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Abstract

Sarcocystis spp. are cysts-forming coccidian parasites which infect several animals including camels
as intermediate hosts. The present study was designed to study the Sarcocystis infection in camels
(Camelus dromedaries) at morphological and molecular levels. Samples of the esophageal, heart and
ocular muscle tissues were collected from infected camels in El-kharga, New Valley Governorate, Egypt.
Samples were examined for Sarcocystis spp. infection using macroscopic evaluation, light microscopy
(LM), transmission electron microscopy (TEM), and molecular analysis. LM examinations revealed 106 of
124 muscle samples (85.5%) were positive for Sarcocystis. Two species Sarcocystis cameli and
Sarcocystis ippeni were recognized. In light microscopy, Sarcocystis were thin walled with barely visible
projections. Using the TEM, the two structurally distinct Sarcocystis were recognized by unique villar
protrusions (Vp). Sarcocystis of S. cameli had Vp of the type 9j. The Sarcocystis wall had upright slender
Vp, up to 0.1-0.4 um long and 0-05-0.1 um wide. On each Vp, Rows of knob-like protrusions were
observed to be interconnected. Sarcocystis ippeni had “‘type 32°” Sarcocystis wall have been characterized
by conical Vp with an electron dense knob. The Vp were approximately 175.27-266.76 nm long and
100.45-175.98 nm wide. In each Sarcocystis, the Vp had microtubules (Mt) that originated at midpoint of
the ground substance (Gs) and continued up to the tip. Molecular data revealed the amplification of partial
fragments of the 18S rRNA gene (~600 bp). The digestion analysis of obtained PCR products using
Restriction fragment length polymorphism (RFLP) method utilizing (Mbol) appeared 2 bands
approximately 250 and 350 bp for each Sarcocystis. Molecular analysis demonstared the ability of 18S
rRNA gene for distinguishing Sarcocystis species in studied animals and to be used as molecular marker.
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Introduction

Sarcocystis spp. are among the most
important parasites affecting mammals and
of considerable veterinary economic and
public health importance. Camel as
intermediate host becoming infected after
ingestion of sporulated oocysts passed in
faeces of the final host. The high
prevalence of Sarcocystis infection has a
significant economic impact on the
production of domestic animals. They can
cause anorexia, fever, anemia, muscle
weakness, abortion and even death in
intermediate hosts, as well as reducing
meat quality and milk yield. Although
more than 150 species of Sarcocystis were
described in various animals, only a few
data on camel Sarcocystis ultrastructure
and their cyst wall details were published
(Motamedi et al., 2011). The first study of
Sarcocystis infection in camels (Camelus
dromedarius) from Egypt reported in 1910
where Sarcocystis were less than 12 mm in
length, 1 mm in width, and appeared to be
white lines with thin or thick cyst walls
and identified as S. cameli (Mason, 1910).
Hilali and Mohamed (1980) observed that
63.6% of camels slaughtered in Egypt
infected with microscopic Sarcocystis
cameli cysts. The structure of thick- and
thin-walled in Sarcocystis was confirmed
in infected camels from Saudi Arabia
(Fatani et al. 1996) and Somalia (Borrow
et al. 1989). Abdel-Ghaffar et al. (2009)
studied the prevalence of Sarcocystis
infection in camels in Cairo, Egypt,
microscopic Sarcocystis found in 116 of
180 samples, were 120-170 x 50-100 pum
in size and of one morphological type,
also, in that study dogs that were fed
infected camel meat excreted Sarcocystis
sporocysts , the larger sporocyst in the dog
assigned as a new species: Sarcocystis
camelocanis with no description . .In
Sudan, Ishag et al.(2001 and 2006) studied
the transmission of Sarcocystis between
camels and dogs and they observed two
species of Sarcocystis, thick- and thin —
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walled, in camel fed sporocysts from dogs
(Ishag et al. 2001) and two different sized
sporocysts (13.2-13.6 x 6.5-9.5 and 16.0 x
9.9-11.5um) in dogs that were fed camel
meat (Ishag et al. 2006). They named the
larger sporocyst in the dog that was fed
camel meat as a new species, Sarcocystis
camelocanis, but gave no description.
Another new species from the camel was
named, Sarcocystis miescheri, based on
finding oocysts in faeces of dogs fed
naturally infected camel meat (Mandour et
al. 2011). Currently, there are five
Sarcocystis species were identified in
camels, namely S. cameli, S. ippeni, S.
camelicanis, S. camelocanis, and S.
miescheri (Dubey et al., 2015).

Molecular techniques have been
widely used for the identification
of Sarcocystis spp. in different animals.
DNA sequences of 18S ribosomal gene,
complemently with morphological
investigations are useful for the molecular
identification and characterization of
Sarcocystis spp. from different hosts
(Gjerde, 2013; Gjerde et al., 2015; Murata,
etal., 2018).

This study aimed to examine the
Sarcocystis infection that occurred in
camels, New Valley Governorate (Egypt),
studying the morphological and molecular
characterization of Sarcocystis cameli and
Sarcocystis ippeni from the muscles of
One-Humped Camel (Camelus
dromedarius).

Materials and methods

Ethical Approval:

Parasites collection from the examined
animals was carried out according to the
regulatory laws and ethical considerations
regarding experimental ethics of animal
use and collecting permits.

Sampling and Study Area:
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A total of 124 muscle samples of the
esophagus, heart and ocular muscles were
randomly  collected  from  freshly
slaughtered camels (Camelus
dromedarius) in the slaughterhouses of El-
Kharga oasis, New Valley Governorate,
Egypt. Tissue samples were preserved in
ice bags according to Huong (1997) and
transferred to Faculty of Science, New
Valley University, Egypt for later
examination. Specimens were stored under
refrigeration prior to examination.

Macroscopic Examination:

All muscle samples were visually
examined for the presence of Sarcocystis
spp. according to the key of Valinezhad et
al. (2008). Tissue samples (2— 8mm) were
squashed between two glass slides and
examined microscopically according to Hu
etal., (2017).

Histological Examination:

Samples of infected muscles were
fixed in 10 % buffered formalin for
preparation of 5 um paraffin sections. For
histological examination, paraffin sections
were stained with hematoxylin-eosin
(H&E) stain., then photographs for each
sample were taken.

Transmission Electron Microscopy:

For TEM, infected esophageal, heart
and ocular muscle samples were fixed in
3% cold glutaraldehyde solution in sodium
cacodylate buffer 0.1 M (pH 7.4) for 24 h,
washed in sodium cacodylate buffer 0.1 M
(pH 7.4), postfixed in 1 % Osmium
tetroxide, dehydrated with ethyl alcohol,
then embedded in resin (Faculty of
Science, central labortary). Obtained semi-
thin sections were made to observe
Sarcocystis by light Microscope to
determine the infection. The Ultra-thin
sections were examined under JEM 100
CXIl  electron  microscope (Central
Laboratory, South Valley University,

Qena, Egypt).
Molecular data:
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Infected oesophagus muscle tissues
were cut off into small pieces and
preserved in ethyl alcohol 95% at -20°c for
total genomic DNA extraction. DNA was
extracted using a DNA Extraction Kit
(Qiagen, DNeasy ® QlAamp DNA Mini,
and Blood Mini Kit). DNA fragments of
the 18S rRNA gene (~600 bp) from camle
DNA  samples  (Sarcosytis  ippeni,
Sarcosytis sp. and Sarcosytis cameli) were
amplified using primers Sar F 5° GCA
CTT GAT GAA TTC TGG CA 3’ and Sar
R 5° CAC CAC CCA TAG AAT CAA G
3’(Wong and Pathmanathan,1994). The
cycling condition included 94°C for 5
minutes followed by 40 cycles of 94°C for
2 minutes, annealing at 55°C for 1 minute,
and extension step 72°C for 90 seconds,
followed by a final extension step at 72°C
for 5 minutes. The final volume of PCR
reaction was 25 ml including 3 ml of the
sample DNA, 20 pmol of each primer, and
12.5 ml of PCR Master Mix and 7.5 ml
distillated water. The PCR bands was
separated 1% agarose  gel/ethidium
bromide, and visoilised on UV apparatus.
The PCR products were subjected the
digestion analysis by restriction fragment
length polymorphism (RFLP) method
using Haemophilus influenza Rf (Hinf) and
Moraxella bovis (Mbol) endonuclease
enzymes. RFLP reaction was performed
using 5 pL PCR product, 10 unit of each
enzyme, and buffer reaction. The reaction
is incubated 24 hours at 37°C.

Results

Prevalence and morphological structure:

The macroscopic evaluation revealed
the infection with macroscopic Sarcocystis

in oesophagus muscles of camels. LM
examination revealed the presence of thin-
walled Sarcocystis sp. in 106 out of 124
camels (85.5 %); with high infection rate
of 90.4 % in males (85 of 94) than females
70% (21 of 30). Result showed that the
infection rate in camels above four years
were more than in camels below four



Rabie et al., 2021

SVU-IJVS, 4 (3): 103-118

years. In males, the infection recorded in
50 out of 52 (96.15%) from 4 years old and
35 of 42 (83.33%) below 4 years old. In
females, the infection recorded in 14 of 17
(82.35%) above 4 years old, and in 7 of 13
(53.48%) below 4 years old (Table 1 and
2). Both macroscopical and microscopical
Sarcocystis were detected by LM,

Sarcocystis were thin walled with barely
visible projections on the cyst walls. In
some Sarcocystis, conical projections
could be seen on the Sarcocystis wall. In
Toluidine  blue-stained  sections, the
structure of the Sarcocystis wall was not
clear. However, in one cyst, projection
was visible (Fig. 1A and B).

Table 1: The total number of camels that were examined and the rate of infection with the
present Sarcocystis sp. from both males and females:

Gender No. examined No. infected No. non-infected  Prevalence %
Males 94 85 9 90.42
Females 30 21 9 70
Total 124 106 18 85.5

Table 2: Age-wise and sex-wise prevalence of Sarcocystis infection in camels:

Sex Age group in years No. examined No. infected Rate of infection %

Below 4 42 35 83.33

Above 4 52 50 96.15

Male

Total 94 85 90.42

Below4 13 7 53.84

Above 4 17 14 82.35

Female Total 30 21 70.00

Fig. 1. Semithin sections of Sarcocystis from oesophagus of camels. (A): Sarcocystis cameli
(x 100); (B): Sarcocystis ippeni (x 400), stained with Toluidine blue. Note projection of the
cyst wall (arrow).
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There are two structurally distinct
Sarcocystis were recognized:

1- Sarcocystis cameli:
Sarcocystis appeared as macroscopic and
microscopic cyst. In the fresh preparations,
the cyst appeared as long cylindrical
shaped cyst with spiral parts and as

(A

elongated cyst with rounded end. The
macroscopical cysts measured 1.2-3.4 mm
long and 0.102 — 0.276 mm wide whereas,
the cysts were measured 0.197-1.177 mm
in long and 0.071-0.208 mm in wide
microscopically (Fig. 2 A and B).

1

Fig. 2: Photomicrographs of longitudinal and transverse histological paraffin sections of esophagus
muscles of camels infected with Sarcocystis cameli. stained with H&E stain. A (x 40), B (x100)

Ultrastructure using TEM showed the
Sarcocystis wall was smooth, <1 um thick,
and without any visible protrusions. The
Sarcocystis wall consisted of an outermost
parasitophorous vacuolar membrane (Pvm)
that was lined by an electron dense layer
was < 50 nm thick (Fig. 3D). The Pvm had
numerous  villar  protrusions  (Vp),
approximately 60 — 230 nm apart from
each other. The host myocyte was
degenerated along the Vp to a varying
degree, giving the impression that VVp were
apart (Fig. 3A-D). The Vp were slender,
0.1 - 0.4 pum long and 0.05 — 0.1 um wide;
Several microtubules (Mt) were observed
in the tip of the villus to the middle of
ground substance (Gs) layer; the tubules
were smooth, were without granules, but
had fine cross-striations (Fig. 3B and D) .
Each villus had several rows of knob-like
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projections (Pr) (Fig. 3D and E). Only
cross-section showed a Vp, 9 projection
13- 40 nm long, were visible at regular
intervals, the projection seems to be
interconnected (Fig. 3E). Electron dense
layer (EdI) were observed on Vp tips. The
Gs was 0.1 — 0.6 pum thick. The Gs
continued into the interior of Sarcocystis as
septa, and thus the Gs at the origin of septa
appeared thicker than in other areas (Fig.
3F).

The Gs divided to 2 sections Gsl and
Gs2 (Fig. 4A). Bradyzoites (Br) were 0.57-
2.3 pum long and 0.3 — 0.8 um wide long
(Fig. 4A-D). However, most bradyzoites
were poorly preserved, enormous numbers
of micronemes (Mn), dense granules (Dg),
mitochondrion (Mc) and nucleus (Nu)
were visible (Fig. 4B-D).
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Fig. 3. TEM of S. cameli Sarcocystis wall showing: (A): the Vp (villar protrusions) are interspersed
with vacuolated (degenerated) Hc (host cell). (B): Slender Vp with prominent Mt (microtubules)
at the base of the Vp. (C): Vp cut at an angle, note projections (arrow) from Vp . (D): Pvm
(parasitophorous vacuolar membrane) and Slender Vp with thick Edl (electron dense layer) and
electron-lucent protrusions ( Pr ) along the villar length. (E): Cross-section of Vp showing 9 pr
(protrusions) at the periphery at regular intervals, and numerous internal Mt with electron lucent
centers. (F): Slender Vp and Gs (ground substance) which continued into the interior of Sarcocystis
as septa (S). Abbreviations: TEM, transmission electron microscopy; Pvm, parasitophorous
vacuolar membrane; EdI, electron dense layer; Vp, villar protrusions; Gs, ground substance;
Pr,protrusions; Mt, microtubules; Hc, host cell; S, septa.
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Fig. 4. TEM of S. cameli Sarcocystis Br showing (A): Br (bradyzoites) and Gs (ground substance)

layers (Gsl, Gs2).

(B): Me (metrocytes) and fully formed Br (bradyzoites), note Br with Nu

(nucleus), Dg (dense granules) and Mc (mitochondrion). (C): Br(bradyzoites) and S (Septa), note
Mc and Nu of Br. (D): fully formed Br with Nu (nucleus) and Mn (micronemes). Abbreviations:
Me, metrocytes; Br, bradyzoites; Mn, micronemes; Dg, dense granules; Nu, nucleus; S, Septa; Gs,

ground substance; Mc, mitochondrion.

Sarcocystis cameli has characteristic
villar protrusions of ‘‘type 9j°’ (Dubey et
al., 2016). The villar protrusions is one of
the criterions of speciation of Sarcocystis
species within a given host (Dubey et al.,
2016). The structure of microscopic and
macroscopic Sarcocystis of S. cameli is the
same.

2- Sarcocystis ippeni:

The cyst appeared as microscopic
spindle shaped in diaphragm, with light
microscopy, Sarcocystis appeared as thin
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cyst wall approximately 1 pum, with small
protrusions. Sarcocystis measure 230.36 -
309.42 x 82.56 — 110.96 pm in size (Fig.
5A and B).

In TEM, the Sarcocystis wall was < 1
um thick, and had villar protrusions (Vp)
that were often conical in shape. The villar
protrusions approximately 175.27 - 266.76
nm long, 100.45- 175.98 nm wide (Fig. 6A
and B), some Vp were not conical and more
finger-like and some were stubby Fig. (6A-
D). Microtubules (Mt) in Vp
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Fig. 5. photomicrographs of longitudinal histological paraffin sections of oesophagus
muscles of camels infected with Sarcocystis ippeni. stained with H&E stain, note the
protrusmns in B (arrow). A (x100) and B (x400).

.

Fig. 6. TEM of S. ippeni Sarcocystis wall showing: (_)_conlcal Vp (V|Ilar protrusions). Note criss-
crossing Mt (microtubules)and knob-like thickening of the Vp. (B): conical Vp. Note the Vp are
cut at different angles. (C): The Mt in VVp are more electron dense towards the villar tips. (D): Vp
cut at different angles., The Gs (ground substance) layer is mostly electron lucent and not well
demarcated. Abbreviations: Vp, villar protrusions; Gs, ground substance; Mt, microtubules; Hc,
host cell; Me, metrocytes; Br, bradyzoites; Mn, micronemes.
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originate at mid point of ground substance
(Gs) and continue up to tip, criss-crossed,
smooth and without granules or dense areas
(Fig. 6B and C). The total thickness of
Sarcocystis wall (from the base of ground
substance to Vp tip) was 329.34 — 478.47
nm. Bradyzoites (Br) 572.63 —-1325.73 x
435.25 -585.99 nm in size.

Bradyzoites had double - membraned
plasmalemma consisting of an outer
membrane (Om) and an inner membrane
(Im) (Fig. 7B). They contained numerous

micronemes (Mn), subterminal nucleus
(Nu) and numerous dense granules (Dg)
(Fig. 7C and D). The ground substance
(Gs) was 184.14 — 359.45nm thickness.
Within the same Sarcocystis, metrocytes
were nucleated and contained very few
organelles (Fig. 7A and B). Sarcocystis
ippeni has unique ‘‘type 32’ Vp with
electron dense knobs and microtubules
from villar tips to the middle of the Gs layer

t SN c) @ £

Fig. 7. TEM of S. ippeni Sarcocystis showing: (A): Me (metrocytes) below indistinct Gs (ground
substance) layer.Note S (septa). (B): Br (bradyzoites) with plasmalemma Om (outer plasmalemma
membrane) and Im (inner membrane), note Mt below Gs layer. (C): Br wih Nu (nucleus) and Mn
(micronemes), note Cw (cyst wall) and Vp. (D): Br with Mn and Dg (dense granules) below the Gs
layer. Abbreviations: Gs, ground substance; Mt, microtubules; S, septa; Cw, cyst wall; Me, metrocytes;
Br, bradyzoites; Mn, micronemes; Dg, dense granules; Nu; nucleus; Om, outer plasmalemma
membrane; Im, inner membrane.
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Molecular identification

The  oesophageal = muscle  samples
previously  examined using light
microscope, were selected for processing
molecular analysis. In the present study,
we used PCR-RFLP molecular technique,
Specific primers for Sarcocystis species to
amplify 18s ribosomal gene from selected
camels’ samples (Sarcosytis ippeni,
Sarcosytis sp. and Sarcosytis cameli). DNA
fragments of about 600 base pair were
amplified as shown in (Fig. 8). Samples

were subjected to the restriction digestion
analysis by RFLP and using 2 restricted
enzymes (Hinfl and Mbol enzymes). As
shown in Fig. 9, the Hinfl enzyme has no
cutting effects on the PCR vyields. The
Mbol restricted enzyme was digested the
PCR product of Sarcocystis ippeni and
Sarcocystsis cameli into 2  bands

approximately 250 and 350 bp. For sample
2 (Sarcocystis sp.), no cutting effect was
observed from both enzymes as shown. In

(Fig.

9).

~ 600
Base pairs

Fig. 8. The Electrophoresis of the PCR Product of ribosomal gene of Sarcocystis in Camel
samples showing a band with 600 bp. Samples: 1= Sarcocystis ippeni; 2= Sarcocystis sp. and
3= Sarcocystis cameli ; L= DNA ladder (50-1350 bae pair)

~350
Base pairs

~250
Base pairs

Fig. 9. Restriction digestion analysis by RFLP and using 2 restricted enzymes Hinf (A) and Mbol
(B) enzymes. Samples: 1= Sarcocystis ippeni; 2= Sarcocystis sp and 3= Sarcocystis cameli ; L=
DNA ladder (50-1350 base pair). In sample 1, there is an undigested DNA obsreveded.
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Discussion

Morphological and ultra-examination
studies:

Sarcocystis spp. are among the most
common parasites in domestic ruminants,
and some of them can generate significant
economic losses when causing clinical and
subclinical disease. Up to now, at least five
species of Sarcocystis have been named in

camel (Dubey et al., 2015).

Prevalence data on Sarcocystis species
in camels have been reported in various
countries, including Sudan (Hussein &
Warrag, 1985), Jordan (Al-Ani and Amr,

2017) , Afghanistan (Kirmse &
Mohanbabu, 1986), Morocco (Kirmse
1986) and Egypt (Abdel Ghafar et al.

1979), Somalia (Borrow et al. 1989), Saudi
Arabia (Fatani et al. 1996), Southern
Ethiopia (Woldemeskel & Gumi 2001),
Irag (Latif et al. 1999), and Mongolia
(Fukuyo et al. 2002).

In the present study, the prevalence of
Sarcocystis infection in slaughtered camels
was 85.5%. The observed prevalence is
higher than that reported in Egypt, Southern
Ethiopia, and the Yazd Province (lIran),
where the reported prevalence rates were
42.3 60.0%, 45.45%, and 51.5%,
respectively (Mandour et al. 2011, Abdel
Ghafar et al. 1979, Woldemeskel & Gumi
2001, Hamidinejat et al. 2013). Moreover,
previous reports on Sarcocystis spp. in
camels from Saudi Arabia, Afghanistan,
Jordan,and Morocco reported prevalence
rates of 56.7%, 47.3-66.3%, 6.6% and
60%, respectively (Hussein 1991, Kirmse
& Mohanbabu 1986, Al-Ani  and Amr,
2017, Kirmse 1986). In contrast, higher
infection rates of 100% and 91.6% were
reported in Mongolia and Iraq, respectively
(Fukuyo et al. 2002, Latif et al. 1999).
Furthermore, in a previous study in Egypt, a
prevalence of 81% and 75% was reported
(El-Etreby 1970, Gareh et al. 2020),
whereas a prevalence of 83.6% was
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reported in the eastern Provinces of Iran
(Valinezhad et al. 2008).

The wvariation between our present
results and those previously mentioned
could be attributed to various factors,
including degree of contact between camels
and dogs since some camel pastoralists are
not using dogs in camel rearing (camels are
reared on a free-range basis in the desert).
Furthermore, differences in the systems
used for camel keeping could influence the
infection rate (Valinezhad et al. 2008,
Dubey et al. 2015).

Sarcocystis spp. infect muscular tissue
of the heart, tongue, oesophagus, and
diaphragm. However, Sarcocystis spp. cysts
have been reported in several other types of
muscle tissue (Bucca et al. 2011, Ono &
Ohsumi 1999). In the present study,
Sarcocystis was observed in oesophageal ,
heart and ocular muscles, particually in the
oesophagus,with a prevalence rate of 85.5%
which is according to several previous
reports either in the same species or
different species (Valinezhad et al. 2008,
Wahba et al. 2014, Hamidinejat et al. 2013,
Woldemeskel & Gumi 2001, Ahmed et al.
2016). Meanwhile, some studies found the
diaphragm of camels to be the most
commonly affected site (Fukuyo et al.
2002, Al-Ani and Amr, 2017), whereas
another study identified the heart as the
most commonly infected organ
(Shekarforoush et al. 2006).

The sex of the animal found to be a
significant  variable associated  with
infection. Males being at higher risk of
infection than females., Prevalence rates of
90.4% and 70% were reported in male and
female camels, respectively (Table 1). Our
results are consistent with several previous
studies in Egypt (Mandour et al., 2011),
southern Ethiopia (Woldemeskel & Gumi
2001), and Iran (Valinezhad et al. 2008).
This difference might be attributed to the
fact that most female animals are kept
indoor for reproduction under good and



Rabie et al., 2021

SVU-1JVS, 4 (3): 103-118

clean management, whereas most of the
males are left for grazing outdoor and used
by owners for hard work; they may
therefore be more exposed to the infection
(Romero et al. 2017).

Age was another significant risk factor
associated with infection. Older camels
appeared to be at greater risk of infection
than younger ones; animals aged 4 years or
older were infected to a significantly larger
extent (92.8%) than younger animals
(76.4%). Similar findinGs were reported in
previous  studies in  the  Menofia
Governorate (Egypt) (EI-Bahy et al. 2019),
Yazd Province (Iran) (Hamidinejat et al.
2013), and in Riyadh city (Saudi Arabia)
(Omer et al. 2017). The higher prevalence
of Sarcocystis infection in aged camels may
likely reflect the higher rate of slaughtering
of aged camels compared with younger
animals; moreover, slow development of
detectable cysts may explain the lower
prevalence in young camels (Valinezhad, et
al. 2008, Hamidinejat et al. 2013, Omer et
al. 2017). Additionally, some owners kept
the young camels indoor for breeding, and
therefore, the young camels might be less
exposed to infection than older ones
(Valinezhad, et al. 2008, Hamidinejat et al.
2013).

In the previous study, the two
Sarcocystis species under study were
detected in Camelus dromedarius, as

Sarcocystis cameli and Sarcocystis ippeni.
Mason (1910) was first to report
Sarcocystis in camel with no description
and gave its name as S. cameli. This hame
was largely ignored until Dubey et al.
(1989) arbitrarily assigned one Sarcocystis
species to be named S. cameli. Abdel-
Ghaffar et al. (1979) had reported a unique
structure of this parasite, but they did not
name it. Odening (1997) proposed a new
name, S. ippeni, for the parasite that was
decribed by Entzeroth et al. (1981). Abdel-
Ghaffar et al. (2009) ignored all previously
assigned names and called the parasite as S.
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camelicanis in continuing with the earlier
philosophy of Heydorn et al. (1975).

The previous description of these two
species S. cameli and S. ippeni and their
taxonomical position summarized as
follow:

1- Sarcocystis cameli (Mason, 1910)
Diagnosis: Sarcocystis microscopic and
macroscopic, appear thin walled by LM. By
TEM, Sarcocystis wall has unique Vp, type
9j (Dubey et al. 2015), these are slender, up
to, 0.1 — 0.4 pm long and 0.05 — 0.1 yum
wide,  with  knob-like  protrusions,
microtubules in Vp are smooth, originate at
midpoint of the Gs and continue up to the
tip. The Gs was 0.1 — 0.6 pm thick.
Bradyzoites were approximately 0.57- 2.3
pum long and 0.3 — 0.8 um wide. Dog is the
definitive host.

2- Sarcocystis ippeni (Odening, 1997)

Diagnosis: Sarcocystis  microscopic,
appearing thin walled by LM. By TEM,
Sarcocystis wall has unique conical Vp
with an electron dense knob. The Vp
approximately 175.27 - 366.76 nm long,
100.45- 175.98 nm wide, microtubules in
Vp originate at midpoint of Gs and continue
up to tip, criss-crossed, smooth and without
granules or dense areas. The total thickness
of the Sarcocystis wall (from the base of Gs
to Vp tip) was 329.34 — 478.47 nm.
Bradyzoites 572.63 —1325.73 x 435.25 —
585.99 nm in size.

For molecular identification  of
Sarcocystis species, oesophagus samples
from camels were analyzed to determinate
species of the parasite by PCR-RFLP
method. This help to distinguish the risk of
human Sarcocystisosis due to consumption
of contaminated meat that is consider a
public ~ health  problem.  Currently,
identification of Sarcocystis species in
animals and humans is conducted using
transmission  electron  microscopy to
examine cyst’ wall structure (Agholi et al.
2016). However, this method has some
limitations due to the extended
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epidemiology study and detection of little
morphology variation in species (Gjerde
2013). This led researchers to look for an
alternative means which can give more
references clues for Sarcocystis
identifications. Molecular approaches have
been widely used and applied for a more
accurate analysis. Several studies reported
using the molecular approach for
identification of Sarcocystis species in
different hosts, where the DNA sequences

of 18S ribosomal gene inside to
morphological  investigations  consider
helpful and useful for
identification/characterization of

Sarcocystis spp from different hosts
(Gjerde, 2013; Gjerde et al., 2015; Murata,
et al., 2018).

Data here showed the partial DNA
fragment of 600 bp of 18S rRNA gene,
which when digested using Hinf (A) and
Mbol (B) restriction enzymes, produced
two fragments (~250, ~350) which is in
accordance to Motamedi etal. (2011) who
characterized Sarcocystis isolated from
camels by PCR-RFLP method using Mbol
enzyme and other enzymes (Xbal, EcoR1,
Avall). This reflected the reliability of the
PCR-RFLP technique for distinguishing of
Sarcocystis spp. In other study, Rahdar and
Kardooni, (2017) used the Hinf, Mbol
enzymes to digest the 18S ribosomal RNA
gene amplicon of 600 bp from sheep which
used for distinguishing Sarcocystis species.
Furthermore, Omer et al. (2017) extracted
DNA from purified bradyzoites revealing
high molecular weight DNA when using
18S rRNA gene specific  primers.
Therefore, RFLP resolved by agarose gel
electrophoresis demonstrated to be an
economic and rapid method of
discriminating between Sarcocystis species
from different hosts.

In this study, the 18S rRNA gene was
used for distinguishing Sarcocystis species
in slaughtered camels. Data showed that all
Sarcocystis isolates in camel samples
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belonged to S. cameli and S. ippeni. The
results of the PCR of samples presented a
600-nucleotide bp fragment. The PCR-
RFLP analysis revealed the detection of
two similar size cutting bands in both S.
cameli and S. ippeni This work
demonstrated that ultrastructural study,
PCR amplification of 18S rRNA and
RFLP-based analysis are useful and helpful
to distinguish camel species of Sarcocystis
from different hosts.

In conclusion, this study is the first to
demonstrate the presence of Sarcocystis
cameli and Sarcocystis ippeni in the
oesophagus, heart and ocular muscles of
slaughtered One-humid camel for human
consumption in New Valley Governorate.
The study presented the isolated Sarcocystis
species from camels belonged to
Sarcocystis cameli and Sarcocystis ippeni.
This may could have an important role for
transmission human Sarcocystisosis due to
human  consumption. The molecular
analysis demonstrated that the PCR
amplification of 18S rRNA and RFLP-
based analysis are useful and helpful to
distinguish camel species of Sarcocystis
from slaughtered camels.
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