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Egyptian camels are vulnerable to blood parasitic infection, which is an economically important tick-borne
diseases and compromise health and production of camels. Blood samples were collected for microscopic
identification and molecular detection with phylogenetic analysis of piroplasms in apparently healthy camels
" number 82" of both sexes in Assiut, Egypt. The overall positive rates of Babesia was 62.2% and Theileria was
35.4% microsobically which revealed that Babesia infection is higher than Theileria in camels. The positive rates
of Babesia and Theileria species were higher in females (71.7%) and (36.9%) than males (50%) and (33.3%), re-
spectively. Likewise, the positive rates of Babesia and Theileria species were higher in camels > 3 years (68.8%)
and (37.5%) than < 3 years (52.9%) and (32.4%), respectively. Statistically, the positive rate of Babesia is signifi-
cantly associated with gender (P< 0.05). PCR analysis targeted Babesia 18S rRNA and Theileria annulata tams1
genes. The phylogenetic analysis of PCR amplicons shown that analyzed isolates were Babesia caballi (B. caballi)
with accession numbers (OR683438 and OR683439) and Theileria annulata (T. annulata) with accession numbers
(OR682402 and OR682403) which closely related to global isolates present in NCBI. Genetically, B. caballi was
related to isolates from South Africa, Cuba and Venezuela horses, while T annulata was genetically related to
isolates from United Kingdom, India and Turkey. We concluded that B. caballi and T. annulata is prevalent in
camels with the need of early diagnosis and treatment to prevent further spread of infection with tick control
program to reduce the risk of infection.

B. caballi
T annulata

Introduction

Camel is a widely dispersed domestic animal in the semi-desert and
deserts regions of different continents. The global population of camels
is approximately ‘39 million" (FAOSTAT, 2023). It provides many areas of
the world with an important source of milk and meat which is considered
a high source for protein giving high nutritional value. There is a steadily
rising in the number of slaughtered camels for meat in lots of develop-
ing countries, including Egypt (Abou EI-Naga and Barghash, 2016). Even
though camels are tough animals that can survive the severe desert envi-
ronment as a result of their unique adaptive physiological individualities.
They are exposed to a wide range of infectious diseases such as ecto and
endoparasitic diseases that affect camel health (Swelum et al., 2014; Saz-
mand and Joachim, 2017; Selim et al., 2023).

Piroplasmosis in camel is an infectious disease spread globally and
caused by hemoprotozoan parasites, that belong to the ‘phylum Api-
complexa’. Haemoparasitic diseases have a significant effect on camels
health causing a substantial economic burden to the camel owners and
breeders (Aslam et al, 2022). It has adverse effects on camels leading
to fever, wasting, anemia and death in case of intense infections (Abou
El-Naga and Barghash 2016; Selim et al., 2023) and characterized by high
morbidity and mortality, especially if untreated and it is responsible for
significant financial losses (Faraj and Abd, 2018).

Ashour et al. (2023) and Salman et al. (2022) found that Egyptian
camels infected with B. bovis, B. bigemina, B. microti, Babesia sp. Mymens-
ingh, T. equi, Theileria sp. Yokoyama. Furthermore, camel infections have
also been reported to be caused by B. caballi, T. annulata, Theileria equi,
Theileria mutans and Theileria ovis (Qablan et al., 2012, Tomassone et al.,
2012; Abd-Elmaleck et al., 2014; Lorusso et al., 2016; Aslam et al., 2022).

Babesiosis is a protozoan parasitic disease spread globally by vectors
(Haghi et al., 2014). B. caballi was initially diagnosed in Sudanese camels
(Abdelrahim et al,, 2009). It is one of the most essential Babesia species
that have been recorded in camels in a different parts of the world (Jasim
etal, 2015; Ibrahim et al,, 2017). Through the acute stage of the disease, it
causes fever, anemia, hemoglobinuria, jaundice, edema, weakness, loss of
appetite, depression, and gastrointestinal stasis which sometimes cause
camel death (Swelum et al,, 2014; Mirahmadi et al., 2022).

Theileriosis, resulted from hemoprotozoan infection of the ‘genus
Theileria' which has detrimental economic impact on the livestock sector
in the majority of subtropical and tropical countries (Ismaeil et al., 2023).
It has a substantial impact on camels production and reproduction caus-
ing wasting, fever, anemia and mortality in cases of serious infections
(Hamed et al., 2011; Ismael et al., 2014; Selim et al., 2023).

The ordinary diagnostic method for confirming animals infected with
blood parasites is microscopic identification of Giemsa stained blood
smear which considered a rapid field test (Mirahmadi et al, 2022). The
molecular diagnostic tests are specific and sensitive approach that results
in the precise detection, identification and distingishing between Babesia
and Theileria species, specifically in the status of low parasitemia (Mirah-
madi et al,, 2022; Selim et al., 2023). The DNA sequencing is considered
a perfect diagnostic technique which recognized on PCR amplification
consuming generic primers with exceptionally preserved ribosomal gene
sequence amplification (Ullah et al., 2022).

There is scarce of information on theileriosis and babesiosis in camels
in Assiut governorate, Egypt. Therefore, the current study was planned
to determine their positive rate using direct microscope along with the
sequence analysis of detected isolates to identify Babesia and Theileria
species of the local camels.
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Materials and methods

Ethics approval

It was approved by The Ethical Committee of the Faculty of Veterinary
Medicine, Assiut University, Assiut, Egypt, according to The OIE standards
for the use of animals in researches with (Approval No. 06/2023/0138).

Animals and blood sampling

A total of '82 blood samples’ were collected from apparently healthy
camels of different ages (2-6 years) and of both sexes. This study was car-
ried out from April 2023 to December 2023 in Assiut governorate, Egypt.
Approximately 3 mL of blood samples were collected from each animal in
tubes containing ethylenediaminetetraacetic acid (EDTA) and immediate-
ly transported to the laboratory.

Microscopic examination

Thin and thick blood smears were prepared from whole blood on
dry and clean slides, stained with Giemsa and examined for blood para-
sites identification by microscope at 1000x (oil immersion lens) based on
morphological characteristics as described by Soulsby (1982) and Coles
(1986). Then the rest of the blood samples were kept at -20°C untill DNA
extraction and additional examination.

Molecular detection of blood parasites

Six samples was examined by PCR for identification of parasite species.

DNA extraction

It was done using the 'QlAamp DNA Mini kit (Qiagen, Germany,
GmbH)' and was modified according to the manufacturer's guidances.
200 pl of the sample suspension was incubated with 10 pl of proteinase K
and 200 pl of lysis buffer at '56°C’ for 10 min. 200 pl of 100% ethanol was
added to the lysate after the incubation. The sample was centrifuged after
washing following the manufacturer's guidances. Elution of the nucleic
acid was done using 100 pl of elution buffer which supplied by the kit.

Oligonucleotide Primer

The used primers were provided from ‘Metabion (Germany)' are listed in
Table 1.

PCR amplification

Primers were utilized in a 25 pl reaction that contain 12.5 pl of 'Em-
eraldAmp Max PCR Master Mix (Takara, Japan)’, 1 pl of each primer at a
concentration of 20 pmol, 4.5 pl of water, and 6 pl of DNA template. The
positive control samples of PCR were obtained from ‘Biotechnology unit
in Animal Health Research Institute’. This reaction was implemented in an

'Applied biosystem 2720 thermal cycler'.

Analysis of the PCR Products

The PCR products were separated via electrophoresis on 1.5% aga-
rose gel (Applichem, Germany, GmbH) in 1x TBE buffer’ using gradients of
5V/cm at room temperature. 15 pl of the products was loaded in each gel
slot for gel analysis. The determination of the fragment sizes was done by
using a generuler 100 bp ladder (Fermentas, Germany). The gel was pho-
tographed using ‘a gel documentation system (Alpha Innotech, Biometra)
and the data was analyzed by means of computer software.

DNA Sequencing and phylogenetic analysis

Four positive PCR products were chosen then purified via ‘QIAquick
PCR Product extraction kit (Qiagen, Valencia)'. The sequence reaction was
performed using 'Bigdye Terminator V3.1 cycle sequencing kit (Perkin-El-
mer)" and then was purified by Centrisep spin column. DNA sequences
were gained by 'Applied Biosystems 3130 genetic analyzer (HITACHI, Ja-
pan)’. A BLAST® analysis (Basic Local Alignment Search Tool) was at first
performed to create sequence identity to accessions in GenBank (Altschul
et al, 1990). The phylogenetic tree was established by the ‘MegAlign
module of LasergeneDNAStar version 12.1" (Thompson et al., 1994). The
phylogenetic analyses was performed via ‘'maximum likelihood, neigh-
bour joining and maximum parsimony’ in MEGA6 (Tamura et al., 2013).

Statistical analysis

Microsoft Excel was used to record and categorize all of the data. Af-
ter that, SPSS software ver. 16.0 (IBM, USA) was used to analyze the data.
The possible correlation between age, sex and infection rate was investi-
gated using the chi-square (x2) test. The results are deemed significant if
the 'P value' is less than 0.05 (Nakayima et al., 2017).

Results

The examination of ‘82 camels’ for the presence of blood parasites
showed that the positive rates of Babesia and Theileria species were 62.2%
(51/82) and 35.4% (29/82) by microscope, respectively. This findings re-
vealed higher infection with Babesia than Theileria in camels. The positive
rates of Babesia species were higher in females (71.7%) than males (50%)
with a significant difference (P<0.05). Likewise, the positive rates of Thei-
leria species were greater in females (36.9%) than males (33.3%). While,
the positive rates of Babesia and Theileria species were higher in camels
of age group >3 years (68.8%) and (37.5%) than of age group < 3 years
(52.9%) and (32.4%), respectively. There was no significant difference be-
tween gender of camels and Theileria positive rate and between the age
of camels and Theileria and Babesia positive rate (Table 2).

Giemsa stained blood smears of camels showed the presence of
intraerythrocytic Babesia and Theileria species. Intraerythrocytic tropho-
zoites of Babesia appeared pear-shaped (2.1-3.7 um in length) commonly
occurring single, round or oval forms (2.2-2.7 um in diameter) (Figure

Table 1. Primers sequences, target genes, amplicon sizes and cycling conditions used for PCR amplifications.

Amplification (35 cycles)

Target gene Primers sequences Amplified Primary Final Reference
gets q segment (bp) denaturation ~Secondary Annealing  Extension extension
denaturation
Babeisa 18S rRNA GTCTTGTAATTGGAATGATGGTGAC 340 94°C 94°C 55°C 72°C 72°C Salem and Farag
aversa ATGCCCCCAACCGTTCCTATTA 5 min. 30s. 40's. 40's. 10 min. (2014)

Theileria annulata  GTAACCTTTAAAAACGT 71 94°C 94°C 55°C 72°C 72°C  Nourollahi-Fard
tamsl GTTACGAACATGGGTTT 5 min. 30s. 40s. 45 s. 10 min et al. (2015)
Theileria equi 16S CATCGTTGCGGCTTGGTTGG 664 94°C 94°C 54°C 72°C 72°C Bashiruddin et
rRNA CCAAGTCTCACACCCTATTT 5 min. 30 s. 45s. 45 s. 10 min al. (1999)
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1). While, intraerythrocytic Theileria trophozoites were mainly round
(0.66-1.25 pum) to oval (1.58x0.66 pm), rod or comma-shaped (1.41x0.58
um). Theileria Koch's blue bodies were detected in the lymphocytes com-
prising micromeronts which contain chromatin granules (0.11-0.67 pm in
diameter) (Figure 2). The specific amplications of Babesia 18S rRNA gene
(340 bp) and T annulata tams1 gene (721 bp) was discovered by PCR
assays with no existence of T. equi (Figure 3 A, B and Q).

Every PCR-positive sample was subjected to sequencing. The phy-
logenetic analysis of PCR amplicons showed that analyzed isolates were
closely related to B. caballi which belongs to genotype A and T. annulata

existing in NCBI from various global locations. Babesia caballi is avilable
in the GenBank with the accession numbers (OR683438 and OR683439).
The B. caballi OR683438 sequence was identified and showed 100% cor-
respondence with reported from South Africa horses (EU642512), Cuba
horse (MT463343) and Venezuela horse (MZ298263). While, OR683439
sequence revealed 75.2% similarity with OR683438 sequence that men-
tioned in this study and from South Africa horse (EU642512) ), Cuba horse
(MT463343) and Venezuela horse (MZ298263) (Figure 4, 5).

In the current study, T annulata is avilable in the GenBank with the ac-
cession numbers (OR682402 and OR682403). The T. annulata OR682402

Table 2. Positive rate of Babesia and Theileria species in camels in relation to gender and age.

. Variable No. of examined No. of Babesia Babesia . No. of Theileria Theileria .
Variable levels animals Positive samples  positive rate (%) Chi2 (2)  P- value Positive samples  positive rate (%) Chi2 (02) - P- value

Female 46 33 71.7 17 36.9

Gender 4.059* 0.04 0.12 0.73
male 36 18 50 12 333
< 3 years 34 18 52.9 11 324

Age 2.12 0.15 0.23 0.63
>3 years 48 33 68.8 18 37.5
Total 82 51 62.2 29 354

*: Significant difference (P<0.05)

Figure 1. Microscopic image of Giemsa stained blood smears of camels showing a presence of Babesia spp. indicated by arrows A, B, C, D, E: intra-erythrocytic pear shape, F: intra-eryth-
rocytic round shape and G, H: free bear shape outside erythrocytes at 1000x (oil immersion lens) (scale bar 10 pm).

Figure 2. Microscopic image of Giemsa stained blood smears of camels showing intra-erythrocytic pear, oval, ring and comma shaped Theileria annulata indicated by arrows. A, B, C, D,
E, F, G: single intra-erythrocytic Theileria, while H, I: multiple intra-erythrocytic Theileria and J, K, L: lymphocytes contain chromatin granules of Koch,s blue bodies (arrow heads) at

1000x (oil immersion lens) (scale bar 10 um).
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Figure 3. Gel electrophoresis pattern of PCR amplicon of camel blood samples showing: L:
100bp DNA ladder; P: Positive control; N: Negative control (A): using B. caballi-specific
primer; 1: Negative samples; 2, 3: Positive samples (340 bp PCR product). (B): using 7. d
annulata-specific primer; 1, 3: Positive samples (721 bp PCR product); 2: Negative samples.
(C): using T. equi-specific primer; 1, 2, 3: Negative samples.
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current work and demonstrated 100% similarity with recorded from India
(MF346012), United Kingdom (KX981026) and Turkey (MW412254) (Table
3 and Figures 6,7).
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Figure 4. Phylogenetic relationship of 18s rRNA gene of B. caballi two isolates identified in
current study with closely related Babesia species recorded in the GenBank already detected
worldwide. New sequences isolates were ‘OR683438 B. caballi HS1 and OR683439 B.

caballi HS2” marked with blue diamond.
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Figure 5. Nucleotides alignment and distance matrix of two isolates of 18s rRNA gene of Babesia caballi in camel ‘OR683438 B. caballi HS1 and OR683439 B. caballi HS2’ showing (A):
Nucleotides alignment. (B): Distance matrix computed sequence distance for 18s rRNA gene of B. caballi detected in camel. The upper part of the matrix provides the (percent identity)

between the percentage-scaled alignments. The lower part provides the alignments divergence.
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Figure 6. Phylogenetic relationship of 7ams 1 gene of Theileria annulata two isolates iden-
tified in current study with closely related 7. annulata recorded in the GenBank already
detected worldwide. Isolates were ‘OR682402 Theileria annulata HS3 and OR682403
Theileria annulata HS4’. New sequences are marked with red circles.

Discussion

Babesia and Theileria are parasites that commonly extent by ticks and
have a substantial effect on many domestic animals comprising camels
(Schnittger et al.,, 2022). In spite of several investigations on piroplasmid
host specificity in domestic animals, Theileria and Babesia species identi-
fication in camels may indicate species recognized from other hosts that
have been transferred to camels through shared ticks (Qablan et al., 2012)

According to our results, the total positive rate of Babesia and Theile-
ria 63% microscopically. Which greater than reported by (Hekmatimogh-
addam et al., 2012) was 15.79% in camels using microscope in Iran; (Bah-
rami et al., 2017) 6.45% piroplasms via pcr in Iran; (Ibrahim et al.,, 2017)
43.6% and 74.5% by microscopic and molecular examinations, respec-
tively in Sudan; (Aslam et al,, 2022) 12% by microscope in Pakistan and
(Mahdy et al., 2023) 11% and 38% via microscopic and PCR, respectively
in the camel in Egypt. These alterations in the infection rates amongst
all these studies may be attributed to a difference in the prevalence of
tick between different districts, where climatic agents such as humidity,
temperature and rainfall affect the ticks habitat, the number of examined
animals, nutritive, camel health status and the presence of parasite res-
ervoirs (Oncel et al., 2007; Aslam et al. 2022; Mahdy et al., 2023; Selim, et
al., 2023). The high positive rates in our study might be attributable to
close interaction of native camels with imported camels of nearby nations
including Sudan, population growth, seasonal distribution and tick geo-
graphic expansion as mentioned (Gratz 2006; Kim et al., 2021; Mirahmadi
et al, 2022).

The present finding exposed that the positive rate of Babesia of cam-
el was 62.2% microscopically. The recorded results were greater than that
reported in Egypt 46.9% by microscope in Assiut (Abd-Elmaleck et al.,
2014) 11.9% microscopically and 18.43% by PCR in Northern West Coast
(Abou EI-Naga and Barghash, 2016) 4.7% by microscope in Qalubia (Ab-
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Figure 7. Nucleotides alignment and distance matrix of two isolates of 7ams 1 gene of Theileria annulata in camel ‘OR682402 Theileria annulata HS3, OR682403 Theileria annulata HS4’
showing (A): Nucleotides alignment. (B): Distance matrix computed sequence distance for 7ams 1 gene of T annulata detected in camel. The upper part of the matrix provides the (percent
identity) between the percentage-scaled alignments. The lower part provides the alignments divergence.
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Table 3. Identity percentages of the Theileria annulata tams1 sequences obtained from isolates of camels with other sequences isolates deposited in GenBank.

Accession 1o OR682403 KX981037 KX981038
’ Camel Egypt (present isolate) (Identity %) United Kingdom (Identity %) United Kingdom (Identity %)
OR682402 camel Egypt (present isolate) 97.30% 100% 99.80%
A ion n MF346012 KX981026 MW412254
ceession no. Cattle India (Identity %) United Kingdom (Identity %) Cattle Turkey (Identity %)
OR682403 camel Egypt (present isolate) 100% 100% 100%

del Gawad, 2018) and 5.4% of B. caballi by pcr in Egypt (Mahdy et al.,
2023). Likewise, It was higher than that found in other nations such as
13.17% in Saudi Arabia (Swelum et al,, 2014); 53% in Iraq (Al-Naily and
Jasim, 2018); 17.5% and 54.16% by microscope and PCR, respectively in
Iraq (Faraj and Abd, 2018) and 10% via microscope and 19.28% by PCR in
Iran (Mirahmadi et al., 2022). The high Babesia positive rate of apparent
healthy camels in our study could be resulted from the subclinical form,
as reported by Nakayima et al. (2017) who stated that B. caballi can per-
sist subclinically for at least one to four years before being eradicated.

In the present work, the positive rate of Theileria species of camel
was 35.4% based on microscopy. Our results more than that found in
upper Egypt (6.8%) by (Hamed et al., 2011); 9.18% in Assiut (Abd-Elmal-
eck et al., 2014); 30.86% in Egypt (Youssef et al., 2015); 0.4% in Qalubia
(Abdel Gawad, 2018) and 21.1% of T. annulata by pcr in Egypt (Selim et al.,
2023). Also, it was higher than that of previous results in other countries
as 5.8% in Iraq (Jasem et al,, 2015); 0.6% in Iran (Bahrami et al,, 2016);
10% of T annulata by PCR in Iraq (Al-Naily and Jasim, 2018); 28.88% by
microscope in Iraq (Alsaadi and Faraj, 2020a); 34% of T annulata by PCR
in Iraq (Alsaadi and Faraj, 2020b); 12% by microscope and 13.5% of T.
annulata by PCR in Pakistan (Aslam et al., 2022); 22.94% microscopical-
ly in Iraq (Tamimi, 2022) and 8.5% in United Arab Emirates (Ismaeil et
al., 2023). Even so, our findings lower than that found by Abou EI-Naga
and Barghash (2016) who reported 71.9% positive cases by pcr in Egypt
and by Al-Naily and Jasim (2018) who recorded 46.5% in Iraq. Positive
examined camels with Theileria species in our study displayed apparent
healthy without any clinical signs specific for theileriosis. This in concur
with Youssef et al. (2015) who clarified that camels Theileria infection is
subclinical or chronic infection.

The current investigation recorded higher positive rate of Babesia
and Theileria species in females (71.7%) and (36.9%) than males (50%)
and (33.3%), respectively. These findings come in accord with that re-
ported by Al-Naily and Jasim (2018) who enumerated that prevalence
of Babesiosis and Theileriosis in female was (60.8%) and (55.2%) more
than in males (40%) and (32%), respectively in Irag. As well, Alsaadi and
Faraj (2020b) and Selim et al. (2023) who established high prevalence of
T annulata in females compared with males and Selim et al. (2023) and
Aslam et al. (2022) who documented that infection was 2.5 times higher
in females than in males. This disproportion in prevalence could be due to
the decrease of females immunity during pregnancy and lactation, mak-
ing them more susceptible to the disease (Nijhof et al., 2007; Al-Hosary et
al., 2018; Selim et al., 2023). In contrary, Ibrahim et al. (2017) and Tamimi
(2022) noted that both genders similarly vulnerable to the disease.

Following our findings, the positive rate of Babesia and Theileria spe-
cies was greater in camels of age group > 3 years (68.8%) and (37.5%)
than of age group < 3 years (52.9%) and (32.4%), respectively. Similar
results were reported by Farhan and Hameed (2017); Alsaadi and Faraj
(2020a) and Aslam et al. (2022) who confirmed that older camels may be
more susceptible to infection than the younger ones. This could be due
to repeated exposure to parasites throughout time or by the existence
of persistently infected animals. Furthermore, maternal immunity plays
a crucial role in protecting newly born animals against most infections
(Ullah et al. 2022; Selim, et al., 2023). In contrast with, Mohsin et al. (2022)
who recorded that the high infection rate of Theileria occurs in young
animals.

In our study, Giemsa stained blood smears of camels revealed the
presence of intraerythrocytic Babesia and Theileria trophozoites. The Ba-
besia trophozoites within erythrocytes are pear, round or oval shaped.
While, intraerythrocytic Theileria trophozoites are mainly round to oval
but may also be rod or comma-shaped. Koch's blue bodies of Theileria
were detected in the lymphocytes. This was in agreement with Taylor et
al. (2007) who described B. caballi trophozoites as pear-shaped (2-5 pm)
in length and T. annulata intraerythrocytic trophozoite forms are mostly
round (0.5-2.7 pm) to oval (2 x 0.6 pm) and Mirahmadi et al. (2022) who
noted various shapes as pear and amoeboid form with a length of '1-2.5
or 2.5-5 pm’ within erythrocytes.

PCR analysis targeting the T. annulata tams1 gene in the current re-
search revealed the presence of T. annulata with negative detection of T
equi by PCR. These findings are in accordance with Omer et al. (2021) who
identified T. annulata in camels with no evidence of T. equi. Unlike to prior

studies in Egypt (Youssef et al.,, 2015; Abou El-Naga and Barghash, 2016)
which reported that tested positive camels for Theileria species through
PCR were negative for T. annulata. Also, Bahrami et al. (2016) verified that
all the sequences of 18S rRNAs from the isolates had more than '99%’
homology to Iranian T. equi isolates in the GenBank and Mahdy et al.
(2023) found that T. equi is the most prevalent agent in Egyptian camels.
This may be due to geographical distribution of camels and presence
of other neighboring domestic animals in addition to the ticks which is
responsible for its transmission and play a significant role in the spread
of different Theileria species between camels and other domestic animals
(Tamimi, 2022).

The results of phylogenetic analysis in the current research by PCR
amplicons showed the existence of B. caballi and T annulata sequences
in camels in Egypt which are closely related to isolates found in NCBI from
numerous areas of the world. B. caballi was genetically related to isolates
from South Africa, Cuba and Venezuela horses. Similar to that noticed
by Mirahmadi et al. (2022) who demonstrated that B. caballi found in all
positive camels infected with babesiosis by DNA sequencing in Iran. Also,
phylogenetic analysis of T. annulata tams1 gene in current study was ge-
netically correlated with isolates from United Kingdom, India and Turkey.
Like to that observed by Alsaadi and Faraj (2020b) who recorded that
DNA sequence of all camel isolates of Theileria were T annulata in mid-
dle of Irag and Aslam et al. (2022) who indicated that DNA sequencing
and BLAST analysis of all piroplasmosis positive samples were infested
with T annulata in camels from Pakistan and added that T. annulata is a
silent killer with destructive effects on immune system. The existence of
B. caballi and T. annulata in camels may be owing to their co-inhabitance
with equines or bovines and contact with ticks orginated from infected
other species, which agree with Alanazi et al. (2019). Also, Youssef et al.
(2015) and Nakayima et al. (2017) mentioned that piroplasms have low
host specificity and the camels could serve as accidental parasites hosts
or reservoirs since they are in similar environmental setting. Therefore,
the vertebrate host-specificity of these tick-borne blood parasites is likely
wider than expected (Mahdy et al., 2023).

Conclusion

Based on our findings we concluded that an apparently healthy lo-
cal camels infected with the only prevailing identified species B. caballi
and T annulata in Assiut. This proved the presence of equine and bovine
piroplasmids in camels. The molecular diagnosis followed by sequencing
and genetic characterization is more sensitive and specific than micro-
scopic and PCR only. Consequently, there is a pressing need to develop
early diagnosis, therapeutic and preventive measures regarding this par-
asites throughout Egypt to avoid spread of infection and improve camel's
health conditions and production.

Conflict of interest

The authors declare that they have no conflict of interest.

References

Abd-Elmaleck, B.S., Abed, G.H., Mandourt, A.M., 2014. Some protozoan parasites infecting blood
of camels (Camelus dromedarius) at Assiut locality, Upper Egypt, J. Bacteriol. Parasitol. 5, 184.

Abdel Gawad, S.M., 2018. Recent Diagnosis of Protozoa Affecting Camels. Thesis, Ph.D. of Veteri-
nary Medicine, Faculty of Veterinary Medicine, Benha University, Egypt.

Abdelrahim, LA, Ismail, A.A,, Majid, AM., Mohammed, AS., Ibrahim, A.M., Allsop, M.,Oosthuizen,
M., 2009. Detection of Babesia caballi in the One-Humped Camel (Camelius dromedarius)
Using the Reverse Line Block (RLB) in Sudan. Sudan J. Vet. Res. 24, 69-72.

Abou El-Naga, T.R, Barghash, S.M., 2016. Blood Parasites in Camels (Camelus dromedarius) in
Northern West Coast of Egypt. J. Bacteriol.Parasitol. 7, 1.

Al-Hosary, A, Ahmed, L, Ahmed, J., Nijhof, A, Clausen, P., 2018. Epidemiological study on tropical
theileriosis (Theileria annulata infection) in the Egyptian Oases with special reference to the
molecular characterization of Theileria spp. Ticks Tick Borne Dis. 9, 1489-1493.

Al-Naily, ZH.C, Jasim, G.A,, 2018. Molecular study of Babesia spp and Theileria spp in camels of
Al- Diwaniyah province in Iraq. Kufa J. Vet. Sci. 9, 62-70.

Alanazi, AD., Al-Mohammed, H.I, Alyousif, M.S., Said, A.E,, Salim, B., Abdel-Shafy, S., Shaapan,
R.M., 2019. Species Diversity and Seasonal Distribution of Hard Ticks (Acari: Ixodidae) Infest-
ing Mammalian Hosts in Various Districts of Riyadh Province, Saudi Arabia. J. Med. Entomol.
56, 1027-1032.

Alsaadi, H.H., Faraj, A.AA., 2020a. Traditional study and seroprevalence of Theileria spp in camels in
middle of Iraq (Wasit, Al-qadisiyah and Al-Najaf Alashraf). Plant Arch. 20, 4158-4161.

Alsaadi, H.H., Faraj, A.A., 2020b. Molecular study and effect of risk factors on infection rates of

637



H.M. Kuraa and S.S. Malek /Journal of Advanced Veterinary Research (2024) Volume 14, Issue 4, 632-638

theileriosis in camels in middle of Iraq. Plant Arch. 20, 1349-1354.

Altschul, S.F., Gish, W., Miller, W., Myers, EW., Lipman, D.J.,, 1990. Basic Local Alignment Search
Tool. J. Mol. Biol. 215, 403-410.

Ashour, R, Hamza, D., Kadry, M., Sabry, M.A,, 2023. Molecular detection of Babesia microti in
dromedary camels in Egypt. Trop. Anim. Health Prod. 55, 91.

Aslam, F., Rehman, M.U,, Saleem, G., Ashraf, K., Abdul Hafeez, M., Saqib, M., 2022. Identification
and molecular characterization of Theileria annulata with associated risk factors in naturally
infected camels from selected districts in punjab, pakistan. Pak. Vet. J. 43, 79-84.

Bashiruddin, J.B., Camma, C., Rebélo, E., 1999. Molecular detection of Babesia equi and Babesia
caballi in horse blood by PCR amplification of part of the 16S rRNA gene. Vet. Parasitol. 84,
75-83.

Bahrami, S., Tabandeh, M.R,, Nikbin, A,, Alborzi, AR., Ghadrdan, A.R., 2016. Prevalence and phylo-
genetic analysis of Theileria equi in Iranian dromedaries. Arch. Razi. Inst. 71, 169-175.

Bahrami, S., Tabandeh, M.R,, Tafreshi, A.R.G., 2017. Prevalence and molecular identification of piro-
plasmids in iranian dromedaries (Camelus dromedarius). J. Zoo. Wildl. Med. 48, 1026-1030.

Coles, E.H., 1986. Veterinary Clinical Pathology. 4t Edition, W.B. Saunders Company, Philadelphia
and London, pp. 220-239.

FAOSTAT, 2023. Food and Agricultural Organization Statistics Division. Rome, ltaly, https://www.
fao.org/dairy-production-products/production/dairy-animals/camels/en/.

Faraj, AA., Abd, A.M., 2018. Comparison of the efficacy of different methods in the diagnosis of
babesiosis in Camels (Camelus dromedarius) in Al- Najaf Al-Ashraf province-Iraq of Najaf —
Irag. Basra J. Vet. Res. 17, 593-602.

Farhan, B.A, Hameed, M., 2017. Prevalence of Babesia, Theileria and valuated of some blood pa-
rameters in camels in Al Najaf province. I.J.S.N. 8, 561-564.

Gratz, N.G., 2006. Vector- and rodent-borne diseases of Europe and North America: Their Distri-
bution and Public Health Burden and control. Cambridge University Press, Cambridge, UK,
ISBN: 9780511541896, pp. 393.

Hamed, M., Zaitoun, A, El-Allawy, T, Mourad, M., 2011. Investigation of Theileria camelensis in
Camels Infested by Hyalomma dromedarii Ticks in Upper Egypt. J. Adv. Vet. Res. 1, 4-7.
Hekmatimoghaddam, S., Sazmand, A., Rasooli, A, Hamidinejat, H., Jafari, H., 2012. Laboratory
tests in dromedary camels naturally infected with piroplasms in Iran: study and review of

literature. J. Camel Pract. Res. 19, 217-221.

Ibrahim, AM., Kadle, A AH., Nyingilili, H.S., 2017. Microscopic and Molecular Detection of Camel
Piroplasmosis in Gadarif State, Sudan. Vet. Med. Int. J. 2017, Article ID 9345231, 5.

Ismaeil, S.M.A., Parambil, RK.T., Kerab, M.S., EIBakri, AAM.K., Abu-Abdoun, I.I, 2023. Parasitological
detection of Theileria parasites in livestock in various regions of the Northern Emirates of the
United Arab Emirates. Vet. World. 16, 1071-1074.

Jasim, H.J., Azzal, G.Y., Othman, R.M., 2015. Conventional and molecular detection of Babesia ca-
balli and Theileria equi parasites in infected camels in south of Irag. Basrah J. Vet. Res. 14,
110-121.

Kim, T.Y., Kim, S.Y. Kim, T, Lee, H.l, Cho, S., Lee, W,, Kim, H., 2021. Molecular evidence of zoonotic
Babesia species, other than B. microti, in ixodid ticks collected from small mammals in the
Republic of Korea. Vet. Med. Sci. 7, 2427-2433.

Lorusso, V., Wijnveld, M., Latrofa, M.S.,, Fajinmi, A, Majekodunmi, A.O., Dogo, A.G., Igweh, AC,
Otranto, D., Jongejan, F., Welburn, S.C,, Picozzi, K., 2016. Canine and ovine tick- borne patho-
gens in camels, Nigeria. Vet. Parasitol. 15, 90-92.

Mahdy, O.A,, Nassar, A M., Elsawy, B.S.M., Alzan, H.F., Kandil, O.M., Mahmoud, M.S., Suarez, C.E.,
2023. Cross-sectional analysis of Piroplasma species-infecting camel (Camelus dromedaries)
in Egypt using a multipronged molecular diagnostic approach. Front. Vet. Sci. 10, 1178511.

Mirahmadi, H., Ghaderi, A, Barani, S., Alijani, E,, Mehravaran, A, Shafiei, R, 2022. Prevalence of
camel babesiosis in southeast of Iran. Vet. Med. Sci. 8, 343—348.

Oncel, T, Vural, G, Gicik, Y., Arslan, M.O., 2007. Detection of Babesia (Theileria) equi (Laveran,
1901) in horses in the Kars province of Turkey. Turkiye Parazitol. Derg. 31, 170-172.

Qablan, M.A, Sloboda, M., Jirkd, M., Obornik, M., Dwairi, S., Amr, Z.S., Horin, P., Lukes, J., Modry, D.,
2012. Quest for the piroplasms in camels: identification of Theileria equi and Babesia caballi
in Jordanian dromedaries by PCR. Vet. Parasitol. 186, 456-460.

Salem, N.Y,, Farag, H.S., 2014. Clinical, Hematologic, and Molecular Findings in Naturally Occurring
Babesia canis vogeli in Egyptian Dogs. Vet. Med. Int., Article ID 270345, 6 pages.

Salman, D., Sivakumar, T., Otgonsuren, D., Mahmoud, M., Elsayed, E., Ehab K, Khalphallah, A,
Kounour, A. M.EY., Bayomi, S.A,, Igarashi, M., Yokoyama, N., 2022. Molecular survey of Ba-
besia, Theileria, Trypanosoma, and Anaplasma infections in camels (Camelus dromedaries) in
Egypt. Parasitol. Int.90,102618.

Sazmand, A, Joachim, A, 2017. Parasitic diseases of camels in Iran (1931-2017) — a literature
review. Parasite 24, 21.

Selim, A, Alshammari, A, Marzok, M., Salem, M., AL-Jabr, O.A,, Gattan, H.S., 2023. Molecular prev-
alence and associated risk factors of Theileria annulata infections in dromedary camels in
Egypt. Trop. Anim. Health Prod. 55, 335.

Schnittger, L., Ganzinelli, S, Bhoora, R, Omondi, D., Nijhof, A. M., Florin-Christensen, M., 2022. The
Piroplasmida Babesia, Cytauxzoon, and Theileria in farm and companion animals: species
compilation, molecular phylogeny, and evolutionary insights. Parasitol. Res. 121, 1207-1245.

Swelum, A.A, Ismael, A.B.,, Khalaf, A.F. and Abouheif, M.A,, 2014. Clinical and laboratory findings
associated with naturally occurring babesiosis in dromedary camels. Bull. Vet. Inst. Pulawy
58, 229-233.

Haghi, S.M.M,, Fakhar, M., Sharif, M., Keyghobadi, M. 2014. An Overview on Different Diagnostic
Methods for Babesiosis. J. Mazandaran. Univ. Med. Sci. 23, 283-295.

Ismael, A, Swelum, A.A,, Khalaf, Af., Abouheif, M.A,, 2014. Clinical, Haematological and Biochemi-
cal Alterations Associated with an Outbreak of Theileriosis in Dromedaries (Camelus drome-
darius) in Saudi Arabia. Pak. Vet. J. 34, 209-213.

Mobhsin, M., Hameed, K., Kamal, M., Ali, A, Rafig, N., Usman, T., Khan, W., Abbasi, AA,, Khan, R.U.,
Yousafzai G.J., 2022. Prevalence and risk factors assessment of theileriosis in livestock of
Malakand Division, Pakistan. J. Saudi. Soc. Agric. Sci. 4, 242-247.

Nakayima, J., Nanfuka, M.L., Aleper, D.K,, Okidi, D., 2017. Serological prevalence of Babesia caballi
and Theileria equi in camels and donkeys from Karamoja sub-region, North- eastern Uganda.
JV.MAH. 9, 137-142.

Nijhof, A.M., Bodaan, C., Postigo, M., Nieuwenhuijs, H., Opsteegh, M., Franssen, L., Jebbink, F,
Jongejan, F., 2007. Ticks and associated pathogens collected from domestic animals in the
Netherlands. Vector Borne Zoonotic Dis. 7, 585-595.

Nourollahi-Fard, S.R., Khalili, M., Ghalekhani, N., 2015. Detection of Theileria annulata in blood
samples of native cattle by PCR and smear method in Southeast of Iran. J. Parasit. Dis. 39,
249-252.

Omer, S.A, Alsuwaid, D.F,, Mohammed, O.B., 2021. Molecular characterization of ticks and tick-
borne piroplasms from cattle and camel in Hofuf, eastern Saudi Arabia. Saudi. J. Biol. Sci.
28, 2023-2028.

Soulsby, EJ.L, 1982. Helminths, arthropods, and protozoa of domesticated animals. 7*" Edition
Bailliere, Tindal and Cassel Ltd., London, pp. 706-741.

Tamimi, N.S.M., 2022. Effects of Theileria annulata Infection on Hematology, Lipid Profile, and Milk
Properties of Iragi Dromedary Camels. Annals of R.S.C.B. 26, 1804-1816.

Tamura, K, Stecher, G, Peterson, D., Filipski, A, Kumar, S., 2013. MEGA6: Molecular Evolutionary
Genetics Analysis version 6.0. Mol. Biol. Evol. 30, 2725-2729.

Taylor, M.A,, Coop, R.L, Wall R.L, 2007. Veterinary parasitology Third Edition published by Black-
well Publishing Ltd, 9600 Garsington Road, Oxford OX4 2DQ, UK, ISBN: 978-1-4051-1964-1.
pp. 309-311.

Thompson, J.D., Higgins, D.G., Gibson, T.J.,, 1994. CLUSTAL W: improving the sensitivity of pro-
gressive multiple sequence alignment through sequence weighting, position specific gap
penalties and weight matrix choice. Nucleic Acids Res. 22, 4673- 4680.

Tomassone, L., Grego, E., Calla, G., Rodighiero, P., Pressi, G., Gebre, S., Zeleke, B., De Meneghi, D.,
2012. Ticks and tick-borne pathogens in livestock from nomadic herds in the Somali Region,
Ethiopia. Exp. Appl. Acarol. 56, 391-401.

Ullah, K, Numan, M., Alouffi, A, Almutairi, M.M., Zahid, H., Khan, M., Islam, Z.U., Kamil, A, Safi,
S.Z, Ahmed, H., Tanaka, T., Ali, A,, 2022. Molecular Characterization and Assessment of Risk
Factors Associated with Theileria annulata Infection. Microorganisms10,1614.

Youssef, S.Y.,, Yasien, S, Mousa, WM.A, Nasr, SM. El-Kelesh, EAM. Mahran, KM., Abd-El-
Rahman, A.H., 2015. Vector identification and clinical, hematological, biochemical, and par-
asitological characteristics of camel (Camelus dromedarius) theileriosis in Egypt. Trop. Anim.
Health. Prod. 47, 649-656.

638



