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ABSTRACT

This is the first study describing the epidemiology of Spirocerca vulpis after its description as a new species in
2018. During the period 2006-2013, a total of 286 red foxes (Vulpes vulpes) from the Valencian Community
(southeast Spain) were necropsied. Based on data collected, S. vulpis prevalence and intensity were calculated, as
well as the spatial distribution of this nematode. Influence of host (sex and age) and environmental factors on S.
vulpis occurrence was evaluated. MAXENT software was used to model and predict the parasite distribution.
Continuous and discrete prediction maps were built using ArcMap 10.6. The prevalence of S. vulpis was 22% (63/
286; 95% CI: 17.4-27.3), and the median intensity was 5 (IQR 11) nematode specimens. No significant differ-
ence in term of intensity was found between males and females; regarding the host age, S. vulpis was found only
in adult foxes, with the exception of one juvenile individual. The distribution of S. vulpis in foxes was skewed to
the left, highlighting that parasite infection affects few individuals within a population, with parasitized animals
being responsible to maintain the infection at the population level. The majority of parasitized foxes had a
parasite burden lower than eight parasites/individual. S. vulpis distribution in Valencian Community presents
sharply defined areas in which there are optimal environmental conditions for maintaining the life cycle of this
parasite. Climatic variables and altitude are the main factors influencing the parasite presence. Our results
indicate that S. vulpis has epidemiological characteristics similar to those of S. lupi and, therefore, based on the
phylogenetic proximity of both nematode species, it is likely that coprophagous beetle species might play a key
epidemiological role in the maintenance of this newly described Spirocerca species. Moreover, it is currently
unknown if S. vulpis can infect the dog and other wild canid species apart from the red fox and, if so, what are the
pathogenic effects on these host species. Therefore, it is necessary to continue investigating the epidemiology of
this parasite in order to know the range of appropriate host species. This information will enable to know if S.
vulpis endemic areas should be considered as health risk points for dogs, especially for the most exposed, such as
those living in rural areas, and hunting dogs.

1. Introduction

Mylonakis et al., 2001; Reche-Emonot et al., 2001; Mazaki-Tovi et al.,
2002; Oliveira-Sequeira et al., 2002; Le Sueur et al., 2010).

Until recently, spirocercosis in domestic and wild canids was be-
lieved to be caused exclusively by Spirocerca lupi, a Spirocercid nema-
tode found worldwide, especially in tropical and subtropical regions
(Van der Merwe et al., 2008; Rothmann and de Waal, 2017). Spir-
ocercosis is a disease that can become fatal in dogs and wild canids
(Joubert et al., 2005; Rinas et al., 2009; Morandi et al., 2014), so itis a
concern for veterinarians in countries where the disease has been de-
tected (Anataraman and Krishna, 1966; Dixon and McCue, 1967;
Brodey et al., 1977; Ramachandran et al., 1984; Lobetti, 2000;

A new species, Spirocerca vulpis, was recently described in red foxes
(Vulpes vulpes) from Europe, based on morphometric analyses and
molecular identification (Rojas et al., 2018a, 2018b). So far, the pre-
sence of S. lupi in foxes from different European countries has been
cited (Gortazar et al., 1998; Segovia et al., 2001; Shimalov and
Shimalov, 2003: Segovia et al., 2004; Eira et al., 2006; Ferrantelli et al.,
2010; Diakou et al., 2012; Morandi et al., 2014; Magi et al., 2014;
Valcércel et al., 2018). However, as suggested by Rojas et al. (2018a,
2018b), these studies were not based on a detailed morphological and
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genotypic analysis of the specimens found, so these parasites may have
been misclassified as S. lupi. In the light of these findings, previous
studies of spirocercosis in foxes need to be re-evaluated. For example,
an interesting aspect of vulpine spirocercosis is that parasite nodules
are usually located in the gastric wall and the omentum (Prokopic,
1960; Segovia et al., 2001; Ferrantelli et al., 2010; Diakou et al., 2012;
Al-Sabi et al., 2014; Rojas et al., 2018b; Valcéarcel et al., 2018) and not
in the esophagus, where S. lupi nodules are most frequently located
(Bailey, 1963, 1972; Anderson, 2000; Van der Merwe et al., 2008).

The life cycle of parasites in wildlife is conditioned, among other
factors, by environmental characteristics, especially in those parasites
transmitted by the predation of intermediate or paratenic hosts (Poulin
and Morand, 2000; Bozick and Real, 2015). So far, very few studies
have analyzed the epidemiological characteristics of spirocercosis in
wild canids. On the other hand, the description of the new species S.
vulpis makes it necessary to investigate what these characteristics are, in
order to better understand their geographical distribution and the en-
vironmental factors that may condition their maintenance and disper-
sion (Huang et al., 2014). In this way, we will be getting progressively
more information that will allow us to know the epidemiological risks
that occur and, consequently, appropriate prevention measures that can
be implemented. In this context, carrying out basic epidemiological
investigation on one side, and developing predictive habitat distribu-
tion models may provide important information to fill these gaps of
knowledge. Several species distribution models (SDMs) are currently
used to predict species distribution; among them, Maximum Entropy
(MAXENT) has become increasingly popular in recent years. As other
SDMs, MAXENT algorithm relates the locations of species with the
environmental characteristics, in order to estimate the response func-
tion and contribution of each factor, as well as to predict the probability
of species presence (Fourcade et al., 2014).

The red fox is a generalist predator with a wide distribution and a
high ecological plasticity (Dell'Arte et al., 2007), being able to feed on
ample trophic resources, as small prey, carrion and garbage. This wild
canid is present in a wide range of habitats in the Iberian Peninsula
(Ballesteros, 1998; Gortazar, 2007; Jiménez et al., 2012), with densities
of 0.7-2.5foxes/Km? depending on environmental conditions
(Gortazar et al., 1998; Sarmento et al., 2009).

In the aforementioned study of Rojas et al. (2018b), specimens of
nematodes obtained from foxes of the Valencian Community (south-
eastern Spain) were analyzed and anatomopathological description of
lesion provided, confirming that they belong to the species S. vulpis.
Therefore, the study of the fox population of this area offers a valuable
opportunity to obtain, for the first time, epidemiological data that will
be very useful to understand which factors influence the presence of
this parasite in Mediterranean habitats of the Iberian Peninsula.

Considering the above, the objectives of this study were (i) to de-
scribe the prevalence, abundance, intensity and parasite aggregation of
S. vulpis in the red fox population of the Valencian Community, (ii) to
evaluate the environmental variables influencing the distribution of S.
vulpis, and (iii) to identify and locate on a map, the areas in the
Valencian Community with significant higher risk of spirocercosis oc-
currence.

2. Material and methods
2.1. Study area and animals sampled

During 2006-2013, 286 foxes (151 males and 135 females; 225
adults and 61 juveniles) from the Valencian Community (SE Spain —
Fig. 1) were necropsied in the context of an official wildlife surveillance
program. Foxes were hunted under official permits or killed by traffic
accidents. The climate of the study area is typically Mediterranean,
with hot, dry summers and mild winters; average temperature range in
the area is 11-18 degrees, and average precipitation is 400-600 mm
(Piqueras, 1999; Aguilella et al., 2009). The estimation of age was done
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by tooth replacement and wear (Saenz de Buruaga et al., 1991), clas-
sifying foxes into two categories: juvenile (under six month-age) and
adult (the rest).

During the necropsy, all nodules suspected of being caused by
Spirocerca spp. were opened and the nematodes washed and preserved
in 70% ethanol. A total of 26 randomly selected nematodes were ana-
lyzed by molecular and morphometric techniques (for more details, see
Rojas et al., 2018b), confirming that they were specimens of S. vulpis.
Subsequently, the remaining isolated nematodes were identified as S.
vulpis based on the morphometric characteristics proposed by Rojas
et al. (2018b).

2.2. Epidemiological descriptors

The distribution of the parasite was evaluated by mean of the epi-
demiological indexes of prevalence (percentage of infected animals),
abundance (number parasites/total animals) and intensity (number
parasites /positive animals), according to Bush et al. (1997). As indices
of aggregation, we computed the variance-to-mean ratio, obtained by
dividing the mean parasite abundance by its variance. Mean parasite
abundance and variance were obtained considering the global parasite
load for all the sampled animals. The distribution is over-dispersed if
this ratio is > 1, and under-dispersed (aggregated) if this value is < 1
(Barbour and Pugliese, 2000; Vale et al., 2013). The shape of S. vulpis
distribution in the sampled population was graphically evaluated by
mean of a density plot (R Core Team, 2018), which uses kernel
smoothing to display frequency values, allowing for smoother dis-
tributions. This plot helps to evaluate where values are concentrated.
All the descriptors were stratified by sex and age category.

To evaluate the effect of host factors (sex and age category) on
parasite distribution, we applied the approach suggested by Rézsa et al.
(2000); concretely, prevalence values were compared using the Fisher's
exact test, and frequency distribution of parasite intensity and abun-
dance with Mann-Whitney's U test. All statistical analysis were per-
formed using R (R Core Team, 2018).

2.3. Species distribution models (SDMs)

Seventeen environmental variables were used to build the pre-
dictive model (Table 1). The monthly values of climatic and Normalized
Difference Vegetation Index (NDVI) data were grouped (average value)
in “dry period” (DP - July to October) and “wet period” (WP - January
to June and November to December). All the rasters were rescaled at a
resolution of 1km, aligned and re-projected using the same CRS
(WGS84). This process was done using ArcMap 10.6 (Environmental
Systems Research Institute -ESRI-, 2017). Before building the model,
the HH package was used to compute Variance inflation factors (VIFs)
and evaluate collinearity among the independent variables (Heiberger,
2018). Variables with VIF > 10 were excluded from the model.

As result of collinearity evaluation, only Digital Elevation Model
(DEM), Latitude, Longitude, Temperature (T) min (WP), T min (DP), T
average (WP), T average (DP), NDVI (WP), NDVI (DP), Precipitation
(WP), and Precipitation (DP), were retained. Model was built using a
backward selection approach. Rasters were entered in MAXENT
(Phillips, 2017) and the software was run dividing the presence data
into 80% of training points and 20% of test points. Regularization
parameter was set to “3” in order to control for model overfitting
(Radosavljevic and Anderson, 2014). The most parsimonious model
was selected using ENMTools v1.3 (Warren et al., 2010), to compute
the Akaike Information Criterion (AIC) (Akaike, 1973). Variables were
progressively removed based on the jacknife test (lower contribution in
the AUC score). Maximum training sensitivity plus specificity was se-
lected as threshold to convert continuous prediction (logistic) into
binary output.
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Fig. 1. Location of the Valencian Community (SE Spain) in the Iberian Peninsula.

2.4. Variable importance and model performance

Permutation importance (PI) was used to assess the contribution of
each environmental factor. PI value determines the contribution of each
factor by measuring how much the model decrease in quality when the
variable is not selected. Response curves were also generated to inter-
pret the relationship of the environmental factors with the probability
that S. vulpis was present. To assess performance of the MAXENT model,

area under the curve value (AUC) was computed. AUC compares the
model sensitivity (true positives) against “1 — specificity” (false posi-
tives) over the entire range of threshold. This curve represents the
probability that a randomly chosen presence site will be ranked as more
suitable than a randomly chosen pseudo-absence site. A model that does
not perform better than random will have an AUC of 0.5, whereas a
model with perfect discrimination would reach a value of 1. MAXENT
output provides also the “regularized training gain” parameter which

Table 1
Original environmental variables from Valencian Community tested for collinearity.
Dataset Description Source Resolution
DEM Digital elevation model describing the altitude for each pixel Instituto Geogréfico Nacional (Espafia) 10m
http://www.ign.es/web/ign/portal)
Slope Raster describing the slope of each pixel Derived from DEM
Latitude Raster describing the latitude in UTM coordinates of each pixel Derived from DEM
Longitude Raster describing the longitude in UTM coordinates of each pixel Derived from DEM
NDVI (WP) Raster describing the average Normalized Difference Vegetation Index value MOD13A2 V.6 (2013) 1km
during the wet period for each pixel https://modis-land.gsfc.nasa.gov/
NDVI (DP) Raster describing the average Normalized Difference Vegetation Index value
during the dry period for each pixel
Precipitation (WP) Raster describing the average precipitation (mm rain) during the wet period for =~ WorldClim V.2 1km

Precipitation (DP)

T max (WP)

T max (DP)

T min (WP)

T min (DP)

T average (WP)

T average (DP)

Rivers distance

Distance from urban areas

Distance from wetlands

each pixel
Raster describing the average precipitation (mm rain) during the dry period for
each pixel
Raster describing the maximum temperature (degrees) during the wet period for
each pixel
Raster describing the maximum temperature (degrees) during the dry period for
each pixel
Raster describing the minimum temperature (degrees) during the wet period for
each pixel
Raster describing the minimum temperature (degrees) during the wet period for
each pixel
Raster describing the average temperature (degrees) during the wet period for
each pixel
Raster describing the average temperature (degrees) during the wet period for
each pixel
Raster describing the distance from the closest river (in kilometre) for each pixel

Raster describing the distance from the closest urban area (in kilometre) for
each pixel

Raster describing the distance from the closest wetland area (in kilometre) for
each pixel

http://www.worldclim.org/

DIVA-GIS
https://www.diva-gis.org/
Derived from CORINE Land Cover (CLC)

Derived from Valencia shapefile retrieved
from DIVA-GIS
https://www.diva-gis.org/

Rasterized to 10 m

10m

Rasterized to 1km
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Fig. 2. Density plot of Spirocerca vulpis distribution in red foxes from the
Valencian Community (SE Spain). (For interpretation of the references to colour
in this figure legend, the reader is referred to the web version of this article.)

describes how much better the MAXENT distribution fits the presence
data compared to a uniform distribution. Exponential training gain
gives the average ratio of the likelihood assigned to an observed pre-
sence location to the likelihood assigned to a background location.

3. Results

The shape of S. vulpis distribution is presented in Fig. 2. Seventy-
eight percent of the animals (223 foxes) were not infected by S. vulpis,
and the majority of the infected animals show low density of parasite/
host, thus the curve results to be skewed to the left. Within the positive
animals, 65% (41/63) harbored between one to eight S. vulpis speci-
mens, and 35% (22/63) more than eight. Maximum parasite load (44
nematodes) was found in two adult foxes (a male and a female). The
total number of nematodes detected was 605. The histological de-
scription of the S. vulpis nodules, as well as their anatomical location,
can be found in Rojas et al. (2018Db).

The prevalence, abundance and intensity values are reported in

Table 2
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Table 2. The distribution of S. vulpis in the fox population of Valencian
Community was strongly conditioned by the age of the host. Specifi-
cally, only one of the infected foxes was juvenile, being the remaining
ones adults. In this sense, the Fisher's exact test was significant for age
(p value < .01) with odds ratio of 0.044 (i.e., less risk of being infected
in juveniles).

Regarding the effect of sex, the Fisher's exact test on parasite pre-
valence (p value = .25) and the Mann-Whitney's U test parasite on
abundance (p value = .25) and intensity (p value = .48) were not sta-
tistically significant at alpha level of 0.05.

The predictive accuracy of S. vulpis model was very high
(AUC = 0.91), and the training gain was 0.147. This nematode shows a
sharply defined spatial pattern with the most suitable area located in
the Western and Central part of the Valencian Community (Fig. 3). In
particular, according to the sample analyzed, a geographical cluster of
spirocercosis was identified in the “Reserva Valenciana de Caza Muela
de Cortes” (Ayora Valley), where 25 foxes over 32 were infected (pre-
valence = 78.1%). The probability of occurrence is shown in the left
part of the figure by the darker shade of yellow. In particular, the ap-
plication of a cut-off value shows, on the right part of the figure, the
area considered as suitable for parasite occurrence.

Table 3 shows estimates of relative contributions of the environ-
mental variables to the Maxent model. Among those influencing para-
site distribution, the minimum temperature of the wet period had the
highest permutation importance (PI = 51.5), followed by the average
temperature of the dry period (PI = 33.9) and the altitude (PI = 4.2).
The probability of presence of S. vulpis increases from —2 °C and peaks
at 4°C in wet period, while in dry period it drops above 21 °C. Re-
garding altitude, the model identifies optimal condition for the pre-
sence of S. vulpis around 300 m a.s.l. These three variables explained
almost 90% of the prediction accuracy of the model (Fig. 4). The re-

maining part was due mainly to latitude (PI = 3.6) and longitude
(PI = 3.6) effect.

4. Discussion

This study is the first to be carried out worldwide to determine the
epidemiological characteristics of S. vulpis in foxes. Since its recent
description, there has been no published study describing spirocercosis
in foxes or other species of canids, whether domestic or wild. In ac-
cordance with Rojas et al. (2018b), the results of previous studies in
which S. lupi has been described in foxes should be evaluated with

Prevalence, abundance and intensity of Spirocerca vulpis in red foxes from Valencian Community (SE Spain).

Total (n = 286)

Prevalence Abundance Intensity

Positive P(%) IC 95% Total adult parasites X Variance Variance-to-mean ratio Median IQR Range
63 22.0 17.4-27.3 605 2.1 41 0.05 5 11 43
Adult (n = 225

Prevalence Abundance Intensity

Positive P(%) 1C 95% Total adult parasites X Variance Variance-to-mean ratio Median IQR Range
62 27.4 21.6-33.2 604 2.7 50.7 0.05 5 11 43
Juvenile (n = 61)

Prevalence Abundance Intensity

Positive P(%) IC 95% Total X Variance Variance-to-mean ratio Median IQR Range
1 1.6% -1.5-4.8 1 - - - - -
Male (n = 152)

Prevalence Abundance Intensity

Positive P(%) IC 95% Total adult parasites X Variance Variance-to-mean ratio Median IQR Range
29 19.0 12.8-25.3 300 2 40 0.05 6 11 43
Female (n = 135)

Prevalence Abundance Intensity

Positive P(%) IC 95% Total adult parasites X Variance Variance-to-mean ratio Median IQR Range
34 25.1 17.8-32.5 305 2.6

42.8 0.06 4 8.5 43
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Fig. 3. Spirocerca vulpis occurrence in foxes and habitat suitability in Valencian Community (SE Spain).

Relative contributions of the environmental variables to the model.

Dataset Permutation importance (%)
DEM 4.2
Latitude 3.6
Longitude 3.6
NDVI (WP) 1.9
NDVI (DP) 1.2
Precipitation (WP) 0
Precipitation (DP) 0

T min (WP) 51.5
T min (DP) 0

T average (WP) 0

T average (DP) 33.9

Note. The contribution for each variable is determined by randomly
permuting the values of that variable among the training points (both
presence and background) and measuring the resulting decrease in
training AUC. Values are normalized to give percentages.

caution, since no precise identification techniques or molecular
methods were used in any of them. Fortunately, we now have the
morphometric characteristics of S. vulpis that differentiate it from S. lupi
(Rojas et al., 2018), so it is to be expected that, from now on, the
number of studies confirming the presence of S. vulpis in foxes and,
perhaps, in other canine species, will increase. Therefore, we can only
compare our results with those of previous studies in which the
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presence of S. lupi in foxes has been described, assuming that it is
possibly the same species that we have found in the foxes of the Va-
lencian Community, i.e. S. vulpis.

In Europe, S. lupi-like nematodes have been described in foxes with
prevalence of 2.1% in Belarus (Shimalov and Shimalov, 2003), 9.16%
in Sicily, Italy (Ferrantelli et al., 2010), and 23.5% in northwestern Italy
(Magi et al., 2014). In the Iberian Peninsula, the distribution of S. lupi in
foxes is irregular with a generally low prevalence. Specifically, the
prevalence in the Ebro Valley was 2.5% (Gortazar et al., 1998), 12.9%
in Portugal (Eira et al., 2006) and, recently, Valcarcel et al. (2018)
found a prevalence of 18% in Ciudad Real (Central Spain). Such
variability in parasite prevalence can be related to the different habitat,
period and environmental conditions in the different study areas in-
vestigated. However, in some studies, the prevalence was higher, ran-
ging from 29.1% to 65.4% in central-western areas of the Iberian Pe-
ninsula (Segovia et al., 2004; Gonzalez et al., 2009; Calero-Bernal et al.,
2011). In our study, the prevalence of S. vulpis shows intermediate
values (22%). But, as mentioned above, a retrospective analysis eval-
uating the correct identification of S. lupi in previous studies would be
necessary to have more accurate data for epidemiological comparison.

No influence of host sex was detected on parasite prevalence,
abundance or intensity, while a significant effect of age and environ-
mental factors was identified. In particular, climatic variables had the
highest influence on the S. vulpis distribution, with occurrence of spir-
ocercosis limited to very specific range for temperature and
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Fig. 4. Response curves representing the probability of Spirocerca vulpis presence for Temperature minimum (wet period), Temperature average (dry period) -both
expressed as degrees Celsius-, and DEM (Digital elevation model) -expressed as metres above sea level-.
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precipitations. For this reason, the geographic distribution of vulpine
spirocercosis is restricted to clustered areas in which the appropriate
microclimatic conditions are present so that its intermediate hosts can
develop and maintain the parasite life cycle, as demonstrated in other
fox nematodes (Maksimov et al., 2017; Cabanovi et al., 2018).

In general terms, the metazoan parasite intensity follows a negative
binomial distribution when studying wildlife populations (Shaw et al.,
1998; Poulin, 2007). As expected, the distribution of S. vulpis in red
foxes is skewed to the left, highlighting that parasite infection involves
few individuals within the studied population, with these parasitized
hosts being responsible to maintain the infestation at the population
level. The variance-to-mean ratio was lower than one, indicating that S.
vulpis presents a aggregated distribution within the host population.

Age was found to have a significant effect on S. vulpis distribution;
concretely, only one juvenile fox was infected by S. vulpis. This finding
could be related to the length of the prepatent period of Spirocerca spp.
In the case of S. lupi in dogs, this period is 3-8 months (Sen and
Anantaraman, 1971; Mazaki-Tovi et al., 2002). Assuming a similar
prepatent period for S. vulpis, this may explain why macroscopic no-
dules have not been detected in juvenile foxes. In adults in fact, the
parasite has a longer period to develop macroscopic lesions detectable
during the necropsy. In addition, the chance of becoming infected in-
creases with age. This result is consistent with the study by Aroch et al.
(2015), who found that S. lupi is significantly more prevalent in adult
dogs, possibly because they are more likely to have been infected
during their lifetime.

In our study, there were no significant differences between males
and females, coinciding with previous studies in which host sex is not a
significant risk factor for spirocercosis (Van der Merwe et al., 2008;
Valcérecel et al., 2018).

Regarding the spatial distribution of the parasite, the presence of S.
vulpis in Valencian Community is restricted to specific areas. This pat-
tern is similar to that described by previous studies in which S. lupi in
dogs has been shown to be endemic and restricted to well-defined areas
(Bailey, 1972; Mazaki-Tovi et al., 2002). The life cycle of S. vulpis is not
known at present; however, we assume that it could be similar to that of
S. lupi, in which coprophagous beetles act as intermediate hosts (Bailey
et al., 1963), as well as birds, lizards and small mammals as paratenic
hosts (Van der Merwe et al., 2008). Our study shows that the Ayora
valley and Muela de Cortes are two endemic focuses in which the
prevalence of S. vulpis is very high. This is probably due to the dryness
of the environment and the presence of a low shrub cover, which are
factors directly related to the presence of coprophagous beetles
(Carvalho and Gomes, 2004). Therefore, in areas of high prevalence of
S. vulpis there are climatic conditions that favor the presence of these
intermediate hosts and, consequently, the biological cycle of the para-
site can be maintained (Bailey, 1963). Regarding the significant effect
of altitude on the distribution of S. vulpis, it might be related to a higher
density of foxes at lower altitudes (Sandor et al., 2017), but more stu-
dies are needed to know in more detail what the influence of this factor
is on the epidemiology of the parasite.

Concerning S. lupi, it has also been suggested that the incidence of
infection may be up to 85% in endemic areas, and related to the degree
of rural development, utilization of pesticides, disease control efforts
(Van der Merwe et al., 2008). In our study, the detection of S. vulpis in
specific areas is also highlighted by the significant role of latitude and
longitude values in the models, which means that S. vulpis distributes
in well-defined clusters.

5. Conclusions

This is the first study describing the epidemiology of S. vulpis, a new
species recently found in red foxes. The importance of our results is
represented by the fact that our data are the very first available epi-
demiological data on this parasite, including the description of basic
parameters like prevalence, intensity and abundance at population
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level. Moreover, the environmental factors influencing parasite risk of
occurrence are described. This data will be important not only to un-
derstand the epidemiology of the disease but also to provide a better
evaluation of the possible risk of infection for domestic canids.

It is currently unknown whether S. vulpis can infect the dog and
other wild canids in which S. lupi has been described. Possibly both
nematode species have a very similar life cycle, so it is expected that the
epidemiological characteristics may also be similar, although future
studies are needed to elucidate this. However, we can assume that, in
the hypothetical case that S. vulpis may affect more than one species of
canine, there would be a health risk for dogs, especially those living in
rural areas and hunting dogs, which are more exposed (Mylonakis et al.,
2001).

The red fox is a carrier of nematodes with importance from a health
point of view, either because of its zoonotic character or because they
are parasites shared with other domestic or wild animals. In this con-
text, predictive models are important tools for understanding which
factors influence the parasite distribution, and thus map the risk of
disease transmission to domestic dogs and other wildlife species.
Although there is no census of dogs available in the study are in general,
and specifically in the areas with the highest risk of spirocercosis, we
can assume that shepherd and hunter dogs, as well as pets, can have an
increased risk of disease transmission in this areas. However, no case of
S. vulpis in dogs has yet been described, so it will be necessary to study
in more detail the life cycle of the parasite in areas of high prevalence
and confirm the possibility of parasite transmission to domestic ani-
mals.

The application of MAXENT algorithm provides valuable insights on
the relationship between parasite presence and predictors. Climate
variables are able to affect the prevalence, intensity and geographical
distribution of helminths, directly influencing free-living larval stages
and indirectly influencing invertebrate and vertebrate hosts. Very few
studies are available on the spatial factors affecting parasite distribu-
tion, so we encourage further analysis to better understand the factor
affecting parasite presence and distribution.

Our model demonstrated high predictive performance, and it has
been shown in scientific literature that models for the specialist species
had consistently strong performances as a consequence of the require-
ment for explicit environmental variables and that are easily defined by
predictive models (Evangelista et al., 2008). From a practical perspec-
tive our model could be considered a useful tool for the application of
preventive and control strategies to limit the diffusion of the disease
and the risk of infection for domestic animals.Nevertheless, we should
consider that a) data resolution might affect the explanatory power and
predictive accuracy; b) variable selection may influence the quality of
the model. A different set of variables may have different results and
discriminatory capacity.
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