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Abstract: Equine piroplasmosis (EP) is an endemic tick-borne disease found in most countries around
the world. It affects all species of Equidae, and it is caused by Theileria equi, Babesia caballi and T. haneyi.
The research herein is the second study on the prevalence of piroplasms in Romania conducted in
the past two decades. The aim of this study was to assess the seroprevalence of anti-Theileria equi
antibodies and the geographical distribution of this disease in the southwest, west, and northwest
regions of Romania in order to obtain a more thorough understanding of the parasitological status of
horses in this country. This study included 522 apparently healthy, mixed-breed horses from three
different counties. The serum samples were analysed using the cELISA Theileria equi Antibody Test
Kit. The overall seroprevalence rate was 12.84%. From the total number of positive horses, 13.96%
were females and 11.21% were males. Based on the distribution of positive cases into age groups, the
following values were obtained: 0—60 months: 16.26%, 60-180 months: 10.03%, and >180 months:
15.83%. There was no statistically significant difference between samples, based on age or gender.
The positivity percentage in the localities included in the study ranged from 8.33 to 100%. In the
population under study, the seroprevalence rate was high, indicating a possible exposure risk in this
area of Romania, which could have severe effects on equids in the case of clinical manifestations of the
disease. EP represents a serious threat for equine health in Romania; therefore, close and continuous
monitoring of the situation is required.
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1. Introduction

Equine piroplasmosis (EP) is a tick-borne protozoal disease of horses, donkeys, zebras,
and mules caused by the haemoprotozoan parasites Theileria equi, Babesia caballi [1], and
T. haneyi (newly identified species) [2,3]. The disease affects red blood cells [1-3], and in the
literature, it has been referred to as equine malaria, biliary equine fever, and tick-borne fever
and has affected all species of Equidae [4]. It has endemic characteristics in most parts of the
world, with significant clinical and economic consequences due to the necessary treatment,
the decreased output of animals, and the negative impact on international trade [5,6].

Babesia spp. And Theileria spp. Are protozoan parasites, mainly transmitted by ticks.
There are around 30 species of Ixodidae identified as potential vectors [3,7,8].

The disease is endemic in most parts of the world and constitutes a risk for the welfare
of equines. Its significance resides in the economic losses caused by the negative impact
on international trade, namely the transportation restrictions imposed by non-endemic
countries [9-12].

Only a few countries, such as Japan, the USA, Canada, the UK, those in northern Europe,
Iceland, Greenland, New Zealand, and Australia are recognised as being non-endemic. EP
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is a B-list disease, according to the OIE classification of transmissible diseases, and has
socio-economic and/or public health impacts, bearing significance in terms of international
animal and animal products trade [13]. To prevent the introduction of carrier animals into
non-endemic countries, only seronegative horses are allowed to be imported [14].

Due to the non-specific clinical manifestation, unnoticeable symptoms, as well as the
frequent asymptomatic evolution, the disease can pass unnoticed in most animals. From a
clinical point of view, the disease may range from an asymptomatic form to a super-acute
form, with clinical signs associated with severe intravascular haemolysis [9,10,15]. The
obvious clinical form might be a combination of factors that can be influenced by the
pathogenicity of the parasite, the animal’s nutritional and immune status, the density of
the infected ticks, and the infectious dose [10].

The tick species confirmed or suspected to be vectors of the causative agents of equine
piroplasmosis belong to the following genera: Amblyomma, Dermacentor, Haemaphysalis,
Hyalomma, Ixodes, and Rhipicephalus [7]. A systematic review of the literature on the eco-
epidemiology of EP in Europe showed that the most prevalent tick species that feed
on equines are Hyalomma marginatum and Ixodes ricinus, followed by Rhipicephalus bursa,
Haemaphysalis punctata, Dermacentor reticulatus, and to a lesser extent, Rhipicephalus sanguineus
and Dermacentor marginatus [12].

Various diagnostic methods are currently used to detect the infection. Serological
techniques are used to identify the chronic carriers by testing their serum for the presence
of specific antibodies. Molecular techniques for the detection of T. equi and B. caballi based
on species-specific polymerase chain reaction (PCR) assays, targeting the specific genes,
have been developed and continue to expand [15].

A series of extensive epidemiological studies targeting EP and associated factors have
been conducted on different continents over the past five decades in a continuous attempt
to determine the spread of these parasites within equine populations.

The difference in prevalence among countries may be due to differences in the diag-
nostic methods used, the number of animals subjected to studies, the occurrence of the
competent vectors, climate, and the management of tick and parasite-control programs.

To the best of the authors” knowledge, a single study has been conducted in the past
two decades concerning the prevalence of piroplasms in Romania, specifically, in the rural
areas of the Danube Delta [16]. Thus, this paper is the second study to focus on privately
owned horses in Romania.

The aim of this study was to assess the seroprevalence of anti-T. equi antibodies and
the geographical distribution in the southwest, west, and northwest regions of Romania, in
order to obtain a more thorough understanding of the parasitological status of horses in
this country.

2. Results

The cELISA tests revealed that 67 out of 522 analysed serum samples from horses aged
between 8 and 360 months presented anti-T. equi IgG antibodies, with a percent inhibition
above 40%, resulting in an overall seroprevalence of 12.84%. The values of the optical
densities (OD) obtained through the cELISA tests, performed on the samples from the
studied equines, ranged between 0.157 and 1.533.

Six variable conditions were analysed in this seroprevalence study, including the type
of equid, gender, age, breed, habitat, and lifestyle (Table 1).

Positive animals were detected in 14 localities from Timis county (43.75%) and in
5 localities from Gorj county (50%). The exact number of positive samples was 49 in Timis
(20.08%) and 18 in Gorj (7.46%) (Figure 1). No positive samples were detected in localities
from Maramures county.

Of the total number of positive samples (Table 1), 43 were taken from females (13.96%)
and 24 were taken from males (11.21%). Based on the age distribution, 20 samples (16.26%)
belonged to the 0-60 months group, 28 samples (10.04%) belonged to the 60-180 months
group, and 19 samples (15.83%) belonged to the >180 months group.
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Table 1. Distribution of positive horses according to the studied risk factors.
Epidemiological . ® () % T. equi OR * *
Factors No. of Tested Equines N * (%) (95%CI *) 14
. 0.1473
522 67 (12.84%) (0.1140-0.1902)
Gender
o 0.1623
Female 308 43 (13.96%) 0117-02236)
. 0.1263 '
Male 214 24(AL21%)  (4,0829-0.1925)
Age group
, 0.1942
0-60 months 123 20 (16.26%) (0.1208-0.3121)
. 0.1116
60-180 months 279 28(A0.04%) 0. 0757-0.1644)
, 0.1881
>180 months 120 19.(1583%) (0.1158-0.3056)
0-60 months vs. 60-180 months 0.0944
60-180 months vs. >180 months 0.1265
0-60 months vs. >180 months 1
Breed
. . 0.1473
Mixed-breed 522 67 (12.84%) (0.1140-0.1902)
Habitat
. 0.1473
Rural 522 67 (12.84%) (0.1140-0.1902)
Lifestyle
- . 0.1473
Working animals 522 67 (12.84%) (0.1140-0.1902)
Counties
. 0.0807
o 0, 0,
Gorj 241 (5/10) 18 (7.46%) (50%) 4 0502-0.1299)
- 0.2513
*3%
Timis 244 (14/32) 49 (20.08) (43.75) () 1839_0.3433)
*3% o ,
Maramures 37(0/4) 0 (0%) (0-0.1038)
Gorj vs. Timis <0.0001
Gorj vs. Maramures 0.1438
Timis vs. Maramures 0.0008

* N—number of positive samples; * %—prevalence; * OR—odds ratio; * CI—confidence interval; p *—p value.
** number of localities with positive samples.

Following the data analysis, statistically significant values were noticed in terms of
prevalence in each county, with emphasis on Timis county (western Romania).

The seroprevalence of T. equi was significantly higher in Timis county compared to
Gorj county or Maramures county (p < 0.0001 and p = 0.0008, respectively); however,
no significant differences regarding the seroprevalence were detected between Gorj and
Maramures. There were no statistically significant differences between samples based on
age or gender: the p value for the gender-related categories was 0.4250, and the p value for
the age-related categories ranged from 0.0944 to 1.
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Figure 1. The geographical distribution of the Theileria equi seropositive samples.

3. Discussion

Equine piroplasmosis is a tick-borne disease that can cause serious economic losses
due to its various non-specific symptoms as well as the difficulties of the field diagnosis
techniques used in current veterinary practice.

So far, only one study has been conducted in Romania, focused on feral, semi-feral,
and domestic horses. Therefore, the main objectives of this study were, first, to evaluate the
seroprevalence rate of T. equi using a cELISA commercial kit and, second, to determine the
possible implication of several risk factors for infection with T. equi. The standard serologi-
cal diagnostic techniques according to the newest version of the OIE Terrestrial Manual
are IFAT and cELISA, with the latter being recommended for the detection of immune
responses [13]. According to certain research, IFAT discovered more suspect samples than
ELISA for the diagnosis of T. equi, despite the latter’s excellent performance, and some
samples were positive only based on ELISA and PCR, showing that their simultaneous
use is beneficial [17]. The overall seroprevalence rate, as determined in this study con-
ducted in three Romanian counties, was 12.84%, a score that is relatively low compared to
other countries.

This value is lower than the European average of 30.0%, according to Nadal et al. [12],
and it is also lower than the rates (38.8% seroprevalence detected via PCR) reported by
Gallusova et al. in an earlier study (2010-2012) conducted on 114 domestic horses, 51 feral
horses, and 13 semi-feral horses from 18 localities within or around the Danube Delta
region [16].

This study reveals that T. equi infection is present among privately owned horses from
Romania at a higher rate than expected. The high level of exposure to piroplasm parasites
can be explained by the fact that animals from the rural environment do not benefit from
a proper vector control program. All animals included in this study were mixed-breed,
working, grazing equids from a rural area.

The seroprevalence rates obtained in this study also varied according to the geograph-
ical region. Thus, the results obtained showed that in the southwestern and western parts
of Romania, the seroprevalence rates were 7.46% and 20.08%, respectively, while the results
obtained from samples originating from Maramures county, situated in northern Romania,
indicated a 0% prevalence rate. This can be explained by the climatic characteristics of the
Maramures area, with Scandinavian—Baltic influences, translated through lower tempera-
tures that are unfavourable for the evolution of competent vectors [18], and by the fact that
we obtained a smaller number of samples compared to those from other counties.

Studies in Europe have led to the identification of eight tick species, belonging to five
genera, that act as carriers for one or both pathogens responsible for EP: D. reticulatus,
D. marginatus, R. bursa, R. sanguineus, R. annulatus, H. marginatum, H. punctata, and L. ricinus,
with a prevalence of T. equi in ticks ranging from 0.2% to 14%. Their ability to transmit EP
was suggested due to the detection of parasitic DNA in these tick species [12].
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Based on the literature, 25 tick species belonging to the Ixodidae family have been identi-
fied so far in Romania [18], which is the species involved in EP transmission.
D. marginatus is one of the tick vector species most commonly implicated in EP transmission [7],
but this species is not cited by the literature as being present in Maramures county, where
serum samples were negative. D. marginatus was widespread, with an increased frequency
in the western and southeastern parts, while D. reticulatus was found in the northeastern
part of Romania. I. ricinus is the most widespread tick species in Romania, followed by
D. marginatus [18,19].

Most tick species are widespread throughout the country, with a few exceptions that
are distributed only in specific areas. Dermacentor marginatus is widespread throughout
Romania, with a higher incidence in the western and southeastern areas. D. reticulatus is
more common in the northeast; H. punctata is more common in the west; and H. marginatum
is more common in the southeast, south, and west [19]. The endemic nature of the parasitic
disease caused by infection with T. equi was also supported by the fact that most privately
owned horses in Romania are autochthonous horses and not imported animals; thus,
information on the prevalence of this infection within the horse populations is essential for
controlling the disease and for reducing the economic losses incurred.

In accordance with our study, other researchers [20,21] found no correlation between
age and T. equi seropositivity. Contrary to these results, other investigations revealed that
older animals were more likely to be seropositive for T. equi [22-30]. Gender as a risk factor
varied even more among study results, with some studies stating that females were more
commonly infected, while other studies stated the opposite [26,31].

Previous studies in Europe have shown a wide range of seroprevalence rates for
equine piroplasmosis: T. equi seroprevalence ranged from 1% in the Netherlands to 58% in
France, with an estimated overall seroprevalence of 30.0% [12,32-38].

A number of studies concerning the seroprevalence of T. equi and B. caballi have been
conducted in different countries outside Europe [15,30,39-48]. The highest rates of infection
were predominantly reported in subtropical and tropical areas (in Brazil, between 80% and
90% for both parasite species) [39,40]. Mongolia, northern China, the United States [41,42],
Mexico [43], Egypt [30,44,47], Chile [15] and Nigeria [45,46] have all reported cases of
T. equi infection.

Recently, the Theileria equi seroprevalence rates evaluated in a study ranged from
0.9% to 100%, with a mean rate of 33.2%, representing the worldwide seroprevalence rate,
calculated based on the data obtained from all studies [47].

The results obtained revealed that, in the case of horses from the southwestern and
western parts of Romania, positivity for T. equi was noticed in at least one animal, but
there were no significant differences between seropositivity and the age or gender of
these animals.

The movement of horses between countries or different regions can contribute to
wider spreading of new species of parasites [31,48], and understanding horse infections
can help prevent this phenomenon.

None of the horses sampled in this study showed clinical signs of piroplasmosis. Once
infected with T. equi, equines remain carriers for the rest of their lives, and this might
explain why seropositivity for T. equi is higher [38]. Moreover, most infected horses from an
endemic area are asymptomatic [49], leading to a deficient diagnosis of the T. equi infection.

Therefore, the results of this study correlate indirectly with other studies and show
that, in Romania, competent tick vectors spread to different areas of the country [50,51]
and that the parasite can be transmitted by moving the equines from one region to another,
especially due to the asymptomatic nature of this disease, which makes it hard to detect
clinically. Chronically infected horses can become potential reservoirs for T. equi; however,
this status is also difficult to detect [52].

The results indicate that T. equi is present in the territories studied, although practicing
veterinarians have not highlighted symptomatology similar to piroplasmosis, making
Romania an enzootic region for the T. equi infection.
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An overall seroprevalence rate of 12.84% demonstrates that infection with this proto-
zoan represents a serious threat for the health of horses in Romania, and these findings may
support the development of future prevention and control strategies. However, further
studies, including molecular-based studies focused on the dynamics of tick transmission
and the geographical distribution of vector species, are required to perform an investigation
of the entire territory of this country, which, in the end, allows for better control.

4. Materials and Methods
4.1. Blood Samples and Studied Areas

This study included a total of 522 mixed-breed, apparently healthy, privately
owned horses.

The horse populations from the counties included in the study were represented
by animals bred in private family farms, forming groups of 8986 capita in Gorj county,
9500 capita in Timis and 9210 capita in Maramures [53].

The average number of horses from these three counties was 9135. The total number
of horses that were sampled was determined using the epiR function of the R package [54]
with a 10% expected seroprevalence, 95% confidence interval (CI), and 95% diagnostic
sensitivity. The required number of horses was, thus, 31 in each county. In this study, the
number of horses was increased to improve the precision of the estimated seroprevalence.
The horses included in the study were selected randomly.

Data related to age, gender, and lifestyle were used to distribute the horses into
the corresponding categories. The animals came from rural areas and were used as
working animals.

Of the total of 522 samples, 308 were taken from females, while 214 were taken
from males, aged between 8 and 360 months. Concerning the distribution into the age-
related categories, a total number of 123 horses were included in the 0-60 months cat-
egory, 279 were included in the 60-180 months category, and 120 were included in the
>180 months category.

The blood samples were collected from the jugular vein into sterile, red top vacutainer
blood collection tubes (without anticoagulant) for serologic testing, between March 2018
and June 2020, from the west, southwest, and northwest regions of Romania, namely
the Gorj, Timis, and Maramures counties. These samples were stored at —20 °C prior to
examination. Thus, 241 samples came from Gorj county (10 localities), 244 came from Timis
county (32 localities), and 37 came from Maramures county (4 localities) (Figure 2).

=y MOLDOVA .

/.m.um. Chisinay,
uj-Napoca 1 Y

ggg L SERBIA RS T

Figure 2. The geographical distribution of positive samples.

4.2. Competitive Enzyme-Linked Immunosorbent Assay (cELISA)

The 522 serum samples were analysed using the cELISA Teileria equi Antibody Test
Kit method (VMRD, Veterinary Medical Research and Development), according to the
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manufacturer’s instructions (VMRD Inc., Pullman, WA, USA). The test sensitivity was
95.0%, while the test specificity was 99.5% (data derived from the VMRD catalogue) [55].
The principle of this competitive immunosorbent assay was based on the detection of
T. equi serum antibodies, which inhibit the binding of primary monoclonal antibodies.
This primary monoclonal antibody binding to the antigen-coated plate was detected with
horseradish-peroxidase (HRP)-labelled secondary antibodies. Finally, the presence of the
HRP-labelled secondary antibody was quantified by the addition of an enzyme substrate
and the subsequent development of a coloured product.

An absorbance microplate spectrophotometer (Sunrise, TECAN, Switzerland), with a
620/650 nm filter, was used to measure the optical density values and to record the results.

The percent inhibition (%I) was calculated according to the instructions found on the
kit: % inhibition (%I) = 100 x [1 — (Sample OD + NC OD)].

Test validation was performed using negative controls with optical densities >0.300
and <2.000 and positive controls, which had to show >40% inhibition.

Results interpretation: the samples were classified as positive if they showed
>40% inhibition, or as negative if inhibition was <40%.

4.3. Statistical Analysis

The statistical analysis was conducted on two gender-related categories (males and fe-
males), three age-related categories (young animals: 0-60 months old; adults: 60-180 months
old; and old animals: >180 months old) and one lifestyle-related category (working animals).

The epidemiological data related to age, gender, and activity were compared to the
serological tests by applying the Fisher and Chi-squared methods (GraphPad Prism 9.2.0
(332) software). A multivariable analysis for T. equi seroprevalence determination was
performed using Microsoft Excel. Values of p < 0.05 were considered significant.

5. Conclusions

In conclusion, the prevalence of anti-T. equi antibodies from the samples tested through
cELISA was 12.84%. The samples were taken from horses in different regions within
Romania. The positive samples were identified in 19 localities in two out of three counties
included in the study, namely Timis and Gorj. The positivity percentage in the localities
included in the study ranged from 8.33% to 100%. The results indicate that T. equi is present
in the studied territories, although practicing veterinarians have not reported the presence
of any symptoms similar to piroplasmosis. EP represents a serious threat for equine health
in Romania; therefore, close and continuous monitoring of the situation is required.

Author Contributions: Conceptualization, S.G. and M.S.I.; methodology, S.G. and M.S.I.; validation,
M.S.I. and I.L.; formal analysis, M.S.I. and L.L.; investigation, S.G. and C.D.; resources, S.G., C.D.
and I.O,; data curation, S.G. and M.S.I.; writing—original draft preparation, S.G., TF. and M.S.I;
writing—review and editing, G.D., T.F. and S.M.; visualization, 1.O. and S.M.; supervision, G.D.;
funding acquisition, S.G. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding. The APC was funded by our own funds
from the University of Agricultural Sciences and Veterinary Medicine “Regele Mihai I al Romaniei”
from Timisoara.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and the proper procedures of the University Veterinary Clinics of the
Faculty of Veterinary Medicine Timisoara were approved by the Ethics Committee protocol number
34/1.12.2012 of the Romanian Veterinary College.

Informed Consent Statement: Written informed consent for the animals to be included in this study
was obtained from the owners.

Conflicts of Interest: The authors declare no conflict of interest.



Pathogens 2022, 11, 669 8 of 10

References

1.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Qablan, M.A.; Obronik, M.; Petrzelkovd, K.J.; Sloboda, M.; Shudiefat, M.F.; Hofin, P.; Luke$, J.; Modry, D. Infections by
Babesia caballi and Theileria equi in Jordanian equids: Epidemiology and genetic diversity. Parasitology 2013, 140, 1096-1103.
[CrossRef] [PubMed]

Knowles, D.P; Kappmeyer, L.S.; Haney, D.; Herndon, D.R.; Fry, L.M.; Munro, ].B.; Sears, K.; Ueti, M.W.; Wise, L.N.; Silva, M.; et al.
Discovery of a novel species, Theileria haneyi n. sp. infective to equids, highlights exceptional genomic diversity within the genus
Theileria: Implications for apicomplexan parasite surveillance. Int. J. Parasitol. 2018, 48, 679-690. [CrossRef] [PubMed]

Elsawy, B.5.M.; Nassar, A.M.; Alzan, H.F,; Bhoora, R.V.; Ozubek, S.; Mahmoud, M.S.; Kandil, O.M.; Mahdy, O.A. Rapid detection
of equine piroplasms using multiplex PCR and first genetic characterization of Theileria haneyi in Egypt. Pathogens 2021, 10, 1414.
[CrossRef] [PubMed]

Knowles, D.P, Jr. Control of Babesia equi parasitemia. Parasitol. Today 1996, 12, 195-198. [CrossRef]

Mehlhorn, H.; Schein, E. Redescription of Babesia equi Laveran, 1901 as Theileria equi Mehlhorn, Schein 1998. Parasitol. Res. 1998,
84, 467-475. [CrossRef] [PubMed]

Kumar, S.; Kumar, R.; Sugimoto, C. A perspective on Theileria equi infections in donkeys. Jpn. J. Vet. Res. 2009, 56, 171-180.
[PubMed]

Scoles, G.A.; Ueti, M.W. Vector ecology of equine piroplasmosis. Ann. Rev. Entomol. 2015, 60, 561-580. [CrossRef]

Tirosh-Levy, S.; Gottlieb, Y.; Mazuz, M.L.; Savitsky, I.; Steinman, A. Infection dynamics of Theileria equi in carrier horses is
associated with management and tick exposure. Ticks Tick-Borne Dis. 2020, 11, 101508. [CrossRef]

Rothschild, C.M. Equine piroplasmosis. J. Equine Vet. Sci. 2013, 23, 115-120. [CrossRef]

Wise, L.N.; Kappmeyer, L.S.; Mealey, R.H.; Knowles, D.P. Review of equine piroplasmosis. J. Vet. Intern. Med. 2013, 27, 1334-1346.
[CrossRef]

Tirosh-Levy, S.; Gottlieb, Y.; Arieli, O.; Mazuz, M.L.; King, R.; Horowitz, I.; Steinman, A. Genetic characteristics of Theileria equi
in zebras, wild and domestic donkeys in Israel and the Palestinian Authority. Ticks Tick-Borne Dis. 2020, 11, 101286. [CrossRef]
[PubMed]

Nadal, C.; Bonnet, S.I.; Marsot, M. Eco-epidemiology of equine piroplasmosis and its associated tick vectors in Europe: A
systematic literature review and a meta-analysis of prevalence. Transbound. Emerg. Dis. 2021, 10, tbed.14261. [CrossRef] [PubMed]
Available online: https://www.oie.int/en/what-we-do/animal-health-and-welfare /animal-diseases/old-classification-of-
diseases-notifiable-to-the-oie-list-b/ (accessed on 5 September 2021).

Friedhoff, K.T.; Tenter, A.M.; Miiller, I. Haemoparasites of equines: Impact on international trade of horses. Rev. Sci. Tech. 1990, 9,
1187-1194. [PubMed]

Torres, R.; Hurtado, C.; Pérez-Macchi, S.; Bittencourt, P.; Freschi, C.; de Mello, V.V.C.; Machado, R.Z.; André, M.R.; Miiller, A.
Occurrence and genetic diversity of Babesia caballi and Theileria equi in Chilean thoroughbred racing horses. Pathogens 2021, 10, 714.
[CrossRef]

Gallusova, M.; Qablan, M.A.; D’Amico, G.; Obornik, M.; Petrzelkova, K.J.; Mihalca, A.D.; Modry, D. Piroplasms in feral and
domestic equines in rural areas of the Danube Delta, Romania, with survey of dogs as a possible reservoir. Vet. Parasitol. 2014,
206, 287-292. [CrossRef] [PubMed]

Nardini, R.; Cersini, A.; Del Pino, L.E.B.; Manna, G.; Scarpulla, M.; Di Egidio, A.; Gioradni, R.; Antognetti, V.; Veneziano, V.,
Scicluna, M.T. Comparison of direct and indirect methods to maximise the detection of Babesia caballi and Theileria equi infections
in Central Southern Italy. Ticks Tick-Borne Dis. 2022, 101939. [CrossRef]

Mihalca, A.D.; Dumitrache, M.O.; Magdas, C.; Gherman, C.M.; Domsa, C.; Mircean, V.; Ghira, I.V.; Pocora, V.; Ionescu, D.T.; Siké
Barabasi, S.; et al. Synopsis of the hard ticks (Acari: Ixodidae) of Romania with update on host associations and geographical
distribution. Exp. Appl. Acarol. 2012, 58, 183-206. [CrossRef]

Coipan, E.; Vladimirescu, A.; Ciolpan, O.; Teodorescu, I. Tick Species (Acari: Ixodoidea) Distribution, Seasonality and Host
Associations in Romania. Trav. Du Muséum Natl. D’histoire Nat. “Grigore Antipa” 2011, 54, 301-317. [CrossRef]

Grandi, G.; Molinari, G.; Tittarelli, M.; Sassera, D.; Kramer, L.H. Prevalence of Theileria equi and Babesia caballi infection in horses
from northern Italy. Vector Borne Zoonotic Dis. 2011, 11, 955-956. [CrossRef]

Ribeiro, A.].; Cardoso, L.; Maia, J.M.; Coutinho, T.; Cotovio, M. Prevalence of Theileria equi, Babesia caballi, and Anaplasma
phagocytophilum in horses from the north of Portugal. Parasitol. Res. 2013, 112, 2611-2617. [CrossRef]

Del Pino, L.E.B.; Nardini, R.; Veneziano, V.; Francesca, I.; Antonella, C.; Luca, A.G.; Francesco, B.; Teresa, M.S. Babesia caballi and
Theileria equi infections in horses in Central-Southern Italy: Sero-molecular survey and associated risk factors. Ticks Tick-Borne Dis.
2016, 7, 462-469. [CrossRef] [PubMed]

Camino, E.; Buendia, A ; Dorrego, A.; Pozo, P; de Juan, L.; Dominguez, L.; Cruz-Lopez, F. Sero-molecular survey and risk factors
of equine piroplasmosis in horses in Spain. Equine Vet. J. 2021, 53, 771-779. [CrossRef] [PubMed]

Camino, E; de la Cruz, M.L.; Dominguez, L.; Carvajal, K.A.; Fores, P.; de Juan, L.; Cruz-Lopez, F. Epidemiological situation of the
exposure to agents causing equine piroplasmosis in Spanish purebred horses in Spain: Seroprevalence and associated risk factors.
J. Equine Vet. Sci. 2018, 67, 81-86. [CrossRef]

Garcia-Bocanegra, I.; Arenas-Montes, A.; Hernandez, E.; Adaszek, L.; Carbonero, A.; Almeria, S.; Arenas, A. Seroprevalence and
risk factors associated with Babesia caballi and Theileria equi infection in equids. Vet. J. 2013, 195, 172-178. [CrossRef]


http://doi.org/10.1017/S0031182013000486
http://www.ncbi.nlm.nih.gov/pubmed/23673249
http://doi.org/10.1016/j.ijpara.2018.03.010
http://www.ncbi.nlm.nih.gov/pubmed/29885436
http://doi.org/10.3390/pathogens10111414
http://www.ncbi.nlm.nih.gov/pubmed/34832570
http://doi.org/10.1016/0169-4758(96)10007-7
http://doi.org/10.1007/s004360050431
http://www.ncbi.nlm.nih.gov/pubmed/9660136
http://www.ncbi.nlm.nih.gov/pubmed/19358444
http://doi.org/10.1146/annurev-ento-010814-021110
http://doi.org/10.1016/j.ttbdis.2020.101508
http://doi.org/10.1016/j.jevs.2013.03.189
http://doi.org/10.1111/jvim.12168
http://doi.org/10.1016/j.ttbdis.2019.101286
http://www.ncbi.nlm.nih.gov/pubmed/31537490
http://doi.org/10.1111/tbed.14261
http://www.ncbi.nlm.nih.gov/pubmed/34333863
https://www.oie.int/en/what-we-do/animal-health-and-welfare/animal-diseases/old-classification-of-diseases-notifiable-to-the-oie-list-b/
https://www.oie.int/en/what-we-do/animal-health-and-welfare/animal-diseases/old-classification-of-diseases-notifiable-to-the-oie-list-b/
http://www.ncbi.nlm.nih.gov/pubmed/2132711
http://doi.org/10.3390/pathogens10060714
http://doi.org/10.1016/j.vetpar.2014.10.018
http://www.ncbi.nlm.nih.gov/pubmed/25468026
http://doi.org/10.1016/j.ttbdis.2022.101939
http://doi.org/10.1007/s10493-012-9566-5
http://doi.org/10.2478/v10191-011-0018-y
http://doi.org/10.1089/vbz.2010.0193
http://doi.org/10.1007/s00436-013-3429-9
http://doi.org/10.1016/j.ttbdis.2016.01.011
http://www.ncbi.nlm.nih.gov/pubmed/26847198
http://doi.org/10.1111/evj.13348
http://www.ncbi.nlm.nih.gov/pubmed/32918303
http://doi.org/10.1016/j.jevs.2018.03.012
http://doi.org/10.1016/j.tvjl.2012.06.012

Pathogens 2022, 11, 669 90of 10

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Guidi, E.; Pradier, S.; Lebert, I.; Leblond, A. Piroplasmosis in an endemic area: Analysis of the risk factors and their implications
in the control of Theileriosis and Babesiosis in horses. Parasitol. Res. 2015, 114, 71-83. [CrossRef]

Kouam, M.K.; Kantzoura, V.; Gajadhar, A.A.; Theis, ].H.; Papadopoulos, E.; Theodoropoulos, G. Seroprevalence of equine
piroplasms and host-related factors associated with infection in Greece. Vet. Parasitol. 2010, 169, 273-278. [CrossRef]

Montes Cortés, M.G.; Fernandez-Garcia, ].L.; Habela Martinez-Estéllez, M.A. Seroprevalence of Theileria equi and Babesia caballi in
horses in Spain. Parasite 2017, 24, 14. [CrossRef]

Papini, R.; Salari, F; Rocchigiani, G.; Leoni, A.; Ragona, G.; Roncoroni, C.; Mancianti, F. Molecular detection of Theileria equi in
donkeys (Equus asinus) in a selected site in central Italy. Large Anim. Rev. 2016, 22, 231-234.

Salib, EA.; Youssef, R.R.; Rizk, L.G.; Said, S.F. Epidemiology, diagnosis and therapy of Theileria equi infection in Giza, Egypt. Vet.
World 2013, 6, 76-82. [CrossRef]

Idoko, I.S.; Edeh, R.E.; Adamu, A.M.; Machunga-Mambula, S.; Okubanjo, O.O.; Balogun, E.O.; Adamu, S.; Johnson, W,;
Kappmeyer, L.; Mousel, M.; et al. Molecular and serological detection of piroplasms in horses from Nigeria. Pathogens 2021,
10, 508. [CrossRef]

Farkas, R.; Tanczos, B.; Gyurkovszky, M.; Foldvari, G.; Solymosi, N.; Edelhofer, R.; Hornok, S. Serological and molecular detection
of Theileria equi infection in horses in Hungary. Vet. Parasitol. 2013, 192, 143-148. [CrossRef] [PubMed]

Piantedosi, D.; D"Alessio, N.; di Loria, A.; di Prisco, F.; Mariani, U.; Neola, B.; Santoro, M.; Montagnaro, S.; Capelli, G.; Veneziano,
V. Seroprevalence and risk factors associated with Babesia caballi and Theileria equi infections in donkeys from Southern Italy. Vet. J.
2014, 202, 578-582. [CrossRef] [PubMed]

Kouam, M.K; Masuoka, PM.; Kantzoura, V.; Theodoropoulos, G. Geographic distribution modeling and spatial cluster analysis
for equine piroplasms in Greece. Infect. Genet. Evol. 2010, 10, 1013-1018. [CrossRef] [PubMed]

Sigg, L.; Gerber, V.; Gottstein, B.; Doherr, M.G.; Frey, C.F. Seroprevalence of Babesia caballi and Theileria equi in the Swiss horse
population. Parasitol. Int. 2010, 59, 313-317. [CrossRef] [PubMed]

Villa, L.; Gazzonis, A.L.; Allievi, C.; De Maria, C.; Persichetti, M.F,; Caracappa, G.; Zanzani, S.A.; Manfredi, M.T. Seroprevalence
of Tick-Borne Infections in Horses from Northern Italy. Animals 2022, 12, 999. [CrossRef] [PubMed]

Bravo-Barriga, D.; Serrano-Aguilera, FJ.; Barrasa-Rita, R.; Habela, M.A.; Chacén, R.B.; Ezquerra, L.J.; Martin-Cuervo, M. Effects of
Competitive ELISA-Positive Results of Piroplasmosis on the Performance of Endurance Horses. Animals 2022, 12, 637. [CrossRef]
Nadal, C.; Marsot, M.; Le Metayer, G.; Boireau, P.; Guillot, J.; Bonnet, S.I. Spatial and Temporal Circulation of Babesia caballi and
Theileria equi in France Based on Seven Years of Serological Data. Pathogens 2022, 11, 227. [CrossRef]

Heim, A.; Passos, L.M.; Ribeiro, M.E.; Costa-Junior, L.M.; Bastos, C.V.; Cabral, D.D.; Hirzmann, J.; Pfister, K. Detection and
molecular characterization of Babesia caballi and Theileria equi isolates from endemic areas of Brazil. Parasitol. Res. 2007, 102, 63—-68.
[CrossRef]

Heuchert, CM.S.; de Giulli, V., Jr.; de Athaide, D.F.; Bose, R.; Friedhoff, K.T. Seroepidemiologic studies on Babesia equi and
Babesia caballi infections in Brazil. Vet. Parasitol. 1999, 85, 1-11. [CrossRef]

Wang, Y.; Zhang, L.P; Li, J.; Li, D.D.; Zhang, Q.; Li, C. The first report of serological detection of Babesia caballi by cELISA in a
horse during serological survey of piroplasmosis in imported horses at Shanghai Port, China. J. Equine Vet. Sci. 2020, 92, 103152.
[CrossRef]

Almazan, C.; Scimeca, R.C.; Reichard, M.V.; Mosqueda, J. Babesiosis and Theileriosis in North America. Pathogens 2022, 11, 168.
[CrossRef] [PubMed]

Salinas-Estrella, E.; Ueti, M.W.; Lobanov, V.A.; Castillo-Payro, E.; Lizcano-Mata, A.; Badilla, C.; Martinez-Ibafiez, F.; Mosqueda,
J. Serological and molecular detection of Babesia caballi and Theileria equi in Mexico: A prospective study. PLoS ONE 2022,
17, €0264998. [CrossRef] [PubMed]

Selim, A.; Khater, H. Seroprevalence and risk factors associated with Equine piroplasmosis in North Egypt. Comp. Immunol.
Microbiol. Infect. Dis. 2020, 73, 101549. [CrossRef]

Kamani, J.; Bartova, E.; Kasparkova, N.; Mohammed, ].S.; Budikova, M.; Sedlak, K. Seroprevalence of Theileria equi, Babesia caballi,
and Trichinella spp. infections in horses and donkeys from Nigeria, West Africa. Trop. Anim. Health Prod. 2021, 53, 338. [CrossRef]
Onyiche, T.E.; Sivakumar, T.; Tuvshintulga, B.; Nugraha, A.B.; Ahedor, B.; Mofokeng, L.; Luka, J.; Mohammed, A.; Mbaya, A.W.,;
Biu, A.A.; et al. Serosurvey for equine piroplasms in horses and donkeys from North-Western Nigeria using IFAT and ELISA.
J. Immunoass. Immunochem. 2021, 42, 648-668. [CrossRef] [PubMed]

Tirosh-Levy, S.; Gottlieb, Y.; Fry, L.M.; Knowles, D.P,; Steinman, A. Twenty years of equine piroplasmosis research: Global
distribution, molecular diagnosis, and phylogeny. Pathogens 2020, 9, 926. [CrossRef] [PubMed]

Coultous, R.M.; Sutton, D.G.M.; Boden, L.A. A risk assessment of equine piroplasmosis entry, exposure and consequences in the
UK. Equine Vet. ]. 2022, 1-13. [CrossRef]

Tirosh-Levy, S.; Mazuz, M.L.; Savitsky, I.; Pinkas, D.; Gottlieb, Y.; Steinman, A. Serological and molecular prevalence of
Babesia caballi in apparently healthy horses in Israel. Pathogens 2021, 10, 445. [CrossRef]

Ionita, M.; Mitrea, I.L.; Pfister, K.; Hamel, D.; Silaghi, C. Molecular evidence for bacterial and protozoan pathogens in hard ticks
from Romania. Vet. Parasitol. 2013, 196, 71-76. [CrossRef]

Domsa, C.; Sandor, A.D.; Mihalca, A.D. Climate change and species distribution: Possible scenarios for thermophilic ticks in
Romania. Geospat. Health 2016, 11, 421. [CrossRef]


http://doi.org/10.1007/s00436-014-4161-9
http://doi.org/10.1016/j.vetpar.2010.01.011
http://doi.org/10.1051/parasite/2017015
http://doi.org/10.5455/vetworld.2013.76-82
http://doi.org/10.3390/pathogens10050508
http://doi.org/10.1016/j.vetpar.2012.09.035
http://www.ncbi.nlm.nih.gov/pubmed/23099089
http://doi.org/10.1016/j.tvjl.2014.09.025
http://www.ncbi.nlm.nih.gov/pubmed/25457263
http://doi.org/10.1016/j.meegid.2010.06.014
http://www.ncbi.nlm.nih.gov/pubmed/20601173
http://doi.org/10.1016/j.parint.2010.02.005
http://www.ncbi.nlm.nih.gov/pubmed/20178863
http://doi.org/10.3390/ani12080999
http://www.ncbi.nlm.nih.gov/pubmed/35454246
http://doi.org/10.3390/ani12050637
http://doi.org/10.3390/pathogens11020227
http://doi.org/10.1007/s00436-007-0726-1
http://doi.org/10.1016/S0304-4017(99)00108-9
http://doi.org/10.1016/j.jevs.2020.103152
http://doi.org/10.3390/pathogens11020168
http://www.ncbi.nlm.nih.gov/pubmed/35215111
http://doi.org/10.1371/journal.pone.0264998
http://www.ncbi.nlm.nih.gov/pubmed/35259206
http://doi.org/10.1016/j.cimid.2020.101549
http://doi.org/10.1007/s11250-021-02737-9
http://doi.org/10.1080/15321819.2021.1935274
http://www.ncbi.nlm.nih.gov/pubmed/34097577
http://doi.org/10.3390/pathogens9110926
http://www.ncbi.nlm.nih.gov/pubmed/33171698
http://doi.org/10.1111/evj.13579
http://doi.org/10.3390/pathogens10040445
http://doi.org/10.1016/j.vetpar.2013.01.016
http://doi.org/10.4081/gh.2016.421

Pathogens 2022, 11, 669 10 of 10

52.

53.

54.

55.

Dirks, E.; de Heus, P,; Joachim, A.; Cavalleri, ].-M.V.; Schwendenwein, 1.; Melchert, M.; Fuehrer, H.-P. First case of autochthonous
equine theileriosis in Austria. Pathogens 2021, 10, 298. [CrossRef] [PubMed]

Ministry of Agriculture and Rural Development—Romania. Raport Tehnic—Operativ Privind Efectivele de Cabaline, Iepuri si
Animale de Bland la Data de 30 Iunie 2017. Available online: https://www.madr.ro/en/ (accessed on 20 December 2021).
Stevenson, M.; Nunes, T.; Heuer, C.; Marshall, J.; Sanchez, J.; Thornton, R.; Reiczigel, J.; Robison-Cox, J.; Sebastiani, P;
Solymos, P; et al. R. epiR: Tools for the Analysis of Epidemiological Data, R Package Version 0.9-93. 2018. Available online:
https:/ /shiny.vet.unimelb.edu.au/epi/sample.detect/ (accessed on 24 December 2021).

Available online: https://vmrd.com/test-kits /detail / theileria-equi-antibody-test-kit-celisa/ (accessed on 7 February 2019).


http://doi.org/10.3390/pathogens10030298
http://www.ncbi.nlm.nih.gov/pubmed/33806575
https://www.madr.ro/en/
https://shiny.vet.unimelb.edu.au/epi/sample.detect/
https://vmrd.com/test-kits/detail/theileria-equi-antibody-test-kit-celisa/

	Introduction 
	Results 
	Discussion 
	Materials and Methods 
	Blood Samples and Studied Areas 
	Competitive Enzyme-Linked Immunosorbent Assay (cELISA) 
	Statistical Analysis 

	Conclusions 
	References

