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Abstract
Diseases are natural regulating factors of wildlife populations, but some pathogens may become an important threat in wild-
life conservation, especially for endangered species. The presence of domestic animals may foster the spread of diseases in 
natural population, although their role in the dynamic of infections in wildlife is not clear. In this study, we investigated the 
presence and prevalence of a range of multi-host pathogens in wild species (red fox, Eurasian badger, beech marten, pine 
marten, stoat for a total of 89 carcasses analysed) and domestic animals (n = 52 shepherd and n = 25 companion dogs) living 
in a protected area of the Alps (the Gran Paradiso National Park) and discussed the role of domestic dogs as possible source 
of infection for wild species. Our results showed that domestic dogs are potential shedder of three important pathogens: 
Canine distemper virus, Toxoplasma sp. and Neospora caninum. In particular, shepherd dogs seem to represent a threat for 
wildlife as they are exposed to multiple pathogens because of free-roaming, scavenging lifestyles and close proximity to 
livestock. However, also companion dogs more subject to veterinary care may foster the spread of pathogens. Our results 
highlight the importance of regulating the access of domestic dogs to protected areas that aim at preserving biodiversity and 
enhancing the conservation of endangered species.
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Introduction

Infectious diseases are natural regulating factors of wild-
life populations (De Almeida Curi et al. 2010), but some 
pathogens may become an important threat in wildlife con-
servation when they affect population dynamics of native 
species through temporary or permanent declines in abun-
dance (Leendertz et al. 2006; Smith et al. 2006; Pedersen 

et al. 2007; Hudson et al. 2016; Afema et al. 2017; Scheele 
et al. 2019). The impact of pathogens may become particu-
larly severe when it acts in association with other environ-
mental factors such as habitat loss, climate change, over-
exploitation of natural resources, invasion of alien species 
and environmental pollution (Smith et al. 2009; McKnight 
et al. 2017). Indeed, environmental conditions can have 
direct impacts on the distribution, life cycle and physiologi-
cal status of wildlife populations, of the pathogens and, in  
the case of vector-borne diseases, of the vectors as well (Rizzoli  
et  al.  2019). In addition, current climate and environ- 
mental changes are expected to alter the host–pathogen- 
vector interactions thus representing a further potential threat  
for the conservation of wildlife (Gallana et al. 2013).

Some of the pathogens affecting wildlife are species-
specific, but over 80% of domesticated animal pathogens 
can infect wildlife (Cleaveland et al. 2001) like canine dis-
temper virus (CDV) (Acosta-Jamett et al. 2011), rabies virus 
(Randall et al. 2004) or Neospora spp. (Ballash et al. 2019). 
Spatial overlap between wildlife and livestock (like cows, 
sheep and goats) may thus increase the risk of introduction 
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and spread of diseases in natural environments, especially of 
those caused by multi-host pathogens (Gortazar et al. 2007). 
In these complex contexts, disentangling the role of each 
potential host is extremely challenging (Haydon et al. 2002).

Carnivora is the most endangered taxa worldwide prob-
ably because of the behaviour and ecology of the species 
belonging to it (e.g. feeding behaviour, marked sociality, 
scent communication) which make them particularly sus-
ceptible to infections (Woodroffe et al. 2004). A large num-
ber of pathogens were reported to affect wild carnivores 
(Murray et al. 1999), and most of them were shared with 
domestic species causing epidemics with dramatic decline 
in density of endangered species (Canis simensis: Randall 
et al. 2004; Lycaon pictus: Gayscone et al. 1993; Canis 
lupus: Mech et al. 2008; Martinello et al. 1997; Randall 
et al. 2004; Woodroffe et al. 2004; Megid et al. 2009, 2010). 
Both domestic and wild canids can also be asymptomatic 
reservoirs of pathogens dangerous for wild ungulates such 
as Toxoplasma gondii, potentially abortive in wild mam-
mals (Hill et al. 2005) and Neospora caninum, which cause 
spontaneous abortion in cattle and neonatal disease in a wide 
range of carnivore species which are definitive hosts (Dubey 
et al. 2007).

In much of the developed world, dog walking is a key 
motivation for dog owners visiting a park (Sterl et al. 2008): 
considering the increasing importance that domestic dogs 
have assumed in daily life, in many protected areas, national 
parks and nature reserves, the management of dogs is contro-
versial (Walsh 2011) and often face strong opposition when 
trying to limit the access of tourists accompanied by dogs 
(B. Bassano, pers. obs.). Different but nevertheless strong 
oppositions are also met when trying to control shepherd 
dogs, despite their sanitary monitoring would be essential 
for wildlife health management (Pedersen et al. 2007; Smith 
et al. 2009).

Knowledge about the potential role of domestic dogs in the 
epidemiology of the most harmful wildlife disease is essen-
tial to assess management strategy. The few studies address-
ing this topic were conducted mainly in North America (Salb 
et al. 2008; Timm et al. 2009; Canuti et al. 2017), South 
America (Acosta-Jamett et al. 2011, 2015; Lessa et al. 2016) 
or Africa (Alexander and Appel 1994, Cleaveland et al. 2000; 
Woodroffe et al. 2012) where environmental characteristics, 
human habits, habitat extensions and, hence, potential over-
lap between wildlife and domestic animals are considerably 
different from, e.g. those of the Alpine region.

A scanning surveillance by means of diagnostic investiga-
tion on dead wild animals can be critical for the early detec-
tion of infectious disease, since it provides baseline infor-
mation about pathogen circulation (Leighton and Working 
Group on  Wildlife Diseases 2010). However, this approach 
may not be sufficient in areas where domestic animals and 
wild species are sympatric (Bengis et al. 2002; Fiorello 

et al. 2004) because the overlapping distribution strongly 
increases the risk of spill overs (Heinse et al. 2016). For this 
reason, in areas where wildlife and domestic animal ranges 
overlap, a monitoring of the health status of domestic animals 
should be carried on in addition to diagnostic investigation 
on dead wild animals. We therefore adopted a multidiscipli-
nary and multi-species approach to identify possible risks 
for wildlife conservation posed by the presence of domestic 
dogs in a protected area in the North-Western Italian Alps: 
the Gran Paradiso National Park (GPNP). Using different 
diagnostic tools and opportunistic targeted sampling, we 
assessed the health status of domestic dogs, red foxes and 
mustelids living in the territory of GPNP. To aid management 
decisions about the risks posed by the presence of domestic 
dogs in Alpine protected areas, we focused on the follow-
ing pathogens that may represent a serious threat for wild-
life conservation (Laurenson et al. 1998; De Almeida Curi 
et al. 2010): canine distemper virus (CDV), canine Parvovi-
rus (CPV), canine Coronavirus (CCV), canine Adenovirus 
(CAV), canine Herpesvirus (CHV), Lyssavirus, Neospora 
caninum, Toxoplasma spp., Leishmania spp., Leptospira spp., 
Salmonella spp. A brief description of the pathogens inves-
tigated, with the relative effects on the host species relevant 
for this study is provided hereafter.

Canine distemper virus (CDV) is one of the most impor-
tant infectious microparasites of domestic and free-ranging 
carnivores worldwide and causes an acute or subacute highly 
contagious febrile disease that may include respiratory, 
gastrointestinal and central nervous system disease (Appel 
et al. 1995; Loots et al. 2017).

Canine Parvovirus (CPV) is a highly contagious pathogen 
primarily transmitted through contact with infected faeces 
(Pollock et al. 1980; McCaw and Hoskins 2006). It may cause 
enteric disease in canids and is often fatal in young or immu-
nosuppressed individuals (Mech et al. 1986). Early mortal-
ity and fecundity rate decreasing are also associated with 
this disease in wild canids (Mech and Goyal 1993; Steinel 
et al. 2001; Mech et al. 2008).

Canine Coronavirus (CCV) is a highly contagious intesti-
nal virus that typically causes outbreaks of enteritis (Tennant 
et al. 1993) especially in puppies less than 12 weeks of age 
(Saif and Heckert 1990; Ford 2003). Although CCV infec-
tions appear to be mainly asymptomatic, young puppies may 
be more severely affected as well as dogs with mixed infec-
tions with other viruses or bacteria (Hoskins et al. 1998).

Canine Adenovirus (CAV) can cause infectious canine 
hepatitis in infected canids with clinical symptoms includ-
ing vomiting, diarrhoea, depression, seizures and death in 
severely affected individuals (Greene 1998).

Canine Herpesvirus (CHV) has a worldwide distribu-
tion. Although infection is typically asymptomatic in adults, 
clinical signs include abortion, respiratory infection, ataxia, 
anorexia, vomiting and depression (Carmichael and Greene 
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1998). The prevalence and effects of CHV in wild canid 
populations and the pathogenicity of CHV remain poorly 
understood (Watts and Benson 2016).

Lyssavirus is the genus to which rabies virus belongs. 
All warm-blooded animals are vulnerable to this infection, 
but foxes, coyotes, jackals, wolves and certain rodents are 
among the most susceptible animal group (Greene and 
Rupprecht 2013).

Neospora caninum is a protozoan parasite described in a 
large number of wild Carnivora and wild mammals (Ferroglio 
and Rossi 2001; Bregoli et al. 2006; Gaffuri et al. 2006; Almeria 
et al. 2007; Billinis 2013; Panadero et al. 2010; Donahoe et al., 
2015). It is considered one of the main causes of abortion and 
stillbirth in cattle worldwide (Dubey and Schares 2011), but 
little is known about the effect of the infection on wild rumi-
nants. In wild carnivores, the infection could represent a risk 
for cubs, causing serious neurological symptoms (Dubey and 
Schares 2011).

Toxoplasma spp. are protozoan parasites that can infect 
a large number of mammal species (Randall et al. 2000; 
Aubert et al. 2010; Chaichan et al. 2017). To date, few stud-
ies correlate infection with acute mortality in wild animals 
(Jokelainen et al. 2011; Jokelainen and Nylund 2012).

Leishmania spp. are protozoan responsible of an emerg-
ing, serious zoonosis for many wildlife and zoo species 
(Sousa et al. 2014; Oleaga et at. 2018); they are transmitted 
by phlebotomine sand flies.

Leptospira spp. are bacteria which cause a systemic infec-
tion that affects domestic animals and wildlife, as well as 
humans. The infection causes abortion, mastitis and death 
in livestock (Bolin 2005; Grooms 2006). Feral and wild 
animals are reservoir hosts for leptospires and often do not 
exhibit clinical signs of disease (Bengis et al. 2004), but lit-
tle is known about the role of wild species in the epidemiol-
ogy of this disease.

Salmonella spp. are bacteria commonly found in the 
intestine of wild birds and in domestic cats, infected by 
preying on sick birds. This disease, mainly investigated as a 
source of infection for humans (Hilbert et al. 2012), is poorly 
described in wild mammals, both in terms of prevalence and 
of effects on survival.

Material and methods

Study area

The GPNP is a large Alpine National Park (710  km2) 
located in the North Western Italian Alps. It was estab-
lished in 1922 with the aim of conserving the last surviv-
ing population of Alpine ibex (Capra ibex). In the pro-
tected area, the presence of the following carnivores and 

mustelids was recorded: red fox (Vulpes vulpes), Eurasian 
badger (Meles meles), beech marten (Martes foina), least 
weasel (Mustela nivalis), pine marten (Martes martes) and 
stoat (Mustela erminea) (Patriarca and Debernardi 1997). 
Since 1992, the Western Alps were re-colonized by grey 
wolf (Canis lupus italicus, Valière et al. 2003). The stable 
presence of this predator in the GPNP was documented 
since 2007 (Palmegiani et al. 2013).

Sampling

Domestic dogs

The health survey of shepherd dogs was carried out in 
2015 and 2016. A total of 52 shepherd dogs (n = 34 males 
and n = 18 females, from 3 months to 13 years old) from 
24 different alpine pastures were sampled. Among the 
sampled dogs, 3 were regularly vaccinated, 5 were vacci-
nated only when puppies for parvovirosis, distemper virus, 
adenovirus, canine parainfluenza virus whilst 44 had never 
been vaccinated. The sampling was conducted during sum-
mer when shepherd dogs and livestock (mainly sheep and 
cattle) were in the summer Alpine pastures.

In 2018, the same sampling was extended to Park rang-
ers’ dogs working in the whole territory of the GPNP. A 
total of 25 dogs (n = 7 males and n = 18 females, age rang-
ing from 7 months to 12 years old) were sampled. About 
60% (n = 15) of them lived with other domestic animals 
(cats or livestock). Among Park rangers’ dogs, 2 had never 
been vaccinated, 1 was vaccinated 9 years before the sam-
pling, and all the other 21 were regularly vaccinated every 
year for parvovirosis, distemper virus, adenovirus, canine 
parainfluenza virus and leptospirosis.

Samples from live dogs were collected, processed and 
stored following the protocols provided by the Istituto 
Zooprofilattico Sperimentale di Piemonte, Liguria e Valle 
d’Aosta (IZSPLV) complying with animal welfare stand-
ards. Blood, ocular, nasal, genital and faecal samples were 
collected from all dogs. Blood was taken from the cephalic 
vein by vacuum tubes without anticoagulant and left at 
room temperature for 4 h, then serum was separated by 
centrifugation and stored at −18 °C. Ocular, nasal and gen-
ital swabs for virological examinations were kept in viral 
transport media at room temperature, in order to reduce 
bacterial contamination. Faecal swabs were picked up in a 
double rate: one with viral transport media for virological 
examination, and the other one without medium for bacte-
riologic examinations. All samples were analysed by IZS-
PLV (see Table 1 for details on the analytical procedures). 
For all the dogs, anamnestic data were also recorded (sex, 
age, location and clinical conditions).
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Foxes and mustelids

From 2008 to 2018, a total of 89 carcasses of red fox and 
mustelids were collected within the territory of GPNP 
and stored at −20 °C. This included: n = 52 red foxes, 
n = 16 Eurasian badgers, n = 16 beech martens, n = 3 
pine martens and n = 2 stoats. Necropsy and diagnos-
tic investigations were carried out by IZSPLV following 
standardized protocols (see next section and Table 1 for 
details).

Analysis to assess the presence of pathogens

Analyses focused on the identification of pathogens poten-
tially dangerous for wildlife. For each species, a different 
diagnostic protocol was assessed, and biological samples 
(organ and tissue for carcasses and biological fluids and 
faeces for domestic dogs) were tested for Salmonella sp., 
Leptospira spp., Lyssavirus, canine distemper virus (CDV), 
canine Coronavirus (CCV), canine Parvovirus (CPV), 
canine Adenovirus (CAV), canine Herpesvirus (CHV), 
Toxoplasma spp. and Leishmania spp. Serological analy-
ses were applied for the detection of immunoglobulin G 
(IgG) against CDV, Neospora caninum and Toxoplasma 
in blood samples using an enzyme-linked immunosorbent 
assay. Details about matrices, methods and test sensitivity 
and specificity are provided in Tables 1 and 2.

Data analysis

Disease prevalence

For each of the disease tested, we estimated prevalence as the 
proportion of positive cases on the total number of animals tested 
(apparent prevalence). Where appropriate, prevalence is provided 
with 95% CI adjusted for sensitivity and specificity. Adjustment 
was obtained following the asymptotic Wald method modified as 
described by Rogan and Gladen (1978) and Thrusfield (2007).

Comparison between domestic dogs and wild 
species

Pearson’s chi-squared tests were used to assess the differ-
ence between the prevalence of infection with the following 
pathogens found in domestic dog and wild species: CDV, 
Leishmania sp., Toxoplasma gondii and Neospora caninum. 
As for Neospora caninum, prevalence data were missing for 
some of the categories; we only compared the categories for 
which data were available (i.e. shepherd dogs and Park rang-
ers’ dogs). To further investigate the differences in prevalence 
of infection with CDV, we performed pairwise comparison 
between the different categories (shepherd dogs, Park rang-
ers’ dogs, red foxes, mustelids). As this resulted in multiple 
testing, significance was assessed after Bonferroni correction.

Table 1  Analytical methods used to detect the presence of pathogens 
on different matrices (biological samples/organs) collected from red 
foxes, mustelids and domestic dogs in Gran Paradiso National Park 
between 2008 and 2018. Abbreviation for pathogens: CAV canine 

adenovirus, CCV canine coronavirus, CPV canine parvovirus, CDV 
canine distemper virus, CHV canine herpesvirus; abbreviations for 
biological sample/organ: CNS central nervous system)

Pathogen Analytical methods Biological sample/organ

Salmonella sp. Bacteriological analysis (OIE 2018a) Faeces; liver
Leptospira spp. Micro-agglutination (OIE 2008)

Real Time PCR (Stoddarda et al. 2009)
Serum; intra-cardiac blood; clot
Kidney

Lyssavirus Fluorescent antibody test (OIE 2018b) CNS
CDV Fluorescent antibody test (Di Blasio et al. 2019)

One step RT-PCR (Di Blasio et al. 2019)
ELISA (Di Blasio et al. 2019)

CNS; nasal swab; ocular swab; lung
CNS; lung; intra-cardiac blood; clot
Serum

CCV One step RT-PCR (Gamble et al. 1997; Pratelli et al. 1999) Faeces
CPV Simplex PCR (Buonavoglia et al. 2001) Faeces
CAV 1—CAV 2 PCR (Hu et al. 2001) Faeces; liver; lung
CHV Nested-PCR (Decaro et al. 2010) Genital swab; pool of organ
Toxoplasma spp. Nested-PCR (Vitale et al. 2013)

ELISA (ID Screen Toxoplasmosis Indirect Multipsecies, IDvet)
Muscle
Serum; intra cardiac clot

Leishmania spp. IFI (Internal method 15DG034.1.0)
RT-PCR (Vitale et al. 2004)

Serum
Lymphnode

Neospora caninum ELISA kit (HerdCheck Anti-neospora, IDEXX) Serum; intra cardiac blood or clot
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Results

Disease prevalence

The prevalence (with 95% CI) of the diseases tested for each 
species or group of species is provided in Table 2 (a–d) and 
described hereafter.

Domestic dogs

The prevalence of the diseases found in dogs is provided 
in Table 2 (a) (shepherd dog) and (b) (Park rangers’ dog). 
Summed together, shepherd and Park rangers’ dogs showed 
high prevalence of antibodies against CDV (0.71; 95% CI 
0.61–0.80), Toxoplasma gondii (0.43; 95% CI 0.32–0.54) 

Table 2  Overall prevalence 
(with 95% CI) of infections 
with selected pathogens in 
domestic dogs (a: shepherd 
dogs; b: Park rangers’ dogs) and 
wild mammals (c: red fox; d: 
mustelids). Where specificity SP 
and sensitivity SE are provided, 
95% CI were adjusted following 
Rogan and Gladen (1978) and 
Thrusfield (2007). When range 
values were available for SP and 
SE, we used the lowest value 
provided

Agent Method N tested Positive Prevalence 95% C.I

a) Shepherd dogs
Canine distemper virus ELISA (SP 100% SE 99%) 52 34 0.65 0.52–0.77
Canine parvovirus PCR 52 5 0.10 0.02–0.18
Canine coronavirus RT-PCR 52 0 0.00 0.00–0.00
Canine adenovirus 1–2 PCR 52 0 0.00 0.00–0.00
Canine herpesvirus Nested PCR 52 0 0.00 0.00–0.00
Lyssavirus Fluorescent Antibody Test 52 0 0.00 0.00–0.00
Leishmania sp. IFI 52 0 0.00 0.00–0.00
Toxoplasma gondii ELISA (SP 99.4% SE 98.8%) 52 27 0.52 0.39–0.65
Neospora caninum ELISA (SP 99.5% SE 96.6%) 52 19 0.37 0.25–0.49
Leptospira sp. Micro-agglutination 52 3 0.06 0.01–0.12
b) Park rangers’ dogs
Canine distemper virus ELISA (SP 100% SE 99%) 25 21 0.84 0.65–0.94
Canine parvovirus PCR 25 0 0.00 0.00–0.00
Canine coronavirus RT-PCR 25 0 0.00 0.00–0.00
Canine adenovirus 1–2 PCR 25 0 0.00 0.00–0.00
Canine herpesvirus Nested PCR 25 0 0.00 0.00–0.00
Lyssavirus Fluorescent Antibody Test 25 0 0.00 0.00–0.00
Leishmania sp. IFI (SP 96.2% SE 86.5%) 25 4 0.16 0.06–0.35
Toxoplasma gondii ELISA (SP 99.4% SE 98.8%) 25 6 0.24 0.12–0.44
Neospora caninum ELISA (SP 99.5% SE 96.6%) 25 2 0.08 0.02–0.25
Leptospira sp. Micro-agglutination 25 0 0.00 0.00–0.00
c) Red fox
Canine distemper virus RT-PCR (SP 100% SE 99%) 45 8 0.18 0.07–0.29
Canine parvovirus PCR 45 0 0.00 0.00–0.00
Canine coronavirus RT-PCR 45 0 0.00 0.00–0.00
Canine adenovirus 1–2 PCR 45 0 0.00 0.00–0.00
Canine herpesvirus Nested PCR 45 0 0.00 0.00–0.00
Lyssavirus Fluorescent Antibody Test 45 0 0.00 0.00–0.00
Leishmania sp. RT-PCR (SP 100% SE 100%) 47 1 0.02 0.00–0.11
Toxoplasma gondii Nested PCR 48 1 0.02 0.07–0.66
Leptospira sp. Nested PCR 11 0 0.00 0.00–0.00
Salmonella sp. Bacteria culture 47 2 0.04 0.00–0.10
d) Mustelids
Canine distemper virus RT-PCR (SP 100% SE 99%) 33 2 0.06 0.02–0.20
Canine parvovirus PCR 22 0 0.00 0.00–0.00
Canine coronavirus RT-PCR 11 0 0.00 0.00–0.00
Canine adenovirus 1–2 PCR 34 0 0.00 0.00–0.00
Lyssavirus Nested PCR 25 0 0.00 0.00–0.13
Leishmania sp. RT-PCR 19 0 0.00 0.00–0.00
Toxoplasma gondii Nested PCR 30 0 0.00 0.00–0.00
Leptospira sp. Nested PCR 9 0 0.00 0.00–0.00
Salmonella sp. Bacteria culture 28 3 0.11 0.00–0.22
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and Neospora caninum (0.27; 95% CI 0.19–0.38). Part of the 
prevalence against distemper virus is due to the vaccination; 
however, 27 dogs were tested positive without vaccination 
(n = 26 shepherd dogs and n = 1 Park rangers’ dog).

Three shepherd dogs showed presence of antibodies against 
Leptospira (Leptospira saxkoebing: 1/77, L. bratislava: 1/77, 
and L. icterohaemorragie: 2/77; n = 1 dog was positive both 
to L. bratislava and L. icterohaemorragie). Two of them were 
tested again, after few months, and they all turn into negative. 
For one dog, it was impossible to repeat the exam because 
he died few weeks after our first sampling for suspected gas-
tric dilatation. Five shepherd dogs were positive for CPV in 
faeces: three for type 2a, one for type 2b and one for type 2c: 
none of them were vaccinated. We found antibodies against 
Leishmania spp. in four Park rangers’ dogs. However, as three 
of them were vaccinated (therefore, we hypothesized that the 
positivity was due to vaccination). No positivity to CAV, CCV, 
Lyssavirus, Herpesvirus, Salmonella spp. and Echinococcus 
granulosus was found (Table 2 (a and b)).

Wild canids and mustelids

The prevalence of the diseases found in wild canids and mus-
telids is provided in Table 2 (c) (red foxes) and (d) (mustelids). 
In both mustelids and red foxes CDV (10/78) and Salmonella 
veneziana (1/75), S. enterica subsp. diarizonae (2/75) and S. 
enteriditis (2/75) were detected. Two red foxes were positive 
to Toxoplasma gondii and Leishmania respectively. No positiv-
ity to CAV, CCV, Lyssavirus and Herpesvirus was recorded. 
It was not possible to test the samples for Leptospira sp. and 
Neospora sp. because of blood haemolysis.

Comparison between domestic dogs and wild 
species

Significant statistical difference in prevalence between cat-
egories was found for CDV, Toxoplasma, Neospora and 
Leishmania sp. (Table 3). For all those diseases, domes-
tic dogs showed the highest prevalence (Table 2 (a and 
2b)). Pairwise comparison between categories showed that 

CVD prevalence was significantly different between both 
domestic dog categories and red foxes (Table 4). Finally, 
the differences in prevalence between shepherd and Park 
rangers’ dogs were never significant, except for Neospora 
infections, to which shepherd dogs were more frequently 
exposed (Table 3).

Discussion

Our study reports the presence and circulation of several 
pathogens shared between wildlife and domestic dogs. Here-
after, we discuss about their potential implications for wild-
life conservation.

CDV was detected in biological samples of wild car-
nivores, and an active infection could be supposed. As 
reported by Di Blasio et al. (2019), during 2013–2015, an 
epidemic of CDV has occurred in wild carnivores in north-
west Italy by the emergent CDV denoted as WE/06–09 clus-
ter by Monne et al. (2011). Although we did not perform 
a phylogenetic analysis, the epidemiological context and 
previous data (Di Blasio et al. 2019) suggest the possibil-
ity that our findings, at least for wildlife, can be referred 
to this CDV epidemic. Our data revealed that over 70% 
of domestic dogs had antibodies against CDV. Consider-
ing that a non-negligible share of seropositive dogs has 
never been vaccinated, a subclinical form could be sup-
posed according to Deem et al. (2000), that reports high 
prevalence of infection in domestic dogs without symp-
toms. However, an exposure to the virus and hence a spill-
over from wildlife cannot be excluded; even so, the absence 
of clinic disease in seropositive dogs may be related to 
the virus strain’s strong specificity for wildlife (Di Blasio 
et al. 2019). Although CDV transmission usually occurs 
by direct contact, virus can survive for 2 days at 25 °C, or 
even longer at lower temperatures (Deem et al. 2000), and 
its high host plasticity allows the CDV to have a wide envi-
ronmental distribution, being easily transmitted between 
species. As a matter of fact, natural and/or vaccine-induced 
CDV disease was reported in many wildlife species, not 
only in wild carnivores (Beineke et al. 2015). As widely 

Table 3  Results of the Pearson’s chi-squared test on the prevalence of 
infection with pathogens in domestic dog and wild species. Data on 
CVD, Leishmania sp. and Toxoplasma gondii prevalence were avail-
able for all categories (shepherd dogs, Park rangers’ dogs, red foxes, 
mustelids); data on prevalence of Neospora caninum infection were 
available only for shepherd dogs and Park rangers’ dogs

Pathogen X-squared df p-value

CDV 58.14 3  < 0.001
Leishmania sp. 14.41 3 0.002
Toxoplasma gondii 46.85 3  < 0.001
Neospora caninum 5.56 1 0.018

Table 4  Pairwise comparison of prevalence of infection from CDV 
in different categories (shepherd dogs, Park rangers’ dogs, red foxes, 
mustelids). n.s. non-significant differences

* Significant differences after Bonferroni correction (p < 0.008)

Shepherd dog Park 
rangers’ 
dog

Red fox Mustelids

Shepherd dog – – – –
Park rangers’ dog n.s – – –
Red fox * * – –
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described in literature, spill over of CDV led to huge con-
sequences on wildlife conservation, as a result of general-
ized viral spread, severe clinical signs and mass mortalities 
(Harder and Osterhaus 1997; Deem et al. 2000; Beineke 
et al. 2015). The high prevalence detected in our study sug-
gested that dogs could be victims but also a source of infec-
tion for native wild populations. For these reasons, their 
presence in an environment dedicated to wildlife conserva-
tion represents a threat as a possible source and spread of 
infection for a large number of endangered Alpine species 
especially for mustelids, since the high mortality induced 
by infection quickly eliminates sensitive individuals from 
the population (Tompkins et al. 2002). Despite the level 
of cross-immunity of vaccines in use is not clear (Beineke 
et al. 2015), dog vaccination remains the basic preventive 
measure to avoid spill over and spill back events, especially 
in those areas where there is a spatial overlap between 
domestic and wild carnivores.

Another highly contagious virus was detected in domes-
tic dogs: the DNA of three types of CPV (2a-2b-2c) was 
found in the faecal swab of five dogs: CPV-2a and CPV-2b 
are the most widespread antigenic variants in the world 
and the CPV-2c, which is rapidly replacing CPV-2b, is also 
reported in Italy. Only shepherd dogs showed the presence 
of CPV, confirming their potential role as source of infec-
tion. All the wild carnivores investigated were negative for 
CPV-2; however, further investigations are necessary even 
using serology to ensure absence of disease.

For what concerned zoonoses, the prevalence values 
found in this study for Salmonella spp. in red fox and 
mustelids confirm the possible role of these species as 
reservoirs and/or as passive carriers of this pathogen as 
demonstrated also in a study conducted by Giorda et al. 
(2014) on animals (including foxes) hunted in western 
Liguria (Italy). Further investigation on the effect of the 
disease on wild species should be carried out in order to 
assess the risk for wildlife conservation.

The detection of antibodies against another agent of 
zoonosis, Leishmania spp., in vaccinated Park rangers’ dogs 
was expected. On the contrary, the presence of antibodies 
in non-vaccinated dogs confirmed the wide distribution of 
this zoonotic agent in North West Italy (Millàn et al. 2014). 
Despite leishmaniosis is not currently considered a threat 
for Alpine mammals (Ferroglio et al. 2005), we can expect 
a change of this epidemiological situation with a potential 
increase of this disease due to global warming (Ferroglio 
et al. 2005). As a matter of fact, higher temperatures will 
reduce the vector winter mortality (phlebotomine sand flies), 
and new areas will become environmentally suitable for its 
survival and reproduction (Desjeux 2001).

As regards protozoa, the high prevalence of N. caninum 
recorded in domestic dogs in our study confirm the role of 
this species in the diffusion of this pathogen (Almeria 2013). 

Most of the positive dogs were shepherd dogs probably due 
to the higher exposure to infection living in sympatry with 
livestock. Considering the widespread distribution of the 
parasite and the lack of investigations of its effects on many 
wild species, precaution suggests reducing as much as pos-
sible the frequency of direct and indirect contacts between 
the definitive host (domestic dog) and other sensitive spe-
cies, especially those of conservation concern (Dubey 
et al. 2007). Preventive measures appear necessary as sub-
stantial increases in contact between wild dogs and domestic 
dogs are likely to increase pathogen exposure for wild dogs 
(Woodroffe et al. 2012).

The prevalence of another similar protozoa, T. gondii, in 
both shepherd and Park rangers’ dogs in the study area, is 
slightly lower than that recorded for CDV. However, con-
sidering that dogs were not vaccinated against it, we can 
conclude that T. gondii is the most frequent pathogen in the 
examined sample. We supposed that this high prevalence 
was likely due to contact of domestic dogs with infected 
cats in rural or domestic environment since risk factors iden-
tified by many studies are cat related (Stelzer et al. 2019). 
Conversely, the prevalence recorded in red fox was lower 
than that reported in literature (Ferroglio et al. 2014). As 
described in other Alpine species, this low prevalence can 
be linked to the absence in the protected area of wild cats or 
lynx and to the high altitude of this area (and consequently, 
low density of human settlements), which involves a lower 
presence of domestic cats (Ferroglio et al. 2014).

Toxoplasma gondii (in association with N. caninum) 
was identified as a cause of reproductive failure in small 
ruminants (Ahmed et al. 2008; Dubey 2009; Dubey and 
Schares 2011; Moreno et al. 2012): abortion percentage up 
to 100% was reported in infected domestic sheep due to tox-
oplasmosis (Youngquist 1997). Despite the lack of specific 
studies on the effects of Toxoplasma gondii on reproductive 
success in wild ungulates, similar consequences may also 
occur in this taxon. For this reason, a high environmental 
contamination of this pathogen is to be considered as unfa-
vourable for wildlife conservation.

Finally, some pathogens were not detected or detected 
with very low prevalence in our study. No serological preva-
lence was registered, neither in domestic nor in wild species, 
for CCoV and CAV: this suggested that these viruses are 
not, at present, circulating in the protected area. We also 
registered a very low prevalence for Leptospira suggesting 
that this pathogen is not widespread in dogs that frequent 
this alpine area. However, as feral and wild animals can 
be reservoir hosts for leptospires without any clinical sign 
(Bengis et al. 2004; Jardine et al. 2011), it is important to 
monitor this widespread zoonosis to underline the role of 
the domestic and wild canids that are dead-end hosts and 
good sentinels for the environmental epidemiological status 
(Millàn et al. 2009).
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Conclusions

Our results are clear and worrying, especially from a man-
agement point of view. Domestic dogs, which frequent an 
important protected area, could be potential shedder of three 
important pathogens as Canine distemper virus, Toxoplasma 
sp. and Neospora caninum. We sampled two categories of 
dogs that can have different roles in the transmission of dis-
eases: shepherd dogs and Park rangers’ dogs. Shepherd dogs 
are exposed to multiple pathogens because of their cohabita-
tion with livestock besides a free-roaming and scavenging 
lifestyle: dogs in natural areas, indeed (alone or accompa-
nied by humans), are stimulated by the environment and 
react similarly to their wild ancestors (Scott and Fuller 1974; 
Gompper 2013), thus potentially feeding also on carcasses. 
Furthermore, they are seldom subjected to veterinary care. 
Park rangers’ dogs are instead regularly subjected to veteri-
nary care and vaccination and are handled in a similar way 
to companion dogs. Therefore, their role in the ecology of 
diseases is expected to be similar to the role that of tour-
ists’ dog may potentially have: another study performed in 
the GPNP found no difference in prevalence of tick-borne 
pathogens between Park rangers’ dogs and companion dogs 
especially allowed in the area (Gran Paradiso National Park, 
unpublished data). Our results suggest that despite shepherd 
dogs seeming to represent a more serious threat, both shep-
herd and Park rangers’ dogs (and hence companion dogs) 
may act as potential spreaders of diseases, thus representing 
a threat for the conservation of wildlife in the protected area.

The prevalence values recorded in this study are par-
ticularly relevant when considering the management plan 
of the 15 mountain National Parks of Europe. The total 
ban for the access of domestic dogs is present only in one, 
the Swiss National Park, out of 15 National Parks existing 
in the Alps, while in all the other parks (93.3%), work-
ing dogs (shepherd or dog for disabled) are allowed. The 
fact that tourists’ dogs are allowed in 66.6% of the pro-
tected areas if they are kept on a leash means that most of 
the National Parks consider domestic dogs as a threat for 
wildlife only in respect of predation risk. No precautions 
to reduce the risk of transmission of infectious diseases 
between domestic and wild animals are instead included 
in National Park management regulation, with the only 
exception of the Swiss National Park, where all human 
activities were prohibited (Swiss National Park Protection 
Ordinance 498.200).

In our opinion, considering the results of our multi-
species survey, in which domestic dogs appeared to be an 
important carrier of many dangerous pathogens for both 
wild carnivores and ungulates, their presence within the 

borders of strategic protected areas such as National Parks 
should be avoided. In particular, shepherd dogs seem to be 
a serious threat for wildlife. We acknowledge that this is a 
difficult decision to make by managers of protected areas 
also because domestic grazing is considered crucial for the 
conservation of open habitats, such as Alpine pasture and 
secondary grasslands, disadvantaged by global warming 
and human abandonment. Actually, most of Alpine pro-
tected areas allow—or even encourage—the presence of 
livestock and, consequently, of shepherd dogs. However, 
based on the health risks associated with the dog presence 
inside a National Park demonstrated by our study, we sug-
gest the following management decisions: (i) minimiza-
tion of the density of working dogs, in parallel with mass 
vaccination programs and integrated control measures 
(Cleaveland et al. 2006); (ii) prohibition of access to any 
other domestic dogs, even kept on a leash; (iii) use of the 
allowed domestic dogs as sentinel for wildlife infections, 
as well as for emerging human and livestock diseases. 
As suggested by Cleaveland et al. (2006), this precaution 
would minimize the negative effects of the presence of 
dogs, making them become part of the surveillance strate-
gies to increase the efficiency of pathogen detection within 
wildlife sanctuary (Bowser and Anderson 2018).
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