eISSN:2410-7409
pISSN: 1609-5693

THE IRAQI JOURNAL OF

VETERINARY MEDICINE

Detection of Theileria equi in Baghdad Racing Horses Using Hematological and

Molecular Assay

Ahmed N ALani*  , Afaf A Yousif

1Department of Veterinary Internal and Preventive Medicine, College of Veterinary Medicine, University of

*Correspondence:
ahmedanal977@covm.uobaghdad.edu.iq

Received: 5 January 2023
Revised: 22 January 2023
Accepted: 15 February 2023
Published: 28 Jun 2023

Dotr:
https://doi.org/10.30539/ijvm.v47i1.1501

e

This article is an open access distributed under the
terms and conditions of the Creative Common
Attribution License (CC BY 4.0)

Cite:

ALani AN, Yousif AA. Detection of Theileria equi in
Baghdad racing horses using hematological and
molecular assay. Iraqi J. Vet. Med. 2023;47(1):52-59.

INTRODUCTION

aemoprotozoan Theileria equi is a tick-borne
disease that infects all horse breeds and Equidae

Baghdad, Baghdad, Iraq

ABSTRACT

The aim of this study was to investigate the prevalence of Theileria equi infection in racing
horses in Baghdad governorate, utilizing clinical signs, microscopic examination, molecular
assays, and hematological tests to identify significant differences between infected and non-
infected horses. Between January and December 2021, a total of 160 racing horses from
three locations in Baghdad governorate (Al-Amiriya Equestrian Club, Arabian horses in
Alzwraa Zoo, and Iraqi Equestrian School) were randomly selected for examination.
Microscopic examination of blood smears revealed 11 positive samples for Theileria equi
(6.875%), while the results of the polymerase chain reaction assay targeting the 18S
ribosomal RNA gene confirmed 26 positives (16.25%). Sequenced amplicons and
phylogenetic tree analysis revealed a genetic similarity of 93.03-100% and 94-100% site
coverage compared to many global countries' isolates. Interestingly, only 16 (61.5%) of the
26 infected horses showed mild to subclinical symptoms or were carriers of the disease
without tick infestation. Hematological blood parameters showed non-significant
differences between infected and non-infected horses, except for a decrease in packed cell
volume (PCV) and hemoglobin (Hb) concentration, which caused anemia in 12 horses
among the 26 molecularly positive cases (46.15%). Of these cases, 6 horses (23.08%) had
normocytic normochromic anemia, while 3 (11.54%) cases each had normocytic
hypochromic and microcytic hypochromic anemia. Notably, young horses (two years old)
were more susceptible to infection (odds ratio 15.4) than those over six years old.
Additionally, sex and breed did not show any significant correlation with equine theileriosis.
In conclusion, this study detected Theileria equi infection in young racing horses in Baghdad.
Clinically, most infected cases showed mild to asymptomatic signs accompanied by anemia.
Molecular investigation revealed high genetic similarity to isolates reported globally. These
findings highlight the importance of implementing measures to control and prevent the
spread of Theileria equi in racing horses in Baghdad and other regions. Further studies are
warranted to better understand the epidemiology, pathogenesis, and risk factors associated
with equine theileriosis.
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different breeds of horses and is considered an endemic
illness in most regions of the globe (4, 5). Several
investigations have shown that the disease is prevalent in
Iraq (6-14). Numerous infected horses carry parasites

species (1, 2). Clinical signs include fever, icteric and pale
mucous membranes, and anemia (3). Theileriosis affects
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without displaying symptoms of sickness, posing a serious
threat of transmitting protozoa (15). This has economic
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consequences associated with restrictions on equine travel
between endemic and non-endemic areas, the diminished
performance of racehorses (16, 17), and treatment
expenses in the absence of available treatment (18).

Ixodid ticks are the primary source of transmitted
Theileria equi (19), and the distribution of many tick species
in Iraq has been documented (20). The infection is
transmitted by tick bites, where sporozoites invade equine
lymphocytes, replicate to merozoites, invade red blood cells
(RBCs), multiply by asexual division, reinvade RBCs,
multiply again several times, and form gametocytes. Ticks
feed on horse blood, and the protozoa complete their life
cycle in the tick's body (1). Another way of transmission
may occur iatrogenically by contaminated needles or
surgical instruments (21). Diaz-Sanchez et al. (2018) (4)
evaluated the hematology picture in horses infected with
theileriosis and found intra-erythrocytic Theileria equi
formation in 13.8% of horses with association low
hematocrit values.

Diagnosis of theileriosis includes clinical signs and
several diagnostic techniques, such as serological tests,
light microscopy, clinical pathology changes, and
polymerase chain reaction (22). Due to the lack of
specificity of the clinical symptoms, horse piroplasmosis is
difficult to diagnose clinically, and the reduced
parasitaemia seen in the latent phase of theileriosis
complicates microscopic identification (23, 24). It usually
appears as 2-3 pm polymorph merozoites within RBCs in
Giemsa-stained blood film, with mostly occurring as a
“characteristic Maltese cross formation” (25). Molecular
detection must be the standard diagnostic procedure since
it is more accurate and sensitive than other techniques for
diagnosing chronic theileriosis infection (26).

This research aims to investigate the spread of Theileria
equi in Baghdad racing horses based on clinical symptoms,
microscopic appearance, molecular evidence, and
hematological results. The study aims to screen the spread
of Theileria equi in Baghdad racing horses by finding
significant differences among infected and non-infected
horses according to clinical symptoms, microscopic
appearance, molecularly proven, and hematological results.
This study will provide valuable insights into the
prevalence and transmission of Theileria equi in Baghdad
racing horses and contribute to the development of
effective management and control strategies for this
disease.

MATERIALS AND METHODS
Ethics

The local Committee for Animal Care and Use at the
College of Veterinary Medicine, University of Baghdad,
Baghdad, Iraq reviewed and approved all procedures
involved in the current study.
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Horse Groups

A total of 160 racing horses (75 Crossbreds, 60
Arabians, and 25 Thoroughbreds) were checked out
between January to December 2021. The age range for the
91 mares and 69 stallions in the research was 2-25 years
according to (27). The vital signs including breath, heart
rate, body temperature and other signs were reported for
each animal to investigate the occurrence of Equine
theileriosis.

Blood samples were collected from the jugular vein of
each animal and kept into 2 different tubes, including 3 ml
in EDTA anticoagulant for hematological investigation, (28,
29); while the other sample was frozen for molecular
investigations, the PCR assay.

Hematological assessments

The morphological evaluation of anemia (established by
the Wintrobe Index) includes hemoglobin, hematocrit
measurements, and erythrocyte counts. Blood film
observation, counts of thrombocytes and leukocytes (30).

Molecular Assay

The Promega, USA, ReliaPrepTM Blood gDNA Miniprep
System kit was utilized to extract horse genomic DNA from
blood (31). The purity of DNA and its concentration were
recognized by the NanoDrop technique, One pl of each DNA
elution and elution buffer ( blank ) was loaded to quantify
DNA in each extraction (32). The pairs of primers "Equi
Merozoite Antigen-1 (EMA-1)" used to recognize T. equi
were obtained through conventional PCR by pursuing
“The18S ribosomal RNA gene” in length 750Bp which were
Ema-1 forward “5'-GCATCCATTGCCATTTCGAG-3" and
Ema-1 reverse “5'-TGCGCCATAGACGGAGAAGC-3" by (15).
Promega Corporation's 2018 guidelines recommend that
volume of PCR reaction 25ul should contain 12.5pl of
“(Promega, USA, 2X GoTaq® G2 Green Master Mix) that
consist of Buffer (pH 8.5), 3 mM MgCl2, mixture of 400 M
each of dATP, dTTP, dCTP, and dGTP, and 50 units/mL of
TagDNA polymerase”, plus Three microliters of template
DNA, 7.5 ul of nuclease-free water, 1 pl in concentration
10 pmol of each T. equi primers . A protocol of thermo
cycling starts with a ten-minute initial denaturation heat-
up to 94 °C, followed by forty cycles (45 seconds
denaturation heat-ups at 94 °C and 45 seconds annealing
at 51.5°C, then 45 seconds extension heat-ups at 72 °C, and
ten minutes final extension at 72 °C) and holding at 4 °C last
for a few hours. After undergoing (1.5% concentration)
agarose gel electrophoresis using Promega, USA,
Diamond™ Nucleic Acid Dye), and visualized DNA
amplified fragments against UV. Lights (33).

Sequencing, Phylogenetic Analyses

Theileria equi 18S rRNA gene was sequenced by
(Macrogen lab, Korea) using Ema-1 primers; the outcomes
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were analyzed according to BLAST of "the NCBI database
[http://  www.ncbi.nlm.nih.gov/BLAST]" (34), and
recorded in an international gene bank. The "Molecular
Evolutionary Genetics Analysis (MEGA 11)" software was
applied to create a phylogenetic tree, which was compared
with identical worldwide results.

Statistical Analysis

Significant Results (at levels p0.05) suggested by
statistical analysis of data using the application “Statistical
Package for the Social Sciences (SPSS) version 26.0 (IBM
Corp., Chicago, USA)” (36).

RESULTS

Clinical Signs

Theileriosis symptoms occurred among 16 horses
(61.5%) from 26 infected horses according T. equi PCR
results, signs were documented in Table (I), which listed
the main signs as pale mucus membrane, icterus, and
emaciation. Examination of body temperature was 37.93C0
(ranging 37.1-38.90 C) with no fevered case, respiratory
rate was 17.5 (ranging 14 - 36 breath/minute), and heart
rate was 40.35 (28 - 52 beats/minute).

Table 1. The Clinical signs of racing horses Infected with Theileria equi

(26) infected (26) infected
- . with horses . . with horses
Clinical signs Theileria equi Clinical signs Theileria equi
(No.) % (No.) %
Anorexia )77 Lameness (1)3.8
Congestion 277 Legs Swelling (1) 3.8
Conjunctiva
Dehydration (1)3.8 Pale Mucous (6) 23.1
Membrane
Emaciation (5) 19.2 Polyurea )77
Icterus (5)19.2 Petechial (1) 3.8
hemorrhage in
39 eyelid

Microscopic Examination

Theileria equi was seen microscopically in 11 blood
smears out of 160 horses at percentage (6.875%) as small
Maltese cross form of quadrate merozoites bodies inside
erythrocytes or blue inclusion body inside lymphocytes
cytoplasm (Figure 1).
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Figure 1. Theileria equi detection in X100, Romanowsky_stained blood
smears. A and B: black arrow pointed to Maltese cross appearance of
merozoites. C: black arrow pointed to quadrate merozoite bodies. D: blue
arrows pointed to blue inclusion bodies of schizonts intra lymphocytes
cytoplasm at 100X

Results of PCR Assay

Polymerase chain reaction assay on 160 horse samples
revealed that (26) 16.25% horses had positive 750bp
amplicons of “The18S ribosomal RNA gene” (Figure 2).

Figure 2. Agarose gel cast loaded with PCR amplicons of Theileria equi 18S
ribosomal RNA genes, at 750Bp, Stained by “DiamondTM Nucleic Acid
Dye”, isolated from horse blood. Lane M: ladder 100 - 2000 bp, Lane 1-11:
T equi Positives amplicons, , and Lane 12: Negative sample, Lane C-:
control Negative

There was a significant association between infection,
microscopic and molecular results, Chi-square (X2) = 6.876;
df =1; P value = 0.008735431; (P < 0.05). Sequenced and
BLAST results are recorded in “the National Center for
Biotechnology Information (NCBI) Gene bank” as T equi in
Baghdad racing horses, in identification numbers:
ON641879.1 to ON641891.1.

Drawing The phylogenetic tree in (Figure 3) observed
our isolates had highest similarity of 93.03-100% with 94-
100% site coverage with Brazil, China, Jordan, India, Iran,
Japan, Scotland, Morocco, United states of America, and
Thailand isolates.
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Figure 3.Phylogenetic tree of sequenced “The18S ribosomal RNA gene” of Theileria equi isolates, orange Triangles marked the Baghdad racing horses

blood samples

Table 2. Erythrogram Values in Molecular Positive and Negative Horse

F5%0o
FI%Yo

A ONBG41886.1: Theileria equi :
Qsﬂfohmz . , -
. ONB41881.1: Theileria equi :
9 8 o/ gf=oro0 A } :
— XM 004829445.1: Theileria equi :
9 8 9%/of=oro0 ; . ;
- 4 ONB41887.1: Theileria equi :
98 %/ gwooo } . :
i ONB41883.1: Theileria equi :

002
LC230156.1:Theileria equi :
“A ONB41891.1: Theileria equi : IRAQ
‘ ONG41890.1: Theileria equi :

: India

. ONB41885.1: Theileria equi :
'JQ782604.1: Theileria equi
MK771116.1: Theileria equi :
ABO15235 1: Theileria equi :

Brazil

: China
IRAC
IRAQ
IRAC
Jordan

IRACQ

. South Africa

Japan

IRAQ

Scotland
IRAQ

D IRAQ
Morocco

IRAQ
IRAQ
UsA
IRACQ
IRAQ
Thailand

IRAQ

Parameter Positive with Theileria equi (26) Negative Results (134) Total Horses (160)
RBCs count 8.69+0.354 9.23 +0.183 9.14 +0.164
(1012/1) (529 -11.74)a (4.9-13.41)a (4.9 -13.41)
PCV 32.73x1.164 36.4+£0.538 35.82 £0.499
(L/L) (18 -44)b (24 -52)a (18-52)
Hb 10.8 £0.399 12.18+0.203 11.95 £0.185
(g/dL) (7.92-114.84)b (7.16- 18.16)a (7.16 -18.16)
MCV 38.17 £1.032 40.32+0.493 39.97 £0.449
(f) (29.31-57.14)a (24.88-59.41)a (249 -65.2)
MCH 12.64 £ 0.38 13.45+0.177 13.32 £0.162
(pg) (9.47 -18.06)a (9.4-20.03)a (9:4-19.25)
MCHC 32.81+0.437 33.4 £0.205 33.37 £0.208
(g\dL) (28.76-38.36)a (24.9 -39.55)a (24.9 - 39.55)
Platelets count (109/L) 259.01+14.652 279.8+7.167 275.9 £6.545
(146 - 410)a (128-642)a (128 - 642)
Total WBC count 11.91 £0.658 10.92 +0.294 11.08 £0.269
(10°\L) (7.25-20.5)a (5-254)a (5-254)

+Standard Error, and (Range)

Horizontally Results took same small letters weren’t had significant differences at level (P < 0.05), **Results showed by: Mean,
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Hematological study

Table 2 illustrated significant decrease in packed cell
volume and hemoglobin concentration comparable non
infected group, that lead to (12) 46.15% cases had anemia
divided to (6) 23.08% cases Normocytic Normochromic
anemia, and (3) 11.54% cases for each Normocytic
Hypochromic and Microcytic Hypochromic anemia,
otherwise other blood parameters didn't show any
significant differences in 26 infected horse.

56

Predisposing factors affect infection rate with

theileriosis

The young two years old horses showed highest
susceptible to infection 31.82% comparing to 2.94% in
aged horses over six years old, and statistically considered
as predisposing factor for horse to infected by T. equi (Odds
Ratio 15.4) Confidence interval 95% was 1.7366 to
136.562. Sexes and breeds of horses didn’t considered as
predisposing factor of equine thelieriosis as demonstrated
in Table 3.

Table 3: Predisposition of age, breed, and sex of race horses to be infected by Theileria equi

Total (Odds Ratio)
Horses 26 infected horses i percentage Confidence interval
Factor (160) 95%
Stallions 69 10 14.49% (0.7945)
Sex .
Mares 91 16 17.58% 0.3361to 1.8786
Arabian Horses 60 8 11.59%
Breed (1.3629)
ree Thoroughbred 25 5 20 % 0.5246 to 3.5408
Crossbreds 75 13 17.33 %
2 years 22 7 31.82% a
3 years 24 5 20.83% (15.4)
4 years 32 8 25% :
A 1.7 136.562
ge 5 years 25 5 20% 366 t0136.56
6 -10 years 34 1 2.94% b
<11 years 23 0 0%
Mild signs occurred inl6 (61.5%) positive horses
DISCUSSION

The presence of Theileria equi merozoites in
Romanowsky-stained horses blood films was showed in 11
horses (6.875%) in this study, there is significant increased
positive results in PCR method revealed by 26 horses
(16.25%), this increase difference between microscopic
and molecular to the results of (37) who found that 6.25%
occurred microscopically as 1.14-1.88um sized body inside
RBCs and 10.83% PCR, Kumar et al., (2020) detect 6.97%
microscopically compared to 10.46% by PCR, Soliman et al.,
(2021) record 8.9% appeared as single or double, or
Maltese cross shapes and 23.4% by PCR, other studies
reports 11.4% and 36.4% in PCR (39), Camino etal., (2019)
found small round to ovoid or pyriform intra erythrocytes
in 9.3% and 39.3% by PCR, and 8.33% and 50% by PCR; also
20.2% and 31.9% in PCR founded by (40) and (12)
respectively. This result agreed with the average of 34.6%
positive PCR found by twenty years of 25 molecular studies
in 18 worldwide regions (17). Parallel confirmation was
perceived by sequencing isolates and BLAST in NCBI had
the highest similarity of 93.03-100% with 94-100% site
coverage with Jordan, Iran, Morocco, China, India, Japan,
Thailand, Scotland, The United States of America, and Brazil
isolates in the phylogenetic tree. PCR proved in this study
as best technique to diagnosis Theileria equi in our Racing
horses.
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(showed in table 1) without fever or significant increase in
respiratory and heart rates in randomly selected horses
survey, also mild symptoms found in 42.9% by (3), and
disagreed with significant increased body temperature,
heart and respiratory rates in two studies in south and
central of Iraq (7,9). Our results suggested mild to
subclinical and carrier state infection due to absence of the
transported tick infestation, this agrees with the term “lack
of disease” in Italy positive horses who suggested iatrogenic
transmission (41).

Hematologically, there is a significant decrease in
packed cell volume and hemoglobin concentration and a
non-significant decrease in RBC and platelet count, as well
as MCH and MCV; however, non-significant increase in WBC
count and MCHC. Similar results with addition significant
decrease in Platelets count (39,41)(29), Disagreed with
results of (7,9,42) they found significant decrease in all
hematological parameters, in contrast only significant
increase in WBC count and didn’t find other parameter
significance by (3). These variable results documented in
different studies revealed that the hemogram is not a good
diagnostic tool for equine theileriosis. On the other hand all
researchers concurrent on association of presence of
anemia in infected animals, our results found 6 cases
(23.08%) had Normocytic Normochromic anemia and
three cases 11.54% for each Normocytic Hypochromic and
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Microcytic Hypochromic anemia. Similar Normocytic
Normochromic anemia recorded by (9,41), while (7,39)
were recorded Macrocytic Hypochromic anemia. These
outcomes illustrated the necessity of periodical
investigation of theileriosis infection to early treatment and
avoid decreased performance due to anemia in race horses
in Baghdad.

Mares showed more susceptible to infection than
stallions but statistically nonsignificant, as well as
Thoroughbred horse more susceptible than other breeds
but also statistically non significant, but the young horses
(2 years) revealed significant increased infection rate than
aged horses (>6 years ) in Baghdad race horses, that
resemble previous study in Iraq were the females and
young horses showed significant elevation than other
groups (6). However Soliman et al,, (2021) found males are
more prevalent but insignificant and horses (<5years) was
significant higher than oldest age groups, mares were more
significant as recorded by (43), However, the results of the
present study disagree with (5,11-13,37) who reported
there was significant differences in in percentage of
infection between male and female and different age

We used molecular methods to look for the equine
hemoprotozoan Theileria equi in Baghdad racehorses. The
polymerase chain reaction (PCR) is the best way to
diagnose it, and our phylogenetic analysis showed the
greatest resemblance to the global gene bank. Infections
occurring as a result of carrier status or subclinical illness.
These findings highlighted the importance of routine
theileriosis screenings in Baghdad's racing horses to
improve the treatment and control measures of this
pathogen. and prevent anemia from affecting their
performance and costing the industry money.
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