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Abstract
Equine piroplasmosis (EP) is a tick-borne disease caused by Babesia caballi and Theileria equi that is potentially emerg-
ing in non-endemic countries. We conducted a descriptive study to investigate EP prevalence and spatial distribution in an 
endemic region: the Camargue and the Plain of La Crau in France. In spring 2015 and 2016, we carried out sampling at 
stables (total n = 46) with a history of horses presenting chronic fever or weight loss. Overall, we collected blood from 632 
horses, which were also inspected for ticks; these horses had been housed in the target stables for at least 1 year. We obtained 
585 ticks from these horses and described land use around the stables. Real-time PCR was employed to assess T. equi and 
B. caballi prevalence in the horses and in the ticks found on the horses. For the horses, T. equi and B. caballi prevalence was 
68.6% and 6.3%, respectively. For the ticks found on the horses, prevalence was 28.8% for T. equi and 0.85% for B. caballi. 
The most common tick species were, in order of frequency, Rhipicephalus bursa, R. sanguineus sl., Hyalomma margina-
tum, Haemaphysalis punctata, and Dermacentor sp. Horses bearing Rhipicephalus ticks occurred in wetter zones, closer to 
agricultural areas, permanent crops, and ditches, as well as in drier zones, in the more northern countryside. Compared to 
horses bearing R. bursa, horses bearing R. sanguineus sl. more frequently occurred near the Rhone River. Prevalence of T. 
equi in the ticks was as follows: Hyalomma marginatum (43%), Dermacentor sp. (40%), R. bursa (33%), R. sanguineus sl. 
(19%), and Haemaphysalis punctata (17%). In contrast, B. caballi only occurred in Dermacentor sp. (20%) and R. bursa (1%).

Keywords Theileria equi · Babesia caballi · Piroplasmosis · Ticks · Horse · Rhipicephalus

Introduction

Equine piroplasmosis (EP) is a tick-borne disease caused by 
haemoprotozoan parasites, most commonly the piroplasms 
Babesia caballi and Theileria equi. Recently, researchers 
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identified another piroplasm, Theileria haneyi, that may also 
potentially serve as an agent of EP (Knowles et al. 2018; 
Sears et al. 2019). In horses, EP can present as peracute, 
acute, subacute, or chronic disease. Common clinical signs 
include pale mucosa, limb oedemas, jaundice, and fever. 
Theileria equi infections may cause exercise intolerance in 
sport horses, which can mean substantially decreased earn-
ings in the case of race horses industry (Padalino et al. 2019; 
El-Sherif et al. 2019).

It can be difficult to clinically assess chronic EP. There-
fore, it is necessary to conduct several diagnostic tests and 
exclude the possibility of other infectious and non-infectious 
diseases to arrive at a final diagnosis and initiate appropriate 
treatment (Padalino et al. 2019). Moreover, EP symptoms 
are not highly specific; instead, they resemble those of other 
tick-borne diseases, such as anaplasmosis or Lyme disease 
(Zobba et al. 2008; Laus et al. 2013; Camino et al. 2019). 
The main difference between infection with B. caballi versus 
T. equi is that horses infected with T. equi can remain long-
life carriers (Onyiche et al. 2019; Tirosh-Levy et al. 2020). 
Furthermore, the life cycles of these parasites are not exactly 
the same, since B. caballi exclusively infects red blood cells, 
while T. equi can also infect circulating leukocytes (Onyiche 
et al. 2019). These differences can potentially explain the 
contrasting responses of horses to treatments.

EP is endemic in tropical areas, subtropical areas, and 
some temperate areas, like those found in France. The dis-
ease is not endemic in Canada, New Zealand, Japan, the 
USA, Australia, or Singapore (Onyiche et al. 2019). Con-
sequently, the international travel of horses is strictly moni-
tored. Regulations in non-endemic countries can lead to 
seropositive horses being barred entry, resulting in signifi-
cant economic losses (Guidi et al. 2015; Camino et al. 2019; 
Seo et al. 2020).

Despite its high levels of vigilance, the USA has already 
experienced two EP outbreaks. One outbreak occurred in 
Florida: it was iatrogenic in origin, resulting from shared 
needles and blood transfusions (Short et al. 2012). Twenty 
horses became infected with T. equi, and most were euthan-
ised or exported to US federal research facilities. The other 
outbreak occurred naturally in Texas (Scoles et al. 2011). 
It was mediated by the tick Amblyomma cajennense and 
represented the first time this species had been observed to 
transmit T. equi. Up until that point, only one tick species, 
Dermacentor variabilis, had been found to act as a compe-
tent vector of EP in the USA.

In Europe, the main vectors of EP are ticks from the gen-
era Rhipicephalus, Dermacentor, and Hyalomma (Onyiche 
et al. 2019). Haemaphysalis species can also act as compe-
tent vectors (Scoles and Ueti 2015). Ixodes species do not 
appear to have this ability.

The environmental persistence of ticks is mainly influ-
enced by factors such as climatic conditions changing 

spatially but also according to seasons, as well as tick 
reproductive capabilities, and host presence (i.e., livestock 
and wild animals). In some areas, the persistence of tick-
borne pathogens (TBPs) is largely mediated by tick den-
sity in the environment and specific transmission pathways 
(Harrison et al. 2011; Léger et al. 2013; Grech-Angelini 
et al. 2020).

In endemic areas, for the sake of monitoring and pre-
vention, it is important to identify which vectors are bet-
ter able to transmit TBPs to horses and to determine their 
geographical and habitat distributions. Moreover, EP and 
other diseases caused by TBPs have the potential to become 
emerging infectious diseases in non-endemic areas. Global 
changes, including climate change, are significantly boosting 
epidemiological risks by promoting the spread of vectors; 
indeed, a change is already being seen in the potential distri-
bution of Hyalomma marginatum in southern France (Gray 
et al. 2009; Vial et al. 2016; Mysterud et al. 2017; Jourdain 
and Paty 2019; Paz 2020).

Our study was performed in the Camargue and on the 
Plain of La Crau, which form a region located in southeast-
ern France (Supplementary File 1). This area has a Mediter-
ranean climate, characterised by moderate temperatures and 
humidity, and contains a diversity of habitats (e.g., dry areas 
irrigated by canals, ditches, and wetlands) (Jourdain et al. 
2007; Leblond et al. 2007). Large numbers of horses live 
outdoors and thus come into frequent contact with humans, 
domesticated animals, and wild animals.

The ticks most commonly encountered along the French 
Mediterranean coast are Rhipicephalus bursa, Rhipicephalus 
sanguineus sl., Dermacentor reticulatus, and Dermacentor 
marginatus. Recently, H. marginatum was also observed in 
southern France (Vial et al. 2016) in two habitat types: wet 
areas in the Camargue and drier areas in the countryside 
near Montpellier. In addition to vectoring the piroplasms 
that cause EP, this species can also transmit Crimean-Congo 
haemorrhagic fever, a potential emerging infectious viral 
disease in this region (Vial et al. 2016).

Past work has found that the Camargue is a hyperen-
demic area for EP, where the seroprevalence of T. equi and 
B. caballi infection in horses has been estimated at 58% and 
12.9%, respectively (Guidi et al. 2015). Only a few stud-
ies have used PCR to assess the piroplasms’ prevalence in 
horses and/or ticks in Europe, including in the Mediterra-
nean Basin; to date, such work has been carried out in Spain, 
the UK, Ireland, Tunisia, and Israel (Ros-García et al. 2013; 
Coultous et al. 2019, 2020; Camino et al. 2021; Tirosh-Levy 
et al. 2021). Two other studies conducted in Europe char-
acterised the piroplasms’ prevalence in ticks sampled from 
different hosts, including horses, in Corsica (Grech-Angelini 
et al. 2020) and Italy (Iori et al. 2010). In addition, work was 
performed in Tunisia to evaluate piroplasm prevalence in 
ticks and horses with a view to exploring the local genetic 
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heterogeneity underlying EP in the region (Ros-García et al. 
2013).

Our study had two key objectives: (1) to describe the geo-
graphical and habitat distributions of ticks found on horses 
in the study region and (2) to assess the prevalence of T. equi 
and B. caballi in horses and in ticks found on horses using 
real-time PCR, a first for this region.

Materials and methods

Study region and horse selection

The study was performed in the Camargue, located in the 
Rhone Delta, and on the Plain of La Crau, located east of 
the same delta (Supplementary File 1). Sampling took place 
at a range of stables in April–May 2015 (n = 37 stables) and 
May–June 2016 (n = 39 stables). There was some overlap 
among the stables such that a total of 46 different stables 
(Camargue = 19 stables; Plain of La Crau = 27 stables) 
were sampled across the two study seasons (Supplementary 
File 1). Global positioning system (GPS) coordinates were 
obtained for all the sites. In collaboration with local prac-
ticing veterinarians, we selected stables where there was a 
history of horses presenting unexplained chronic fever or 
weight loss, which are potential clinical signs of EP.

Over the course of the study, blood samples were col-
lected from 632 horses (n = 338 in 2015 and n = 294 in 
2016), which were also checked for ticks. The sample size 
for each stable was defined based on the stable’s total num-
ber of horses. We used a method previously described else-
where (Guidi et al. 2015; Desjardins et al. 2018). A mean of 
9 and 8 horses were sampled per stable in 2015 and 2016, 
respectively. The minimum number of horses sampled was 
2, and the maximum was 15. The horses were also at least 
1 year old and had been housed within the stable for at least 
1 year. The owners of all the horses signed an informed 
consent form that detailed the main results expected and 
that attested to the confidentiality of all the information 
collected.

Blood sampling and tick collection

The blood samples were collected by drawing blood into 
EDTA tubes via jugular venipuncture. The EDTA tubes were 
kept in coolers for half the sampling day, at most, and were 
then immediately frozen at − 20 °C.

As noted above, each horse was examined for the pres-
ence of ticks. When they were present, we collected attached 
but not engorged ticks (number collected—mean: 4 and 
range: 1–8). Specific body regions were carefully inspected 
during this process, namely the chin, shoulders, pasterns, 
base of the ears, back, inguinal region, and base of the tail. 

All the ticks were kept alive during each sampling period. 
Morphological identification to genus or species levels, 
depending on the ticks, was carried out using the biblio-
graphic reference in tick taxonomy published by Pérez-Eid 
(Perez-Eid 2007), and the ticks were then frozen at -80 °C.

DNA extraction—horse blood and ticks

The ticks were washed and then placed in individual tubes 
with metal beads. First, we added 300 µL of Dulbecco’s 
modified Eagle medium (DMEM) and 30 µL of foetal calf 
serum to each tube. Next, the tube contents were crushed 
using a Precellys tissue homogeniser (Bertin Technologies, 
Montigny-le-Bretonneux, France), yielding a liquid aliquot 
for each tick.

To extract DNA from the aliquots, we used a Nucle-
oSpin® Blood QuickPure Kit (Macherey–Nagel, Bethle-
hem, USA) for the horse blood and the engorged ticks and 
a NucleoSpin® Tissue Kit (Macherey–Nagel) for the non-
engorged ticks. Both kits were used in accordance with the 
manufacturer’s instructions. The DNA extracts were then 
stored at − 20 °C until testing could be performed.

We verified that the extraction process had been success-
ful using a real-time PCR assay to confirm the presence of 
the 18S gene, highly conserved among all tick species. A 
positive result indicated that tick DNA (and any accompany-
ing pathogen DNA) had been obtained.

PCR assays—Theileria equi and Babesia caballi

The presence of DNA from T. equi and B. caballi was 
detected using real-time PCR performed on all the horse 
blood and tick samples; the methodology used is described 
elsewhere (Kim et al. 2008; Bhoora et al. 2010). The PCR 
assays were performed by LABÉO (Caen, France) using 
the Premix Ex Taq™ Kit (Takara, Saint-Germain-en-Laye, 
France). In brief, after an initial 3-min step at 95 °C, the 
analyses were run on StepOnePlus Real-Time PCR Systems 
(Applied Biosystems, Thermo Fisher, Villebon-sur-Yvette, 
France). There were 45 cycles of denaturation at 95 °C for 
5 s and primer annealing at 64 °C for 35 s. To ensure the 
validity of the assays, positive and negative controls (blanks) 
were run in parallel with each PCR.

Results

The stables were mostly located near wetlands, urban and 
peri-urban areas, arable land under rice, heterogenous agri-
cultural zones, pastures, and forests. The horses housed in 
the stables were used for different types of activities, such 
as sports and leisure, horse breeding, or support for cow 
breeding.
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Prevalence of Theileria equi and Babesia caballi 
in horses

In the horses, the prevalence of T. equi and B. caballi across 
both years was 68.6% (434/632) and 6.3% (40/632), respec-
tively. Overall piroplasm prevalence in the study region was 
75% (474/632). Only 1.7% (11/632) of the horses were co-
infected. Stables with piroplasm-positive horses were found 
across the entire study region (Fig. 1).

Tick abundance and distribution

A total of 585 ticks were collected from the horses across the 
two study seasons (n = 150 ticks in 2015 and n = 435 ticks 
in 2016). Ticks were found in 23 of the 46 stables sampled 
(Supplementary File 2). In both years, the most commonly 
observed ticks were members of the genus Rhipicephalus, 
followed by members of Hyalomma, Haemaphysalis, and 
Dermacentor (Table 1).

Horses with Rhipicephalus ticks were found across the 
study region, generally in wetter zones, near agricultural 

areas, permanent cropland, and ditches, as well as in the 
drier, more northern countryside. However, they were rarely 
found in urban zones or coastal wetlands. The main differ-
ence in the occurrence of horses bearing R. sanguineus sl. 
versus horses bearing R. bursa was that the former were 
more common in stables near the Rhone, while the latter 
were found throughout the Camargue and the Plain of La 
Crau (Fig. 2). Horses with Haemaphysalis punctata were 
found in three stables in peri-urban areas, some near the 
coast and some in the countryside (Supplementary File 3). 

Fig. 1  Geographical distribution of stables with horses positive for T. equi (red), positive for B. caballi (orange), or without any positive horses 
(green). Circle size is proportional to prevalence: small = 1–30%, intermediate = 31–60%, and large = 61–100% (map  source: OpenStreetMap)

Table 1  Species-specific numbers of ticks collected on the horses in 
2015 and 2016

Ticks 2015 2016 Total

Rhipicephalus sanguineus sl 54 124 177
Rhipicephalus bursa 61 271 333
Hyalomma marginatum 7 40 47
Haemaphysalis punctata 23 0 23
Dermacentor sp. 5 0 5
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Most (21 out of 23) were housed in a single stable in the 
coastal wetlands east of the Rhone Delta. Hyalomma mar-
ginatum was found on horses located in just five stables, all 
near wetlands and farmlands (Supplementary File 4). Der-
macentor sp. was found on horses in two different stables 
located 33 km apart in a wetter area. One stable was in a 
peri-urban area, while the other one was closer to wetlands 
(Supplementary File 4).

Theileria equi and Babesia caballi prevalence in ticks

Most of the ticks (69%; 411/585) were negative for both 
T. equi and B. caballi. However, nearly a third (29.7%; 
174/585) were positive for at least one of the piroplasms 
(Table 2). A very small percentage (0.51%; 3/585) were co-
infected. Of the three co-infected ticks, one was Dermacen-
tor sp., and two were R. bursa (Supplementary File 2).

Theileria equi

Overall, 28.8% (169/585) of ticks were positive for T. equi. 
Of these positive ticks, 84.6% (143/169) were Rhipicephalus 
species, 11.8% (20/169) were H. marginatum, 2.3% (4/169) 
were H. punctata, and 1.1% (2/169) were Dermacentor.

Babesia caballi

A very small number of ticks were positive for B. caballi 
(0.85%; 5/585); of the five total, four (80%) were R. bursa, 
and one (20%) was Dermacentor.

Prevalence of Theileria equi and Babesia caballi 
in horses with ticks

Over the study period, around a quarter of the horses had at 
least one tick (23.4%; 148/632); 50 horses had ticks in 2015, 
and 98 horses had ticks in 2016 (Table 3). Among the horses 
with ticks, the vast majority were positive for at least one of 
the piroplasms (91.2%; 135/148).

Theileria equi

Among the horses with ticks, the vast majority were positive 
for T. equi (90.5%; 134/148). Of these positive horses, two-
thirds were carrying ticks that were also positive for T. equi 
(66%; 88/134); the full range of tick species was represented 
among them (102 R. bursa, 34 R. sanguineus sl., 2 H. punc-
tata, 22 H. marginatum, and 2 Dermacentor).

Of the tick-carrying horses that were negative for T. equi 
(8%; 12/148), five bore a total of nine ticks that were posi-
tive for the piroplasm (7 R. bursa and 2 R. sanguineus sl.).

Babesia caballi

Among the horses with ticks, 9.4% (14/148) were positive 
for B. caballi. One of these 14 positive horses was carrying 
two ticks that were also positive for B. caballi (a Dermacen-
tor and a R. bursa). The rest of these horses (13/14) bore 
ticks that were negative for B. caballi. Four horses that were 
negative for B. caballi each bore 1 tick (all = R. bursa) that 
was positive for B. caballi.

Discussion

This study is the first epidemiological research to use real-
time PCR to characterise the prevalence of T. equi and B. 
caballi in horses and ticks found on horses in the Camargue 
and on the Plain of La Crau in southeastern France. We 
found that, in horses, T. equi prevalence was 68.6%, and B. 
caballi prevalence was 6.3%. In the ticks found on horses, 
T. equi prevalence was 28.8%, and B. caballi prevalence was 
0.85%.

It is important to acknowledge that a few different factors 
could have influenced our results. First, we did not randomly 
choose the stables at which we sampled. Before beginning 
the study, we collaborated with practicing veterinarians to 
identify stables in which there had been cases of unexplained 
fever or weight loss. This approach could have somewhat 
biased our results since we did not sample from within the 
entire, perhaps more healthy horse population in the study 
region. That said, the stables’ geographical distribution was 
fairly homogenous, and we sampled horses living in differ-
ent types of habitats. Second, our tick sampling procedures 
could have affected our findings. Notably, two new people 
were added to the sampling team in 2016. Third, sampling 
took place during different months across the 2 years. This 
fact could have influenced tick numbers since the differ-
ent genera have different peaks of activity. These latter two 
reasons could partly explain the difference in tick numbers 
between 2015 and 2016. Fourth, tick numbers were likely 
to have been affected by any antiparasitic treatments. Half 
of the stables at which we sampled frequently perform such 
treatments to prevent tick infestations. Fifth, we classified 
the ticks based on morphology, not genetic analysis. While 
this approach could have resulted in some taxonomic errors, 
we believe that the potential for bias was minimal since most 
of the species collected display very distinct morphologi-
cal characteristics. In addition, the ticks were identified by 
taxonomic experts. Sixth, we acknowledge that we were 
describing the habitats associated with ticks found on horses. 
While collecting ticks within the environment could have 
added complementary information to our study, we are not 
convinced it would have dramatically affected our findings. 
Indeed, we were working with Camargue horses, which live 
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in “manades” and do not move among habitats. Since ticks 
cannot move freely over long distances by themselves, we 
feel confident that we are indirectly describing the habitats 
in which the ticks would be found even if they had been 
sampled within the environment.

In our study, we have confirmed that the Camargue and 
the Plain of La Crau in southeastern France form a region 
in which EP is highly endemic. High piroplasm prevalence 
was previously observed in the Camargue by researchers 
who used a complement fixation technique (Guidi et al. 
2015). Their work found that 58% and 12.9% of horses were 
seropositive for T. equi and B. caballi, respectively. These 
prevalence levels are higher than those seen in other endemic 
countries, such as Spain, where recent PCR-based estimates 
of prevalence in horses were 29% for T. equi and 1.8% for B. 
caballi (Camino et al. 2021). These findings contrast with 
those from the UK, a non-endemic country, where preva-
lence was very low—0.8% for T. equi and 0% for B. caballi 
(Coultous et al. 2019). In general, compared to serological 
analysis, real-time PCR provides more specific but less sen-
sitive assessments of prevalence (Tirosh-Levy et al. 2021). 
It is interesting to note that prevalence was higher for horses 
found to have ticks at the time of sampling (T. equi: 90.5%, 
B. caballi: 9.4%). Most of the horses in the study region are 
Camargue horses, and they live under semi-natural condi-
tions. In addition, local environmental conditions mean they 
are more likely to be exposed to ticks and thus infected with 
piroplasms.

We found that the horses in the study region were most 
commonly carrying ticks in the genus Rhipicephalus (R. 
bursa and R. sanguineus sl.). Tick-bearing horses were pre-
sent in wet and dry areas along the coast and in the coun-
tryside. These results concur with those from previous 
studies in the same region (René 2013; Chastagner et al. 
2013). Both R. bursa and R. sanguineus sl. display simi-
lar distribution patterns in Europe and are mainly found in 
the Mediterranean Basin (Estrada-Peña et al. 2017). Horses 
are not the main hosts for these species. Instead, cattle are 
the principal host for R. bursa, whereas R. sanguineus sl. is 
primarily hosted by several species, including dogs and rab-
bits (René 2013; Estrada-Peña et al. 2017). Because horses 
in this region live alongside or graze with bulls, they are 
more likely to become infested with these ticks. The second 
most common tick we found on horses was H. marginatum. 
Its presence in southeastern France had been previously 
described (Vial et al. 2016). In contrast to what we observed, 

H. marginatum is the main tick found in other Mediterranean 
regions, including Corsica (Grech-Angelini et al. 2020), 
Tunisia (Ros-García et al. 2013), and Israel (Tirosh-Levy 
et al. 2021). However, this tick is described as a xerophilic 
species and environmental conditions in Camargue with 
predominant wet habitats may not be as much as suitable. 
We rarely observed ticks on horses belonging to the genera 
Haemaphysalis and Dermacentor, which fits with most past 
work (Iori et al. 2010; Ros-García et al. 2013; Tirosh-Levy 
et al. 2018). For Dermacentor, the period of work is not 
favourable as its activity period is mainly in autumn and 
at the beginning of spring. Finally, we did not observe any 
horses carrying Ixodes ricinus, even though it is the main 
tick species found in France and most of Europe (Estrada-
Peña et al. 2017). This result is not necessarily surprising 
given that our study region was in the Mediterranean region. 
Ixodes ticks do not tolerate dry temperatures very well, and 
they need to live under conditions of high humidity (relative 
humidity > 80–85%) and along forest edges (Estrada-Peña 
et al. 2017).

We wish to underscore that detecting piroplasm DNA in 
ticks found on horses does not mean that the ticks are acting 
as vectors. It seems likely that horses with positive engorged 
ticks were responsible for infecting the ticks. However, it 
cannot be concluded that the ticks will be able to transmit 
the pathogen themselves. Our study is descriptive in nature: 
it has estimated the prevalence of equine piroplasmosis 
in horses and in ticks on horses. However, it did not seek 
to ascertain which ticks act as the main EP vectors in the 
region. That research will be pursued in other studies.

In this study, T. equi prevalence was highest in H. margi-
natum (43%). This finding concurs with others obtained in 
the Mediterranean Basin (Iori et al. 2010; Ros-García et al. 
2013), except in the case of Corsica (Grech-Angelini et al. 
2020). This result is of special interest since H. marginatum 
is an emergent tick species in the region (Vial et al. 2016), 
and its geographical distribution in southern France seems to 
be expanding. It raises an important question: will EP preva-
lence climb in this region if the tick continues to increase its 
range? While Rhipicephalus ticks were the most common, 
they did not have the highest T. equi prevalence (33% and 
19% for R. bursa and R. sanguineus sl., respectively). The 
only previous study to observe Rhipicephalus ticks infected 
with T. equi in the Mediterranean Basin was carried out in 
Corsica (Grech-Angelini et al. 2020).

We found that H. punctata had the lowest T. equi preva-
lence (17%). This species has rarely been observed in the 
Mediterranean; however, as mentioned above, it was found 
in Israel (Tirosh-Levy et al. 2018). It remains unknown how 
well it can vector T. equi. While it has been described as a 
potential vector (Scoles and Ueti 2015), its prevalence of T. 
equi had never been assessed in the Mediterranean Basin 
until now. Dermacentor sp. was also uncommon in the study 

Fig. 2  Geographical distribution of the stables where horses bear-
ing R. sanguineus sl. (A) and R. bursa (B) were present. Red: stables 
where some ticks were positive for T. equi; green: stables where no 
ticks were positive for T. equi; orange: stables where some ticks were 
positive for B. caballi; white: stables where no Rhipicephalus ticks 
were collected. Circle and triangle size is proportional to piroplasm 
prevalence in the ticks (map  source: OpenStreetMap)

◂

1005



Parasitology Research (2022) 121:999–1008

1 3

region, but the species had a relatively high T. equi preva-
lence (~ 40%).

With regard to B. caballi, prevalence was highest in 
Dermacentor sp. (20%). This tick has been described as a 
potential vector for B. caballi in Europe (Scoles and Ueti 
2015). However, the prevalence of B. caballi in this species 
had never been assessed in the Mediterranean Basin. We 
observed that another tick, R. bursa, was also infected with 
B. caballi (1%). In contrast, no H. marginatum was posi-
tive for the pathogen. This result does not match what was 
found by Ros-Garcia and colleagues, who discovered that 
H. marginatum could be infected with B. caballi (2/97 ticks; 
Ros-García et al. 2013).

Conclusion

This study is the first to use real-time PCR to estimate the 
prevalence of EP-causing piroplasms in horses and ticks 
found on horses in the Camargue and on Plain of La Crau 
in southeastern France. We found that T. equi appears to 
be highly endemic in our study region. We observed four 
tick genera (and five tick species) over the course of our 
sampling; Rhipicephalus (R. bursa) was the most common. 
All five tick species were found to be infected with T. equi. 
In contrast, B. caballi was only found in Dermacentor sp. 
and R. bursa. The tick with the highest prevalence of T. equi 
was H. marginatum, at a similar level than observed in Der-
macentor, a confirmed EP tick vector. The results of this 
study may have important implications for understanding, 
monitoring, and controlling EP, a disease that causes major 
economic losses in the horse industry. While our work was 

performed in a specific part of France, it helps fill the cur-
rent gap of basic studies characterising the prevalence of EP 
pathogens in horses and ticks. In this regard, our findings 
may have broader implications for understanding disease 
dynamics across the European Mediterranean.
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Table 2  Tick species found on the horses and their prevalence of Theileria equi and Babesia caballi 

Ticks T. equi + B. caballi + No. stables Prevalence (%)
T. equi

Prevalence (%)
B. caballi

Rhipicephalus bursa (n = 333) 110 4 19 33% 1%
Rhipicephalus sanguineus sl. (n = 177) 33 0 17 19% 0%
Hyalomma marginatum (n = 47) 20 0 5 43% 0%
Haemaphysalis punctata (n = 23) 4 0 3 17% 0%
Dermacentor sp. (n = 5) 2 1 2 40% 20%

Table 3  Prevalence of Theileria equi and Babesia caballi for different 
categories of horses

Category Number of 
horses

Prevalence (%)
T. equi +

Prevalence (%)
B. caballi +

All horses 632 68.6% 6.3%
Horses with ticks 148 90.5% 9.4%
Positive horses 

with positive ticks
89 66% 7%

1006

https://doi.org/10.1007/s00436-022-07441-7


Parasitology Research (2022) 121:999–1008

1 3

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Bhoora R, Quan M, Franssen L et al (2010) Development and evalu-
ation of real-time PCR assays for the quantitative detection of 
Babesia caballi and Theileria equi infections in horses from 
South Africa. Vet Parasitol 168:201–211. https:// doi. org/ 10. 
1016/j. vetpar. 2009. 11. 011

Camino E, Buendia A, Dorrego A et al (2021) Sero-molecular sur-
vey and risk factors of equine piroplasmosis in horses in Spain. 
Equine Vet J 53:771–779. https:// doi. org/ 10. 1111/ evj. 13348

Camino E, Dorrego A, Carvajal KA et  al (2019) Serological, 
molecular and hematological diagnosis in horses with clini-
cal suspicion of equine piroplasmosis: pooling strengths. Vet 
Parasitol 275:108928. https:// doi. org/ 10. 1016/j. vetpar. 2019. 
108928

Chastagner A, Bailly X, Leblond A et al (2013) Single genotype of 
Anaplasma phagocytophilum identified from ticks, Camargue, 
France. Emerg Infect Dis 19:825–826. https:// doi. org/ 10. 3201/ 
eid19 05. 121003

Coultous RM, Leadon DP, Shiels BR et al (2020) Investigating the 
presence of equine piroplasmosis in Ireland. Vet Rec 187:e97. 
https:// doi. org/ 10. 1136/ vr. 105937

Coultous RM, Phipps P, Dalley C et al (2019) Equine piroplasmosis 
status in the UK: an assessment of laboratory diagnostic sub-
missions and techniques. Vet Rec 184:95. https:// doi. org/ 10. 
1136/ vr. 104855

Desjardins I, Joulié A, Pradier S et al (2018) Seroprevalence of 
horses to Coxiella burnetii in an Q fever endemic area. Vet 
Microbiol 215:49–56. https:// doi. org/ 10. 1016/j. vetmic. 2017. 
11. 012

El-Sherif MA, Baraka TA, Elmashad NE, Sheta EM (2019) 
Clinical and laboratory investigations of poor perform-
ing anemic Egyptian horses infested with Theileria equi. 
Comp Clin Pathol 28:1559–1563. https:// doi. org/ 10. 1007/ 
s00580- 019- 02958-3

Estrada-Peña A, Mihalca A, Petney T (2017) Ticks of Europe and 
North Africa: a guide to species identification. https:// doi. org/ 
10. 1007/ 978-3- 319- 63760-0

Gray JS, Dautel H, Estrada-Peña A et al (2009) Effects of climate 
change on ticks and tick-borne diseases in Europe. Interdiscip 
Perspect Infect Dis 2009:593232. https:// doi. org/ 10. 1155/ 2009/ 
593232

Grech-Angelini S, Stachurski F, Vayssier-Taussat M et al (2020) 
Tick-borne pathogens in ticks (Acari: Ixodidae) collected from 
various domestic and wild hosts in Corsica (France), a Mediter-
ranean island environment. Transbound Emerg Dis 67:745–757. 
https:// doi. org/ 10. 1111/ tbed. 13393

Guidi E, Pradier S, Lebert I, Leblond A (2015) Piroplasmosis in an 
endemic area: analysis of the risk factors and their implications 
in the control of Theileriosis and Babesiosis in horses. Parasi-
tol Res 114:71–83. https:// doi. org/ 10. 1007/ s00436- 014- 4161-9

Harrison A, Montgomery WI, Bown KJ (2011) Investigating the 
persistence of tick-borne pathogens via the  R0 model. Para-
sitology 138:896–905. https:// doi. org/ 10. 1017/ S0031 18201 
10004 00

Iori A, Gabrielli S, Calderini P et al (2010) Tick reservoirs for piro-
plasms in central and northern Italy. Vet Parasitol 170:291–296. 
https:// doi. org/ 10. 1016/j. vetpar. 2010. 02. 027

Jourdain E, Toussaint Y, Leblond A et al (2007) Bird species poten-
tially involved in introduction, amplification, and spread of West 
Nile virus in a Mediterranean wetland, the Camargue (Southern 
France). Vector Borne Zoonotic Dis Larchmt N 7:15–33. https:// 
doi. org/ 10. 1089/ vbz. 2006. 0543

Jourdain F, Paty M-C (2019) The impact of climate change on vectors 
and vector-borne diseases in France. Trib Sante No 61:41–51

Kim C, Blanco LBC, Alhassan A et al (2008) Diagnostic real-time 
PCR assay for the quantitative detection of Theileria equi from 
equine blood samples. Vet Parasitol 151:158–163. https:// doi. 
org/ 10. 1016/j. vetpar. 2007. 10. 023

Knowles DP, Kappmeyer LS, Haney D et al (2018) Discovery of a 
novel species, Theileria haneyi n. sp., infective to equids, high-
lights exceptional genomic diversity within the genus Theileria: 
implications for apicomplexan parasite surveillance. Int J Parasitol 
48:679–690. https:// doi. org/ 10. 1016/j. ijpara. 2018. 03. 010

Laus F, Veronesi F, Passamonti F et al (2013) Prevalence of tick borne 
pathogens in horses from Italy. J Vet Med Sci 75:715–720. https:// 
doi. org/ 10. 1292/ jvms. 12- 0449

Leblond A, Sandoz A, Lefebvre G et al (2007) Remote sensing based 
identification of environmental risk factors associated with West 
Nile disease in horses in Camargue, France. Prev Vet Med 79:20–
31. https:// doi. org/ 10. 1016/j. preve tmed. 2006. 11. 008

Léger E, Vourc’h G, Vial L et al (2013) Changing distributions of ticks: 
causes and consequences. Exp Appl Acarol 59:219–244. https:// 
doi. org/ 10. 1007/ s10493- 012- 9615-0

Mysterud A, Jore S, Østerås O, Viljugrein H (2017) Emergence of 
tick-borne diseases at northern latitudes in Europe: a com-
parative approach. Sci Rep 7:16316. https:// doi. org/ 10. 1038/ 
s41598- 017- 15742-6

Onyiche TE, Suganuma K, Igarashi I, Yokoyama N, Xuan X, Thekisoe 
O (2019) A review on equine piroplasmosis: epidemiology, vector 
ecology, risk factors, host immunity, diagnosis and control. Int J 
Environ Res Public Health 16(10):1736. https:// doi. org/ 10. 3390/ 
ijerp h1610 1736

Padalino B, Rosanowski SM, Di Bella C et al (2019) Piroplasmosis 
in Italian Standardbred horses: 15 years of surveillance data. J 
Equine Vet Sci 83:102813. https:// doi. org/ 10. 1016/j. jevs. 2019. 
102813

Paz S (2020) Climate change impacts on vector-borne diseases in 
Europe: risks, predictions and actions. Lancet Reg Health – 
Eur 1:100017. https:// doi. org/ 10. 1016/j. lanepe. 2020. 100017

Perez-Eid C (2007) Les tiques. In: Libr. Lavoisier. https:// www. lavoi 
sier. fr/ livre/ medec ine/ les- tiques/ perez- eid/ descr iptif- 97827 43009 
748. Accessed 12 Apr 2021

René M (2013) Étude du rôle vecteur de Rhipicephalus sanguineus s.l. 
dans la transmission des babésioses canines en France : prévalence 
parasitaire, diversité génétique des vecteurs et épidémiologie. 
Médecine vétérinaire et santé animale. Université Claude Ber-
nard - Lyon I. Français. ⟨NNT : 2013LYO10044⟩

Ros-García A, M’ghirbi Y, Hurtado A, Bouattour A (2013) Preva-
lence and genetic diversity of piroplasm species in horses and 
ticks from Tunisia. Infect Genet Evol J Mol Epidemiol Evol 
Genet Infect Dis 17:33–37. https:// doi. org/ 10. 1016/j. meegid. 
2013. 03. 038

Scoles GA, Hutcheson HJ, Schlater JL et al (2011) Equine piroplasmo-
sis associated with Amblyomma cajennense ticks, Texas, USA. 
Emerg Infect Dis 17:1903–1905. https:// doi. org/ 10. 3201/ eid17 
10. 101182

1007

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.vetpar.2009.11.011
https://doi.org/10.1016/j.vetpar.2009.11.011
https://doi.org/10.1111/evj.13348
https://doi.org/10.1016/j.vetpar.2019.108928
https://doi.org/10.1016/j.vetpar.2019.108928
https://doi.org/10.3201/eid1905.121003
https://doi.org/10.3201/eid1905.121003
https://doi.org/10.1136/vr.105937
https://doi.org/10.1136/vr.104855
https://doi.org/10.1136/vr.104855
https://doi.org/10.1016/j.vetmic.2017.11.012
https://doi.org/10.1016/j.vetmic.2017.11.012
https://doi.org/10.1007/s00580-019-02958-3
https://doi.org/10.1007/s00580-019-02958-3
https://doi.org/10.1007/978-3-319-63760-0
https://doi.org/10.1007/978-3-319-63760-0
https://doi.org/10.1155/2009/593232
https://doi.org/10.1155/2009/593232
https://doi.org/10.1111/tbed.13393
https://doi.org/10.1007/s00436-014-4161-9
https://doi.org/10.1017/S0031182011000400
https://doi.org/10.1017/S0031182011000400
https://doi.org/10.1016/j.vetpar.2010.02.027
https://doi.org/10.1089/vbz.2006.0543
https://doi.org/10.1089/vbz.2006.0543
https://doi.org/10.1016/j.vetpar.2007.10.023
https://doi.org/10.1016/j.vetpar.2007.10.023
https://doi.org/10.1016/j.ijpara.2018.03.010
https://doi.org/10.1292/jvms.12-0449
https://doi.org/10.1292/jvms.12-0449
https://doi.org/10.1016/j.prevetmed.2006.11.008
https://doi.org/10.1007/s10493-012-9615-0
https://doi.org/10.1007/s10493-012-9615-0
https://doi.org/10.1038/s41598-017-15742-6
https://doi.org/10.1038/s41598-017-15742-6
https://doi.org/10.3390/ijerph16101736
https://doi.org/10.3390/ijerph16101736
https://doi.org/10.1016/j.jevs.2019.102813
https://doi.org/10.1016/j.jevs.2019.102813
https://doi.org/10.1016/j.lanepe.2020.100017
https://www.lavoisier.fr/livre/medecine/les-tiques/perez-eid/descriptif-9782743009748
https://www.lavoisier.fr/livre/medecine/les-tiques/perez-eid/descriptif-9782743009748
https://www.lavoisier.fr/livre/medecine/les-tiques/perez-eid/descriptif-9782743009748
https://doi.org/10.1016/j.meegid.2013.03.038
https://doi.org/10.1016/j.meegid.2013.03.038
https://doi.org/10.3201/eid1710.101182
https://doi.org/10.3201/eid1710.101182


Parasitology Research (2022) 121:999–1008

1 3

Scoles GA, Ueti MW (2015) Vector ecology of equine piroplasmosis. 
Annu Rev Entomol 60:561–580. https:// doi. org/ 10. 1146/ annur 
ev- ento- 010814- 021110

Sears KP, Kappmeyer LS, Wise LN et al (2019) Infection dynamics of 
Theileria equi and Theileria haneyi, a newly discovered apicom-
plexan of the horse. Vet Parasitol 271:68–75. https:// doi. org/ 10. 
1016/j. vetpar. 2019. 06. 009

Seo M-G, Kwon O-D, Kwak D (2020) Diversity and genotypic analysis 
of tick-borne pathogens carried by ticks infesting horses in Korea. 
Med Vet Entomol. https:// doi. org/ 10. 1111/ mve. 12483

Short MA, Clark CK, Harvey JW et al (2012) Outbreak of equine piro-
plasmosis in Florida. J Am Vet Med Assoc 240:588–595. https:// 
doi. org/ 10. 2460/ javma. 240.5. 588

Tirosh-Levy S, Gottlieb Y, Apanaskevich DA et al (2018) Species dis-
tribution and seasonal dynamics of equine tick infestation in two 
Mediterranean climate niches in Israel. Parasit Vectors 11:546. 
https:// doi. org/ 10. 1186/ s13071- 018- 3093-0

Tirosh-Levy S, Gottlieb Y, Steinman A (2020) Stress conditions do not 
affect Theileria equi parasitemia levels in sub-clinically infected 

horses. Ticks Tick-Borne Dis 11:101384. https:// doi. org/ 10. 
1016/j. ttbdis. 2020. 101384

Tirosh-Levy S, Mazuz ML, Savitsky I et al (2021) Serological and 
molecular prevalence of Babesia caballi in apparently healthy 
horses in Israel. Pathogens 10:445. https:// doi. org/ 10. 3390/ patho 
gens1 00404 45

Vial L, Stachurski F, Leblond A et al (2016) Strong evidence for 
the presence of the tick Hyalomma marginatum Koch, 1844 in 
southern continental France. Ticks Tick-Borne Dis 7:1162–1167. 
https:// doi. org/ 10. 1016/j. ttbdis. 2016. 08. 002

Zobba R, Ardu M, Niccolini S et al (2008) Clinical and laboratory 
findings in equine piroplasmosis. J Equine Vet Sci 28:301–308. 
https:// doi. org/ 10. 1016/j. jevs. 2008. 03. 005

Publisher’s note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

1008

https://doi.org/10.1146/annurev-ento-010814-021110
https://doi.org/10.1146/annurev-ento-010814-021110
https://doi.org/10.1016/j.vetpar.2019.06.009
https://doi.org/10.1016/j.vetpar.2019.06.009
https://doi.org/10.1111/mve.12483
https://doi.org/10.2460/javma.240.5.588
https://doi.org/10.2460/javma.240.5.588
https://doi.org/10.1186/s13071-018-3093-0
https://doi.org/10.1016/j.ttbdis.2020.101384
https://doi.org/10.1016/j.ttbdis.2020.101384
https://doi.org/10.3390/pathogens10040445
https://doi.org/10.3390/pathogens10040445
https://doi.org/10.1016/j.ttbdis.2016.08.002
https://doi.org/10.1016/j.jevs.2008.03.005

	Molecular assessment of Theileria equi and Babesia caballi prevalence in horses and ticks on horses in southeastern France
	Abstract
	Introduction
	Materials and methods
	Study region and horse selection
	Blood sampling and tick collection
	DNA extraction—horse blood and ticks
	PCR assays—Theileria equi and Babesia caballi

	Results
	Prevalence of Theileria equi and Babesia caballi in horses
	Tick abundance and distribution
	Theileria equi and Babesia caballi prevalence in ticks
	Theileria equi
	Babesia caballi

	Prevalence of Theileria equi and Babesia caballi in horses with ticks
	Theileria equi
	Babesia caballi


	Discussion
	Conclusion
	Acknowledgements 
	References


