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Introduction

The European hedgehog (Erinaceus europaeus) is a nocturnal, solitary and non-territorial mammal endemic across Europe and central Asia, and distributed in temperate climates, especially along field edges and in hedgerows. It is an omnivorous species, thus contributing to the control of populations of insect pests in some areas. The maximum lifespan of the species in the wild is 6 years. In colder areas, hibernation usually begins in October and lasts until April, while in warmer regions, hedgehogs may only hibernate in the coldest winters. The breeding season of the European hedgehog typically starts in late spring, when the animal emerges from hibernation [START_REF] Brockie | Observations on the food of the hedgehog (Erinaceus europaeus L.) in New Zealand[END_REF][START_REF] Jackson | The breeding biology of introduced hedgehogs (Erinaceus europaeus) on a Scottish island: lessons for population control and bird conservation[END_REF].

Due to suspected population decline in recent decades, this species was declared as protected in Europe and registered as 'Least Concern' on the International Union for Conservation of Nature Red List of Threatened Species [START_REF] Amori | Erinaceus europaeus. The International Union for the Conservation of Nature Red List of Threatened Species 2016[END_REF]. A variety of factors can lead to its mortality including infectious diseases, inappropriate diet, reduction of insect biomass, pesticide use and increasing populations of predators or human interference in its natural habitats [START_REF] Taucher | Decline in distribution and abundance: Urban hedgehogs under pressure[END_REF][START_REF] Wright | Predicting hedgehog mortality risks on British roads using habitat suitability modelling[END_REF].

In several studies conducted on European hedgehogs to determine the cause of their mortality [START_REF] Keymer | Zoonoses and other findings in hedgehogs (Erinaceus europaeus): a survey of mortality and review of the literature[END_REF][START_REF] Rautio | Mortality, diseases and diet of European hedgehogs (Erinaceus europaeus) in an urban environment in Finland[END_REF][START_REF] Garcês | Outcomes, mortality causes, and pathological findings in European hedgehogs (Erinaceus europeus, Linnaeus 1758): A seventeen year retrospective analysis in the North of Portugal[END_REF], road traffic collisions and unknown traumas, as well as nutritional disorders, were reported to be major causes of death. These results are consistent with the lifestyle of European hedgehogs, which tend to increasingly live in urban environments, such as home gardens, thus bringing them into contact with human activities more frequently [START_REF] Rautio | Mortality, diseases and diet of European hedgehogs (Erinaceus europaeus) in an urban environment in Finland[END_REF][START_REF] Taucher | Decline in distribution and abundance: Urban hedgehogs under pressure[END_REF][START_REF] Wright | Predicting hedgehog mortality risks on British roads using habitat suitability modelling[END_REF]. Nevertheless, available data are scarce and are limited to a few geographical areas, hampering a complete understanding of the status and causes of hedgehog decline.

The aim of this study was to identify the most frequent causes of mortality and to present the macroscopic and microscopic pathological findings in 35 wild adult European hedgehogs that had died after admission to a wildlife care centre in southwestern France between 2019 and 2020.

Materials and Methods

Animals

The study was conducted at the Wildlife Care Centre of the Ecole Nationale Vétérinaire de Toulouse (ENVT) and included 35 adult wild European hedgehogs (>400 g body weight) that had died naturally or had been euthanized at the centre between September 2019 and December 2020. The reason for admission (injury, capture, debilitation or not specified) and the weight of each animal were recorded on arrival. Sex and age categories were morphologically determined based on previous studies [START_REF] Dickman | Age-related dietary change in the European hedgehog, Erinaceus europaeus[END_REF][START_REF] Aulagnier | Mammals of Europe, North Africa and the Middle East[END_REF][START_REF] Haigh | Non-invasive methods of separating hedgehog (Erinaceus europaeus) age classes and an investigation into the age structure of road kill[END_REF][START_REF] Garcês | Outcomes, mortality causes, and pathological findings in European hedgehogs (Erinaceus europeus, Linnaeus 1758): A seventeen year retrospective analysis in the North of Portugal[END_REF]. The decision to euthanize an animal was based on clinical deterioration and poor prognosis. Euthanasia was conducted according to the European animal welfare guidelines by intravenous administration of 0.5 ml of 20% pentobarbital sodium in the cranial vena cava.

Necropsy

A complete necropsy of each animal was performed within 24 h of death. Selected tissues, including brain, lung, heart, spleen, kidney, liver, digestive tract (oesophagus, stomach, duodenum, jejunum, ileum and colon), pancreas, adrenal glands, lymph nodes, parotid glands and any organ with gross lesions were collected and fixed in 10% neutral buffered formalin for 24-48 h.

Histopathology

Formalin-fixed tissues were routinely processed in paraffin blocks, sectioned at 3 μm and stained with haematoxylin and eosin (HE) for microscopic examination. In selected cases, additional special stains, including Gram's, Ziehl-Neelsen and the periodic acid-Schiff (PAS) reaction, were used.

Histopathological analysis was carried out by a veterinary pathologist certified by the European College of Veterinary Pathologists. For each lesion, results are expressed as the percentage of all examined animals in which the lesion was detected.

Immunohistochemistry

Immunolabelling was performed on paraffin-embedded sections of neoplastic tissue from one animal using monoclonal anti-neuron specific enolase (dilution 1:50; M0873; Dako, Glostrup, Denmark) and anti-vimentin 3B4 (dilution 1:100; M7020; Dako) antibodies. The immunohistochemical protocol included citrate antigen retrieval (pH6) using a PTlink (Dako) at 96°C for 30 min, followed by a 5-min peroxidase blocking step at room temperature (Dako) and saturation of non-specific binding sites with normal goat serum (Dako) for 25 min at room temperature, before antibody incubation. Immunolabelling was revealed with the EnVision+ System (Dako) and 3,3'-Diaminobenzidine chromogen (Dako).

Results

Epidemiological Data

The 35 hedgehogs comprised 18 males (51%) and 17 females (49%) (Table 1). Sixteen animals had been collected in autumn (46%), nine in spring (26%), five in winter (14%) and five in summer (14%). The mean body weight of all animals was 597 + 160 g while the mean body weight of the males was 600 + 169 g and of the females 593 + 157 g. Injured and debilitated hedgehogs represented, respectively, 37% (13/35) and 40% (14/35) of the total cases. Captured hedgehogs represented 17% of the cases (6/35). The reason for admission was not specified for two animals. Fifteen hedgehogs (43%) died naturally while 20 (57%) were euthanized due to clinical worsening and failure to respond to treatment.

Causes of Mortality

The most frequent cause of mortality was trauma (14/35; 41%), which included road traffic accidents (3/35; 9%), predation (3/35; 9%), trapping (2/35; 6%) and trauma of unknown origin (6/35; 17%) (Table 2). Death due to trauma represented 60% (3/5) and 56% (5/9) of cases in summer and spring, respectively. Infectious diseases were the second main cause of mortality (34%; 12/35). The highest incidence of infectious disease was recorded in autumn (7/16; 44%) and winter (2/5; 40%), compared with spring (2/9; 22%) and summer (1/5: 20%). Parasitism was associated with debilitation, capture-related admission and mortality in 11% (4/35) of cases but was not observed in summer.

Neoplasia was a rare finding at admission and was the reason for euthanasia of one female hedgehog (3%). The cause of mortality was not determined in 11% of the cases (4/35).

Pathological Findings

On external examination, the animals had evidence of ectoparasitism, including fleas, ticks (Ixodides hexagonus) (Fig. 1A) and fly larvae associated with cutaneous wounds (8/35; 23%) (Figs. 1B and2G).

Traumatic lesions, such as cutaneous lacerations and contusions, frequently extending to the subcutaneous and muscular tissue with the formation of haematomas, were identifed in the head (Fig. 1E), thorax and limbs and, in one case, the penis and prepuce (Figs. 2L and2K). Fractures were diagnosed in five animals. In most cases (4/5; 80%), fractures were associated with focal haematomas and secondary myiasis. However, in one individual, the severe involvement of the rib cage resulted in haemoperitoneum and probable hypovolaemic shock. Brain haemorrhage, resulting from cranial trauma, was identifed in one case (1/35; 3%) (Figs. 1E and2J).

Evidence for systemic bacterial infection manifested grossly as the multifocal to random distribution of tan nodules, scattered in the lungs (3/34; 9%), liver (1/34; 3%) or kidneys (2/34; 6%). Microscopically, these lesions were associated with exudative inflammation, thrombosis, vasculitis and intralesional bacteria. Other significant histological changes included renal and splenic infarctions (Fig. 2H), acute exudative to pyogranulomatous pericarditis and pleuritis, acute interstitial hepatitis and suppurative meningitis (Fig. 2F). Lesions indicative of local infections included suppurative cutaneous wounds (9/26; 23%), mandibular abscesses and pyogranulomas (7/31; 23%), exudative bronchopneumonia (3/34; 9%), suppurative rhinitis (2/30; 7%) (Fig. 1F), necrosuppurative otitis (1/30; 3%), pyogranulomatous pleuropneumonia (1/34; 3%) (Fig. 1G) and suppurative pyelonephritis (1/34; 3%) (Fig 2I). In particular, mandibular abscesses and botryomycosis were characterized by unilateral coalescing white to tan nodules, which expanded and replaced the mandibular lymph nodes, salivary glands and peripheral tissues (Figs. 1D and2D). Histologically, the nodules consisted of suppurative to pyogranulomatous inflammation, surrounded by fibrous connective tissue, and were centred on bacterial colonies, leading to extensive sialadenitis, cellulitis, myositis, panniculitis and regional lymphadenitis.

Parasitic diseases included gastrointestinal capillariasis (21/35; 61%) and bronchointerstitial parasitic pneumonia (31/34; 91%). Parasitic pneumonia was frequently characterized by mild pulmonary consolidation with the occasional detection of adult nematodes in the cut section (Fig. 1H).

Histologically, most cases had intrabronchial adult nematodes (Fig. 2A), associated with smooth muscle cell hyperplasia, lobular atelectasia and mild mixed leucocytic infiltration of alveolar septa, bronchioli and bronchi. Nematode morphology was consistent with Metastrongylidae and suggestive of Crenosoma striatum infestation. Despite its high frequency, parasitic infestation was identified as the primary cause of mortality, as the result of massive infestation, active larval migration and severe debilitation, in only 11% (4/35) of cases. Pulmonary cestodiasis was diagnosed in one case (Fig. 2B). Gross findings associated with gastrointestinal capillariasis were non-specific and included abundant mucus covering the gastrointestinal mucosa (Fig. 1I). Histologically, nematodes with aphasmid morphology were seen luminally or infiltrating the mucosa in association with erosion and lymphoplasmacytic and eosinophilic infiltrates of the lamina propria (Fig. 2C).

Life-threatening neoplasia was observed in only one hedgehog and presented as a single, 7 cm diameter mass, which expanded the subcutis of the ventral caudal abdomen (Fig. 1C). This location had led to locomotory problems, requiring euthanasia. On cut surface, the mass appeared poorly delineated and white. Histopathological charateristics were suggestive of a cutaneous malignant peripheral nerve sheath tumour (MPNST), and the neoplasm was immunopositive for neuron-specific enolase and vimentin (Figs. 3A and3B).

In addition to the mortality-related lesions, incidental findings were also investigated. The most frequent histological diagnoses included splenic (34/34; 100%) and hepatic (24/35; 69%) extramedullary haematopoiesis (Figs. 3D and3G), pulmonary crenosomiasis (31/34; 91%) (Fig. 2A), gastrointestinal capillariasis (12/28; 61%) (Fig. 2C), followed by renal lipofuscinosis (20/34; 59%) (Figs.

1K and 3J), chronic interstitial nephritis and renal infarcts (17/34; 50%) (Fig. 3K) and mononuclear lymphoid-rich choroid plexus infiltration (10/27; 37%). Less commonly observed incidental findings included splenic lymphoid hyperplasia (9/34; 26%), diffuse hepatic steatosis (5/35; 14%) (Figs. 1J and3H) and lymph nodal (3/35; 9%) and splenic follicular (4/35; 12%) hyalinosis (Fig. 3E), lymphonodal lipomatosis (2/34, 6%) (Fig 1F ), chronic glomerulopathy (2/34, 6%) (Fig. 3L) and hepatic periodic acid-Schiff-positive intranuclear inclusions, (1/35; 3%) (Fig. 3I). A cortical adenoma involving the adrenal gland was incidentally diagnosed by histopathology in one individual (Fig. 3C).

Discussion

The pathology of hedgehogs has progressively attracted more attention in recent decades due to the dramatic decline in their population and the increasing density of this species in the urban environment compared with rural areas [START_REF] Temple | IUCN Red List of Threatened Species -Regional Assessment. The World Conservation Union (IUCN), Office for Official Publications of the European Communities[END_REF][START_REF] Taucher | Decline in distribution and abundance: Urban hedgehogs under pressure[END_REF]. Studies of the pathology of the European hedgehog raised concerns about pulmonary parasitic infestations by Capillaria spp and Crenosoma spp in Britain [START_REF] Majeed | Lesions associated with a Capillaria infestation in the European hedgehog (Erinaceus europaeus)[END_REF], the health and welfare of rehabilitated juvenile hedgehogs [START_REF] Sainsbury | Health and welfare of rehabilitated juvenile hedgehogs (Erinaceus europaeus) before and after release into the wild[END_REF] as well as about herpesviral infection [START_REF] Widen | Fatal herpesvirus infection in a hedgehog (Erinaceus europaeus)[END_REF]. However, a complete overview of significant and incidental diseases of this species worldwide is lacking. The aim of the present study was to identify the causes of mortality and other disease processes in wild adult European hedgehogs that had died naturally or had been euthanized due to poor prognosis at the Wildlife Care Centre of the ENVT between 2019 and 2020.

External trauma is one of the most common causes of mortality in hedgehogs and may be linked to anthropogenic sources, such as traps and road vehicles [START_REF] Rautio | Mortality, diseases and diet of European hedgehogs (Erinaceus europaeus) in an urban environment in Finland[END_REF][START_REF] Wright | Predicting hedgehog mortality risks on British roads using habitat suitability modelling[END_REF]. A study including 740 European hedgehogs in northern Portugal found that the main cause of mortality was trauma (32.7%), including skeletal and skin lesions (fractures, haemorrhages and wounds), with the highest incidence recorded in spring and autumn (both 41%) [START_REF] Garcês | Outcomes, mortality causes, and pathological findings in European hedgehogs (Erinaceus europeus, Linnaeus 1758): A seventeen year retrospective analysis in the North of Portugal[END_REF]. Our findings are consistent with these results, as trauma was the main cause of mortality (14/35; 41%) representing 60% and 55% of hedgehog deaths in summer and spring, respectively.

Infectious diseases were diagnosed as the second most frequent cause of mortality, based on histopathology findings such as inflammatory reactions associated with bacterial colonies. Mandibular abscesses and botryomycosis were found in 23% of the animals included in the study. These lesions may have resulted from a pre-existing condition, including a local cutaneous wound or periodontal or dental disease [START_REF] Chaprazov | Oral and dental disorders in pet hedgehogs[END_REF]. The exploratory behaviour of hedgehogs associated with their omnivorous diet also may lead them to self-injury with various objects such as barbed wire and tin cans, but further investigation is needed to confirm such a potential association. One study reported Actinomyces naeslundii infection in an African hedgehog (Atelerix albiventris) with mandibular osteomyelitis and cellulitis [START_REF] Martínez | Actinomyces naeslundii infection in an African hedgehog (Atelerix albiventris) with mandibular osteomyelitis and cellulitis[END_REF].

Other common primary sites of infection identified in this study were cutaneous wounds (23%), upper and lower respiratory tract infections (7% and 9%, respectively) and urinary infections (3%). In a previous Finnish study on European hedgehogs originating from an urban environment, bacterial species isolated from visceral lesions included Salmonella enterica serovar Enteritidis (14/24), β-haemolytic Streptococci (4/24) and Corynebacterium ulcerans (5/24). In gangrenous limb lesions, isolated bacteria included Pasteurella multocida (3/24) and Staphylococcus intermedius (2/24) [START_REF] Rautio | Mortality, diseases and diet of European hedgehogs (Erinaceus europaeus) in an urban environment in Finland[END_REF].

Zoonotic bacteria, including Salmonella enterica serovar Enteritidis, Yersinia pseudotuberculosis, Mycobacterium marinum, Chlamydia psittaci, Coxiella burnetti and Yersinia pestis, are occasionally carried by hedgehogs [START_REF] Keymer | Zoonoses and other findings in hedgehogs (Erinaceus europaeus): a survey of mortality and review of the literature[END_REF][START_REF] Riley | Hedgehog zoonoses[END_REF]. Collectively, these data highlight the contribution of bacteria to hedgehog pathology and the need to properly define the role of hedgehogs as a potential source of zoonotic infections.

Hedgehogs are hosts to a variety of parasites, including nematodes (Crenosoma striatum, Eucoleus aerophilus, Capillaria erinacei, Capillaria ovoreticulata and other Capillaria spp), trematodes (Brachylaemus erinacei), acanthocephalans (Oliganthorhynchus erinacei), ticks (Ixodes hexagonus) and fleas (Archeopsylla erinacei) (Poglyaen et al, 2003;[START_REF] Gaglio | Parasites of European hedgehogs (Erinaceus europaeus) in Britain: epidemiological study and coprological test evaluation[END_REF][START_REF] Hof | The value of agri-environment schemes for macro-invertebrate feeders: Hedgehogs on arable farms in Britain[END_REF]. [START_REF] Rautio | Mortality, diseases and diet of European hedgehogs (Erinaceus europaeus) in an urban environment in Finland[END_REF] reported that 79% of the parasitic pneumonias identified in 253 hedgehogs were due to Crenosoma striatum [START_REF] Rautio | Mortality, diseases and diet of European hedgehogs (Erinaceus europaeus) in an urban environment in Finland[END_REF]. In agreement with previous reports, parasitism was frequent among the animals studied in this investigation, with a high prevalence of pulmonary crenosomiasis and gastrointestinal capillariasis. Pulmonary cestodiasis was diagnosed in one case. The structure of the parasite included a thick tegument, a row of subtegumental cells and a loose parenchyma with calcareus corpuscules in the absence of a digestive tract or coelomic cavity. This parasite could presumably have been a plerocercoid larva. Sparganosis is a zoonotic disease resulting from an infection by the third-stage plerocercoid larva of pseudophyllidean cestodes such as Spirometra spp and Sparganum spp. Spirometra erinaceieuropaei was reported for the first time by Rudolphi in 1819 on a hedgehog and was later identified in a wide variety of terrestrial mammals [START_REF] Rubtsova | Morphological features and structural analysis of plerocercoids of Spirometra erinaceieuropaei (Cestoda: Diphyllobothriidae) from European pine marten, Martes martes (Mammalia: Mustelidae) in Ukraine[END_REF][START_REF] Kuchta | Sparganosis (Spirometra) in Europe in the molecular era[END_REF]. Currently, more attention is directed to this parasite but data are lacking on its biology and geographical distribution for evaluation of the role of wild animals in transmission of this zoonotic disease.

In our study, neoplasms were diagnosed in 2/35 individuals (6%): an expansile cortical adenoma involving the adrenal gland and a soft tissue sarcoma consistent with a MPNST that had caused locomotory problems and resulted in euthanasia. The incidence of tumours in adult European hedgehogs in this study is close to recently reported values of 4-5%, [START_REF] Rautio | Mortality, diseases and diet of European hedgehogs (Erinaceus europaeus) in an urban environment in Finland[END_REF][START_REF] Garcês | Outcomes, mortality causes, and pathological findings in European hedgehogs (Erinaceus europeus, Linnaeus 1758): A seventeen year retrospective analysis in the North of Portugal[END_REF].

Neoplasms diagnosed in European hedgehogs include mammary tumours [START_REF] Döpke | Morphological and immunohistochemical characterization of spontaneous mammary tumours in European hedgehogs (Erinaceus europaeus)[END_REF][START_REF] Garcês | Outcomes, mortality causes, and pathological findings in European hedgehogs (Erinaceus europeus, Linnaeus 1758): A seventeen year retrospective analysis in the North of Portugal[END_REF], a metastatic osteosarcoma [START_REF] Böger | Metastasizing osteosarcoma and pulmonary adiaspiromycosis in a free-ranging western European hedgehog (Erinaceus europaeus)[END_REF] and a desmoplastic ganglioglioma of the spinal cord [START_REF] Ulrich | Desmoplastic ganglioglioma of the spinal cord in a Western European hedgehog (Erinaceus europaeus)[END_REF]. By contrast, studies of other hedgehog species, such as the greater hedgehog tenrec (Setifer setosus) and the African hedgehog, report a higher incidence of tumours (29-53%) compared with European hedgehogs [START_REF] Raymond | Spontaneous tumours in captive African Hedgehogs (Atelerix albiventris): a retrospective study[END_REF][START_REF] Raymond | Necropsy and histopathologic findings in 14 African hedgehogs (Atelerix albiventris): a retrospective study[END_REF]. In those species, identified tumours include cutaneous MPNSTs, a thyroid follicular-solid carcinoma, urinary bladder transitional cell carcinomas, uterine endometrial polyps, mammary adenocarcinomas, oral squamous cell carcinomas and a multicentric B-cell lymphoma [START_REF] Ramos-Vara | Soft tissue sarcomas in the African hedgehog (Atelerix albiventris): microscopic and immunohistologic study of three cases[END_REF][START_REF] Raymond | Spontaneous tumours in captive African Hedgehogs (Atelerix albiventris): a retrospective study[END_REF][START_REF] Khoii | Spontaneous neoplasia in four captive greater hedgehog tenrecs (Setifer setosus)[END_REF]. Further investigation is needed to identify the factors that influence neoplastic development, including environmental and genetic factors.

In the present study, splenic extramedullary haematopoiesis (100%), renal lipofuscinosis (59%) as well as renal infarction and chronic interstitial nephritis (50%) were frequently observed as incidental findings. In contrast to neoplasia, similar findings have also been were reported in a retrospective study of 14 captive African hedgehogs for which the most common diagnoses were splenic extramedullary haematopoiesis (91%), hepatic lipidosis (50%) and renal disease (50%) [START_REF] Raymond | Necropsy and histopathologic findings in 14 African hedgehogs (Atelerix albiventris): a retrospective study[END_REF]. In our study, hepatic lipidosis was less frequent (14%). However, this other study was performed on captive subjects, thus limiting comparison. PAS-positive intranuclear inclusions were observed within hepatocytes in one case. These structures were consistent with intranuclear glycogen inclusions as described in humans, dogs, western barred bandicoots and rodents [START_REF] Herbst | Glycogenous hepatonuclear inclusions in the aged mouse -an electron microscopical study of the histogenesis of nuclear inclusions[END_REF][START_REF] Bennett | Hepatic intranuclear glycogen inclusions in western barred bandicoots (Perameles bougainville)[END_REF][START_REF] Silvestri | Nuclear glycogen inclusions in canine parietal cells[END_REF][START_REF] Schwertheim | Characterization of two types of intranuclear hepatocellular inclusions in NAFLD[END_REF]. Their function and significance are unclear, but a possible association with hepatic and metabolic disorders or ageing has been suggested, whereas they have been reported as incidental findings in humans during childhood and adolescence [START_REF] Tanikawa | Electron microscopic observation of the intranuclear glycogen of the liver in diabetes mellitus[END_REF][START_REF] Schwertheim | Characterization of two types of intranuclear hepatocellular inclusions in NAFLD[END_REF].

In conclusion, the European hedgehog can be affected by a wide range of life-threatening and incidental pathological processes. Our data emphasize the need for further study of hedgehog mortality and of the genetic, behavioural and environmental factors that may contribute to population decline. 
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 1 Fig. 1. Gross lesions in European hedgehogs. (A) Skin, ectoparasitism (Ixodides hexagona). (B) Skin,
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 2 Fig. 2. Histopathological lesions in European hedgehogs. HE. (A) Lung, intrabronchial nematodes
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 3 Fig. 3. Histopathological lesions in European hedgehogs. All HE-stained except (B). (A) Skin, sarcoma

  

  

Table 1 Epidemiological characteristics of European hedgehogs included in the study

 1 

				Mean body	
		Number	Percentage	weight in grams	Male/female ratio
				(SD)	
	Season				
	Winter	5	14	585 (161)	1.00
	Autumn	16	46	626 (147)	0.67
	Spring	9	26	565 (161)	2.00
	Summer	5	14	660 (196)	0.33
	Reason for admission				
	Injured	13	37	612 (162)	1.4
	Captured	6	17	530 (147)	1.00
	Debilitated	14	40	607 (170)	1.00
	Not specified	2	6	625 (205)	1.00
	Type of death				
	Natural death	15	43	582 (169)	1.14
	Euthanasia	20	57	608 (155)	1.00
	Sex				
	Male	18	51	600 (169)	-
	Female	17	49	593 (157)	-
	Total	35	100	597 (160)	1.06

Funding

This study was hosted by Ecole Nationale Vétérinaire de Toulouse and funded by Direction Générale de l'Alimentation, Ministère de l'Agriculture et de l'Alimentation, France.

Availability of Materials and Data

The datasets generated or analysed during this study are available from the corresponding author on reasonable request.

All authors reviewed and approved the final version of the manuscript.

Conflict of Interest Statement

The authors declared no potential conflicts of interest in relation to the research, authorship or publication of this article. MPNST, malignant peripheral nerve sheath tumour; PAS, periodic acid-Schiff.

Reason for admission