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Abstract

Three hundred five blood samples were collected from horses individualy aged from 2 to 8 years
old of both sex, from different locality in Cairo and Giza governorates of Egypt. The results showed
that the prevalence rate of Theileria equi in examined horses was 10.4%, 16.1% and 12.5% by using
microscopic examination, CELISA and PCR, respectively. Babesia caballi were not detected with
three diagnostic methods used. Clinical, hematological and biochemical studies were evaluated in
examined horses. Significant changes in hematological and some biochemical parameters were ob-
served within infected animals. The obtained results high lights the importance of PCR analysis for

T.equi in clinically healthy carrier horses.
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I ntroduction

Equine piroplasmosis is a tick-borne haemo-
protozo an disease of equine that is caused by
two species of apicomplexan protozoa, Babe-
sia caballi and Thelleria equi (Babesia equi)
(Mehlhorn and Schein1998). Theileria equi
was previously designated as Babesia equi but
compelling evolutionary, morphological,
biochmemical, genetic evidence and finding an
extra-erythrocytic stage within equine-
peripheral blood mononuclear cells PBMC
supportsitsreclassification asa Theileria (OIE
2009 & 2014).

Thelleria equi (B. equi) was considered more
virulent than B. caballi that caused a more
persistent fever and anemia (Radostitis et al.,
2000) because infection in carrier animals can
be sterilised by suitable drug treatment,
whereas T. equi infection may be suppressed
by chemotherapy but didn’t eiminated (De
Waal and Van Heerden 2004).

Equine theileriosis, an OIE list disease, caused
by Theileria equi a small piroplasm, that is
very pathogenic in horses. It is transmitted by

various genera of ixodid ticks which include
Dermacentor spp., Hyaloma spp. and
Rhipicephalus spp. (Urquhart et al., 1996).
The disease is endemic in tropical and sub-
tropical areas (Hailat et al., 1997). Equine pi-
roplasmosis has caused important economic
losses in the horse industry, being a serious
threat to the horse raising industry and interna-
tional movement of horses (Friedhoff et al.,
1990).

The clinical signs of piroplasmosis were vari-
able and often nonspecific (Bashiruddin et al.,
1999). Equine theileriosis occur in acute, sub-
acute and chronic form and hence the clinical
manifestation is variable and could manifest as
fever, anemia, jaundice and haemglobinuriain
acute form and sometimes in chronic infection
icterus and oedema of the ventral abdomen
may be seen (Urquhart et al., 1996). In
chronic and subclinical cases, despite the ab-
sence of obvious clinical signs, infected horses
can carry the piroplasms in their blood for
many years. Carriers of the infection are usu-
ally asymptomatic and are responsible for the

36



Anima Heath Research Journal Vol. 4, No. 1, March 2016.

Sabaand Faisa

propagation and maintenance of the infection.
Babesiosis could be diagnosed by a number of
different methods, including Giemsa-stained
blood smears, enzyme- linked immunosorbent
assays (ELISA) and polymerase chain reaction
(PCR) (Bose et al., 1995). The examination of
the stained blood smears was simple but insuf-
ficient for accurate detection and identification
of B. caballi and T. equi during mixed infec-
tions and in particular in carrier cases or sub-
clinical infections with low parasitemia
(Krause 2003 and Quintao and Ribero,
2003). Serologica methods detect both past
and current infections simultaneously and thus
used for screening the equids in international
trades (OIE 2008). The goa of serologica
testing is to identify seropositive animals
whose migration is restricted (Wise et al.
2013).

Among all the serological tests, CELISA is the
test of choice and is recommended by the
World Organization for Anima Hedth (OIE
2008). Moreover, other studies have shown
that PCR is highly sensitive and specific test
for detection of T. equi, even in chonically in-
fected horses (Bashiruddin et al. 1999, Farah
et al. 2003, Rampersad et al. 2003 and
Ribeiro et al. 2013a)

Hematological and sero-biochemical altera-
tions are indicators to disease severity and are
considered to be good tools for the diagnosis
and prognosis for effective therapy.

The aim of the present work was to (1) study
the prevalence of T. equi and B. caballi in the
collected blood samples from examined horses
to (2) compare the efficacy of conventiond
diagnostic methods (microscopic examination
of stained blood smears, serological method
(CELISA)) and to polymerase chain reaction
(PCR) for the diagnosis of equine piroplasmo-
sis with samples from spontaneously infected
horses and (3) through light on diagnosing of
the changes of blood picture and blood bio-
chemical components associated with equin-
thelleriosisin infected horses.

Materialsand Methods

1- Animals:

A total number of 305 horses aged from 2 to 8
years old of both sex, from different locality in
Cairo and Giza governorates of Egypt. This
study was conducted all over one year ex-
tended from January till the December 2014.
Investigated horses were clinicaly and labora-
tory examined for the presence of T. equi and
B. caballi infection. All the animals were clini-
cally healthy at the moment of sample collec-
tion except 57 cases of horses have had contact
with ticks, followed by clinical signs mani-
fested by: walking disorders, fever, weakness,
exhaustion, anaemia, jaundice and haemoglo-
binuria.

2- Blood samples:

Blood samples were collected by jugular
venipuncture with a vacutainer needle at pres-
entation. Blood samples were collected in 2
vacuum-sealed sterile tubes. The first tube
containing Ethylene diamine tetra-acetic acid
(EDTA) at Img/ml concentration as anticoagu-
lant, this part of blood sample is used for mi-
croscopical blood smears examination, hema
tological analysis and DNA extraction for PCR
assay. The second tube contained no antico-
agulant for serum separation and stored at -20°
C until used for ELISA and biochemical analy-
Sis.

Par asitological examination:

Blood smears were prepared at the time of
sampling and stained with Giemsa stain then
microscopically examined for T. equi and B.
caballi evidence (Zweygarth et al., 2002). The
horse was considered Theileria free after three
negative successive blood smears.

Haematological tests:
It were performed according to Feldman et al.,
(2000) including, the estimation of white dif-
ferential count, total leucocytic count (TLC),
red blood cell (RBCs) count and the hemoglo-
bin concentration (Hb).

37



3" Conf. of Sci. Assoc. of An. Health Res. Inst., 10-13/3/2016.

pp. 36-47

Biochemical tests:

Serum samples were tested spectrophotometri-
caly to determine the following parameters;
alanin aminotransferase (ALT), aspartate ami-
notransferase (AST) activities according to
Reitman and Frankel (1957). Creatinine was
measured according to Fabiny and Erting-
shausen (1971). Blood urea was measured ac-
cording to Tabacco et al. (1979). Tota pro-
teinswere determined according to Gornalet
al. (1949). Albumin was measured according
to Doumas et al. (1971) and Protein electro-
phoresis was performed according to Keyser
and Watkins (1972).

Serological tests:

Competitive Enzyme- Linked Immunosor-
bent Assays (CELISA):

The competitive enzyme linked immu-
nosorbant assay (c-ELISA) to detect antibodies
against T. equi and B. caballi in tested sera by
using a commercially available kit distributed
by (VMRD, USA). The test was performed
following the instructions of manufacturer
(USDA, 2005). The mean optical density (OD)
at 620 nm was determined for al wellsusing a
microplate reader (Expert plus UV-G020 151-
Austria). A strong color development indicated
little or no inhibition of primary monoclonal
antibody binding and therefore the absence of
T. equi or B. caballi antibodiesin the sample.

Molecular analysis:

DNA extraction:

Equine ETDA blood samples were used for
DNA extraction, which was accomplished us-
ing a commercia kit (Gen Jet Genomic DNA
purification kit KO271, Fermentas) in accor-
dance with the manufacturer’s instructions

b- PCR technique (Danielle et al., 2011):
Primers designed based on the sequences of the
gene 18SrRNA of Theileria equi (Teq) was
used. The T. equi sequences were TegF for-
ward 5’-ATGCCCTTCAGTTCG- 3’ and TeqR
reverse  5’-ACCTCCCTGTGTCAGGATTG-
3’. The B. caballi sequences were BcF for-
ward5’-GAGGGACTTTGGGTCATAA-3’and

BcR reverse g5’-GGTACTCGATCGGTAGGA
-3’. PCR reaction was performed in an Gradi-
ent Thermal cycler(1000 S Thermal cycler Bio-
RAD USA). The reaction mixture (total vol-
ume of 50 ul) was 25 pl Dream green PCR
Mix (DreamTaq Green PCR Master Mix (2X)
Ferment as Company, cat., No. K1080, USA.),
5ul  target DNA, 2ul of each primers
(containing 10 p mole/pl) and the mixture was
completed by sterile D. W. to 50ul .The reac-
tion was carried out as 94°C for 2 minutes, fol-
lowed by 35 cycles of 94°C for 30 sec, 60°C
for 30 sec and 72°C for 30 sec, with afinal ex-
tension of 72°C for 5 minutes. The products
from the PCR were subjected to a horizontal
electrophoresis run on 1.5% agarose gdl, in
Tris-borate EDTA (TBE) buffer, together with
the 100 bp molecular weight marker (Thermo).
The results were viewed in atrans - illuminator
and were documented by photographing by
canon camera.

Statistical analysis. Both hematological and
biochemical results were statistically evaluated
using T. test (Petrie and Watson 1999).

Results

Clinical examination:

The clinical investigation of examined horses
revealed that al animals were apparently
health except 57 horses (18.7%) suffered from
fever, anorexia, weakness and icterus.

Parasitological finding:

By examination of the Giemsa stained blood
smears from 305 investigated horses out 32
horses (10.4%) were infected with T. equi. Dif-
ferent intra-erythrocytic stages of T. equi were
detected as spherical, oval, ring form (Fig.
1A&B),Four T. equi merozoites in characteris-
tic arrangement called Maltese cross (Fig.1C).
The schizonts were detected in the lympho-
cytes with two forms, macroschizonts and mi-
croschizonts. (Fig.1D). No B. caballi was de-
tected on any smears.
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Fig. 1

A-Intra-erythocytic small piroplasms of T. equi forming aring form.
B-Blood smear showing erythrocytes abnormalities with T. equi merozoites.

C-Intra-erythocytic small piroplasms of T. equi forming a Maltese cross.

D-Intra-lymphocytic schizont stages of T. equi.

Haematological findings:

Haematololgical aspects were studied in an
attempt to provide information on the disease
status. The mean values of total RBCs count
and Hb concentration (Table 1) showed asig-
nificant decrease in diseased anima group
when compared to apparent healthy control
animal group. In the present study a significant
increase in (TLC) total leuckocytic count were
observed in infected animal groups (Table 1).

Serum biochemistry profile:

Results of biochemical changes indicated sig-
nificant decrease in total proteins in diseased
animal group, while there was noticed a sig-
nificant increase in gamma globulin fraction
value (Table 2).

Concern the liver enzymes (Table 3) reflect
there were significant increases in the serum
hepatic enzymes (ALT and AST), whereas in-
creases of serum Creatinin and Urea values
above its norma ranges in diseased horses
group compared to control group.

Table (1). Changes in mean values of hematological parameters of diseased animal group and in comparison

to control healthy animal group.

Exam. Hb RBCs WBCs neutrophil Lymphcytes M onocytes Eosinophil Basophil
hor ses (g/dl) (x10°mm?) [ (x10¥mm?) (%) (%) (%) (%) (%)
Control 12.9 4795 6.925 505+25 4242 4.5+0.5 25+05 05+05
N=3 +0.2 +0.045 + 225
Diseased | 10.44*** 3.672** 9.870 42 4%** 44.6%** 3.8x** 8.2x** 04+0.1
N =6 +2.46 +1.23 + 294 +0.67 +4.6 +0.7 +2.7

*Significant at p< 0.05; Hb conc., Hemoglobin concentration; RBCs, Red blood cells; WBCs, white blood cells count. g/
dl, gram per deciliter, mm® cubic millimeter.
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Table (2). Changesin mean values of biochemical parameters (Total protein and different serum protein frac-
tions) of diseased animal group in comparison to control healthy animal group.

Exam. Total Albumen )
Horses protein (g/dl) Globulin (g/dl)
(g/d1)
al a2 B1 B2 s1 82
Control 6.88 2.87 0.726 0.493 0.676x 0.616 0.953 0.543
N=3 +0.08 +0.06 + 0.037 +0.017 0.043 +0.035 +0.014 +0.012
Diseased 5.91*** + 2.066 0.713 0.435 0.578 0.521 1.015 0.603* +
N=6 0.072 +0.038 +0.025 +0.321 +0.026 +0.04 +0.021 0.024

o/dl, gram per deciliter

Table (3). Changes in mean values of biochemical parameters of diseased animal group and in comparison to

control heathy animal group.

Exam. Hor ses ALT AST Creatinin Urea
(UIL) (UIL) (mg/dl) (mg/dl)
CNon:”; | 12.666 + 0.881 49,666 + 1.202 1,363+ 0.023 29.33+0.881
D:\lsefsﬁe‘j 23.666 + 3.326%** 70.833 + 6.431%** 1.78 + 0.050 305+ 1.87+%*

Significance *P >0.05, **P >0.01, ***P >0.001 ALT, Alanine amino-tranferase; AST, Aspartate amino-transferase; U/

L, Internationnal unit per liter; mg/dl, milligram per deciliter.

CELISA for detecting of T. equi antibodies
in examined hor ses:-

This diagnostic method was revealed that 53
(15.7%) of examined horses were seropositive
to T. equi. CELISA was recorded the highest

prevalence rate of T. equi in examined horses
in compared with other diagnostic methods
(microscopical examination and PCR) (Table
4). B. caballi antibodies weren't detected in
examined serum samples.

Table (4). Prevalence of T. equi in examined horses by using microscopic examination of stained blood

smears, cELISA and PCR.

Test Samples Positive Negative
No.
No. % No. %
Blood film 305 32 10.4 273 89.5
cELISA 305 49 16.1 256 83.9
PCR 24 3 125 16 64

CELISA, competitive Enzyme linked immunosorbent assay; PCR, Polymerase chain reaction.

Molecular detection of T. equi DNA in blood
of examined hor ses:

PCR technique was carried out on 24 horse
blood samples (Table 4). These samples were
amplified with a prevalencel2.5% and the tar-

get bands were detected in between 200 to
300bp (nearly about 283bp) (Fig 2). No posi-
tive reaction was observed by PCR for B. ca-
balli infection.
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Detection of T. equi DNA in horses blood samples by PCR assay.

Fig (2): Single PCR performed with genomic DNA of T. equi
M:100 bp DNA ladder., +ve : positive control., -ve : negative control., Lanel,3& 6: posi-
tive sample, Lane 2, 4,5,7&8: negative sample.

Discussion

Equine thelleriosisis anotifiable disease with a
wide distribution. Equine piroplasmosis is of
great importance because of the internationa
movement of horses in connection with equine
sport competitions, and some countries restrict
the entrance of horses that are serologically
positive for piroplasma species. For this rea-
son, specific and sensitive tests to detect piro-
plasma infections are needed. The clinical pic-
ture of piroplasmosisis variable and often non-
specific and gives only a hint for further inves-
tigation. Fever, icterus, anorexia and depres-
sion are the most frequent symptoms with low
erythrocyte counts, low hemoglobin (Zobba et
al., 2008).

In present study the results of the clinical in-
vestigation of examined horses were in agree-
ment with those reported by Rashid et al.
(2009), Takeet et al. (2009), Ibrahim et al.
(2011), Salib et al. (2013), OIE (2014)and Sa-
lem and EIl-Sherif (2015) who described the
Thelleria infection in equines in relation to the
history of fever, anaemia, anorexia and weak-
ness.

The clinical signs observed in clinically af-

fected horses of the present study might be at-
tributed to the infection of the RBCs by the
thellleria merozites which destructed the cell
wall of the RBCs causing hemolytic anemia
and Icterus. Also parasites spread through the
lymphoid system and other organs rapidly
could cause disturbance of the immune and
endocrine systems.

By microscopic examination of Gemsia stained
blood smears reveded the presence of small
intra-erythrocytic polymorphic stages of T.
equi meroziotes (Fig. 1A, B&C) in addition to
other two schizont forms in lymphocytes (Fig.
1D) in 32 out of 305 horses in screened horses
with a prevalence rate of 10.4%. The present
results of microscopic findings were agreement
with Rashid et al. (2009), Adaszek et al.
(2011), Ibrahim et al. (2011) and Salib et al.
(2013).

Concern The current recorded prevalence rate
nearly agreement with those by Katie (2010)
and lbrahim et al. (2011) who reported the
prevalence of T. equi was 14% and 18% in
Egypt. In other country also Ribeiro et al.
(2013a) stated that 12% in Brazil.

The high prevalence mentioned by Farah et al.
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(2003) was 38.8% in Egypt and Salim et al.
(2008) 63.5% in Sudan. These rates were
higher than results reported that in the current
study.

The low preva ence recorded by Ribeiro et al.
(2013b) 3.1% in Portugal, Malekifard et al.
(2014) 6.25% in Iran and Sumbria et al.
(2015) 4.17% in India

The variation in the prevalence of T. equi may
be attributed to different factors such as immu-
nological naivety, accuracy of screening tests
especially in asymptomatic piroplasm carrier
horses, geographical areas differences includ-
ing import/export restriction, density of in-
fected ticks and horses, inappropriate manage-
ment practices and differing climatic factors
such as temperature and humidity which affect
the tick vector proliferation.

In the present study, the hematological pa-
rameters showed a significant decrease in the
means values of total RBCs count and Hb con-
centration (Tablel) of diseased animals group
when compared to healthy animals control
group. This present hematological findings
were in agreement with all those mentioned by
Zobba et al.(2008), Al-Saad (2009), Rashid
et al. (2009), Ibrahim et al. (2011), Adaszek
et al. (2011), Salib et al. (2013) and Salem
and El-Sherif (2015).

The reduction of erythrogram in infected
horses with T. equi in the present work can be
explained in light of severa reasons, this
might be due to anemia, three mechanisms of
hemolysis have been described in canine babe-
siosis to explain the pathogenesis of anemia,
but the same causes could ascribed to equine
piroplasmosis (Zobba et al., 2008): mechani-
ca mechanism by trophozoite intra-
erythrocyte binary fission, immunomediated
mechanism by autoantibodies hepatobiliary
directed against components of the membranes
of infected and uninfected erythrocytes, and
toxic mechanism by hemolytic factor pro-
duced by the parasite (De Gopegui et al.,
2007).

In the present study a significant increase in
TLC, lymphocytes and eosinophils count
(Tablel) were observed in infected animal

groups. These changes in leukogram were in
agreement with the results of Ibrahim et al.
(2011) and Salem and El-Sherif (2015) who
proposed that the parasitic infestations usually
induce eosinophilic response. Ike et al. (2005)
indicated that in leukocytic findings, TLC in-
creases remarkably with the rise of parasitized
erythrocytes rate and the decrease in RBCs
count. Also, Bashiruddin et al. (1999) clarify
the increase in TLC may be due to the stimula-
tion of lymphoid system and bone marrow as
Immune response against the parasite or their
toxins resulting in proliferation of |ympho-
cytes.

The present biochemical findings revealed that
there were significant reduction seen in tota
proteins values (Table 2), which agree with
Hailat et al. (1997) and Al-Saad (2009) who
stated that decrease protein levels during blood
parasitic infection may occur due to digestive
disturbance, destruction of protein due to fever
as well as less production from liver. Concern-
ing the globulins level, an increase was ob-
served. The results are in accordance with
findings by other investigators Takeet et al.
(2009), Ibrahim et al. (2011) and Salib et al.
(2013). The observed hyperglobulinemia can
be attributed to an increase in the globulin
concentration in response to parasitic antigen
and released hemoglobin from destructed
erythrocytes.

In the present study significant increase in the
activities of ALT and AST (Table 3) was re-
corded in the diseased animal group when
compared to control group. The increase of
serum hepatic enzymes could be the result of
centrilobular degeneration and necrosis of
hepatocytes which generally express as liver
damage. These results corroborated by Takeet
et al. (2009), Ibrahim et al. (2011) and Salib
etal. (2013).

Urea and creatinine level were higher for in-
fected horses than for control (Table 3).The
difference was statistically significant for urea
but not for creatinine levels. Dehydration of
infected animals could explain the elevation of
serum urea concentrations. These agree with
Takeet et al. (2009) and Ibrahim et al.
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(2011). It can be concluded that theileriosis
hasa deleterious effect on the health of horses,
as indicated by the altered haematological and
biochemical parameters of infected animals.
The clinical picture of piroplasmosis is vari-
able and often non-specific and gives only a
hint for further investigation. Despite being
highly specific, blood smear analysisis of lim-
ited sensitivity to detect the agents of piroplas-
moses during the acute phase of the infection
(Butler et al., 2008). This is especialy true in
apparently healthy carrier hosts, during the la-
tent phase; the parasitaemia becomes too low
to detect positive chronic cases.

Serological tests are the method of selection to
detect latent infections. The detection of spe-
cific antibodies by various serological methods
has been recognized as the method of choice
for the identification of persistently infected
animals, which were subject to restrictions in
international commerce. Serological methods
also facilitated the testing of large numbers of
animals for epidemiological studies (Bose and
Peymann 1994).

Evidence was provided that good crude anti-
genic preparations of intracellular parasites
were difficult to produce, particularly due to
the presence of host contaminant components,
such as red blood fragments which made the
standardization of immunological assays a cru-
cia step by increasing the occurrence of non-
specific reactions (Mahoney and Goodger
1981).

The competitive inhibition enzyme-linked im-
munoassay (CELISA) was later improved by
the use of a recombinant protein instead of cul-
ture — derived whole parasites (Cunha et al.,
2002). This test overcomes the problem of an-
tigen purity because specificity depends only
on the monoclonal antibody used.

The prevalence of T. equi in the tested samples
with the three diagnostic methods was illus-
trated in Table (4) and showed that the highest
prevalence was recorded by cELISA compared
with microscopic examination and PCR.

It was found that, 49 (16.1%) of serum sample
were positive for T. equi by cELISA. This re-
sult was in agreement with Ibrhaem et al.

(2011), Baptista et al. (2013) and Sumbria et
al. (2016). The high prevalence obtained by the
serological assays in this study may be related
to various factors such as false-positivity or
Cross reaction.

By comparing the direct and serodiagnosis re-
sults with PCR results revealed false positive
and false negative results.

False positive did not show positive amplifica-
tion in PCR for T. equi. This may be attributed
to the parasites clearance from the circulating
blood in the treated host (Baptista et al.,
2013). In addition, parasites DNA in our study
blood samples may have been present in levels
below the sensitivity threshold of conventional
PCR which was used (Ribeiro et al., 2013a).
Serologically the antibodies could be detected
even 4 years after the parasites had been elimi-
nated from the blood (Bruning 1996).

While false negative results especialy in the
early infection period or in asymptomatic
chronic carriers horses which have very low
parasitaemia (Alhassan et al., 2007a and
Franzén et al., 2009). Asthe parasite can't de-
tected by microscopic examination of blood
smears. Despite being highly specific, blood
smear analysisis of limited sensitivity to detect
the agents of piroplasmoses and anaplasmosis
(Butler et al., 2008). On other side, serologi-
cally the antibody titers had not reached the
detectable levels (Baptista et al., 2013).

DNA amplification for the diagnostic detection
of equine piroplasmosis has been known as a
powerful tool both in the early phase of infec-
tion and in carrier animals (Rampersad et al.,
2003). In the present study, a total of 24 sam-
ples (which were positive with blood film ex-
amination and ELISA), were amplified with
aprevalence 12.5, the target bands were de-
tected at 283bp by using a universal primer
pair (Fig. 2).

The importance of PCR as highly diagnostic
tools for piroplasm which could be undetected
in the blood of asymptomatic carrier horses
that could infect ticks and transmit the disease
to other horses (Holman et al., 1997). The
transport of these carrier horses may result in
the dissemination of the parasites in T. equi-
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free countries. Like these asymptomatic carrier
horses are known sometimes to adapt to infec-
tion and may appear only in certain circum-
stances, such as under stress or severe immune
suppression resulting in relapse of the infection
(Abutarbush et al., 2012).

The parasites may reach several tissues of the
host like liver, spleen, groin lymph node,
lungs, heart, bone marrow, and bran
(Alhassan et al., 2007b). Recent studies have
been shown that bone marrow may be a poten-
tial reservoir site of T. equi and B. caballi in
clinicaly heathy horses (Alhassan et al.,
2007b and Pitel et al., 2010).

In international trading, cELISA is considered
as officia test because it shows both current
and past exposures to the parasite; on other
hand, molecular test targets only the DNA of
parasite, so for epidemiological studies, combi-
nation of both should be used (Munkhjargal
et al., 2013) because PCR shows the presence
of parasite and cELISA explores the history of
animal regarding the disease Sumbria et al.
(2016).

Conclusion

To remain infection free, necessary tools in-
clude accurate screening diagnostic tests. serol-
ogy aone cannot prove a state of activeor es-
tablished infection, unless seroconversion is
observed. PCR has been described as a more
sensitive and specific method than microscopi-
ca examination and ELISA to confirming,
characterizing, and differentiating detect
equine piroplasms infections.

Preventive measures and Control strategies
should be put into practice in order to reduce
exposure to and infection of horses by equine
tick-borne pathogens, which should include
reducing host exposure to ticks, spraying
horses with acaricides and treating positive
animals. Further studies which investigate on
the potential tick vectors will be useful for pro-
moting an integrated and comprehensive con-
trol of these equine pathogens.
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