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Abstract

Among Apicomplexa protozoa infecting equids, Besnoitia spp., Toxoplasma gondii and Neospora
spp. represent important issues from a sanitary and zootechnical viewpoint. However, only scarce
epidemiological data are available on the spread of the infections in horses and donkeys in Europe.
Therefore, a serosurvey was planned to estimate the prevalence of these Sarcocystidae species in
Italian equids. Serum samples from 268 horses and 18 donkeys raised in Italy were collected and
serologically analyzed to detect anti-Besnoitia spp., anti-T. gondii and anti-Neospora spp.
antibodies: an approach based on an initial screening by in-house ELISA followed by a
confirmatory WB was used. Two horses (0.7%) and four donkeys (22.2%), showed antibodies anti-
Besnoitia spp. Ten horses (3.7%) resulted positive to T. gondii and one of these (0.4%) was
seropositive also to Neospora spp. This is the first detection of anti-Besnoitia spp. specific
antibodies in Italian horses and donkeys. The study confirmed the circulation of Besnoitia spp.
among equids in Europe. Low prevalence of T. gondii and Neospora spp. in horses raised in Italy
was reported. Nevertheless, it is noteworthy to consider that consumption of horse meat could
represent a source for human toxoplasmosis.
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In equids, infections by Apicomplexa protozoa are of concern from a veterinary and zootechnical
viewpoint: particularly, Besnoitia spp., Toxoplasma gondii and Neospora spp. were reported to
affect both horses and donkeys. Besnoitiosis in equids, caused by Besnoitia bennetti, is considered
an emerging disease of donkeys in the United States [1]. Besnoitia spp. specific antibodies were
detected for the first time in Europe in equids from areas where bovine besnoitiosis is endemic in
Spain [2]. The infection was never explored in Italian equids, even if outbreaks of the disease in
cattle were recently diagnosed in Northern regions [3,4]. Anti-T. gondii antibodies were
demonstrated in both species in serological surveys worldwide, although there is not any confirmed
report of clinical disease in equids [5]. On the contrary, Neospora hughesi is recognized as an
etiological agent of the equine protozoal myeloencephalitis (EPM), an important neurological
disease of horses [6]. Worldwide, a range of seroprevalence values between <1 and 65.6% and
between O and 85.7% was reported for T. gondii and Neospora spp. infections in equids,
respectively [5,6]. In Italy, the presence of antibodies anti-T. gondii (3-8%) and anti-Neospora spp.
(2.3-28%) has been reported in equids reared in Southern Italy [7,8,9,10]. In Northern Italy data are
limited to T. gondii infection in horses destined for human consumption (17.6%) [11], although the
presence of the parasite in this area was recently reported in other domestic and wild species
[12,13,14,15]. Therefore, the study aimed to contribute to the knowledge of Besnoitia spp., T.
gondii and Neospora spp. by estimating their seroprevalence in equids from Italy.

A minimum sample size of 246 horses was determined considering a population in Lombardy and
Piedmont of 78490 animals (National Zootechnical Database, https//www.vetinfo.sanita.it/), a 20%
expected prevalence, a 95% confidence interval and a 5% desired absolute precision. From April
2016 to March 2017, blood samples from 268 horses (Equus caballus) apparently healthy from 33
stables located in Northern Italy (Lombardy and Piedmont regions) were collected by puncturing of
the jugular vein using a Vacutainer® sterile collection system and preserved refrigerated in tubes
without anticoagulants during the transportation to the laboratory. Once in laboratory, sera were

separated by centrifugation (2120 g, 15 min) and then stored at —20 °C until serological analysis.



Moreover, serum samples from 18 donkeys (Equus asinus) previously referred to the laboratory for
routine parasitological examinations were also included in the study. Epidemiological data were
collected interviewing the owners at sampling times; to avoid bias in the data collection, farms were
visited by the same investigator. To detect anti-Besnoitia spp., anti-T. gondii and anti-Neospora
spp. antibodies, all serum samples were initially screened by ELISA; subsequently, positive results
were confirmed by Western Blot (WB), as recommended [2,16,17]. For both serological tests,
antigens of B. besnoiti and N. caninum originally isolated from cattle were used, because strong
cross reactions with the respective species infecting equids (B. bennetti and N. hughesi) were
demonstrated [2]. An ‘in-house’ indirect ELISA was used to detect antibodies of Besnoitia spp., T.
gondii and Neospora spp. in serum samples, as previously described [2,17,18]. A blocking solution
of Phosphate Buffered Saline (PBS) containing 0.05% Tween 20 and 5% Bovine Serum Albumin
was used; Protein G (recombinant peroxidase labeled, Sigma-Aldrich®, Saint Louis, USA) diluted
at 1:1500 was used as conjugate. Absorbance was measured as Optical Density (OD) values at
405nm using a microplate reader. Samples were analyzed in duplicate and the mean value of the
OD was converted into a relative index per cent (RIPC) using the following formula: RIPC=(OD
sample-OD negative control)/(OD positive control-OD negative control)x100. For each pathogen,
the cut-off value was calculated as the mean plus three standard deviations of RIPC values
considering a panel of negative control sera (n=20). For T. gondii, serum samples from horses
previously referred to the laboratory for diagnostic purposes, were analyzed using a commercial
indirect immunofiuorescence antibody assay (IFAT), according to Gazzonis et al. [12], using a
FITC anti-horse 1gG (MegaCor Diagnostik, Horbranz, Austria) as conjugate and considering 1:20
dilution as the cut-off [11]. For Neospora spp. and Besnoitia spp., negative sera previously analyzed
were included in the panels [2]. Samples having a RIPC value higher than 12.3, 18.7 and 21.5 were
considered ELISA-positive results respectively for Besnoitia spp., T. gondii and Neospora spp. and
then submitted to confirmatory WB, performed and interpreted as previously described [19,20,21].

A total of 4x10” B. besnoiti tachyzoites under non-reducing condition and 2x10” T. gondii- and N.



caninum tachyzoites under reducing condition were employed for electrophoresis. Tachyzoite
antigens were transferred to nitrocellulose membranes and incubated with sera from horses and
donkeys at a 1:20 dilution, followed by a peroxidase-conjugated anti-horse IgG (H + L) antibody
diluted at 1:1500 (INGENASA®, Madrid, Spain). For both serological tests, positive and negative
control sera were included. In particular, for T. gondii, ovine positive and negative control sera were
employed; for Neospora spp. and Besnoitia spp., both equine (horse and donkey, respectively) and
bovine control sera were used [2].

The presence of anti-Besnoitia spp. antibodies was demonstrated by ELISA in 21 horses and in four
donkeys. Antibodies against T. gondii and Neospora spp. were detected in 19 and 22 horses,
respectively. Seropositivity against Besnoitia spp. was confirmed by WB in six equids, specifically
four donkeys and two horses. WB analysis confirmed seropositivity to T. gondii in ten horses and to
Neospora spp. only in one horse, contemporary infected also by T. gondii (Tab. 1, Supplementary
Fig. 1-2). Seroprevalence of the investigated parasites in different cohorts of the examined equids
are reported in Tab. 2. Individual and managerial data regarding the seropositive animals are
reported in Supplementary Tab. 1.

The present study provided serological data on selected cystogenic coccidia in Italian equids, for
which only scarce data are available in Europe. This is the first detection of anti-Besnoitia spp.
specific antibodies in Italian horses and donkeys. Moreover, the circulation of T. gondii and
Neospora spp. was confirmed in horses raised in Italy. European countries should be aware of these
parasitic diseases. Surveillance should be implemented; harmonized diagnostic procedures and
standardized techniques are needed in order to get comparable results and infer reliable conclusions.
The diagnostic approach used in this study consisted of an initial screening by ELISA followed by a
confirmatory WB: the use of a confirmatory technique is recommended due to the possibility of
cross-reactions between closely related Apicomplexa, i.e. T. gondii, Neospora spp., Besnoitia spp.
and Sarcocystis spp. [16]. In this study, six equids resulted positive to Besnoitia spp., with an

overall seroprevalence of 2.1% (0.7% in horses and 22.2% in donkeys). Seropositive horses were



raised in two farms in the south-western part of the study area, where outbreaks of bovine
besnoitiosis were recently reported [3,4]; besides, it is noteworthy consider that in this area cattle
are more frequently maintained on extensive pasture, in contrast to the Po Valley, where animals
are kept mainly in intensive farms. Concerning Besnoitia spp. infected donkeys, these animals came
from both northern and southern areas: interestingly, in all these farms the co-presence of other
species, in particular domestic ruminants, was reported. Other countries where there are cases of
bovine besnoitiosis should consider the possibility that also equids could be seropositive to
Besnoitia spp. Indeed, Besnoitia spp. specific antibodies were recently detected in Spanish equids
[2] with a seroprevalence of 7.1% in areas where bovine besnoitiosis is endemic. Similar to the
present study, also in Spain the seroprevalence of Besnoitia spp. infection was higher in donkeys
(15.3%) than in horses (2.9%); however, a higher susceptibility of donkeys for Besnoitia spp.
infection was not demonstrated. Considering individual data, anti-Besnoitia spp. antibodies were
found only in animals older than 5 years. Furthermore, equids housed only outdoor and without box
resulted more infected with Besnoitia spp., probably because these animals could be at greater risk
of exposure to the bite of vector insects. Outside of Europe, Besnoitia spp. infections in equids were
attributed to B. bennetti in sub-Saharan countries and in the United States besnoitiosis is considered
an emerging disease of donkeys [1]. Molecular studies would be advisable to clarify which
Besnoitia species is involved in the infection of Italian horses and donkeys. Concerning T. gondii
infection, ten horses were positive to the parasite, resulting a prevalence of 3.7%; whereas no
donkey showed antibodies against T. gondii. Epidemiological studies conducted in Southern Italy
using IFAT reported a seroprevalence of 3% in horses [10] and 8% in donkeys [9]. A similar
seroprevalence of T. gondii infection in equids (2-4%) was reported in Greece and in Switzerland;
in other European countries a range of prevalence between 7 and 23% was reported [5]. All
seropositive horses examined in the present study were apparently healthy; in fact, there is no
evidence that T. gondii causes clinical disease in equids and confirmed cases of clinical

toxoplasmosis were never reported in horses and/or donkeys worldwide [5]. Considering individual



data, regarding age, the parasite infection was more prevalent in the categories of young (0-4 years
old) and older horses (>15 years old), suggesting both a vertical transmission, but also a higher risk
of exposure to the parasite (horizontal transmission) with the increase of the age of the animals [11].
Besides, horses kept only outdoor and not recovered indoor neither during the night presented a
higher T. gondii seroprevalence. Furthermore, it is noteworthy that horses bred for reproduction
were more infected with T. gondii than sport horses. Farming is a significant risk factor for T.
gondii infection in horses, because it is an activity that keeps the animals close to a potencial
contaminated environment [5]. On the contrary, horses used for sport purposes are animals of
considerable economic value, and for this reason they are usually more carefully managed. Since a
part of the sampled horses was bred for meat production and of these some resulted positive to the
parasite infection (6/63; 9.5%), it is noteworthy to consider the importance of T. gondii as zoonotic
agent: indeed, the consumption of raw or undercooked horse meat represent a possible source of T.
gondii infection for humans. Although prevalence is lower in horses when compared to other
species such as small ruminants and domestic and wild pigs [12,14,15] and the burden of tissue
cysts is less consistent if compared to pigs, horse meat is often used for preparation of dishes
containing raw meat, therefore also equids could represent a risk of parasite infection for humans.
Regarding the relationship between detection of antibodies and presence of T. gondii tissue cysts in
meat, only limited studies are available for horses and data suggest a lack of concordance [22]. For
this reason, it is underlined the need of monitoring and surveillance of T. gondii in equine meat for
human consumption to correctly assess the consequent risk of transmission of toxoplasmosis, with
both serological and molecular techniques. Only one horse was confirmed positive to Neospora
spp., with a prevalence of 0.4%; none of the donkeys resulted positive to the parasite. The rate of
infection resulted lower when compared to studies recently conducted in Southern Italy, where
values of prevalence of 2.3 and 28% in horses [7,10] and a prevalence of 11.8% in donkeys [8]
were reported. A similar seroprevalence of Neospora infection (0.4%) was reported in healthy

horses from the Czech Republic; other studies conducted in different European countries revealed a



range of prevalence between approximately 1 and 10% [6]. The positive horse, a 25 years old stud
bred for reproduction and kept in pasture throughout the year, did not show clinical signs of
neosporosis; in fact, the detection of Neospora spp. specific antibodies does not confirm the
diagnosis of EPM, since the disease occurs only in a small proportion of infected horses. Besides,
this horse was also co-infected by T. gondii. Further studies focused on the molecular
characterization of Neospora spp. are necessary to determinate which species circulate in Italian
equids. The study reported the first detection of Besnoitia spp. specific antibodies in horses and
donkeys from Italy and confirmed the circulation of Besnoitia spp. among equids in Europe only
recently evidenced. Low prevalence of T. gondii and Neospora spp. in horses raised in Italy was
also recorded. The results emphasized both the risk for humans to acquire toxoplasmosis through
horse meat consumption and the need of further studies to investigate the epidemiology and also for

the isolation and molecular characterization of the species of Sarcocystidae infecting Italian equids.

Ethical statement

All procedures for collection of biological specimens from live animals were accomplished
following good clinical practices in the respect of animal welfare according to current legislation.
The study was conducted with the approval of Institutional Animal Care and Use Committee of

Universita degli Studi di Milano (Permission OPBA 34 2017).

Conflict of interest statement

The authors declare they have no conflict of interest.

Acknowledgements

The authors are grateful to the veterinarians who helped in the sample collection.

References



[1] S.L. Ness, G. Schares, J. Peters-Kennedy, L.D. Mittel, J.P Dubey, D.D. Bowman, H.O.
Mohammed, T.J. Divers, Serological diagnosis of Besnoitia bennetti infection in donkeys
(Equus asinus), J. Vet. Diagn. Invest. 26 (2014) 778-782.

[2] D. Gutierrez-Exposito, I. Garcia-Bocanegra, D.K. Howe, A. Arenas-Montes, M.R. Yeargan,
S.L. Ness, L.M. Ortega-Mora, G. Alvarez-Garcia, A serosurvey of selected cystogenic
coccidia in Spanish equids: first detection of anti-Besnoitia spp. specific antibodies in
Europe, BMC Vet. Res. 13 (2017) 128.

[3] A.L. Gazzonis, G. Alvarez-Garcia, S.A. Zanzani, G. Garippa, L. Rossi, M. Maggiora, V. Dini,
A. Invernizzi, M. Luini, V.M. Tranquillo, L.M. Ortega-Mora, M.T. Manfredi, Besnoitia
besnoiti among cattle in insular and northwestern Italy: endemic infection or isolated
outbreaks?, Parasit. Vectors 7 (2014) 585.

[4] A.L. Gazzonis, G. Alvarez-Garcia, A. Maggioni, S.A. Zanzani, E. Olivieri, R. Compiani, G.
Sironi, L.M. Ortega-Mora, M.T. Manfredi, Serological dynamics and risk factors of
Besnoitia besnoiti infection in breeding bulls from an endemically infected purebred beef
herd, Parasitol. Res. 116 (2017) 1383-1393.

[5] J.P Dubey, Toxoplasmosis in Horses (Equus caballus), in: Toxoplasmosis of Animals and
Humans, Second Edn., CRC Press, Boca Raton, FL, USA, 2010, pp. 177-178.

[6] J.P. Dubey, A. Hemphill, R. Calero-Bernal, G. Schares, N. hughesi and Neosporosis in Horses
and Other Equids, in: Neosporosis in Animals, CRC Press, Boca Raton, FL, USA, 2017, pp.
397-410.

[7] P. Ciaramella, M. Corona, L. Cortese, D. Piantedosi, D. Santoro, A. Di Loria, R. Rigato,
Seroprevalence of Neospora spp. in asymptomatic horses in Italy, Vet. Parasitol. 123 (2004)
11-15.

[8] T. Machacova, E. Bartova, A. Di Loria, K. Sedlak, J. Guccione, D. Fulgione, V. Veneziano,
Seroprevalence and risk factors of Neospora spp. in donkeys from Southern Italy, Vet.

Parasitol. 198 (2013) 201-204.



[9] T. Machacova, E. Bartova, A. Di Loria, K. Sedlak, U. Mariani, G. Fusco, D. Fulgione, V.
Veneziano, J.P. Dubey, Seroprevalence of Toxoplasma gondii in donkeys (Equus asinus) in
ltaly, J. Vet. Med. Sci. 76 (2014) 265-267.

[10] E. Bartova, T. Machacova, K. Sedlak, M. Budikova, U. Mariani, V. Veneziano,
Seroprevalence of antibodies of Neospora spp. and Toxoplasma gondii in horses from
southern Italy, Folia Parasitol. 62 (2015) 43.

[11] R.A. Papini, G. Buzzone, S. Nardoni, G. Rocchigiani, F. Mancianti, Seroprevalence and
genotyping of Toxoplasma gondii in horses slaughtered for human consumption in ltaly, J.
Equine Vet. Sci. 35 (2015) 657-661.

[12] A.L. Gazzonis, F.Veronesi, A.R. Di Cerbo, S.A. Zanzani, G. Molineri, I. Moretta, A. Moretti,
D. Piergili Fioretti, A. Invernizzi, M.T. Manfredi, Toxoplasma gondii in small ruminants in
Northern Italy - prevalence and risk factors, Ann. Agric. Environ. Med. 22 (2015) 62-68.

[13] A.L. Gazzonis, G. Alvarez-Garcia, S.A. Zanzani, L.M. Ortega-Mora, A. Invernizzi, M.T.
Manfredi, Neospora caninum infection in sheep and goats from north-eastern Italy and
associated risk factors, Small Rumin. Res. 140 (2016) 7-12.

[14] A.L. Gazzonis, M. Marangi, L. Villa, M.E. Ragona, E. Olivieri, S.A. Zanzani, A. Giangaspero,
M.T. Manfredi, Toxoplasma gondii infection and biosecurity levels in fattening pigs and
sows: serological and molecular epidemiology in the intensive pig industry (Lombardy,
Northern Italy), Parasitol. Res. 117 (2018) 539-546.

[15] A.L. Gazzonis, L. Villa, K. Riehn, A. Hamedy, S. Minazzi, E. Olivieri, S.A. Zanzani, M.T.
Manfredi, Occurrence of selected zoonotic food-borne parasites and first molecular
identification of Alaria alata in wild boars (Sus scrofa) in Italy, Parasitol. Res. (2018),

https://doi.org/10.1007/s00436-018-5908-5.

[16] P. Garcia-Lunar, G. More, L. Campero, L.M. Ortega-Mora, G. Alvarez-Garcia, Anti-Neospora
caninum and anti-Sarcocystis spp. specific antibodies cross-react with Besnoitia besnoiti and

influence the serological diagnosis of bovine besnoitiosis, Vet. Parasitol. 214 (2015) 49-54.


https://doi.org/10.1007/s00436-018-5908-5

[17] P. Garcia-Lunar, L.M. Ortega-Mora, G. Schares, C. Diezma-Diaz, G. Alvarez-Garcia, A new
lyophilized tachyzoite based ELISA to diagnose Besnoitia spp. infection in bovids and wild
ruminants improves specificity, Vet. Parasitol. 244 (2017) 176-182.

[18] M. Gonzalez-Warleta, J.A. Castro-Hermida, J. Regidor-Cerrillo, J. Benavides, G. Alvarez-
Garcia, M. Fuertes, L.M. Ortega-Mora, M. Mezo, Neospora caninum infection as a cause of
reproductive failure in a sheep flock, Vet. Res. 45 (2014) 88.

[19] G. Alvarez-Garcia, J. Pereira-Bueno, M. Gomez-Bautista, L.M Ortega-Mora, Pattern of
recognition of Neospora caninum tachyzoite antigens by naturally infected pregnant cattle
and aborted foetuses, Vet. Parasitol. 107 (2002) 15-27.

[20] A. Chavez-Velasquez, G. Alvarez-Garcia, M. Gomez-Bautista, E. Casas-Astos, E. Serrano-
Martinez, L.M. Ortega-Mora, Toxoplasma gondii infection in adult llamas (Lama glama)
and vicunas (Vicugna vicugna) in the Peruvian Andean region, Vet. Parasitol. 130 (2005)
93-97.

[21] A. Fernandez-Garcia, G. Alvarez-Garcia, V. Risco-Castillo, A. Aguado-Martinez, V. Marugan-
Hernandez, L.M. Ortega-Mora, Pattern of recognition of Besnoitia besnoiti tachyzoite and
bradyzoite antigens by naturally infected cattle, Vet. Parasitol. 164 (2009) 104-110.

[22] M. Opsteegh, G. Schares, J. van der Giessen, on behalf of the consortium, Relationship
between seroprevalence in the main livestock species and presence of Toxoplasma gondii in
meat (GP/EFSA/BIOHAZ/2013/01). An extensive literature review. Final report. EFSA

supporting publication EN-996 (2016).



Table 1 Seropositivity to Besnoitia spp., Toxoplasma gondii and Neospora spp. in ELISA and

Western Blot (WB) in 268 horses and 18 donkeys examined.

Owerall Horses Donkeys
ELISA WB ELISA WB ELISA WB
N Pos/Ex 25/286 6/286 21/268 2/268 4/18 4/18
Besnoitia PO ° 87 21 7.8 07 222 222
SPp- (95% ClI) © (6-12.6) (1-4.5) (5.2-11.7) 0.2-2.7) (9-45.2) (9-45.2)
Toxoplasma Pos/Ex ? 19/286 10/286 19/268 10/268 0/18 0/18
gondii P% ° 6.6 35 7.1 3.7 0 0
(95% CI) © (4.3-10.1) (1.9-6.3) (4.6-10.8) (2-6.7) (0-17.6) (0-17.6)
Neospora Pos/Ex a 22/286 1/286 22/268 1/268 0/18 0/18
spp PY% 7.7 0.3 8.2 0.4 0 0
' (95% CI) © (5.1-11.4) (0.1-1.9) (5.5-12.1) (0.1-2.1) (0-17.6) (0-17.6)

apos/Ex, Positive/Executed, ° P%, Prevalence %, ¢ 95% Cl, 95% Confidence

interval.



Table 2

Seropositivity to Besnoitia spp., Toxoplasma gondii and Neospora spp. in examined horses and

donkeys related to considered individual and managerial data.

Besnoitia spp. T. gondii Neospora spp.
Variable  Category Pos/EX®  P% (95% CI)®  Pos/Ex®  P% (95% Cl)®  TOS/BX pos (9505 ) b
spocies DOTKEYS 418 222 (94520 /18 0 (0-17.59) /18 0 (0-17.59)
Horses 2268 07 (021-269)  10/268 37 (204673) U268 04 (0.06-2.08)
conger Miale 27146 14 (0.33-4.86) 81146 55 (28-1044) U146 07 (0.12-3.77)
Female 4140 29 (L12-7.12) 21140 14 (039506)  0/140 0 (0-2.67)
Neutored VS 197 1(0.185.61) 2197 2.1(0.57-7.21) 0197 0(0-381)
No 5184 27 (117-621) 8/184 43 (222835) 1184 05 (0.09-301)
0-4 0192 0 (0-4.01) 502 54 (234-12.00)  0/92 0 (0-4.01)
Age 5-10 167 15 (0.26-7.98) 0167 0 (0-5.42) 0167 0 (0-5.42)
(years)  11-15 346 65 (224-17.5) U4 22(038-1133)  0/46 0 (0-7.7)
>15 281 25 (0.68-856) 481 49 (19412.02) 181 12 (0.22-6.66)
Reproduction 0/63 0 (0-5.75) 6/63 05 (4441926) 163 16 (0.23-846)
Companion 2032 62 (L7320.15)  0/32 0 (0-10.72) 0132 0 (0-10.72)
Hippo- onotherapy ~ 2/13 154 (432-4223)  0/13 0 (0-22.81) 0/13 0 (0-22.81)
Attitude  Walking U 3(054-15.32) 0/33 0 (0-1043) 0133 0 (0-1043)
Showjumper 119 53 (093-24.63)  0/19 0 (0-16.82) 0119 0 (0-16.82)
Saddle /112 0(0-3.32) 21112 18 (049-628)  O/112 0 (0-332)
School 0/14 0 (0-21.53) 214 143 (401-39.95)  0/14 0 (0-21.53)
Sox Yes 3202 15 (051-4.28) 4202 2 (0.77-4.98) 01202 0 (0-L87)
No 384 36 (122-998) 6/84 7.4 (331-1472) US4 119 (0.21-6.44)
Only indoor Ud5 22 (039-1156) 245 44 (12314.82)  0/5 0(0-7.87)
Housing  Only outdoor 484 476 (L87-1161)  6/84 7.4 (331-1472) US4 119 (0.21-6.44)
Indoor in night 1157 06 (0.11-352) 21157 13 (0.35-452)  0/157 0 (0-2.39)
oaddook YES 5237 2.1 (0.09-4.8) 81237 34 (L72652) 1237 04 (0.07-2.35)
No 1/49 2 (0.36-10.69) 2049 41 (L13-1371)  0/49 0(0-7.27)
Straw 169 14 (0.08-889) 0769 0(0527) 0769 0(05.27)
Bedding  WWoodshavings 1103 9.7 (0.17-5.29) 4/103 39 (L52-956)  0/103 0 (0-3.6)
Ground 0/30 0 (0-11.35) 0/30 0 (0-11.35) 0/30 0 (0-11.35)
No 484 48 (L87-11-61)  6/84 71 (33L1472) US4 12 (021-644)

apos/Ex, Positive/Executed, ° 95% CI, 95% Confidence interval.



Figure legends

Supplementary Fig. 1. (a) Spatial distribution of stables of horses and donkeys located in Lombardy
and Piedmont regions (Italy) included in the study. (b) Seropositivity to investigated Sarcocystidae
is indicated with different symbols: square = Besnoitia spp., triangle = T. gondii, star = T. gondii

and Besnoitia spp., diamond = T. gondii and Neospora spp., circle = negative.

Supplementary Fig. 2. Pattern of recognition of (a) Besnoitia spp., (b) Toxoplasma gondii and (c)
Neospora spp. tachyzoite antigens in serum samples from naturally infected horses and donkeys by

Western Blot.



Graphical abstract

Highlights

Besnoitia spp., Toxoplasma gondii and Neospora spp. in horses and donkeys in Italy were
investigated

An approach based on an initial screening by in-house ELISA followed by a confirmatory
Western Blot was used

Two horses (0.7%) and four donkeys (22.2%) showed antibodies anti-Besnoitia spp.

Ten horses (3.7%) resulted positive to T. gondii, one of which (0.4%) co-infected with
Neospora spp.

This is the first detection of anti-Besnoitia spp. specific antibodies in Italian horses and donkeys
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Figure 2



