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ABSTRACT 25 

Cardiopulmonary nematodes are among the most pathogenic parasites of domestic and wild canids. The 26 

aim of this study was to describe the species diversity, prevalence and infection intensity of these parasites 27 

in the Iberian wolf (Canis lupus signatus) and the red fox (Vulpes vulpes) in the northwest of the Iberian 28 

Peninsula. 257 foxes and 74 wolves were necropsied between 2008 and 2014. Four nematode species were 29 

identified: Angiostrongylus vasorum, Eucoleus aerophilus, Crenosoma vulpis and Filaroides hirthi. This last 30 

species was only found in wolves, being the first time that is cited worldwide in this wild canid. The overall 31 

parasite prevalence was significantly higher in foxes (70%) than in wolves (28%). Specifically, prevalences in 32 

foxes and wolves were, respectively, 43% and 22% for A. vasorum, 33% and 5% for E. aerophilus, and 30% 33 

and 9% for C. vulpis. The prevalence of F. hirthi was 16%. The A. vasorum intensity was significantly higher 34 

in foxes than in wolves. Differences between host species in the risk of infection would be associated to 35 

diverging feeding behavior, and possibly reflects a parasite-host adaptation related to host´s hunting 36 

strategies and cardiorespiratory requirements. This study revealed an association between infection and 37 

environmental factors, and highlighted a wide variation in the spatial distribution of A. vasorum. Our results 38 

indicate that cardiopulmonary parasites are widespread in wild canids in northwest Spain, and further 39 

agrees with other studies indicating the expansion of A. vasorum in Europe and, therefore, the urgent need 40 

to investigate infection in dogs in sympatric areas. 41 
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1. INTRODUCTION 51 

The Iberian wolf (Canis lupus signatus) and the red fox (Vulpes vulpes) are the only two wild canid species 52 

present in the Iberian Peninsula. There are around 2000 wolves in Spain, with the main population located 53 

in the northwest (Blanco and Cortés, 2012). In contrast, red fox can be found throughout the Iberian 54 

Peninsula (Gortázar, 2007). Both species occupy a wide variety of habitats, including anthropogenic 55 

landscapes (Blanco, 2017; Harris and Smith, 1987; Gloor et al., 2001; López-Martín, 2017).  56 

Parasite distributions in wildlife are highly conditioned by the nature of their life-cycle. Specifically, in the 57 

case of trophic transmitted parasites of carnivores, the kind of prey affects both predator-prey and host-58 

parasite interactions and, thus, potentially influence the dynamics and trophic web structure (Friesen and 59 

Roth, 2016). In this regard, it has been suggested that vertebrate carnivores are able to balance their 60 

nutrient intake through selective predation or feeding to obtain specific nutrients (Kohl et al., 2015; Potter 61 

et al., 2018). On the other hand, the size of the prey caught by carnivores and, consequently, the foraging 62 

strategy are influenced by the ecological niches available to them and the encounter rate with prey. In fact, 63 

large terrestrial mammalian carnivores over 21.5 kg usually prey on large-sized animals to maximize their 64 

energetic intake while minimizing their energy expenditure (Carbone et al., 1999; Carbone et al., 2007). 65 

There are remarkable differences between the diet of the wolf and the fox; the wolf prefers to prey on 66 

domestic and wild ungulates (Llaneza et al., 2012; Torres et al., 2015; López-Martín, 2017), whereas the fox 67 

is a generalist predator with a high ecological plasticity (Dell'Arte et al., 2007) that feeds on a broad trophic 68 

spectrum, including vegetables, small prey, carrion and garbage (Díaz-Ruiz et al., 2013; López-Martín, 69 

2017).   70 

Cardiopulmonary nematodes are among the most important parasites of canids, specially Angiostrongylus 71 

vasorum and Dirofilaria immitis, which are highly pathogenic and emerging parasites that cause congestive 72 

heart failure, severe dyspnea and even death (Traversa et al., 2010). The impact of these and other 73 

cardiopulmonary parasites as Crenosoma vulpis and Eucoleus aerophilus on wild canids has not been 74 

analysed but, based on the evolutionary proximity of wolves, foxes and dog, we could assume a 75 

comparable pathogenicity in all species. Moreover, considering that wolves and, to a lesser extent, foxes 76 

require optimal cardiorespiratory capacity for successful predatory activity, it is reasonable to infer that 77 



cardiopulmonary parasites could have a significant impact on the species survival and especially on 78 

individuals with high parasite loads and co-infections. The trend so far has been to study cardiopulmonary 79 

nematodes in wolves and foxes separately, without considering that both species share habitats and are 80 

susceptible to the same parasites. For all these reasons, the objective of this study was to describe the 81 

cardiopulmonary parasites of wolves and foxes in the northwestern Iberian Peninsula, discussing the 82 

epidemiological role that each of these wild canids have in the natural nidality of these parasites.  83 

2. MATERIAL AND METHODS 84 

The study was performed on Iberian wolves and red foxes from the regions of Asturias and Galicia 85 

(northwest Spain), covering an area of approximately 11000 km2 and 30000 km2, respectively. Galicia 86 

includes the provinces of A Coruña, Lugo, Ourense and Pontevedra (Fig. 1). Climate is predominantly 87 

oceanic with average annual rainfall and temperature ranging 960-1688 mm and 11.4-13.3°C (Castillo-88 

Rodríguez et al., 2006; Valenzuela et al., 2018). The study was performed in 257 red foxes hunted in 89 

January and February 2008 in municipalities of A Coruña (34), Lugo (156) and Pontevedra (67), in the 90 

context of official hunting tournaments, and 74 Iberian wolves from Asturias (40)A Coruña (18), Lugo (8), 91 

Ourense (1) and Pontevedra (7), mostly shot in officially authorized hunts between 2009 and 2014, and 92 

some found dead due to road traffic accidents. 93 

Animals were necropsied, and the trachea, lungs and heart were removed and stored frozen at -20°C until 94 

examined for parasites. To this effect, following defrosting, the heart chambers and its great vessels were 95 

carefully dissected, washed and filtered through a 62 µm mesh sieve. Trachea, bronchial tree and 96 

pulmonary blood vessels were longitudinally opened and observed under a stereomicroscope to collect 97 

parasites. Subsequently, in order to remove nematodes that may have remained in the bronchi and of 98 

smaller diameter vessels, the lungs were washed through a sieve and the retained material was examined 99 

under a stereomicroscope. Finally, to ensure that no nematode was left undetected, pulmonary 100 

parenchyma was enzymatically digested in pepsin and chlorhydric acid, according to Martínez-Rondán et al. 101 

(2017). 102 

Nematodes were cleared with lactophenol and identified according to Georgi (1979), Butterworth and 103 

Beverley-Burton (1980), Costa et al. (2003) and Popiolek et al. (2009). Prevalence (percentage of infected 104 



animals), parasite intensity (number of parasites in infected animals) and species richness (number of 105 

species in infected animals) were calculated (Bush et al., 1997) and Yate´s-corrected chi-square test and the 106 

non-parametric Kruskal-Wallis test were used to compare proportions and medians, respectively. Mixed 107 

logistic regression models were developed to investigate the relationship between infection with a 108 

particular parasite species (outcome variable) and host species (fox or wolf),  adjusted for sex, age and 109 

environmental variables of the area were animals were collected, and including municipality as a random 110 

effect to allow for spatial clustering of infection (Agresti, 2013). Environmental variables, included the 111 

human population density, average annual temperature and average annual rainfall, were categorized prior 112 

to inclusion in the model. Parameters were estimated using the maximum likelihood method, p-values 113 

were calculated with the chi-squared test and significance was considered at the 5% (p<0.05) level for a 114 

two-tailed test. Analyses were carried out using R 3.4.3 software (R core Team, 2018). 115 

3. RESULTS 116 

Four nematode species were identified: Angiostrongylus vasorum, Eucoleus aerophilus, Crenosoma vulpis 117 

and Filaroides hirthi (Table 1). Parasite prevalence (95% CI) was 70% (65-76) in foxes and 28% (18-39) in 118 

wolves (p<0.05). The percentage of foxes infected with one, two or three nematode species were 54% 119 

(98/181), 40% (73/181) and 6% (10/181), respectively. These same prevalences for wolves were 62% 120 

(13/21), 24% (5/21), and 5% (1/21), and 10% (2/21) of wolves were infected with the four nematode 121 

species. 122 

The parasite distribution in infected foxes and wolves was widely variable and positively skewed, with most 123 

animals having low parasite burdens. Foxes had the largest number of A. vasorum, C. vulpis and E. 124 

aerophilus, and median A. vasorum and C. vulpis intensity were higher (p<0.05) and marginally higher (p-125 

value=0.06), respectively, in this host species compared to wolves. It was not possible to estimate the 126 

median intensity of F. hirthi, because most nematodes were fragmented or damaged after the enzymatic 127 

digestion of the pulmonary parenchyma required to detect this small nematode species. 128 

The prevalence and median intensity of A. vasorum, C. vulpis and E. aerophilus in wolves and foxes varied 129 

according to some of the environmental variables, but they did not follow an increasing or decreasing trend 130 



with any of the variables analyzed except for E. aerophilus prevalence in foxes, which decreased with 131 

increasing annual rainfall (Tables 2 and 3). 132 

The logistic regression models confirmed the significantly higher risk of foxes being infected with 133 

cardiopulmonary parasites compared to wolves, and the association between A. vasorum infection and 134 

areas with medium human population density, C. vulpis and juvenile hosts, and E. aerophilus and low 135 

temperature and precipitation (p<0.05). Moreover, A. vasorum models revealed additional, unexplained 136 

variation in the risk of infection between municipalities, highlighting the strong spatial aggregation of this 137 

parasite species. 138 

4. DISCUSSION 139 

Angiostrongylus vasorum has been described in canids worldwide (Spratt, 2015). However, until a few 140 

decades ago, its geographical distribution in Europe was localized to a few endemic foci (Morgan et al., 141 

2009). The study confirms that A. vasorum is endemic in northwest Spain with higher prevalence in foxes 142 

(43%) than elsewhere in the Iberian Peninsula (16-36%) (Gortázar et al., 1998; Segovia et al., 2004; Mañas 143 

et al., 2005; Eira et al., 2006; Gerrikagoitia et al., 2010). Likewise, prevalence of this species in wolves (22%) 144 

was higher than in previous surveys in northwest Spain (2-5%) (Torres et al., 2000; Segovia et al., 2001; 145 

Segovia et al., 2007; Garrido-Castañé et al., 2015). The sensitivity of detection of A. vasorum in foxes by 146 

dissection of the heart and pulmonary arteries is estimated at 84% (Houpin et al., 2016). We additionally 147 

used enzymatic digestion of lung parenchyma to reduce the number of false-negative cases. It is likely that 148 

the prevalence of A. vasorum was underestimated in other studies in which enzymatic digestion was not 149 

used. 150 

The prevalence of A. vasorum was higher in foxes than in wolves, coinciding in general terms with the 151 

literature mentioned above. This result reflects dietary differences between species, with foxes feeding 152 

more on intermediate and paratenic hosts of this parasite than wolves, including a wide variety of 153 

gastropod species (Ferdushy and Hasan, 2010), and frogs and birds (Bolt et al., 1993; Elsheikhaet al., 2014; 154 

Mozzer and Lima, 2015), respectively. Moreover, the similar prevalence and A. vasorum intensity in juvenile 155 

and adult foxes indicates that these intermediate and paratenic hosts are food sources for foxes 156 

throughout their life, and that the host´s immune response tolerates or is unable to eliminate this parasite; 157 



this finding is in agreement with Gillis-Germitsch et al. (2017), who showed that previously exposed adult 158 

foxes can be reinfected and suffer persistent infections. However, the fact that a substantial number of 159 

wolves were also infected with A. vasorum emphasizes the potentially important epidemiological role of 160 

wolves in maintaining its life cycle. In contrast to foxes, A. vasorum prevalence and median intensity was 161 

higher in juvenile compared to adult wolves, supporting that gastropods and paratenic hosts of A. vasorum 162 

constitute part of the diet of juveniles during the developmental period until they become accomplished 163 

adult hunters of large prey (MacNulty et al., 2012; Zimmermann et al., 2015). It is important to point out, 164 

moreover, that carnivores modify their nutrient intake through selective predation or feeding in order to 165 

obtain a balanced diet (Kohl et al., 2015). This could partly explain that 19% of adult wolves were 166 

parasitized by A. vasorum; that is, although adults usually hunt large animals, they also eat smaller prey.  167 

The geographic distribution of A. vasorum is characterized by stable foci of high prevalence (Morgan et al., 168 

2009), mostly in areas with mild and wet climates, as is our study area, since the invertebrate hosts are 169 

highly sensitive to temperature and moisture (Jeffery et al., 2004; Ferdushy and Hasan, 2010). In Europe, 170 

the distribution of A. vasorum has increased in recent decades, probably due to the fox's expansion (Van 171 

Doorn et al. 2009; Al-Sabi et al. 2013, Al-Sabi et al. 2014). Although the pathogenicity of A. vasorum has 172 

been described in foxes (Morgan et al., 2008) and wolves (Eleni et al., 2014; De Liberato et al., 2017), the 173 

impact on the wider population is unknown. Also, the role of foxes and wolves in the epidemiology of 174 

infection in dogs living in close-by areas is also discussed (McCarthy et al., 2016; Schug et al., 2018, Lange et 175 

al., 2018). Although few studies compared A. vasorum prevalence in synanthropic wild and domestic 176 

canids, a wide molecular study of strains from dogs and foxes revealed no evidence of genetic segregation 177 

suggesting a common transmission cycle (Jefferies et al., 2010). In our study, prevalence was highest in 178 

rural areas with medium human density, as well as the highest intensities in foxes. We hypothesize that, in 179 

these rural areas, there are probably more dogs that are allowed to roam freely and, therefore, have the 180 

possibility of ingesting intermediate hosts, playing a summative role in the local A. vasorum life cycle 181 

involving domestic and wild canids.  182 

Crenosoma vulpis has been described in canids from temperate regions worldwide (Shimalov and Shimalov, 183 

2000; Latrofa et al., 2015; Figueiredo et al., 2016; Maksimov et al., 2017), including the Iberian Peninsula, in 184 



both foxes (Gortázar et al., 1998; Segovia et al., 2004; Mañas et al., 2005; Eira et al., 2006; Garrido-Castañé 185 

et al., 2015) and wolves (Segovia et al., 2007). Like A. vasorum, gastropods are the intermediate hosts of 186 

this nematode species (Jeffery et al., 2004). The higher C. vulpis prevalence in foxes compared to wolves 187 

indicates than this host species plays a more prominent role than wolves in the epidemiological dynamics 188 

of this parasite. Similar to what has been argued in A. vasorum, this result suggests that both canids prey on 189 

gastropods, but more notably in foxes (Colella et al., 2016; Lange et al., 2018). C. vulpis was more prevalent 190 

in juvenile foxes than in adults, and was only found in juvenile wolves. This could be due to differences in 191 

trophic behavior and a more effective immune response in adults (Jeffery et al., 2004; Davidson et al., 192 

2006; Hodžić et al., 2016). Notwithstanding this, some adult foxes had a high parasite burden which, 193 

although not fatal, would reduce the host's respiratory capacity significantly (Traversa et al., 2010). 194 

Eucoleus aerophilus has been reported in wild and domestic canids (Torres et al., 2000; Morgan et al., 2008; 195 

Conboy, 2009; Traversa et al., 2009; Di Cesare et al., 2014). The prevalence in foxes was similar to those 196 

reported in other Iberian areas (Gortázar et al., 1998; Segovia et al., 2004; Mañas et al., 2005), contrasting 197 

with the low prevalence described by other authors (Eira et al., 2006; Martínez-Carrasco et al., 2007). High 198 

prevalences (65-84%) have been described in foxes in other European countries (Davidson et al., 2006; 199 

Saeed et al., 2006; Lalošević et al., 2013; Al-Sabi et al., 2014; Hodžić et al., 2016; Schug et al., 2018). In our 200 

study, E. aerophilus was the least prevalent cardiopulmonary nematode in wolves; in other European 201 

countries, the prevalence in wolves (8-36%) is usually lower than that described in foxes (Shimalov and 202 

Shimalov, 2000; Popiołek et al., 2007; Bagrade et al., 2009; Varodi et al., 2017). As with C. vulpis, the 203 

prevalence of E. aerophilus was related to altitude, annual temperature and annual rainfall. This parasite 204 

has a direct life cycle, and earthworms can act as paratenic hosts (Anderson, 2000), yet there is limited 205 

information on other ecological and epidemiological aspects of E. aerophilus infection that could help 206 

interpret these associations. 207 

Filaroides spp. has been sporadically described in dogs in Europe (Caro-Vadillo et al., 2005; Cervone et al., 208 

2018) and rarely in wild canids (Magi et al., 2015). Sanchis-Monsonís et al. (2013) detected F. hirthi in 2% of 209 

foxes in southeast Spain. Here we report the first F. hirthi infection in wolves worldwide. The rare detection 210 

of this parasite in wild canids could be partly due to the fact that F. hirthi is a very small, fragile nematode 211 



located in the bronchioles and alveoli and, consequently, difficult to detect by direct examination. The 212 

absence or low prevalence of F. hirthi in wild canids in general should be evaluated with care, as the 213 

presence of this parasite in these host species may be underestimated. We have been able to detect F. 214 

hirthi because the lung parenchyma of each animal was enzymatically digested, which increases the 215 

probability of detection, as has been proven in dogs (Bahnemann and Bauer, 1994). This finding highlights 216 

the potential role of wolves in the maintenance of the parasite´s transmission in nature. Dogs are infected 217 

by ingestion of infectious larvae present in saliva (Anderson, 2000). In the case of Filaroides osleri, maternal 218 

cleanliness is assumed to be an important transmission route in the dog, while regurgitation of food by 219 

parents to feed pups may also be an important form of transmission in wild canids (Polley and Creighton, 220 

1977; Clayton and Lindsay, 1979; Dunsmore and Spratt, 1979). In addition, it has been suggested that 221 

infection in dogs is possible by coprophagy of fresh faeces (Georgi et al., 1979). Since F. hirthi and F. osleri 222 

belong to the same genus, it is assumable that the transmission is similar in both parasites and, therefore, 223 

the social behavior of the wolf could explain the intraspecific transmission of F. hirthi. Further 224 

epidemiological studies are needed to better understand the risk factors associated with F. hirthi 225 

transmission and to assess the role of the wolf as a reservoir of this parasite, as well as the degree of 226 

overlap between the domestic and sylvatic epidemiological cycles. 227 

Finally, Dirofilaria immitis was not detected in our study, but this was somewhat not surprising, since the 228 

northwest Spain is considered an area of low risk of transmission, given that climatic conditions are not 229 

ideal for the mosquito vector (Simón et al., 2014). D. immitis has been previously detected in Iberian wolves 230 

(Segovia et al., 2001) and foxes (Gortázar et al., 1994;  Gortázar et al., 1998; Mañas et al., 2005; Eira et al., 231 

2006) in other parts of the Iberian Peninsula, and also in other European areas (Georgieva et al., 2001; 232 

Pascucci et al., 2007; Magi et al., 2008; Kirkova et al., 2011; Penezić et al., 2014).  233 

5. Conclusions 234 

Northwest Spain is highly endemic for A. vasorum, C. vulpis and E. aerophilus, and prevalence and infection 235 

intensity is significantly greater in foxes than in wolves. Differences between host species are probably 236 

related to differences in trophic behavior (Buck et al., 2018), with foxes of all ages and juvenile wolves 237 

feeding on intermediate and paratenic hosts of the first two nematode species, and adult wolves more on 238 



larger prey which not participate of the life cycle of these parasites. We hypothesized that this is an 239 

adaptive host-parasite response, so the highest infection risk occurs in the wild canid species (fox) that 240 

requires less cardiorespiratory effort to hunt their usual prey (Brose, 2010; Sand et al., 2016). In other 241 

words, cardiopulmonary nematodes, although adapted to several host species, have managed to link their 242 

life cycle to a type of prey more likely to be consumed by the smaller predator (fox). This prevents the 243 

cardiorespiratory capacity of a large predator, located at the top of the trophic chain (mainly adult wolves), 244 

to be compromised, which has meant the adoption of a trophic strategy by the wolf that reduces the risk of 245 

infection. 246 
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