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ABSTRACT

The present study was aimed to evaluate the prevalence rate of Theileria spp., especially T. annulata, in camels of
Taif Governorate, Saudi Arabia. A total of 102 blood samples were collected from camels. Parasitological examination
of buffy coat smear, ELISA-IgG, and PCR (targeting 165 rRNA and cytochrome b gene sequences) assays were done
for T. annulata infection detection. The results report a high prevalence rate of T. annulata in the examined dromedary’s
population using ELISA-IgG (32.4%), followed by targeted PCR (25.5%). Then lower detection was reported by buffy
coat Giemsa stained (10.8%). Statistical analysis using one-way ANOVA followed by Tukey’s at P < 0.001 showed
significant variation in values within different diagnostic tools and age categories. Both females and males were at risk
of parasitic infections, but females have a higher incidence (17.6%, 15.7%, 6.8%). Young age (X< 3 years) camels were
the most infected category (50.0%, 44.4%, 22.2%) according to age from elder ones. These results could be a baseline
for easing a later large-scale epidemiological screening on tropical theileriosis in the camel population in Saudi Arabia.
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Theileriosis is one of the most critical tick-
borne diseases (TBD) of animals caused by different
species of Theileria. Theileria annulata (T. annulata)
and T. parva are the dominant Theileria species that
are linked to economic loss and mortality worldwide
(Roy et al, 2021). In Saudi Arabia, T. annulata is
the primary causative agent for theileriosis that is
transmitted by Hyalomma spp. (Hussein et al, 1991;
De Kok et al, 1993). Several studies have reported
T. annulata from cattle in the eastern province, and
Qassim region in Saudi Arabia based on microscopic
examination of blood films collected from infected
animals (Al-Atiya ef al, 1991; Hussein et al, 1991;
Omer et al, 2003). However, few studies were done
related to dromedary theileriosis in last two decades
(Abou-El-Naga et al, 2005; El-Fayoumy et al, 2005;
Hamed et al, 2011; Ismael et al, 2014; Youssef et al,
2015).

The present study aims to assess the prevalence
rate of Theileria spp., especially Theileria annulata,
in Taif Governorate, Makkah province, KSA using
different diagnostic assays: parasitological, serological,
and molecular evaluations in dromedary camels.

Materials and Methods

Three different areas in Taif region were
selected from December 2020 to February 2021 to

collect blood samples from 102 apparently healthy
camels (36 males, aged 1-7 years and 66 females, aged
3-12 years). Blood samples were collected from ear
veins (2ml in EDTA tubes) by veterinarians as per
their routine examination.

Parasitological diagnosis

Blood and buffy coat smears were done for all
samples. All slides were stained by 10% Giemsa, and
then examined under a light microscope for Theileria
spp. diagnosis (Schalm, 1971).

Serological test

According to the instruction manual of Sunlong
Biotech® Company (China) blood samples were
centrifuged (20 min, 2500 rpm), and then sera were
collected for Theileria antibodies detection using
sandwich-ELISA. Briefly, 50ul of sera in the dilution
buffer (with a ratio of 1:4) were added to micro-ELISA
strip plate wells (pre-coated with an antigen-specific
to Theileria spp.). ELISA plate was gently shaken,
incubated (30 min, 37°C), and then washed five
times with the washing buffer. Next, the reagent of
Horseradish Peroxidase (HRP)-conjugate was added
to each well, incubated, and then washed. Finally,
colour was developed by the addition of chromogen
solutions and incubation (15 min, 37°C). Next, 50ul
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of the stop solution was added to terminate the
reaction, and then ELISA plate was read at 450nm.
Negative and positive controls supplied within the
kit were added in separate wells for data calculations.
The presence of Theileria spp. was determined by
comparing data with their cut-off values. Cut-off
(critical value) was calculated as the average value
of negative control + 0.15, i.e., a negative OD value <
cut-off while a positive OD value 2 cut-off.

DNA extraction by salting out

Low and high salt buffers, TKM1 and TKM2,
were used for DNA extraction. Briefly, the same
volumes of blood sample and TKM1 (100mM Tris-
HC1, pH 7.4, 250mM sucrose, 10mM EDTA) were
mixed and incubated at room temperature for 30
min. Then, the mixture was centrifuged (10 min at
4000 rpm). The supernatant was discarded, and then
TKM2 (Tris HCI 10 mM pH 7.6, 10 mM KCl, 10 mM
MgCl2, 0.4 M NaCl, and 2mM EDTA), SDS (10%),
and proteinase k enzyme (10 mg/ml) were added to
the pellet and incubated (30 min, 55°C). Protein was
removed with the aid of 6M NaCl, and centrifugation.
DNA was precipitated in the supernatant by cold
ethanol addition. Finally, the DNA pellet was
collected by centrifugation (10,000 rpm, 10 mins),
dried, and dissolved in 100 pl autoclaved Milli-Q
water (Ahmad et al, 2007).

PCR amplification

Firstly, primers were used to target the small
subunit ribosomal 16S rRNA sequence of Theileria
spp. (TH989: 5-AGTTTCTGACCTATCAG-3" and
TH990: 5-TTGCCTTAAACTTCCTTG-3"). Then
positive Theileria spp. PCR samples were subjected
to another PCR that targeted cytochrome b gene
sequence specifically for T. annulata (using forward
TCytlF: 5- ACTTTGGCCGTAATGTTAAAC-3" and
reverse TCyt1R: 5- CTCTGGACCAACTGTTTGG-3’
primers) (Masiga et al, 1992; Figueroa et al, 1993).
For both reactions: PCR amplification was done in
a total reaction volume of 20 pl: 7 pl H20O, 1 pl (20
pmole) of each forward and reverse primers, 1 pl
extracted DNA, and finally 10pl of 2x master mix.
The PCR reaction was set up with initial denaturation
at 95°C (5 mins), 40 cycles of denaturation at 94°C
(30 s), primer annealing at 55°C (60 s), and then
primer extension at 72°C (60 s). The final extension
at 72°C (10 mins) was necessary done for complete
amplification. PCR products of all samples were
separated on 1.5 % agarose gel for about 60 min
(at 100V), visualised, and then photographed by a
gel documentation system. PCR products” size was
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visually determined by comparing them with a
known low molecular weight marker (50-1500 bp).

Statistical analysis

All data collected from parasitological,
serological, molecular were analysed statistically.
Student t-test was used to differentiate between two
related groups. One-way ANOVA was conducted to
differentiate between different groups, followed by
Tukey’s multiple comparisons test using GraphPad
software (GraphPad® 2017, San Diego, CA, USA). ***
indicates P < 0.001, ** indicates P < 0.01, * indicates P
< 0.05 and ns (non-significant) means P > 0.05.

Results

Buffy coat examination

Parasitological diagnosis in the whole blood
smear showed negative results of all the studied
samples (n=102). However, examination of buffy
coat smear using Giemsa stain showed n=11 (10.8%)
positive Theileria spp. (Table 1). Theileria’s schizont
nuclei appeared stained with Giemsa in the cytoplasm
of the infected cells, as shown in Fig 1. According to
gender: female positive samples 7/102 (6.8%) showed
a statistically high significance in comparison to male
samples 4/102 (3.9%) according to the total number of
samples at P < 0.01 by using student t-test. According
to age, young camels from (X< 3 years) show the
highest prevalence (22.2%), followed by 3>X< 6 years
(13.9%), then 6>X<9 years (6.5%), but old camels
with age ranges from 9>X<12 years doesn’t show
any infection according to parasitological evaluation
(0%) (F (3, 8) = 8183; P < 0.001; R square = 0.9997) by
using one-way ANOVA. Tukey's test reports a highly
significant difference between all diagnostic groups
at P <0.001.

Seroprevalence assessment

Of the 102 sera, samples were diagnosed
serologically for the presence of Theileria spp. 1gG,
n=33 (32.4%) positive samples were reported. Table
1 shows a highly significant difference between total
positive samples by using different diagnostic assays.
In which, IgG seroprevalence using ELISA shows the
highest significance (32.4%), followed by targeted
PCR (25.5%), and then lower detection was reported
by buffy coat Giemsa stained (10.8%) at F (2, 6) =
8937; P < 0.001; R square = 0.9997 by using one-way
ANOVA followed by Tukey’s test reports at P < 0.001.

Table 1 shows a high significance increase of
Theileria’s seroprevalence detection in female camel
samples 18/102 (17.6%) than males 15/102 (14.7%)
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Fig 1. Light micrograph of camels” blood buffy coat smear
showing Giemsa-stained schizont nuclei of Theileria spp.
in the cytoplasm of an infected erythrocyte. Scale-bars:
10 pm.

at P < 0.001 using the student t-test. According to
age: young camel samples (X<3 years) show high
prevalence (50.0%), followed by 9>X<12 years (37.5%),
then 3>X< 6 years (30.6%), and finally 6>X<9 years
(22.6%) were the least detected infected samples using
ELISA IgG by using one-way ANOVA (F (3, 8) = 1461,
P <0.001; R square = 0.9982) followed by Tukey’s test
reports at P < 0.001.

Fig 2. Representative photograph of agarose gel stained with
ethidium bromide (1.5%) showing PCR product of small
subunit ribosomal 16S rRNA sequence of Theileria spp. at
1100 bp (lanes 1 and 2) and cytochrome b gene sequence
of Theileria annulata at 312 bp (lane 3). Lower bands in
lane 2 are non-specific bands. Lane M: Low molecular
weight marker (50-1500 bp).

Molecular evaluation

Fig 2 shows a successful amplification of
the small subunit ribosomal 165 rRNA sequence
of Theileria spp. at molecular size 1100bp, and
cytochrome b gene sequence specific for T. annulata

Table 1. Combined results showing gender, number and age of camels, in addition to parasitological, serological and PCR positive

results for Theileria spp. diagnosis in all studied samples.

Number Parasitological
) evaluation (%) ELISA- IgG (%) PCR (%)
Gender
Female 67 7/67 (10.4%), 7/102 (6.8%)** | 18/67 (26.9%), 18/102 (17.6%)*** | 16/67 (23.9%), 16/102 (15.7%)***
Male 35 4/35 (11.4%),4/102 3.9%) | 15/35 (42.9%), 15/102 (14.7%) 10/35 (28.6%), 10/102 (9.8%)
Age (X, year)
X<3 18 4/18 (22.2%)? 9/18 (50.0%)? 8/18 (44.4%)
3>X<6 36 5/36 (13.9%)P 11/36 (30.6%)P 11/36 (30.6%)P
6>X<9 31 2/31 (6.5%)° 7/31 (22.6%)° 4/31 (12.9%)°
9>X<12 16 0 (0.0%)4 6/16 (37.5%)4 3/16 (18.8%)d
Total 102 11/102 (10.8%) 33/102 (32.4%) 26/102 (25.5%)

Different letters within the same column refer to statistically significant difference between those groups at P < 0.001 using one-way
ANOVA followed by Tukey’s test. *** indicates P < 0.001, ** indicates P < 0.01, * indicates P < 0.05 and ns (non-significant) means

P >0.05.
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at 312 bp in comparison to the low molecular weight
marker ranges from 50 to1500 bp. Table 1 indicates
a high significance prevalence rate of female camel
samples 16/102 (15.7 %) in comparison to male
samples 10/102 (9.8 %) at P < 0.001 using the student
t-test. According to age, also samples from young
camels (X<3 years) show the highest incidence by
using PCR technique (44.4%), followed by 3>X< 6
years (30.6%), then 9>X<12 years (18.75%), and the
least was referred to 6>X<9 years (12.9%) by using
one-way ANOVA (F (3, 8) =19069; P < 0.001; R square
= 0.9999). Tukey’s test revealed a highly significant
difference between all diagnostic groups at P < 0.001.

Discussion

Theileria spp. belongs to the order Piroplasmida
is a common pathogen that is transmitted
by ticks. Theileriosis is the second most serious
hemoprotozoan disease that affects dromedary camels
in tropical and subtropical countries, including Saudi
Arabia (Al-Khalifa et al, 2009; Durrani et al, 2012;
El Imam et al, 2016). The present study reports a
high prevalence rate of Theileria spp., especially T.
annulata, in dromedaries by using different diagnostic
examinations; ELISA-IgG (32.4%), PCR (25.5%), and
microscopic (10.8%) assessment. There are a lot
of research studies that report the prevalence of
piroplasm genus, including Theileria spp., in cattle
in Saudi Arabia, but there is a scarcity regarding
camels (Ghafar and Amer, 2019). The present results
were consistent with Ismael et al (2014) who reported
theileriosis (38.73%) in dromedaries in Riyadh
region, Saudi Arabia according to parasitological
examinations of blood samples using Giemsa-stained
blood smears.

Microscopically, Theileria spp. was detected
in Giemsa-stained buffy coat blood smears with a
prevalence rate of 10.8% in camels of the present
study. Microscopic examination of buffy coat smear
is more specific and sensitive than the whole blood
for parasitic diagnosis (Chagas ef al, 2020). However,
it is difficult to identify its species due to parasite
developmental changes in size and the form in the
infected erythrocyte that differs from host to other
(Homer et al, 2000). Therefore, we have used a PCR
to target the 16S rRNA sequence of Theileria spp.
and cytochrome b gene sequence, specifically of T.
annulata. Detection of positive samples was increased
by using a molecular assay (25.5%) that is more
specific, sensitive, and accurate than microscopic
examination (10.8%) (Ullah et al, 2021). There is a
doubt for the exact speciation of Theileria protozoa,
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therefore, recent studies targeting 185 rRNA gene
by traditional PCR was recommended for the
confirmation of the camel’s Theileria species (A’aiz et
al, 2021).

It is not surprising that the prevalence rate was
higher by using ELISA-IgG of Theileria spp. (32.4%)
than targeted PCR (25.5%). ELISA was able to detect
past and recent infections, while PCR could screen
only the present parasite infection (Reithinger et al,
2003). The present study shows a statistically increase
of T. annulata incidence in females than in male camels
using different diagnostic techniques. This could be
attributed to stress on females during gestation and
milk production, making them more susceptible to
Piroplasmids” infection (Barghash, 2010; Zayed et al,
2010).

Moreover, the number of females in the present
study is more than males, giving a chance to spread
infection within females. Furthermore, we have
detected Theileria infection in all ages, especially
young, with different prevalence rates using various
diagnostic tools. According to gender, our findings
were consistent with previous study El-Naga and
Barghash (2016) they have investigated camels in the
Northern West Coast of Egypt infected with Theileria
spp. with the incidence of infection in females (73.3%)
higher than males (71.4%), and the maximum rate of
infection was found in age range 6-12. The feeding
method could have a role in the incidence of disease
throughout different ages; all camels were freely
grazed in the studied area (Ullah et al, 2021). The
higher prevalence in young camels could be due to
their not fully developed immune system to combat
T. annulata infection (Ahmed et al, 2008) or more
caring of the owner with the adult ones. In addition, a
lower T. annulata prevalence rate in older camels may
be due to the development of concomitant immunity
due to their recurrent infections throughout their
lifetime (Ilhan ef al, 1998; Gharbi and Darghouth,
2014).

The high prevalence rate of theileriosis in
dromedaries in the studied areas could be corroborated
to the high prevalence rate of their vectors. ALanazi
et al (2018) have detected five different tick species on
camels from Saudi Arabia with various prevalence:
Hyalomma dromedarii (70.6%), along with Hyalomma
impeltatum (25.3%) Hyalomma anatolicum and
Rhipicephalus turanicus were less prevalent (<2%),
and Haemaphysalis spp. ticks were found on camels
in few limited provinces. They have reported that
H. dromedarii tick was the only tick from those five
species that are positive for Theileria spp. DNA.
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Therefore, H. dromedarii tick acts as a vector
of Theileria spp. in camels of Saudi Arabia. Their
findings agreed with other studies, in which they
have identified H. dromedarii and H. anatolicum as
main ticks for Theileria annulata transmission in cattle
and camel in Hofuf, the Eastern Saudi Arabia region
(Omer et al, 2021) and H. dromedarii in the United Arab
Emirates (Al-Deeb et al, 2015).
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