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Accepted 20 Oct 2020 Background: Theileria camelensis and T. dromedarii are parasitic protozoans reported
by several studies as specific species that infect the one-humped camel (Camelus
dromedarins). However, other findings casted significant doubts on the true identity
Keywords: of the causative species of theileriosis in camels. Therefore, the present study was
Theileria; conducted to investigate of 1. camelensis and I. dromedarii in one humped camels in
Camelensis; Iraq during Apr-Oct 2017.

Dromedarii; Methods: Blood samples for DNA extraction were obtained from 181 slaughtered
Annulata, camels. Molecular investigation was performed following the amplification of 185
rRINA gene by conventional PCR technique. DNA sequencing was then utilized

Camel

only for the positive samples to confirm the infection with the Theileria species.
*Correspondence Results: Nine (4.97%) out of 181 examined samples showed a positive result to
Email: infection with Theileria spp., and all these appeared as a T. annulata when subjected

noaman.aaiz@qu.edu.iq = to DNA amplification and sequencing techniques. There was a complete absence
of any new sequence outside the known species.

Conclusion: Most of Theileria infection in camels in the study area is caused by T.
annulata and no other causative agents like T camelensis ot 'T. dromedari.

Introduction
ver 27 million of one-humped and sidered a very important investment in the
two—humped camels have been rec- desert areas. They have been used since the

orded in the world (1). Camels con-
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old times for transportation and as a good
source of meat, milk, and wool (2).

Although, camels are susceptible to wide va-
riety of infectious diseases, their physical abil-
ity and the unique adaptive physiological
measures of their bodies on confronting the
harsh environment of arid areas make them
irreplaceable animals to the survival of the
mankind (3,4).

Many parasitic infections are known to in-
fect camels causing anemia, wasting and death
in severe cases (5). Theileriosis in camel was
firstly reported in Russia that gave it the name
Theileria camelensis (6). Theileriosis is a tick-
born protozoan disease associated with Thei/-
eria spp. (Piroplasmida, Theileridae) in farm as
well as in wild and captive ungulates. It’s con-
sidered as one of the most important diseases
of farm animals that could induce a variety of
clinical signs ranging from mild to fatal condi-
tions depending, in some cases, on the species
of the protozoan, and the area of distribution
(7, 8). In India, (9) reported another spices T.
dromedarii that can infect camels as well. Since
then, T. camelensis and T. dromedarii have been
recorded in Turkmenistan, Egypt, Somalia,
India and Saudi Arabia (9, 10). Little is known
about these two species, and since only eryth-
rocytic piroplasm stages have been observed,
so their classification is not clear yet (11).

Generally, camels tend to not show any clin-
ical signs of diseases and most of the time ap-
pears healthy in spite of Theileria infection (12,
13). Hyalomma dromedarii ticks are the main
vector for Theileria transmission among camels
and there are different developmental stages
of protozoan inside this vector had been rec-
orded (13).

Most diagnostic and most widely method
used in detection of T. camelensis and T. drome-
darii 1s still dependent upon direct blood pic-
ture microscopic examination (6, 10, 12, 13).
Other studies utilized the molecular detection
approach to confirm infection with the patho-
gen (14-16). However, most molecular studies
have failed to detect the specific species that
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could infect camels (1. camelensis and T. drome-
darii).

Thus, the aim of this study was to investi-
gate the possibility of detecting these two spe-
cies of Theileria using the molecular and se-
quencing methods.

Materials and Methods

This study was conducted during Apr-Oct
2017 in Al-Diwaniyah Province, located in
central Iraq, between latitude 31.17 and
32.24°N, and longitude 44.24 and 45.49°E,
where there is a lot of camel breeding. Whole
blood was collected from jugular vein of 181
slaughtered camels of both sexes and different
ages, where they brought to the abattoir from
different regions of the province.

The samples were kept into tubes with anti-
coagulant (EDTA), with the information of
age and sex were fixed on the tubes, and then
transported to the laboratory of parasitology
in College of Veterinary Medicine - University
of Al-Qadisiyah for the laboratory examina-
tion.

DNA extraction was done for all samples
using DNA extraction kit (Geneaid, USA),
based on manufacturer's instructions. The
yielded DNAs were stored at -20 °C.

Reference primers were used based on the
188 rRINA gene sequence of Theileria and Babe-
sia spp. The forward strand primer 5'-
GCATTCGTATTTAACTGTCAGAGG-3'
and reverse strand primer 5'-
GATAAGGTTCACAAAACTTCCCTAG-3'
(17). Primers were provided by Bioneer Com-
pany/Korea.

Detection of the protozoan parasite, a con-
ventional PCR was prepared by adding of 50
pl including: 5ul of DNA template, 2.5ul
(10Pmol) of each forward and reverse primers
and 40ul deionized sterile distilled water (Bi-
oneer/Korea) to each tube of Accupower
PCR PreMix kit (Bioneer/Korea) that which
contain the PCR reaction requirements (Taq
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DNA polymerase, dNTPs, Tris-HCI pH: 9.0,
KCl, MgCl,, Stabilizer and traking dye).

The amplification was performed in an au-
tomated thermocycler (Mltigene/China) by
following the program: Initial denaturation at
94 °C for 5 min followed by 30 cycles of de-
naturation at 94 °C for 30 sec, annealing at
59 °C for 60 sec and elongation at 72 °C for
60 sec, then final extension at 72 °C for 5 min
and holding at 4 °C. The expected PCR prod-
ucts (861bp) were electrophoresed through a
1.5% agarose gel.

DNA sequencing was performed for posi-
tive PCR products by AB sequencing system

(Bioneer/Korea). The phylogenetic analysis
was then aligned on NCBI-blast Alignment
identification and Unweight Pair Group
Method with Arithmetic Mean tree (UPGMA
tree).

Results

Nine (4.97%) females (3 to 10 yr) out of the
total examined camels (181) have shown a
positive result by PCR technique when ampli-
fied the 861bp product, which refers to infec-
tion with Theileria / Babesia spp. (Fig. 1).

61bp

Fig. 1: Gel agarose electrophoresis of amplified camels DNA using Theileria/ Babesia 185 rRN.A gene specific
primers. M: 100 bp DNA size marker, lanes 1 to 5 positive samples (861bp); lane 6 negative sample

The phylogenetic analysis of the positive
samples based on the partial sequence of 78§
rRINA gene, in which the evolutionary distanc-
es were computed using the Maximum Com-
posite Likelihood method by phylogenetic tree
UPGMA method (CLCG6.7.1 version), revealed
that all analyzed samples isolate (no.1- no.9)
showed a close relation to NCBI-Blast Thez/-
eria annulata under several accession numbers
(MF287917.1, KT736498.1, KF559356.1,
EU083799.1,AY524660.1, HM538216.1,
AY508472.1, DQ287944.1, MG569892.1,
KF429793.1 and KU554731.1), whereas the
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sequence identity matrix and query cover
showed 97%-100% homology between T. an-
nulata 188 rRINA sequence of Iraq strain and
of other strains that present in the NCBI from
several parts of the world. The nucleotide se-
quences of 785 rRNA gene of T. annulata
strains were submitted in the GenBank and
were  given an  accession  numbers;
MK737510.1, MK737512.1, MK737514.1,
MK737515.1, MK737516.1, MK737517.1,
MK?737513.1, MK737519.1 and MK737518.1
(Fig. 2 and 3).
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100, >KT736498.1 Theileria annulata 18S r RNA India
92 >MF287951.1 Theileria annulata 18SrRNA India
18 >MG569892.1 Theileria annulata 18S ribosomal RNA Turkey
>KU554731.1 Theileria annulata clone Zhangye 27 18S ribosomal RNA China
19 >AY508472.1 Theileria annulata small subunit ribosomal RNA Turkey
34 >AY524666.1 Theileria annulata small subunit ribosomal RNA Turkey

>HM538216.1 Theileria annulata 18S ribosomal RNA China

>KF559356.1 Theileria annulata 18Sr RNA gene China

>DQ287944.1 Theileria annulata isolate Spain 2 18S ribosomal RNA Spain
>EU083799.1 Theileria annulata 18SrRNA China

>KF429793.1 Theileria annulata 18S ribosomal RNA Iran

>KX218433.1 Babesia sp. 5 1093 cI7 18S ribosomal RNA Botswana

MK737518.1 Theileria annulata
MK737519.1 Theileria annulata
MK737510.1 Theileria annulata
MK737516.1 Theileria annulata
MK737515.1 Theileria annulata
MK737511.1 Theileria annulata
MK737517.1 Theileria annulata

18S ribosomal RNA gene, Iraq
18S ribosomal RNA gene, Iraq
18S ribosomal RNA gene, Iraq
18S ribosomal RNA gene, Iraq
18S ribosomal RNA gene, Iraq
18S ribosomal RNA gene, Iraq
188 ribosomal RNA gene, Iraq

MK737512.1 Theileria annulata
MK737513.1 Theileria annulata

188 ribosomal RNA gene, Iraq
18S ribosomal RNA gene, Iraq

Fig. 2: UPGMA method analysis of the 785 rRIN.A gene of the Theileria annulata GenBank database. Numbers
above the branch demonstrate bootstrap support from 1000 replications. The tree was created using the

CLC6.7.1 package, the KX218433.1 (Babesia spp.) was used as an out group

1,480
I
KF559356.1 GT llGGGll cBABcEcEcE
AY524666.1 GEAEGcEGEGE
AY508472.1 T GI..IGGG.I GEABGEGEGE
HM538216.1 GTEETGGGET cBABGEGEGE
KF429793.1 ] cBAEcEcEcE
DQ287944.1
EU083799.1
MG569892.1 G
MF287951.1 ] cBAEcEcEcE
KT736498.1 GTEETGGGET GEAEBGEGEGE
KU554731.1 cTEErccGcET cEABGEGEGE
KX218433.1 I BAE
MK737519.1
MK737510.1
MK737518.1
MK737515.1 B cEAE T |
MK737516.1 cTEETcccET cEABcEcEGE BcTTEATEGH 621
MK737517.1 GTEETGGGET GEBABGEGEGE BcTTEATEGA s67
MK737511.1 B cEABGcEGEGE T g
MK737512.1 B T cEABcEcEGE T
MK737513.1 GEBEETTACET cTEETcGGET cBAEcEcEcCE THABEETcATcC BcTTEATEGH 302
Consensus GCCCTTAGAT GTCCTGGGCT GCACGCGCGC TACACTGATG CGTTCATCGA

Fig. 3: Partial

sequence of 785 rRINA represent alignment among local and global T. annulata sequences

Discussion

Theileriosis is a haemoprotozoan parasitic dis-
ease. The infective agent infects several do-
mestic animals (18).

In camels there are two species known that
cause the disease, T. camelensis and T. dromedarii,
were firstly reported in Turkistan and India (6,
19). Other studies refer to these two species
(particularly T. camelensis) in Egypt (12, 13) and
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in Saudi Arabia (10) depending upon the mor-
phological description of the parasite through
microscopically examination of stained blood
films.

The exact speciation of Theileria protozoa is
still highly in doubt (20), therefore recent
studies recommended examining the camel's
theileria species by adopting the specific mo-
lecular methods to confirm infection (10,15).

Thus, the current study applied the molecu-
lar detection examination, which revealed that
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9 (4.97%) out of 181 examined camels suf-
tered from Theileria infection, and all positive
cases were identified as T. annulata. The cut-
rent results are in agreement with (16) who
identified T. annulata species in one PCR posi-
tive sample. Other molecular studies which
investigated the camel's theileriosis referred to
infection with Theileria spp. and no one con-
tirmed the infection with T. camelensis or T.
dromedarii (16,21).

According to the obtained findings here and
other molecular studies, there was a misdiag-
nosis of the disease in the presence of specific
camel Theileria species (1. camelensis or . drom-
edarii), which highly suggested infection with T.
annulata species.

A previous study (18), questioned the validi-
ty of these species. The previous authors did
not clarify the morphological characters or the
incidence of the parasite and the species of the
investigated camel. On the other hand, he had
described the morphology of T. camelensis as a
rod and ring shape forms within the erythro-
cytes measured 1.3-2.6 pm x 0.5-1 um and 0.5-
1.3 um size respectively. The description is
interfered with the description of 1. annulata
(18). Moreover, there were no significant ab-
normalities in parasitized camels, which may
be evidence for infection with non-host speci-
ficity species (9, 12, 13, 18).

On other side, the tick vector which respon-
sible for transferring the Thezleria infection to
the camel was identified as Hyalomma dromedar-
7 (13,20,22). This species was mentioned as
one of different tick vectors of T. annulata
transporter (18), which makes it an important
factor in transmitting this protozoan infection
from camels to other farm animals, especially
to naive and susceptible cattle, which are the
specific host of T. annulata (23, 24).

In respect to T. dromedarii there were poor
studies related to this species, and certain
study hinted to that the T. camelensis referred to
it as T. dromedarii (9).

According to our results and other molecu-
lar studies, there was no indication of the
presence of T. camelensis and T. dromedarii, in
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addition to the lack of a database for these
two species in National Center for Biotech-
nology Information (NCBI), so a conducting
of an experimental and molecular studies to
prove the existence of the above species is an
important issue.

Conclusion

The findings of this study have clarified a
significant doubt regarding the presence of
specific Theileria species in camels and here we
propose there are no 1. deromedarii and T.
camelensis infection in our studied samples and
all positive specimens proved 1. annulata in-
fection only.
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