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Abstract

The erythrocytic-stage surface protein, Equi Merozoite Antigen 1 (EMA-1), is a major candidate for the development
of a diagnostic antigen for equine piroplasmosis. In order to establish an effective diagnostic method for practical use,
the gene encoding the entire EMA-1 of Theileria equi Jaboticabal strain was cloned and expressed in Escherichia coli as a
histidine-tagged protein (His6-EMA1). The expressed EMA-1 reacted with specific antibodies in Western blot and had
an apparent molecular mass of 34 kDa which was largely consistent with its theoretical value. The nucleotide sequence of
the EMA-1 gene of Jaboticabal strain was comparatively analyzed with other published sequences. The results indicated
a high degree of homology with EMA-1 genes of all other strains isolated from various countries. The recombinant
purified His6-EMALI protein was tested in an enzyme-linked immunosorbent assay (ELISA) for the detection of
antibodies anti- 7. equi in horses. The ELISA clearly differentiated 7. equi-infected from Babesia caballi-infected horse
sera or normal horse sera. Field serum samples collected from horses in the State of Sao Paulo, Southeastern Brazil,
were examined for the diagnosis of 7. equi infection by ELISA. Of 170 samples analyzed, 95.88% (163/170) were
positive for 7. equi infection. These results suggest that the His6-EMA1 protein expressed in E. coli could be a reliable
immunodiagnostic antigen for ELISA test and that 7. egui infection is a serious concern in the State of Sio Paulo,
Brazil.

Keywords: Theileria equi, diagnosis, EMA-1, ELISA.

Resumo

A proteina de superficie eritrocitdria, Antigeno 1 do Merozoita de Theileria equi (EMA-1), é um potencial candidato
para o desenvolvimento de antigenos de valor diagnéstico para a piroplasmose equina. Com o objetivo de estabelecer
um método de diagndstico efetivo e prético, o gene EMA-1 da amostra Jaboticabal - SP de 7. equi foi clonado e
expresso em Escherichia coli contendo uma cauda de poli-histidina (His6-EMA1). O EMA-1 expresso reagiu com
anticorpos especificos no Western blot e apresentou peso molecular aparente de 34 kDa, sendo altamente consistente
com seu valor tedrico. A sequéncia nucleotidica do gene EMA-1 da amostra Jaboticabal foi analisado comparativamente
com outras sequéncias publicas, e os resultados indicam elevado grau de homologia com amostras de diversos paises.
A proteina recombinante purificada His6-EMA1 foi testada no ensaio imunoenzimdtico (ELISA) para a deteccio de
anticorpos anti-7. equi em equinos. O teste de ELISA diferenciou-se claramente entre soros de equinos infectados por
T equi, soros de animais infectados por Babesia caballi e soro normal de equino. Amostras de soros coletadas de equinos

*Corresponding author: Rosangela Zacarias Machado

Departamento de Patologia Veterindria, Faculdade de Ciéncias Agrdrias e
Veterindrias, Universidade Estadual Paulista — UNESP,

Via de Acesso Prof. Dr. Paulo Donato Castellane, s/n,

CEP 14884-900, Jaboticabal - SP, Brazil;

e-mail: zacarias@fcav.unesp.br

www.cbpv.com.br/rbpv



v. 20, n. 1, jan.-mar. 2011

Production of recombinant EMA-1 protein and its application for the diagnosis of Theileria equi 55

do Estado de Sao Paulo, sudeste do Brasil, foram examinadas para o diagndstico da infec¢io por 7. equi pelo ELISA.
Das 170 amostras analisadas, 95,88% (163/170) foram positivas para 7. equi. Os resultados sugerem que a proteina
His6-EMAL1 expressa em E. coli pode ser um antigeno confidvel para diagnéstico imunoldgico pelo teste de ELISA, e

que 7. equi merece grande atengio no Estado de Sao Paulo.

Palavras-chave: 7heileria equi, diagnéstico, EMA-1, ELISA.

Introduction

Equine piroplasmosis, also known as biliary fever, is a tick-
borne protozoal disease caused by two intraerythrocytic parasites,
Theileria equi and Babesia caballi. This illness affects members of
Equidae family (horses, mules, donkeys and zebras) and may occur
in an acute, subacute or chronic form. The disease is generally
characterized by fever, anemia, icterus, hepatosplenomegaly,
intravascular hemolysis and petechial hemorrhages of mucous
surfaces, and hemoglobinuria (SCHEIN, 1988).

This disease is widely distributed in tropical and subtropical
areas worldwide where it causes significant economic loss to the
horse industry (BRUNING, 1996; DE WAAL, 1992; SCHEIN,
1988). International movement of horses into disease free-areas is
allowed only if they have been tested negative for piroplasmosis
through serological testing (UETT et al., 2005; BRUNING, 1996;
SCHEIN, 1988; TENTER; FRIEHOFF, 1986). In endemic
countries, such as Brazil, the control of equine piroplasmosis
is necessary to maintain the international market open to the
horse industry.

In Brazil, the seroprevalence of 7. equi and B. caballi is
particularly high and recent studies have shown that it ranges from
75 t0 90% (HEIM et al., 2007; BALDANI et al., 2004; XUAN et al.,
2001b). Despite the endemicity of equine babesiosis in the Western
Hemisphere, the presence of tick vectors Rhipicephalus (Boophilus)
microplus and Dermacentor nitens throughout the country points
to the importance of equine piroplasmosis control and diagnosis
in foreign animals (RIBEIRO et al., 1999; GUIMARAES et al.,
1998). Thus, with the V Military World Games in 2011 and
the 2016 Olympic Games, both in the city of Rio de Janeiro,
Southeastern Brazil, the number of imported horses from endemic
areas will increase and therefore the detection of carrier status in
these animals is necessary to prevent disease transmission. Indeed,
equine piroplasmosis is the main difficulty for horse transportation
to equestrian events or definitive exportation.

Since 1969 the complement fixation test (CFT) has been
used as the certified assay for the detection of horses infected with
T. equi (FRERICHS et al., 1969). However, several limitations
of CFT including low sensitivity have been described and a
number of different diagnostic methods have been proposed
to improve the rate of detection of carrier horses (BRUNING,
1996; TENTER; FRIEDHOFF, 1986; McGUIRE et al., 1971).
The indirect fluorescent antibody test (IFAT) is commonly used
for the diagnosis of 7. equi infection, but as CFT, is generally
limited by the detection range of antibodies and cross-reactivity
(BRUNING, 1996; SCHEIN, 1988). Besides the CFT and IFAT,
enzyme-linked immunosorbent assays (ELISA) with 7. equi lysate
antigen has been used for the detection of antibodies to 7. egui

(BALDANI et al., 2004; WEILAND et al., 1986). Although

good crude antigenic preparations from infected erythrocytes
can be used in sensitive and specific ELISA, the test is hindered
by a limited antigen supply (BALDANI et al., 2004). More
recently, several ELISA tests have been developed with the use
of recombinant antigens, demonstrating that it can be a useful
test for the identification of chronically infected 7. egui horses
(JAFFER et al., 2010; SALIM et al., 2008; HUANG et al., 2003;
CUNHA et al., 2002; HIRATA et al., 2002; XUAN et al., 2001a, b;
TANAKA et al., 1999).

The molecular search for 7. equi diagnostic antigens has
focused on the identification of immunodominant proteins that
are recognized by sera from horses infected with geographically
distinct isolates. Equi merozoite antigen 1 (EMA-1) is a major
surface protein of 7. equi (KAPPMEYER et al., 1993) and is
considered an important target for the development of an effective
diagnostic reagent (CUNHA et al., 2002; XUAN et al., 2001a;
KNOWLES et al., 1992). In the present study, we developed an
ELISA method using the recombinant histidine-tagged EMA-1
protein based on a Brazilian 7. equi strain and investigated its
potential use for the diagnosis of 7. equi.

Material and Methods

1. Parasite

The T equi Jaboticabal strain (Sao Paulo State, Southeastern
Brazil) was obtained in 1993 by Machado (BALDANI et al., 2004)
from an 8-day-old foal and cryopreserved in liquid nitrogen as
blood stability containing 10% dimethyl sulfoxide.

2. Cloning, expression and purification of recombinant
EMA-1 antigen

Erythrocytes infected by 7. equi Jaboticabal strain were
submitted to DNA extraction by a commercially available
method (Puregene Kit, Gentra Systems Inc., USA). The
full-length EMA-1 gene (819 pb) sequence was amplified
by PCR from genomic DNA using the primers EMA-1F
(5-GGAATTCATGATTTCCAAATCCTTTG-3’) and EMA-1R
(5°-GGAATTCTTAGTAAAATAGAGTAGAG-3’), which were
designed based on the polynucleotide sequence of the protein
EMA-1 from T. equi strain Pelotas (GenBank accession number
AF255730). The underlined sequences correspond to the EcoRI
site. The entire Open Read Frame (ORF) was subcloned into
the pMOSBlue vector (Amersham Pharmacia Biotech) and the
whole sequence was confirmed by DNA sequencing. The insert
was then transferred to the pET28a expression vector (Novagen)
using the same restriction sites. The correct plasmid construction
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pET28a-EMA1 and the control plasmid pET28a were used to
transform Escherichia coli strain BL21 (DE3) competent cells,
respectively. The production of the recombinant histidine-tagged
protein (His6-EMAL1) was first evaluated in a small scale (50 mL)
assay using 2YT medium containing 0.2% glucose and 30 pg.mL™"
kanamycin. The production of His6-EMAL1 (34.2 kDa) was
performed at 250 rev min™' and both temperature of growth
(25 to 37 °C) and concentration of inductor (0.1 to 0.4 mM IPTG)
were assayed during induction. The production of the full-length
His6-tagged polypeptide (58 amino acid residues, 6.3 kDa) was
obtained at 250 rev min™, 37 °C using 0.1 mM IPTG. Protein
expression was analyzed by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis 12% (SDS-PAGE) and confirmed by Western
blot using polyclonal anti-EMA-1 equine antibodies. Large-scale
cultures were grown in 5-liter flasks containing 1.0 L of medium
using the high expresser His6-EMA1 and polyhistidine tagged
cell clones. The cells were cultivated at 30 °C until OD_, = 0.6
and protein production was induced with 0.2 mM IPTG during
4 hours. Cells were harvested by centrifugation, resuspended in
0.1 L of lysis buffer containing 50 mM Tris-HCI, pH 9.0, 500 mM
NaCl, 30 mM imidazol, I mM phenylmethylsulphonyl fluoride
and 1 mM benzamidine and lysed by sonication. Cell debris and
nucleic acids were separated by centrifugation at 30,000 x g for
30 minutes and the supernatant was applied in a nickel-affinity
column in an Akta Prime Purification System (Amersham Pharmacia
Biotech, Uppsala, Sweden). Recombinant His6-EMA1 and His6-
tagged polypeptide were eluted in a linear elution gradient of
30-500 mM imidazol and their fractions were analyzed by SDS-
PAGE. Fractions containing the purified protein were pooled and
dialyzed three times against 2 L of sodium bicarbonate-carbonated
0.05 M buffer (pH 9.6) at room temperature.

3. Sera

Horse serum samples used for the evaluation of ELISA with
His6-EMA1 were as follow: 15 negative sera obtained from foals
before they suckled colostrums; 15 serum samples that tested
positive for 7. equi parasites in blood smears and by IFAT; 3 sera
from horses experimentally infected with B. caballi; 170 sera from
horses of the Northeast region of the State of Sao Paulo.

4. Immunization of mice with His6-EMAI

Immunization of mice was performed as previously described
by Machado et al. (1993). Ten micrograms of the protein His6-
EMAL in Freund’s complete adjuvant was intramuscularly injected
into mice BALB/c. The same antigen in Freund’s incomplete
adjuvant was injected into mice on day 14 and again on day 28.
Sera from immunized mice were collected 10 days after the last

immunization and evaluated by dot enzyme-linked immunosorbent
assay (dot ELISA).

5. ELISA

ELISA was essentially carried out according to the method as
previously described (BALDANI et al., 2004). The recombinant
antigen His6-EMAL1 and negative controls such as His6-tagged
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polypeptide and crude extract from E. coli strain BL21 (DE3)
were coated to 96-well microplates (Nunclon™ Surface; Nunc,
Denmark). Protein concentration was adjusted to 5, 10, 20 and
40 pg.mL". Optimal dilutions of antigen and positive and negative
sera were determined by checkerboard titrations. The immunological
activity of each serum was calculated by determining the sample
to positive serum ratio (S/P), considering positive and negative
sera as reference, using the following equation:

( mean sample

mean absorbance of
absorbance

negative serum reference

(1)
( mean absorbance of

mean absorbance of
positive reference serum

negativc serum rCfoCnCC

S/P values were grouped into ELISA levels (EL), which ranged from
0 (lowest level) to 9 (highest level). The discriminated absorbance
value (cut-off) was determined as being two and a half times the
mean absorbance value of the negative group, where readings
equal to or grater than the cut-off value were considered positive.
All tests were performed in duplicates.

6. Western blot

Sodium dodecyl sulfate polyacrylamide gel electrophoresis
and Western blot analysis were performed as previously described
(TOWBIN et al., 1979; LAEMMLI, 1970). Nitrocellulose
membranes were assayed with positive 7. equi and B. caballi
control sera diluted at 1:100.

7. Dot ELISA

Dot ELISA was performed as previously described
(MONTENEGRO-JAMES et al., 1990). Nitrocellulose membranes
(pore size 0.22 pm) were cut into 5.0 mm disks and handled with
forceps. Antigen in 10 pL amounts (4 pg of protein) was dotted
on the dull side of the disks. Antigen was fixed onto the disks by
drying for 30 minutes at 37 °C. Immunized mouse serum samples
were diluted at 1:100. The development of blue-purple dots on
disks when compared to negative serum and conjugate controls
was considered an evidence of positivity.

Results

1. Sequence analysis of EMA-1 gene from 1. equi strain
Jaboticabal

The EMA-1 gene from 7. equi strain Jaboticabal-SP was
amplified by PCR and subcloned into pET28a expression vector.
The full-length sequence was confirmed by DNA sequencing
and the ORF encoded a protein of 272 residues of amino acids.
Multiple sequence alignment was performed to evaluate the identity
of EMA-1 from 7. equi (GenBank accession no. DQ250541)
with the same protein from different strains. There are more
than 20 sequences of EMA-1 from different isolates deposited
previously in the GenBank databank. All sequences are highly
conserved, however the sequence of the protein EMA-1 from the
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T equi strain Jaboticabal is identical with other three polypeptide
sequences previously deposited. Moreover, this protein shows high
identity (99.3%) compared with the same protein from 7. equi
strain Pelotas (Figure 1), differing by two amino acids residues
at positions 84 and 200.

2. Protein expression and purification

Recombinant EMA-1 was expressed in soluble form (Figure 2)
and the single-step purification by immobilized metal-affinity
chromatography was sufficient to obtain high amounts of pure
protein (15 mg.L™). The relative molecular mass of the recombinant
His6-EMAL1 was 34 kDa by SDS-PAGE analysis, largely consistent
with its theoretical value (KNOWLES et al., 1997). Western
blot analysis shows that His6-EMA1 strongly reacted with sera
from 7. equi-infected horses but not with sera from uninfected
horses (Figure 3). Additionally, no reaction was seen with crude
extract from E. coli or the His6-tagged polypeptide. Some extra
bands were detected by the horse serum in recombinant lysates
and may represent alternative transcription or translation of
EMA-1 proteins, aggregation of EMA-1 products or degradation

of expressed proteins.
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3. Immunogenicity of EMA-1

To determine the immunogenicity of the EMA-1 gene expressed
in E. coli, BALB/c mice were immunized and the reactivity of the
antiserum was analyzed by Dot ELISA. The results demonstrate
that anti- 7. equi antibody produced in mice strongly reacted with
recombinant His6-EMA1.

4. Evaluation of ELISA with His6-EMAI

To evaluate whether the His6-EMAL expressed in E. coli can
be used as a suitable antigen for the diagnosis of 7. egui infection,
particularly in Brazil, the purified His6-EMA1 was tested in an
ELISA using positive and negative reference serum, as well as sera
from horses experimentally infected with B. caballi. Checkerboard
titrations showed an antigen concentration of 5 pg.mL™" in
carbonate buffer, pH 9.6, as optimum. Serum samples were
diluted at 1:100 and alkaline phosphatase conjugated anti-horse
IgG (Sigma Chemical Co., USA) used at 1:30.000. The average
absorbance of negative sera was 0.105 + 0.013, resulting in a
calculated cut-off value of 0.263 (EL 3 - Table 1). Absorbance
values found with anti-B. caballi sera were lower (0.161 +0.017)

IISKSFAFVFASIAISSILAEEEKPKASGAVVDFQLESINHITIDKQSEEHVVYTAHEGE]
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Figure 1. Multiple sequence alignment of amino acid sequences of EMA-1 proteins. The sequences correspond to the 7. equi strain Jaboticabal,
Pelotas, Brazil 2, USDA and Florida-JRA with GenBank accession n°. DQ250541, AF255730, AY058899, AB043618, AB015235, respectively.
Except for the protein EMA-1 from strain Pelotas that exhibits two amino acid changes into the polypeptide sequence (Thr84Ala and
Arg200Gly), the sequence of EMA-1 from strain Jaboticabal is identical to the other strains. This figure was generated using BoxShade 3.21
(htep://www.ch.embnet.org/software/BOX_form.html). Regions of amino acid identity are shown in black; non-conservative substitutions

are shown in white.
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Figure 2. SDS-PAGE of protein samples from His6-EMA1 purifica-
tion. (1), molecular weight markers (kDa) (Low Range, Bio-Rad);
(2), crude extract; (3 and 4), supernatant and precipitate after cen-
trifugation, respectively; (5), flow through and (6), His6-EMA1. The
protein was fused to His6-tag at the N-terminus. The cells were lysed
in 50 mM Tris-HCI, pH 9.0, containing 500 mM NaCl, 30 mM
imidazol, 1 mM benzamidine and 1 mM PMSE. The protein was
purified by affinity chromatography in 5 mL HiTrap Chelating in
an Akta Prime Purification System (Amersham Pharmacia Biotech).
His6-EMA1 was eluted in a linear gradient using 30-500 mM imi-
dazol. The protein was dialyzed against 10 mM Tris-HCI, pH 9.0,
containing 10 mM NaCl. Twenty-five micrograms of proteins
were loaded in each well and the gel was stained with Coomassie
Blue R250. The arrow indicates the full-length fusion protein with
34.2 kDa, based on the theoretical molecular weight.
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Figure 3. SDS-PAGE and Western immunoblotting of recombinant
His6-EMAL. a) SDS-PAGE 12%. 1) molecular weight markers
(kDa) (Bench Mark Ladder, Invitrogen); 2) crude extract from E. coli
strain BL21 (DE3) carrying the plasmid pET-28a without EMAI
gene subcloned (control) (20 pg); 3) His6-tagged polypeptide tag
(5 pg); and 4) recombinant His6-EMA1 protein (5 pg). b) Western
immunoblotting. 5) crude extract of E. coli lysates; 6) His6-tagged
polypeptide tag; and 7) His6-EMA1 were detected by the anti-EMA-1
polyclonal horse antibody. Arrows A and B indicates the full-length
fusion protein and the polyhistidine tag, respectively.
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than the defined cutoff value. The mean absorbance value of the
anti-7. equi serum group (1.130 = 0.152) was approximately
10 times greater than that obtained with non-infected sera,
clearly discriminating between mean absorbencies of positive
and negative reference sera. Additionally, optical density (OD)
readings of E. coli crude extract and His6-tagged polypeptide
control wells were lower than the defined cut-off value. The EL
was determined as shown in Table 1.

5. Diagnosis of 1. equi infection in horses by ELISA
with His6-EMAI

Serum samples collected from 170 field horses in the Northeast
region of the State of Sao Paulo were tested for detection of IgG
antibodies to 7. equi by ELISA. The number of sera distributed
through EL is shown in Figure 4. The estimated ELISA values
demonstrated that 95.88% (163/170) of the horses had EL 3-9,
with only 4.12% (7/170) of the serum samples being negative
for T equi infection.

Discussion

In the present study, we determined the nucleotide sequence
of the EMA-1 gene from 7. equi Jaboticabal-SP strain, Brazil and
comparatively analyzed with other published sequences available
in GenBank. The results indicate that even in strains already
isolated in Brazil there are sequence differences that are reflected
in the derived amino acid sequence. The analysis between T. equi
Jaboticabal strain (GenBank accession no. DQ250541) and Pelotas
isolate (GenBank accession no. AF255730) showed 99.3% of
identity. Moreover, the analysis of EMA-1 sequences with other
strains isolated from various countries reveals differences of as
much as 10% (NICOLAIEWSKY et al., 2001). Previous studies
have demonstrated antigenic differences between 7. equi isolates
from various regions (HEUCHERT et al., 1999). Kuttler et al.
(1988) obtained higher titers in IFAT test using homologous
antigens. Therefore, there is an increasing need to consider
differences in parasite characteristics at the molecular level in
order to develop more sensitive and specific diagnostic methods.
However, Heim et al. (2007) did not find diversity among 7" equi
isolates obtained from endemic areas of Brazil.

The recombinant antigen was expressed as a histidine-tagged
protein in E. coli with 35 amino acid residues added at the
N-terminus. We investigated the potential use of this protein in
ELISA to diagnose 7. equi in Brazilian horses. The ELISA proved
to be highly specific and sensitive when an OD,, of 0.263 was used
as the cutoff titer. The test clearly differentiated between 7. equi-
infected and B. caballi-infected horse sera and healthy horse sera.
These results demonstrate that the recombinant EMA-1 expressed
in E. coli can be a useful diagnostic reagent for the detection of
antibodies to 7. equi, especially in Brazil, when the antigen is
produced based on a Brazilian strain. EMA-1 has been proposed
as a suitable subunit vaccine or diagnostic antigen for the detection
of antibodies to 7. equi in horses (KAPPMEYER et al., 1993;
KNOWLES et al., 1991). Several ELISA tests for babesiosis using

recombinant equi merozoite antigens 1 and 2 produced in E. coli or
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Table 1. S/P values for EL 0-9.

EL S/P
0 0.000-0.131
1 0.132-0.177
2 0.178-0.239
3 0.240-0.323
4 0.324-0.436
5 0.437-0.589
6 0.590-0.795
7 0.796-1.073
8 1.074-1.449
9 >1.450
50 o 47
40
g 32
“§ 30 + 7 [ ]
8 24
g
Z 20 4
14
11
10 4 8
P
ol 0 [ 1] ﬂ ﬂ
o 1 2 3 4 5

6 7 8 9
Elisa level (EL)

Figure 4. Number of sera from horses (n = 170) raised in the
Northeast region of the State of Sao Paulo, Brazil, screened by ELISA
using recombinant EMA-1 protein and plotted by ELISA level (EL):
0 (lowest level) to 9 (highest level).

baculovirus insect cell system have been developed (JAFFER et al.,
2010; SALIM et al., 2008; HUANG et al., 2003; CUNHA et al.,
2002; HIRATA et al., 2002; TANAKA et al., 1999; XUAN et al.,
2001a, b). However, to our best knowledge this is the first report
of the development of a recombinant EMA-1 expressed by the
gene from 7. equi Jaboticabal strain.

Additionally, the production of EMA-1 in E. coli as in our
study offers some advantages as the methodology is simple and
addresses issues of antigen supply or contamination of red blood cell
components in antigen preparations MAHONEY; GOODGER,
1981). As known, protein production in E. coli is attractive because
high amounts of recombinant protein can be obtained in few
hours of induction. Moreover, other advantages include simple
protein purification, higher protein yield, improved folding, low
proteolysis, simple plasmid construction and economical culture
medium.

In this study the recombinant polyhistidine tagged antigen
EMA-1 was expressed at high level in a soluble form. Single-step
purification by affinity chromatography was sufficient to achieve
high amounts of pure protein. However, some native E. coli proteins
were copurified during chromatography but these proteins do not
exhibit nonspecific reactivity with normal horse sera in ELISA.
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Field serum samples collected from horses in the Northeast
region of the State of Sao Paulo were evaluated for the diagnosis
of T equi infection by using ELISA. Of 170 horses tested, 96.5%
were positive and they were all IFAT positive, considering titers
equal to or above 1:80, as demonstrated in a previous study
(BALDANI et al., 2010). Several studies have shown that the
prevalence of equine piroplasmosis in Brazil is of serious concern.
Heuchert et al. (1999) tested 752 serum samples from the State
of Sao Paulo by IFAT and CFT and reported prevalence rates
of 29.6% and 17.6%, respectively. Serum samples from horses
in different regions of Brazil were tested by CTF and the results
showed that the prevalence of 7. equi infection was 42.48%
(KERBER et al., 1999). Xuan et al. (2001b) examined serum
samples from horses in the State of Sdo Paulo and Mato Grosso do
Sul, central-western Brazil, and found 81% of 7. equi infection.
Moreover, Baldani et al. (2004) demonstrated that 75% of the
horses from Sao Paulo had antibodies anti- 7. equi. More recently,
Heim et al. (2007) tested horses from endemic areas in Brazil and
reported a seroprevalence of 91% for 7. equi. The prevalence of
equine piroplasmosis reported here is relatively higher and may
be due to differences in the serological tests used, horse breeding
operations or intensity of tick infestation.

His6-EMAT1 strongly reacted with both anti- 7" equi antibodies
produced in mice and sera from 7. equi-infected horses, as seen
in Western blot and dot ELISA analysis, which indicated that the
addition of 35 amino acid residues in the N-terminus of full-length
EMA-1 did not affect the antigenicity of the protein. Moreover,
as in ELISA, His6-EMA1 clearly differentiated 7. egui-infected
from B. caballi infected sera and normal sera.

The results of the present study reinforce the fact that EMA-1
is a suitable candidate for the development of a reliable diagnostic
test. ELISA with His6-EMA1 of 7. equi expressed in E. coli showed
a clear difference between negative and positive reference serum.
The antigen did not show cross-reaction with B. caballi-infected
horse sera and demonstrated to be immunogenic. Moreover, the
results indicate that equine babesiosis is widespread and therefore
is a serious concern in the State of Sio Paulo. Further studies
should be carried out to investigate the occurrence of equine
babesiosis and tick vectors of equine babesiosis in different regions
of Brazil using ELISA with recombinant EMA-1 produced from
Brazilian strains.
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