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ABSTRACT
The importance of wildlife diseases in exotic mammals and the risk of transmission to native fauna and people have not been yet evaluated in Argentina. The aim of this study was to assess the risk of diseases transmission from exotic to native species and generate basic information for an efficient management of hunting practices of the red deer (Cervus elaphus) and wild boar (Sus scrofa) in Patagonia. To achieve this, periodical sampling of hunted animals were carried out on hunting sites of the Nahuel Huapi National Park, and on red deer and wild boar hunting farms to analyze the occurrence of diseases and its relationships with native mammal’s species. Periodic field trips of study areas and sampling collection of red deer and wild boar hunted were performed at the Nahuel Huapi National Park (hunting sites and Isla Victoria) and neighbouring areas since March 2005. Necropsy and sampling collection of hunted animals were done for histopathology, serology and parasitology studies. From 2005 to 2008 were collected a total of 118 red deer, 1 dama deer (Dama dama), 15 wild boars and 2 pudus (Pudu puda), these pudus were accidental dead at the National Park. Parasitic infestation of Fasciola hepatica, Dyctiocaulus sp and Trichinella spiralis were found in red deer and wild boars. Histopathology study were performed in order to describe lesions and to determine the occurrence of other infectious diseases, such as tuberculosis, paratuberculosis and chronic wasting disease. Microscopy lesions of tissue samples of red deer and wild boar included: (1) sarcocystis, miocarditis in heart; (2) pneumonia, bronchitis and emphysema in lung; (3) hepatitis, collangio hepatitis and necrosis in liver; (4) nephritis in kidney; (5) follicular hyperplasia and macrophages and giant cells in lymph nodes; (6) and hyperplasia and sarcocystis in skeletal muscle. Western Blot analysis (Prionics®) of brain stem samples from one pudu and 26 red deer hunted during 2006 (n = 3), 2007 (n = 18), and 2008 (n = 5) were negative for Transmissible Spongiform Encephalopathies (TSEs). Serologic studies of a total of 29 serum samples (4 wild boars and 25 red deer) were done. Results showed: (1) all samples positive for rotavirus bovine using serum neutralization analysis; (2) one red deer and 3 wild boar samples positive for parainfluenza 3 bovine using inhibition of hemoaglutination analysis; and (3) 7 red deer and one wild boar samples suspicious for leptospirosis according to microscopic agglutination analysis. Serologic results for enzootic leucosis bovine, blue tonge, herpes virus bovine, diarrhoea virus bovine, foot and mouth diseases, brucellosis and paratuberculosis were negative for the total of the samples analyzed. Statistic analysis are being performed for determine the diseases prevalence among the different hunting sites of the National Park. The relationship among the presence of disease, environment (type and natural distribution of native fauna) and the presence of human settlement are also being analyzed. The obtained results were compared with findings reported in other countries with similar species. For the transference and diffusion of the information obtained in this study a health screening protocol were elaborated with procedures for a rational management of animals in hunting sites. Training was also given to park rangers, hunters, farmers and professionals related to the activity in practical aspects. The results of this study allow us to identify for the first time the health status of introduced exotic mammals in northern Patagonia. This information allowed create a data base that can be use to health monitoring and surveillance system, which are essential for hunting practices and conservation management of threatened fauna. To the best of our knowledge, disease prevalence and epidemiology in free range exotic ungulates is unknown to date in Patagonia Argentinean. Therefore, we suggest that our study will enhance future evaluations on disease’s inter-specific role and consequences to native wildlife population trends.

Key-words: red deer, wild boar, native fauna, health, pathology
INTRODUCTION
The Nahuel Huapi National Park is one of the most pristine protected areas in Northern Patagonia of Argentina (Martin 1986). The area comprises 7.380, 9 km2 of template forest, ecotono, and steppe (Martin 1986). The fauna diversity is unique with many regional endemism, such as the cervids huemul (Hippocamelus bisulcus) and pudu (Pudu pudu) (Martin 1986, Canevari and Fernández Balboa 2003). However, as a result of habitat loss and potential competition with exotic mammals there are numerous vertebrate species that are declining in number and are close to extinction, including the two species mentioned above (----- 1992, Bonino 1995, Dellafiore and Maceira 2001). Clearly, in a delicate balance such as this, diseases may well accelerate the process (Cleaveland et al. 2002).

Exotic cervids and swine’s are widespread throughout the world and are considered a serious threat to wildlife (de Vos et al. 1956, McIlroy 1989, and O’Brien 1989). They have been considered harmful because of damage to the native fauna and flora and because they may harbour diseases affecting livestock and native wild species (de Vos et al. 1956, Veblen et al. 1989, Flueck and Smith-Flueck 1993 a, Fowler 1993, Choquenot et al. 1996). In Argentina, red deer (Cervus elaphus) and wild boar (Sus scrofa) were first introduced in the Province of La Pampa in the beginning of nineteenth century to provide meat and sport for hunters (Bonino 1995, Canevari and Fernández Balboa 2003). Although exotic mammals are considered of economic importance and are valued by those who hunt them commercially or recreationally, little attention has been granted to their negative impacts on a range of native species in Argentina (O'Brien 1989, Bonino 1995, Díaz and Smith-Fluek 2000). In this study, the screening of red deer and wild boar hunted at Nahuel Huapi National Park will allow us to establish baseline health data, and to identify diseases of concern. Monitoring the disease status of the same and related species will also inform on whether there are infectious diseases in the wild to which native fauna may be particularly susceptible, or whether exotic species can introduce new parasites to the mammal community and humans at the site of hunting and the neighbouring areas of Nahuel Huapi National Park. In addition, such data can be used to predict the success of conservation programs, and to improve husbandry practices in red deer and wild boar hunting farms.
BACKGROUND INFORMATION
The role of exotic mammals in the transmission of diseases to native fauna has not been yet evaluated in Argentina. There is scanty information about the introduction of emerging diseases to native deer, particularly those that are endangered. It is reasonable to expect that livestock diseases present in exotic ungulate populations may also affect native ungulates, such as huemul (Hippocamelus bisulcus) and pudu (Pudu puda) deer.

It has been suggested that diseases from domestic (sheep, goat, and cow) and exotic animals are transmitted to huemul (Flueck and Smith-Flueck 1993 a, Díaz and Smith-Fluek 2000). Coccidiosis has been reported as a cause of mortality in huemul that were raised in pastures previously grazed by sheep (Flueck and Smith-Flueck 1993 b, Díaz and Smith- Fluek 2000). Moreover, a variety of etiological agents have also been reported as affecting huemul populations, such as foot and mouth disease, and many parasites including Ostertagia sp, Strongylus sp, Moniezia sp., Taenia sp, Fasciola hepatica, Eimeria sp, Cysticercus tenuicollis and Bovicula caprae (Díaz and Smith-Fluek 2000). On the other hand, the occurrence of Spiculopteragia species, Dyctiocaulus spp., Ostertagia letospicularis, and Oesophagostomum venulosum have been described in red deer in Chile and at Luro Park, Province of La Pampa (Rioseco et al. 1977, Suárez et al. 1991). All these parasite fauna and infectious diseases have previously been reported in cattle and cervids in many other countries (Suárez et al. 1991, Orr 1992, Haigh et al. 2002, Mackintosh et al. 2002).

Red deer and wild boar can carry several exotic and endemic diseases not only of conservation importance but also of economic significance for livestock and human health (Rioseco et al. 1977, McIlroy 1989, Choquenot et al. 1996, Orr 1992, Flueck and Smith- Flueck 1993 a, Fowler 1993, Haigh et al. 2002, Mackintosh et al. 2002). Tuberculosis (Mycobacterium sp), brucellosis (Brucella sp), and trichinellosis (Trichinella spirallis) have been highlighted as potential disease concerns to local fauna and humans, although neither health survey in wild populations nor quantitative estimates of risk analyses have yet been undertaken. Recently, a trichinellosis outbreak occurred in the Province of Neuquen in Argentina as a result of wild boar meat consumption by humans (M. Uhart.
Pers. Comm.), emphasizing that future epidemiological investigation of such infections will be extremely valuable for conservation management of diseases.

The importance of studying infectious diseases in exotic mammals is a priority as it is extremely difficult to collect samples from native species. Nevertheless, it is complex to identify or to predict the circumstances under which diseases might pose a risk to wildlife. An increase in parasite transmission in areas with habitat fragmentation where the contact among wild and domestic animals and human becomes more frequent has been suggested (Cleveland et al. 2002, Gillin et al. 2002, Lafferty and Gerber 2002). However, information about disease in free-range native and exotic ungulates is scarce and to the best of our knowledge, the health survey of red deer and wild boar in Argentine Patagonia and its conservation threats to local fauna have not yet been investigated. Conservation authorities are concerned that exotic mammals may affect native species by transmission of exotic and endemic diseases (----- 1992) and therefore, epidemiological monitoring program and preventive measures need to be established in order to avoid potential disease outbreaks.

GENERAL AIM

The purpose of this health survey assessment in exotic ungulates is to establish which diseases are present and what is its implication in native fauna and people health at the Nahuel Huapi National Park, and neighbouring areas.

SPECIFIC AIMS:
· Diagnosis and description of diseases in red deer and wild boar at the Nahuel Huapi National Park and neighbouring areas according to anatomical pathology, serological and parasitological studies.

· Assess tissue samples from red deer and wild boar according to histopathology examination and description of main anatomical pathological findings.

· Design of health screening protocols in order to collect samples at the field and prevent the transmission of diseases.
MATERIAL AND METHODS

Study area

Field studies were conducted at hunting sites in the Nahuel Huapi National Park and also in red deer and wild boar hunting farms around San Carlos de Bariloche (S41º 07_ - W 71º 15_), Rio Negro and Neuquen provinces, Northern Patagonia, Argentina (Fig. 1 and 2). The hunting sites at the NHNP were: Cerro La Lagunita, Cerro Cuyín Manzano, Arroyo Quemados Norte, Cerro Golondrinas, Arroyo Quemados Sur, Arroyo Verde, and Río Minero. Previous authorization of the Technical Department of the NHNP, sampling collection was also performed by park rangers at Isla Victoria, a non-hunting site of the park (Fig. 2). These sites were chosen due to the abundance of exotic red deer and wild boar, and their coexistence with native fauna.

Health Survey

During 2005 to 2008 periodic field trips were conducted on study areas and training performed with hunter-guides, hunters and park rangers to determine data collection and necropsy procedures to follow during hunting season (Fig. 2.). Hunter-guides, hunters, and park-rangers were trained for the collection and transport of samples (when a full necropsy could not be performed at the field by a veterinarian), as well as prophylactic practices (animal handling, use of gloves, necropsy equipment, disinfections) and data collection (Fig. 3). A brochure and the health screening protocol (sampling guide) were provided to all of them. Data collection included: species, location where the animal was hunted, hunting date, sampling collection date (to estimate the grade of the tissue autolysis), and an estimation of the animal age and weight.
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Fig. 1. Hunting areas of the Nahuel Huapi National Park (red marks shows 11 areas).

Map Source: National Park Administration (APN).
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Fig.2. Study areas at the Nahuel Huapi National Park where samples from exotic ungulates were obtained (red circles).

Map source: National Park Administration (APN)
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Fig. 3. A: Hunter-guides and park-rangers training for the Nahuel Huapi and Lanín National Parks hunting season. Demonstration of tissue sampling collection for red deer and wild boar hunted. B: Park-rangers sampling collection training during a wild boar control program performed at the “Isla Victoria”, Nahuel Huapi National Park.

Necropsy performance and anatomical pathology study

Dead animals were sampled at the field to make logistics easier and therefore the study more feasible (Fig. 4). The interval between death and post-mortem examination were from 1 to 48 hours. Post-mortem examination (Roffe et al. 1996) were performed and samples of cerebrum, cerebellum, brain stem, lung, heart, liver, spleen, kidney, intestine, lymph nodes, and skeletal muscle were collected from hunted animals (Fig. 5 y 6). Samples from cerebrum and cerebellum were collected when the hunter allowed opening the skull and did not request the antler (i.e. red deer).

All samples were fixed by immersion in 10% buffered formalin, pH 7.2, for 24 to 60 hours before being embedded in paraffin wax, sectioned at 4 μm, and stained with haematoxylin and eosin. Anatomy pathological study was performed at the Institute of Pathology “Dr. Bernardo Epstein”, Faculty of Veterinary Sciences, National University of La Plata, Argentina, and the California Animal Health & Food Safety Laboratory System, School of Veterinary Medicine, University of California, Davis

The Food and Animal Health National Service of Argentina (SENASA) are responsible of meat inspections of any red deer and wild boar at the processing plant for smoked food in S.C. de Bariloche. Therefore sampling collection was also performed in collaboration with SENASA during inspections for meat commercialization of these species (Fig. 7).
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Fig. 4. Sampling collection at the field. Wild boar (A) and red deer (B) hunted by park rangers at the Isla Victoria, Nahuel Huapi National park. Samples were collected as soon the animals were hunted.
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Fig. 6. Brain stem sampling collection in red deer for Transmissible Spongiform

Encephalopathies (TSEs) studies.

[image: image11.jpg]



Fig. 7. A y B. Tissue sampling collection of red deer and wild boar during inspection routine practices by The Food and Animal Health National Service of Argentina (SENASA).

Serological study

Between 10 to 20 ml of blood were taken aseptically from jugular vein or heart in a syringe and then drawn in polypropylene tubes (Deltalab® 10ml) or plastic sterile containers (Deltalab® 100ml) for serological testing. Blood was allowed to clot at 15-22°C for at least 3-4 hours and centrifuged for 5-10 minutes with a centrifuge. Sera (1.5-6 ml) were pipette and stored in eppendorfs at -20°C in freezer (when freezer was provided by park-ranger at the field) or in cryovials at -196°C in liquid nitrogen tank (MVE® 10L). Once at the city office, samples sera were then stored at -20°C in freezer until posting and processing for serological analysis. Serum samples were tested for rotavirus bovine, parainfluenza 3 bovine, enzootic leucosis bovine, blue tonge, herpes virus bovine, diarrhoea virus bovine, and foot and mouth diseases. Samples were also analyzed for bacterial infections such as leptospirosis, brucellosis, and paratuberculosis. Analysis was performed by the Animal Health Unit of The National Institute of Agricultural Technology (INTA) - Experimental Field Stations of Castelar and Balcarce (only paratuberculosis test), Argentina.
Parasitological study

Fresh fecal samples (at least 10 g) were collected from rectum in plastic bags during the sampling collection procedure. Fresh fecal matter and adult parasites found in lung and liver were collected and fixed by immersion in 3.5% formalin physiological solution. Fixed fecal samples were analyzed for nematodes eggs and oocysts by Teuscher technique (Thienpont et al., 1979; Urquhart et al., 1990). The length and width of oocysts and eggs were measured using a microscope. The parasitological qualitative study and identification of the adult parasites, eggs and oocysts found were performed at the Parasitological Department, Faculty of Veterinary Sciences, National University of Litoral, Argentina.

Skeletal muscle (tongue, intercostals muscle, and diaphragm) of wild boar were collected and maintained refrigerated at 4ºC. The samples were analyzed for trichinellosis by enzymatic digestion technique and polymerase chain reaction (PCR) at the Department of Parasitology, INEI, ANLIS, Institute of Dr. Carlos G. Malbrán.

Statistical Analyses:

Data are being analyzed using parametric (t test and one way ANOVA test) and non parametric tests (X2 and Kruscall-Wallis) to determine differences and prevalence of infection for exotic fauna among hunting sites and type of environment.

RESULTS

Sampling collection

From 2005 to 2008 were collected a total of 118 red deer, 1 dama deer (Dama dama), 15 wild boars and 2 pudus (Pudu puda), these pudus were accidental dead at the National Park (Table 1). Mostly samples were collected during inspections performed by The Food and Animal Health National Service of Argentina (SENASA) at a processing plant for smoked food.

Histopathology study

Histopathology study are being performed in order to describe lesions and to determine the occurrence of diseases. For this study were collected a total of 118 red deer, 1 dama deer, 2 pudus and 15 wild boars, all dead at the NHNP and surrounding areas. Sixteen (27%) out of 57 red deer and 7 wild boars showed macroscopic lesions in tissues. During sampling collection of these 16 animals, adult parasites of Fasciola hepatica in liver and Dyctiocaulus sp in lung were found in 4 (57%) wild boars and 6 (11%) red deer, 2 of the 4 wild boars showed both parasites.

Macroscopic lesions of Fasciola hepatica included hyperplasia of bile ducts and multifocal chronic collangio hepatitis with yellow serosus fluid. Other macroscopic lesions in liver showed focal purulent fibrous areas. Microscopy lesions of tissue samples of red deer and wild boar are showed in the Table 2 and 3, and Figures 8 and 9.
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Fig. 8. Microscopic finding in tissue samples from wild boars. A y B. Lymph nodes: follicular hyperplasia. C. Liver: centrilobular necrosis.

Table 1. Number of ungulates sampled at the Nahuel Huapi National Park (NHNP) and during the inspections performed by The Food and Animal Health National Service of Argentina (SENASA).
	Ungulate
	2005
	2006
	2007
	2008
	

	
	SENASA
	NP
	SENASA
	NP
	SENASA
	NP
	SENASA
	NP
	Total

	Deer
	42 ͣ  
	15ᵇ
	3 ᵈ
	7 ͨ
	15 ᵍ
	23 ͪ
	10 ʲ
	6 ˡ
	121

	Wild boar
	7 ͨ
	-
	-
	4 ᶠ
	-
	1 ͥ
	2 ᵏ
	1 ᵐ
	15

	Total
	49
	15
	5
	11
	15
	24
	12
	7
	136


a = 
36 red deer hunted at the Chacajal Farm; 6 red deer hunted at the Collón Cura Farm (both located in surrounding areas of the NHNP),

b = 
8 red deer hunted Nahuel Huapi Farm; 6 red deer hunted at the Quemquemtreu Farm (surrounding area of the NHNP, bordering Ñirihuau River); 1 red deer hunted at the Isla Victoria (NHNP).

c = 
5 wild boars hunted at the Collón Cura Farm; 1 wild boar hunted at the Pilcaniyeu district (surrounding area of the NHNP); 1 wild boar hunted at the Altos del Fortín Farm.

d = 
3 red deer hunted Altos del Fortín Farm (hunting area of the NHNP).

e = 
4 red deer hunted in hunting areas of the NHNP; 2 red deer hunted at the Isla Victoria; 1 pudu accidentally dead at the Roca Lake (NHNP).

f = 
4 wild boars hunted at the Isla Victoria.

g = 
13 red deer hunted at the Collunco Farm (surrounding area of the NHNP); 2 red deer hunted at the Collón Cura farm.

h = 
22 red deer hunted in hunting areas of the NHNP; 1 pudu accidentally dead at the Isla Victoria.

i = 
1 wild boar hunted at the Tronador area (NHNP).

j = 
5 red deer hunted at the Huechahue Farm (surrounding area of the NHNP); 5 red deer hunted at the Collón Cura Farm.

k = 
2 wild boar hunted at the Collón Cura Farm.

l = 
6 red deer hunted in hunting areas of the NHNP.

m = 
1 wild boar hunted at the Tronador area.
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Fig. 9. Pathological findings in red deer tissue samples.

A y B. 
Liver: Pyogranulomatous eosinophylic multifocal hepatitis.

C. 
Liver: Lymphocytic-plasmocytic proliferative cholangitis.

D. 
Heart: sarcocystis. E. Kidney: Degenerative changes tubulars and cilindres.

F. 
Lung: peribronchitis with inflammatory cell infiltrate.

G. 
Liver: perihepatitis with inflammatory areas.

H. 
Lung: congestion.

I. 
Adrenal: Necrosis of adrenal cortex.

Table 2. Microscopic lesions found in 57 red deer hunted at the Nahuel Huapi National Park.
	Heart
	Total


	Percentage

(%)

	Sarcocystis, multifocal 
	26
	45,61

	Lymphocytic-plasmocytic myocarditis, interstitial, focal, moderate 
	2 
	3,05

	Lymphocyticc myocarditis, interstitial, focal, moderate 
	1 
	1,75

	Lung
	
	

	Focal acute haemorrhage 
	5 
	8,77

	Congestion 
	5 
	8,77

	Initial lesions of pneumonia 
	1 
	1,75

	Balt hyperplasia 
	1 
	1,75

	Intersticial lymphocytic-plasmocytic pneumonia multifocal, moderate 
	2 
	3,05

	Intersticial lymphocytic-plasmocytic pneumonia with moderates perivascular cuffings 
	1 
	1,75

	Bronchiolitis 
	1 
	1,75

	Atelectasia 
	1 
	1,75

	Liver
	
	

	Granulomatous hepatitis 
	1 
	1,75

	Pyogranulomatous eosinophylic multifocal hepatitis 
	2 
	3,05

	Pyogranulomatous eosinophylic multifocal hepatitis middle with proliferation of bile ducts (parasitic migration)
	1 
	1,75

	Perihepatitis 
	1 
	1,75

	Lymphoplasmocitic and eosinophylic multifocal and moderate cholangiohepatitistal and pyogranulomas 
	1 
	1,75

	Chronic lymphoplasmocitic focal and moderate cholangiohepatitis with middle proliferation of bile ducts 
	1 
	1,75

	Piogranulomatous eosinophylic multifocal hepatitis (parasitic migration) 
	1 
	1,75

	Lymphocytic-plasmocytic proliferative cholangitis 
	1 
	1,75

	Centrilobular necrosis 
	4 
	7,01

	Tumefacts hepatocytes 
	1 
	1,75

	Cariorrexis 
	1 
	1,75

	Kidney
	
	

	Lymphocytic-plasmocytic interstitial nephritis 
	1 
	1,75

	Casseous and eosinophylic granulomas (parasitic migration) 
	1 
	1,75

	Degenerative changes tubulars and cilindres 
	1 
	1,75

	Adrenal
	
	

	Necrosis of adrenal cortex 
	1 
	1,75

	Lymph nodes
	
	

	Follicular hyperplasia 
	10 
	17,54

	Haemorrhage 
	2 
	3,05

	Giant cells 
	1 
	1,75

	Focal and moderate calcification 
	1 
	1,7

	Skeletal muscle
	
	

	Sarcocystis 
	2 
	3,50


Table 3. Microscopic lesions found in 7 wild boars hunted at the Nahuel Huapi National

Park.
	Lung
	Total


	Percentage

(%)

	Focal acute haemorrhage 
	1
	14,28

	Congestion 
	1
	14,28

	Bronchopneumonia 
	1
	14,28

	Bronchiolitis 
	2 
	28,57

	Emphysema 
	3 
	42,85

	Balt hyperplasia 
	1
	14,28

	Stenosis 
	1
	14,28

	Atelectasis 
	1
	14,28

	Liver
	
	

	Periacinar congestion 
	1
	14,28

	Centrilobular necrosis 
	1
	14,28

	Lymph nodes
	
	

	Follicular hyperplasia 
	1
	14,28

	Giant cells 
	1
	14,28

	Skeletal muscle
	
	

	Hyperplasia, hypertrophia. steatosis 
	1
	14,28

	Hylinization 
	1
	14,28

	Sarcocystis; nematodiasis (consistent with trichinellosis) 
	2 
	28,57


For the Transmissible Spongiform Encephalopathies (TSEs) studies, brain stem samples from one pudu accidentally dead at the NHNP and 26 red deer hunted during 2006 (n = 3), 2007 (n = 18), and 2008 (n = 5) hunting season were negative for TSEs according to Western Blot analysis (Prionics®).

Serological study

According to serological analysis (Table 4 and 5): (1) all samples were positive for bovine rotavirus using serum neutralization analysis; (2) one red deer and 3 wild boar samples positive for bovine parainfluenza 3 using inhibition of hemoaglutination analysis; and (3) 7 red deer and one wild boar samples suspicious for leptospirosis according to microscopic agglutination analysis. Serologic results for enzootic leucosis bovine, blue tonge, infectious bovine rhinotracheitis, diarrhoea virus bovine, foot and mouth diseases, brucellosis and paratuberculosis were negative for the total of the samples analyzed.
Table 4. Serological results (n = 29 serums) for Enzootic Leucosis Bovine (ELB), Blue Tongue (BT), Herpes Virus Bovine (HVB), Diarrheal Virus Bovine (DVB), Parainfluenza 3 Bovine (PI3), Rotavirus Virus Bovine (RVB) and Foot and Mouth Diseases (FMD).
	Animal

(no. analyzed

serum)
	Total

Positives
	ELV

ID


	BT

ID


	HVB

SN


	DVB

SN


	PI3

IH


	RVB

SN


	FMD

ELISA

	Red deer

(n = 25)
	25

(100%)
	ND
	ND
	ND
	ND
	80-160

( n = 1)
	4-512

(n = 25)
	ND

	Wild boar

(n = 4)
	4 (100%)
	ND
	ND
	ND
	ND
	80

(n = 3)
	8-128

(n = 4)
	ND


ID = agar gel immunodiffusion (AGID). SN = serum neutralization; IHA = inhibition of hemoaglutination analysis. RVB SN = antibodies seroneutralized anti RVB Indiana. ND = Not Detected.

Table 5. Serological results for Leptospirosis according to microscopic agglutination analysis (n = 29).
	
	
	Antigens of Leptospira interrogans (* Serogroup # serovar)

	Animal

(no. analyzed

serum)
	Total

Positives
	* Ballum # castellonis
	* Canicola # canicola
	* Grippotyphosa

# grippotyphosa
	* Icterohaemorrhagiae

# icterohaemorrhagiae
	* Pomona # pomona
	* Sejroe # wolffi

* Sejroe # hardjo
	* Tarassovi # tarassovi

	Red deer

(n = 25)
	7 (28%)
	1/100

(n = 1)a
	ND
	1/100

(n = 1)
	1/100

(n = 4)a
	1/100

(n = 1)
	ND
	ND

	Wild boar

(n = 4)
	1 (25%)
	ND
	ND
	1/100

(n = 1)
	ND
	ND
	ND
	ND


a = the same animal was positive for both serogroup and serovar. Medio EMJH. Initial dilution 1/100.

Technique: in tube. ND = Not detected.
Parasitological study

A total of 17 fresh fecal samples from red deer, 4 samples from wild boar, and 2 samples from pudu were analyzed for parasitological studies. According to the analysis, nematode eggs and Eimeria spp oocysts were found in 7 samples of red deer (41%), and the total of the 4 samples of wild boar (100%) and the 2 samples of pudu (100%) (Table 6).
Table 6. Nematode eggs and Eimeira spp oocysts found in fresh fecal samples of red deer, wild boars and pudus.
	
	
	Prevalence of parasites

	Animal 
	Analyzed samples 
	Nematodes
	Oocysts of Eimeria spp

	
	
	Positives
	%
	Positives
	%

	Red deer
	17
	7
	41
	2
	12

	Wild boar 
	4
	4
	100
	0
	0

	Pudu 
	2
	2
	100
	0
	0

	Total 
	23
	13
	56
	2
	9


Nematode eggs of Capillaria and oocysts of Eimeria spp were found in fresh fecal samples of hunted red deer (Fig. 10). It is important to consider that coccidiosis has been reported as cause of dead in huemul in south Chile.
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Fig. 10. Nematode eggs and oocyst found in fresh fecal samples of red deer. A. Egg of Capillaria sp. Measure: 23.1 μm (width) – 46.2 a 53.9 μm (length). B. Oocyst of Eimeria spp Measure: 15.4 μm (width) – 19.5 μm (length). Teuscher Technique.

Nematode eggs of Order Strongylida were also found in fresh fecal samples of red deer (Fig. 11), however, we could not identify the parasite specie because the coprocultive was negative.
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Fig.11. Nematode eggs found in fresh fecal samples of red deer. A. Nematode egg of Order Strongylida with larvae inside. Measure: 92.2 (width) – 53.9 μm (length). B. Nematode egg of Order Strongylida with embryonic mass inside. Measure: 92.4 (width) – 50.05 μm (length). C. Larvae of nematode without eggshell.

Fresh fecal samples of pudu were analyzed according quantitative and qualitative techniques. The McMaster quantitative technique was negative for both samples, however, nematodes eggs were observed using the qualitative technique of Teuscher (Fig. 12).
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Fig. 12. A. Nematode eggs found in fresh fecal samples from pudu: Order Strongylida, Superfamily Trichostrongyloidea. Measure: 155-186 μm (width) – 77.5-93 μm (length). B y C. Likely Nematodirus sp. Similar to Nematodirus battus eggs but with thicker shell. Teuscher Technique.
Nematode eggs of Trichuris sp were found in one pudu from Isla Victoria, NHNP (Fig. 13). On the other hand, Cysticercus sp was found in the intestine mesentery of another pudu from Lanin National Park, however, the adult parasite form was not observed and therefore the specie could not be identified.
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Fig. 13. A. Nematode barrel-shaped egg of Trichuris sp found in fresh fecal samples from pudu. Measure: 69.30 μm (width) – 30.8 μm (length). B. Nematode egg like Trichuris. Measure: 53.9 μm (width) – 30.8 μm (length). Teuscher Technique.
Parasite infestation of Fasciola hepatica, Dyctiocaulus viviparous and Metastrongylus pudendotectus were found in red deer and wild boars. Adult nematodes found in lung from red deer were identified as Dyctiocaulus viviparus (Fig. 14).
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Fig. 14. Lungworms found in red deer: Dictyocaulus viviparus (length: 3 to 5 mm). A. Male tail (10x). B. Female tail (10x).
Adult nematodes were also found in lungs from 2 hunted wild boars from Isla Victoria (PNNH) and were identified as Metastrongylus pudendotectus (Fig. 15). Fresh fecal samples of these 2 wild boars were positive according to the qualitative Teuscher Technique, which nematode eggs of Metasrongylus containing larvae were observed (Fig.

16).
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Fig. 15. Lungworms found in wild boars: Metastrongylus pudendotectus (length: 17 mm). A. Male tail (5x). B. Female tail (10x).
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Fig. 16. Metastrongylus egg. Measure: 40 μm (width) – 54.74 μm (length) (40x).
Parasite infestation of Fasciola hepatica was found in liver from red deer and wild boars (Fig. 17). The measure of these adult parasites varied from 28 to 14 mm of length.
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Fig. 17. Fasciola hepatica found in liver from red deer (anterior part).
Parasite infestation of Trichinella spiralis was found in wild boars hunted in surroundings areas of the Nahuel Huapi National Park. A total of 3 (21%) out of 14 muscle samples from wild boar analyzed were positive to trichinellosis by the enzymatic digestion technique and PCR analysis. According to PCR analysis, a new genotype of Trichinella compatible with the genus T12 was identified in one wild boar muscle sample. For the other 2 wild boar samples, Trichinella spiralis were identified. Recently the Trichinella genotype T12 was isolate in one puma from Rio Negro Province (Krivokapich et. al 2008). Authors suggest that this new isolate is an old genotype that could have emerged earliest in the Trichinella group described and represent the twelfth genotype (T12) described in the genes. Our finding suggest that wild boars may are also infected with this genotype, however, further studies are needed in order to establish this infection.
CONCLUSIONS AND FUTURE ACTIONS

1- During this study we found that red deer and wild boar are susceptible to parasites that are commonly found in livestock of Argentine Patagonia, such as domestic bovine and swine animals. Although the literature on diseases of native ungulates is scanty, we suggest that as the red deer Patagonian population is suppose to be high (1 red deer/Km2 that means a population of 1,000 individuals only in the hunting sites area of the Nahuel Huapi National Park) than the huemul (estimate density for huemul 2,000 individuals in both territories of Argentina and Chile), parasite infection in red deer could lead a threat for low native ungulate populations such as the huemul. Nevertheless, further studies are necessary to establish disease risk transmission between species.

2- Anatomical pathology studies of red deer and wild boar tissue samples show that microscopic lesions are compatible with the parasite infestation found. However, we also found other microscopic lesions (probably infectious origin) in tissue that are currently being studied.
3- Transmissible spongiform encephalopathies (TSEs) studies were negative for all brain stem samples and serological testing shows low antibodies titles to bovine rotavirus, bovine parainfluenza 3 and leptospirosis. However, we need to take into account the low number of sera samples and remark the importance of carry on sampling collection of serum in order to increase sample size and monitor the health of wild exotic ungulate population.

4- Sampling guide protocols and sampling material were provided to hunter-guides, hunters and park-rangers of the Nahuel Huapi National Park. They were trained on technical procedure of collecting samples and preventive measures to avoid diseases transmission. As part of our project and interest by the National Park Administration we plan to continue with the health evaluation of exotic ungulates and its implication for native fauna and humans. The Los Alerces National Park and the Glaciares National Park are two of the Southern Argentinean national parks that have permanent and the major population of huemul and do not have red deer introduced yet. To study the health and risk transmission of diseases of exotic ungulates we plan to start from middle of 2009 to 2011 a screening health survey of red deer at the Los Alerces National Park neighbouring areas.

5- We realized that it is important to establish a health monitoring program for red deer and wild boar and continue with the study of disease risks for native deer species associated to exotic ungulates. To the best of our knowledge this is the first study on diseases of free range introduced ungulates, red deer and wild boar. Our study is generating data base information of these species that will be useful to estimate the role of exotic mammals and its consequence in the transmission of diseases to native fauna.
Photos of the principal investigator Elizabeth Chang Reissig:
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Giving a talk for park-rangers and Nahuel Huapi National Park staff about the study on health survey in free-range exotic ungulates.
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Training a biologist and a veterinarian student on tissue sampling collection of a hunted red deer at the La Escondida red deer hunting ranch, Los Alerces National Park neighbouring area (ongoing project, period: from 2009 to 2011).
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Fig. 5. A. Collection of cerebrum tissue in a wild boar hunted at the Tronador area, Nahuel Huapi National Park. B. Collection of tissue samples during the red deer hunting season at the NHNP.
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