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A B S T R A C T   

Guignas (Leopardus guigna) are small felids closely associated with native forest habitats. In fragmented land-
scapes, they use vegetation corridors and forest remnants to move across the landscape. In these contexts, gui-
gnas may increase contact probabilities with domestic animals, being therefore relevant to assess their pathogens 
and parasites. The aim of this study was to characterize the helminth fauna in the gastrointestinal tract and 
cardiorespiratory system of guignas from central and southern Chile. Between 2015 and 2018, 33 dead free- 
ranging guignas were found road-killed or were collected from wildlife rescue centers. Thirty-two gastrointes-
tinal tracts and 32 cardiorespiratory organs were analyzed through direct analysis and artificial digestion. We 
found 81.8% (27/33) guignas were positive for helminth endoparasites (84.4% (27/32) positive for gastroin-
testinal parasites, 37.5% (12/32) positive for cardiorespiratory parasites). Fourteen parasites were identified (7 
at genus level and 7 at species level), with Angiostrongylus sp., Molineus sp., Oslerus sp. and Troglostrongylus sp. as 
first records in guignas. The most prevalent parasites were the species Toxascaris leonina, Toxocara cati and 
Uncinaria stenocephala. Uncinaria stenocephala showed the highest intensity of infection. Multiparasitism was 
observed in 76% of the animals. Significant differences in richness of endoparasites and prevalence of cardio-
respiratory parasites were found between geographic zones; higher values in the southern zone are possibly due 
to favorable environmental characteristics for endoparasite development. There were no statistically significant 
differences between sexes. All the parasites found in this study have been previously reported in domestic cats. 
These results are valuable to understand parasite transmission at the domestic-wildlife interface; the possibility 
of endoparasite transmission between domestic cats and guignas should be clarified with molecular analysis.   

1. Introduction 

Parasites are important for biodiversity; they belong to biological 
communities and have an impact on food chains (Hudson et al., 2006; 
Dobson et al., 2008). The diversity and abundance of parasites can 
reflect the diversity and abundance of the community of hosts, thus, 

parasites may be indicative of the health of the ecosystems (Hudson 
et al., 2006), shedding light on disturbances in the hosts and their en-
vironments (Marcogliese, 2005; Thompson et al., 2010). 

The current climate change and human perturbation of the envi-
ronment could modify the dynamics of pathogen transmission (Seguel 
and Gottdenker, 2017). This would be more relevant for native species 
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in fragmented habitats, where they could increase their contact proba-
bility with domestic species and the infectious agents they may carry 
(Fiorello et al., 2006). The guigna (Leopardus guigna), a small wild felid, 
is currently affected by human perturbation, being classified as 
Vulnerable by the IUCN Red List (Napolitano et al., 2015). Guignas are 
closely associated with native forests of Chile and Argentina, but they 
can adapt to move across fragmented landscapes using vegetation cor-
ridors (Sanderson et al., 2002; Acosta-Jamett and Simonetti, 2004; 
Gálvez et al., 2013, 2018; Fleschutz et al., 2016). Thus, this felid could 
be an indicator species for the consequences of habitat fragmentation on 
forest-dwelling species, and it may be possible to study the contact be-
tween guignas and domestic carnivores through the pathogens and 
parasites they could share. 

Previous studies on endoparasites of guignas were based on copro-
logical analysis (Cortés, 2006; González-Acuña et al., 2010; Vallverdú, 
2014; Acosta-Jamett et al., 2018), direct techniques with necropsy in a 
small number of animals (Wolffhügel, 1949; Álvarez, 1963; Álvarez 
et al., 1970; Fernández and Villalba, 1984; González-Acuña et al., 2010; 
Moleón et al., 2015), and mainly targeting gastrointestinal parasites. 
The aim of this study was to characterize the helminth fauna in the 
gastrointestinal tract and cardiorespiratory system of guignas from 
central and southern Chile. Our objective was to describe prevalence, 
richness and diversity of parasites in free-ranging guignas, assessed for 
the first time with a direct technique in a larger number of animals. 

2. Material and methods 

2.1. Sampling 

From 2015 to 2018, 33 dead free-ranging guignas were collected, 
found road-killed or after death or being euthanized in wildlife rescue 
centers. All guignas came from anthropized areas. Seventeen (51.5%) 
guignas were from central Chile (hereinafter central zone, Valparaíso 
region to Biobío region, 32◦S 71.6◦W - 38◦S 72.4◦W) and 16 (48.5%) 
from southern Chile (hereinafter southern zone, Araucanía region to Los 
Lagos region, 38◦S 72.4◦W - 43◦S 73.6◦W) (Fig. 1, Supplementary 
Table S1).). Eighteen females and 15 males were analyzed, 31 adults and 
2 juveniles. Trachea, lungs and heart were collected. The gastrointes-
tinal tracts were removed, knotting each portion separately (esophagus, 
stomach, small intestine and large intestine) with a cotton thread. The 
organs were frozen and stored at − 20 ◦C until subsequent analysis. 

In two different road-killed guignas, the cardiorespiratory organs (in 
one individual) and the gastrointestinal tract (in the other) were 
destroyed. Therefore 32 gastrointestinal tracts and 32 hearts and lungs 
were analyzed. Carcass collection was approved by Animal Ethics 
Committee of the Institute of Ecology and Biodiversity of the Uni-
versidad de Chile (resolution of 20 November 2015) and SAG (Agri-
culture and Livestock Service) (capture permits 7624/2015, 2288/2016, 
2185/2017, 4072/2018). 

2.2. Sample analysis 

Carcasses, organs and helminths were analyzed at the Parasitology 

Fig. 1. Geographical locations and parasitism status of analyzed guigna samples in Chile. Dotted line boxes delimit the two geographic zones (Center, South) studied 
in Chile. 
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Laboratory of the Department of Animal Preventive Medicine at the 
Faculty of Veterinary and Animal Sciences of University of Chile. 

Each portion of the gastrointestinal tract was dissected for macro-
scopic analysis. The content was washed into a 63 μm mesh stainless 
steel sieve, and the liquid obtained was observed under a stereo mi-
croscope (Zeiss Stemi 1000 Stereo Microscope), according to Tagle 
(1970). The heart and respiratory tract (trachea and bronchial tree) 
were dissected and observed under a stereo microscope. Then, for a 
detailed inspection for undetected helminths, we performed an enzy-
matic digestion with hydrochloric acid and pepsin to the lungs and 
hearts, according to Martínez-Rondán et al. (2017). All the retrieved 
helminths were stored in 70% ethanol at room temperature. 

Nematodes were cleared with lactophenol, while cestodes were 
dehydrated in a series of alcohol concentrations (30◦, 40◦, 50◦, 60◦, 70◦

and 99.9◦) and cleared with xylol. The helminths were observed under a 
light microscope (Miotic BA310 Led Binocular) at 10X and 40X. Para-
sites were identified according to morphological keys of Soulsby (1987), 
Khalil et al. (1994) and Anderson et al. (2009). 

2.3. Statistical analysis 

The observed prevalence (infected guignas/analyzed guignas), in-
tensity of infection (number of parasites/guigna), abundance of infec-
tion and parasite species richness were obtained according to Bush et al. 
(1997), and compared between geographic zones (central/south) and 
sex of the guignas. 

We conducted a Pearson’s chi-squared test (statistical significance of 
p ≤ 0.05) to compare the prevalence of parasite infection between sexes 
and geographic zones. Associations between intensity of infection and 
species richness, with sex or geographic zone, were analyzed with the 
Mann-Whitney U test. The Shannon-Wiener index was used to estimate 
diversity. 

Statistical analyses were conducted with the software IBM SPSS 
Statistics 20 and PAST 3.2. 

3. Results 

Helminth endoparasites were recorded in 27 (81.8%) of 33 analyzed 
guignas. Twenty-seven (84.4%) of 32 gastrointestinal tracts were para-
sitized, and 12 (37.5%) of 32 guignas were positive for cardiorespiratory 

helminths, with parasites in four hearts (12.5%) and 11 lungs (34.4%). 
Fourteen parasites were identified, 7 at genus level and 7 at species 
level, in addition to immature proglottids of Diphyllobothriidea cestodes 
that could not be identified (Table 1). This is the first record in guignas 
of Angiostrongylus sp. (Strongylida: Angiostrongylidae), Molineus sp. 
(Strongylida: Molineidae), Oslerus sp. (Strongylida: Filaroididae) and 
Troglostrongylus sp. (Strongylida: Crenosomatidae) (Fig. 2). Angios-
trongylus sp. was present in the heart of four guignas from southern Chile 
(Pucón and Villarrica). Molineus sp. was found in the small intestine of a 
guigna from Pucón. Oslerus sp. was detected in the peribronchial tissue 
and lung parenchyma of guignas from Pucón and Paillaco (southern 
zone). Troglostrongylus sp. was retrieved in the lungs of four guignas 
from southern Chile (Pucón and Quellón) and one guigna from the 
central zone (Constitución). 

The most prevalent parasites were the species Toxascaris leonina 
(Ascaridida: Ascarididae) (56.3%), Toxocara cati (Ascaridida: Toxocar-
idae) (37.5%) and Uncinaria stenocephala (Strongylida: Ancylostomati-
dae) (37.5%). The highest intensity of infection was shown by 
U. stenocephala (105 helminths). 

The most frequent parasite associations were T. leonina with T. cati 
and T. leonina with U. stenocephala in nine guignas, followed by 
T. leonina with Hydatigera taeniaeformis (Cyclophyllidea: Taeniidae) and 
T. cati with U. stenocephala, in six guignas. Nevertheless, these associa-
tions were not statistically significant. The parasites that showed posi-
tive associations and significant values were Troglostrongylus sp. with 
Angiostrongylus sp. (in three guignas, p = 0.0005) and U. stenocephala 
with Oslerus sp. (in two guignas, p = 0.049). A non-significant negative 
association was found between T. cati and Troglostrongylus sp. (p =
0.052), with no cases of coinfection. 

Analyzing prevalence by geographic zone, we found a significant 
difference in the prevalence of cardiorespiratory parasites (center: 5.9% 
and south: 73.3%; χ2 = 15.469; p = 0.00008), with higher values in the 
south. No significant difference was found in parasite prevalence be-
tween sexes (Table 2, Supplementary Table S2). Mean abundance of 
parasites and general mean infection intensity showed significant dif-
ferences between geographic zones, with higher values in guignas from 
the southern zone (Table 2). 

Multiparasitism was present in 76% of the guignas, with a maximum 
of six parasite species/genera in four cases. There was a significant 
difference in parasite richness between geographic zones 

Table 1 
Observed prevalence, mean abundance (±SE), mean infection intensity (±SE) and intensity of infection range (min-max), of helminths retrieved in the sampled 
guignas.   

Organsa Prevalence Mean abundance Mean infection intensity Infection intensity range 

IG/AGb % (CI)c 

Parasitized guignas  27/33 81.8 (67.9–95.7)    

Gastrointestinal parasites  27/32 84.4 (71.1–97.7)    
Toxascaris leonina E, S, SI, LI 18/32 56.3 (38.1–74.4) 6.25 ± 3.31 11.11 ± 5.68 1–103 
Toxocara cati E, SI, LI 12/32 37.5 (19.8–55.2) 1.28 ± 0.38 3.42 ± 0.67 1–8 
Uncinaria stenocephala SI, LI 12/32 37.5 (19.8–55.2) 7.5 ± 3.62 20 ± 8.71 1–105 
Taenia sp. E, SI, LI 9/32 28.1 (11.7–44.6) 0.31 ± 0.09 1.11 ± 0.11 1–2 
Hydatigera taeniaeformis E SI 9/32 28.1 (11.7–44.6) 0.72 ± 0.31 2.56 ± 0.85 1–9 
Spirometra sp. SI 6/32 18.8 (4.5–33) 0.44 ± 0.17 2.33 ± 0.33 1–3 
Spirometra mansonoides E, SI, LI 4/32 12.5 (0.4–24.6) 0.78 ± 0.49 6.25 ± 2.84 2–14 
Diphyllobothriidea SI, LI 4/32 12.5 (0.4–24.6) 0.31 ± 0.22 2.5 ± 1.5 1–7 
Molineus sp. SI 1/32 3.1 (0–9.5) 0.03 ± 0.03 1 1 
Capillarinae gen. sp. E 1/32 3.1 (0–9.5) 0.03 ± 0.03 1 1 
Cardiorespiratory parasites  12/32 37.5 (19.8–55.2)    
Aelurostrongylus abstrusus L 6/32 18.8 (4.5–33) 1.53 ± 1.16 8.17 ± 5.8 1–37 
Troglostrongylus sp. T, L 5/32 15.6 (2.3–28.9) 1.16 ± 0.79 7.4 ± 4.41 1–24 
Angiostrongylus sp. H 4/32 12.5 (0.4–24.6) 0.13 ± 0.06 1 1 
Eucoleus aerophilus T, L 3/32 9.4 (0–20.1) 0.25 ± 0.19 2.67 ± 1.67 1–6 
Oslerus sp L 2/32 6.3 (0–15.1) 2.78 ± 2.42 44.5 ± 32.5 12–77  

a Anatomic location of the endoparasites: E, esophagus; S, stomach; SI, small intestine; LI, large intestine; T, trachea; L, lungs; H, heart. 
b Infected guignas/Analyzed guignas. 
c Prevalence of infection expressed in percentage (Confidence interval with 95% confidence level). 
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(Mann–Whitney U = 51.5; p = 0.002), being higher in southern guignas 
(Fig. 3, Supplementary Table S3). Regarding parasite richness per sys-
tem (gastrointestinal and cardiorespiratory organs) we found 

significantly higher cardiorespiratory parasite richness in guignas from 
the southern zone (Mann–Whitney U = 48.0; p = 0.0002) and in males 
(Mann–Whitney U = 88.0; p = 0.047) (Fig. 4, Fig. 5). 

Fig. 2. Parasites recovered from analyzed guignas in Chile: A-anterior extremity of female Molineus sp. (40x); B- caudal extremity of female Molineus sp. with caudal 
spine (40x); C- oral extremity of female Angiostrongylus sp. (40x); D-lateral view of caudal extremity of female Angiostrongylus sp. (40x); E-caudal extremity of male 
Angiostrongylus sp., caudal bursa and spicules can be observed (40x); F- lateral view of the rounded caudal extremity of female Oslerus sp. (40x); G-lateral view of the 
caudal extremity of male Oslerus sp., with characteristic short and stout spicules (40x); H- oral extremity of female Troglostrongylus sp. (100x); I- lateral view of the 
caudal extremity of male Troglostrongylus sp., long spicules and caudal bursa can be observed (40x). 

Table 2 
Parasitism prevalence, mean abundance (±standard error), and mean infection intensity (±standard error) of helminths retrieved, by geographic zone and sex of the 
guignas.   

Geographic zone Sex  

Center South p value Females Males p value 

Parasitism prevalence 12 (70.6%) 15 (93.8%) NSa 14 (77.8%) 13 (86.7%) NS 
GI prevalenceb 12 (75.0%) 15 (93.8%) NS 14 (77.8%) 13 (92.9%) NS 
CR prevalencec 1 (5.9%) 11 (73.3%) 0.00008 4 (23.5%) 8 (53.3%) NS 
Mean abundance 4.88 ± 5.55 41.81 ± 66.41 0.0004 23.89 ± 13.74 21.47 ± 9.78 NS 
Mean infection intensity 6.92 ± 1.57 44.6 ± 67.77 0.001 30.71 ± 17.36 24.77 ± 11.05 NS  

a NS = non-significant p value (p > 0.05). 
b Guignas positive for gastrointestinal parasites. 
c Guignas positive for cardiorespiratory parasites. 
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The Shannon-Wiener diversity index showed similar values between 
sexes and geographic zones. Nevertheless, the mean richness was 
different between them (Table 3). 

4. Discussion 

We report higher parasite richness compared to previous studies, 
with a maximum of 8 parasite species in Vallverdú (2014) and Acos-
ta-Jamett et al. (2018). This could be due to the larger number of gui-
gnas sampled and the direct analysis applied to the organs. With a direct 
analysis to the organs, we could detect adult helminths, in contrast to 
previous coprological studies, where detection of parasites is affected by 
variations in egg and larvae excretion in the feces of the host (Houpin 
et al., 2016). 

The Shannon-Wiener index considers species richness and abun-
dance (Smith and Smith, 2001). In our study, the Shannon index showed 
similar values despite the difference in parasite richness between 
geographic zones. This could be due to greater variation in parasite 
abundance among guignas in the south, decreasing the diversity index. 
Guignas from the central zone have lower parasite richness, but abun-
dance is similar among animals. The higher index in males could be due 
to the higher species/genera richness found. 

Four parasite genera were detected for the first time in L. guigna. 
Molineus is a nematode genus with a direct transmission cycle; the 
definitive hosts (carnivores and primates) acquire the infective larvae 
from the environment (Bowman et al., 2002). Four species/genera have 
been previously reported in felids: Molineus sp. in jaguar (Panthera 
onca), cougar (Puma concolor) and ocelot (Leopardus pardalis) in Peru 
(Aranda et al., 2013); M. barbatus in bobcat (Lynx rufus) from USA 
(Hiestand et al., 2014); M. felineus in cougar from Argentina (Moleón 
et al., 2015) and M. cati in domestic cat (Felis catus) from South Africa 
(Durette-Desset et al., 2000). In this study the identification at species 
level could not be achieved because the only nematode found was an 
adult female. 

The other three newly detected genera in guigna: Angiostrongylus sp., 
Oslerus sp. and Troglostrongylus sp. (Nematoda: Metastrongyloidea) are 
endoparasites with an indirect life cycle. The intermediate hosts are 
gastropods, but rodents, birds and reptiles can become paratenic hosts 
(Bowman et al., 2002). According to the dietary composition of guignas 
(Freer, 2004; Correa and Roa, 2005; Zúñiga et al., 2005; Astorga, 2013; 
Figueroa et al., 2018), paratenic hosts are possibly their main source of 
infection, as suggested in other felids (Bowman et al., 2002; Brianti 
et al., 2013). None of these three genera have been previously reported 
in the genus Leopardus. In the case of Troglostrongylus sp., our report is 
the first detection in a South American felid. 

In our study, the four guignas positive for Angiostrongylus sp., had 
only one adult helminth in their hearts. These results differ from pre-
vious studies in felids (Vieira et al., 2013; Traversa et al., 2015; Diakou 
et al., 2016; Gherman et al., 2016), where the hosts carry several hel-
minths; however, Varcasia et al. (2014) found only one female adult in 
the pulmonary artery of a domestic cat. 

Metastrongyloid mixed infections were detected in five guignas from 
the southern zone; one of them, a male guigna from Pucón, was infected 
by the four metastrongyloids detected in this study (Aelurostrongylus 
abstrusus (Strongylida: Angiostrongylidae), Angiostrongylus sp., Oslerus 
sp. and Troglostrongylus sp). These co-infections have been previously 
reported in domestic cats (Traversa et al., 2015; Varcasia et al., 2015) 
and European wildcat (Felis silvestris silvestris) (Veronesi et al., 2016) in 
Europe. This could be due to the occurrence of shared intermediate and 
paratenic hosts for these parasites in the same area (Traversa et al., 
2015). 

The lack of previous reports of these parasites in guignas, may be due 
to difficulties in the diagnosis based on coprological analysis, where the 
larval stages of metastrongyloids are similar in size and morphology 
(Brianti et al., 2014b). Moreover, previous studies did not adopt the 
Baermann test, regarded as the gold standard technique for detection of 
metastrongyloid larvae in feces (Traversa and Di Cesare, 2013). The 
direct dissection and enzymatic digestion used in this study could reduce 

Fig. 3. Parasite richness (number of species/genera) in the analyzed guignas from Chile (a) overall, (b) by geographic zone and (c) by sex. Error bars represent 
standard error of 5%. 
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the false negative hosts compared to other parasitological analyses 
(Houpin et al., 2016; Martínez-Rondán et al., 2019). An underdiagnosis 
of Metastrongyloidea parasites has been proposed by other authors 
(Otranto et al., 2013; Traversa and Di Cesare, 2013; Penagos-Tabares 
et al., 2018), due to difficulties in identifying the larval stages in cop-
rological studies, or by misdiagnosing them as A. abstrusus (Traversa and 
Di Cesare, 2013). Nevertheless, global warming, changes in host popu-
lation dynamics and domestic animal contact with natural landscapes, 
among others, are also proposed as factors for the rise of reports of these 
parasites in various geographic areas (Traversa et al., 2010; Vieira et al., 
2013; Brianti et al., 2014a; Veronesi et al., 2016; Lange et al., 2018). 
Awareness of these endoparasites is necessary because of their high 
pathogenic potential in felids and canids, especially in younger animals 
or in high worm burdens (Traversa et al., 2010). 

Three statistically significant associations were found in this study. 
The presence of factors that favor or avoid coinfection with these par-
asites is unknown. Nevertheless, both positive associations are parasites 
with higher prevalence in southern zone, where intermediate hosts (for 
Troglostrongylus sp.-Angiostrongylus sp.) or paratenic hosts (for 
U. stenocephala-Oslerus sp.) could possibly be shared. Co-infection of 
cardiorespiratory parasites in intermediate hosts was reported by Lange 
et al. (2018) and Penagos-Tabares et al. (2019), finding larvae of two 
metastrongyloid species in the same slug. Thus, intermediate hosts with 
mixed infections could be eaten by paratenic hosts and then be trans-
mitted to guignas. Parasite associations should be further explored in the 
future, to assess if this phenomenon is present in other carnivore species 
and its possible causes. 

In our study, cardiorespiratory parasite prevalence, intensity of 
infection, abundance of infection and parasite richness showed 

statistically significant differences between geographic zones, with 
higher values in the south. High humidity and low temperature, such as 
those present in southern Chile (Chilean Meterological Office, 
http://www.meteochile.gob.cl), are favorable conditions for the 
viability and abundance of gastropods (intermediate hosts of meta-
strongyloids) (Morgan et al., 2009; Brianti et al., 2014b). This could 
explain the higher prevalence of cardiorespiratory parasites found in 
southern guignas. Previous coprological studies in domestic cats have 
shown geographic differences in cardiorespiratory infection: in Santiago 
(central zone), Alcaíno et al. (1992) found 10% prevalence of 
A. abstrusus, while López et al. (2006) and García (2014) did not find 
cardiorespiratory parasites, despite the large sample size they used (230 
and 300 samples), while in Los Ríos Region (southern Chile), A. abstrusus 
showed prevalence of 10% (Oyarzún, 2013), 34.1% (Bonilla, 1980) and 
38% (Escobar et al., 1984), whilst, Eucoleus aerophilus (Enoplida: 
Capillariidae) had a prevalence of 20% (Bonilla, 1980). This higher 
presence of cardiorespiratory helminths and the report of Molineus sp. 

Fig. 4. Richness of gastrointestinal parasites in guignas from Chile, compared 
(a) by geographic zone and (b) by sex. p values show the statistical significance 
in the Mann-Whitney U test between (a) center-south and (b) females-males. 

Fig. 5. Richness of cardiorespiratory parasites in guignas from Chile, compared 
by (a) geographic zone and (b) by sex. p values show the statistical significance 
in the Mann-Whitney U test between (a) center-south and (b) females-males. 

Table 3 
Specific richness (number of parasite species/genera), mean richness (±SD) 
(mean of parasite species/genera per sample) and Shannon-Wiener index of the 
helminths retrieved, by geographic zone and sex of the analyzed guignas.  

Parameter n Specific richness Mean richness Shannon-Wiener (H′) 

Geographic zone 
Center 17 8 1.88 ± 1.45 1.882 
South 16 14 4.0 ± 1.9 1.848 
Sex     
Females 18 12 2.33 ± 1.81 1.723 
Males 15 13 3.6 ± 1.99 1.881  
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and capillarid worms only in guignas from the southern area, could 
explain the higher parasite richness we reported in southern Chile. 

The higher intensity and abundance of infection we observed in 
guignas from the south, could be due to the fact that the species with 
higher intensity of infection, U. stenocephala and T. leonina, showed 
higher intensity in the southern zone. Uncinaria stenocephala had a total 
intensity of 8 helminths in the central zone and 232 in the south, while 
T. leonina showed a total intensity of 22 in the central zone and 178 
helminths in the south. Both species can develop at low temperatures. 
The optimal temperature for U. stenocephala larval development is 20 ◦C, 
and their eggs can remain viable after a week at 0 ◦C (Bowman et al., 
2002). Toxascaris leonina develops at higher temperatures than 
U. stenocephala, but it can also resist lower temperatures (Bowman et al., 
2002). These characteristics and the auspicious humidity for the eggs 
and larvae, could make the presence and development of these species 
more feasible in southern Chile. 

In this study there were no statistically significant differences in 
parasitism between sexes, but prevalence of infection and parasite 
richness were slightly higher in males. Larger home ranges and higher 
movement patterns of male guignas, who can move across the territories 
of different females (Dunstone et al., 2002; Sanderson et al., 2002; 
Schüttler et al., 2017), may increase male exposure to endoparasites. 

Six guignas (20% of the guignas analyzed) carried 74% of the hel-
minths found in this study (Fig. 6). These values resemble the 20/80 rule 
(Anderson and May 1985; Woolhouse et al., 1997) which postulates that 
less than 20% of the hosts harbor 80% of the helminth population, being 
responsible for most parasite transmission and persistence in the envi-
ronment (Anderson and May 1985; Woolhouse et al., 1997). It would be 
interesting in the future, to analyze this rule in studies with a larger 
sample size and other carnivore species who could share endoparasites 
with guignas. 

All the endoparasites that we found in guigna in this study have been 
previously reported in domestic cats (Bowman et al., 2002). The parasite 
species/genera in common between guignas and domestic cats may be 
shared between these two felids, and the domestic cat could represent a 
reservoir species for parasite transmission (Millán and Casanova, 2007; 
Otranto et al., 2015). This theory must be confirmed with molecular 
identification techniques, as has already been done for parasites shared 
by domestic and wild hosts (Epe et al., 1999; Millán and Blasco-Costa, 
2012; Di Cesare et al., 2014; Hodžić et al., 2016). Cross-species trans-
mission of feline immunodeficiency virus (FIV) and feline leukemia 
virus (FeLV) has been reported between free-roaming domestic cats and 
guignas in fragmented landscapes in Chile (Mora et al., 2015). This in-
fectious agent transmission between domestic and wild species is 
probably facilitated by current habitat fragmentation and changes in 
land use (Napolitano et al., 2015), promoting proximity and contact 
between domestic cats and guignas, either by direct contact or by other 
species which could play the role of vectors or intermediate and para-
tenic hosts. 

5. Conclusion 

A large part of the analyzed guignas were parasitized, with higher 
parasite richness compared to previous studies, probably due to the 
analysis by necropsy that we used. Sex had no influence on parasitism, 
while geographic zone could be an important factor for infection, 
possibly due to favorable environmental conditions for the life cycles of 
the parasites. 

For a more accurate identification at the species level of the parasites 
found in this study, we suggest conducting further analysis using mo-
lecular techniques, and also phylogenetic assessments of shared para-
sites between guigna and domestic cat, exploring the possibility of 
domestic-wildlife transmission. 

The results of this study must be considered by veterinarians and 
researchers, to develop new research opportunities and detect if these 
helminths parasitize other wild and domestic carnivores in Chile, 

clarifying their life cycle and epidemiology. These results will be valu-
able to inform conservation decisions for threatened carnivores like 
guignas and their habitat. 
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Luque, J.L., 2013. A new metastrongyloidean species (Nematoda) parasitizing 
pulmonary arteries of Puma (Herpailurus) yagouaroundi (É. Geoffroy, 1803) 
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Wolffhügel, K., 1949. ¿Es autóctono el Diphyllobothrium en Chile? Bol. Soc. Biol. Concepc. 
24, 85–89. 

Woolhouse, M.E.J., Dye, C., Etard, J.-F., Smith, T., Charlwood, J.D., Garnett, G.P., 
Hagan, P., Hii, J.L.K., Ndhlovu, P.D., Quinnell, R.J., Watts, C.H., Chandiwana, S.K., 
Anderson, R.M., 1997. Heterogeneities in the transmission of infectious agents: 
implications for the design of control programs. Proc. Natl. Acad. Sci. Unit. States 
Am. 94, 338–342. https://doi.org/10.1073/PNAS.94.1.338. 
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