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AHHOTanusi. 300HO3HbIC WH(EKLUH, BBI3bIBAEMbIC BUAAMH Sarcocystis, W3BECTHbIE KaK CapKOLMCTO3 KHUILIEYHHKA, SBISFOTCS MPHUMEPOM
3a00JIeBaHMI MHIIEBOTO MTPOUCXOXKACHHS, BO3HUKAIOIINX [IPU yIIOTPEOJICHNH 3apakeHHOro Msica. B kayecTBe eTMHCTBEHHOTO BO3OYAMTENS
CapKOIMCTO3a KUILIEYHUKA YeNIOBeKa ObUTH 3apEeruCTPUPOBAHbI 300HO3HBIE TAPA3UTHI Sarcocystis, B 4aCTHOCTH, OOMTAIOIINE B MSICE KPYITHOTO
poraroro ckota u cBuHEil. CUMITOMaMU 3TOH MH(EKUUHU SBISIFOTCS TOLIHOTA, AUapesi, pBOTa M 0ONU B KHUBOTE. ['OBOPS O 300HO3HBIX
napasuTax, Hellb3sl HE YHNOMSHYTh O XM3HEHHOM LIMKJIE Mapa3uTa, O JKUBOTHBIX, BBICTYMAIOIIUX B POJIM €CTECTBEHHBIX IPOMEKYTOYHBIX
XO035€B, M O YEJIOBEKE, KOTOPBIN SIBJISCTCS €CTECTBCHHBIM OKOHYATEIBHBIM XO3SMHOM Mapasurta. YToObl 00e30macuTh noTpeduTeseil msca
KPYIIHOTO POraTtoro CKOTa M CBUHEIi, MPaBUTENbCTBO PyaH/pl, NeHCTBYs yepe3 YnpapieHHEe 10 MHCIEKIUH, KOHKYPEHIIUH H 3allUTe IpaB
notpeduteneit (RICA), 3anpernio npoaaxy Msca, KOTOpoe Mepe]] MPoAaxen He OXJIaKAAI0Ch B TeUCHHE HE MeHee 24 4acoB U HE JOCTHUIIIO
Temrmepatypbl oT 2 10 4°C, 4ToOBl NPEeNOTBPAaTHTh IEpeadyy 300HO3HBIX M TPAHCMHCCHBHBIX 3a0osieBaHuil. [lo JaHHBIM pa3iIHMYHBIX
JIUTEPATYPHBIX HCTOYHUKOB, KHU3HECTIOCOOHOCTh CapKOIMCT 300HO3HBIX KHMBOTHBIX COXPAHIETCS B 3TOM JMANa30HE TEMIIEpaTyp B TEUCHHE
24 qacoB. YUUThIBas, YTO PaCIPOCTPAHEHHOCTh KOKIIH/M03a cBUHEN B Pyanne cocraBmia 55,8%, K KOKIMIAUAM MOTYT OTHOCHUTBCS HE TOJIBKO
BU/IbI Sarcocystis. Y CTaHOBJICHHOE MTPAaBUIIO, BO3MOXHO, HE CIIOCOOCTBYET MPOGHIAKTHKE 3apayKeHHUs 300HO3HBIM Mapa3uToM Sarcocystis, HO
SIBJIACTCSl TPOPMIAKTUYECKAM PELICHHEM JUIsi MHOTHX JAPYrHX 300HO3HBIX Iapa3UTOB M IATOr€HOB. M3-3a OTCYTCTBHS OTYETOB 00
KCCIIEIOBAHMSIX 300HO3HOTO capKouucTuca B Pyanne, 3Hanus 06 3THX mapas3urtax B CTpaHe orpaHmveHbl. HeqocTatok uHGOpPMAIMHA MOXKET
00OBSCHHUTB, IOYEMY MEPbI MPO(PUITAKTHKH U KOHTPOJIS, IPUHUMAEMbIE 7151 00pHObI C 300HO3HBIMH TATOT€HHBIMUA HH(EKLUSIMHU, HE TTO3BOJISIOT
aJIeKBaTHO pelIaTh Mpo0iieMy 300HO3HBIX CapKoOUMCT. HecMoTpss Ha TO, YTO 3apaKeHHOCTh MAapasHTOM, IO WMEIOIIMMCS JIaHHBIM,
HE3HAYHUTENIbHA, OH MOXKET BBI3bIBATh CHIDKCHHUE JOCTYITHOCTH NPOJYKTOB IIUTAHHUS JUIS YEIOBEKa B CHCTEME ITPOM3BOACTBA MPOIOBOIBCTBUS
M3-3a2 CIIOCOOHOCTU 3a00JIeBaHMs MEPeaBaThCsl OT YEeNIOBEKa KPYIHOMY POraToMy CKOTY M CBMHHHE. MSICO 9THX >KMBOTHBIX B Pyanne
NPECTHKHO MOAACTCS B MHUILLY JIFOISM.

KiroueBble cj10Ba: aHTUMHUKPOOHAsT aKTHBHOCTh, IMHUINA M MapasuThl, KHUIICYHBIA CapKOIKMCTO3 4YeJIOBEeKa, IMPOCTEHIINE, 300HO3HAsS
[apa3uToJIOr s, 300HO3HBIC BBl CAPKOLIMCTHCOB.

Foodborne illnesses caused by tissue parasitic protozoa
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Abstract. Zoonotic infections caused by Sarcocystis species, known as intestinal sarcocystosis, are an example of foodborne illnesses that
occur due to the consumption of contaminated meat. Zoonotic Sarcocystis parasites, specifically those hosted in cattle and swine meat, have
been reported as the sole causative agents of human intestinal sarcocystosis. The infection’s symptoms include nausea, diarrhea, vomiting, and
abdominal pain. Talking about zoonotic parasites goes hand in hand with discussing the parasite life cycle, animals that act as natural
intermediate hosts, and humans who act as the natural definitive host for the parasite. To safeguard cattle and swine meat consumers, the
government of Rwanda, through the Rwanda Inspectorate, Competition, and Consumer Protection Authority (RICA), has banned the sale of
meat that has not been refrigerated for at least 24 hours and reached a temperature between 2°C and 4°C before sale in order to prevent the
transmission of zoonotic and transmissible diseases. Based on various literature reports, zoonotic sarcocyst viability remains intact in this range
of temperatures for a period of 24 hours. Given that the prevalence of swine coccidia in Rwanda was reported to be 55.8%, Coccidia may not
only include Sarcocystis species. The established rule may not be contributing to the prevention of zoonotic sarcocystis parasite infection but
it is a preventive solution for many other zoonotic parasites and pathogens. Due to the lack of research reports on zoonotic sarcocystis in
Rwanda, there is limited knowledge about these parasites in the country. This lack of information may explain why the prevention and control
measures taken to address zoonotic pathogen infection do not adequately address the issue of zoonotic sarcocysts. Though the parasite infection
was reported to be negligible, it may induce reduced human food availability in the food production system due to the ability of the disease to
be transmitted from humans to cattle and pork. These later animals' meat is prestigiously served as human food in Rwanda.

Keywords: antimicrobial activity, food and parasites, human intestinal sarcocystosis, protozoa, zoonotic parasitology, zoonotic sarcocystis species.

Introduction act as natural intermediate hosts, while carnivores

Since their initial description in 1843, over and omnivores act as natural definitive hosts.

200 species of Sarcocystis have been identified so far. Humans and reptiles are aberrant intermediate

Sarcocystis species organisms require two hosts hosts for S. nesbitti, which is responsible for mus-

(an intermediate host and a definitive host) cular Sarcocystosis in humans. S. nesbitti has its

to complete their life cycle. Apparently, herbivores definitive host in reptiles, especially snakes [4, 13].
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Six Sarcocystis species, including S. cruzi, S. hominis,
S. heydorni, S. bovifelis, S. hirsuta, and S. rommeli,
are specific to cattle and have bovines as their
intermediate hosts, with various definitive hosts.
All six of them are responsible for the disease
known as cattle sarcocystosis [10]. Two (S. hominis
and S. heydorni) [3] of the six have zoonotic poten-
tial, and they can infect humans [2, 15, 17, 19].
S. suihominis can also infect humans, but it is pri-
marily associated with pork [4]. Zoonoses are
known to cause severe, acute, or chronic infections
in humans. These infections may cause enteritis [14]
infection acquired by ingesting sarcocysts transmitted
by pork meat is more severe than the infection ac-
quired by ingesting sarcocysts from cattle meat [4].
These zoonotic Sarcocystis species infect humans
when diseased undercooked or raw Cattle or pork
meat are consumed by humans. Though many
other Sarcocystis species may infect humans but
only three species (S.hominis, S.heydorni, and
S.suihominis) are known to cause Intestinal Sarco-
cystosis which may cause enteritis in humans who
are natural definitive hosts for these parasites [14].
Diarrhea and abdominal pain were among con-
sistent symptoms of the infection [3]. Sexual stages
of the parasites which mate and produce oocyst in
human intestine, excrete these oocysts containing
sporocysts in human feces. Zoonotic Sarcocystis
species belong to the genus of Sarcocystis, and to
the sub-Kingdom of Protozoa. Sporocysts of S.sui-
hominis are larger in size compared to those of
S.hominis and S.heydorni [4]. The sporocysts of
these three species are morphologically identical,
they only differ in size and shape. Ingestion
of sporocysts of the above-mentioned three zoono-
tic sarcocystis species from feces-contaminated
feed, water, and the environment is the only route
to spreading the disease and keeps the parasites cir-
culating between humans and herbivorous animals
(cattle and pork). In Rwanda and Africa in general,
bovine meat and pork meat are served as prestig-
ious human foods. Rules and regulations require
the condemnation of infected parts of cattle or pig
meat. In Rwanda, swine coccidia contribute to in-
testinal sarcocystosis by about 55.8% [16].

Objective

This article provides a review of the status
and prevalence of cattle sarcocystis infection
in Africa and Europe and provides important infor-
mation associated with foodborne illnesses induced
by the consumption of contaminated cattle and
swine meat. It will also rely on the source to repro-
duce information on zoonotic infection prevention
and control in Rwanda and parasite infection
prevention and control measures in general.
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Material and methods

References that were used include interna-
tional English databases such as the National
Center for Biotechnology Information (NCBI),
Sciencedirect.com, Google Scholar, Web of Sci-
ences, Wiley, Elsevier, and FoodSafetyAfrica.net
(Source: https://www.foodsafetyafrica.net/rwanda-
moves-to-improve-meat-safety-bans-sale-of-unre-
frigerated-meat/).

Prevention and control

Anti-inflammatory drugs are currently avail-
able, which may help alleviate the symptoms of in-
testinal sarcocystosis. However, there is currently
no vaccine or confirmed effective antiparasitic
drug available. The most effective method for
preventing and controlling intestinal sarcocystosis
is to ensure that cattle or pork meat is cooked thor-
oughly for a minimum of 5 minutes at a temperature
of 100°C. This process will effectively eliminate
bradyzoites present in sarcocysts [14]. It is also
advisable for farmers to ensure that the feed and
water provided to cattle and pigs are free from
sporocysts. Boiling water above 70°C for at least
1 minute or freezing the feed at -20°C for less than
an hour will kill sporocysts [6, 14]. Feed can also
be subjected to a pH of 10.0 for 4 days, in addition
to being treated with salt for at least one day [6].
However, the parasite survived by being exposed
to temperatures between 0 and 4°C and acidic con-
ditions (pH 3.0 and 5.0) for more than 7 days while
still retaining the diarrhea toxin [6].

Rwanda has implemented a ban on the
sale of meat that has not been refrigerated for at
least 24 hours and does not reach a temperature
between 2 and 4°C prior to sale. This measure
aims to prevent the transmission of zoonotic and
transmissible diseases and protect consumer health
by reducing the risk of contracting foodborne
illnesses from meat. The ban is in accordance
with legislation issued in May 2022, which aims
to regulate meat enterprises in Rwanda (source:
https://www.foodsafetyafrica.net/rwanda-moves-to-
improve-meat-safety-bans-sale-of-unrefrigerated-
meat/). Infective sarcocysts of zoonotic Sarcocystis
species cause zoonotic Sarcocystis infection
in humans, known as human intestinal sarcocysto-
sis. These species include Sarcocystis hominis
and Sarcocystis heydorni, which naturally infect
cattle muscle tissues, and Sarcocystis suihominis,
which naturally infects swine muscle tissues.
According to a report by Honda and colleagues,
these parasites lose their viability when frozen
at -20°C for less than an hour.
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Figure 1. Rwandan cattle grazing in the pasture

Results and discussion

Zoonotic Sarcocystis species infection in hu-
man is caused by infective sarcocysts of zoonotic
sarcocystis species ingested when undercooked
infected bovine and swine meat muscle tissues are
consumed. The parasite do not involve multiplica-
tion, from each bradyzoite within a sarcocyst,
a male or a female stage are required for the devel-
opment of the parasite in the human intestine [4].
Zoonotic Sarcocystis species have been reported to
be food poisoning agent inducing gastro-intestinal
Symptoms within 24 hours including nausea, vom-
iting, abdominal pain, and diarrhea [6]. Though
Sarcocystis spp infection in human effect on public
health was reported negligible, but it is more severe
on vulnerable persons. The symptom severity
depends on the amount of sarcocystis species in-
gested [14]. Zoonotic Sarcocystis species circulate
between intermediate hosts and definitive hosts.
Asexual reproduction of the parasite occurs
in intermediate hosts whereas sexual reproduction
occurs in definitive host. Sarcocystis hominis
and S.heydorni are known to circulate between
Cattle and humans to complete their life-cycle
whereas S.suihominis is known to circulate between
swine and Humans.

Table 1.
Zoonotic sarcocystis species and their hosts

Species Intermediate host | Definitive host
S.hominis Cattle Human
S.heydorni Cattle Human
S.suihominis Pork Human

Spreading of Intestinal Sarcocystosis is mostly
promoted by those who have a habit of consuming
raw or undercooked meat and sometimes reside
where human feces contaminate pastures. Sporo-
cysts remain viable for many days in the pasture
due to the sarcocystis parasite adaptation to the
harsh environmental conditions. Once intermediate
hosts graze and acquire infections, the infection in
intermediate host induces abortion, weight loss,
even death which can reduce cattle or swine food
based in the food production system.

post@vestnik-vsuet.ru

Figure 2. Cattle meat before subjecting to 2—4°C
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Figure 1 depicts the prevalence of sarcocys-
tosis in cattle, as documented by various authors
in their published scientific articles. In Egypt,
the reported prevalence of sarcocystosis in cattle
was 98.9% [9]. The reported prevalence of sarcocys-
tosis in cattle in Russia was 85% [8]. The reported
prevalence of sarcocystosis in cattle in Ethiopia was
82% [20]. The reported prevalence of sarcocystosis
in cattle in Italy was 78.1%. The reported preva-
lence of sarcocystosis in cattle in the Netherlands
was 76.9% [5]. The reported prevalence of sarcocysto-
sis in cattle in Tunisia was 70.6% [1]. he reported
prevalence of sarcocystosis in cattle in Germany
was 69.6% [12]. The reported prevalence of sarcocys-
tosis in cattle in Hungary was 66% [7]. The reported
prevalence of coccidia in Rwanda was 55.8% [16].
However, there is insufficient data to determine the
prevalence of sarcocystis infection in cattle in Rwanda.
Coccidia may not only include Sarcocystis species.
There have not been many reports on Sarcocystis
species in Rwanda so far. From the observation,
it is evident that intestinal sarcocystosis can also
affect developed countries. Cases of cattle sarco-
cystosis have been detected in those countries.
Thus, the spread of intestinal sarcocystosis could
have a significant impact on public health. It can
weaken the human immune system, cause discomfort,
and reduce food production.
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Figure 3. Prevalence of Cattle Sarcocystis infection
in selected African and European countries
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Figure 4. Phylogenetic tree for Sarcocystis hominis
identification

This tree was constructed based on 13 sequences
producing significant alignments.

Conclusion

According to the information reported in the
literature, the viability of zoonotic sarcocysts remains
intact when subjected to temperatures ranging from
0 to 4°C [6]. The Rwanda Inspectorate, Competition
and Consumer Protection Authority (RICA), which
is the nation's primary consumer rights watchdog,
advises maintaining frozen temperatures between
2 and 4°C. According to the literature, the rule
may reduce the risk of zoonotic diseases other than
intestinal sarcocystosis. Therefore, more specific
research on zoonotic Sarcocystis species in cattle
and swine is recommended.
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The Food and Agriculture Organization of
the United Nations (FAO) and the World Health
Organization (WHO) would not overlook human
intestinal sarcocystosis, as its impact is severe on
vulnerable individuals. Therefore, more studies are
needed to gain insight into the parasite and develop
more sophisticated systems to prevent and control
the spread of the infection. Though foodborne
iliness from meat prevention and control are taken
seriously in African countries, zoonotic sarcocystis
infection is neglected, and there is limited research
and reporting on this parasite in these countries.
Therefore, more specific research on zoonotic
sarcocysts is recommended.

Molecular methods are essential for detecting
and diagnosing zoonotic Sarcocystis species. Due
to cross-species transmission, the disease may de-
crease food availability in the food production system.
It can cause abortion in cattle and pigs, stunted
growth, weight loss, condemnation of infected meat
tissue upon slaughter, and even death. Molecular and
microscopic research methods should be implemented
in meat processing plants and slaughterhouses.
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