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Abstract 
Native foxes face serious threats related to anthropic activities and the uncontrolled pets. However, the 
transmission of several pathogens such as parasites by domestic dogs is an important conservation issue with 
limited attention in Chile. The lack of a proper identification of the helminths of wild canids in the country, based 
mostly in coprological studies, limited our knowledge in potential interspecific transmission. Thus, the aim of the 
present survey was to identify the parasitic fauna of two native canids, the Andean fox (Lycalopex culpaeus) (n=49) 
and Chilla (Lycalopex griseus) (n=17), from several localities in Chile through a complete parasitological survey. 
Sixteen different species were identified, 9 of which are new host records for Andean fox and two for Chilla fox 
in South America, and three are recorded for first time in Chile. Also, five of them are of zoonotic concern and six 
are known to use domestic dogs as their principal hosts. These findings have implications for public health and 
the conservation of canids whose interspecific transmission of parasites with domestic dogs is confirmed through 
these findings. The need for an exhaustive surveillance of wild carnivores is emphasized considering these hosts 
as important sources of micro- and macroparasites.

Keywords: Culpeo fox, Chilla, endoparasites, Chile, conservation, public health.

Resumo: 
As raposas nativas enfrentam sérias ameaças devido às atividades antrópicas e contato com animais de estimação 
sem controle. Entretanto, a transmissão de patógenos, tais como parasitas de cães domésticos, é uma questão 
importante na conservação das raposas que têm sido pouco abordadas no Chile. A falta de uma identificação 
adequada dos helmintos de canídeos silvestres no país, que se baseia principalmente, em estudos coprológicos, 
limita o conhecimento sobre uma potencial transmissão interespecífica de parasitas. Assim, o objetivo do presente 
estudo foi identificar a fauna parasitária em dois canídeos nativos: a raposa andina (Lycalopex culpaeus) (n = 49) e a 
raposa chilla (Lycalopex griseus) (n = 17), provenientes de várias localidades do Chile, por meio de um levantamento 
parasitológico completo. Foram identificadas 16 espécies de parasitas, nove correspondem a novos registros de 
hospedeiros para a raposa andina e dois para a raposa chilla na América do Sul. Três espécies de parasitas são 
registrados pela primeira vez no Chile, cinco são motivo de preocupação zoonótica e seis são conhecidos por 
usar cães domésticos como seus principais hospedeiros. Esses achados têm implicações em saúde pública e na 
conservação de canídeos, pois confirmam a transmissão interespecífica de parasitas desde cães domésticos. 
A necessidade de vigilância exaustiva dos carnívoros selvagens é enfatizada considerando-se esses hospedeiros 
como importantes fontes de micro e macroparasitas.

Palavras-chave: Raposa Culpeo, Raposa Chilla, endoparasitas, Chile, Conservação, Saúde pública.
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Introduction
Wild carnivores are considered as relevant sources of zoonotic pathogens, including viruses, bacteria, and 

parasites (Aguirre, 2009; Rubio et al., 2013). In Chile there are three species of wild canids, Andean fox or Culpeo fox 
(Lycalopex culpaeus), Chilla fox (Lycalopex griseus) and Darwin’s fox (Lycalopex fulvipes), which also faces several threats 
related to hunting by farmers, fragmentation of habitat, competition and transmission of diseases by domestic 
canids (Jiménez & Novaro, 2004). For South American wild canids, there is a fragmented knowledge regarding 
endoparasites (Moleón et al., 2015). In the particular case of Chile, most of the published parasitological records 
are related to ectoparasites such as fleas (Rubio et al., 2013; Poo-Muñoz et al., 2016), lice (Mey, 2003; González-
Acuña et al., 2007), mites (Verdugo et al., 2016; Briceño et al., 2020) and ticks (González-Acuña & Guglielmone, 2005; 
Rubio et al., 2013). Furthermore, surveys for endoparasites through necropsies in wild foxes are rare (Wolffhügel, 
1949; Alvarez, 1960, 1961; Medel & Jaksic, 1988). Additional reports are based on coprological surveys (Jiménez et al., 
2012; Rubio et al., 2013; Acosta-Jamett et al., 2018). Moreover, several of the helminth findings in Chilean foxes are 
identified only to the genus level with no further classification (see Fugassa, 2015). The scarce number of studies 
for endoparasites could be a consequence of the difficulties imposed by the acquisition of carcasses of these 
animals because of their protection by the State Law of Hunting, with the exception of Chilla fox from Tierra del 
Fuego Island, Chilean Patagonia, where is considered as a harmful species (Chile, 2017). In addition, Chile lacks a 
centralized wildlife diseases surveillance program, what further difficult the collection of carcasses.

Chile lacks of policies regard management of naturalized domestic dogs, which represent a threat to the health of 
wild canids (Daszak et al., 2000; Rubio et al., 2013). Thus, the aim of the present study was to report the occurrence 
and frequency of endoparasites and contribute with new findings to the parasitic fauna of native canids.

Materials and Methods
A total of 66 foxes (49 Andean foxes (Af) and 17 Chilla fox (Ch)) that died after their arrival to local rehabilitation 

centers or were road-killed formed part of the present survey. Additionally, helminths previously deposited in 
the parasitological collection from Laboratorio de Parásitos y Enfermedades en Fauna Silvestre at Universidad de 
Concepción, Chile, were included in this study. Foxes were analyzed between 1995-2019 from the following regions 
along Chile (number of the region and sample size per fox species are indicated between parenthesis); III Atacama 
region (Ch, n= 1), IV Coquimbo region (Af, n=3; Ch, n=1), V Valparaíso region (Af, n=2; Ch, n=3), RM Metropolitan 
region (Af, n=18; Ch, n=4), VI Libertador General Bernardo O’Higgins region (Af, n=4; Ch, n=2), VII Maule region 
(Af, n=4; Ch, n=3), XVI Ñuble region (Af, n=6), VIII Biobío region (Af, n=1), XIV Los Ríos region (Af, n=1; Ch, n=1) and XI 
Aysén del General Carlos Ibáñez del Campo region (Af, n=1), also 11 foxes whose locations were not recorded were 
included (Af, n=9; Ch, n=2). Regarding the sites where foxes were sampled, 6 foxes came from rural areas (national 
parks and reserves), 47 from urbanized areas, 2 from rehabilitation centers and 1 from a zoo. With the exception 
of foxes from rehabilitation centers and zoos, and other three which were found dead in two national parks and 
one national reserve, all foxes were road-killed. The sampled sites included 10 of the 16 Political-Administrative 
regions present along Chile (Figure 1). Parasitological necropsy was performed according to Hofer et al. (2000), 
considering the analysis of digestive, respiratory and urogenital systems, also heart, liver, gallbladder, thoracic and 
abdominal cavities, and subcutaneous tissue. Helminths were recovered from animals, washed and relaxed in saline 
previous to be fixed in ethanol 80° and proceed with the analysis. Furthermore, nematodes and pentastomids were 
diaphanized using Glycerine alcohol, meanwhile platyhelminthes were stained with Alum carmine, dehydrated in 
a series of alcohol concentrations from 70% to absolute alcohol, clarified with clove oil and mounted with Canada 
balsam (Lutz et al., 2017; Oyarzún-Ruiz & González-Acuña, 2020). Helminth and pentastomid parasites were classified 
according to Erickson (1944), Petrochenko (1958), Yamaguti (1961), Quentin et al. (1968), Khalil et al. (1994), Riley 
(1986), Vicente et al. (1997), Santos et al. (2007), Anderson et al. (2009), Naem & Asadi (2013) and Gomez-Puerta et al. 
(2017). Parasitological descriptors such prevalence (P), mean intensity (MI), mean abundance (MA) and range (R) 
were calculated and interpreted according to Bush et al. (1997). Confidence intervals with 95% of confidence were 
expressed between parenthesis for every prevalence.

Because the limited sample size for both canids from diverse climatic regions, it was not possible to estimate 
statistical comparisons.
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Results
Overall, 86.36% (77.99–94.73%; 57/66) of foxes were positive for at least one endoparasite species, 

including 91.84% (84.17–99.50%; 45/49) of the Andean foxes and 70.59% (48.93–92.25%; 12/17) of the Chilla foxes. 
A total of 16 different taxa of endoparasites belonging to 4 different phyla, were observed (Table 1). The species were 
the following: Nematoda; Acanthocheilonema sp. (Af, P= 2.04%), Contracaecum sp. (Af, P= 2.04%), Oslerus (Oslerus) osleri 
(Af, P= 12.24%; Ch, P= 5.88%), Physaloptera rara (Af, P= 4.08%; Ch, P= 5.88%), Protospirura numidica (Af, P= 2.04%), 
Pterygodermatites sp. (Af, P= 2.04%), Spirocerca sp. (Af, P= 10.2%), Toxascaris leonina (Af, P= 36.73%; Ch, P= 11.76%), 
Toxocara canis (Af, P= 12.24%), Uncinaria stenocephala (Af, P= 2.04%), Cestoda; Mesocestoides sp. (Af, P= 12.24%; 
Ch, P= 23.53%), Spirometra sp. (sparganum) (Af, P= 2.04%), Taenia hydatigena (Af, P= 40.82%; Ch, P= 5.88%), 
Trematoda; Ascocotyle (Ascocotyle) felippei (Af, P= 4.08%), Acanthocephala; Centrorhynchus spinosus (Af, P= 2.04%), 
and Pentastomida; Linguatula serrata (Af, P= 2.04%) (Figure 2 and Figure 3). See Table 1 for details regard hosts, 
parasitological descriptors, organs parasitized and localities. All 16 species were found in L. culpaeus, meanwhile 
only 5 of them were recorded for L. griseus.

Parasites were retrieved from the digestive tract (96.49%, 55/57), respiratory (14.04%, 8/57) and urinary 
systems (1.75%, 1/57) of foxes, and the abdominal cavity was also parasitized in one case (1.75%, 1/57). Parasitism 
with one species of parasite was recorded in 54.39% of foxes (31/57), meanwhile infections with two and three 
parasite species were recorded for 24.56% (14/57) and 12.28% (7/57) of foxes, respectively. Exceptionally, there 

Figure 1. Map detailing the locations along Chile where native foxes were sampled.
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Figure 2. (a) Trachea of a Culpeo fox with several parasitic nodules near the medial, caudal and carina parts of trachea (left, upper 
right side) (arrowheads). Note the uterus of an ovigerous female of Oslerus (Oslerus) osleri filled with several embryonated eggs 
(bottom right side). Scale bars= 6 cm (left), 3 cm (upper right side), 500 µm (bottom right side); (b) Anterior end of an ovigerous 
female of Acanthocheilonema sp. isolated in the abdominal cavity of a Culpeo fox, note the flattened lips, narrow esophagus and 
also the presence of multiple embryonated eggs. Scale bar= 250 µm; (c) Anterior end of Physaloptera rara isolated in the stomach 
of a Chilla fox, note its characteristic cephalic collarette and prominent triangular lips. Scale bar= 500 µm; (d) Pterygodermatites sp. 
isolated in the small intestine of a Culpeo fox; Anterior third of body of an immature worm, note the rows of comb-like spines 
along the body (arrowhead) (left). Detail of anterior end with a dorsal oral aperture armed with denticles (upper right side). 
Close up of comb-like spines over the body of the worm (arrowhead) (bottom right side). Scale bars= 1 mm (left), 500 µm 
(right); (e) Spirocerca sp. isolated from the stomach of a Culpeo fox. Anterior end of the worm characterized by non-evident lips 
(left). Posterior end of male worm with unequal spicules (white asterisk) also, caudal alae present. Note pedunculated papillae 
(arrowhead) (right). Scale bars= 500 µm; (f) Protospirura numidica isolated from the stomach of a Culpeo fox. Spiral posterior 
end of male worm with its unequal spicules (left), one is thin and pointed (image inserted), meanwhile the other is thick and 
stout (arrow head). Anterior end with its prominent lateral lips (upper right side). Ovigerous female worms with embryonated 
eggs in the uterus (bottom right side). Scale bars= 500 µm.
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Figure 3. (a) Anterior end of Uncinaria stenocephala bent dorsally, oral aperture armed with a pair of semilunar cutting plates. 
This worm was isolated from the small intestine of a Culpeo fox. Scale bar= 1 mm; (b) Mesocestoides sp. isolated from the small 
intestine of a Chilla fox. Scolex unarmed with its muscular four suckers (left). Mature proglottid with its typical paruterine organ 
(arrowhead) (right). Scale bars= 500 µm (left), 1 mm (right); (c) Taenia hydatigena isolated from the small intestine of a Culpeo 
fox. Scolex armed with a double row of hooks and four muscular suckers (left). Ovigerous proglottid with its branched uterus 
filled with eggs. Note the presence of genital pore in the lateral border of the proglottid (asterisk) (right). Scale bars= 1 mm 
(upper left side), 500 µm (bottom left side, right); (d) Ascocotyle felippei collected from the small intestine of a Culpeo fox. Worm 
in toto with an elongated forebody and dilated hindbody, note the uterus filled with eggs (left). Note the two circles of cephalic 
spines around oral sucker (arrowhead) (right). Scale bars= 50 µm (left), 12.5 µm (right); (e) Centrorhynchus spinosus isolated from 
the small intestine of a Culpeo fox. Cylindrical proboscis armed with 32 longitudinal rows of 24 hooks each and neck covered 
with spines. Note the cylindrical shape of proboscis (left). Immature worm in toto, note the nearly cylindrical body (right). 
Scale bars= 500 µm (left), 1 mm (right); (f) Linguatula serrata collected from the nasal sinuses of a Culpeo fox. Anterior third of 
body armed with four hooks around the sclerotized oral aperture (left). Middle part of the body, suggesting a tongue-shaped 
body with its typical transversal striations (right). Scale bars= 500 µm (left), 2 mm (right). 
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were infections with four and six species of helminths in one fox each (1.75%, 1/57). There were co-infections 
between digestive and respiratory parasites (12.28%, 7/57) and among the three systems (16.67%, 1/57). Regard 
co-infections, when Mesocestoides sp. showed a high parasitic load, there was a minimal load or absence of 
T. hydatigena (e.g. 100 vs 2 worms or 1263 vs 0 worms). On the other hand, there was a high parasitic load for 
T. hydatigena when Mesocestoides sp. showed a minimal load (e.g. 63 vs 1 worms). Additionally, in 29.82% of foxes 
there was co-infection between different phyla (17/57). The highest parasitic burden was 1263 parasites, meanwhile 
the lowest was one parasite.

Discussion
The present study is so far the most complete survey for endoparasites in wild foxes in Chile, and provides 

with new data about the presence and distribution of these parasites, with nine new host records for Andean fox 
and two for Chilla fox in South America, and three new records for the country. Overall, the high prevalence of 
parasitic infection was similar to previous studies in wild canids from Europe (Shimalov & Shimalov, 2002, 2003; 
Bružinskaitė-Schmidhalter et al., 2011; Al-Sabi et al., 2013) and South America (Ruas et al., 2008; Moleón et al., 2015).

Both T. canis and T. leonina are very common ascarid worms among wild canids worldwide (Erickson, 1944; 
Seesee et al., 1983; Shimalov & Shimalov, 2002, 2003; Bružinskaitė-Schmidhalter et al., 2011; Okulewicz et al., 
2012; Al-Sabi et al., 2013; Figueiredo et al., 2016), including Neotropics (Deem & Emmons, 2005; Zanini et al., 2006; 
Vieira et al., 2008; Fugassa, 2015; Moleón et al., 2015). Both canid species studied here have been found parasitized 
by them in Argentina (Stein et al., 1994; Zanini et al., 2006). Toxocara canis use domestic dogs as its principal host, 
thus its isolation could represent a consequence of the interaction between domestic and wild canids in rural areas 
(Stein et al., 1994; Okulewicz et al., 2012; Moleón et al., 2015). In Chile both T. canis and T. leonina were reported 
previously only on Darwin’s fox by Jiménez et al. (2012) and Acosta-Jamett et al. (2018) through coprological analysis. 
In the present study, T. canis was isolated only from Andean fox, meanwhile T. leonina from both foxes. The frequent 
approach of Andean foxes to human settlements searching for food (Jiménez & Novaro, 2004) would facilitate the 
contact with rural dogs, thus explaining their parasitism by T. canis. Notwithstanding the above, T. leonina was the 
most prevalent ascarid worm (36% vs 12%), which agrees with Okulewicz et al. (2012), who suggest a dominance 
of T. leonina over T. canis in wild canids.

Oslerus (Oslerus) osleri is a cosmopolitan nematode inhabiting tracheobronchial nodules in domestic and wild 
canids around the globe (Seesee et al., 1983; Avelar et al., 2013; Bowman, 2014). In the present study, all nodules 
were found in trachea, mostly near tracheal carina, and a few in the bronchi. Additionally, two male worms were 
found in the urinary bladder, probably as a consequence of an erratic migration. In Chile, this species was previously 
recorded in domestic dogs from Santiago (Luengo & Arata, 1970; Muñoz et al., 2007). Embryonated eggs were also 
found in feces of the Darwin’s fox (Jiménez et al., 2012) and an unidentified native fox by Luengo & Arata (1970). 
Furthermore, there are additional records from other Neotropical canids, such as Hoary fox (Lycalopex vetulus) and 
Maned wolf (Chrysocyon brachyurus) (Avelar et al., 2013). Notwithstanding the above, Dunsmore & Spratt (1979) 
suggested foxes as accidental hosts, with dogs as principal hosts for this parasite.

Acanthocheilonema is a filariid worm which parasites mammals worldwide, with Acanthocheilonema reconditum 
being the most studied species in canids, which is transmitted by the ingestion of sucking lice and fleas (Bowman, 
2014). In the case of Chile, this species has been isolated only on domestic dogs (Alcaíno & Gorman, 1999) with 
a similar situation occurring in Brazil (Vicente et al., 1997). In the present study, one female with embryonated 
eggs was isolated in the abdominal cavity of one Andean fox. Due to the lack of male worms, the taxonomical 
classification to species level could not be achieved (Anderson et al., 2009).

Physaloptera rara parasitizes domestic and wild canids and felids from Asia, Europe, North America and Mexico 
(Erickson, 1944; Morgan, 1944; Yamaguti, 1961; Seesee et al., 1983; Naem & Asadi, 2013), using crickets, cockroaches 
and beetles as intermediate hosts (Yamaguti, 1961). In South American canids, Physaloptera digitata, Physaloptera 
praeputialis, Physaloptera terdentata, Physaloptera sp. and an unidentified physalopterid has been recorded for 
Crab-eating fox (Cerdocyon thous), Pampas fox (Lycalopex gymnocercus) and Maned wolf from Argentina (Fugassa, 
2015), Bolivia (Deem & Emmons, 2005) and Brazil (Vieira et al., 2008; Lima et al., 2013). Also, P. clausa was reported 
for Andean and Chilla foxes in Argentina by Stein et al. (1994). Caballero & Peregrina (1938) recorded this species 
in Grey fox (Urocyon cinereoargenteus) from Mexico, although according to Morgan (1944) and Yamaguti (1961) 
this species really corresponds to P. rara. Rubio et al. (2013) recorded eggs of Physaloptera sp. on an Andean fox, 
which could belong to the species here reported.
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The nematode Pterygodermatites parasitizes wild mammals with subgenus P. (Multipectines) parasitizing wild 
carnivores worldwide and P. (Paucipectines) being found in Neotropical rodents (Anderson et al., 2009). The former 
subgenus has been recorded in Neotropical canids such Crab-eating fox (Lima et al., 2013; Pinheiro et al., 2018) 
and other species from North America (Seesee et al., 1983). Considering that the retrieved worm corresponded 
to an immature female, it is difficult to attribute it to a subgenus. Also, in Chile, this genus has been recorded in 
native rodents (Cattan et al., 1992; Landaeta-Aqueveque et al., 2018), thus, it cannot be discarded as originating 
from these prey (e.g. Bružinskaitė-Schmidhalter et al., 2011; Acosta-Jamett et al., 2018).

Protospirura numidica is considered a parasitic nematode of mammals, mostly rodents (Quentin et al., 1968; 
Vicente et al., 1997). However, there are some records in wild canids such Chilla and Andean fox from Argentina 
(Stein et al., 1994), and coyotes (Canis latrans) from USA (Erickson, 1944; Seesee et al., 1983). Furthermore, this 
genus has been reported in native rodents such long-haired akodont (Abrothrix longipilis) and olive grass mouse 
(Abrothrix olivaceus) (Cattan et al., 1992; Landaeta-Aqueveque et al., 2018). Although canids have been suggested as 
accidental hosts (Stein et al., 1994), ovigerous females and adult males were found in the stomach of one Andean 
fox in the present study, which would suggest this fox as a suitable host for this species. This situation has been 
previously suggested by Erickson (1944), who stated this nematode as a common finding in coyotes. Nevertheless, 
additional studies are required to validate this hypothesis.

Genus Spirocerca parasitize the esophagus and stomach of canids, originating nodules in the mucosa of these 
organs. Spirocerca lupi is a worldwide distributed species, parasitizing wild and domestic canids (Erickson, 1944; 
Yamaguti, 1961). This nematode has an indirect lifecycle with dung beetles as intermediate hosts, and reptiles 
and rodents as paratenic hosts (Anderson, 2000). In South America, S. lupi and Spirocerca sp. have been recorded 
in Crab-eating fox and domestic dogs from Brazil (Vicente et al., 1997; Pinheiro et al., 2018) and Andean fox from 
Peru (Gomez-Puerta et al., 2018). However, in Europe, red foxes (Vulpes vulpes) are host for a different species, 
Spirocerca vulpis (Rojas et al., 2018). In the present study these nematodes were embedded in the gastric mucosa 
of Andean foxes, which differs from the findings in Peru (Gomez-Puerta et al., 2018), where the parasites were 
found in the esophagus and aorta. Additional molecular analysis should be done in the future to establish the 
specific identification of these worms.

Uncinaria stenocephala is a common parasite from domestic dogs (Alcaíno & Gorman, 1999; Bowman, 2014) 
and other wild canids (Shimalov & Shimalov, 2002, 2003; Bružinskaitė-Schmidhalter et al., 2011; Al-Sabi et al., 
2013). In South America, this genus has been recorded for Crab-eating fox and Maned wolf from Bolivia (Deem & 
Emmons, 2005) and Brazil (Vicente et al., 1997; Vieira et al., 2008). There are previous records of this nematode in 
Andean foxes from Argentina (Moleón et al., 2015) and Peru (Moro et al., 1998), and also an unidentified species 
in Chilla foxes from Argentina (Zanini et al., 2006).

The cestode Mesocestoides parasitizes wild carnivores as definitive hosts, and reptiles and small mammals 
as intermediate hosts (Al-Sabi et al., 2013; Bowman, 2014). This genus has a complex taxonomy imposed by its 
morphological variation and presence of cryptic species, requiring a molecular approach to establish its specific 
identification (Padgett et al., 2005). There are few records from South American canids with Crab-eating fox and 
Maned wolf as hosts from Argentina (González et al., 2013) and Brazil (Vieira et al., 2008). Furthermore, Mesocestoides 
lineatus has been recorded in Andean fox from Argentina (Moleón et al., 2015) and Peru (Moro et al., 1998), and 
Mesocestoides sp. in Chilla fox from Argentina (Zanini et al., 2006). Meanwhile in Chile, there is a record only in 
domestic dogs (Alcaíno & Gorman, 1999).

Carnivores act as definitive hosts for Spirometra spp. with amphibians and reptiles as intermediate hosts for 
this parasite (Ruas et al., 2008; Bowman, 2014; Almeida et al., 2016). Previous surveys have recorded eggs of this 
genus in feces of Andean and Darwin’s fox from Chile (Rubio et al., 2013; Acosta-Jamett et al., 2018). However, 
occasionally carnivores could act as accidental hosts after the ingestion of infective eggs, as reported for other 
wild canids (Rego & Schäffer, 1992; Shimalov & Shimalov, 2002). Wolffhügel (1949) isolated spargana of Spirometra 
cf. erinaceieuropaei from Chilla fox and domestic dogs, and also in rodents and salmonids from Southern Chile. 
Thus, the present isolation of a sparganum in a Culpeo would be considered as an accidental finding. Due to the 
complexity on taxonomy about these tapeworms, a molecular analysis is required to achieve the lowest taxonomical 
classification (Almeida et al., 2016).

Taenia hydatigena is a cosmopolitan tapeworm, parasitizing domestic and wild canids as definitive hosts (Erickson, 
1944; Shimalov & Shimalov, 2002, 2003; Bowman, 2014) and ruminants as intermediate hosts (Bowman, 2014). 
In South America, it was found in Pampas fox (Moleón et al., 2015). In Chile, the larvae Cysticercus tenuicollis has 
been recorded from native deers (Hippocamelus bisulcus and Pudu puda) (Povilitis, 1998; González-Acuña, 2002), 
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meanwhile adult stages have been recorded only from domestic dogs (Alcaíno & Gorman, 1999). On the other hand, 
there is a previous record in Andean and Chilla foxes from Argentina (Zanini et al., 2006) and Peru (Moro et al., 
1998). Medel & Jaksic (1988) isolated an unidentified Taenia in an Andean fox, also, Jiménez  et  al. (2012) and 
Acosta-Jamett et al. (2018) reported unidentified taeniid eggs from Darwin’s fox in Southern Chile. These findings 
could belong to the species here reported.

Ascocotyle (Ascocotyle) felippei was the only fluke isolated. This species uses aquatic snails and fishes as first 
and second intermediate hosts, respectively. It has been widely recorded parasitizing fish-eating birds from South 
America (Santos et al., 2007). Meanwhile in Chile, A. (A.) felippei has been found in the common kestrel from Central 
Chile (González-Acuña et al., 2011). On the other hand, Ascocotyle (Phagicola) longa is another species which has 
been isolated in North American canids, such wolves (Canis lupus), red foxes and coyotes (Erickson, 1944). In Chile, 
it has been recorded in domestic dogs (Alcaíno & Gorman, 1999). Additionally, Acosta-Jamett et al. (2018) recorded 
unidentified eggs of flukes for Darwin’s fox, although these were attributed to rodent prey.

The acanthocephalan Centrorhynchus parasitizes birds as its main definitive hosts with cockroaches as 
intermediate, and reptiles, amphibians and rodents as paratenic hosts (Petrochenko, 1958). In Chile, C. spinosus 
has been recorded on Magellanic-horned owl (Bubo magellanicus) (Grandón-Ojeda et al., 2018). Meanwhile for 
native carnivores, there is only one record of unidentified acanthocephalans for Chilla fox (Jiménez & Novaro, 
2004). However, other predatory mammals such Crab-eating fox, Maned wolf from Argentina and Brazil have been 
found with Centrorhynchus sp. (Ruas et al., 2008; González et al., 2013). These authors considered the parasitism 
by immature forms of this genus as accidental findings in these mammals.

Linguatula serrata is a heteroxenous pentastomid distributed worldwide, with canids as definitive hosts and 
several mammal species as intermediate hosts (Christoffersen & de Assis, 2013; Bowman, 2014). It has been 
recorded previously on Andean fox in the Metropolitan region, Chile, by Alvarez (1960). Nymphs have been found 
parasitizing native rodents (Abrocoma bennetti, Octodon degus) and deers (P. puda), and lagomorphs (Lepus europaeus, 
Oryctolagus cuniculus) (Alvarez, 1960; Courtin et al., 1979; Fugassa, 2015), domestic ruminants and dogs (Alcaíno 
& Gorman, 1999). Furthermore, maned wolves and domestic dogs from Costa Rica and Paraguay are included as 
additional definitive hosts (Christoffersen & de Assis, 2013).

As is well-known, several of the recorded endoparasites have indirect life cycles, with the prey of these foxes, 
e.g. insects, reptiles, lagomorphs and rodents, among others, acting as intermediate hosts (see Álvarez, 1960; 
Courtin  et  al., 1979; Jiménez & Novaro, 2004; Fugassa, 2015). Even so, some parasitological findings seem to 
incorporate some unknown dietary items for Andean foxes such as fishes, which are used by A. (A.) felippei and 
Contracaeum sp. as intermediate and paratenic hosts, respectively (Anderson, 2000; Santos et al., 2007). Although 
both fish-borne parasites were isolated only from Andean fox, there is a previous report of fish as a dietary item 
for Chilla fox (Martínez et al., 1993), which could explain this finding, considering both foxes share several dietary 
items (Jiménez & Novaro, 2004).

A potential negative interaction between both isolated tapeworms was suspected; Mesocestoides sp. vs T. hydatigena. 
This phenomenon could represent an antagonistic interaction between these parasites (Poulin, 2007), considering 
both use the small intestine as its habitat (Khalil et al., 1994). However, additional data are required to test this 
observation.

Although most studies from South American canids are focused on digestive parasites (see Fugassa, 2015), 
surveys should consider looking for extra-intestinal parasites as well (Deem & Emmons, 2005), which are important 
for the helminthological and public health overview (Avelar et al., 2013; Christoffersen & de Assis, 2013; Bowman, 
2014), as it has been confirmed in the present study.

Regarding the new records of parasites for each fox distributed in Chile; 15 and 5 species are new for Andean 
and Chilla fox, respectively. Furthermore, considering the records from its native distribution in the Neotropical 
region, 9 are new host records for Andean fox and 2 for Chilla fox (see Table 1). Moreover, P. numidica, P. rara, 
Spirocerca sp. are reported for first time in Chile. The noticeable number of new records for these two canids 
highlight the need to surveying continuously wild carnivores and make complete parasitological necropsies when 
access to carcasses is possible.

Among the isolated parasites, there are some which have importance for biological conservation by having dogs 
as their principal hosts, e.g. Acanthocheilonema sp., L. serrata, O. (O.) osleri, T. canis, T. hydatigena and U. stenocephala 
(Dunsmore & Spratt, 1979; Okulewicz et al., 2012; Bowman, 2014). Considering the modifications of landscapes 
due to anthropic activities, there is an increasing risk of transmission of pathogens between domestic and wild 
carnivores, even to humans (Daszak et al., 2000). Thus, the isolation of these helminths in wild canids seems to be 
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a consequence of the transmission through the domestic-wild interface (Rubio et al., 2013; Acosta-Jamett et al., 
2018). In addition to this, parasites with zoonotic potential were isolated in the present survey, e.g. L. serrata, 
Mesocestoides sp., Spirometra sp., T. canis and T. leonina (Rego & Schäffer, 1992; Okulewicz et al., 2012; Bowman, 
2014). Hereafter, these and other endoparasites such Dioctophyme renale, Dirofilaria spp., Echinococcus granulosus, 
Eucoleus aerophilus, Pearsonema plica and Trichuris vulpis (Deem & Emmons, 2005; Bowman, 2014), require attention 
to determine their range of wild hosts, pathological consequences, ecology and the impact they would have over 
human health.

As was stated in the present study, several parasitic species are reported for first time in these two foxes, with 
some of them using domestic dogs as its main hosts. Also, important zoonotic parasites were reported. All these 
findings highlight the need for more studies related to the pathogens transmitted through the interaction between 
domestic and wild vertebrates, and the potential consequences they could have over wildlife and human health.
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