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Introduction
Equine piroplasmosis, caused by the intracellular protozoa 

Theileria equi and Babesia caballi, belonging to the phylum 
Apicomplexa, is considered the most important horse disease 
transmitted by ticks [1]. The disease is caused by infection with 
Theileria equi, formerly Babesia equi [2] and is called equine 
theileriosis [3,4]. The phylum Apicomplexa includes a large group 
of organisms, including the order Piroplasmida, comprised 
of compulsory vertebrate and invertebrate parasites [5]. The 
organisms have an apical complex containing secretory organelles 
involved in invasion and the parasite remains within the host 
[5]. Theileria equi has a wide geographic distribution and infects 
horses in Europe, Asia, Africa and South and Central America, 
but is considered endemic in tropical and subtropical [6]. Equine 
theileriosis stands out as a major cause of both horse illness and 
of losses to the horse raising industry. Even with improvements 
in health, piroplasmosis causes losses associated with clinical 
factors and through international restrictions on the transit of 
seropositive animals [7,8]. Theileria equi is small, 2-3 mm in 
length [9], pleomorphic within erythrocytes, and is isolated in 
pairs or when forming tetrads (Maltese cross). When parasitemia 
is low, they are barely visible under the microscope and can be 
easily confused with technical artifacts due to their small size [7]. 
The parasite is carried by ticks, especially the genera Anocentor, 
Amblyomma, Rhipicephalus and Haemaphysalis [10]. Rhipicephalus 
microplus is considered the responsible for infestations in horses 
when sharing pastures with bovine [11,12].

When taking a blood meal on a host, (an infected equine), 
the tick vector ingests erythrocytes containing the gametocytes 
that in its intestines will give rise to the gametes that will fuse 
to form the zygote. The zygote differentiates to the mobile form 
ookinete which is transported through the hemolymph to the 
salivary glands of the tick. Within the salivary glands, sporoblasts, 
and finally, sporozoites will give rise (MEHLHORN & SCHEIN, 
1998.Theileria equi transmission occurs through tick blood meals 
which contain infective (sporozoite) forms (UILENBERG, 2006). 
Theileria equi exhibits a biphasic cycle in the mammalian host 
with an intra-leucocyte development phase followed by an intra-
erythrocytes phase (RAMSAY et al., 2013). The intra-leucocyte 
phase includes infection of B and T lymphocytes, monocytes, 
and macrophages. However, unlike others theilerias, the pre-
erythrocytic stage of T. equi has not been clinically associated 
with disease, since it is not necessary to complete the lifecycle 
Ramsay et al. 2013. Approximately 2 days after infection T. equi 
schizonts begin to infect lymphocytes, and by 15 days merozoites 
can be viewed through blood smears in erythrocytes. The 
parasitemia reaches approximately 7% of the erythrocytes, but in 
immunocompromised animals it can reach 80% [14]. In nature, 
horses are T. equi reservoirs where transstadial transmission 
can occur [15]. In transstadial transmission, larvae that feed on 
infected horses are infected yet maintain sporozoites in their 
salivary glands. When changing into nymphs, these will then 
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targets against the parasite. EMA-1 and EMA-2 have been identified as immunodominant antigens and they are expressed on the surface of 
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become infected, spreading the parasite. The nymph will give 
rise to an infected adult as well [16]. The adult R. microplus male 
realizes intrastadial transmission, or rather, acquires the parasite 
during its feeding on infected animals, both in the acute phase and 
in the chronic phase of the disease, and transmits the infection to 
other healthy animals [17]. 

Transplacental transmission of T. equi in horses has been 
reported in the United Kingdom, Trinidad, and India [18-21] and 
can result in miscarriages, stillbirths, or foals birthed with neonatal 
theileriosis [22]. In neonatal theileriosis foals are born looking 
healthy, but from 24-48 hours after birth begin to show the first 
clinical signs, such as severe weakness, severe jaundice, elevated 
temperature and high parasitemia [20]. Reproductive failure of 
mares, as a result of intrauterine fetus infection, particularly with 
T. equi, is quite common in some countries DE WAAL, 1992. Equine 
piroplasmosis can still be transmitted iatrogenically by common 
use of contaminated syringes and needles [23]. Equine theileriosis 
is a condition that may occur in acute, sub-acute or chronic forms. 
Acute cases are characterized by fever, anorexia, anemia, jaundice, 
hepatosplenomegaly, intravascular hemolysis, mucosal surface 
petechiae, hemoglobinuria, abortion and even death [24,25]. 
Abortion can occur between the second and eleventh month of 
gestation [21]. The symptoms are barely observed in animals 
from endemic areas, since foals receive passive immunity from 
the mothers. Foals produce their own antibodies gradually as 
they come into contact with the parasite [25]. In sub-acute cases 
the symptoms are the same, though milder and accompanied by 
weight loss and intermittent fever [26]. Chronic cases are the most 
common with nonspecific signs and in most cases the animals are 
asymptomatic [15]. However, they may have poor appetite, low 
physical performance and a decrease in body mass [26]. 

Parasitemia is often absent but may reappear with 
immunosuppression [27]. Immunocompetent animals recovering 
from acute infections become asymptomatic carriers and continue 
as T. equi reservoirs, maintaining (in the presence of the vector) 
disease endemicity [22,15]. These animals develop a protective 
immunity against clinical disease when re-exposed to the parasite. 
This protection has been attributed to continuous stimulation 
of the immune system by remaining parasites [24,28]. Animals 
infected with T. equi have responded with high antibody titers 
against merozoite surface protein [29]. Merozoite surface antigens 
play important roles in the pathogenesis of the disease through 
recognition, binding, and penetration into host erythrocytes. 
These proteins are expressed on the surface of red blood cells and 
are recognized by the equine immune system [29-31].

Surface Antigens - Equi Merozoite Antigens (Emas)
In T. equi, two merozoite surface proteins equi merozoite 

antigens (EMAs: EMA-1, 34 kDa, and EMA-2, 30 kDa), were 
shown to interact with erythrocyte cytoskeletons and identified 
as immunodominant antigens [32-34]. In addition, other surface 
antigens were identified previously (EMA-3, 25 kDa and EMA-6, 
34 kDa), but their exact identity is unknown [35] IKADAI et al. [36] 
described EMA-3 as a T. equi protein that adheres to the inside of 

the erythrocytic membrane and it may have important role in 
the replication of parasite after erythrocytic invasion [35]. These 
glycoproteins belong to the main family of piroplasmic surface 
proteins (MPSP) and are conserved within the Theileria genus 
[37-39]. The molecular mechanisms involved in these cellular 
interactions between the protozoa and the host cells are not fully 
known [40]. Apicomplexa parasites, including Plasmodium spp. 
and Toxoplasma spp. [41] use surface proteins for binding to the 
surface of erythrocytes, in horses however, the receptors involved 
in this process are unknown [42] [40]. Co-expression of EMA-1 
and EMA-2 on the surface of free merozoites (extra-erythrocytic) 
has been demonstrated, however, they are not expressed in the 
asexual stage of merozoites in erythrocytes [30]. EMA-1 and EMA-
2 have 52% identity between their amino acid. In addition, they 
possess in their sequences a glycosyl phosphatidylinositol anchor 
(GPI), suggesting that the proteins are expressed on the surface of 
the merozoites, similar to other merozoite surface antigens from 
Babesia bovis, B. bigemina, Theileria annulata and T. sergenti [30].
The merozoites secrete EMA-2 and not EMA-1 into the erythrocyte 
cytoplasm, and/or insert them on the membrane surface [30] 
[40]. Gene nucleotide sequences for the EMA-1 glycoprotein, 
which is used in official tests for theileriosis diagnosis [43], have 
shown differences from those already deposited in GenBank, even 
in Brazilian strains [7]. These differences may alter the specificity 
and sensitivity of diagnostic tests. Since they are highly conserved, 
the nucleotide gene sequences for the T. equi EMA-2 glycoprotein, 
did not show, until now, diversity in comparison with those 
already deposited in GenBank [44].

Immune Response
The responses correlate with control of parasitemia T. equi-

infected horses produce antibodies against immunodominant 
merozoite proteins (EMAs). The exact role of this antibody 
response in immunity and persistence of disease remains unclear 
[45]. Persistent infection is characterized by variation in the levels 
of parasitized erythrocytes approximately between 103.0 to 106.0 

parasites per ml of blood. The precise mechanisms of adaptive 
immunity to control equine theileriosis are not fully understood, 
yet they are undoubtedly complex, multifaceted, and necessary 
to control [45,46]. There is evidence that both humoral and 
cellular responses are involved. Although essential in other hemo-
protozoan infections, such as, the immunity-mediated function 
in piroplasmotic cells has yet to be fully determined [45,46]. At 
erythrocyte lysis, the parasites become accessible to antibodies 
and their immune-mediated mechanisms [47]. Antibodies 
neutralize parasites, blocking their entry into cells, causing 
opsonization of infected erythrocytes, and eventually cell lysis 
[47]. However, high antibody titers alone are not able to protect 
against theileria infection [28].

Immunocompetent animals produce IgGa antibodies (IgG1) 
and IgGb (IgG4, 7) specific against merozoites during the acute 
phase of equine theileriosis, while IgG (T) (predominantly IgG5 
and to a lesser extent IgG3) appears only after resolution of 
parasitemia (chronic phase) [28]. IgG1 immunoglobulins, IgG3, 
IgG4 and IgG7 activate the complement, interact with Fc receptors, 
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and play an important role in resolving acute parasitemia [28]. In 
most endemic areas, colts that ingest colostrum from a theileriosis 
carrier mare are protected against infection and clinical disease 
during the first 1-5 months. When maternal antibodies decrease, 
the foals become susceptible to infection [45].

Diagnosis
Though differentiation between T. equi and B. caballi 

infections is important for success in the treatment and control 
of the diseases, they cannot be diagnosed based on clinical signs 
alone, they are not clinically distinguishable [48]. Theileriosis 
can be diagnosed by clinical signs associated with blood smears 
stained with Giemsa for parasite visualization in red blood 
cells. However, this method is flawed because of non-detection 
of the parasite in the blood of clinically normal and negligibly 
parasitized animals [49], it does not differentiate between the 
causative agents of piroplasmosis, T. equi and B. caballi, which 
can cause false-positive results [50], and due to its small size, T. 
equi can be confused with technical artifacts (KERBER, 2009). 
Theileria equi infections have been detected in both serologic and 
molecular assays [51]. Molecular and serologic tests are objective 
and accurate [50]. Conventional PCR has been performed using 
the 18S rRNA sequence from Piroplasma spp. [50,51] however, 
this molecular method, can fail in low parasitemia in animals 
in the chronic phase [50]. Usually, molecular assays are done in 
conjunction with serological tests such as IFAT and ELISA [50,51] 
or with parasitological tests and blood smears.

[1] used quantitative PCR (qPCR) for T. equi DNA detection 
in clinically healthy animals in an endemic area (Saudi Arabia). 
The complement fixation test (CFT) was widely used in the past 
in some countries and in certain regions continues to qualify 
horses for importation. It is an accurate method for detecting 
acute infections but does not identify animals that have been 
treated with drugs, moreover, IgG (T) the main immunoglobulin 
isotype of the chronic stage is unable to fix guinea pig complement 
[26]. Antibodies directed against merozoite surface proteins 
are important for immunity to infection by T. equi and therefore 
studies of immunological diagnosis of theileriosis focus on 
obtaining antigenic fractions of these proteins [33]. The sensitivity 
and specificity of immunological diagnostic tests depend on the 
antigen used. The use of recombinant antigens as specific and 
immunodominant epitopes reduces the generally observed cross 
reactions and unspecific reactions when total antigens are used. 
Therefore, it is plausible to use such recombinant antigens for T. 
equi detection [31,44,52,53].

cELISA is based on the EMA-1 protein and a monoclonal 
antibody (MAb) specific to a protein epitope on the merozoite 
surface [43]. cELISA is superior, sensibility and specificity, in 
relation to IFAT and CFT [1] However, differences in cELISA and 
qPCR results may be due to EMA-1 gene sequence variables, the 
presence of PCR inhibitors, or parasitemia below the detection 
limit of the assays [1]. Theileria equi EMA-2 has been expressed 
in different expression systems: Baculovirus [54], Escherichia coli 
[52] and Pichia pastoris [53] The protein expressed in baculovirus 

has presented contamination with proteins as secreted by Sf9 
cells [54], and by proteins produced by baculovirus itself which 
hinder its use in immunodiagnostic assays [52]. When expressed 
in E. coli, the EMA-2 protein was expressed in truncated form 
[44] and as a prokaryote system, the protein showed no post-
translational modifications. Flaws in protein folding can hide 
important epitopes this may interfere with the functioning 
of these proteins in immunodiagnostic tests or as antigens in 
recombinant vaccines [55,56]. In studies performed by our group 
[53], EMA-2 was expressed in the yeast P. pastoris and presented 
epitopes which were recognized by antibodies present in horse 
sera naturally infected with T. equi. From these results, an indirect 
ELISA was developed using the rEMA-2 protein as an antigen. The 
results obtained in these experiments were promising because the 
test showed a sensitivity of ~ 91%, and specificity of ~ 83% [53].

Treatment, Control and Prevention
In endemic areas, treatments for theileriosis are used only as 

a means to reduce deaths and clinical signs of the disease. In non-
endemic areas, trying to stay free of the disease, we find treatment 
of infected animals with the intention of clearing (chemical 
sterilization) [45]. Several studies have evaluated the potential 
use of vaccinations to induce immunity to T. equi infection, yet 
no vaccine is commercially available. There are also no specific 
drugs able to eliminate chronic T. equi infections or completely 
prevent infection in animals [15,45,57,58]. The existing medicines 
may however, control symptoms in acute infections and improve 
clinical signs though without completely eliminating the parasite  
[15,58]. However, data collected during an outbreak of equine 
theileriosis in Texas indicates that T. equi can be eliminated 
in infected horses with an appropriate dosage of imidocarb 
dipropionate [45]. There are a variety of non-specific drugs 
(imidocarb, tetracycline, diminazene, and buparvaquone) being 
used to control equine theileriosis, yet this makes it difficult to 
establish a treatment protocol [48]. Imidocarb in its dipropionate 
salt (ID) is considered to be the most effective non-specific drug. 
An alternative form of this drug, (dihydrochloride salt) causes 
more severe muscle damage at the injection site [45]. Measures 
such as euthanasia or quarantine of theileriosis positive animals 
can be used for those animals that have survived the acute phase 
of infection. To eliminate contact with the tick vector; avoiding 
transfer from one equine to another is also important to control 
the disease [58].

In non-endemic countries, prevention is done by regulating 
the movement of horses from endemic nations. Depending on the 
country, animals must test negative for T. equi in serological tests, 
usually cELISA or IFAT, as required by the importing country. If 
positive, entry of these animals is usually denied except for well-
regulated sports events [45]. Application of acaricides before 
transport is also used to ensure that there is no introduction of 
ticks to clean animals [45].

Conclusion
Given the high prevalence and importance of equine 

theileriosis in endemic countries, studies to develop more 
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sensitive and specific immunodiagnostic tests, specific drug and 
vaccines as well, becomes increasingly important. Thus, economic 
losses due to international blocking of horse transport from 
endemic countries to those considered free of the disease, can be 
minimized [59].
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