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and Egnan AA. Theileria species are tick-borne protozoal parasites
Hassanen that infect many domestic and wild animals worldwide. Theileria
K Department of annulata (T. annulata) is the most economically important species
Parasitology, Faculty of affecting cattle and buffaloes. This work was aimed to detect the
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period extended from January 2018 till December 2018 at different
localities of Sharkia Governorate, Egypt. Blood samples were
collected randomly from 174 (86 cattle and 88 buffaloes) apparently
healthy and clinically infected animals. Samples were examined
microscopically using Giemsa stained blood films. The prevalence
of T. annulata was 34.88% and 32.95% in cattle and buffaloes
respectively. T. annulata infection was higher in male (44.68%
&48.08%) than female (23.08% &11.11%) in cattle and buffaloes
respectively. Furthermore, T. annulata prevalence infection was
higher in old animal (>6 years) (61.29% &48.48%) than 1-6 years
(25% &37.5%), 1- 2 months (18.18% & 20%) and 3-12 months
(16.67% &21.62%) in cattle and buffaloes respectively. The tick
infestation status showed a potential risk factor in developing
infection. The PCR product length was 721 bp from T. annulata
positive samples using the specific primer. Sequencing of the PCR
products and subsequent blast analysis to detect their identities were

01002961497 clarified with the previous studies.
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INTRODUCTION to the Middle East, India, southern Asia
o and China (Delves, 1998, Zachary,
Theileriosis caused by

2017 and Mullen and Durden, 2019).

Theileria species is a protozoal disease
transmitted by the tick, which infect
domestic ruminants and wild bovine.
Theileria annulata is one of the most
economically significant species that
transmitted by Hyalomma tick species,
which highly spread from northern
Sudan and the Mediterranean countries
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Recording to Theileria species
life cycle; the sporozoites which formed
during the cyclical development in ticks
was beening injected with saliva of tick
into the mammalian host. They develop
in white blood cells into schizonts and
then piroplasms (merozoites) in red
blood cells (Constable et al., 2017).
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Clinically, the diseased animals

show the signs of depression,
lacrimation, diarrhea, anorexia and
weight loss. The most common

observed signs are abortions, corneal
opacity, severe pulmonary edema with
dyspnea and a frothy nasal discharge.
The superficial lymph nodes
enlargement was associated with these

signs. Due to the destroying of
erythrocytes by the parasites,
theileriosis is characterized by icterus,
anemia and occasionally

hemoglobinuria (Maxie, 2015).

The diagnosis of T. annulata
infection depends on clinical findings
and microscopic examination  of
Giemsa-stained blood smears.
Recently, Polymerase Chain Reaction
(PCR) has been reported as the best
diagnostic tool for the detection of T.
annulata due to its higher sensitivity
and specificity than any other
techniques (Shahnawaz et al., 2011).

The aim of our study was
detecting the prevalence of Theileria
species and risk factors (age, sex and
tick infestation) associated with the

infection in cattle and buffaloes at
different localities of Sharkia
Governorate, Egypt. In addition,

molecular and phylogenetic analyses of
isolated species were performed. The
genetic character of the isolates and
their phylogenetic relationships with the
available sequences on the Gen Bank
was also carried out.

MATERIAL AND METHODS

Study area and blood samples
collection:

A study was conducted on
different localities of Sharkia

Governorate (Zagazig, Deyrb Negm
and Al-lbrahimia), Egypt (Figure 1)
from a period extended from January
2018 till December 2018. blood
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samples (n=174) were collected from
apparently healthy and diseased cattle
(n = 86) and buffaloes (n = 88); their
age ranged from (1-2 months to over 6
years). Diseased animals showing
clinical signs of theileriosis including
fever (41°c), enlargement of lymph
nodes, sudden decrease in milk
production, tick infestation, emaciation,
corneal  opacity, bilateral nasal
discharge and lacrimation. Blood
samples were collected on EDTA as
anticoagulant (1 mg/ml) from jugular
vein and marked with numbered labels
in the field. Sex (male and female), age
and tick infestation status were
recorded. The Committee of Animal
Welfare and Research Ethics, Faculty

of Veterinary Medicine, Zagazig
University, Egypt agreed with the
protocol of the present work.
Parasitological examination:

Thin  blood smears were
performed from collected blood
samples. They were stained using

Giemsa stain according to the method
described by Soulsby (1982). The rest
of blood samples were preserved for
DNA extraction at (-20°C).

Molecular identification of Theileria
species:

DNA extraction:

The QIAamp DNA Mini kit
(Qiagen, Germany, GmbH) was used
for DNA extraction from examined
blood samples. At 56°¢ for 10 min, 200
ul of the blood sample suspension was
incubated with 200 pl of lysis buffer and
10 pl of proteinase K. Then 200 pl of
100% ethanol was put to them. The
sample was washed and centrifugated
according to the manufacturer's
recommendations. Finally, 100 pl of
elution buffer provided in the kit was
used for elution the nucleic acid.

DNA amplification by polymerase
chain reaction (PCR):

After DNA extraction, Polymerase
Chain Reaction (PCR) was done in An
Applied Biosystems 2720 Thermal
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Cycler. T. annulata 30 KDA gene
fragment was amplified wusing T.
annulata specific primer (Metabion,

Germany) (forward primer; 5'-
GTAACCTTTAAAAACGT -3, and
reverse primer: 5'-

GTTACGAACATGGGTTT -3"). T.
annulata specific primer were analysed
in a 25- ul reaction consisting of 12.5 ul
of Emerald Amp Max PCR Master Mix
(Takara, Japan), 1 ul of each primer of
20 pmol concentrations, 4.5 pl of water
and 6 pl of DNA template. The PCR
reaction was made in a 25- ul
containing 6 pl of template DNA, 1 pl of
each primer of 20 pmol concentrations,
125 pl of Emerald Amp Max PCR
Master Mix (Takara, Japan) and 4.5 ul
of nuclease-free water. The reactions
were started at 94°C for5 min., 35
cycles of 94°C for 30 s, 55°C for 40 s,
72°C for 45 s and finally, the extension
step was done at 72°C for 10 min. In
each PCR run, T. annulata DNA
(positive control) and sterile distilled
water (negative control) were involved
(Nourollahi-Fard et al., 2015).
Analysis of the PCR Products:

By electrophoresis, the products of PCR (23.08%

including the control positive and
control negative were separated on
15% agarose gel (Applichem,
Germany, GmbH) in 1x TBE buffer at
room temperature using gradients at
5V/cm. For gel analysis, 15 pl of the
products were loaded in each gel slot.
For determination the fagment size, gel
pilot 100 bp ladder (Qiagen, Germany,
GmbH) and a gene ruler 100 bp ladder
(Fermentas, Germany) were used. For
photographing the gel, a gel
documentation system (Alpha Innotech,
Biometra) was used. The data was
analyzed using computer software.
Molecular sequencing and
phylogenic analysis:

From the positive samples, only the higRB&iBAENt Hhd thick ¥ARdIaiAs Rt DNA sequen

Biosystems 3130 Genetic Analyzer
(HITACHI, Japan), the sequences
similarity was established to by Gen

EVMPSJ Dec.2019,15:,52-63

Bank accessions, a BLAST® analysis
(Basic Local Alignment Search Tool)
(Altschul et al., 1990) was initially
used. The phylogenetic tree was
established by the Meg Align module of
Laser gene DNA Star version 12.1
(Thompson et al., 1994). The
maximum likelihood, neighbor-joining
and maximum parsimony in MEGAG6
were used for phylogenetic analysis
(Tamura et al., 2013).

Results

Blood smear examination:

The overall prevalence of
Theileria sp. infection was 33.91%
including 34.88% in cattle and 32.95%
in buffaloes (Table 1). T. annulata
piroplasm occurred as round, oval or
ring shaped forms, rod shapes and
commas forms in erythrocytes. These
forms undergo binary fission in
erythrocytes (Figure 2). This work was
revealed to some risk factors affecting
on the T. annulata infection prevalence.
In association to animal’'s sex, T.
annulata infection in males (44.68%
&48.08%) was more than females
&11.11%) in cattle and
buffaloes respectively. According to the
age of animal higher prevalence was
recorded in old animal (>6 years)
(61.29% &48.48%) than 1-6 years (25%
&37.5%), 1-2 months (18.18% & 20%)
and 3-12 months (16.67% &21.62%) in
cattle and buffaloes respectively. The
tick infestation status showed a
potential risk factor in developing
infection (Table 2).

Polymerase chain reaction:

In the current study the PCR
based technique using the specific
primer 30KDA for molecular
confirmation of T. annulata infection,
the finding showed that, the PCR
product length was 721 bp was

samples (Figure 3).
Sequencing and
analysis:

phylogenic
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Sequencing of the PCR products
and subsequent blast analysis to detect
their identities with the previous studies
was done. The sequences of DNA have
been put in Gene Bank using accession
numbers MN251047 and MN251046 for
30 KDA in cattle and buffaloes,
respectively.  Phylogenetic  analysis
grouped the Egyptian (MN251047)_T.
annulata _cattle_ 2019 isolate and
(MN251046) T. annulata _buffalo_
2019 isolate in a separate clade and
shared 100% genetic similarity with
other T.annulata strains (GenBank
Accession Numbers: Aj276654.1
T.annulata, Z48738.1 T. annulata,
Af214917.1 T. annulata na961,
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Af214914.1 T. annulata na89d and
Af214909.1 T. annulata na33).Also
99.7% genetic similarity with T.annulata
strain (GenBank Accession Numbers:
Af214838.1 T. annulata TA6) and
99.3% genetic similarity with T.annulata
strain (GenBank Accession Numbers:
Af214898.1 T. annulata 29d) (Figure
4).
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Animal Examined No. Infected No. Percentage
Cattle 86 30 34.88%

Buffalo 88 29 32.95%
Total 174 59 33.91%

Tablel: The prevalence of Theileria species in cattle and buffaloes

Table 2: The risk factors (Age, Sex and Tick infestation) associated the

prevalence of Theileria species infection.

Cattle Buffalo
Examined | Infected % Examined | Infected %
Sex Female 39 9 23.08% 36 4 11.11%
Male 47 21 44.68% 52 25 48.08%
Age 1-2 11 2 18.18% 10 2 20%

months

3-12 24 4 16.67% 37 8 21.62%
months

1-6 years 20 5 25% 8 3 37.5%

>6 years 31 19 61.29% 33 16 48.48%

Tick Positive 31 zero zero% 24 zero zero%

infestation | Negative 55 30 54.55% 64 29 45.31%
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.

Sharkia Governorate

Figure 1: Sharkia Governorate location in Egypt and the location of the three
cities (Red colour) involved in the study.
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Figure 2: Theileria species piroplasms in blood smear stained by Giemsa
stain (X1000)
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Figure 3: Showed PCR results for amplification of T. annulata 30KDA gene
using T. annulata specific primer, The molecular weight of the PCR products
was 721 bp. Lane L indicated molecular weight marker, Lane C1, C2 & C4
represented the positive samples from cattle, Lane B3& B5 indicated positive
samples from buffaloes.

—— AF214838.1_T._annulata_tA6
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AF214914.1_T._annulata_na89d
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AF214917_1_T._annulata_na961
AF214909.1_T._annulata_na33
® MN251047_T. _annulata_cattle_2019
JX475044.1_T._annulata
AF214898.1_T._annulata_29d
ALEAFZMBSB,1_T,_annulata_tM63
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Figure 4: lllustrate the evolutionary relationships of MN251047_T. annulata
_cattle_ 2019 and MN251046_T. annulata _buffalo_ 2019 with reference
sequences of other T. annulata inferred by distance analysis (500 bp) using
Phylogenic by 30KDA sequences. At the left of the support node, the
percentage support (>50%) from 1000 pseudoreplicates from distance, ML
and parsimony analysis, respectively, is showed.
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DISCUSSION

Theileriosis (T. annulata infection)
is tick-borne disease that considered one
of the most economically significant
diseases of cattle and buffaloes in Egypt
(Osman and Gaabary, 2007 and Ali and
Radwan 2011). Clinically, the infected
cattle and buffaloes with T. annulata had
pyrexia, lymph node enlargement,
diarrhea, corneal opacity, respiratory
signs and drop in milk production. This
result was agreed with that reported by El-
Deeb and Younis (2009).

Microscopically, the morphological
feature of T. annulata piroplasms from the
examined blood films was described as
Rezai and Dalir-Naghadeh (2006) and
Kundave et al. (2015). In the present
study, the overall prevalence of T.
annulata was 33.91%, where cattle and
buffaloes were 34.88% and 32.95%,
respectively. This result was higher than
that mentioned by Abdel-Rady et al.,
(2010) in Egypt who recorded the
percentage of infection of T. annulata by
blood smear was 25.3% and 8.6% in
cattle and buffaloes respectively. Morever
Farooqi et al. (2017) in Pakistan recorded
the overall prevalence of T. annulata was
18.88% including 23.79% in cattle and
13.30% in buffaloes and Narimani et al.
(2017) in Iran registered that such
infection was 13% in cattle and 1.4 in
buffaloes. However, Waskel and Gaur
(2015) in India mentioned the higher
prevalence of T. annulata for cattle’s and
buffaloes were 51.92% and 47.91%,
respectively. The variation in the
prevalence of infection may be due to the
differences in management and hygienic
conditions, agroecology, climate, the
immune state of the host, sample size,
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sampling period,
breed.

The prevalence of T. annulata in
relation to the animal’s sex was higher in
male (44.68% &48.08%) than female
(23.08% &11.11%) in cattle and buffaloes
respectively. The result was similar with
that recorded by Farooqi et al. (2017) in
Pakistan. The main cause is due to the
less careness to male stock which mainly
used for meat and draught purposes. In
relation to age, the prevalence of T.
annulata infection was higher in old
animal (>6 years) (61.29% &48.48%) than
1-6 years (25% &37.5%), 1- 2 months
(18.18% & 20%) and 3-12 months
(16.67% &21.62%) in cattle and buffaloes
respectively. These outcomes are in
agreement with Sallemi et al. (2018) in
Tunisia. The reason may be due to the
decrease in the immunity with the
increasing of age. Tick infestation
considered the most risk factor affecting
on the prevalence of T. annulate, this
result was in line with Inci et al. (2008) in
Turkey and Farooqi et al. (2017) in
Pakistan.

Owing to, the higher specificity and
sensitivity of the PCR rather than
conventional techniques that had been
performed in a number of studies on a
wide range of parasites, The PCR method
IS more accurate for detection of T.
annulate in blood samples (Habibi et al.,
2007). In the present study, the PCR
technique using the specific primers for
Theileria annulate (30KDA) gene, the
PCR products length was 721 bp in T.
annulate positive samples using the
specific primer 30 KDA. This result was in
agreement with Nourollahi-Fard et al.
(2015) in Iran and Sallemi et al. (2018) in

tick prevalence and



Reham et al.

Tunisia, who used the same primer for T.
annulata.

In this study, T. annulata 30KDA
(Gen Bank  Accession Numbers:
MN251047 and MN251046) in cattle and
buffaloes, respectively were identified.
Phylogenetic  analysis grouped the
Egyptian MN251047_T. annulata _cattle
2019 isolate and MN251046_T. annulata
_buffalo_ 2019 isolate in a separate clade
and shared 100% genetic similarity with

other T.annulata strains (GenBank
Accession Numbers: Aj276654.1
T.annulata, Z48738.1 T. annulata,
Af214917.1 T. annulata na961,
Af214914.1 T. annulata na89d and

Af214909.1 T. annulata na33).Also 99.7%
genetic similarity with T. annulata strain
REFERENCES

Abdel-Rady, A., Ahmed, L. S,
Mohamed, A. and Al-Hosary, A. (2010):
Using Polymerase chain reaction (PCR)
for Diagnosis of Bovine Theileriosis in
Upper Egypt. International Journal for
Agro Veterinary and Medical Sciences, 4
(3):67-74.

Ali, A. E. F. and Radwan, M. E. I. (2011):
Molecular Detection of Theileria Annulata
in Egyptian Buffaloes and Biochemical
Changes Associated with  Particular
Oxidative Changes. Advances in Life
Sciences., 1(1): 6-10.

Altschul, S. F., Gish, W., Miller, W.,
Myers, E.W. and Lipmanl, D. J. (1990):
Basic Local Alignment Search Tool. J.
Mol. Biol., 215: 403-410.

Constable, D. P., Hinchcliff, W. K.,

Done, S.H., Stanley H. Done and
Grunberg, W. (2017):  Veterinary
Medicine.11"™ edition. Elsevier Ltd...

Saunders Ltd.

61

EVMPSJ Dec.2019,15:,52-63

(GenBank Accession Numbers:
Af214838.1 T. annulata TA6) and 99.3%
genetic similarity with T. annulata strain
(GenBank Accession Numbers:
Af214898.1 T. annulata 29d). Also,
Sallemi et al. (2018) in Tunisia recorded
the GenBank  Accession  Number:
KU145624 of T. annulata Tamsl gene
and the data for the Nucleotide sequence
similarity revealed that the Tunisian T.
annulata strain share 100% with with
Mauritania and Egypt (AF214819 and
AB917290, respectively). While, Bahrain
(AF214795) was 98.2% and Turkey
(U22888) was 97.1% nucleotide identity.

Delves, P. J. (1998): Encyclopedia of
Immunology. 2™ edition. Elsevier Ltd.
Academic Press. Pages 2286-2290.

El-Deeb, W. M. and Younis, E. E. (2009):
Clinical and biochemical studies on
Theileria annulata in Egyptian buffaloes
(Bublus bublis) with particular emphasis
on oxidative stress and Kketosis
relationship. Vet Parasitol., 64(2-4):301-5.

Farooqi, S. H., ljaz, M., Saleem, M. H.,
Rashid, M. I.,, Ahmad, S. S, Islam, S,,
Aqgib, A. I, Khan, A., Hussain, K. and
Khan, N. U. (2017): Prevelance and
molecular diagnosis of Theileria annulata
in bivine from three distincts zones of
Khyber Pakhtunkhwa province, Pakistan.
The journal of Animal and Plant sciences.,
27(6): 1836-1841.

Habibi, G. R., Esmaeil, N. K., Bozorgi,
S., Najjar, E., Hashemi, F. R. and
Bordbar, N. (2007): PCR-based detection
of Theileria infection and molecular


https://www.ncbi.nlm.nih.gov/pubmed/19559534

Reham et al.

characterization of Tams 1 T. annulata
vaccine strain. Arch Razi Inst., 62:83—89.

Inci, A., Ica, A., Yildirim, A., Vatansever,
Z., Cakmak, A., Albasan, H. and Duzla,
O. (2008): Epidemiology of tropical
theileriosis in the Cappadocia region.
Turk.J.Vet.Anim.Sci., 32(1):57-64.

Kundave, V. R., Patel, A. K., Patel, P. V.,
Hasnani, J. J. and Joshi, C. G. (2015):
Detection of theileriosis in cattle and
buffaloes by polymerase chain reaction. J
Parasit Dis., 39(3):508-513.

Maxie, G. M. (2015): Pathology of
Domestic Animals.Volume 3, 6th Edition.
Elsevier Ltd. Saunders Ltd. chapter 2.
Pages, 102-268.

Mullen, R. G. and Durden, A. L. (2019):
Medical and Veterinary Entomology. 3™
edition, Elsevier Inc. Academic Press.

Narimani, B., Hoghooghi Rad, N,
Shayan, P. and Rahbari, S. (2017):
Molecular and Microscopic Detection of
Theileria spp. among Cattle and Buffaloes
in West Azarbaijan, Iran. Archives of Razi
Institute., 72(3): 189-195.

Nourollahi-Fard, S. R., Khalili, M. and
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(2):249-252.

Osman, S. R. and Al-Gaabary, M. H.
(2007):  Clinical, haematological and
therapeutic studies on tropical Theilerosis
in water buffaloes (Bubalus bubalis) in
Egypt. Vet. Parasitol., 146(34):337-40.

Rezai, S. A. and Dalir-Naghadeh, B.
(2006): Evaluation of antioxidant status
and oxidative stress in cattle naturally

62

EVMPSJ Dec.2019,15:,52-63

infected with Theileria annulata. Vet
parasitol., 142: 179-186.

Sallemi, S., Rjeibi, M. R., Rouatbi, M.,
Amairia, S., Said, M. B., Madiha, M. K.
and Gharbi, M. (2018): Molecular
prevalence and phylogenetic analysis of
Theileria annulata and Trypanosoma
evansi in cattle in Northern Tunisia.
Veterinary Medicine and Science., 4 (1):
17-25.

Shahnawaz, S., Ali, M., Aslam, M. A.,
Fatima, R., Chaudhry, Z. I., Hassan, M.
U. and Igbal, F. (2011): A study on the
prevalence of a tick-transmitted pathogen,
Theileria annulata, and hematological
profile of cattle from Southern Punjab
(Pakistan). Parasitol.Res., 109 (4):1155.

Soulsby, E. J. L. (1982): Helminths,
arthropods and protozoa of domesticated
animals, 7th edn. Baillier Tindall and
Cassel Ltd, London.

Tamura, K., Stecher, G., Peterson, D.,
Filipski, A. and Kumar, S. (2013):
MEGA®6: molecular evolutionary genetics
analysis version 6.0. Mol. Biol. Evol. 30,
2725-2729.

Thompson, J. D., Higgins, D. G. and

Gibson, T. J. (1994): Improving the
sensitivity ~of  progressive  multiple
sequence alignment through sequence

weighting, position-specific gap penalties
and weight matrix choice. Nucleic Acids
Research, 22(22):4673-4680.

Waskel, S. and Gaur, U. (2015):
Incidence of theileriosis in cattles and
buffaloes during rainy season. European
Journal of Experimental Biology, 5(8):71-
73.

Zachary, J. F. (2017): pathologic basis of
veterinary disease.6™ edition. Elsevier Inc.
Mosby.



Reham et al. EVMPSJ Dec.2019,15:,52-63

(o) padlal
dan ¢ Ay Ablas b Audlall UL N A s g g Seal) (andll g iy ) L)
o saal Gl —FF* el o deaa sl ) - FFaeaa A gl el — #al o Jlay alg
cailblidhl) and - (35830 Analy g ol lal) 4405
cobldlal) and = 33N Jama Al pad) daall Gigay agaa *#
Agnal) Gl pa and — G50 Aaala g ) calal) Al *#

g 8 Ayl s A1 bl gl e apael) ol o ) Ll 4050 il s Lyt

Lpolai®Y) Al e Lpaal 3N &l & (Theileria annulata) Y ssl Ll Al o lad]
I8 (Lasalad) e Mg SN 0o AT) a3 Ao VYV E gaa o L pugalally JEY) o 55
) A oS g pSaall aladinly Lguand 59§ 5y pu el Alaall s Ladul) il pnl) (o (& e
D Ja YoV A il e saieall 5l DA Al sda Jae o5 Laegs Biay 48 suadll sl
ZYY.20 5 AV EAA Ll i LE) Jaee OIS 48 53N Aadlae (he dilide a8l g0 LAY VA
L byl e s8N 8 e (550l b)) s culS . Mgl o pasaladly JlEY) 3
Y=V On pdslecl gl sl ot an 0o ST paall (e i T < g o LG (ol el eny (3lahy
932l L) Jlaay acbue Jale L Lbal) cul€ ccilgiu 1=) 5 Vyed YY1 5 el
ool el usall G5l A8 ee o3 (PCR) Jubaiiall 3 yaldl Jeléi aladiulyy Ly plll
il il ol jaly 5 AulagY) BY sl LBl clie e 2o sl (e z 55 VYY) ALS, (DNA)
AL bl ) ae B da 0 e KI5 L LA Y el el o) JEGN Hladi

a1y



