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Abstract

Toxoplasma gondii is a zoonotic parasite infecting a wide range of intermediate hosts, including birds.
Nevertheless, scant information on the spread of infection in wild bird populations is available to
date. With the aim of updating information on T. gondii infection in birds of prey and possible risk
factors associated to the infection, a serosurvey was planned on both wild and captive raptors. An
overall of 93 raptors from Northern Italy were tested for the presence of anti-T. gondii antibodies with
a commercial modified agglutination test (MAT). A T. gondii prevalence of 10.7% was recorded; the
highest seroprevalence was observed within the Family Strigidae (12.5%). Only wild animals tested
positive; any statistical difference among species, taxonomic family, age, origin, use, migratory
behavior and diet composition was not highlighted. Toxoplasmosis in birds of prey, sentinel species
for the environmental spread of T. gondii, should be always considered within sanitary programs

devoted to avian species protection.
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1. Introduction

Toxoplasma gondii is an Apicomplexa parasite able to infect a wide range of vertebrates, including
birds [1]. T. gondii infection has been reported in numerous domestic and wild avian species by
serologic and molecular tools [2, 3, 4, 5, 6, 7]. Nevertheless, clinical cases of toxoplasmosis were
rarely reported in birds [5, 8, 9, 10] with the record of neurological signs including ataxia, head tilt,
walking in circle and blindness [11]. Birds of prey seem to be resistant to clinical toxoplasmosis. In
experimental studies performed on raptors (Caracara plancus, Bubo virginianus, Strix varia, Asio
otus and Buteo jamaicensis), all the animals developed anti-T. gondii antibodies without clinical signs
[12, 13, 14]. In free-ranging birds, a fatal case of toxoplasmosis was diagnosed by
immunohistochemistry in a bald eagle (Haliaeetus leucocephalus) in the USA [15], whereas severe
hepatitis caused by T. gondii was reported in a road-killed barred owl (Strix varia) from Canada [16].
Despite the limited clinical importance, birds of prey are good sentinel species for the evaluation of
the environmental circulation of T. gondii and indirect indicators of the risk of acquire the infection
mainly for humans and livestock [17]. Indeed, carnivore birds are exposed to the risk of acquiring the
infection horizontally, through the consumption of infected preys harboring tissue cysts or through
the ingestion of water or food contaminated with sporulated oocysts [5].

Data on the spread of T. gondii among raptors in Europe are scarce, with seroprevalence values
varying according to the investigated species [2, 3, 6]. In France, a serosurvey recorded a prevalence
of T. gondii infection of 35.8% [2]; similarly, in Portugal a seroprevalence of 50% was detected in
surveyed wild birds, including Accipitridae (64.9%) and Strigidae (25%) [6]. Finally, in a large-scale
serosurvey carried out in Spain, Falconidae (31.8%), Accipitridae (24.1%), Strigidae (50.2%) and
Tytonidae (13.3%) showed antibodies anti-T. gondii [3].

Besides wild birds, T. gondii is reported to infect also a wide range of avian domestic species and
animals kept in captivity [11]. Nevertheless, few surveys have been carried out on captive birds of
prey, mostly on animals kept in zoological gardens [18, 19], whereas T. gondii infection has not been

investigated so far in falconry raptors. The holding of raptors in captivity in Europe is continuously
3



59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

increasing: indeed, falconry has being gaining importance not only for hunting purposes, but also for
its social function. Raptors are used for the “bird control” in airports, agricultural fields, farms,
landfills, and public buildings [20, 21, 22], as well as for educational purposes in teaching farms,
historical reenactment or flight exhibition.

The spread of falconry has lead in last years to an increase in the number of captive raptors, often in
structures hosting a wide numbers of animals. The maintenance of birds of prey in captivity may raise
several critical points: from a sanitary viewpoint, the high density of animals hosted in the same
aviary may lead to an increase of the risk of transmission of infective diseases [23]. Moreover, from
an ethological point of view, the limited space available for each animal, smaller than those in nature,
may be a source of stress for territorial animals. In captivity birds of prey may therefore be exposed
to several sources of stress, possibly leading to immunosuppression with the consequent increase of
susceptibility to certain diseases [24]. Particularly, toxoplasmosis may exacerbate in
immunocompromised subjects [25], and therefore it should be considered among the infectious
diseases possibly occurring in captive animals.

Considering the importance of T. gondii in avian species and the scarce available information, a
seroepidemiological survey on the infection in both wild and captive raptor species was planned, with
the aim of updating epidemiological data and evaluating a selection of possible risk factors associated
to the infection.

2. Materials and methods

2.1 Study population and sample collection

In the period comprised between July 2015 and July 2016, an overall of 93 raptors were recruited for
the study. Seventy-six wild birds were sampled during first medical examination prior to their
hospitalization in a Wildlife Recovery Centre in Northern Italy. In addition, 17 raptors kept in
captivity were included in the study population and sampled during routine medical examinations;
particularly, four animals were housed and exhibited in a zoological garden, whereas 13 belonged to

private owners using animals for educational purposes or for falconry (hunting, breeding, or bird
4
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control). Seventeen different species belonging to the Families Accipitridae (8), Falconidae (2),
Strigidae (6) and Tytonidae (1) were represented. All species included in the study are listed on the
IUCN Red List of Threatened Species as “least concern” [26].

Individual data of each animal were collected; age was recorded or estimated on the basis of size,
weight, and plumage features, according to the species [27], classifying animals as young or adult.
Animals from Wildlife Recovery Centre were categorized as “wild”; in addition, wild birds were
classified as migrant or sedentary (hon-migrant), according to migratory behavior [28]. Moreover,
for wild animals the diet composition was recorded [27]. Captive birds were classified according to
their use: exhibition, education, and falconry.

Prior an adequate containment, from each animal approximately 0.5 ml of blood was collected from
the jugular or the ulnar subcutaneous vein in tubes containing anticoagulant (lithium heparin). Once
clotted, sera were separated by centrifugation (15 min, 2120 g) and then stored at -20°C until analysis.
2.2 Serological examination

Sera samples were tested for the presence of anti-T. gondii Immunoglobulin-G using a commercial
modified agglutination test (MAT) (Toxo-Screen DA, bioMérieux, Marcy-1"Etoile, France). The
assay was performed according to manufacturer’s instructions, testing sera at 1:40 and 1:4000
dilution. Positive and negative controls provided in the kit were added in each testing plate.

2.3 Statistical analysis

Seroprevalence was calculated for each of the considered categories [29]. Chi-square test was used
to verify the possible association between T. gondii infection and the following variables: species;
taxonomic Family; age (young, adult); origin (wild, captive); if wild, migratory behavior (migratory,
sedentary) and diet composition (mainly mammals, mainly birds); if captive, their use: exhibition,
education, and falconry. Fisher’s exact test was used when the number of observations per category
was below 5. The level of significance for independent variables was set to 0.05. Statistical analysis

was performed by SPSS (version 19.0; SPSS, Chicago, IL).
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3. Results

An overall prevalence of 10.7% (95% CI: 5.9-18.7) was recorded, with ten birds out of 93 tested
showing anti-T. gondii antibodies (MAT>1:40). Particularly, one Eurasian sparrowhawk, one
Eurasian buzzard, one Western Marsh-harrier (Circus aeruginosus), one Eurasian hobby (Falco
subbuteo), four little owls (Athene noctua) and one tawny owl were positive to serological assay with
low antibody titre (1:40); only one common kestrel (Falco tinnunculus) showed an antibody titre of
1:4000. Considering the taxonomic Family, three Accipitridae (11.5%), two Falconidae (8.7%) and
two Strigidae (12.5%) scored positive, whereas none of the four barn-owl, Family Tytonidae,
included in the study showed antibodies anti-T. gondii (Table 1).

All positive birds proceeded from the Wildlife Recovery Centre, whereas none of the captive animals
showed anti-T. gondii antibodies. Considering age, the prevalence of infection in adult and young
animals was calculated at 11.1% and 10.3%, respectively. Statistical analysis did not show any
differences among considered categories (species, taxonomic Family, age, origin, use, migratory

behavior, and diet composition) (Table 2).

4. Discussion

The present survey reported data of epidemiological relevance, contributing to the knowledge on the
diffusion of T. gondii infection in birds of prey populations. T. gondii seroprevalence was investigated
in 17 species of birds of prey, and a new species was added to the list of wild birds potentially
representing intermediate hosts of T. gondii. Indeed, to the best of our knowledge, this is the first
report of anti-T. gondii antibodies in an Eurasian hobby. The serological survey, the first on raptors
in Italy, was carried out using a MAT: this serological test, not requiring a species-specific conjugate,
is considered the technique of choice in wild animals and particularly in wild birds (Dubey, 2002).
The use the same technique in several surveys [2, 3, 6, 30] allows a direct comparison of the obtained

data.
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In the present study, prevalence value resulted higher in Strigidae (12.5%) and Accipitridae (11.5%)
if compared to Falconidae (8.7%), although the difference was not significant. Considering the
species highly spread in the study area, including Eurasian buzzard, common kestrel, little owl and
tawny owl, a consistent number of samples was collected, allowing the comparison with previous
published data on T. gondii seroprevalence in these species. For other species, i.e. Eurasian
sparrowhawk, western marsh-harrier, and Eurasian hobby, only few individuals were sampled in the
present survey, not allowing to obtain representative data on the spread of the infection within the
population, however the results confirmed the potential of such species to act as intermediate host for
T. gondii. Only one Eurasian buzzard tested positive to MAT, resulting in a much lower prevalence
(8.3%) if compared to those reported in France (79%) [2], Portugal (69.2%) [6] and Spain (51%) [3].
Similarly, anti-T. gondii antibodies were detected in one common kestrel out of 18 examined (5.5%);
in analogy, Cabezon et al. [3] found only four positive common kestrels out of 13 tested (30.8%)
while those examined by Aubert et al. [2] resulted all seronegative. Considering Strigidae, in the
present survey a higher prevalence was recorded in little owls (23.5%) than tawny owls (8.3%);
similar prevalence values ranging from 15.8% in little owls [3] and from 13.2% to 20% in tawny owls
[3, 6] were reported, while in France a higher prevalence of 50% was reported in tawny owls [2].

Different levels of seroprevalence in the sampled species may be due to differences in diet
composition, reflecting variable infection values in prey species [2]; indeed, Cabezon et al. [3]
demonstrated higher T. gondii prevalence values in carnivorous or scavenger birds if compared to
piscivorous birds. The present study included species preying on small rodents and other small
mammals (i.e. Eurasian buzzard, northern long-eared owl, tawny owl, barn-owl), species preying
principally on other birds, such as Eurasian sparrowhawk and Eurasian hobby, and species preying
on both small mammals and other birds or even small amphibians and reptiles (i.e. western marsh-
harrier, Eurasian eagle-owl) [27]. Both small mammals and predated birds, showing prevalence

values varying according to the species [31, 32], have been demonstrated to act as reservoir of T.
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gondii for other wild and domestic animals [32, 33]. The main way of T. gondii infection in raptors
is therefore represented by the ingestion of preys containing tissue cysts.

The feeding habits could explain also the lack of antibodies anti-T. gondii in captive birds included
in the survey; indeed, their diet is based on raw, de-frost meat, and the procedure of freezing the meat
has been demonstrated to inactivate T. gondii tissue cysts [34]. However, T. gondii infection was
recorded also in raptors kept in zoological gardens [18]; it could be hypothesized the possibility for
captive raptors to acquire the infection preying on infected small mammals or birds entering into the
exhibit and thus acting as a source of infection. Since the infection is not to be excluded also in
controlled environment, T. gondii should be always considered among raptors pathogens, both in wild
and in captivity.

Birds of prey, as predators at the top of trophic chains, may thus have an important role in both
domestic and sylvatic cycle of T. gondii. As predators, they represent sentinel species: prevalence
value recorded in these animals may be considered an indicator of the spread of T. gondii in the
environment and in the species sharing the same ecological habitats and thropic chains [17]. Indeed,
considering the study area, T. gondii infection has been previously reported in other domestic and
wild animals, with seroprevalence values variable according to considered species [35, 36, 37, 38,
39, 40].

Particularly, sedentary species, such as little owl and tawny owl, could be used as indicators of the
environmental spread of T. gondii. On the contrary, migrant species (western marsh-harrier, common
kestrel, and Eurasian hobby) [28] may acquire the infection during the migration and thus may be
used as indicators of the genetic variability of T. gondii [41, 42]. In wild birds, besides the report of
clonal types [7, 43], atypical strains of T. gondii have been reported [42, 44]. The sexual
recombination is indeed an event occurring mostly in the sylvatic cycle of T. gondii, with the
consequent possibility to generate new strains with unpredictable biological properties and virulence
[45], suggesting the need to investigate on the circulation of T. gondii genotypes among avian

populations.
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Another unexplored aspect of T. gondii infection in wild birds is its pathogenicity and its clinical
relevance. Clinical signs surely ascribable to T. gondii infection were reported in very few cases in
raptors [15, 16]. Moreover, a few authors demonstrated the association between T. gondii
seropositivity and the presence of clinical abnormalities in raptors; particularly, the case of three
individuals with clinical signs typical of/ascribable to the acute phases of toxoplasmosis was reported
[30]. Besides, T. gondii has been demonstrated able to modify the behavior and the fitness of various
intermediate hosts [46]: the association between T. gondii infection and causes of mortality or of
admission to wildlife centers (i.e. collisions with cars or buildings, illegal hunting) should thus be
further investigated. Therefore, T. gondii should be always included within sanitary programs devoted
to wild avian species protection.

Concluding, the study of T. gondii infection in birds of prey should be deepened, particularly
verifying through molecular detection or isolation the effective competence of these avian species as
intermediate hosts of T. gondii, and investigating the genetic variability of T. gondii strains involved

in the infection and their association with clinical aspects that still remains unclear.

Aknowledgements

We want to thank Xifei Chu for the technical assistance in laboratory.

Funding
This research did not receive any specific grant from funding agencies in the public, commercial, or

not-for-profit sectors.

Compliance with ethical standards
Conflict of interest

The authors declare that they have no conflict of interest.



213 Ethical approval
214  All applicable international, national and/or institutional guidelines for the care and use of animals
215  were followed.

216

10



217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

References

[1] A.M. Tenter, A.R. Heckeroth, L.M. Weiss, Toxoplasma gondii: from animals to humans, Int. J.
Parasitol. 30 (2000) 1217-1258.

[2] D. Aubert, M.E. Terrier, A. Dumetre, J. Barrat, . Villena, Prevalence of Toxoplasma gondii in
raptors from France. J. Wildl. Dis. 44(2008) 172-173.

[3] O. Cabezon, I. Garcia-Bocanegra, R. Molina-Lopez, 1. Marco, J.M. Blanco, U. Hofle, A.
Margalida, E. Bach-Raich, L. Darwich, I. Echeverria, E. Obon, M. Hernandez, S. Lavin, J.P. Dubey,
S. Almeria, Seropositivity and risk factors associated with Toxoplasma gondii infection in wild birds
from Spain, Plos One 6 (2011) 12.

[4] L. Darwich, O. Cabezon, I. Echeverria, M. Pabon, I. Marco, R. Molina-Lopez, O. Alarcia-Alejos,
F. Lopez-Gatius, S. Lavin, S. Almeria, Presence of Toxoplasma gondii and Neospora caninum DNA
in the brain of wild birds, Vet. Parasitol. 183 (2012) 377-381.

[5] J.P. Dubey, A review of toxoplasmosis in wild birds, Vet. Parasitolol. 106 (2002) 121-153.

[6] A.P. Lopes, R. Sargo, M. Rodrigues, L. Cardoso, High seroprevalence of antibodies to
Toxoplasma gondii in wild animals from Portugal, Parasitol. Res. 108 (2011) 1163-9.

[7] D. Love, O.C. Kwok, S.K. Verma, J.P. Dubey, J. Bellah, Antibody prevalence and isolation of
viable Toxoplasma gondii from raptors in the Southeastern USA, J. Wildl. Dis. 52 (2016) 653-656.
[8] J.P. Dubey. Toxoplasma gondii infections in chickens (Gallus domesticus): prevalence, clinical
disease, diagnosis and public health significance. Zoonoses Public Health 57 (2010) 60-73.

[9] K.H. Jones, F.D. Wilson, S.D. Fitzgerald, M. Kiupel, A natural outbreak of clinical Toxoplasmosis
in a backyard flock of guinea fowl in Mississippi. Avian Dis. 56 (2012) 750-753.

[10] J.P. Dubey, D.M. Webb, N. Sundar, G.V. Velmurugan, L.A. Bandini, O.C.H. Kwok, C. Su,
Endemic avian toxoplasmosis on a farm in Illinois: Clinical disease, diagnosis, biologic and genetic
characteristics of Toxoplasma gondii isolates from chickens (Gallus domesticus), and a goose (Anser

anser). Vet. Parasitol. 148 (2007) 207-212.

11



242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

[11] J.P. Dubey, Toxoplasmosis of animals and humans, second ed., CRC Press, Boca Raton, Florida,
2009.

[12] D.S. Lindsay, J.P. Dubey, B.L. Blagburn. Toxoplasma gondii infections in red-tailed hawks
inoculated orally with tissue cysts. J. Parasitol. 77 (1991) 322-325.

[13] J.P. Dubey, S.L. Porter, F. Tseng, S.K. Shen, P. Thulliez, Induced toxoplasmosis in owls, J. Zoo
Wildl. Med. 23 (1992) 98-102.

[14] S.N. Vitaliano, T.W.P. Mineo, M.R. Andre, R.Z. Machado, J.R. Mineo, K. Werther,
Experimental infection of Crested Caracara (Caracara plancus) with Toxoplasma gondii simulating
natural conditions. Vet. Parasitol.. 172 (2010) 71-75.

[15] K.A. Szabo, M.G. Mense, T.P. Lipscomb, K.J. Felix, J.P. Dubey. Fatal toxoplasmosis in a bald
eagle (Haliaeetus leucocephalus). J. Parasitol. 90 (2004) 907-908.

[16] I. Mikaelian, J.P. Dubey, D. Martineau, Severe hepatitis resulting from toxoplasmosis in a barrel
owl (Strix varia) from Quebec, Canada. Avian Dis. 41 (1997) 738-40.

[17] T. Hollings, M. Jones, N. Mooney, H. McCallum, Wildlife disease ecology in changing
landscapes: Mesopredator release and toxoplasmosis. Int. J. Parasitol. Parasites Wildl. 2 (2013) 110-
118.

[18] S. de Camps, J.P. Dubey, W.J.A. Saville, Seroepidemiology of Toxoplasma gondii in zoo
animals in selected zoos in the midwestern United States. J. Parasitol. 94 (2008) 648-53.

[19] A.H. Minervino, H.S. Soares, R.A. Barreto-Junior, K.A. Lobo Neves, H.F. de Jesus Pena, E.L.
Ortolani, J.P. Dubey, S.M. Gennari, Seroprevalence of Toxoplasma gondii antibodies in captive wild
mammals and birds in Brazil. J. Zoo Wildl. Med. 41 (2010) 572-574.

[20] W.A. Erickson, R.E. Marsh, T.P. Salmon, A review of falconry as a bird-hazing technique.
Fourteenth Vertebrate Pest Conference. 1 (1990) 314-316.

[21] D. VanVuren, K.S. Smallwood, Ecological management of vertebrate pests in agricultural

systems. Biol. Agric. Hortic. 13 (1996) 39-62.

12



267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

[22] A.T. Baxter, J.R. Allan, Use of raptors to reduce scavenging bird numbers at landfill sites. Wildl.
Soc. Bull.. 34 (2006) 1162-1168.

[23] F. Park, Behavior and behavioral problems of Australian raptors in captivity. Semin. Avian Exot.
Pet Med. 12 (2003) 232-241.

[24] M.P. Jones, Behavioral aspects of captive birds of prey. Vet. Clin. North Am. Exot. Anim. Pract.
4 (2001) 613-632.

[25] J.P. Dubey, J.L. Jones, Toxoplasma gondii infection in humans and animals in the United States.
Int. J. Parasitol. 38 (2008) 1257-1278.

[26] IUCN, Red List of Threatened Species Version 2017. http://www.iucnredlist.org (accessed 1
August 2017).

[27] L. Svensson, K. Mullarney, D. Zetterstrom, P.J. Grant, Collins Bird Guide, second ed., Collins,
London, UK, 2010.

[28] K.L. Bildstein, Migrating Raptors of the World. Their Ecology and Conservation, first ed.,
Cornell University Press, Ithaca, 2006.

[29] A.O. Bush, K.D. Lafferty, J.M. Lotz, A.W. Shostak, Parasitology meets ecology on its own
terms: Margolis et al revisited. J. Parasitol. 83 (1997) 575-83.

[30] J.C. Chen, Y.J. Tsai, Y.L. Wu, Seroprevalence of Toxoplasma gondii antibodies in wild birds in
Taiwan, Res. Vet. Sci. 102 (2015) 184-188.

[31] H.A. Dabritz, M.A. Miller, 1.A. Gardner, A.E. Packham, E.R. Atwill, P.A. Conrad, Risk factors
for Toxoplasma gondii infection in wild rodents from Central Coastal California and a review of T.
gondii prevalence in rodents, J. Parasitol. 94 (2008) 675-683.

[32] 1. Literak, J. Pinowski, M. Anger, Z. Juticova, H. Kyu-Hwang, J. Romanowski, Toxoplasma
gondii antibodies in house sparrows (Passer domesticus) and tree sparrows (P. montanus), Avian

Pathol. 26 (1997) 823-827.

13



291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

[33] E. Afonso, M.L. Poulle, M. Lemoine, I. Villena, D. Aubert, E. Gilot-Fromont, Prevalence of
Toxoplasma gondii in small mammals from the Ardennes region, France. Folia Parasitol. 54 (2007)
313-314.

[34] A. Kijlstra, E. Jongert, Control of the risk of human toxoplasmosis transmitted by meat, Int. J.
Parasitol. 38 (2008) 1359-1370.

[35] E. Ferroglio, F. Bosio, A. Trisciuoglio, S. Zanet, Toxoplasma gondii in sympatric wild herbivores
and carnivores: Epidemiology of infection in the Western Alps, Parasites and Vectors. 7 (2014) 1-4.
[36] A.L. Gazzonis, F. Veronesi, A.R. Di Cerbo, S.A. Zanzani, G. Molineri, I. Moretta, A. Moretti,
D.P. 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.

[37] 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.

[38] S.A. Zanzani, A. Di Cerbo, A.L. Gazzonis, S. Epis, A. Invernizzi, S. Tagliabue, M.T. Manfredi,
Parasitic and bacterial infections of Myocastor coypus in a metropolitan area of Northwestern Italy,
J. Wildl. Dis. 52 (2016) 126-130.

[39] 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. 117 (2018) 2207-2215.

[40] L. Villa, A.L. Gazzonis, G. Alvarez-Garcia, C. Diezma-Diaz, S.A. Zanzani, M.T. Manfredi, First
detection of anti-Besnoitia spp. specific antibodies in horses and donkeys in Italy, Parasitol Int 67
(2018) 640-643.

[41] E.K. Shwab, X.Q. Zhu, D. Majumdar, H.F.J. Pena, S.M. Gennari, J.P. Dubey, C. Su,
Geographical patterns of Toxoplasma gondii genetic diversity revealed by multilocus PCR-RFLP

genotyping, Parasitology. 141 (2014) 453-461.
14



317

318

319

320

321

322

323

324

325

326

327

328

329

330

[42] Verma SK, Calero-Bernal R, Cerqueira-Cézar CK, Kwok OC, Dudley M, Jiang T, C.L. Su, D.
Hill, J.P. Dubey, Toxoplasmosis in geese and detection of two new atypical Toxoplasma gondii
strains from naturally infected Canada geese (Branta canadensis), Parasitol Res. 115 (2016) 1767-
72.

[43] Huang SY, Cong W, Zhou P, Zhou DH, Wu SM, Xu MJ, F.C. Zou, H.Q. Song, X.Q. Zhu, First
report of genotyping of Toxoplasma gondii isolates from wild birds in China, J Parasitol. 98 (2012)
681-682.

[44] C. Alvarado-Esquivel, C. Rajendran, L.R. Ferreira, O.C.H. Kwok, S. Choudhary, D. Alvarado-
Esquivel, S. Rodriguez-Pefia, 1. Villena, J.P. Dubey, Prevalence of Toxoplasma gondii Infection in
wild birds in Durango, Mexico, J. Parasitol. 97 (2011) 809-812.

[45] M.E. Grigg, N. Sundar, Sexual recombination punctuated by outbreaks and clonal expansions
predicts Toxoplasma gondii population genetics, Int. J. Parasitol. 39 (2009) 925-933.

[46] J. Havlicek, Z. GaSova, A.P. Smith, K. Zvara, J. Flegr, Decrease of psychomotor performance

in subjects with latent “asymptomatic” toxoplasmosis, Parasitology. 122 (2001) 515-520.

15



331

332

Table 1: Seroprevalence of Toxoplasma gondii in raptors from Northern Italy using the modified agglutination test (MAT>1:40)

Family No. No. positive PY% Origin (if captive,  If wild, migratory If wild, diet
Common name (species) examined (MAT titre) use®) behavior composition °
Accipitridae 26 3 115
E_ura3|an Sparrow hawk (Accipiter ) 1 (1:40) 50 wild sedentary B
nisus)
Af_rlcan Hawk-eagle (Aquila 1 0 0 captive (F) ] ]
spilogaster)
Eurasian Buzzard (Buteo buteo) 12 1 (1:40) 8.3 wild (11),Ft;apt|ve (1, sedentary M
Red-tailed Hawk (Buteo jamaicensis) 1 0 0 captive (Ed) - -
Ferruginous Hawk (Buteo regalis) 1 0 0 captive (F) - -
Weste_rn Marsh-harrier (Circus ) 1 (1:40) 50 wild migrant M.B. I
aeruginosus)
Bald Eagle (Haliaeetus leucocephalus) 1 0 0 captive (Ex) - -
Harris's Hawk (Parabuteo unicinctus) 6 0 0 captive (é)g’ 3Ed,2 - -
Falconidae 23 2 8.7
Eurasian Hobby (Falco subbuteo) 3 1 (1:40) 33.3 wild migrant B, |
Common Kestrel (Falco tinnunculus) 18 1 (1:4000) 55 wild migrant M, I
n.d.? 2 0 0 captive (1 Ed, 1 Ex) - -
Strigidae 40 5 125
Northern Long-eared Owl (Asio otus) 8 0 0 wild sedentary M
Little Owl (Athene noctua) 17 4 (1:40) 235 wild sedentary B,ILAR
Rock Eagle-owl (Bubo bengalensis) 1 0 0 captive (Ed) - -
Eurasian Eagle-owl (Bubo bubo) 1 0 0 wild sedentary M, B
Eurasian Scops-ow! (Otus scops) 1 0 0 wild migrant I
Tawny Owl (Strix aluco) 12 1 (1:40) 8.3 wild sedentary M, |
Tytonidae 4 0 0
Barn-owl (Tyto alba) 4 0 0 1 wild, 3 captive (Ed) sedentary M, A, |

2 not determined; ®F: falconry, Ed: education, Ex: exhibition; ¢ B: birds, M: mammals, I: insects, A: amphibians, R: reptiles
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333 Table 2: Variable associated to Toxoplasma gondii infection in raptors from Northern Italy

Variable Category Positive/examined prevalence %  p-value
A "y a1 wy 0T
Origin ::ﬁ:ve 10(§/1776 1:(3).2 01187
Migratory behavoir (if wild) sn;i(?er:gry 3;;2 1;5 0.637°
Diet composition (if wild) mz:z:z E"ifg;ma's Zig 286'?3 0.054°

2 Pearson’s Chi-square test; ® Fisher’s exact test
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