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Abstract

The purpose of this study was to determine the prevalence of clinical, subclinical and chronic infection with the equine
parasite 7. equi in some Egyptian localities (Cairo and Giza governorates). A panel of 396 equine blood samples representing
141 horses, 250 donkeys and 5 mules was collected from equines during the period from April 2015 to March 2016 using
microscopic examination and conventional PCR. Microscopically a twenty two (5.56%) of 396 were positive for 7. equi
merozoites that appeared as small rounded, pyriform shaped and maltase cross shaped merozoites. Among 8/141(5.67%)
horses and 14/250 (5.60%) donkeys were found to have positive for T.equi. A one hundred blood samples (45 horses, 50
donkeys and 5 mules) selected randomly were also examined by PCR. The results of PCR showed 30/100(11/45 (24.4%)
horses, 18/50 (36%) donkeys and 1/5 (20%) mule) were positive for T.equi. When the sequenced PCR amplicons (n=3) were
aligned to the reference nucleotide sequences of 7. equi accessed in Genbank, the horse isolate showed insertion of Thymine
(T) base at position 23 and substitution of Thymine (T) base with Cytosine (C) base at position 91, while the donkey and mule
isolates have no alterations when compared to the reference sequences. The phylogenetic analysis showed that the sequenced
PCR isolates belonged to T.equi. The obtained sequences were deposited in the GeneBank database under accession numbers
MF192854, MF192855 and MF192856.
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Introduction

Equine theileriosis is a tick-borne disease of horses,
donkeys, mules and zebras with worldwide distribution that
affects on equine industry, causing economic losses and
significantly impairing the international movement of
equines (1). The disease is endemic in tropical, subtropical
and some temperate areas of the world (2). It is caused by
an obligatory intraerythrocytic protozon of the phylum
Apicomplexa which is T. equi (2,3). The prevalence of T.
equi mainly depends on the prevalence of the tick vector
which belongs to the genera Boophilus, Dermacentor,
Hyalomma and Rhipicephalus (4,5). Other sources of
infection are infected blood transfusion and the reusing of
infected syringes and surgical instruments (6). 7. equi is
responsible for the appearance of most clinical cases and
causes severe clinical signs (7). Infected equines may
remain carriers of 7. equi for their lifetime. These carrier
animals act as a reservoir of infection and as a source of
infection for the tick vector (8,9). The spread of the disease
is affected by many factors such as climatic conditions and
the international movement of equines, so disease-free
countries should direct appropriate control strategies when
they import equines (5,10). Usually serological tests are
used to supervise the movement of horses across borders
(5,11).

The prevalence of 7. equi was detected in Egypt using
microscopical and serological examination. Microscopical
examination of stained blood smears has been the standard
diagnostic technique for equine theileriosis for several years
but it is effective only in acute phase of the infection. In the
case of carrier animals, it is not sensitive to detect the
infection due to low parasitemia (12). Many serological
assays have been developed for the detection of antibodies
against 7. equi such as immunofluorescent antibody
technique (IFAT), immunochromatographic test,
complement fixation test (CFT) and enzyme-linked
immunosorbent assay (ELISA) (13). These methods have
proved to be more sensitive although they have some
disadvantages related to antibody detection limit and cross-
reactivity to other Babesia species (14). Polymerase chain
reaction (PCR) proved to has higher sensitivity and
specificity in detection of the protozoal DNA of Theileria
species (15,16). The PCR technique has sufficient
sensitivity to detect protozoal DNA from a blood sample
with parasitemia of 0.000001% (15). The aim of this study

was to determine the prevalence of 7. equi in the equine
population in both two Egyptian governorates (Cairo and
Giza) based on microscopic examinations and molecular
techniques. Further, molecular characterization of 7. equi
was made based on 18s rRNA sequences.

Materials and methods

Sample collection and microscopic examination

A total number of 396 equine blood samples
representing 141 horses, 250 donkeys and 5 mules was
collected from different localities in Egypt (Cairo and
Giza), during the period from April 2015 to March 2016.
All samples were collected by the jugular venipuncture
method using EDTA-tubes from working equines. Some of
these animals was healthy and others were clinically
diseased. All tubes were marked by the necessary data (age,
sex, location and date of collection) and then samples were
sent in an ice box to the Parasitology Department, Faculty
of Veterinary Medicine, Kafrelshiekh University, for
examination. In the lab, thin blood films were prepared
from the whole blood, stained with Giemsa stain. and
examined for the presence of T. equi merozoites using an
oil emersion lens of the light microscope according to (17).

DNA extraction and PCR amplification

Genomic DNA was extracted from 100 whole blood
samples (45 horses, 50 donkeys and 5 mules) representing
microscopically positive blood samples (n=22) and from
randomly selected microscopically negative blood samples
(n=78), using Thermo Scientific™ GeneJET Genomic
DNA Purification Kit (Cat No #K0722) according to the
instructions in the manufacturer's manual. The obtained
DNA was stored at -20°C until used in the downstream
applications. The PCR technique was applied using primers
developed by (15) that specifically detect 392 bp from the
18s rRNA gene of T.equi. The assay utilized a universal
forward primer (Bec-UF2) with a sequence 5-
TCGAAGACGATCAGATACCGTCG-3 and a Theileria
equi specific reverse primer (Equi-R) with a sequence 5-
TGCCTTAAACTTCCTTGCGAT-3. PCR was performed
using GoTaq® G2 Flexi PCR Kit (Promega, USA) with a
total volume of 25 pl containing 5X Green GoTaq® Flexi
Buffer (10 ul), 25mM MgCl2 Solution (2 ul), PCR
Nucleotide Mix (dANTPs) 10 mM each (1ul), Primer mix 10
pmol (1ul), 1.25 u GoTaq®G2 Flexi DNA Polymerase
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template DNA (5 pl), DNase/RNase free water (7 pl). The
thermal profile was 95°C for 5 min, followed by 35
successive cycles of denaturation at 96°C for 1 min,
annealing at 60°C for 1 min, and extension at 72°C for 1
min. Then a final extension was made at 72°C for 5 min,
and then holding stage at 4°C for infinite time. 8 pl of the
generated PCR products were migrated on 1.5 % ethidium
bromide stained agarose gel under a constant volt of 80 V
for 40 min. The gel was then visualized using UV-
Transilluminator and then photographed by the associated
camera (15). T. equi positive samples showed a band of 392
bp.

Sequencing and phylogenic analysis

Positive PCR products (n=3) representing 1 horse, 1
donkey and 1 mule were extracted from agarose gel using a
thermo scientific gene JET gel extraction kit (Cat No.
KO0691) and were sent to the sequencing unit at the Animal
Health Research Institute, Dokki, Giza for sequencing in a
single direction using specific 7. equi reverse primer (5-
TGCCTTAAACTTCCTTGCGAT-3). The sequences were
compared with each other and then with the GenBank
database by the nucleotide sequence homology search.
using the BLAST analysis database that is available at the
National Centre for Biotechnology Information (NCBI)
(http://blast.ncbi.nlm.nih.gov). All sequence data were
edited subsequently by the naked eye, using Bioedit 7.2.5
software (http://www.mbio.ncsu.edu/BioEdit/bioedit.html).
A phylogenetic analysis was performed using MEGA
version 7 (http://www.megasoftware.net). A phylogenetic
tree was produced by applying the Neighbor-Joining
technique with using Hepatozoon canis (DQ439543.1) as
out groups. Sequences produced during this study have
been deposited in the GeneBank database under accession
numbers MF192854, MF192855 and MF192856.

Results

A total number of 22 (5.56%) of the 396 Giemsa-stained
blood smears were harbored 7. equi merozoites (Table 1).
They appeared as small rounded, pyriform shaped and
maltase cross shaped merozoites (Figure 1).

The conventional PCR amplification showed that a total
number of 30 (30%) out of 100 examined blood samples
showed 392 bp fragments in 1.5% ethidium bromide
agarose gel which were specific for 7. equi (Figure 2). The
infection rate of blood samples tested by conventional PCR
amplification was compared with the infection rate of the
same samples found by microscopical examination, as
shown in Table 2.

When the sequenced PCR amplicons (n=3) were aligned
to the reference nucleotide sequences of 7. equi accessed in
the Genbank, the horse isolate showed the insertion of
Thymine (T) base at position 23 and substitution of

Thymine (T) base with Cytosine (C) base at position 91;
while the donkey and mule isolates had no alterations when
compared to the reference sequences (Figure 3). The
phylogenetic analysis showed that the sequenced PCR
isolates belong to 7. equi (Figure 4).

Table 1: Prevalence of 7. equi among examined animals
based on microscopical examination of Giemsa-stained
blood smears

No. No. Infection rate
examined  infected (%)
Horses 141 8 5.67
Donkeys 250 14 5.60
Mules 5 -- --
Total 396 22 5.56

Figure 1: Microscopically stained blood smears showed
small rounded merozoites of Theileria equi (x100).

Figure 2: Conventional PCR detection of Theileria equi at
392 bp fractionated on 1.5% agrose gel. Lane M: 50 bp
DNA ladder, Lane 1: 7. equi negative control, Lane 2: T.
equi positive control (392bp), Lane 3-14 T. equi positive
samples (392bp).
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WF192855_Thelleris_squi_mule £ GGTCTCGTTC GTTAACGGAA TT-AACCAGA CAMMTCACTC CACCAACTAA GAACGGCCAT GOACCACCAC CCAAAGHATE AAGAMAGAGC
MF1928%6_Thellaris_squi_donkey GGTCTCGTTC GTTAACGRAA TT.AMCCAGA CAMATCACTC CACCAACTAA GAACGGOCAT GUACCACCAL CCAMGAATE AMGAANGAGT
MF193854_Thellerls_squl_horse_  GGTCTEGTTC GTTAACGGAA TTTAACCAGA CAAATCACTC CACCAACTAA GAACGGOCAT GCACCACCAC CCAAAGNATC AAGAANGAGT
mm.l_ml.hril_ﬂlj_lﬂl GGTCTOGTTC GTTAACGGAA TT-AACCAGA CAMATCACTC CACCAACTAA GAACGGUCAT GCACCACCAL CCAASGAATC AAGASAGAGT
mm}.lﬁmlllfh‘milml GGTCTOGTTE GTTAACGGAS TT-AMCCAGA CAMATCACTC CACCAACTAA GAADGLCICAT GLACCACCAL CCAAAGAATE AAGARAGAGT
'm-]_ml]lfil_.wi_iwl GGTCTOGTTC GTTAACGGAS TT-ASCCAGA CASATCACTC CACCAACTAA GAACGGUCAT GUADCACCAL CCAMAGAATC AAGARAGAGT
KUZE9896, 1_Thellerls equi_lsol GGICTOGTTC GITAACGGAA TT-AACCAGA CAMATCACTC CACCAACTAA GAACGGOCAT GLACCACCAC CCAMMGAATC AAGAAAGAGL
| KT3O7580. 1_Babesia_squi 185 rl  GGICTCGTTC GTTAACGGAA TT-AACCAGA CAMTCACTE CACCAACTAA GAACGGUCAT GCACCACCAC COAMAGAATC ANGAAAGAGT
LCPO1I2. 1_Babesia_equl_gene §  GGTCTOGTTC GITAGCGLAA TT-AACCAGA CAMTCACTC CACCAACTAA GAACGHOCAT GOACCACCAC CCAMMGRATL AAGAAAGAGL
AB515310.1_Babesls_equl_gens §  GGICTOGITC GITAACGLAA TT-AMCCAGA CAMATCACTC CACCAACTAN GAMCGGCCAT GEACCACCAL CCAMMGRATE ARGAAMGAGL
T1I5105.1 B equi_gene encoding GGICTCGTTC GTTAACGGAA TT-AACCAGA CAMTCACTC CACCAACTAA GAACGGITAT GUACCACCAC CCAMAGAATL AAGAAAGAGC
KY464036.1_Theileris equi_clon GGICTCGTTC GITAACGHAA TT-AMCCAGA CAMTCACTC CACCAACTAA GAACGGOCAT GCACCACCAL CCAMAGRATE AAGAARGAGL
IME19520. 1_Babeila_equl_isolst  GGICTCGTTC GTTAACGGAA TT-AMCCAGA CAAATCACTC CACCAACTAA GAACGGCCAT GCACCACCAL CCAAMGAATE AAGAAAGAGL
V46922, 1_Babesla_equl_isolst GGTCTOGTTC GTTAACGGAA TT-AACCAGA CAAMTCACTC CACCAACTAS GAACGOOCAT GCACCACCAL CCAMMGRATE ARGAARGAGC
| OUZ40071.1_Thellerls_equi_clem  GGTCTOGTTC GTTAACGGAA TT-ASCCAGA CAMMTCACTC CACCAACTAA GAMCGGCCAT GOACCACCAL COAMMGAATE AAGARAGAGC
EUGAT512.1 Babesls cabslll gen  GGICTCGTTC GTTAACGGAA TT-ASCCAGA CAMTCACTC CACCAMALTAL GAACGGOCAT GCACCACCAC CCAMAGRATE AMGAARGAGT
EUG42514.1 Babesls caballl gen  GGTCTCGTTC GTTAACGHAA TT-AMCCAGA CAMTCACTC CACCMACTAL GAACGGOCAT GEACCACCAC CCAMGRATE ANGAAMGAGT
AFBE1135.1 Thelleris lestoguér GGTCTCGTTC GTTAACGGAA TT-ASCCAGA CAMTCACTC CACCAACTAA GAACGGOCAT GEACCACCAC CCAMMGAATE AAGAMGAGE
EUDB3E0N.1 Thelleris snnulsts  GGICTEGUTC GTTAACGGAA TT-ASCCAGA CAMTCACTC CACCARCTAA GAACGECCAT GCACCACCAL CCAMMGHATE AAGAANGAGT
| DQ439543, & Hepatoroon cenis ds  GGICTEGTTC GTTAMCGGAA TT-ASCCAGA CAAATCACTC CACCAACTAA GAACGGLCAT GCACCACUAC CCATAGAATT AMGAAGAGC
L [ TR Hee o Yl ECS oty BER ) 0N o Posiel Sn R SRR ey R ERUlE
95 105 115 125 115 145 155 165 175
| MFI92855_Thallerls_squl_msle £ TATCAATCTG TCAATCCTTC CTCTGTCTGG ACCTGGTGAG TTTCCCCGHG TTGAGTCAMA TTAAGCOGEA GGCTCCACGE CTGGTGETGE
| MF197856_Thellerls_pqul_donkey  TATCAATCTG TCAATCCTTC CTCTGICIGE ACCTGGTGAG TTTCCCCGTG TTGAGTCAAL TTAAGCOGCA GGCTCCACGE CTGGTGGTGE
MF19858_Thallerls_squi_horss_  CATCAATCTG TCAATCCTTC CTCTGUCTSG ACCTGGTGAG TTTOCCCGTG TTGAGTCAAN TTASGCOGCA GGLTCCACGE CTGGTGHTGE
KXI2T629,1_Thedlerle_wqul Lol  TATCAATCTG TCAATCCTTC CTCTGICTGE ACCTGGTGAG TTTCCCCGTG TTGAGTCAA TTAMCCGCA GGCTCCACGL CTGGRTGHTGE
G762, 1_Thedleris_squi_tsol  TATCAATCTG TCANTCCTTC CTCTGTCTGG ACCTGGTGAG TTTCCOCGTS TTGAGTCAAS TTAAGCOGCA GGLTCCACGL CTGGTGGTGE
INBIEATA, 1_Theileris_squl_lsol  TATCAATCTG TCAATCCTTC CTCTGTCTGE ACCTGGTGAG TTTCCOCGTS TTGAGTCAML TTAMGCCGCA GGLTCCACGL CTGGTGGTGL
KUZBRO96, 1_Thelleris_squl_lsol  TATCAATCTG TCAKTCCTTC CTCTGILTGE ACCTGGTGAG TTTCCCCGTG TTGAGTCAM TTAAGCCGCA GGCTCCACGE CTGGTGGTGE
KTI07988.1_Babesls_squi 1BS i  TATCAATCTG TCAATCOTTC CTCTGTCTGG ACCTGGTGAG TTTCCCOGTG TTGAGTCAAA TTAAGCCGCA GGCTCCACGD CTGGIGETGL
| LOMOB137.1 Babesls_squl_gens §  TATCAATCTG TCAATCCTTC CTCTGTCTGG ACCTGGTGAG TTTCCCOGTG TTGAGTCAMA TTAAGCOGCA GGCTCCACGE CTGGTGGTGE
28515310, 1_Babesla_wqul_gene f  TATCAMTCTG TCAATCCTTC CTCTGTCTGE ACCTGGTGAG TTTCCCCGTS TTGAGTCAAS TTAAGLCGCA GGITCCACGD CTGGTGGTGE
| 715105.1_8_equl_gene_sncoding_  TATCAATCTS TCAATCCTTC CTCTGTCTGG ACCTGGTGAG TTTCCCCOTG TTGAGTCAAR TTAMGCCGEA GGLTCCACGD CTGGTGGTGE
KVAGA035.1_Thellerls_wqui_clon  CATCAATCTG TCAATCCTTC CTCTGUCTGE ACCTGOTGAG TTTOCCCGTG TTGAGTCAMS TTAAGCCGLA GGLTCCACGL CTGGTGGTGL
| KMB19520.1_Babesls_equl_i3olat  CATCAATCTG TCAATCCTTC CTCTGTCTRG ACCTGGTGAG TTTCCCCGTG TTGAGTCAAA TTAAGCOGCA GGCTOCACGE CTGGTGGTGE
| KMDSG6922.1_Babesla_equl_Lsolat  TATCANTCTG TCAATCCTTC CTCTGTCTGH ACCTGGTGAG TTTCCCCGTG TTGAGTCAAA TTAAGCOGCA GGCTCCACGE CTGGTGGTGL
KUZEOOT1.1_Thellerls_squi_tlon  CATCAATCTG TCAATCCTTC CTCTGTCTGG ACCTGGTGAG TTTCCCCGTG TTGAGTCAMS TTAAGCCGREA GGETCCACGD CTGGTGGTGE
| EUGAI512.1 Babesls caballl gen  TATCAATCTG TCAATCOTAC CTCTGTCTGG ACCTGGTGAG TTTCCCCGTG TTGAGTCASA TTAAGCOGEA GGCTCCACGD CTGGTGGTGE
| EUG4T514,1 Babesis esballl gen  TATCAATCTG TCAATCCVAC CTCTGTCTGG ACCTGGTGAG TTTCCCCGTG TTGAGTCALA TTAAGCOGEA GGCTCCACGE CTGGTGGTGE
AFDE1135.1 Thelleris lestoquer  TATCAATCTG TCAATCCTTC CTTTGICTGE ACCTGGTGAG TTTCCCCGTG TTGAGTCAAM TTAAGIOGCA GGITCCACGE CTGGTGGTGE
| EUBB3E00.1 Thellerls annulats  TATCAATCTG TCAATCCTTC CTTTGTCTGG ACCTGGTGAG TTTCCCCGTG TTGAGTCAAA TTAMGCCGCA GLLTCCACGD CTOGTGGTGE
| DQA3N543, 1 Hepatozoon cands Is  TATCAATCTG TCAATCCTTT CTATGICTGE ACCTGGTGAG TTTTCCOGTG TTGAGTCAML TTAAGCCGEA GGETCCACGE CTGGTGGTGE
Y [ | waiafuiasl annalilan] el o] Gidldvaif Gaaladi e viidla ke wiaaf ]
| 215 Free 05 55 265
MELOB55_Thelleris_equl mile B CCTTCCGTCA ATTCCTTTAA GTTTCAGCET TGCGACCATA CTCCCCCCAG AACCCARAGA CTTTGATTTC TCTCAMGGTG CTGAAGGAGT
| ME1928%6_Thedlaris_squi_donkey CCTTCOGTCA ATTCCTTTAA GTTTCAGCCT TGCGACCATA CTCCCOCCAG AACCCAMAGA CTTTGATTTC TCTCAAGGTG CTGAAGGAGT
MF193854_Theilerls_equl_horse_  CCTTCCGTCA ATTCCTTTAA GTTTCAGCET TGIGACCATA CTCOCCCCAG AACCCAMAGA CTTTGATTTC TCTCAMGTG CTGAAGGAGT
KKZXT629.1_Theileris_equi_tsel  COTTCOGTCA ATTCCTTTAR GTTTCAGCCT TGOGACCATA CTCCCOCCAG MACCCARAGA CTTTGATTTC TCTCAAGGTG CTGAAGGAGT
IOZ27623.1_Thaileris equi_tsel  COTTCOGTCA ATTCCTTTAL GTTTCAGLCT TGUGACCATA CTCCCCCCAG AACCCAMAGA CTTTGATTTC TCTCAMGGTG CTGAAGGAGT
KXB96428.1_Thelleris_squl_isel  CCTTCOGTCA ATTCCTTTAA GTTTCAGCCT TGGACCATA CTCCCOCCAG AACCCAMAGA CTTTGATTIC TCTCAAGGTG CTGAAGGAGT
m,‘l_mlhrij_ﬂui_l.wl CCTTCOGTCA ATTCCTTTAA GITTCAGCCT TGOGACCATA CTCOCOCCAG AACCCABAGA CTTTGATTTC TCTCASGGTG CTGAAGGAGT
ﬂm.i_lﬁl-l!.l‘_tlpl.‘_lﬁ_rl CCTTCCGTCA ATTOCTTTAL GTTTCAGCCT TEOGALDCATA CTCOCOCCAG AACCCAAAGA CTTTGATTTE TCTCAAGGTG CTGAAGGAGT
LCDAN132,1 Mabesls_equi_gens_f CCTTCCGTCA ATTCCTTTAA GTTTCAGCCT TGCGACCATA CTCCCCOCAG AACCCAMAGA CTTTGATTTC TCTCAMGGTG
ARS18310,1_Babesla_squl_gene f CCTTCCGTCA ATTCCTTTAA GTTTCAGCCT TEOGACCATA CTCCCOCCAG AACCCAMNAGA CTTTGATTTC TCTCAAGGTG CTGAAGGAGT
T1510%.1_8.equi_gene_sncoding_  CCTTCCGTCA ATTCCTTTAA GTTTCAGCCT TGEGACCATA CTCCCOCCAG AACCCAMAGA CTTTGATTTC TCTCAAGGTG CTGAAGGAGT
V464036, 1_Theileria_equi_clon CCTTCCGTCA ATTECTTTAA GTTTCAGCCT TGOGACCATA CTCCCOCCAG AACCCAMAGA CTTTRATTTC TCTCAMGGTS CTGAAGGAGT
KMN19520.1_Mabesls_equi_isolat CCTTCCGTCA ATTCCTTTAA GTTTCAGCET TGOGACCATA CTCCCCOCAG AACCCAMAGA CTTTGATTTC TCTCAMGGTG CTGAAGGAGT
KMD26922.1_Mabesla_equi_isclat  CCTTCOGTCG ATTCCTTTAL GTTTCAGCET TGOGACCATA CTCCCOCCAG AACCCANAGA CTTTGATTTC TCTCAAGGTG CTGAAGGAGT
KU240071.1_Theileris_squi_clon  CCTTCCGTCA ATTCCTTTAL GTTTCAGCCT TGOGACCATA CTCCCCCCAG AACCCAMAGA CTTTGATTTC TCTCAMGGTS CTGAAGGAGT
CUGA2512.1 Babesia caballl gen  COTTCOGTCA ATTCCTTTAAL GTTTCAGACT TGOGACCATA CTCCCCCOAG AACCCAMAGA CTTTGATTTC TCTCAMGGTE CTGAAGGAGT
EUG42514.1 Bebesls coballl gen  CCTTCCGTCA ATTCCTTTAA GTTTCAGACT TGGACCATA CTCCCCCCAG AACCCAMAGA CTTTGATTTC TCTCAMGTG CTGRAMGAGT
AFDBI135.1 Thellerls lestoquar  CCTTCCGTCA ATTCCTTTAA GTTTCAGCET TRCGACCATA CTCCCCCCAG AACCCARAGA CTTTGATTTC TCTCAMGGTG CTGAAGGAGT
EUBSIBNG.1 Theileris snnulsts  CCTTCOGTCA ATTCCTTTAA GTTTCAGCCT TGIGACCATA CTCCCCCCAG AACCCARAGA CTTTGATTTC TCTCAAGGTG CTGAAGGAGT
DQ43%543.1 Hepatozosn cends Is  CCTTCCGTCA ATTCCTTTAL GTTTCAGCCT TGIGACCATA CTCCCCCCAG AACCCAMAGH CTTTGATTTC TCGTAAGGTG CTGAAGGAGT
anenlanael sssefeseel sssalosne)] vonafonsa] sosefonnal svaslaveel smasl
s 0% T T s 1% 135
MELSZESS_Thelleris_squl_mule | CGTTCAMMCT GACGACCTCC AATCTCTAGT CGGCATCGTT TATGGTTAGG ACTACGACGE TATCT
MELOINSE_Thelleris_equi_donkey CGTTCAMMCT GACGACCTCC MATCTCTAGT CGGCATCGTT TATGGTTAGG ACTACGACGS TATCT
MELOINSA_Thelleris_equi_horie_  CGTTCAAMCT GACGACCTCE AATCTCTAGT COGCATCGTT TATGGTTAGS ACTACGACGG TATCT
O027529.1_Theileris_squi_isol CGTTCAMACT GACGACCTCC AATCTCTAGT CGGCATCGTT TATGGTTAGG ACTACGACGE TATCT
OCI37623.1_Thelleria_equi_fsol  CGTTCAMCT GACGACCTCC AATCTCTAGT CGGCATCGTT TATGGTTAGG ACTACGACGG TATCT
KKEDEA28. 1_Thelleris_squi_isol CGTTCAMMCT GACGACCTCC AATCTCTAGT CGGCATCGTT TATGGTTAGG ACTACGACGG TATCT
KUZES096.1_Thellerla_squi_isol CGTTCAAMT GACGACCTCC AMTCTCTAGT CGGCATCGTT TATGGTTAGG ACTACGACGS TATCT
KTM7980. 1_Babesla_equi_185_r1 CGTTCAMACT GACGACCTCC AMTETCTAGT CGECATCGTT TATGGTTAGG ACTACGACGS TATCT
LCDOS132.1_Dabesia_equi_gene §  CGTTCAMACT GACGACCTCE AATCTCTAGT CGGCATCGTT TATGGTTAGG ACTACGACGG TATCT
ABS15310.1_Babesia_squi_gene f CGTTCAAMCT GACGACCTCC AATCTCTAGT CGGCATCGTT TATGGTTAGG ACTACGACGG TATCT
115105 1_8.equi_gene_encoding_  CGTTCAMACT GACGACCTCC AATCTCTAGT CGGCATCGTT TATGGTTAGG ACTACGACGG TATCT
KY464036.1_Theileria_equi_clon CGTTCAMACT GACGACCTCC AATCTCTAGT CGGCATCGTT TATGGTTAGG ACTACGACGE TATCT
KME19520. 1_Babesta_equi_izolst CGTTCAMACT GACGACCTCC AATCTCTAGT CGGECATCGTT TATGGTTAGG ACTACGACGS TATCT
KMDAEYT2.1_Babesta_equi_laolst CGTTCAAACT GACGACCTCC AATCTCTAGT CGGRCATCGTT TATGGTTAGG ACTACGACGE TATCT
KU248071.1_Thellsrla_sgui_clon CGTTCAAMCT GACGACCTCC AATCTCTAGT CGGCATCGTT TATAGTTAGG ACTACGACGE TATCT
EUS42512.1 Dabssis caballl gen  COGAAMAA-T GACGACCTCC AATCOCTAGT CGGCATAGTT TATGGTTAGG ACTACGACGE TATCT
EUS42514.1 Babesis caballl gen CAACAMAN.T GACGACCTCC AATCCCTAGT CGGUATAGTT TATGGTTAGG ACTACGACGE TATCT
AFBE11YS.1 Thellerla .l.,l-itl:qutr CLTAAMMATT GADGACCTCC MATCTCTAGT CGGLATTGTT TATGGTTAGG ACTACGALGS TATCT
EUGBEDD. 1 Thellerla anmulats CLTAARAAMT GADGACCTOC MATCTCTAGT COGCATALTT TATGGTTAGG ACTACGALGE TATCT
ml.] Hepatozoon canis is CGTTTATAAN GADGACCTOC AATCTCTAGT CGGLATAGTT TATAGTTAMG ACTACGALGL TATCT

Figure 3: Alignment of nucleotide sequence of Theileria equi of isolates obtained from Egyptian equines with reference to
sequences of Theileria equi accessed in the genbank, in addition to sequences of Hepatozoon canis as out group.
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Number
examined
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5
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Table 2: Infection rates of 100 tested blood samples for 7. equi using microscopical examination compared with conventional

PCR amplification
Animals
Donkeys
Mules

Horses
Total

—ax =3
= =y =
== = ==
= = a3 = o
= = = == =
== == Rt =
== - = —_  TEa =
= - [y —_ = =
= = = pery = = =s ==
= = = = = = e ]
= == = = = =
| = = an o e = = &= = =
Fo = = = = = =
= =2 = = = = = = S =
1 e B = = = =3 =2 = =g =1 =
= —_ = S—ry = = = = = == =
== — = == = = = [ — il = = = = =
=] == 0= = = = = = = = =-  aa == ==
= = et e e e = = = = = =
o — = == 2] == = = = = = = = = =
= o T — B — o = = =
= = = = = = =] == = =] = = = =
= = = =3 = = = — = = = = = == = =
== p==1 S — = = p=ry =1 =L — =1 =2 = = b — —
= = = = = = = = = =_ =" ws = = =
= = = == = = == =i === e R — = 22 =
o = —— === == —_ — = — | == == s —_— L=
== |=] =] = =£ == B = = = = . =
= e — o = —_ el —_ == =y s —=] o
= — = [ = = = = = —_— — =
= == e e e = == = = = = = o= 2=
= =T = =T =1 = = —— = R —— = = o
= = == = = -~ == = = = =2 == = ==
=1 = = = = o | p==} = e = = = = = [ === e
R = =, 6 = = 2 = e === : 0= 5=
= = o e = B2 |4, = = = = = = = == 22 == ==
J— = = = = = == <= =
= =2 = = =5 = w3 oo B = o T = = = S " =
= T & = == == = = == = = = [ E==]
= = = =l — = ' & =
=2 = = = =] ey —= et Lo = = === o ora == — = P e =t}
- o = 2R = = = =t L, = = _— = = = 2 = =
= = = ) — = o = = =
= == == Py = = P —x = < . = = = =
== = —_ = =1 5= e — = =1 — — — _— = =] = —
= L= = [ ] — —_— e 1 = = ——— = — =1 = = Lo = = - ==
=, = =2 = = =] =] L [T 1 " = = = = = = ey =
= = = = == Lic] L ) = ] = == .= .== — R e e T = =
= e —tat : = ] = = = = = =3
= == = =5 = = = = 9 == Sl = = = = ] = = = =
= = = = = = == ! m! m! == == = = = = == == =
= T e — e — ] == T T TR e e e = @ = = = =R =
L= = o= 22 =2 2 = = = = ce= S
o T | o = — [ —= {— = = " — = c— — F — [} o o
= — el = = s od =) =2 5 = = =S = = = = = = =7
= ;. P OB = =5 e Bl T T T = = BB = 2 = =3 =3
2 e = = o= o= = =5 S 5 = = B = =3 =3
— E— =1 p— = P==1 3 o e = el = —— — = = ="=3 =& = _
_e = =S E = = = = = = = = = s = = = ==

Figure 4: Genetic relationship of Theileria equi isolates obtained from egyptian equines with reference to sequences of
Theileria equi accessed in the genbank. Phylogenetic tree was produced by applying Neighbor-Joining technique of the

nucleotide sequence of the 18s rRNA gene with using Hepatozoon canis (DQ439543.1) as out group.
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Discussion

The objective of this study was to estimate the
prevalence of 7. equi microscopically and by conventional
PCR and then to apply the molecular characterization of 7.
equi to specific geographic areas in Egypt (Cairo and Giza
governorates).

Microscopic examination has been shown to be
insensitive to detect low parasitemia especially in areas
where the disease is endemic (18). More-ever, microscopic
examination depends on host specificity and this is less
useful with such parasites of broader host specificity as
Babesia microti (19). The conclusion is that, molecular
techniques are a more objective tool for the diagnosis of T.
equi (20).

In this study, the overall prevalence of 7. equi by
microscopical examination of blood samples was (5.56 %).
This result agrees with previous studies in Egypt that
showed the infection rate of T. equi is between 5% and 10%
(21-23). The infection rate found in this study was lower
than that recorded earlier in Egypt, which showed infection
rates of 19.8%, 34%, 13.9%, 18% and 38.9% respectively
(24-28). This may be due to differences in the various
geographic areas in Egypt and high vector tick activity in
the areas of sampling. Lower activity now may be due to a
greater awareness by owners of preventive measures, more
aggressive treatment of infected animals and increasing
efforts of tick control. The time of sampling can make a
difference, where samples are collected at the acute or
chronic stage of the disease.

The infection rate of 7. equi was recorded in various
other countries, as in Iran 2016, Iran 2014 and in central
Ethiopia (9.7%, 9.1% and 12.2% respectively) (7,29,30).
The prevalence found was higher than that recorded in
Egypt, due to such different environmental conditions as
temperature and humidity, which affects tick activity. Also,
type of animal, whether racing or working equines.
Hygienic measures and vector control also play a role in
such differences.

In the present study, there are no marked differences
between the infection rate of 7. equi in horses (5.67%) and
donkeys (5.6 %). This agrees with (30), who recorded
infection rates (51.2% and 51.6%) of T. equi in horses and
donkeys.

In this study, molecular techniques showed a higher
sensitivity than microscopic examination in the diagnosis of
subclinical and carrier animals and this agrees with
(9,31,32).

In the present study, by application of conventional
PCR, the T. equi infection rate was 30%. This result was
lower than that recorded in Egypt by (28) (77.80%) and
higher than (29,35), who recorded infection rates of 10.83%
and 13.90% respectively by PCR amplification.

10

Other countries recorded higher rates of infection, as in
Brazil 96% by nested PCR (34), Egypt 47.7% by nested
PCR (26) and Iran 96.8% by conventional PCR (29). The
lower prevalence was recorded in (35), Brazil (15.0%) (36)
and Turkey (2.96%) (37).

Sequencing and phylogenetic analysis of piroplasms
depends mainly on 18s rRNA, due to its low substitution
rate; constrained and conserved function and occurrence in
multiple copies (38). Sequencing and phylogenetic analysis
of the positive PCR product for 7. equi recorded a 100%
similarity with previously published sequences on the
GeneBank database for donkey and mule sequences, but a
99% similarity for horse sequences, as illustrated in figure (
4).

In conclusion, it is recommended to use PCR as a rapid
confirmatory technique for 7. equi because it has higher
sensitivity than microscopic examination in subclinical and
chronic phases of the infection and in carrier cases. Also, it
is recommended to conduct further studies on T.equi, to
determine the best method for diagnosis and to illustrate the
best control and preventive strategies against this very
significant equine parasite.
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