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ARTICLE INFO ABSTRACT
Keywords: Equine piroplasmosis is a major tick-borne horse disease, caused by the intracellular development of piroplasms
Genotyping (Theileria equi sensu lato and Babesia caballi), with significant economic and sanitary consequences. In 2024, 203
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blood samples were collected in Guadeloupe (Caribbean) from asymptomatic horses. Using an 18S rRNA nested
PCR (nPCR) specific for each equine genus parasite, 79 samples tested positive for Theileria equi and 9 for Babesia
caballi, resulting in respective prevalence of 38.9% and 4.4%. Three horses were co-infected. For B. caballi, 18S
rRNA sequence analysis revealed the presence of the genotype A only. For T. equi, the genotypes A and C were
evidenced as mono-infections A (16/79, 20.3% of the infected horses) or mono-infections C (15/79, 19.0% of the
infected horses). Interestingly, mono-infections with T. equi genotype E (17/79, 21.5% of the infected horses)
were also detected, but only on horses imported from Europe and especially from metropolitan France, where
this genotype is dominant. Further characterization using published T. equi ema-1 and T. haneyi specific nPCRs
revealed two major points. First, most 185 rRNA genotype C isolates (13/15) were detected using the T. haneyi
specific nPCR. Second, the genotype E of T. equi could not be detected by any of these two nPCRs. Co-infection
occurrence and types were then evaluated using a combination of the three analyses: 18S rRNA sequencing,
T. haneyi specific nPCR and T. equi ema-1 nPCR. Horses co-infected with the genotypes A and C (T. haneyi)
represented the main population (32/79, 40.5% of the infected horses), while the co-infections AE (5/79, 6.3% of
the horses) and CE (2/79, 2.5% of the horses) were rare. One horse was detected with a triple infection ACE.
Taking into account all detected genotypes (120), 45.0% of the isolates belonged to the genotype A (54/120),
38.3% to the genotype C T. haneyi (46/120) and 16.7% to the Eurasian genotype E (20/120). The rarity of co-
infections with the genotype E and the absence of this genotype on locally born horses suggest the absence of
transmission of the genotype E by locally present vector ticks.

This work represents the first molecular record of Theileria haneyi in South and Central America and in the
Caribbeans. We also demonstrate the introduction of T. equi genotype E from Europe with infected horses but not
its installation, as well as a diagnostic issue to detect this genotype using PCR targeting ema-1 gene.

1. Introduction (Knowles et al., 2018). The disease is endemic to tropical and subtrop-

ical regions, including Asia, Africa, southern Europe, South and Central

Theileria equi and Babesia caballi are the etiological agents of equine America, as well as parts of the southern United States (Florida and
piroplasmosis, a tick-borne disease caused by the multiplication of these Texas) (Onyiche et al., 2019; Tirosh-Levy et al., 2020).

protozoan parasites in the host blood cells (Tirosh-Levy et al., 2020). Different clinical presentations of equine piroplasmosis have been

Recently T. haneyi has been described and is also infective for equids described, ranging from acute and peracute disease to asymptomatic or
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chronic infections. Distinguishing between the two etiological agents
based solely on clinical symptoms is challenging (Wise et al., 2013;
Mendoza et al., 2024). The disease can be transmitted by ticks belonging
to the Metastriate genera Dermacentor, Rhipicephalus, Hyalomma,
Amblyomma and Haemaphysalis (De Waal, 1992; Scoles and Ueti, 2015).
The specific tick species involved in transmission vary geographically,
and multiple vector species may coexist in the same region, complicating
the epidemiological understanding of the disease.

Theileria equi and to a lesser extent B. caballi do not form mono-
phyletic groups. Babesia caballi is divided in two main clades, A and B,
that might each be further divided into subclades (Al to A7, B1 and B2)
(Tirosh-Levy et al., 2020; Rar et al., 2024). Similarly, T. equi exhibits
substantial genetic variation, with five main clades delineated based on
18S rRNA sequences, and named A to E following the classification
system outlined by Tirosh-Levy et al. (2020). While T. equi genotypes A
and C are prevalent across the Americas, Africa, and Eurasia, genotypes
B and D have been primarily characterized in Africa and the Mediter-
ranean basin, and genotype E is predominantly found in Eurasia
(Tirosh-Levy et al., 2020). This pronounced genetic diversity can
significantly impede the accurate detection of these parasites. As an
example, a species named T. haneyi was recently identified in a horse
that tested negative by PCR and yielded borderline results with the
T. equi EMA-1 (equi merozoite antigen) cELISA. The genome sequencing
of T. haneyi confirmed the lack of the ema-1 gene (Knowles et al., 2018).
Based on the 18S rRNA sequences, T. haneyi groups phylogenetically
with the members of the T. equi genotype C even if recent studies sug-
gested it might constitute a sub-population of this genotype (Bhoora
et al., 2020). Despite the publication of various molecular diagnostic
methods, inconsistencies persist. Even when targeting the same gene,
the agreement between different detection methods (e.g., nested PCR
and qPCR) remains moderate (Zhou et al., 2023; Bhoora et al., 2025).
From a diagnostic perspective, the utility of genes such as ema-1 is
challenged by their absence in certain genotypes. This limitation is
particularly pronounced given that, although genomic data are available
for genotypes A and C, such information remains critically scarce for the
other three genotypes, leaving the presence of these specific genes un-
determined. Given the strict regulations governing the international
movement of horses to prevent the introduction of equine piroplasmosis
into disease-free areas, enhancing detection strategies is crucial. This
improvement also hinges on a more comprehensive understanding of the
genetic diversity of these parasites.

Equine piroplasmosis is endemic throughout South and Central
America, where B. caballi genotype A and T. equi genotypes A and C are
predominantly described (Table 1 and references herein). However,
fewer studies have been conducted in the Caribbean region. While the
presence of equine piroplasmosis agents has been reported in horses
from Cuba (Diaz-Sanchez et al., 2018), Trinidad and Tobago (Sant et al.,
2016, 2019), and Saint Kitts and Nevis (Loftis et al., unpublished), the
epidemiological situation in Guadeloupe (French West Indies) remains
unknown. Guadeloupe possesses a tropical climate conducive to the
proliferation of ticks from the genera Amblyomma, Rhipicephalus, and
Dermacentor. Amblyomma variegatum, R. microplus, R. sanguineus sensu
lato, and D. nitens have been identified on various animal hosts (Camus
and Barré, 1995; Gondard et al., 2017). Despite this, specific studies on
ticks collected from horses in Guadeloupe are lacking, as are in-
vestigations into the prevalence and genetic characterization of equine
piroplasmosis agents.

Therefore, this study aims to characterize the etiological agents of
equine piroplasmosis in Guadeloupe, in a climatic context that contrasts
with metropolitan France, as previously explored in our recent work
(Jouglin et al., 2025). We also aim to evaluate various molecular diag-
nostic tools within this specific setting.
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2. Materials and methods

2.1. Sampling

Blood samples were collected in August and September 2024 in
Guadeloupe, primarily from asymptomatic horses. A cross-sectional
survey was conducted, encompassing all equestrian centers housing
more than 14 horses, with the exception of one of the two centers
located in Saint-Francois. The sampling strategy was designed to achieve
sufficient statistical power and epidemiological representativeness,
based on an anticipated minimum piroplasmosis prevalence of 9-15% in
this enzootic area. A representative sample of the equine population was
obtained by randomly selecting 14 to 40 horses from each of 10
participating equestrian centers, located across different geographical
areas of the main island (Fig. 1). This yielded a total of 203 equids,
drawn from an estimated equine population of 1,057 horses in
Guadeloupe. The prevalence results from individual equestrian center
will remain anonymous. Prevalence data was reported as absolute
numbers and percentages of horses in which the analysis yielded a
positive result and 95 % confidence intervals (CI) were calculated.

The collection was performed aseptically by jugular venepuncture in
tubes with anticoagulant (EDTA) with an average volume of 5 mL per
sample. Samples were centrifuged, and the pelleted cells were diluted 1/
1 with PBS 1X, homogenised and frozen at -20°C, before being sent
frozen to the BIOEPAR laboratory in metropolitan France.

Additionally, 21 blood samples from horses located in diverse areas
of metropolitan France sampled between 2020 and 2022 were analyzed.
These horses’ samples were previously described as being infected with
the genotype E of T. equi (Jouglin et al., 2025). In the present study, they
were processed as detailed below (DNA extraction, 18S rRNA nPCR and
sequencing) and used as confirmation of genotype E diagnostic results.

2.2. DNA extraction

Genomic DNA was extracted from 200 pL of the diluted pelleted red
blood cells using the DNA Nucleospin blood extraction kit following the
manufacturer’s instructions (Macherey-Nagel, Hoerdt, France). DNA
was stored at -20°C until further use.

2.3. Amplification of partial 18S rRNA using nested PCR (nPCR)

The nPCR protocol described in Jouglin et al. (2025) has been used to
amplify the hypervariable regions of the 18S rRNA V4 and V8. Briefly,
after a first PCR designed to amplify piroplasms 18S rRNA partial gene
(CRYPTOF and CRYPTOR primers in Malandrin et al.,, 2010), and a
nested PCR was used to separately amplify B. caballi 18S rRNA with the
specific primers BabF4 and BabR4 or T. equi 18S rRNA with the primers
TeqF3 and TeqR5, generating amplicons of 856 bp and 1470 bp,
respectively. After purification with ExoSAP-IT (Affymetrix, Santa Clara,
USA), amplicons were sequenced by Eurofins Genomics (Germany),
either mono- or bi-directionally using the specific primers. Details of the
amplification protocol and primer sequences can be found in Jouglin
et al. (2025).

To mitigate the risk of cross-contamination, sample processing was
performed under a laminar flow hood. Subsequently, DNA extraction,
PCR mix preparation, PCR amplification, sample dilution between PCRs,
and gel electrophoresis were all conducted in separate rooms, using
dedicated pipettes for each step, in adherence to standard unidirectional
workflow laboratory practices. DNA extraction negative controls were
added for each set of extraction, and as well as negative controls during
the PCR.

Sequences were assembled using the Geneious Prime 2025.0.3 soft-
ware (https://www.geneious.com), homology searches were conducted
with the online BLAST tool (http://blast.ncbi.nlm.nih.gov), and align-
ments were performed using Clustal Omega software (https://www.ebi.
ac.uk) to compare hypervariable regions.


https://www.geneious.com
http://blast.ncbi.nlm.nih.gov
https://www.ebi.ac.uk
https://www.ebi.ac.uk
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Table 1
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Description of Theileria equi and Babesia caballi 18S rRNA Genbank sequences from the Caribbean, South and Central America.

Country Species GT  GenBank accession numbers Source Reference
* * %
Argentina T. equi A MW872316-20 HB Sebastian et al., 2021
PQ490423 HB Benitez-lbalo et al., 20251
C PQ490421-22 HB Benitez-lbalo et al., 20251
B. caballi A 0Q418456-57 DnD Copa et al., 2023
Brazil T. equi A KI573370,73 HB Peckle et al., 20182
KU240064,65,68,69,72 HB Vieira et al., 20183
KX165369,72 HB Nogueira et al., 2017
KX165374-76 DnH Nogueira et al., 2017
KX722517,19-21 HB Peckle et al., 20182
KY464019,20,22,23,24,26,29,35,36 HB Campos et al., 20194
KY952226-30,37 EB Braga et al., 2017
MG052898,902,04,05,11,14,16,17 HB Vitari et al., 2019
MG720230 HB Rodrigues et al., unpublished
MH059520 HB Valente et al., 2019°
MT129635,42 RmC Sato et al., unpublished
MT129636-41 RmH Sato et al., unpublished
PP249538,39,43,44, PP965553,55,59 HB Fernandes et al., unpublished
© KI573371,72,74 HB Peckle et al., 20182
KJ549664 HB Barros et al., 20156
KU240066,67,70,71 HB Vieira et al., 20183
KX165362-68,70,71,73 HB Nogueira et al., 2017
KX722511-16,18,22-25 HB Peckle et al., 20182
KY464021,25,27,28,30,31-34 HB Campos et al., 20194
KY952231,32 EB Braga et al., 2017
MG052895-97,899-901,03,06-10,12,13,15 HB Vitari et al., 2019
MH059521,22 HB Valente et al., 20195
PP249540-42,45, PP965556-58,51-63 HB Fernandes et al., unpublished
B. caballi A KJ549665 HB Barros et al., 20156
KX165377-80 HB Nogueira et al., 2017
KY952232-38 HB Braga et al., 2017
MHO053402, MH059519 HB Valente et al., 20195
MT129634 DnD Sato et al., unpublished
Chile T. equi A MT463604-613 HB Torres et al., 2021
Colombia MH939140-41 AdH Santodomingo et al., 20197
ON680751 DnH Fuya et al., unpublished
T. equi © 0Q407459-64 HB Jaimes-Duenez et al., 2023
Cuba T. equi A KY111761-62 HB Diaz-Sanchez et al., 2018
MT463333,36,38 HB Diaz-Sanchez et al., unpublished
T. equi © KY111760 HB Diaz-Sanchez et al., 2018
MT463334,35,37 HB Diaz-Sanchez et al., unpublished
B. caballi A MT463339-43 HB Diaz-Sanchez et al., unpublished
Mexico T. equi C MT828308-09 HB Romero-Salas et al., 20218
Paraguay T. equi A LC775899-902 HB Ahedor et al., 2023a
LC721040,43,44 HB Ahedor et al., 2023b
MH100725 DB Inacio et al., 2019°
T. equi B LC775903-905 HB Ahedor et al., 2023a
T. equi C LC775906-909 HB Ahedor et al., 2023a
LC721038,39,41,42,45-47 HB Ahedor et al., 2023b
T. equi D LC775910-913 HB Ahedor et al., 2023a
T. equi E LC775914-917 HB Ahedor et al., 2023a
St Kittsand  T. equi C JX049129 HB Loftis et al., unpublished
Nevis B. caballi A JX049130 HB Loftis et al., unpublished
Trinidad T. equi A KT285377, KU289089-98 HB Sant et al., 2016
KX896428-36 HB Sant et al., 2019
PP824976 Rs Charles et al., unpublished
B. caballi A KU289099-102 HB Sant et al., 2016
Venezuela T. equi A MZ298265-67 HB Risso et al., 2022
B. caballi A MZ298259-64 HB Risso et al., 2022

*GT: 18S rRNA genotype.

**HB: horse blood; EB: equids blood; DB: Dog blood; DnD: Dermacentor nitens collected from donkey; DnH: Dermacentor nitens from horse; RmC: Rhipicephalus microplus

from cattle; RmH: Rhipicephalus microplus from horse; AdH: Amblyomma dissimile from horse; Rs: Rhipicephalus sanguineus, unspecified origin.

Lo 8: hyperlink to the references not cited in the main text. IBenitez-Ibalo et al., 2025; 2Peckle et al., 2018; 3Vieira et al., 2018; 4Campos et al., 2019; 3Valente et al.,

2019; ®Barros et al., 2015; 7Santodomingo et al., 2019; 8Romero-Salas et al., 2021; °Indcio et al., 2019.
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Fig. 1. Geographical distribution of the 10 participating equestrian centers
in Guadeloupe.

2.4. Chromatogram analysis and co-infection detection

Differentiation of T. equi genotypes rely mainly on two variable re-
gions of the 18S rRNA. The V4 region (between 524 and 586 bp) is
characterized by both substitutions and indels, while the V8 region
(between 1,208 and 1,226 bp) is characterized by substitutions only
(Vitari et al., 2019). In co-infections, the resulting shift affects the
analysis of sequences obtained with forward primers, leading to double
peaks that do not necessarily correspond to each co-infecting genotype
(Fig. 2a). This can produce inaccurate or sometimes unusable sequences,
particularly when the proportion of co-infecting genotypes is similar.
Conversely, sequencing with reverse primers targeting the V8 region
generates interpretable double peaks within the variable region, flanked
by conserved regions, provided the pure genotype sequences are known
(Fig. 2b). Therefore, once we detected the presence of co-infections,
sequencing was performed only with the reverse primer leading to
shorter but interpretable sequences ranging from 804 to 1,106 bp.
Co-infections were further investigated with complementary

a- Sequencing with the forward primer

MT463604 (A) gramammrAwAwAREENAI G Kl G ATA - -
PP965558 (C) WA ANNA A ANBEA GG G A A

Co-infection y V) “ \ A \ VX
(€>A) C BAABRAAANENA GGG AANNGGCANG G CHMMNNN G Gl G G G

A

b- Sequencing with the reverse primer
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genotype-specific nPCRs as described below.

2.5. Differentiation of T. haneyi from T. equi

After 18S rRNA nPCR amplification, all T. equi-positive DNA samples
were further analyzed using two nPCRs to differentiate T. haneyi from
T. equi. The first nPCR is based on the specific amplification of the T. equi
ema-1 gene (Baptista et al., 2013). The second nPCR targets the same
genomic location as ema-1 on chromosome 1 but is specific to T. haneyi
as evidenced by the comparison of T. haneyi and T. equi genomes
(Knowles et al., 2018). Primers and amplification conditions were per-
formed as described in Bhoora et al., 2020.

2.6. Phylogenetic analysis

The sequences used for the phylogenetic analysis were non-
ambiguous (no co-infection) and sequenced bi-directionally to
generate trimmed sequences ranging from 1,386 to 1,413 bp for T. equi
and of 760 to 818 bp for B. caballi. Maximum likelihood phylogenetic
trees were constructed using the advanced PhyML+SMS/OneClick
workflow (https://ngphylogeny.fr). This pipeline aligns sequences in
FASTA format using MAFFT software (Katoh and Standley, 2013), cleans
the alignments with BMGE software (Criscuolo and Gribaldo, 2010) and
constructs phylogenetic trees using PhyML software (Guindon et al.,
2010). The selection of the most suitable evolutionary model was done
automatically using SMS software (Lefort et al., 2017) and the final tree
was generated in Newick format (Junier and Zdobnov, 2010). For the
PhyML+SMS analysis, BIC (Bayesian Information Criterion) was used
for the model selection criterion, and NNI (Nearest Neighbor Inter-
change) for the tree topology. The other parameters used were the
default ones. A boostrapping (FTB+TBE) of 1000 replicates for inference
was selected (Lemoine et al., 2018). The generated trees were further
formatted using TreeViewer v 2.2.0 (Bianchini and Sanchez-Baracaldo,
2024).

Sequences representative of different genotypes and originating from
different countries were selected to build the trees.

3. Results

Based on the 18S rRNA nPCR amplification, the overall prevalence of
B. caballi and T. equi in the samples was 4.4% (n = 9/203) and 38.9% (n
=79/203), respectively (Table 2). The T. equi prevalence varied greatly
between equestrian centers, ranging from 12.5 to 100%. Babesia caballi

Conserved region

230 1.240
MT463604 (A) BATAIEI G IATAIGIG A G
GAAGGAG

PP965558 (C) FATAIE AACCIGICINAAA

Co-infection (A > C) N
Chimeric sequence RAAIG G AA

Variable regi

1

SN A TA SN G EEATATARRAI G G GEllG I G/A G ATSEENE G G A T G e

[CICHER A G GGG G G'A GHilll Al G INGE A G A CH G CHENCHET
—

V8 Conserved region

1270 1280 1290 1,300
G G GAGENINNGEG GMEAMAAA
G G G/A CHIINN G @ G GIMGAMA A A

=r
=l
29

Atomn A TAA n / M
Y roand Y NAARARAT VY VA VYV f {BVARASY
AGEENG G INA RCENG) G SRR A G A G G G AN G 0 G G IARAAARGS G
* %k k * ¥ k ¥ *
A

Fig. 2. Examples of nucleotide alignments between reference sequences of genotypes A (MT463604) and C (PP965558) Theileria equi and the chromatograms of
samples co-infected with these two genotypes. In a and b, the sequences of the reference genotypes are indicated above the chromatograms that was interpreted as a

co-infection with genotypes A and C.

a- In the case of sequencing with the forward primer, an indel indicated by a red arrow exists between the genotype A and C sequences. In case of a co-infection with
genotypes A and C (predominant in this example), the resulting sequence will indicate the genotype C only (below the chromatogram), while double peaks cor-
responding to the shifted genotype A are visible and indicated under the resulting genotype C sequence. b- Conversely, when sequenced with the reverse primer,
several double peaks visible in the V8 region (%) are in frame as there are no indels. The resulting sequence generated automatically by the software and indicated
under the chromatogram represents the predominant genotype sequence (A in that case) but at two positions (a), nucleotides corresponding to the genotype C are
introduced, as the double peaks are of at least of similar heights. A chimeric mixed sequence is then generated automatically.
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Table 2

Prevalence of Theileria equi and Babesia caballi in equids from Guadeloupe in the
10 sampled equestrian centers. The table shows the number of horses tested at
each equestrian center in Guadeloupe as well as the total number of horses
present at the center, along with the prevalence rates (%) of T. equi, B. caballi,
and co-infections. Prevalence is expressed as a percentage of the total number of
equids tested at each center. The 95% confidence intervals (CIs) for the observed
prevalences were calculated using the exact Clopper-Pearson method. The last
row of the table indicates the total number of equids included in the study, as
well as the overall prevalence rates at the archipelago level.

Centers Horses tested / T. equi B. caballi T. equi/B. caballi
horses in the prevalence % prevalence % co-infection
center [CI 95%] [CI 95%] prevalence %
[CI 95%]
A 12/15 100 [73.5-100] 8.3 [2-38.5] 8.3 [2-38.5]
B 34/60 41.2 [25-59] 0 0
C 40/50 47.5 [31.5-64] 0 0
D 18/18 38.9 [18-64] 22.2 [6-48] 5.6 [1-27]
E 15/34 73.3 [45-93] 0 0
F 15/20 26.7 [8-55] 0 0
G 13/21 15.4 [2-45] 0 0
H 20/44 15 [3-38] 0 0
I 16/51 25 [7-53] 12.5 [2-38] 6.3 [2-30]
J 15/16 12.5 [2-41] 0 0
Other 5/5 20 [0.5-72] 40 [5-85] 0
Total 203
Mean 38.9 [32-46] 4.4 [2-8.3] 1.5 [0,3-4]

could not be detected in seven out of ten equestrian centers. Co-
infections by both species were rare (1.5%).

3.1. Babesia caballi positive samples

Babesia caballi 18S rRNA partial sequences were obtained for the
nine positive samples and no ambiguities were found when analyzing
the chromatograms. The nine sequences (lengths between 760 and 818
bp) were 100% identical to each other and 99.7-100% identical to
B. caballi sequences that belonged to the genotype A from geographi-
cally distant countries (EU642512 from South Africa, KY952238 from
Brazil, OR794981 from Russia, MZ331361 from China, AY534883 from
Spain). They all have strong identities (100%) with sequences of the sub-
clade Al described by Rar et al. (2024).

3.2. Analysis of 18S rRNA chromatograms for Theileria equi

3.2.1. Ambiguous versus non-ambiguous 18S rRNA chromatograms

In this study, partial 18S rRNA sequences (lengths between 804 to
1413 bp with only one short sequence of 469 bp) identified as T. equi
were obtained for all the 79 positive samples.

After a careful chromatogram examination, we separated the 79
obtained sequences into 48 non-ambiguous (clear attribution of a ge-
notype) and 31 ambiguous sequences (SNPs in variable regions of the
chromatograms resulting from probable co-infections).

3.2.2. Analysis of the 48 Theileria non-ambiguous sequences

Based on sequence homology, the 48 non-ambigous chromatograms
were separated into three groups of 16, 15 and 17 sequences.

The first group comprised 16 sequences that were nearly identical
(99.7-100%) and closely related to sequences from the genotype A of
T. equi showing 99.6-100% identity with GenBank references
EU642508, JX177670, KX227640, KY111761 which were characterized
from different countries (South Africa, USA, Israel, and Cuba respec-
tively). The second group consisted in 15 partial sequences with 100%
identity to each other and high similarity to genotype C sequences
previously described in South America and the Caribbeans showing
99.9-100% identities with GenBank references JQ390047 (USA im-
ported), KU240066 (Brazil), KX722511 (Brazil), and KY111760 (Cuba).
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Table 3

Babesia caballi, Theileria equi and Theileria haneyi 18S rRNA sequences from this
study deposited in GenBank with species identification, sequence length and 18S
rRNA genotype.

Species Genbank ID Sequence length (bp) 18S rRNA
genotype*
B. caballi PQ867529 760 A
PQ867530 760 A
PQ867531 760 A
T. equi PQ867497 1410 A
PQ867498 1411 A
PQ867499 1409 A
PQ867500 1389 A
PQ867501 1411 A
PQ867502 1386 A
PQ867517 1397 E
PQ867518 1397 E
PQ867519 1397 E
PQ867520 1405 E
T. haneyi** PQ867523 1407 C
PQ867524 1393 C
PQ867525 1390 C
PQ867526 1413 C
PQ867527 1400 C
PQ867528 1398 C

" The classification and nomenclature system outlined in (Tirosh-Levy et al. in
2020 was used.

™ As determined using the T. haneyi specific nPCR described in Knowles et al.,
2018.

The third group consisted of 17 sequences with 100% identity to each
other and high similarity to genotype E sequences previously described
in Europe and Asia, showing 99.6-100% identity with GenBank refer-
ences AY534882 (Spain), HM229408 (South Korea), KM046918
(Switzerland), MT093471 (China). All samples from metropolitan
France were confirmed as belonging to the genotype E. Identities be-
tween the three groups of sequences ranged between 95.1 and 96.1%.
Representative sequences from Guadeloupe of T. equi genotype A (six

Table 4

Differentiation of equine Theileria in single and co-infections in 79 Theileria
infected horses as determined by 18S rRNA nPCR amplification and Theileria
haneyi/Theileria equi ema-1 specific nPCRs. Number of samples in each situation
is indicated into brackets.

18S rRNA T. haneyi ema-1 Assigned
sequencing specific nPCR genotypes
genotyping nPCR
+ A4
A (16) 1 A2
+ - C (9
c(15) - - c(2)
+ +2 C+AM@®)
- E (12)
E17) - +? E+A(4)
+* +? E+A+CQ)
A + C (28)* + + A+C((28)
A+ E(1)* + A+EQ@)
. + - C+EQ@)
C+E(2) 1 R C+EQ)

" co-infections were visualized as double peaks on chromatograms at 18S
rRNA positions known to be polymorphic between genotype sequences.

™ combined results of genotyping and positive complementary nPCR. A
probably quantitatively more abundant genotype is indicated in bold.

! negative results probably due to detection threshold.

2 co-infections with genotypes A or C probably not detected on the chro-
matograms due to 18S nPCR preferential amplification of the major genotype
indicated in bold letter. Discording results between 18S rRNA genotyping and
specific nPCR results (superscript ' and 2) represent 14/79 infected horses
(17.7%).
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Fig. 3. Theileria genotypes in single and co-infections in 79 Theileria infected
horse in Guadeloupe in 2024 as determined by 18S rRNA nPCR amplification
and Theileria haneyi/Theileria equi ema-1 specific nPCRs.

a: Mono- and co-infected Theileria horses’ proportions (n=79). b: Proportion of
Theileria isolates according to their genotype (n=120).

sequences with accession numbers PQ867497 to PQ867502), T. equi
genotype C (six sequences with accession numbers PQ867523 to
PQ867528), T. equi genotype E (four sequences with accession numbers
PQ867517 to PQ867520), and B. caballi (three sequences with accession
numbers PQ867529 to PQ867531) were deposited in GenBank. Details
on sequence lengths and genotypes are given in Table 3.

3.2.3. Analysis of the 31 Theileria ambiguous 18S rRNA sequences

A close analysis of T. equi 18S rRNA chromatograms revealed a high
number of ambiguous sequences (31/79) which were analyzed with
caution.

In most cases (28/31), co-infections with genotypes A and C were
suspected (Fig. 2 and Table 4), with a limited number of co-infections
involving the E genotype (three horses) mixed with either A (one
horse) or C (two horses) genotypes.

3.3. Complementary analyses of co-infections using T. haneyi and ema-1
specific nPCR

Presence of co-infections was then analyzed using two specific nPCRs
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(T. haneyi and ema-1) first on the subset of 48 samples with 18S rRNA
sequences indicating mono-infections by a single Theileria genotype (no
mismatches) and then on the subset of 31 samples already suspected to
be co-infected (Table 4).

Most of the samples (14/16, 87.5%) identified as mono-infected with
the genotype A gave positive results with the ema-1 specific nPCR and all
of them (14+2/16) gave negative results with the T. haneyi specific
nPCR.

Among the 15 genotype C mono-infected samples determined by
chromatograms analysis, 13 (9+4/15, 86.6%) gave positive results with
the T. haneyi specific nPCR confirming their identification as T. haneyi,
but two of them were negative for the T. haneyi nPCR. Eleven of them
(9+2/15, 73.3%) gave no amplification with the ema-1 specific nPCR as
expected (Table 4).

Genotype E mono-infected samples were negative for both T. haneyi
and ema-1 specific nPCR in 12/17 samples (70.6%). The absence of ema-
1 in the genotype E was confirmed by analyzing 21 blood samples from
metropolitan France where this genotype represents 98% of the circu-
lating T. equi (Jouglin et al., 2025). Analyses of the 21 samples resulted
in ema-1 negative amplifications.

Most of the co-infections (30/31) inferred from chromatogram ana-
lyses were confirmed using the two nPCR, resulting in T. haneyi and ema-
1 positive amplifications in case of co-infections genotype A with ge-
notype C (28/28), amplification of ema-1 only in the unique case of
genotype A and E co-infection, and the amplification of T. haneyi only in
the unique case of genotype C and E co-infection (Table 4).

Concordant results between 18S rRNA genotyping and T. haneyi /
ema-1 nPCRs were obtained in 65/79 samples (82.3%), assuming that
ema-1 and T. haneyi specific amplifications are restricted to the genotype
A and the genotype C, respectively (Table 4).

3.4. Summary of co-infections with Theileria variants and with B. caballi

From the combined results of the three analyses, 18S rRNA
sequencing, T. haneyi nPCR and ema-1 nPCR, co-infections with multiple
equine Theileria genetic variants were detected in 50.6% (40/79) of the
Theileria infected horses (Table 4, Fig. 2a). Co-infections with T. equi
genotype A and T. haneyi / T. equi genotype C represented 80% (32/40)
of the detected co-infections. Co-infections involving T. equi genotype E
were detected in eight horses (8/40, 20%) (Fig. 2a).

100

MT463339 Cuba

KY952238 Brazil

PQ867530 France (Guadeloupe)

AY534883 Spain >
EU642512 USA

ﬂ: MZ331361 China
OR794981 Russia

99.4

EU888904 South Africa

MN629354 Israel

99.0

MK288108 Israel

14

{ MK288106 Israel
EU888900 South Africa

100 I

MK288110 Israel

cd

EU642514 South Africa

OK524313 China
Babesia gibsoni

Fig. 4. A maximum likelihood tree of Babesia caballi isolates based on 18S rRNA partial sequences. The tree includes 15 sequences with 760 analyzed positions. The
Hasegawa-Kishino-Yano model has been used with 1000 repetitions. Significant bootstrap values (>70) are indicated on the branches. Babesia caballi sequences
reported in the literature are noted by their GenBank accession number and country of origin. Representative sequences obtained in the present study are indicated in
bold. Previously described genotypes (A, B1 and B2) as described in Tirosh-Levy et al. (2020) are highlighted.
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Fig. 5. A maximum likelihood tree of Theileria equi isolates based on 18S rRNA partial sequences. The tree includes 45 sequences with 1296 analyzed positions. The
Tamura-Nei model has been used with 1000 repetitions. Significant bootstrap values (>70) are indicated on the branches. Theileria equi sequences reported in the
literature are noted by their GenBank accession number and country of origin. Representative sequences obtained in the present study are indicated in bold. Se-
quences from reference genomes for the genotypes A and C are indicated with *. Previously described genotypes (A-E) as described in Tirosh-Levy et al. (2020) are
indicated with different colored backgrounds. The two genotype E samples from Guadeloupe were confirmed to originate from horses born in Metropolitan France.

Among the nine horses infected with B. caballi, three were also
infected with Theileria. One was also infected with the genotype C,
another with a co-infection T. equi genotype A and T. haneyi /genotype
C, and the third with a co-infection T. equi genotypes A and E.

3.5. Proportion of circulating Theileria genotypes

In the Theileria infected population of horses, 68.4% were found
infected by the genotype A, 58.2% by the genotype C and 25.3% by the
genotype E (Supplementary Table). In total, 120 isolates of Theileria
were characterized either by sequencing or by specific nPCR amplifi-
cations. The proportions of circulating genotypes A and C (T. haneyi)
were similar (45% and 38.3% respectively), while genotype E was less
abundant (16.7%) (Supplementary Table and Fig. 3).

3.6. Phylogenetic analysis

Representative sequences were selected for B. caballi (Fig. 4) and for
each T. equi genotype (Fig. 5) to confirm their phylogenetic positioning,
using the Maximum likelihood method.

As expected, B. caballi sequence from Guadeloupe grouped within
B. cabadlli genotype A with a strong bootstrap value (Fig. 4). Theileria
sequences from the three described genotypes A, C and E, grouped
within each of their respective clades (Fig. 5). For each of the genotype A
and E, they grouped together with sequences from metropolitan France
(Jouglin et al., 2025).

4. Discussion

With this study on equine piroplasmosis in Guadeloupe, we were
able to demonstrate for the first time the circulation of both T. equi and
B. caballi on asymptomatic horses, and the presence of T. haneyi.

Our findings align with previous studies on equine piroplasmosis

prevalence. In South America, the prevalence of T. equi has been found
to vary greatly, from 9.1% in Venezuela (Risso et al., 2022) to 81% in
Brazil and Argentina (Peckle et al., 2013; Sebastian et al., 2021). In the
Caribbean, T. equi prevalences of 70% and 24.3% have been reported in
Cuba (Diaz-Sanchez et al., 2018) and Trinidad (Sant et al., 2019),
respectively. Generally, T. equi prevalence exceeds that of B. caballi,
likely due to the former’s lifelong persistence and the latter’s clearance
through treatment or immune response (Rothschild, 2013; Mendoza
et al., 2024). However, in some regions of South America, B. caballi
prevalence can reach significant levels, exceeding 15% in Brazil and
Venezuela (Peckle et al., 2022a; Risso et al., 2022) and up to 55.4% in
Sao Luis Island, Brazil (Braga et al., 2017). In most South American
studies, however, published B. caballi prevalences ranged between 0 and
5.4% (Nogueira et al., 2017; Torres et al., 2021; Jaimes-Duenez et al.,
2023; Kakimori et al., 2023). In the Caribbean, B. caballi prevalence has
been reported as 3.6% in Trinidad (Sant et al., 2019) and 25% in Cuba
(Diaz-Sanchez et al., 2018).

The prevalence values may be influenced by the targeted gene and/
or the detection methods used. Specifically, the 18S rRNA (three copies
in the B. caballi genome and two copies in the T. equi genome)
(Kappmeyer et al., 2012; Ochi et al., 2023), or the ema-1 gene (one copy
in T. equi genotype A) or the rap-1 gene (multiple copies in B. caballi),
may be targeted using either simple, nested or qPCR protocols.

As already published from 10 other studies from 6 countries in South
America and the Caribbean (Table 1), we also characterized B. caballi
genotype A in Guadeloupe. According to the recent subdivision of the
B. caballi genotypes (Rar et al., 2024), our isolates, as well as most
American isolates, segregate with the Al genotype.

In Guadeloupe, the 18S rRNA sequencing revealed the co-occurrence
of three different genotypes of T. equi: the genotypes, A, C and E with a
majority of A and C in similar proportions. As detailed in the Table 1, the
genotypes A and C are widespread in Americas and Caribbean. On the
225 T. equi 18S rRNA sequences (mostly partial) available in Genbank



M. Mege et al.

(consulted 3 dec 2024), 116 (51.8%) corresponds to the genotype A and
94 (41.8%) to the genotype C, issued from 27 different studies per-
formed in 10 different countries, mainly from equids but also from ticks.
In our analysis, few sequences (4/225; FJ426368, PP965554,
PP965564, PQ490420) could not be attributed with certainty to a ge-
notype likely due to sequence length or quality. According to the review
by Tirosh-Levy, three sequences from Brazil were classified as genotype
D. Upon verification, two of these sequences (KX165363 and KX165367)
were found to belong to genotype C, as evidenced in the original pub-
lication (Nogueira et al., 2017). The third one (KX364475) is in fact a
sequence from Tapir (Tapirus terrestris) and is now classified as a new
species, Theileria terrestris, phylogenetically separated from T. equi
(Mongruel et al., 2022). The remaining sequences (11/225; 4.9%) all
originated from a single study performed on horse blood samples from
Paraguay and were found to belong to the genotypes B, D and E, which
had not been previously reported in the Americas (Ahedor et al., 2023a).
The genotypes B and D are distributed mainly in Africa and the Medi-
terranean basin, while the genotype E is widespread in Eurasia
(Tirosh-Levy et al.,, 2020). The study from Ahedor and colleagues
(2023a) was set up to develop and evaluate genotype specific poly-
merase chain reaction assays. It was performed on already partially
sequenced samples from a preliminary study where only genotypes A (3
sequences) and C (7 sequences) were amplified and sequenced (Ahedor
et al., 2023b). In our study, we also demonstrated the presence of the
genotype E in Guadeloupe, but its detection was limited to horses im-
ported from Europe, and especially from France where this genotype is
predominant representing 98% of the circulating T. equi isolates
(Jouglin et al., 2025). It was not detected in any of the Caribbean native
horses. This situation could be the same with horses imported to
Paraguay (Ahedor et al., 2023a). However, this country probably does
not import enough horses from Africa or Europe, to give prevalence of
the genotypes B, D and E of respectively 2.8%, 5.6% and 4.5% (Ahedor
et al., 2023a). Most imported horses by Paraguay indeed comes from
neighbor countries such as Argentina, Brazil and Uruguay (Veritrade,
2024) where these genotypes have not been described.

The fact that imported horses still carry the European genotype E
many years after their importation confirms that horses could probably
not eliminate the parasite as described in the literature (Rotshild, 2013).
Interestingly, horses once imported to Guadeloupe could also carry
T. equi genotypes A and C. The importation of horses carrying T. equi
genotype A is possible as this genotype is present in Southern Europe
(Spain, Portugal) (Tirosh-Levy et al., 2020), but genetic markers are not
yet available to differentiate European from American genotypes. The
infection with the genotype C most likely occurred after the arrival of
imported horses in Guadeloupe, as it is widespread there but absent from
France or Spain (Jouglin et al., 2025; Tirosh-Levy et al., 2020). On the
other hand, the absence of native horse carrying the genotype E despite
the presence for many years of horses infected by this genotype would
suggest that the local tick species may not be able to transmit this ge-
notype. Three species of ticks are frequently collected from horses in
South America, D. nitens, A. sculptum and R. microplus. Dermacentor nit-
ens, the tropical horse tick, is the predominant tick species usually
collected from horses in the Americas (Diaz-Sanchez et al., 2018; Jai-
mes-Duenez et al., 2023; Neves et al., 2023; Kakimori et al., 2023) with a
distribution ranging from northern Argentina to Florida and Texas,
including the Caribbean islands (Nava et al., 2007). Experimental
studies have confirmed its parasitic specificity for horses (Rodrigues
et al., 2017). Dermacentor nitens is a one-host tick and the proven and
principal vector of B. caballi in the Americas (Friedhoff and Soulé 1996;
Scoles and Ueti, 2015; Peckle et al., 2022a), but this tick species is a
short-term reservoir as the infection with B. caballi is restricted to one
tick generation following acquisition (Schwint et al., 2008). Other tick
species such as A. sculptum (A. cajennense complex, Nava et al., 2014)
and to a lesser extent, R. microplus, can also feed on horses (Martinez
Diaz et al., 2023; Kakimori et al., 2023; Copa et al., 2023). The trans-
mission of T. equi by D. nitens has never been proven, but R. microplus
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acts as a competent vector of T. equi as well as ticks from the
A. cajennense complex (Kerber et al., 2009; Scoles and Ueti, 2013; Ueti
et al., 2005, 2008; Scoles et al., 2011; Peckle et al., 2022b). However,
these two tick species are absent from Europe and may not be competent
vector for the European T. equi lineages, competency likely resulting
from coevolution of parasite and tick lineages. It would be of great in-
terest to study competency of the American and European vectors for the
different T. equi genotypes, a biological trait that could have shaped the
equine Theileria lineages worldwide.

We demonstrate for the first time the presence of T. haneyi in the
Caribbeans. Theileria haneyi was initially described in the USA, from a
horse crossing the border from Mexico that was negative for T. equi by
PCR based on the ema-1 gene, but borderline positive using a competi-
tive ELISA (cELISA) based on the same antigen (Knowles et al., 1991).
Genome sequencing of T. haneyi confirmed the absence of the ema-1
gene and the locus was used to set up a PCR that could specifically
amplify T. haneyi and distinguish it from T. equi that possesses ema-1
gene (Knowles et al., 2018). However, the seven 18S rRNA sequences of
T. haneyi available in Genbank from the USA (KU647704 to KU647710)
are about 100% identical to the many already sequenced 18S rRNA
genotype C isolates around the world. Sequences from all the isolates
from Mexico, and about half of the Caribbean and south America 18S
rRNA sequences were of the genotype C, but no confirmation of their
being T. haneyi using the T. haneyi specific nPCR has yet been published.
In their publication, Bhoora et al. (2020) in South Africa used the two
nPCR schemes to type 8 isolates from blood samples that were proven to
be mono-infected by the genotype C based on specific qPCR and 18S
rRNA sequencing. Interestingly, one sample was infected by T. haneyi, 2
samples by T. equi, 2 samples were apparently co-infected, and three
were found negative with both PCR. They concluded that the nPCR as-
says may not be reliable to differentiate between T. haneyi and genotype
C isolates, and that T. haneyi could represent a sub-population of the
genotype C. In our study, we also had discordant results between 18S
rRNA sequencing and complementary analyses using T. haneyi or ema-1
specific nPCR. However, we believe that in case of co-infections, the
genotype present in majority may be amplified at the expense of the
minor ones, especially in nested PCR approaches as we used.
Co-infections may therefore remain undetected using 18S rRNA ampli-
fication, but detected with genotype specific nPCR such as T. haneyi or
ema-1 specific nPCR. On the other hand, these specific nPCR may also
give false negative results due to detection threshold combined with low
parasitemia. However, we can not exclude that a diversity within each
genotype at the targeted gene locus results in the absence of amplifi-
cation of genotypes A or C.

To go further in trying to understand the relative positions of
T. haneyi and T. equi, we analyzed thirty 18S rRNA sequences recently
deposited in Genbank as being T. haneyi (OR544374, ON428994 to
ON429022) and concluded that they were in fact all belonging to the
genotype E due to their sequence identities. Following our intervention
with GenBank, the sequences ON428994 to ON429022 have now been
flagged as 'unverified organism’. There are only 37 18S rRNA sequences
deposited in Genbank under the name T. haneyi, seven are from the USA
and have a genotype C 18S rRNA type (KU647704 to KU647710) and the
30 others have genotype E 18S rRNA sequences, increasing the confu-
sion about the position of this newly named species (Yang et al., 2025).

Importation of horses into countries free of equine piroplasmosis is
subject to strict restrictions (Knowles, 1996; Mendoza et al., 2024).
Following WOAH recommendations, serological and molecular tests for
T. equi and B. caballi must be conducted on blood samples collected
within 14 days prior to importation, with negative results required (OIE,
2024). Horses infected with T. equi genotype E from Eurasian endemic
countries may pose diagnostic challenges for importation into
disease-free countries. The use of T. equi ema-1 and T. haneyi specific
nPCR would likely result in false-negative results for genotype E, as
demonstrated in our study. Therefore T. equi genotype E infected horses
might be undetected using these molecular tools. Similarly, the cELISA
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based on the EMA-1 antigen may also yield false-negative results, as
observed with the genotype C/T. haneyi lacking ema-1 (Knowles et al.,
1991). The indirect fluorescent antibody test (IFAT), which detects an-
tibodies against multiple parasite epitopes, may therefore be more
reliable.

The frequency of horses co-infected with multiple T. equi genotypes
is notably high (50.6%), and this likely represents an underestimation in
our study. This finding suggests a lack of or inefficient immune cross-
protection between genotypes in horses. Consequently, the develop-
ment of effective equine anti-Theileria vaccines will likely require a
genotype-specific approach, and a single, universal vaccine may not be
feasible or efficient.

5. Conclusion

This study not only provides the first investigation of equine pir-
oplasmosis in Guadeloupe, but also the detailed analysis of a panel of
mono- and co-infections with three T. equi genotypes that allowed the
testing of different diagnostic tools.

Using a specific nPCR for T. haneyi, we were able to demonstrate the
presence of T. haneyi in Guadeloupe for the first time in South America
and in the Caribbeans and that the 18S rRNA sequences obtained are
identical to the sequences associated with the T. equi genotype C present
in international database.

Moreover, T. equi genotype E as well as T. haneyi can pose detection
challenges for horse importation, and new molecular but more impor-
tantly serological diagnostic tests should be developed.
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