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Abstract

Equine piroplasmosis is the most important tick-borne disease to affect horses in Brazil. Theileria equi is one of the causative
agents of equine piroplasmosis. Chronic cases are expected, in which the animals show no apparent signs of infection and remain
asymptomatic but constitute a source of the infectious agent that ticks can spread. This study was conducted across 81 ranches
located in the municipality of Sinop, State of Mato Grosso, Brazil. A sample calculation was performed to estimate the apparent
prevalence of T. equi among horses. A total of 1,853 animals were included in the sampling analysis based on the information
available from the Institute of Agricultural and Livestock Defense of Mato Grosso State. The serological analysis of 367 serum
samples using an indirect enzyme-linked immunosorbent assay (ELISA) to detect anti-T. equi antibodies revealed that 337 animals
were positive, representing a frequency of 90.70%. The molecular analysis to amplify the EMA-1 gene showed positivity in 20
of 89 tested samples. The fragments of four samples were sequenced and analyzed to determine their similarities to sequences
from other species, based on sequences deposited at GenBank. All showed 100% similarity with T. equi. Our study represents the
first report of T. equi antibodies among the equids in north-central region of Mato Grosso, revealing the widespread distribution of
seropositive animals.
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Resumo

A piroplasmose equina é a doenga transmitida por carrapatos mais importante em cavalos no Brasil. Theileria equi € um dos agentes
causadores da piroplasmose equina. Sdo esperados casos crdnicos, nos quais 0s animais nao apresentam sinais aparentes de
infeccdo e permanecem assintomaticos, mas constituem uma fonte de infec¢do e disseminagao por carrapatos. Este estudo foi
realizado em 81 fazendas localizadas no municipio de Sinop, Estado de Mato Grosso, Brasil. Um calculo amostral foi realizado
para estimar a prevaléncia aparente de T. equi entre cavalos. No total, 1.853 animais foram incluidos na analise amostral com
base nas informacdes disponiveis no Instituto de Defesa Agropecuaria do Estado de Mato Grosso. A analise sorolégica de 367
amostras de soro por meio de ensaio imunoenzimatico indireto (ELISA) para detecgéo de anticorpos anti-T. equi revelou que 337
animais eram positivos, representando uma frequéncia de 90,70%. A analise molecular para o gene EMA-1 mostrou positividade
em 20 das 89 amostras testadas. Os fragmentos de quatro amostras foram sequenciados e analisados para determinar suas
semelhangas com sequéncias de outras espécies, a partir das sequéncias depositadas no GenBank. Todos mostraram 100%
de similaridade com T. equi. Nosso estudo representa o primeiro relato de anticorpos contra T. equi entre os equideos na regiao
centro norte de Mato Grosso, revelando a ampla distribuigdo de animais soropositivos.
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affect horses and other equids. In conjunction with Babesia
caballi, this tick-transmitted piroplasm can cause hemolytic
anemia during the acute phase of the disease (CAMPOS et al.,
2019). T. equi is primarily transmitted by tick species belonging
to several genera, such as Rhipicephalus, Dermacentor, and
Hyalomma (WISE et al., 2014). However, in some countries such
as the USA and Japan, Amblyomma mixtum and Haemaphysalis
longicornis have also been implicated in T. equi transmission
(SCOLES and UET], 2015). Infected animals become pathogenic
carriers and may serve as a source of infection through tick
vectors for a long time, allowing the subsequent transmission
of T. equi to other equid hosts. Therefore, equine theileriosis
is considered a highly relevant disease with global distribution
and is considered endemic in some regions with tropical and
subtropical weather, where at least one competent tick vector
exists. The infection rates among domestic horses in endemic
regions may reach as high as 60%, and in some regions, more
than 90% of animals can be infected with either T. equi alone
or in combination with B. caballi (SCOLES and UETI, 2015).

The clinical disease can occur in acute, sub-acute, or chronic
forms. Commonly, acute and sub-acute cases are characterized
by marked hemolysis and subsequent anemia. Other symptoms
observed in these two disease forms include fever, anorexia,
anemia, jaundice, mucosal surface petechiae, hemoglobinuria,
tachypnea, weakness, abortion, and even death. The symptoms
present in sub-acute cases are typically milder than those
observed in acute cases and are accompanied by weight loss and
intermittent fever. Chronic cases are the most common condition,
in which animals present with no apparent signs and remain
asymptomatic but constitute a source of the infectious agent that
can be spread by ticks (VIANNA et al., 2014; Wise et al., 2014).

The diagnosis of equine theileriosis is commonly challenging
because the symptoms are often nonspecific. T. equi infections
can often confuse Babesia caballi infections due to the clinical
and sub-clinical similarities between the symptoms associated
with these two infections. Blood smears can be used, in some
cases, mainly when parasitemia is evident. Even when the
visualization of the merozoite form is possible, a conclusive
diagnosis must be performed using a more accurate method
because the morphologies of this form of T. equi and B. caballi
are often similar. Serological and molecular methods are more
accurate identification methods (MANS et al., 2015).

In Brazil, several seroepidemiological and detection studies using
molecular techniques have been conducted in different regions to
establish the distribution, prevalence, and risk factors associated
with T. equi infections in horses and other equids (BALDANI et
al., 2010; GUIMARAES et al., 2016; MACHADO et al., 2012;
MINERVINO et al., 2020; NOGUEIRA et al., 2017; PROCHNO
etal., 2014; QUINTANANIZOLI et al., 2008; VIEIRA et al., 2018;
VIEIRA et al., 2013).

Because the horse population in the north of Mato Grosso
State is relevant, and appropriate climate conditions for tick
vectors characterize the region, determining the distribution
and prevalence of equine theileriosis in this region is necessary
to understand the disease epidemiology and impacts on
animal health. The primary aim of this study was to determine
the seroprevalence of T. equi and perform the PCR-based
detection of T. equi in horses from different rural locations in
the municipality of Sinop, MT, Brazil. The study was performed
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to establish whether any associations existed between the
pathogenic prevalence and any intrinsic animal features or health
management practices.

Materials and Methods

This study was conducted across 81 ranches located in the
municipality of Sinop, State of Mato Grosso, Brazil. According
to Képpen criteria as Tropical wet and dry (Aw), the local climate
was classified with rainfall concentrated in the summer/autumn
and the dry season in winter/spring (Stape et al. 2014). The
average annual temperature is 25.5 °C, with 20.2 °C minimum
and 33.0 °C maximum temperatures. The mean annual relative
air humidity is 70%, with annual precipitation of 2250 mm.

Figure 1: Sampling spots in Sinop municipality, MT

Sample calculation was performed using EpiTools (AusVet
Animal Health Services, 2016) to determine the necessary
sample size required to estimate the apparent prevalence of
T. equi in horses. A total of 1,853 animals were included in the
sampling analysis, based on the information available from the
Institute of Agricultural and Livestock Defense of Mato Grosso
State (INDEA). According to INDEA dataset, 412 farms in Sinop
were involved in the breeding, raising, or using horses for any
activity in 2015. We used 50% as the expected prevalence when
performing the calculations, as no a priori information currently
exists regarding the epidemiological status of equine theileriosis
in the Sinop region. The maximum error expected was 10%, and
the confidence level defined for the study was 95%. On farms
with fewer than five horses, all animals were sampled, whereas
on farms with more than five animals, samples were collected
from approximately 20% of the herd.

Epidemiological information

An epidemiological questionnaire was designed to obtain
information regarding the ranches and animals (Madureira et al.,
2009). The herd-level variables that were investigated as putative
risk factors and included on the questionnaire: the predominant
breed (Quarter Horse, crossbreeds, and other breeds), gender
(male and female), age (up to four years, four to 15 years, and
older than 15 years), use (leisure, sport, reproduction, and
work), and health management, with a focus on ectoparasite
control. The self-reported questionnaire was answered during
an interview in the same day of blood sampling.
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Sample collection

The horse ranches were selected through a convenience sampling
method due to difficulties associated with local accessibility;
however, blood samples were taken randomly within the farms,
irrespective of horse breed, gender, use, or age. Sampling was
first performed between 30/07/2013 and 08/08/2013 (samples 01
- 213), and then between 18/09/2015 and 12/07/2016 (samples
214 - 434).

Samples were collected by venipuncture (vacutainer tubes and
needles; Becton Dickinson Vacutainer Systems, Franklin Lakes,
NJ), later processed at the Laboratory of Infectious Disease at
the Federal University of Mato Grosso by centrifugation (3000
G for 15 min.). Serum samples were then aliquoted into micro
tubes and stored at —20°C until serological analysis. For the
nested polymerase chain reaction (PCR), others blood samples
were collected from 89 horses (89/367) into tubes containing
ethylenediaminetetraacetic acid (EDTA), which were aliquoted
into micro tubes and stored at —20°C.

Laboratory analysis

Serology for T. equi was performed at the Laboratory of Parasitic
Diseases at the Federal Rural University of Rio de Janeiro using
the enzyme-linked immunosorbent assay (ELISA) technique
(BALDANI et al., 2004). We used samples from our serum bank
as positive and negative controls during these experiments. The
cut-off value was established as described by Frey et al. (1998),
using 99% confidence intervals.

The molecular analysis was performed using the nested-PCR
technique on 89 blood samples. We extracted DNA from
the samples and controls using a commercial kit (Wizard™
Genomic DNA Purification Kit, PROMEGA®), as recommended
by the manufacturer’s instructions. The extracted DNA was
analyzed individually using the forward primer EMA-1F
(5’-GCATCCATTGCCATTTCGAG-3’) and the reverse primer
EMA-1R (5-TGCGCCATAGACGGAGAAG-3’), which were
designed to amplify a region of the T. equi equi merozoite antigen
1 (EMA-1), according to a methodology that was previously
described by Alhassan et al. (2005). The expected size PCR
products were cleaned using ExoSAP-IT (Affymetrix®) and
sequenced using a capillary-type Sanger platform in an ABI
3730 DNA Analyzer (Applied Biosystems, Life Technologies®).
The sequences that were generated were compared against
published data using the NCBI Nucleotide BLAST program.

The apparent prevalence of T. equi was estimated by defining
a specific weight for each sampled unit based on each animal’s
herd size relative to the studied population, following the method
described by Dargatz and Hill (1996) and Dohoo et al. (2003).
Stata software 14 (Stata Corporation, College Station, TX) was
used to perform data management and statistical analyses. The
adjusted prevalence rate ratio (PRR) and 95% confidence interval
(Cl) for each variable were estimated using Poisson regression.
Variables with p-values < 0.15 in the univariate analyses and
those with known, plausible, biological associations with T. equi
positivity were included in the multivariate analysis, to which a
backward selection approach was applied (p < 0.05).
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Results

The indirect ELISA for the detection of anti-T. equi antibodies in
the 367 tested serum samples revealed that 337 animals were
positive, resulting in a frequency of 90.70%.

The molecular analysis designed to amplify the EMA-1 gene
found in T. equi, showed positivity in 20 of 89 samples. The
fragments from two samples were sequenced and analyzed to
determine their similarities with the sequences of other species,
based on the sequences deposited at GenBank, and all showed
100% similarity with T. equi. The partial nucleotide sequences
generated were deposited in GenBank with access numbers
MW815402 and MW815404.

After performing the univariate analyses, those variables with
p-values < 0.15 were included in the multivariate analysis,
including sex, origin, leisure use, sport, reproduction, work,
more than one use, total horses on the property, use of ticks,
and species consortium. Neither sex nor the age of the horse
(younger than four years, from four to 15 years, and older than
15 years) was significantly associated (p >0.05) with T. equi
seropositivity. Breed (Quarter Horse, crossbreed, and other
breeds) was not associated with T. equi seropositivity. Using the
backward selection method, only those variables with p-values <
0.05 were considered significant and remained in the final model.

Discussion

Equine theileriosis has long been considered an important and
endemic disease for the equine industry in Brazil because it
has widely spread throughout the equid population in several
regions of the country, which has been demonstrated by
extensive previous studies using a variety of diagnostic methods
(BALDANI et al., 2010; BARBOSA et al., 1995; CAMPOS et al.,
2013; CAMPOS et al., 2014; GUIMARAES et al., 2016; HEIM
et al., 2007; MACHADO et al., 2012; MINERVINO et al., 2020;
PECKLE et al., 2018; PECKLE et al., 2013; QUINTANA NIZOLI
et al., 2008; VIEIRA et al., 2018).

To our best knowledge, this study represents the first serological
and molecular study to examine equine theileriosis by evaluating
the epidemiology of T. equi across 81 farms in northern region
of Mato Grosso, Brazil. Laboratory diagnostic findings, in
conjunction with associations between disease prevalence and
various farm features and management practices, will contribute
to our understanding of the epidemiology of this disease
throughout the country.

Concerning the serological survey, 90.7% of the animals were
seroreactive. This high proportion of seroreactive horses likely
indicates the endemic status of this disease in the region of study.
These results agree with other findings all over Brazil, where high
infection prevalence rates support the endemic status of this
disease in the study regions. This finding is also in concordance
with other serological studies that have been performed using
ELISA or indirect ELISA tests to examine T. equi in Brazil, which
have shown high prevalence ranges, from 21.6% to 81.09%
(CAMPOS et al., 2013; GOLYNSKI et al., 2008; KERBER et
al.,, 2009; MACHADO et al., 2012; MINERVINO et al., 2020;
PROCHNO etal., 2014; SANTOS et al., 2011; VIEIRAet al., 2013).



This high seroprevalence may be common to regions where
the disease is considered highly endemic, particularly when
comparing the high infection frequency identified in this study
with previous serological study findings that have used other
techniques, such as the indirect fluorescent antibody test (IFAT),
for which serological prevalence values have ranged from 22.1%
to 100% (BARBOSA et al., 1995; QUINTANANIZOLI et al., 2008;
GOLYNSKI et al., 2008; BALDANI et al., 2010; GUIMARAES
et al.,, 2016; NOGUEIRA et al., 2017; CAMPOS et al., 2019).
Even higher percentages of seroreactive horses, reaching as
high as 100% of the tested equine population, have previously
been observed in other regions, including Jaboticabal, Sdo Paulo
(BALDANI et al., 2010) and rural areas of the State of Rio de
Janeiro (BARBOSA et al., 1995).

In contrast, only 22.7% of T. equi-infected horses were identified
by the PCR amplification of the EMA-1 gene, based on 89 blood
samples. This finding is in concordance to other epidemiological
studies conducted in other Brazilians'regions, such as Mato
Grosso do Sul (HEIM et al., 2007; KIM et al., 2008; CAMPOS et
al., 2019), Minas Gerais (HEIM et al., 2007), Rio Grande do Sul
(QUINTANANIZOLI et al., 2008; VIEIRA et al., 2018), Séo Paulo
(HEIM et al., 2007; BALDANI et al., 2010; MACHADO et al., 2012),
Rio de Janeiro (PECKLE et al., 2013), Maranhdo (NOGUEIRA
etal., 2017), and Parana (PROCHNO et al., 2014), for which the
prevalence values have ranged between 13.4% to 96%.

Besides, this study highlights risk factors associated with the
property features, breed management, and animal characteristics.
Regional differences in the seropositivity and infection rates
identified among equine populations should be carefully analyzed
because of farm-specific management practices, climate
conditions, topography, the population densities of horses and
other animals, the dynamics of the tick populations. Moreover, the
use of differing serological and PCR approaches and techniques
may mask the true disease prevalence.

According to the univariate analysis, neither sex nor the horse’s
age was associated (p >0.05) with T. equi seropositivity. On
the other hand, the breed was not associated with T. equi
seropositivity, which other authors previously described
(ABUTARBUSH et al., 2012; CAMPOS et al., 2013; PECKLE et
al., 2018). Furthermore, the same authors showed a significant
association between the use of horses for more than one activity
and the frequency of T. equi positivity, which was also observed
in this study.

Additionally, in the bivariate analysis, no significant association
was found between T. equi ELISA-seropositivity and horses
used for breeding (p = 0.05), which agrees with the findings of
previous studies performed in the State of Rio de Janeiro in 2013
(CAMPOS et al., 2013).
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The use of horses primarily for specific purposes, including
recreational activities and work, were factors that were associated
with T. equi infection (p < 0.001). Other studies reported similar
factors to be significantly associated with T. equi seropositivity
or PCR and gPCR positivity in horses (ABUTARBUSH et al.,
2012; PECKLE et al., 2018). In contrast, recreational activities
were not associated with seropositivity in a study performed in a
municipality of the State of Rio de Janeiro in 2013 (CAMPOS et
al., 2013). In this study, horses used for sport were associated
with T. equi infection positivity (p = 0.1), which was also identified
by other investigations to be a significant factor associated with
T. equi infection (ABUTARBUSH et al., 2012; PECKLE et al.,
2013). A significant association between T. equi infections and
farms where acaricide treatments were applied for tick control
was also observed (p < 0.01).

That is the first report to describe a serological and molecular
survey on equine theileriosis in a relevant number of horses
for the northern region of the State of Mato Grosso. Infection
positivity was also associated with certain intrinsic and extrinsic
features of the animals evaluated.

According to the results of this study, the region is likely in
an endemic disease state. The endemic situation of equine
theileriosis in the northern region of the State of Mato Grosso
highlights the importance of using appropriate methods for
disease control and the control of potential disease-transmitting
tick populations.

Our results showed the highest seropositive frequency value
compared with previous reports. Because none of the tested
animals were clinically sick or exhibiting symptoms compatible
with clinical piroplasmosis, the endemic stability of the disease
in the evaluated horse population is likely.

The presence of T. equi antibodies in equids revelated the
widespread distribution of seropositive animals, indicating that
the endemicity of equine theileriosis is well-established in the
study region, and the prevalence in the equine population agrees
with other studies performed Brazil.

Conclusion

The high seroprevalence rate found for T. equi in the evaluated
horse population emphasized that active surveillance and
appropriate control methods are critical for monitoring equine
health status. The present study contributes to the understanding
of the epidemiology of equine theileriosis in Brazil. Further
research on equine theileriosis should be conducted at the
regional and national levels to provide baseline information
regarding epidemiology, tick vectors, and control methods.
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