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Abstract

This study aimed to identify the intestinal parasites of road-killed wild felines in the North Central and North,
Parana state, southern Brazil. The animals were monitored by sampling previously established transects. The places
where the felines were run over were mapped, the animals were identified, and the gastrointestinal tract was
evaluated. The feces were submitted to coproparasitological techniques of spontaneous sedimentation, floating
in hypersaturated NaCl solution and centrifugal floating in zinc sulfate. All the parasitic structures detected were
photomicrographed. In the coproparasitological analyses were identified oocysts of Cystoisospora spp., eggs of
Ancylostomatidae, and Capillaria spp.; eggs of Aelurostrongylus spp., Toxocara spp., Physaloptera spp., Taenia spp.,
and Spirometra spp.; Aelurostrongylus abstrusus larvae; and eggs and adults of Ancylostoma cati and Taenia spp. One
of the cats was parasitized by a flea of Ctenocephalides felis felis. Based on these results, the animals analyzed in
this study supplied important samples for the evaluation of parasitic diversity of North of Parana and suggested
that this region may have conditions that allow the maintenance of these parasites life cycles in the environment
and among wildlife.
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Resumo

O objetivo deste trabalho foi identificar os parasitas intestinais de felinos silvestres mortos em estradas nas
regides Norte Central e Norte, Parand, sul do Brasil. Os animais foram monitorados por amostragem de transectos
previamente estabelecidos. Os locais de atropelamento foram mapeados, os animais foram identificados
e enviados para autépsias, durante as quais amostras de fezes foram coletadas e submetidas a técnicas
coproparasitolégicas de sedimentacdo espontanea, flutuacdo em solucdo hipersaturada de NaCl e flutuacdo por
centrifugacdo em sulfato de zinco e fotografadas, quando estruturas parasitarias estavam presentes. Nas analises
coproparasitologicas, foram identificados oocistos de Cystoisospora spp., ovos de Ancylostomatidae e Capillaria spp,
Aelurostrongylus spp., Toxocara spp., Physaloptera spp., Taenia spp. e Spirometra spp.; larvas de Aelurostrongylus
abstrusus; e ovos e adultos de Ancylostoma cati e Taenia spp. Um dos felideos estava parasitado por Ctenocephalides
felis felis. Com base nesses resultados, os animais analisados neste estudo forneceram amostras importantes
para a avaliacdo da diversidade parasitaria do Norte do Parana e sugeriram que esta regido pode apresentar
condi¢des que possibilitem a manutencdo dos ciclos de vida desses parasitas no ambiente e entre a vida silvestre.

Palavras-chave: Ecossistema, biodiversidade, zoonose, corredores ecolégicos, Puma concolor, Leopardus
guttulus.
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Parasites in road-killed wild felines

Introduction

The Brazilian wild felids comprise the Felidae family with three genus and nine species: Leopardus colocolo,
Leopardus geoffroyi, Leopardus pardalis, Leopardus tigrinus, Leopardus guttulus, Leopardus wiedii, Puma concolor,
Puma yagouaroundi, and Panthera onca (Cheida et al., 2011; ICMBio, 2020). Most of the species have solitary and
nocturn behavior and use large areas to feed and reproduction (Cheida et al., 2011). These predators feed on a
wide variety of animals, controlling populations and influencing the entire natural environment in which they live
(Marchini et al., 2011).

According to Brazil Red Book of Threatened Species of Fauna (ICMBio, 2018), seven species of Brazilian felids
are considered vulnerable (L. geoffroyi, L. wiedii, L. colocolo, L. gutullus, P. concolor, P. yagouaroundi, and P. onca) and
one considered endangered (L. tigrinus). Due to the felids are top predators of the food chain and might regulate
the populations of other species, the decline of this group might pose a major threat to the entire ecosystem
(Reis et al., 2006; ICMBio, 2020).

Although poaching, deforestation and pollution are included in the statistics of causes of death of wild animals,
unfortunately, run over is now considered the main cause of death of these animals and is a significant threat to
animal biodiversity (Seiler & Helldin, 2006; Ramos-Abrantes et al., 2018). In this context, road-killed animals can
provide valuable samples to estimate the risk of exposure of these species to parasites and assist in assessing
contamination of the environment by parasites with zoonotic potential (Nagamori et al., 2018).

As carnivores these animals participate effectively in the cycle of many parasites, having an importantrolein the
maintenance of these agents and their transmission to other wild, domestic animals and even to man (Gressler et al.,
2016). Parasitism can affect your host's life in physiological, morphological and even reproductive aspects. In case
of wild cats that occupy a prominent place in the food web, imbalances in its population are reflected in the entire
ecological structure of its habitat (Marcogliese, 2005).

The dispersal areas of the wild animals might be evaluated by the studies with road-killed wild animals; since the
vast majority are under some type of threat, generating data of biological and health interest makes it possible to
carry out conservation actions (Beltran-Saavedra et al., 2009; Branddo et al., 2009). In addition, coproparasitological
research in wild felines has presented itself as an alternative for analyzing the health of the ecosystem and due to
the directaction in the food chain, they are important bioindicators (Kusma et al., 2015). The use of run over animals
favors epidemiological and biological knowledge about these wild species, without the need for invasive collections
in live animals. However, many animals are not collected because they are in an advanced decomposition process.

Given this scenario, this study aimed to identify the intestinal parasites of road-killed wild felines. It is noteworthy
that the survey of information on parasitological fauna and the parasite-host interaction may foster a better
understanding of the real conditions of the ecosystem and ecological corridors in the face of the adversities that
affect the wild cats of the North Central and North of the Parana regions.

Materials and Methods

Ethical issues

The project was approved by the Animal Use Ethics Committee (CEUA) of the State University of Londrina on
March 10, 2017 under permit number 30/2017, and it was also approved by the Biodiversity Authorization and
Information System (SISBIO) on December 19 October 2016 under permit number 55384-1.

Study site and animal collection

The work was carried out between 2016 and 2018 on the and roads that make up the North Central and North
mesoregions in Parana (Figure 1), which they were subdivided into transects including specifics municipalities (Tr):
Tr1 - Londrina, Arapongas, Apucarana, Califérnia, Maua da Serra, and Tamarana; Tr2 - Ibipord, Jataizinho, Cornélio
Procépio, Urai, Sertaneja, and Sertandépolis; Tr3 Cambé, Rolandia, Prado Ferreira, Florestépolis, Alvorada do Sul,
Bela Vista do Paraiso, and Londrina; and Tr4 - Arapongas, Mandaguari, Maringa, Astorga, Jaguapita, Rolandia,
Londrina (Figure 2). All transects have seasonal semideciduous forest vegetation and the biome is from the Atlantic
Forest and interchangeable areas (Rossaneis, 2014). The four transects were travelled weekly by the project team,
in a car at an average speed of 50km/hour for active search for road-killed animals. In addition, a partnership was
signed with the 2nd Environmental Police Company and the 2nd Highway Police Company, which notified the team
when animals were run over. All animals were collected dead, preferably in rigor mortis and had no evisceration.
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Figure 1. Municipalities with road-killed wild felines from 2017 to 2018.
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Figure 2. Transects covered weekly by the project, from 2017 to 2018.
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Sample processing and coproparasitological analysis

The animals were sent to the Universidade Estadual de Londrina (UEL) for collection of ectoparasites and
endoparasites. Stool samples were collected, refrigerated, and evaluated the presence of helminth eggs and
protozoan at the Veterinary Parasitology and Parasitic Diseases Laboratory of the same institution.

Spontaneous sedimentation techniques (Hoffmann et al., 1934), floating in hypersaturated NaCl solution (Willis,
1921) and centrifugal floating in zinc sulfate (Faust et al., 1939) were performed. Two grams of feces were used
for each of these techniques.

By the method of Hoffmann et al. (1934), the feces were mixed with 50 mL of water, filtered through gauze, and
placed in a conical cup for spontaneous sedimentation of eggs and larvae. After 1 hour, the sediment was collected
and a drop of it was placed on a slide and covered by a slide for reading under the microscope with a 100x objective.

For the Willis (1921) technique feces were added to 15 mL of saturated NaCl solution, mixed until homogeneous,
filtered through gauze and placed in the test tube until a meniscus was formed. A microscopy slide was placed
over the meniscus, and after 15 minutes the slide was quickly inverted for removal, a coverslip was placed on the
slide and a microscope reading was made using the 100 and 400x objective.

In the analyzes by the Faust et al. (1939) method, 15 mL of zinc sulphate solution density 1,180 were added to
the feces and this was mixed until homogeneous, this mixture was filtered through gauze, placed in a tube and
centrifuged for 5 minutes at 2,000 rpm. With a platinum loop, a portion of the meniscus was removed, placed on
a microscope slide, added with a drop of lugol and covered with a coverslip, then the microscope was read at 100
and 400x.

The parasitic structures observed during were photodocumented with an Olympus BX43 optical microscope
(Shinjuku, Tokyo, Japan), 40x objective with an attached Olympus camera (QColor3). The analyses were performed
with Olympus CellSens Standard® software, version 1.15 from 2016 (Olympus Scientific Solutions Americas Corp.,
US). The procedure for the identification of adults parasites was performed after the clarification, fixation and
assembly of the slides as described in the literature (Amato & Amato, 2010), as well as the identification of the
eggs upon examination of the feces (Brandao et al., 2009; Taylor et al., 2017). Ectoparasites were collected and
identified, when present, in a binocular stereomicroscope based on the keys previously described (Bicho & Ribeiro,
1998; Linardi & Santos, 2012).

Georeferencing and statistical analysis

The collected wild felines were mapped using a Global Positioning System (GPS). The point distributions were
plotted using QGIS 2.14 software (QGIS Development Team, 2016). The characteristics of the road-killed location,
such as proximity to water courses and type of highway, and the animals conditions collected were tabulated and
frequency analysis was performed using the software Epiinfo 3.5.4.

Results

Of the six felines run over, four were Leopardus guttulus, and two were Puma concolor (Tab. 1). Within the three
transects covered, the animals were found in the municipalities of Apucarana, Faxinal, Ibipora, Londrina, Sertaneja,
and Tamarana (Figure 1). Among the animals included in the study,50.0% (3/6) of the animals were found close
(100m) to a watercourse, and 66.7% (4/6) were run over on two-lane highways.

Table 1. Road-killed wild felines found during study in northern Parana between 2017 and 2018.

ID Scientific name Popular name Municipality Age Gender
Feline 1 P. concolor Puma Apucarana Adult Male
Feline 2 L. guttulus Southern Tiger cat Londrina Adult Female
Feline 3 L. guttulus Southern Tiger cat Tamarana Juvenile Female
Feline 4 P. concolor Puma Sertaneja Juvenile Female
Feline 5 L. guttulus Southern Tiger cat Ibipora Adult Male
Feline 6 L. guttulus Southern Tiger cat Faxinal Adult Female
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From the coproparasitological analyses, oocysts of Cystoisospora spp., eggs of Ancylostomatidae, Capillaria spp.,
Toxocara spp., Physaloptera spp., Taenia spp., and Spirometra spp., larvae of Aelurostrongylus abstrusus were identified.
The adult forms of Toxocara cati and Taenia spp. were also observed macroscopically, as shown in Table 2. The
pictures of parasitic structures observed on microscopic examination are shown in Figure 3.

Table 2. Endoparasites identified in coproparasitological exams of road-killed wild cats from northern Parana between 2017
and 2018 according to the technique used.

Method Feline 1 Feline 2 Feline 3 Feline 4 Feline 5 Feline 6
Willis (1921) Ancylostomatidae Spirometra spp.  Ancylostomatidae  Ancylostomatidae Negative Negative
eggs, Toxocara spp., eggs eggs, Toxocara cati, egg and
and Cystoisospora and Capillaria spp. Toxocara spp.
felis.
Faust et al. (1939) Negative Spirometra spp. Negative Negative Negative Negative
eggs
Hoffmann et al. Eggs of Taenia spp., Negative Negative Spirometra spp. Spirometra Negative
(1934) Capillaria spp., eggs spp. eggs
Physaloptera spp.,

and A. abstrusus larva

Figure 3. Parasitic structures observed in the microscopic examination of feces. (A) Cystoisospora spp.; (B) Ancylostomatidae; (C)
Capillaria spp.; (D) Toxocara spp.; (E) Physaloptera spp.; (F) Taenia spp., (G) Spirometra spp.; H1. Anterior part of Aelurostrongylus
abstrusus larva; H2. A. abstrusus larva tail.
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Only Feline 2 (L. guttulus) was infested by an ectoparasite, which after identification was classified as a flea of
the species Ctenocephalides felis felis (Bicho & Ribeiro 1998; Linardi & Santos, 2012).

Discussion

Linear infrastructure, such as highways, are characteristic of human action and they are the main causes of
fragmentation of habitats, fauna deaths by run over, high predation around highways, and invasion of exotic and
domestic species or humans in the wild environment (Forman & Alexander, 1998; Laurance et al., 2009). Currently,
vehicle-induced mortality is one of the most studied effects, and the its vulnerability is associated with factors such
as the type of locomotion, ecology and conduct and medium and large mammals, such as felids (Laurance et al.,
2009). However, in the region north of Parana state there are no studies. In addition, the collection sites are poorly
lit, which can favored the occurrence of accidents. Highways, therefore, may be increasing the risk of extinction
of these mammals, especially when there is no warning of the presence of wild animals, even when close to the
private natural heritage reserves; no radar to reduce speed in risk areas; or no presence of multiple lanes on the
highway, making it difficult for drivers to respond quickly if animals are on the road. According to data from the
Chico Mendes Institute for Biodiversity Conservation (ICMBio), the felines this study are at high risk of extinction
in the wild and are classified as vulnerable (ICMBio, 2018).

Dib et al. (2018) analyzed 82 fecal samples from felines in the Parque Nacional da Serra dos Org&os, Rio de
Janeiro. Most feces were collected from the ground in the environment. The authors detected eggs of the family
Diphillobotriidae in 65.8% of the samples, eggs of the superfamily Ascaridoidea in 43.9%, and the nematode larvae
and Strongylida eggs. The presence of other helminths, such as Capillaria spp., Trichuris sp., eggs of the order
Spirurida and Platynosomum spp., and unsporulated coccid oocysts, were also recorded, differing from the results
reported in this study, especially in relation to the variety of detected parasites. Napoli et al. (2016) conducted a
study with 121 samples of wild felines from southern Italy, who collected feces from the ground and characterized
them as being feces from felines by its shape and smell, finding 91% positivity, observed mainly Physaloptera spp.,
Taenia spp., Toxocara cati, Eucoleus aerophilus, Troglostrongylus brevior, and Cylicospirura sp., finding other parasites
besides those we found in our study. It was possible that each region hosted a specific group of parasites.

Specimens of the genus Toxocara were found in three animals. Toxocara spp. itis usually transmitted by paratenic
hosts in wild environments, moreover, this positive result may be related to the approach of these animals to urban
areas or even the invasion of domestic animals into the wild environment (Carvalho & Rocha, 2011).

Kusma et al. (2015) collected 35 samples from felids in Santa Catarina, of which 21 belonged to Leopardus wiedii, and
found that 71.4% of the samples were positive for some form of parasite; the most abundant were Spirometra spp.,
with 85.7% prevalence, followed by eggs from Capillaria spp., with 71.4%, and larvae of Aelurostrongylus sp., with
38.1%. In the present study, Aelurostrongylus abstrusus was found in the feces of P. concolor. This parasite is a
metastrongylid known to infect the lungs of domestic and wild felines. It has many paratenic hosts, which is why it
is common in animals with the habit of hunting birds and rodents that may contain encysted larvae of the parasite
(Di Cesare et al., 2014). Therefore, it is likely that the sampled felids were infected by A. abstrusus when ingesting
these paratenic hosts, which are common in forest areas and in agricultural areas, where all felines were found.

Spirometra spp. were found in 50.0% (3/6) of the animals, and all these animals, in turn, were found close to
water courses. This fact is relevant since water plays a fundamental role in the hatching of eggs and release of
coracidia, favoring dissemination and consequently maintenance of this protozoan in the environment. Parathenic
hosts, such as fish, reptiles and amphibians also participate in the cycle when predated (Mueller, 1974; Little &
Ambrose, 2000), which can contain encysted plerocercoids in the musculature. Spirometra spp. are the causes of
sparganosis, an infection with zoonotic potential resulting from the migration of plerocercoid larvae in tissues. In
wild felines, this disease is associated with S. pretoriensis and S. theileri (Muller-Graf et al., 1999), and the species
S. proliferum migrates in felids and can result in ascites, splenomegaly, hepatomegaly, gastric ulcerations, and
serous thickening of the abdominal organs (Buergelt et al., 1984). However, in the autopsied animals, in a study
conducted by Prada (2004), none of these pathological changes were found, suggesting that the mortality was
due to territorial habits developed after fragmentation of the environment for the construction of roads, which
forces them to move through the generated segments, increasing the chances of collision with vehicles on the
track, rather than due to parasitism.

Capillaria spp. is a nematode commonly found in the intestines of birds and mammals and found in two of the six
animals studied. This parasite was reported mostly in rodents of the genus Rattus, which is one of the main carriers
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of Capillaria hepatica (Layne, 1968). This may explain the infection of wild felines, since due to human deforestation
actions, wildlife is coming closer to the urban environment in search of resources for survival (Angarita-Yanes &
Caceres-Martinez, 2019). Infection can occur when the animal consumes parasite eggs presentin the environment
or when the eggs and adults form in host animal tissues (Ruas et al., 2003). After ingestion, the eggs can migrate to
the organs, according to Quadros et al. (2009). Species that actually parasitize felines, such as Calodium hepatica,
Capillaria plica and Capillaria feliscati, does not release eggs in the feces, therefore the eggs of Capillaria spp. found
in that study were probably due to pseudoparasitism (Inforzato et al., 2009; Karawita et al., 2016).

In the present study, eggs from Toenia sp. were identified in the feces of only one of the animals collected
(Feline 1, Puma concolor). In the scientific literature, species of parasites of this genus have already been reported
to parasitize cougar, with a record of T. oligarthra in Brazil (Travassos, 1965) and reports of T. omissa in Peru, Florida,
and Canada (Foster et al., 2006; Dare & Watkins, 2012; Gomez-Puerta et al., 2016). It is known that wild felids have
an exclusively carnivorous diet, which can favor infection by this parasite. Feline 1 also presented eggs of the
genus Physaloptera in the feces; this species is a nematode whose definitive hosts are felids and rarely dogs. The
adults remain attached to the stomach mucosa, while the intermediate stage, infectious larval forms parasitize
arthropods, such as beetles, crickets and cockroaches (Taylor et al., 2017). The adult forms are hematophagous
and can cause bleeding, mucosal erosion and gastritis (Dos Santos, 1975). Areas of forest or agricultural production
where animals are found are favorable for the transmission of Physaloptera spp., as the presence of both hosts is
necessary for the maintenance and dissemination of parasites.

Mohsen & Hossein (2009) analyzed 113 fecal samples of stray cats in Iran and reported nematodes, cestoids and
the sporozoa Isospora rivolta, Isospora felis, Sarcocystis spp., and Blastocystis spp. In our study, the only sporozoan
found was of the genus Cystoisospora, which was present in the feces of the species P. concolor, which showed
greater diversity of intestinal parasites among the analyzed samples. Isosporiasis is considered a parasitic disease
that affects several animal species, and its pathogenicity depends on the animal's immune status; it commonly
induces clinical changes that do not compromise the animal’s well-being (Peixoto et al., 2019). Although P. concolor
showed a greater diversity of intestinal parasites, it was most likely that the species in question did not die due
to parasitism. Studies show that these species have cathemeral activity, which can vary according to the area in
which they live due to factors such as food availability and the presence of threats (Albanesi et al., 2016; Caceres-
Martinez et al., 2016), and these animals prefer to cross the highways at night, where there is less visibility with
less chance of being observed and, at the same time, greater chance of being run over.

The fact that only one animal (Feline 2) was infested by Ctenocephalides felis felis may suggest that this low
occurrence is linked to the fact that after death and the consequent drop in temperature of the host, these
ectoparasites usually abandon the corpse, as occurs with fleas of species Tunga penetrans, Xenopsylla cheopis and
Pulex irritans (Aragdo, 1989). C. felis felis is the most common flea species found in cats and dogs worldwide, and
can be found in other domestic and wild mammals, it is the most prevalent species in wild cats (Rust & Dryden,
1997; Lawrence et al.,, 2014; Clark et al., 2018).

Conclusion

In view of the parasite diversity found in our study, including species witch zoonotic potential, the importance
of these animals for sampling to assess the parasitic diversity present in wild fauna was demonstrated. The results
showed that northern Parana, as well as the habits of these animals, offer conditions that allow the maintenance
of parasites in the wild environment, and future studies should be considered in order to verify possible changes
in this scenario.
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