Introduction 

Paratuberculosis is an infectious disease mainly affecting wild and domestic ruminants. The disease is caused by Mycobacterium avium subsp. paratuberculosis (MAP). Animals usually get infected through faecal-oral and congenita! routes. The bacterium, excreted in faeces, is highly resistant in the environment; consequently, shared grazing between wild and domestic ruminants may represents a risk for MAP transmission. Wild ungulates, including red deer (Cervus elaphus), are susceptible and, besides transmitting the infection to conspecifics, may act as a source of infection for other species. Notably, the first cases of paratuberculosis in Italy were found in red deer in the south Tyrol sector of the Stelvio National Park in the early 90's. In order to evaluate possible ecological correlations about the probability o become paratuberculosis positive, all red deer killed during a culling program (2011-2022) were sampled for MAP analysis and biometric data, as well as culling locations, were recorded for each animal. Moreover, in order to evaluate red deer contribution to the contamination of alpine pastures, environmental faecal samples were carried out in the years 2020-21 and analysed by quantitative polymerase chain reaction (qPCR). 

 Material and Methods

The Stelvio National Park extends over 134,000 hectares in the central Alps. A large increase in red deer density occurred over the past decades (up to some 31 individuals/km2 in wintering areas), leading the Park to start a culling program in 2011, with the aim to reduce the red deer density and its impact on agricultural activities, forest regeneration and biodiversity. Culling activities were carried out within the municipality of Valfurva, in the north-western part of the Park. A total of 1306 red deer, 791 females and 515 males, were culled. For each individual, ileocecal valve and mesenteric Iymph nodes were sampled for MAP detection and biometric/ecological data (sex, age class, age, culling location, dressed weight, kidney fat index [KFl]) recorded. Environmental faecal samples, during the summer periods of the years 2020- 21, were collected in alpine pasture areas throughout the Park in order to assess the role of red deer in the contamination of pastures. The areas were selected mainly on the basis of presence absence of cattle in relation to the presence of red deer at different densities. A total of 1808 environmental faeces were collected, 470 and 1338 samples in the year 2020 and 2021, respectively. Each sample was weighed and geographical coordinates (elevation, slope, exposition) were recorded. AII biological specimens collected from individual and environment were analysed by qPCR for MAP detection. Positive samples were cultured and when isolated, MAP filed isolates were genotyped by MlRU-VNTR and SSR typing. The probability of positivity to MAP was analysed by a generalized linear model in relation to the different biometrics and environmental data collected as linear predictors.  
Results and Discussion Analyses of culled red deer returned a total of 121 positive subject for MAP out of 854 red deer sampled. The results of the statistical model suggest that there has been a decline in MAP positivity over the years in the last decade. These results are consistent with possible effects of density dependence in infection transmission, a concept already known for paratuberculosis.  On the other hand, the mortality induced by the disease itself, exacerbated by winter starvation, might have contributed to the infection decline. Another consideration is that animals showing less dressed weight, have and higher probability to be infected by the disease, a concept which is consistent with paratuberculosis pathogenesis, which is associated by a body mass loss induced by the malabsorption of nutrients, in tums caused by intestina) Iesions typical of this disease. Out of the 1808 environmental  faecal samples collected,  only 41 were MAP positive. Six strains were isolated and showed the INMV l genotype, a genetic profile previously described in the area under study in red deer and in cattle herds in ltaly. The low positivity in environmental sample may be due to the decline trend observed in red deer population and the type of sample analysed before mentioned. Analysis on faecal samples may produce, in some cases, negative results even for infected subjects because MAP can be intermittently shed in sub clinically infected deer. Overall, the environmental sampling suggests MAP contamination on pasture by red deer does not likely represent an important risk factor for the transmission of paratuberculosis in this area. The low prevalence of MAP found in recent years, at both animal and environmental levels, suggests how the reduction in density could have impacted the distribution of diseases in wild animals. Based on the large number of samples analysed in relation to the biometric data collected, the study amplifies the knowledge not only of the prevalence, but also of the epidemiology of paratuberculosis in the red deer population which inhabits the Stelvio National Park.  
