neurona is an ideal model for studying the biology and
pathogenesis of the condition [23]. Additionally, a toxin
derived from S. fayeri is the cause of food poisoning in
individuals who consume raw horsemeat [24].

Forms of Zoonotic Sarcocystosis

The classical forms of zoonotic sarcocystosis are well
described in the literature alongside standard textbooks
[1]- The clinical presentation of human sarcocystosis can be
categorized into two forms. The first form is the enteric form,
where most individuals with intestinal sarcocystosis do not
exhibit any symptoms. However, in cases of experimental
infections, there are signs of abdominal discomfort, nausea,
and self-limiting diarrhoea. The severity of these symptoms
tends to correlate with the quantity of meat consumed [13].
Diarrhoea usually begins suddenly and typically resolves
within 36 hours. The second form is a muscular infection,
and like gastrointestinal infections, cases of extraintestinal
sarcocystosis typically do not present with cardinal
symptoms [1,12].

Atypical Presentation of S. nesbiiti

During an outbreak of eosinophilic myositis within a U.S.
military unit deployed in Malaysia, 7 out of 10 individuals

exposed reported an acute illness characterized by fever,
muscle pain, bronchospasm, temporary itchy rashes, passing
swelling of lymph nodes, and nodules under the skin [18,20].
Increased eosinophils, a higher erythrocyte sedimentation
rate, elevated hepatic enzymes, and increased muscle
creatinine kinase were reported. In a recent occurrence of
sarcocystosis on Tioman Island, Malaysia, which affected
93 individuals suspected of the disease, two cases were
confirmed to have tissue cysts of S. nesbitti [20]. Common
symptoms observed among the affected individuals
encompass elevated body temperature, muscle discomfort,
and coughing [20]. Individuals with symptoms might also
experience painful muscle swelling, typically measuring
1 to 3 cm in diameter, initially accompanied by redness of
the skin above the affected area. These episodes can occur
intermittently and last from 2 days to 4 weeks. Few instances
are accompanied by fever, generalized muscle pain, muscle
tenderness, weakness, elevated eosinophil levels, and
bronchospasm [18,20].

General Preventive Guidelines

The preventive measures outlined in the literature
Dubey JP, et al. [1,12] provide detailed guidance for averting
sarcocystosis in humans. It is imperative to ensure thorough
cooking or freezing of meat to eradicate bradyzoites [1].
Moreover, cooking effectively neutralizes any potential
toxins associated with sarcocyst ingestion [1]. While meat
inspection may aid in reducing certain infections, it is a costly
and time-consuming endeavour, requiring the identification
of these organisms within the meat. Detecting sarcocysts
through microscopic or antibody-based methods can be
challenging unless the infection is severe [5]. Additionally,
these tests may not offer insight into the specific species
involved, thereby raising confusion if the species are not
of any zoonotic potential. To prevent enteric infections, it
is advisable to refrain from consuming improperly cooked
or raw beef and pork. Sarcocysts present in pork can be
effectively eliminated by subjecting the meat to temperatures
of 60°C for 20 minutes, 70°C for 15 minutes, or 100°C for 5
minutes [1]. Freezing pork at -4°C for 2 days or -20°C for 24
hours can also achieve the same result. However, sporocysts
and oocysts are more resilient; they can be destroyed by
heating to 60°C for 1 minute, 55°C for 15 minutes, or 50°C
for one hour, but they can withstand freezing [1,12].

To prevent the infection of domesticated food animals, it
is critical to ensure that human faeces containing sporocysts
do not contaminate water sources, bedding, or animal
feed. Sanitation practices, including toilets and thorough
handwashing, are pivotal in reducing or eliminating
contamination. Additionally, to prevent the ingestion of
sporocysts, when drinking water is suspected to carry
sporocysts, boiling is recommended as a preventive measure.
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Filters can effectively eliminate sporocysts of Sarcocystis spp.
[12]. It's important to note that chemical disinfection with
chlorine or other agents is ineffective in killing Sarcocystis
species. sporocysts [1,25]. Popular disinfectants such as 1%
iodine, 10% formalin, 12% phenol, and 2% chlorhexidine do
not effectively eliminate S. neurona sporocysts. However, a
5.25% solution of sodium hydroxide, commonly known as
bleach, is sufficient for this purpose [26].

Conclusory Remarks

The full extent of the public health impact of human
sarcocystosis remains uncertain. Although veterinary data
indicate that immune suppression is a clinical risk factor for
sarcocystosis, similar to toxoplasmosis caused by a closely
related zoonotic parasite, such as conditions like pregnancy
and AIDS, our understanding of how susceptibility to
sarcocystosis may vary across different human populations
is limited. The true prevalence of infection remains unclear.
Alongside, the true picture of pathogenesis is also a bit
unclear.

Conflict of Interest

None of the authors have any conflicts of interest.

References

1. Dubey]P, Calero-Bernal R, Rosenthal BM, Speer CA, Fayer
R (2016) Sarcocystosis of Animals and Humans. In: 2"
(Edn.), CRC Press: Boca Raton, FL, USA, pp: 243-248.

2. Singh A, Shanker D, Jaiswal AK, Sudan V, Verma S (2018)
Prevalence and distribution pattern of sarcocystosis in
buffaloes of semi-arid India. Multilogic in Science 8: 147-
149.

3. 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, India, pp: 133-
141.

4. 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(5): 1429-1434.

5. Sudan V, Shanker D, Kumar R, Sachan A (2019)
Pathological studies on bubaline tissues naturally
infected with Sarcocystis species. Journal of Veterinary
Parasitology 33(1): 8-11.

6. Sudan V, Shanker D, Paliwal S, Kumar R, Singh A (2021)
Phylogenetics of Sarcocystis fusiformis isolates based on

10.

11.

12.

13.

14.

15.

16.

17.

18.

19

18S rRNA and cox 1 genes. Microbial Pathogenesis 159:
105144.

SudanV, Shanker D, Paliwal S, Kumar R (2023) Associative
genetic diversity of Sarcocystis levinei isolates across the
globe. Parasitologia 3: 231-240.

Sudan V, Shanker D, Paliwal S, Kumar R, Singh A (2023)
Phylogenetic characterization and analysis of Sarcocystis
buffalonis. Acta Tropica 237: 106718.

Sudan V, Kumar R, Shanker D, Singh A (2021) Sequence
phylogenetic analysis and associative genetic diversity
of Sarcocystis hirsute based on 18S rRNA gene. Beni Suef
University Journal of Basic and Applied Sciences 10: 22.

Sudan V, Kumar R, Sachan D (2020) Molecular
identification of Sarcocystis cruziand S. hirsuta sarcocysts
in Mathura, Uttar Pradesh. Journal of Veterinary
Parasitology 32: 8-11.

Sudan V, Shanker D, Kumar R, Singh A (2021) Associative
genetic diversity among Sarcocystis cruzi isolates from
Northern India based on 18S ribosomal gene. Annals of
Parasitology 67(4): 773-778.

Rosenthal RM (2021) Zoonotic sarcocystosis. Research
in Veterinary Science 136: 151-157.

Fayer R (2004) Sarcocystis spp. in human infections.
Clinical Microbiology Review 17: 894-902.

Dubey JP (2015) Foodborne and waterborne zoonotic
sarcocystis. Food and Waterborne Parasitology 1: 2-11.

Ahmadi MM, Hajimohammadi B, Eslami G, Oryan
A, Ardakani SA, et al. (2015) First identification of
Sarcocystis hominis in Iranian traditional hamburger.
Journal of Parasitic Diseases 39: 770-772.

Hu J]J, Wen T, Chen XW, Liu TT, Esch GW, et al. (2016)
Prevalence, morphology, and molecular characterization
of Sarcocystis heydorni sarcocysts from cattle (Bos
taurus) in China. Journal of Parasitology 102: 545-548.

Chauhan RP, Kumari A, Nehra AK, Ram H, Garg R, et
al. (2020) Genetic characterization and phylogenetic
analysis of Sarcocystis suihominis infecting domestic pigs
(sus scrofa) in India. Parasitology Research 119: 3347-
3357.

Yang ZQ, Wei CG, Zen JS, Song JL, Zuo YX, et al. (2005) A
taxonomic re-appraisal of Sarcocystis nesbitti (Protozoa:
Sarcocystidae) from the monkey Macaca fascicularis in
Yunnan, PR China. Parasitology International 54: 75-81.

. Tian M, Chen Y, Wu L, Rosenthal BM, Liu X, et al. (2012)

Sudan V, et al. Meat-Borne Zoonotic Sarcocystosis: A Minireview about its Impact and Implications.

Int ] Zoo Animal Biol 2024, 7(2): 000571.

Copyright© SudanV, etal.


https://medwinpublishers.com/IZAB/
https://www.routledge.com/Sarcocystosis-of-Animals-and-Humans/Dubey-Calero-Bernal-Rosenthal-Speer-Fayer/p/book/9780367575458
https://www.routledge.com/Sarcocystosis-of-Animals-and-Humans/Dubey-Calero-Bernal-Rosenthal-Speer-Fayer/p/book/9780367575458
https://www.routledge.com/Sarcocystosis-of-Animals-and-Humans/Dubey-Calero-Bernal-Rosenthal-Speer-Fayer/p/book/9780367575458
https://pubmed.ncbi.nlm.nih.gov/21461984/
https://pubmed.ncbi.nlm.nih.gov/21461984/
https://pubmed.ncbi.nlm.nih.gov/21461984/
https://pubmed.ncbi.nlm.nih.gov/21461984/
https://pubmed.ncbi.nlm.nih.gov/30868294/
https://pubmed.ncbi.nlm.nih.gov/30868294/
https://pubmed.ncbi.nlm.nih.gov/30868294/
https://pubmed.ncbi.nlm.nih.gov/30868294/
https://www.indianjournals.com/ijor.aspx?target=ijor:jvp&volume=33&issue=1&article=003
https://www.indianjournals.com/ijor.aspx?target=ijor:jvp&volume=33&issue=1&article=003
https://www.indianjournals.com/ijor.aspx?target=ijor:jvp&volume=33&issue=1&article=003
https://www.indianjournals.com/ijor.aspx?target=ijor:jvp&volume=33&issue=1&article=003
https://www.sciencedirect.com/science/article/abs/pii/S0882401021004186?__cf_chl_rt_tk=CkZ6xWQ2UP_0iTcAqgcpuhjCZtrggOMXzB0Yits2F0I-1711010519-0.0.1.1-1386
https://www.sciencedirect.com/science/article/abs/pii/S0882401021004186?__cf_chl_rt_tk=CkZ6xWQ2UP_0iTcAqgcpuhjCZtrggOMXzB0Yits2F0I-1711010519-0.0.1.1-1386
https://www.sciencedirect.com/science/article/abs/pii/S0882401021004186?__cf_chl_rt_tk=CkZ6xWQ2UP_0iTcAqgcpuhjCZtrggOMXzB0Yits2F0I-1711010519-0.0.1.1-1386
https://www.sciencedirect.com/science/article/abs/pii/S0882401021004186?__cf_chl_rt_tk=CkZ6xWQ2UP_0iTcAqgcpuhjCZtrggOMXzB0Yits2F0I-1711010519-0.0.1.1-1386
https://www.mdpi.com/2673-6772/3/3/24
https://www.mdpi.com/2673-6772/3/3/24
https://www.mdpi.com/2673-6772/3/3/24
https://pubmed.ncbi.nlm.nih.gov/36220489/
https://pubmed.ncbi.nlm.nih.gov/36220489/
https://pubmed.ncbi.nlm.nih.gov/36220489/
https://bjbas.springeropen.com/articles/10.1186/s43088-021-00112-z
https://bjbas.springeropen.com/articles/10.1186/s43088-021-00112-z
https://bjbas.springeropen.com/articles/10.1186/s43088-021-00112-z
https://bjbas.springeropen.com/articles/10.1186/s43088-021-00112-z
https://www.cabidigitallibrary.org/doi/abs/10.5555/20203499659
https://www.cabidigitallibrary.org/doi/abs/10.5555/20203499659
https://www.cabidigitallibrary.org/doi/abs/10.5555/20203499659
https://www.cabidigitallibrary.org/doi/abs/10.5555/20203499659
https://pubmed.ncbi.nlm.nih.gov/35294147/
https://pubmed.ncbi.nlm.nih.gov/35294147/
https://pubmed.ncbi.nlm.nih.gov/35294147/
https://pubmed.ncbi.nlm.nih.gov/35294147/
https://pubmed.ncbi.nlm.nih.gov/33626441/
https://pubmed.ncbi.nlm.nih.gov/33626441/
https://pubmed.ncbi.nlm.nih.gov/15489353/
https://pubmed.ncbi.nlm.nih.gov/15489353/
https://www.mendeley.com/catalogue/936a0508-48a8-3430-8705-d5700d44d641/
https://www.mendeley.com/catalogue/936a0508-48a8-3430-8705-d5700d44d641/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4675576/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4675576/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4675576/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4675576/
https://pubmed.ncbi.nlm.nih.gov/27362658/
https://pubmed.ncbi.nlm.nih.gov/27362658/
https://pubmed.ncbi.nlm.nih.gov/27362658/
https://pubmed.ncbi.nlm.nih.gov/27362658/
https://pubmed.ncbi.nlm.nih.gov/32833051/
https://pubmed.ncbi.nlm.nih.gov/32833051/
https://pubmed.ncbi.nlm.nih.gov/32833051/
https://pubmed.ncbi.nlm.nih.gov/32833051/
https://pubmed.ncbi.nlm.nih.gov/32833051/
https://pubmed.ncbi.nlm.nih.gov/15710555/
https://pubmed.ncbi.nlm.nih.gov/15710555/
https://pubmed.ncbi.nlm.nih.gov/15710555/
https://pubmed.ncbi.nlm.nih.gov/15710555/
https://pubmed.ncbi.nlm.nih.gov/21852042/

20.

21.

22.

Sudan V, et al. Meat-Borne Zoonotic Sarcocystosis: A Minireview about its Impact and Implications.

International Journal of Zoology and Animal Biology

Phylogenetic analysis of Sarcocystis nesbitti (Coccidia:
Sarcocystidae) suggests a snake as its probable definitive
host. Veterinary Parasitology 183: 373-376.

Esposito DH, Freedman DO, Neumayr A, Parola P (2012)
Ongoing outbreak of an acute muscular Sarcocystis-like
illness among travellers returning from Tioman Island,
Malaysia, 2011-2012. Eurosurveillance 17(45): 20310.

Wong KT, Pathmanathan R (1992) High prevalence of
human skeletal muscle sarcocystosis in south-East Asia.
Transactions of Royal Society of Tropical Medicine and
Hygiene 86: 631-632.

Agholi M, Taghadosi Z, Mehrabani D, Zahabiun F, Sharafi
Z, et al. (2016) Human intestinal sarcocystosis in Iran:
there but not seen. Parasitology Research 115: 4527-
4533.

Int ] Zoo Animal Biol 2024, 7(2): 000571.

23.

24.

25.

26.

Murungi EK, Kariithi HM (2017) Genome-wide
identification and evolutionary analysis of Sarcocystis
neurona protein kinases. Pathogens 6: 12.

Kamata Y, Saito M, Irikura D, Yahata Y, Ohnishi T, et al.
(2014) A toxin isolated from Sarcocystis fayeri in raw
horsemeat may be responsible for food poisoning.
Journal of Food Protection 77(5): 814-819.

Dubey JP, Saville W], Sreekumar C, Shen SK, Lindsay OS, et
al. (2002) Effects of high temperature and disinfectants
on the viability of Sarcocystis neurona sporocysts. Journal
of Parasitology 88: 1252-1254.

Harris VC, Van Vugt M, Aronica E, de Bree GJ, Stijnis C,
et al. (2015) Human extraintestinal sarcocystosis: what
we know, and what we don’t know. Current Infectious
Disease Reports 17: 42.

Copyright© SudanV, etal.


https://medwinpublishers.com/IZAB/
https://pubmed.ncbi.nlm.nih.gov/21852042/
https://pubmed.ncbi.nlm.nih.gov/21852042/
https://pubmed.ncbi.nlm.nih.gov/21852042/
https://pubmed.ncbi.nlm.nih.gov/23153473/
https://pubmed.ncbi.nlm.nih.gov/23153473/
https://pubmed.ncbi.nlm.nih.gov/23153473/
https://pubmed.ncbi.nlm.nih.gov/23153473/
https://academic.oup.com/trstmh/article-abstract/86/6/631/1908688
https://academic.oup.com/trstmh/article-abstract/86/6/631/1908688
https://academic.oup.com/trstmh/article-abstract/86/6/631/1908688
https://academic.oup.com/trstmh/article-abstract/86/6/631/1908688
https://link.springer.com/article/10.1007/s00436-016-5244-6
https://link.springer.com/article/10.1007/s00436-016-5244-6
https://link.springer.com/article/10.1007/s00436-016-5244-6
https://link.springer.com/article/10.1007/s00436-016-5244-6
https://pubmed.ncbi.nlm.nih.gov/28335576/
https://pubmed.ncbi.nlm.nih.gov/28335576/
https://pubmed.ncbi.nlm.nih.gov/28335576/
https://pubmed.ncbi.nlm.nih.gov/24780337/
https://pubmed.ncbi.nlm.nih.gov/24780337/
https://pubmed.ncbi.nlm.nih.gov/24780337/
https://pubmed.ncbi.nlm.nih.gov/24780337/
https://pubmed.ncbi.nlm.nih.gov/12537123/
https://pubmed.ncbi.nlm.nih.gov/12537123/
https://pubmed.ncbi.nlm.nih.gov/12537123/
https://pubmed.ncbi.nlm.nih.gov/12537123/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4483253/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4483253/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4483253/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4483253/

	_GoBack
	Abstract 
	Introduction
	Underlying the Causative Aetiology
	The Curious Case of Sarcocystis nesbitti
	Reports of Zoonotic Sarcocystosis
	Forms of Zoonotic Sarcocystosis
	Atypical Presentation of S. nesbiiti
	General Preventive Guidelines
	Conclusory Remarks

	Conflict of Interest
	References

