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Abstract

:

Aujeszky’s disease virus (ADV), also known as pseudorabies virus, causes an important neurological infection with a major economic and health impact on animal husbandry. Here, we serologically screened muscle fluid from wild boar (Sus scrofa) for the presence of anti-ADV antibodies. Animals were caught during two hunting seasons (2019–2020 and 2021–2022) from three areas in southeastern France known to be endemic with wild boar populations. A total of 30.33% of the 399 tested animals scored positive for anti-glycoprotein B antibodies directed against ADV using a commercial competitive ELISA test. A significant effect (p-value < 0.0001) of the geographical location and animal age on ADV seroprevalence was observed. The results of this study confirmed the importance of wild boar in the epidemiology of ADV in southeastern France.
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1. Introduction


The earliest description of Aujeszky’s disease (AD) dates back more than two centuries. Based on the observed symptoms, the disease was first described as rabies-like or “pseudorabies” [1,2,3]. Thus, the disease was well recognized by its clinical picture, though the causative agent was unknown until 1902, when the Hungarian physician Aladár Aujeszky isolated the causative agent of pseudorabies disease from a diseased ox, a dog, and a cat [4]. Subsequently, pseudorabies disease became widely known as Aujeszky’s disease.



The Aujeszky’s disease virus (ADV), also known as Suid Herpesvirus-1 or SuHV-1, belongs to the family Herpesviridae, subfamily Alphaherpesvirinae, genus Varicellovirus. The virus is a filtrable particle of 180 nm [5,6] known for its high neurotropism, with transneuronal transmission (direct neuron-to-neuron transmission) promoting neurological disorders in susceptible animals [7]. ADV can infect all mammals, except higher primates. However, only swine (i.e., pigs and wild boar) are considered the natural host, due to their ability to survive a productive infection [7]. The clinical signs of ADV infection in swine vary, largely depending on ADV strain and age and animal status, ranging from neurological disorders and death in young animals to respiratory and reproductive disorders in adults, which become latent carriers after recovery. However, it causes a range of clinical symptoms (i.e., pruritus, tremors, convulsions, incoordination, paralysis) leading to fatal outcomes in susceptible non-swine animals [7,8,9].



The implementation of the DIVA (differentiating infected from vaccinated animals) strategy, along with strict sanitary measures yielded control or even eradication of AD in pig farms in numerous countries [10]. However, despite the successful application of this eradication program, the continuous emergence of new outbreaks involving wild boar is still anticipated [11]. The presence of ADV in wild boar populations represents not only a risk of reintroduction into pig herds, but also a real threat to wild and domestic mammals [12,13,14,15]. In France, the complete eradication of AD was achieved in 2008 for all of mainland France. However, outdoor farms remain exposed to the infection due to the proximity of infected wild boar. On the other hand, the number of hunting dogs with fatal AD continuously increases [16]. The last ADV surveys carried out on wild boar from several French administrative departments revealed an infection rate of up to 54% [17,18]. In France, the verification of the AD-free status is based on serological surveillance in breeder-multiplier and outdoor swine farms, as well as event-based surveillance in all domestic mammals [19], but no surveillance is conducted on wild carcasses. In the absence of new updated epidemiological data from France, as in many other European countries, the control of AD remains difficult. To this end, the present study aimed to provide an update on the epidemiology of AD in wild boar from southeastern France.




2. Results


Overall, 30.33% (CI: [25.82; 34.84]) of the 399 tested animals were scored positive by ELISA assay. The detailed results of seroprevalence are shown in Table 1. All animals that tested positive were from Solenzara and Canjuers camps, while none of the tested animals from the Carpiagne camp scored positive during both seasons. Age and geographical origin significantly affected AD seroprevalence. No statistical effect of gender was observed.




3. Discussion


The present study reports non-negligeable seroprevalence of AD in wild boars and updates the information on its epidemiology in southeastern mainland France and Haute-Corse areas. As access to biological samples of wild boar is difficult, the present investigation was conducted on the available hunted animals, which may explain the significant difference between the investigated areas. In addition, samples analyzed were muscle exudates and not sera. Despite the low sensitivity (20 times lower) of this technique compared to sera sampling, as previously demonstrated on pig samples [20], it remains a useful technique for screening ADV from hunted wild boar [21]. In general, serological assays targeting anti-gB antibodies are recommended by the OIE Sanitary Code and Community Decision 2008/185/EC for the maintenance of AD-free status by the implementation of measures to prevent any transmission of the virus between wildlife and domestic animals (https://info.agriculture.gouv.fr/gedei/site/bo-agri/instruction-2016-452. Accessed on 20 September 2022). Other assays, such as virus isolation and genomic-based detection, can also be used to detect and/or confirm the infection [22]. However, the shortness of the period in which the virus is isolable decreases the sensitivity of viral-based detection and/or virus isolation from boar samples, as previously demonstrated by Müller et al [23].



No obvious clinical picture of AD was noticed for the studied animals. ADV strains from Europe and North America appear to be attenuated in adult pigs, although the disease was observed in very young piglets and clinical manifestation in adult wild suids occurs rarely [22].



The overall seroprevalence of 30.3% reported here from a wild boar population in southeastern France is comparable to a previous report of 45.1% seroprevalence observed in this area [18]. Overall, when present, the recorded seroprevalence range of 22.2–76.9% is comparable to that of recent European reports from Germany (12.09%, n = 108,748) [24], the Iberian peninsula (42.6%, n = 235) [23] and northwest Italy (9.98%, n = 902) [25]. These data reflect a strong circulation of ADV among the wild boar population in southeastern Europe. As a result, pig farms are particularly threatened, along with other domestic and wild mammals. For example, in 2018, an outbreak was reported in a southeastern farm located near a forest and was disseminated throughout another farm, where the origin of the ADV was the wild boar population (Ministère de l’agriculture et de la souveraineté alimentaire, 2019) [26]. Similarly, two other outbreaks in outdoor pig herds have been detected in 2021 and 2022 in the same region [27]. Southeastern France is not an area with a high density of pig farms, but the recurrent detection of outbreaks, and the results of the present study carried out in wild boars, clearly demonstrate that outdoor pig farms are particularly at risk in this area. Given the potential for direct and indirect contact with infected wild boar, the possibility of transmission of the disease to other animal species kept in the area (cattle, goats, sheep, etc.) should not be overlooked. In compliance with the new European regulatory framework on animal health (Reg. EU 2016/429) and the WOAH (World Organisation for Animal Health) recommendations, the vaccination of pigs against ADV infection is not permitted in countries with AD-free status [15,28]. Consequently, only biosecurity measures can prevent the spread of AD (Ministerial Order of 16 October 2018) [29]. Continued vigilance on the part of farmers and scheduled surveillance of all outdoor pig herds, therefore, remains a priority to maintain AD-free status.



Natural ADV infection in wild canids is not new. According to the literature, more than fourteen wild foxes [30,31,32], over 1200 captive foxes [33], three wolves [34], three captive coyotes [35], four brown [36] and one black bear [37] and six raccoons [38] have been reported from different countries. In all cases, severe signs with fatal outcomes were noted [7]. However, and despite the close predator-prey relationship between wild canids (wolves and foxes) and wild boar populations from the studied areas [39], there has been no report of ADV infection among these canids, according to hunters and foresters. This may be due to the predation behavior of wolves, which feed on wild boar offspring that are protected against ADV through maternal immunity. An experimental study by Müller et al. (2005) showed that wild boar offspring from an immunized sow remained protected for up to 27 weeks post-partum [40]. Accordingly, the present data showed that AD seroprevalence becoming significant with age is increasing. Domestic carnivores (dogs and cats) are also susceptible to ADV infection, with fatal outcomes [7]. For example, in France, several canine cases of ADV infection have occurred after wild boar hunting [41,42], as confirmed previously by genomic studies of French ADV canine strains [43]. Domestic canids are exposed to ADV infection through physical contact with an infected boar during hunting, or after eating contaminated raw meat or offal, as previously reported in Europe [44] and France [45]. In the present study, none of the hunting dogs used to catch wild boar was diseased. This may be due to knowledge of AD transmission by the hunters, who avoid feeding their dogs with raw meat and offal of the wild boar. However, despite this precaution, exposure risk to hunting dogs for ADV infection cannot be completely excluded.




4. Materials and Methods


4.1. Study Area and Sampling


Muscle exudates were recovered from wild boars (n = 399) caught during two hunting seasons (season 2019–20; n = 253 and season 2021–22; n = 146) from three military camps located at Bouches-du-Rhône and Var in southeastern France [Canjuers (43°39′59.7″–6°27′54.7″), n = 306, and Carpiagne (43°14′50.5″–5°31′34.1″), n = 55, respectively] and Haute-Corse [Solenzara (41°55′46.3″–9°24′49.3″), n = 38] (Figure S1). The department of Haute-Corse is located in Corsica, a French Mediterranean island which is not free of AD in pig herds. Wild boars are the main wild large mammalian species in the three areas. As no live animal was used in the present study, approval from the ethics committee was not required; all samples used were provided by hunters with appropriate wild boar hunting licenses.




4.2. Anti-gB Antibodies Detection


For the detection of the anti-gB antibodies directed against ADV, we screened muscle fluids as described elsewhere [20,21,46]. Briefly, a muscular piece of around 10 g was sampled from the costal part of the diaphragm of each animal and was lacerated and placed in a hermetic plastic bag before being frozen at −30 °C until use. The muscle fluids were obtained after gentle thawing for two hours at ambient temperature, followed by overnight incubation at 4 °C. Harvested muscle fluids were then ELISA-screened using the commercial ID Screen® Aujeszky gB Competition kit (Innovative Diagnostics, Grabels, France). The assay targets the glycoprotein B (gB) of the ADV. All muscle fluids were assayed according to the manufacturer’s instructions given for sera. Samples were considered positive if the percentage of competition (S/P%) was less than or equal to 30%, and negative if clearly greater than 40%. Between 30% and 40%, samples were classified as doubtful.




4.3. Statistical Analyses


For comparison between groups, only confirmed positive samples were considered for the calculation of seroprevalences. The exact binomial 95% confidence interval was used to calculate the seroprevalence of AD. The individual weight of each animal was used to predict its age according to the growth curve of European wild boars [47]. Binary logistic regression using the Newton–Raphson algorithm was used to analyze the differences in ADV seroprevalence in wild boar according to geographical location, gender, age range and sampling time. A significant effect was considered at p-value ≤ 0.05. All statistical analyses were performed using Addinsoft 2018 (XLSTAT 2018: Data Analysis and Statistical Solution for Microsoft Excel, Paris, France) [48].





5. Conclusions


In France, AD is one of the regulated animal diseases of national interest (Ministerial Order of 3 May 2022) [43]. The alert system is based on event monitoring supplemented by clinical monitoring. Apart from the few canine cases of AD declared, France remains officially free of AD after measures to eradicate the infection in pig farming (recent cases from 2018 and 2019) [16,23]. Despite the declared AD-free status of pig farms in France, the present study highlights the epidemiological pressure caused by ADV circulating in wild boar and the challenge this represents for pig farms, carnivores, and cattle in these areas. Therefore, continuous epidemiological surveillance, as well as identification of strains circulating in the wild boar population, are necessary to prevent the spread of this disease among domestic animals (Ministerial Order of 16 October 2018) [29].








Supplementary Materials


The following are available online at https://www.mdpi.com/article/10.3390/pathogens11101107/s1, Figure S1: Geographical map showing the location of the investigated areas: 1. Carpiagne, 2. Canjuers and 3. Solenzara.





Author Contributions


Conceptualization, Y.L., S.W.-G. and B.D.; methodology, Y.L., A.O., C.D. and B.D.; software, Y.L.; validation, A.O., C.D. and B.D.; formal analysis, Y.L.; investigation, S.W.-G. and B.D.; resources, B.D.; data curation, Y.L.; writing—original draft preparation, Y.L.; writing—review and editing, Y.L., S.W.-G., A.O., C.D., M.-F.L.P. and B.D.; visualization, Y.L.; supervision, B.D.; project administration, S.W.-G. and B.D.; funding acquisition, B.D. All authors have read and agreed to the published version of the manuscript.




Funding


This study was supported by the French Army Health Service, the ANSES (Ploufragan Laboratory), the OpenHealth Company, the Institut Hospitalo-Universitaire (IHU) Méditerranée Infection, the National Research Agency under the program “Investissements d’avenir”, reference ANR-10-IAHU-03, and the Region Sud and European funding FEDER PRIMI.




Institutional Review Board Statement


Not applicable.




Data Availability Statement


The data presented in this study are available in the main text.




Acknowledgments


The authors express their gratitude to the Canjuers Military Hunting Society, in particular to Martial Grioche, as well as to hunters from the Carpiagne and Solenzara camps, particularly Maurice Vergos and Dominique Orsetti. The authors thank the “Association pour la Recherche en Infectiologie” for its support.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Wyssmann, E. Nochmals Zur Frage Des Vorkommens der Aujeszky’schen Krankheit, Pseudowut, in Der Schweiz. Schweiz. Arch. Tierheilk 1942, 84, 32–34. [Google Scholar]

	



Hanson, R.P. The history of pseudorabies in the United States. J. Am. Vet. Med. Assoc. 1954, 124, 259–261. [Google Scholar]

	



Köhler, M.; Köhler, W. Zentralblatt Für Bakteriologie—100 Years Ago: Aladár Aujeszky Detects a “New” Disease—Or: It Was the Cow and Not the Sow. Int. J. Med. Microbiol. 2003, 292, 423. [Google Scholar] [CrossRef]

	



Aujeszky, A. Über Eine Neue Infektionskrankheit Bei Haustieren. Zbl. Bakt. 1. Abt. Orig. 1902, 32, 353. [Google Scholar]

	



Mettenleiter, T.C. Aujeszky’s Disease and the Development of the Marker/DIVA Vaccination Concept. Pathogens 2020, 9, 563. [Google Scholar] [CrossRef] [PubMed]

	



Elford, W.J.; Galloway, I.A. The Size of the Virus of Aujeszky’s Disease (“Pseudo-rabies”, “Infectious Bulbar Paralysis”, “Mad-itch”) by Ultrafiltration Analysis. Epidemiol. Infect. 1936, 36, 536–539. [Google Scholar] [CrossRef] [PubMed]

	



Sehl, J.; Teifke, J.P. Comparative Pathology of Pseudorabies in Different Naturally and Experimentally Infected Species—A Review. Pathogens 2020, 9, 633. [Google Scholar] [CrossRef] [PubMed]

	



Jeffery-Smith, A.; Riddell, A. Herpesviruses. Medicine 2021, 45, 767–771. [Google Scholar] [CrossRef]

	



Kimman, T.G.; Binkhorst, G.J.; Ingh, T.S.V.D.; Pol, J.M.; Gielkens, A.L.; E Roelvink, M. Aujeszky’s disease in horses fulfils Koch’s postulates. Vet. Rec. 1991, 128, 103–106. [Google Scholar] [CrossRef] [PubMed]

	



Delva, J.L.; Nauwynck, H.J.; Mettenleiter, T.C.; Favoreel, H.W. The Attenuated Pseudorabies Virus Vaccine Strain Bartha K61: A Brief Review on the Knowledge Gathered During 60 Years of Research. Pathogens 2020, 9, 897. [Google Scholar] [CrossRef]

	



Müller, T.; Hahn, E.C.; Tottewitz, F.; Kramer, M.; Klupp, B.G.; Mettenleiter, T.C.; Freuling, C. Pseudorabies virus in wild swine: A global perspective. Arch. Virol. 2011, 156, 1691–1705. [Google Scholar] [CrossRef] [PubMed]

	



He, W.; Auclert, L.Z.; Zhai, X.; Wong, G.; Zhang, C.; Zhu, H.; Xing, G.; Wang, S.; He, W.; Li, K.; et al. Interspecies Transmission, Genetic Diversity, and Evolutionary Dynamics of Pseudorabies Virus. J. Infect. Dis. 2018, 219, 1705–1715. [Google Scholar] [CrossRef]

	



Ciarello, F.P.; Moreno, A.; Miragliotta, N.; Antonino, A.; Fiasconaro, M.; Purpari, G.; Amato, B.; Ippolito, D.; di Marco Lo Presti, V. Aujeszky’s disease in hunting dogs after the ingestion of wild boar raw meat in Sicily (Italy): Clinical, diagnostic and phylogenetic features. BMC Vet. Res. 2022, 18, 1–9. [Google Scholar] [CrossRef] [PubMed]

	



di Marco Lo Presti, V.; Moreno, A.; Castelli, A.; Ippolito, D.; Aliberti, A.; Amato, B.; Vitale, M.; Fiasconaro, M.; Ciarello, F.P. Retrieving Historical Cases of Aujeszky’s Disease in Sicily (Italy): Report of a Natural Outbreak Affecting Sheep, Goats, Dogs, Cats and Foxes and Considerations on Critical Issues and Perspectives in Light of the Recent EU Regulation 429/2016. Pathogens 2021, 10, 1301. [Google Scholar] [CrossRef] [PubMed]

	



Smith, K.M.; Machalaba, C.M.; Jones, H.; Cáceres, P.; Popovic, M.; Olival, K.J.; Ben Jebara, K.; Karesh, W.B. Wildlife hosts for OIE-Listed diseases: Considerations regarding global wildlife trade and host–pathogen relationships. Vet. Med. Sci. 2017, 3, 71–81. [Google Scholar] [CrossRef] [PubMed]

	



Bulletin Hebdomadaire de Veille Sanitaire Internationale En Santé Animale Du 12/04/2022 Danger Sanitaire à Actualité Réduite; 2022, Volume 31. Available online: https://www.plateforme-esa.fr/bulletin-hebdomadaire-de-veille-sanitaire-internationale-en-sante-animale-du-12-04-2022 (accessed on 22 September 2022).

	



Payne, A.; Rossi, S.; Lacour, S.; Vallée, I.; Garin-Bastuji, B.; Simon, G.; Hervé, S.; Pavio, N.; Richomme, C.; Dunoyer, C. Bilan Sanitaire Du Sanglier Vis-à-Vis de La Trichinellose, de La Maladie d’Aujeszky, de La Brucellose, de l’hépatite E et Des Virus Influenza Porcins En France. Bull. Épidémiologique St. Anim. Alim. 2011, 44, 2–8. [Google Scholar]

	



Rossi, S.; Hars, J.; Garin-Bastuji, B.; le Potier, M.F.; Boireau, P.; Aubry, P.; Hattenberger, A.-M.; Louguet, Y.; Toma, B.; Boué, F. Résultats de l’enquête Nationale Sérologique Menée Chez Le Sanglier Sauvage (2000–2004). Bull. Epid. Santé Anim. Alim. 2008, 29, 5–7. [Google Scholar]

	



Ministere de l’Agriculture, D.L.E.D.L.F. Note de Service DGAL/SDSPA/N2009-8289 Du 21 Octobre 2009, Précisions Sur Les Mesures de Police Sanitaire Vis-à-Vis de La Maladie d’Aujeszky En Application de l’arrêté Du 28 Janvier 2009. Available online: https://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwikmoi3pLT6AhUI3nMBHdZ1CzwQFnoECBcQAQ&url=https%3A%2F%2Finfo.agriculture.gouv.fr%2Fgedei%2Fsite%2Fbo-agri%2Finstruction-N2009-8289%2Ftelechargement&usg=AOvVaw18XlS3kCMWAa3oVpe0a4kf (accessed on 22 September 2022).

	



Le Potier, M.F.; Fournier, A.; Houdayer, C.; Hutet, E.; Auvigne, V.; Hery, D.; Sanaa, M.; Toma, B. Use of muscle exudates for the detection of anti-gE antibodies to Aujeszky’s disease virus. Vet. Rec. 1998, 143, 385–387. [Google Scholar] [CrossRef]

	



Toma, B.; Agier, C.; Haddad, N.; Boué, F.; Terrier, M.-E.; Hars, J. Utilisation Comparée Du Sérum, Du Poumon et Du Muscle Pour Le Dépistage de La Maladie d’Aujeszky Chez Les Sangliers. Epidémiologie Et St. Anim. (Revue De l’AEEMA) 2004, 45, 25–31. [Google Scholar]

	



The Center for Food Security and Public Health. Aujeszky’ s Disease Pseudorabies, Mad Itch.; 2020. Last Updated: January 2017. Available online: https://www.google.com/url?client=internal-element-cse&cx=014999493444943369949:2m026u-gsd8&q=https://www.cfsph.iastate.edu/Factsheets/pdfs/aujeszkys_disease.pdf&sa=U&ved=2ahUKEwi9nfbI37P6AhXQ_4UKHax_BOYQFnoECAkQAQ&usg=AOvVaw3WwJdjEEwXQVxqkSQq15Gm (accessed on 22 September 2022).

	



Müller, A.; Melo, N.; González-Barrio, D.; Pinto, M.V.; Ruiz-Fons, F. Aujeszky’s disease in hunted wild boar (sus scrofa) in the iberian peninsula. J. Wildl. Dis. 2021, 57, 543–552. [Google Scholar] [CrossRef]

	



Denzin, N.; Conraths, F.J.; Mettenleiter, T.C.; Freuling, C.M.; Müller, T. Monitoring of Pseudorabies in Wild Boar of Germany—A Spatiotemporal Analysis. Pathogens 2020, 9, 276. [Google Scholar] [CrossRef] [PubMed]

	



Caruso, C.; Vitale, N.; Prato, R.; Radaelli, M.C.; Zoppi, S.; Possidente, R.; Dondo, A.; Chiavacci, L.; Moreno Martin, A.M.; Masoero, L. Pseudorabies virus in North-West Italian wild boar (Sus scrofa) populations: Prevalence and risk factors to support a territorial risk-based surveillance. Vet. Ital. 2018, 54, 337–341. [Google Scholar] [CrossRef] [PubMed]

	



Ministère de l’agriculture et de souveraineté alimentaire Tout Savoir Sur La Maladie d’Aujeszky. 29 April 2019 Santé animale 2019. Available online: https://agriculture.gouv.fr/questions-reponses-tout-savoir-sur-la-maladie-daujeszky (accessed on 22 September 2022).

	



WOAH World Animal Health Information System: Follow-up Report 10, Evt_3985. Available online: https://wahis.woah.org/#/events?viewAll=true (accessed on 22 September 2022).

	



The European Parliament and the Council of the European Union. Regulation (EU) 2016/429 on Transmissible Animal Diseases and Amending and Repealing Certain Acts in the Area of Animal Health (‘Animal Health Law’). Off. J. Eur. Union 2016, 429. Available online: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv%3AOJ.L_.2016.084.01.0001.01.ENG (accessed on 22 September 2022).

	



Ministère de l’Agriculture et de l’Alimentation Arrêté du 16 Octobre 2018 Relatif aux Mesures de Biosécurité Applicables dans les Exploitations Détenant des Suidés dans le Cadre de la Prévention de La Peste Porcine Africaine et des Autres Dangers Sanitaires Réglementés. Journal officiel électronique authentifié n° 0240 du 17 October 2018. Available online: https://www.legifrance.gouv.fr/jorf/id/JORFTEXT000037501487 (accessed on 22 September 2022).

	



Caruso, C.; Dondo, A.; Cerutti, F.; Masoero, L.; Rosamilia, A.; Zoppi, S.; D’Errico, V.; Grattarola, C.; Acutis, P.L.; Peletto, S. Aujeszky’s Disease in Red Fox (Vulpes vulpes): Phylogenetic Analysis Unravels an Unexpected Epidemiologic Link. J. Wildl. Dis. 2014, 50, 707–710. [Google Scholar] [CrossRef]

	



Moreno, A.; Chiapponi, C.; Sozzi, E.; Morelli, A.; Silenzi, V.; Gobbi, M.; Lavazza, A.; Paniccià, M. Detection of a gE-deleted Pseudorabies virus strain in an Italian red fox. Vet. Microbiol. 2020, 244, 108666. [Google Scholar] [CrossRef]

	



Bitsch, V.; Knox, B. On pseudorabies in carnivores in Denmark. II. The blue fox (Alopex lagopus). Acta Vet. Scand. 1971, 12, 285–292. [Google Scholar] [CrossRef]

	



Jin, H.-L.; Gao, S.-M.; Liu, Y.; Zhang, S.-F.; Hu, R.-L. Pseudorabies in farmed foxes fed pig offal in Shandong province, China. Arch. Virol. 2015, 161, 445–448. [Google Scholar] [CrossRef]

	



Verpoest, S.; Cay, A.B.; Bertrand, O.; Saulmont, M.; De Regge, N. Isolation and characterization of pseudorabies virus from a wolf (Canis lupus) from Belgium. Eur. J. Wildl. Res. 2013, 60, 149–153. [Google Scholar] [CrossRef]

	



Raymond, J.T.; Gillespie, R.G.; Woodruff, M.; Janovitz, E.B. Pseudorabies in Captive Coyotes. J. Wildl. Dis. 1997, 33, 916–918. [Google Scholar] [CrossRef]

	



Zanin, E.; Capua, M.; Casaccia, C.; Zuin, A.; Moresco, A. Isolation and Characterization of Aujeszky’s Disease Virus in Captive Brown Bears from Italy. J. Wildl. Dis. 1997, 33, 632–634. [Google Scholar] [CrossRef]

	



Schultze, A.E.; Maes, R.K.; Taylor, D.C. Pseudorabies and volvulus in a black bear. J. Am. Vet. Med. Assoc. 1986, 189, 1165–1166. [Google Scholar]

	



Kirkpatrick, C.M.; Kanitz, C.L.; McCrocklin, S.M. Possible role of wild mammals in transmission of pseudorabies to swine. J. Wildl. Dis. 1980, 16, 601–614. [Google Scholar] [CrossRef] [PubMed]

	



Medkour, H.; Laidoudi, Y.; Marié, J.-L.; Fenollar, F.; Davoust, B.; Mediannikov, O. Molecular investigation of vector-borne pathogens in red foxes (VULPES VULPES) from southern france. J. Wildl. Dis. 2020, 56, 837–850. [Google Scholar] [CrossRef] [PubMed]

	



Muller, T.; Teuffert, J.; Staubach, C.; Selhorst, T.; Depner, K.R. Long-Term Studies on Maternal Immunity for Aujeszky’s Disease and Classical Swine Fever in Wild Boar Piglets. J. Vet. Med. Ser. B Infect. Dis. Vet. Public Health 2005, 52, 432–436. [Google Scholar] [CrossRef] [PubMed]

	



Marcé, C.; Deblanc, C.; Oger, A.; Bourry, O.; Simon, G.; Rose, N.; le Potier, M.-F. Upholding of Aujeszky’s Disease-Free Status in 2014: Improvement of Detection in High Risk Pig Herds but Decrease in Field Player Vigilance. Bull. Épidémiol. St. Anim. Aliment. 2015, 71, 50–53. [Google Scholar]

	



Toma, B.; Dufour, B. Transmission de La Maladie d’Aujeszky Des Sangliers Sauvages Aux Suidés Domestiques. Epidémiol et Santé Anim 2004, 45, 115–119. [Google Scholar]

	



Deblanc, C.; Oger, A.; Simon, G.; Le Potier, M.-F. Genetic Diversity among Pseudorabies Viruses Isolated from Dogs in France from 2006 to 2018. Pathogens 2019, 8, 266. [Google Scholar] [CrossRef]

	



Cano-Terriza, D.; Martínez, R.; Moreno, A.; Pérez-Marín, J.E.; Jiménez-Ruiz, S.; Paniagua, J.; Borge, C.; García-Bocanegra, I. Survey of Aujeszky’s Disease Virus in Hunting Dogs from Spain. EcoHealth 2019, 16, 351–355. [Google Scholar] [CrossRef]

	



ProMED-International Society for Infectious Diseases PRO/AH/EDR: Pseudorabies (Aujeszky’s Disease)—France: (LP) Dog. Available online: https://actu.fr/faits-divers/attention-la-maladie-d-aujeszky-refait-surface-dans-les-hautes-pyrenees_48285202.html (accessed on 22 September 2022).

	



de Lange, K.; Haddad, N.; Agier, C.; Le Potier, M.F.; Le Vée, M.; Amar, P.; Toma, B. Specificity of three ELISA-gE kits for screening pig meat for antibodies to Aujeszky’s disease. Vet. Rec. 2003, 153, 621–624. [Google Scholar] [CrossRef]

	



Weiler, U.; Claus, R.; Schnoebelen-Combes, S.; Louveau, I. Influence of age and genotype on endocrine parameters and growth performance: A comparative study in Wild boars, Meishan and Large White boars. Livest. Prod. Sci. 1998, 54, 21–31. [Google Scholar] [CrossRef]

	



Vidal, N.P.; Manful, C.F.; Pham, T.H.; Stewart, P.; Keough, D.; Thomas, R. The use of XLSTAT in conducting principal component analysis (PCA) when evaluating the relationships between sensory and quality attributes in grilled foods. MethodsX 2020, 7, 100835. [Google Scholar] [CrossRef] [PubMed]








[image: Table] 





Table 1. Comparative analysis of AD seroprevalence according to the population demography of wild boar from Southeastern France.
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Demography

	
ELISA Results

	
Statistics




	
Period

	
Parameters

	
Tested

	
Positive

	
Seroprevalence (%)

	
Binomial 95% CI

	
Wald’ chi²

	
p-Value






	
2019–20

	
Sites

	

	




	
Canjuers

	
219

	
64

	
29.2

	
[23.3; 35.7]

	

	




	
Carpiagne

	
20

	
0

	
0

	

	
6.65

	
0.01




	
Solenzara

	
13

	
10

	
76.9

	
[46.2; 94.9]

	
70.50

	
<0.0001




	
Gender

	

	




	
Female

	
166

	
48

	
28.9

	
[22.2; 36.5]

	

	




	
Male

	
86

	
26

	
30.2

	
[20.8; 41.1]

	
1.23

	
0.267




	
Age (Weeks)

	

	




	
[≤20]

	
61

	
13

	
21.3

	
[11.9; 33.7]

	

	




	
[20–35]

	
180

	
57

	
31.7

	
[25.0; 39.0]

	
6.16

	
0.013




	
[35–45]

	
11

	
4

	
36.4

	
[10.9; 69.2]

	
19.76

	
<0.0001




	
[≥45]

	
0

	

	

	

	

	




	
2021–22

	
Sites

	

	




	
Canjuers

	
87

	
37

	
42.5

	
[32.0; 53.6]

	

	




	
Carpiagne

	
35

	
0

	
0

	

	
11.79

	
0.0001




	
Solenzara

	
25

	
10

	
40

	
[21.1; 61.3]

	
3.05

	
0.081




	
Gender

	

	




	
Female

	
81

	
26

	
32.1

	
[22.2; 43.4]

	

	




	
Male

	
66

	
21

	
31.8

	
[20.9; 44.4]

	
1.72

	
0.190




	
Age (Weeks)

	

	




	
[≤20]

	
27

	
7

	
25.9

	
[11.1; 46.3]

	

	




	
[20–35]

	
55

	
13

	
23.6

	
[13.2; 37.0]

	
4.36

	
0.037




	
[35–45]

	
46

	
17

	
37.0

	
[23.2; 52.5]

	
12.48

	
0.0004




	
[≥45]

	
19

	
10

	
52.6

	
[28.9; 75.6]

	
11.85

	
0.0005
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