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Abstract

Equine Piroplasmosis (EP) is a tick-borne disease caused by the protozoan parasites Babesia caballi, Theileria equi, and
Theileria haneyi, characterized by intravascular hemolysis and associated systemicillness. Although T. equi and B. caballi
have been widely reported in some regions of Brazil, data from other states are limited. Additionally, despite reports
of T. equi genotype C, currently recognized as T. haneyi, has been identified in Brazil, there are no investigations using
T. haneyi-specific molecular tools. This study assessed the presence of these three agents in horses from Baixada
Maranhense microregion (n = 34), northeastern Brazil, and in horses from an equestrian center (n = 12) in Guara,
southeastern Brazil. Of 46 horse DNA samples, one (2.1%) from an imported animal in the equestrian center tested
positive for T. haneyiin ema-10 and ema-17-based PCR assays. Two animals tested positive for T. equi in a species-specific
PCR (ema-T1), and all samples were negative for B. caballi. BLASTn analysis showed ema-10 and ema-11 sequences
shared 98.9% to 99.3% identity with T. haneyi detected in a horse at the U.S.-Mexico border. Despite the small sample
size, this study confirms the presence of T. haneyi in Brazil and the need for monitoring imported animals.

Keywords: Babesia, equine piroplasmosis, equi merozoite antigen, Theileria.

Resumo

A Piroplasmose Equina é uma doenca transmitida por carrapatos, causada pelos protozodarios Babesia caballi,
Theileria equi e Theileria haneyi, caracterizada por hemdlise intravascular e quadro clinico sistémico. Embora T. equi
e B. caballi sejam amplamente relatados em algumas regides do Brasil, ha informacdes limitadas em outros estados.
Apesar de relatos do gendtipo C de T. equi, atualmente reconhecido como T. haneyi, no Brasil, ndo ha estudos com
ferramentas moleculares especificas para T. haneyi. Este estudo verificou a presenca desses trés agentes em cavalos
amostrados na microregido da Baixada Maranhense (n = 34), no nordeste, e de um centro equestre (n = 12) em
Guarg, no sudeste do Brasil. Dentre as 46 amostras analisadas, uma (2,1%) coletada de um animal importado, foi
positiva para T. haneyi nos ensaios de PCR (ema-10 e ema-11). Dois animais foram positivos para T. equi em PCR
especifico (ema-17), e todas as amostras foram negativas para B. caballi. A analise do BLASTn mostrou identidade
de 98,9% a 99,3% com T. haneyi detectado em um cavalo amostrado na fronteira EUA-México. Embora o nimero
de animais amostrados seja pequeno, o estudo confirma a presenca de T. haneyi no Brasil e a necessidade de
monitoramento dos animais importados.
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Detection of Theileria haneyi in Brazil

Introduction

Working equids, such as horses, donkeys, and mules, play an important role by supporting sectors including
cattle raising, construction, tourism, mining, public transportation and other equine-assisted services, such as
equine therapy. However, the health of these animals is often neglected (Valette, 2015).

Equine Piroplasmosis (EP) is a tick-borne disease caused by the hemoprotozoan parasites Babesia caballi,
Theileria equi, and the newly discovered Theileria haneyi (Knowles et al., 2018). The EP affects both domestic and
wild equids and the clinical appearance of the disease is characterized by intravascular hemolysis and associated
systemic illness (Wise et al., 2014).

The infection caused by T. equi and B. caballi can lead to a similar clinical presentation yet T. equi and B. caballi
are distinct in terms of virulence, life cycle, infection dynamics, drug resistance and persistence in horses
(Zobba et al., 2008; Wise et al., 2014). On the other hand, T. haneyi demonstrated reduced clinical severity in
spleen-intact or splenectomized horses (Knowles et al., 2018; Sears et al., 2022). In addition to infection dynamic
studies, comparative genomic analysis of T. equi and T. haneyi has revealed that T. haneyi has undergone genomic
reduction (Knowles et al., 2018).

Aside from the effects on the health of animals, T. equi infection has economic implications for international
trade because infected horses are restricted from entering non-endemic countries (Coultous et al., 2023).

Despite of T. equi and B. caballi have been thoroughly reported in some areas of Brazil (Machado et al., 2012;
Peckle etal.,2013; Braga et al., 2017; Vieira et al., 2018; Valente et al., 2019), limited information is available in some
states. In addition, the knowledge on the occurrence and distribution of T. haneyi in Brazil is still incipient, particularly
due the fact that previous studies did not use specific molecular screening for this piroplasmid. Although T. equi
genotype C, currently recognized as T. haneyi, has been identified in Brazil (Peckle et al., 2018; Vitari et al., 2019),
previous studies did not use ema-10 and ema-17-based PCR assays, which should be more sensitive and specific
to detect T. haneyi.

Therefore, the current study aimed to assess the presence of EP agents using molecular tools, including
T. haneyi-specific PCR assays, in horses sampled in the microregion of Baixada Maranhense, northeastern Brazil,
and in the city of Guara, southeast of Brazil.

Material and Methods

Animal blood sampling and DNA extraction

Blood samples were collected by convenience from 46 apparently healthy equids from two different sites
in Brazil. Thirty-four blood samples were collected, by convenience, on EDTA-containing vials from horses in
an endemic area for EP located in the microregion of Baixada Maranhense, in Maranhdo State, northeastern
Brazil. Similarly, 12 horses kept in an equestrian center located in the city of Guara, Sao Paulo state, southeast
of Brazil, were also sampled during routine examinations. None of the sampled animals exhibited clinical signs
suggestive of EP. DNA was extracted from 200 pL of each whole blood sample using the QlAamp DNA Blood Mini
kit (QIAGEN, Valencia, California, USA), according to the manufacturer'’s instructions.

Molecular detection of piroplasmids and sequencing

Each horse blood DNA sample was used as a template in nested PCR assays (nPCR), using specific protocols
based on the ema-1 gene for T. equi and rap? gene for B. caballi, as previously described (lkadai et al., 1999;
Battsetseg et al., 2001; Nicolaiewsky et al., 2001). Briefly, 5 yL of DNA was used as a template in a 25 pL PCR
reaction containing 2.5 pyL of 10X PCR buffer, 1.5 mM MgCl,, 0.6 mM of a dNTP mix, 1.5 units of Taqg DNA polymerase
(Life Technologies), and 0.5 pM of each primer (Integrated DNA Technologies). Theileria equi and B. caballi DNA
samples obtained from naturally infected horses (Braga et al., 2017) were used as positive controls.

For the detection of T. haneyi, primers specific to T. haneyi were designed through in silico analysis of
ema-10 (360 pb - MG652753), ema-11 (580 bp - MG652754), and ema-12 (850 pb - MG652755) sequences available
in GenBank.

A semi-nested PCR (snPCR) - a variation of the nested PCR - was used as screening and performed with a final
volume of 25 pL containing 2.5 pL of 10X PCR buffer, 1.5 mM MgCl,, 0.6 mM deoxynucleotide triphosphate (dNTPs)
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mixture, 1.5 U of Taq DNA polymerase (Life Technologies), five microliters of DNA template and 0.5 uM EMA11-F
and EMA11-R primers in the first reaction (Table 1). The second reaction was carried out with a final volume of
25 pL containing 2.5 plL of 10X PCR buffer, 1.0 mM MgCl,, 0.6 mM deoxynucleotide triphosphate (ANTPs) mixture,
1.5 U of Tag DNA polymerase (Life Technologies), 1 yL of the amplified product in the first reaction and the primers
EMA11-Fi and EMA11-R (0.5 pM) (Table 1).

A double-stranded DNA gBlock (IDT, USA) encoding a 647-bp T. haneyi ema-11 gene fragment was designed for
use as a positive control. snPCR amplifications were performed at 95 °C for 4 min followed by 35 repetitive cycles of
95 °Cfor30s, 55 °Cfor 30 s (second round: 56 °C for 30 s), and 72 °C for 30 s, followed by a final extension at 72 °C
for 7 min. Samples positive for the above-described snPCR protocol were subsequently submitted to additional
PCR assays targeting the ema-10, ema-12 and 78S rRNA (~1600 bp) genes. The primers and amplification conditions
used in ema-10, ema-12 and 18S rRNA-based PCR assays are available in Table 1.

All PCR products that showed high intensity of bands with expected sizes were purified (Silica Bead DNA Gel
Extraction kit - Thermo Scientific), submitted to sequence confirmation and the sequences analyzed by BLASTn.

Table 1. Description of primer sequences used in PCR assays for Babesia caballi, Theileria equi, and Theileria haneyi.

Target Primers (5' - 3') Amplicon size (pb) Anneling temperature References
EMA-10 EMA-10-F (CACTGGAGTCACCGTTGATG) 598 58 °C Present study
EMA-10-R (GTGGCATCCTCAAGCTTCTC)
EMA-10-F (CACTGGAGTCACCGTTGATG) 360 60 °C
EMA-10-RI (GAACCAGACCTTCTCGTGGA)
EMA-11 EMA-11-F (TGGAGCACGTGAATGTTGAT) 647 55°C Present study
EMA-11-R (CCCATCATAGGCAACCTTGT)
EMA-11-Fi (TGCTGTTGAAAAGGTCGTTG) 580 56 °C
EMA-11-R (CCCATCATAGGCAACCTTGT)
EMA-12 EMA-12-F (TCTTTTTGGCCTGGTTTGTC) 850 58 °C Present study
EMA-12-R (GCATTCTTCCTCCATGCTTC)
18S rRNA NBabesialF(AAGCCATGCATGTCTAAGTATAAGCTTTT) 1500 60 °C Bhoora et al.
18SRev-TB (CCTCTGACAGTTAAATACGAATGCCC) (2009)
NBabesialF(AAGCCATGCATGTCTAAGTATAAGCTTTT) 800 58 °C

BT18S3R (GAATAATTCACCGGATCACTCG)

Results and Discussion

Equine piroplasmosis caused by hemoparasites of the Babesia and Theileria genera has important clinical and
economic impacts worldwide. In the present study, despite the small number of horses sampled, we reported the
occurrence of T. equi and T. haneyi in horses sampled in Brazil. In addition, our findings underscore the necessity
and significance of maintaining and expanding animal health surveillance programs.

Out of 34 horse DNA blood samples obtained from animals from Baixada Maranhense, northeastern Brazil, two
(5.8%) were positive for T. equi in a species-specific PCR. On the other hand, none of 12 horses kept in an equestrian
center located in the city Guara was positive for T. equi. The molecular occurrence of T. equi found in the current study
was lower than reported previously in Rio de Janeiro (81%) (Peckle et al., 2013), Paraiba (50.4%) (Ferreira et al., 2016),
Rio Grande do Sul (18.9%) (Vieira et al., 2018), and Parana (24%) (Valente et al., 2019). Different epidemiological
factors associated with properties (management and sampling area), animal characteristics (age and sex) and
diagnostic tools (PCR vs. gPCR) may influence the molecular occurrence of T. equi observed (Peckle et al., 2013;
Campos etal., 2019). However, due to the limited number of animals analyzed, the low prevalence herein reported
should be analyzed with caution.

Theileria haneyi was first detected in a horse on the US-Mexico border (Knowles et al., 2018) and has since
been reported in some countries, including South Africa (Bhoora et al., 2020), Nigeria (Mshelia et al., 2020), Egypt
(Elsawy et al., 2021) and Argentina (Benitez-lbalo et al., 2025). Despite reports showing the occurrence of T. equi
sequences closely related to T. equi genotype C in Brazil (Braga et al., 2017; Peckle et al., 2018; Vitari et al., 2019),
the presence of T. haneyi has never been formally reported to date.

Rev Bras Parasitol Vet 2025; 34(3): e005225 3/6



Detection of Theileria haneyi in Brazil

In the present study, we detected T. haneyi DNA in an imported horse from Texas, US, and kept in an equestrian
center in Brazil. The animal was positive in the ema-10 and ema-17-based PCR and the BLASTn analysis of the
amplified sequences (PV276183 and PV276184) showed that the sequences shared identity ranging from 98.9%
to 99.3% with T. haneyi (MG652753 - MG652754) detected in a horse restrained at the U.S. - Mexico border
(Knowles et al., 2018). Although relatively short (360-580 bp), the sequences contained SNPs that accounted for the
observed divergence among them. This animal, an adult male of the Paint Horse breed, arrived in Brazil in 2003 and
remained in the central-western region of Sdo Paulo state for approximately 15 years. After this, it was sent to an
equestrian center in the city of Guarg, state of SP, in 2018, where it died in 2024 under unknown circumstances.

Recently, studies have provided evidence that T. equi genotype C represents a novel species, T. haneyi,
while several other cryptic Theileria species have been collectively classified under T. equi (Knowles et al., 2018;
Nehra et al., 2024). Thus, as T. equi genotype C and closely related sequences have been previously reported in
horses in Brazil, further investigation using T. haneyi-specific molecular tools, such as the ones employed herein,
may clarify the occurrence and distribution of this newly discovered Piroplasmida species in the Brazilian territory.

Unfortunately, the positive sample in the PCR assays targeting the ema-70 and ema-117 genes tested negative
in the 78S rRNA and ema-12-based PCR, precluding a more accurate characterization of the T. haneyi found in the
current study. This finding may be attributed to sequence variation in the 78S rRNA, affecting primer hybridization
with the target region and, consequently, impairing the amplification of certain Theileria genotypes.

All 46 horse DNA blood samples obtained from two different sites were negative for B. caballi. Although B. caballi
has been reported in several regions of Brazil, the prevalence is relatively lower than that observed for T. equi
(Machado et al., 2012; Vieira et al., 2018; Valente et al., 2019), except in limited cases (Braga et al., 2017).

Conclusion

The current study revealed the presence of T. haneyi and T. equi in an underexplored region of Brazil. Additionally,
we describe three species-specific molecular assays for the detection and characterization of T. haneyi. Although
previous studies have suggested that T. haneyi has limited virulence, our finding reinforces the need for monitoring
of animals entering Brazil and highlight the importance of maintaining animal health surveillance programs.
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