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Resumo

Nos dias de hoje, principalmente devido a fatores antropogénicos, existem mudancas
ecoldgicas que permitem uma maior proximidade entre os animais selvagens e as areas
urbanas, o que leva a um maior contacto entre animais domésticos, animais selvagens e o
Homem. A ocorréncia de doencas zoondéticas, nomeadamente parasitarias, tendo os animais
selvagens como hospedeiros é um problema de salde publica disseminado pelo mundo. O
conceito “One Health” veio sublinhar a ideia de que sé dando igual importancia a saude animal,
ambiental e humana é que é possivel criar um ecossistema equilibrado e holisticamente
saudavel. Assim, os objetivos do presente estudo foram: avaliar a prevaléncia e a carga
parasitaria da helmintofauna gastrointestinal e avaliar a presenca de Trichinella spp. em
carnivoros selvagens de Portugal. Para este fim recolhemos amostras fecais e musculares de
16 texugos euroasiaticos, 10 ginetas e 9 fuinhas e apenas amostras fecais de 35 raposas num
centro de recuperacao de animais selvagens. As amostras fecais foram analisadas através do
método Mini-FLOTAC e as musculares através do método de digestdo artificial. Este sera o
primeiro estudo com carnivoros selvagens usando o método Mini-FLOTAC. Em 40 das 70
amostras fecais recolhidas (57,1%) foram identificadas formas parasitarias. As formas
parasitarias mais prevalentes foram os ancilostomatideos (Ancylostomatidae) (24,2%),
seguidos dos géneros Capillaria (22,8%) e Toxocara (22,8%), tendo também sido identificados
ovos das familias Spiruridae, Oxyuridae e Taeniidae e as espécies Toxascaris leonina e Alaria
alata. Capillaria spp. e os texugos alcancaram a maior carga parasitaria. Nao se identificaram
larvas de Trichinella spp. N&o se verificou relacdo entre a carga parasitéria e a idade, o sexo ou
a espécie dos animais. O estudo mostrou que em Portugal, a semelhanca de outros paises da
Europa, ancilostomatideos e Toxocara spp. sdo 0s agentes parasitarios mais frequentes nestas
espécies, 0 que, sendo estes potencialmente zoonéticos, pode constituir um perigo para a
saude publica, uma vez que a sua prevaléncia é muito elevada em animais sinantrépicos como
a raposa. No entanto, estudos parasitolégicos mais representativos devem ser realizados para
gue seja possivel retirar mais conclusdes acerca da situacdo atual, principalmente no caso de

Trichinella spp..

Palavras-chave: Alaria alata, Ancylostomatidae, Capillaria spp., carnivoros selvagens,
Spiruridae, Taeniidae, Toxocara spp., Trichinella spp..
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Abstract

Currently, mainly due to anthropogenic factors, there are ecological changes that allow a
greater proximity of the wildlife to urban areas, increasing the contact between domestic
animals, wild animals and humans. At the same time, the occurrence of zoonosis having wild
animals as hosts is a major public health problem, affecting the whole world. The concept of
the One Health underlined the idea that it is only by giving equal importance to animal,
environmental and human health that a balanced and holistically healthy ecosystem can be
achieved. Thus, the aim of the present study was to assess the prevalence and the burden of
gastrointestinal helminth fauna and the presence of Trichinella spp. in wild carnivores from
Portugal. For this purpose, faecal and muscular samples of 16 eurasian badgers, 10 genets, 9
stone martens and only faecal samples of 35 foxes were collected in a wildlife rescue centre.
The faecal samples were analysed using Mini-Flotac method and the muscles by artificial
digestion method. Of the 70 faecal samples in 40 (57.1%) gastrointestinal parasites have been
found. The most frequent parasites were those of the family Ancylostomatidae (24.2%),
followed by Capillaria spp. (22.8%) and Toxocara spp. (22.8%). Parasites of the families
Spiruridae, Oxyuridae and Taeniidae and the species Toxascaris leonina and Alaria alata were
also found. Capillaria spp. and badgers reached the higher burden. Trichinella spp. was not
identified in any pool sample. It was found that neither the species, nor the age, nor the gender
of the animals influenced the burden. The study showed that, in Portugal as in other European
countries, hookworms and Toxocara spp. are the main danger to animal and public health,
since their prevalence is very high in synanthropic animals, like foxes. Trichinella spp. has not
been identified. Nevertheless, more representative parasitological studies should be carried out
in order to draw more conclusions about the current situation, especially with respect to
Trichinella spp..

Keywords: Alaria alata, Ancylostomatidae, Capillaria spp., Spiruridae, Taeniidae, Toxocara
spp., Trichinella spp., wild carnivores.

Highlights:

e Mini-FLOTAC used for the first time for diagnosis in wild carnivores
e Parasites identified in 57.1% of the analysed samples

¢ Identification of several zoonotic parasites in synantropic carnivores



1. Introduction

Over the last few decades, natural factors like the expansion of wildlife population, and
anthropogenic factors like deforestation, pollution and climate change have been occurring
(Kruse et al.,, 2004). As a consequence, there are ecological changes that allow a greater
proximity of the wildlife to urban areas, increasing the contact between domestic animals, wild
animals and humans. About 62% of the agents considered to be pathogenic to humans are
zoonotic (Taylor et al., 2001). Although domestic animals were historically considered as
potential sources of zoonosis, nowadays, the occurrence of these diseases having wild animals
as hosts is a major public health problem, affecting the whole world (Kruse et al., 2004; Cerbo
et al., 2008). Particularly, wild carnivores are reservoir to a great variety of protozoans and

helminths that could be transmitted to both domestic animals and humans (Cerbo et al., 2008).

Toxocariasis, for example, is a worldwide occurring zoonotic disease which presents a high
prevalence in domestic and wild canids and felids, especially in tropical and sub-tropical
countries (Okulewicz et al., 2012; Kuenzli et al., 2016).

Infections with tapeworms from the family Taeniidae are also potentially zoonotic diseases
(Lymbery, 2017) . Among the 32 Taenia species known, only Taenia multiceps and Taenia
hydatigena can affect wild carnivores and are potentially zoonotic (CSFPH, 2005). Despite the
fact that they have no zoonotic interest, T. pisiformis, T. polyacantha and T. serialis are also
important from the veterinary point of view, because they can infect foxes and other wild canids
in addition to the domestic dog (Samuel et al., 2001). There is also a new genera proposed for
this family of cestodes, Versteria, including the species V. mustelae and V. brachyacantha
which have as final host mustelids (Lee et al.,, 2016). At each moment, more than 1 million
people are affected by echinococcosis, making this disease a major public health problem
throughout the world (WHO, 2017). Echinococcus multilocularis, which causes human alveolar
echinococcosis, is well distributed throughout the northern hemisphere, including central Europe
and the success of rabies vaccination programs implemented in foxes has contributed to the
expansion of this cestode, because this carnivore is the most important final host for the
parasite (Bagrade et al., 2008; Brossard et al., 2007). About E. granulosus the information is
scarce, but the sylvatic cycle of this parasite has already been described in Portugal, by Guerra
et al. (2013).

Trichinella spp. is considered one of the most widespread muscular parasites between
carnivorous and omnivorous (Hurnikova et al., 2007; Pozio, 2018). Although not of much
interest from the veterinary perspective, trichinellosis is of great importance from a zoonotic
point of view, since humans can function as a final host through ingestion of raw or

undercooked meat from infected food animals or game meat (OIE, 2012). Trichinella spp. is one



of the many emerging zoonotic parasites that represent a major risk to the food animal

production industry in general and to the consumer’s health.

Furthermore, parasitic diseases can cause weight loss, diarrhoea, colic, apathy (Sprenger et al.,
2018) anorexia, performance decrease, reproduction problems (llie et al., 2015), alterations in
the central nervous system, respiratory, genitourinary, musculoskeletal lesions (Lempp et al.,
2017) and other problems that are important for the conservation and management of wild
species (Gortazar et al., 2007).These are the main reasons behind the increasingly importance

of parasitological studies in wildlife.

Thus, the aim of the present study is to assess the prevalence and the burden of
gastrointestinal helminth fauna and the presence of Trichinella spp. in wild carnivores from

Portugal.

2. Materials and methods

2.1 Study area

The samples collected in this study come from four districts of Portugal: Guarda, Viseu,
Braganca and Coimbra and they have been delivered to the centre of ecology, recovery and
surveillance of wild animals (CERVAS). The centre is located in the natural park of Serra da
Estrela. Serra da Estrela is part of the Natura 2000 network which works as a network of core
breeding and resting sites, through which the most valuable and threatened species and
habitats of Europe, both in land and in marine territory, are protected (European Commission,
2017).

2.2 Samples collection

The samples of faeces and muscle were collected during the necropsy of animals that were
received at the centre between 2012 and 2018. The individuals arrived at centre alive or already
dead.

2.3 Coprological method

The method used to evaluate the prevalence and burden of gastrointestinal parasites in faeces
was Mini-FLOTAC (MF). This method allows the realization of a qualitative and quantitative
analyzes due to the ruler grid of the chambers, which enables the counting of oocysts, larvae,
cysts and eggs. To perform the flotation technique, one pipette, one rod, one plastic cup, one 50
ml beaker, one strainer, 2 g of fresh faeces and 18 ml of saturated sodium chloride solution
were required. First, the sample and the saline solution were homogenized and filtered. Then,

with the help of the pipette and using the filling holes, the flotation chambers were filled with the
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faecal suspension until a little meniscus is formed. For the other chamber the same procedure
was performed, but instead of the saturated sodium chloride solution, 1.350 zinc sulphate was
used as the flotation solution. To the observation, the key was used to turn the reading disc
clockwise (about 90°) until the reading disc stops moving and the microscope adaptor was
attached to the microscope. Then the MF was placed on the microscope adaptor and we
proceed to the observation. The observation was made with a magnification of 40x and the
analytic sensitivity and multiplication factor of the test equals five eggs/oocysts/cysts/larvae per

gram (EPG) of faeces (Anonymous, 2017).

2.4 Artificial digestion method

To assess the presence of Trichinella spp., the method of artificial digestion of pool samples
was carried out. The technique was applied in diaphragm muscle. We started by dividing the
samples into three pools, joining in the same pool the diaphragms of the same animal species.
The pool of the genets, for example, contained four diaphragms which made up a total of
approximately 15 g of muscle. Then, the meat was cleaned, by removing all the fat and
connective tissue, and was crushed. To create the ideal conditions for the occurrence of
artificial digestion, one liter of water preheated at 46-48 °C was put in a container to which was
added 8 ml of hydrochloric acid and 5g of pepsin. The container was placed on top of a
magnetic stirrer, it was covered with aluminium foil and we waited for 30 minutes, until the meat
particles disappear. The suspension was then filtered and put in a separating funnel where it
remained another 30 minutes. Next, 40 ml of the suspension was transferred to a graduated
beaker and we waited 10 minutes. At the end, we discarded 30 ml of the supernatant and left 10
ml to observe in the magnifying glass. The observation was made with a magnification of 15 to
20x and, in the case of suspect areas, we used the 60 or 100x. This procedure was repeated for
the eurasian badger and stone marten pools containing three and six muscle samples,
respectively (Regulation (CE) n° 2075/2005).

2.5 Statistical analysis

The results were statistically analysed with the SAS program. To calculate the frequency and
percentage of classes studied (species, gender and age) and the prevalence of each parasite in
the study we used the FREQ procedure. To compare the burden by species, gender and age it

was used the ANOVA one-way procedure.
3. Results
3.1. Characterization of the sample
Of the 70 animals, 45 entered the centre due to run over; two entered because of illness; one

due to intoxication or poisoning; two due to weakness or malnutrition; one due to trauma and
5



one due to burns. The other 18 animals the cause that led to the entrance into the centre

unknown. Data collected to characterize the sample is presented in Table 1.

Table 1 — Number, gender and age by animal species

Age Gender Total
Juvenile | Adult Unknown | Male Female | Unknown
Vulpes 6 20 9 18 3 14 35
vulpes
Meles 0 12 4 7 1 8 16
meles
Genetta 0 7 3 3 1 6 10
genetta
Martes 0 5 4 3 6 9
foina

S

Half of the samples belong to one animal species (Vulpes vulpes) and the remaining half

distributed by the remaining three species of carnivores. About the sex, it was unknown for

almost half (47.1%) of the sample. In relation to age, most (62.9%) of the animals were adults

and all juveniles were foxes.

3.2. Faecal qualitative analysis — prevalence and diversity of parasites

A total of 70 faecal samples were collected and analysed and in 40 (57.1%) parasitic forms

have been found (Table 2). On the whole, three families, two genera and three species of

parasites were recorded.



Table 2 — Frequency and prevalence (%) of parasites identified by animal species

Parasite Vulpes n/N Confidence Meles n/N Confidence Overall
vulpes interval (95%) | meles interval (95%)
Prevalence

Ancylostomatidae 37.1% 13/35 0.21-0.52 12.5% 2/16 0.00-0.29 24.2%
Toxocara spp. 31.4% 11/35 0.16 - 0.47 12.5% 2/16 0.00-0.29 22.8%
Capillaria spp. 22.8% 8/35 0.09 -0.37 18.7% 3/16 0.00-0.38 22.8%
Spiruridae 11.4% 4/35 0.01-0.22 6.2% 1/16 0.00-0.18 7.1%
Toxascaris leonina 5.7% 2/35 0.00-0.13 n.i. - - 2.8%
Taeniidae 5.7% 2/35 0.00-0.13 n.i. - - 4.2%
Oxyuridae n.i. - - 6.2% 1/16 0.00-0.18 2.8%
Alaria alata 2.8% 1/35 0.00 - 0.08 n.i. - - 1.4%

(n.i. — not identified)

Table 2 (Cont.) — Frequency and prevalence (%) of parasites identified by animal species

Parasite Martes n/N | Confidence Genetta n/N | Confidence Overall
foina interval (95%) | genetta interval (95%)
prevalence

Ancylostomatidae n.i. - - 20.0% 2/10 0.00 - 0.45 24.2%
Toxocara spp. n.i. - - 30.0% 3/10 0.02-0.58 22.8%
Capillaria spp. 44.4% 4/9 0.12-0.77 n.i. - - 22.8%
Spiruridae n.i. - - n.i. - - 7.1%
Toxascaris leonina n.i. - - n.i. - - 2.8%
Taeniidae 11.1% 1/9 0.00-0.32 n.i. - - 4.2%
Oxyuridae 11.1% 1/9 - n.i. - - 2.8%
Alaria alata n.i. - - n.i. - - 1.4%

(n.i. — not identified)

Nematodes were identified in all (100%) of the 35 samples from red foxes, in 43.8% of the
badgers and in 40.0% of the genets. Cestodes were found only in red foxes and stones martens

and trematodes only in faeces of red foxes.

The higher diversity of parasitic forms was found in red foxes (n=7). In euroasian badger it was
found five different species. In stone martens three different parasites have been found and in

genets two.




The animals were parasitized mostly with one parasitic form (24/70, 34.2%), but in some
samples two (13/70, 18.5%), three (3/70, 4.2%) and five (1/70, 1.4%) different parasitic forms

were identified.

Hookworms were found with the highest prevalence (24.2%) in this survey. Capillaria spp. was
identified in 22.8% of the samples, presenting the same prevalence as the ascarid Toxocara
spp. (22.8%). The only spirurid found and Toxascaris leonina had a prevalence of 7.1% and
2.8%, respectively, and oxyurids were also found in 2.8% of the samples. Regarding cestodes,
Taeniidae have been found with a prevalence of 4.2%. The only trematode found in this study
was Alaria alata, with a prevalence of 1.4%. Alaria alata and Toxascaris leonina have been

identified only in red foxes.

3.3 Faecal quantitative analysis

Table 3 presents the burden of eggs per gram off faeces of parasites found by parasite.

Table 3 - Mean, standard deviation and maximum number of EPG of faeces by parasite

Parasite Number of | Mean Std Dev Maximum
samples
Capillaria spp. 15 94.86 716.60 6000
Toxocara spp. 16 59.79 333.52 2660
Toxascaris leonina | 2 9.71 72.74 605
Taeniidae 3 7.79 58.73 490
Ancylostomatidae 17 11.29 33.72 215
Alaria alata 1 0.50 4.18 35
Spiruridae 5 0.79 3.47 25
Oxyuridae 2 0.43 3.04 25

Considering the burden, there were a few remarkable values: the highest burden found was
6000 EPG of faeces (Capillaria spp.) in a sample of a badger and 2660 EPG of faeces
(Toxocara spp.) in a sample of a red fox. Concerning cestodes, the burden of one red fox
sample was much higher (490 EPG) than the other two samples. The only trematode of the

study, Alaria alata, was found with a burden of 35 EPG of faeces.

It was found that neither the species, nor the age, nor the gender of the animals influenced the

number of EPG of faeces present in the samples (P-value > 0.05).



3.4 Analysis of Trichinella spp.

Regarding the research of Trichinella spp., in the three pools of samples of badgers, genets and

stone martens this parasite was not identified.

4., Discussion

In most European countries researches have been carried out to study the helminth fauna of the
red fox and other carnivores. Foxes are very abundant and widespread in the whole world, but
particularly in western and central Europe, it occurs due to factors such as the implementation
of anti-rabies control programs (Deplazes et al., 2004), and its approximation to the human
population (Wandeler et al., 2003). This synantropic lifestyle allows it to benefit from conditions
that are favourable to the maintenance of the species, such as easy access to food. This
carnivore, depending on the geographic area, the habitat in which they are found and the prey
availability, can be host for a wide variety of helminths and protozoan parasites (Fiocchi et al.,
2016). It is widespread and abundant in the Central region of Portugal (Figueiredo et al., 2016).
In the present research, Ancylostomatidae and Toxocara spp. were classified as the main
species in red foxes. Although we do not know the genus or species of the hookworm,
Uncinaria stenocephala, is one of the most prevalent in many other studies on foxes in Europe
(Deblock et al., 1988; Suchentrunk & Sattmann, 1994; Willingham et al., 1996; Smith et al.,
2003; Segovia et al., 2004; Rataj et al., 2013), and also in the central coast of Portugal (Eira et
al., 2006). The Ancylostomatidae prevalence in red foxes ranges between 41.3% and 58.9% in
countries like Great-Britain, Greece and Slovenia (Papadopoulos et al., 1997; Smith et al.,
2003; Rataj et al., 2013). Ancylostomatidae are parasites of the small intestine of domestic and
wild carnivores, and are important also because of their zoonotic potential. In 2010, the number
of humans infected by hookworms was around 440 million people (Pullan et al., 2014). This
disease primarily affects rural communities in tropical and subtropical countries (Hotez et al.,
2004). The most important species of hookworms for wild carnivores are Uncinaria
stenocephala, Ancylostoma caninum, A. braziliense and A. ceylanicum; (Campillo et al., 1999;
Taylor et al., 2007). In Spain, Miquel et al. (1994) found U. stenocephala in foxes with a high
prevalence (78.46%) and also found A. caninum but with a much lower prevalence (1.54%). In
Portugal, Figueiredo et al. (2016), Guerra (2012) and Silva (2010) identified the presence of
Ancylostomatidae in foxes with a prevalence of 10.71%, 43.5% and 64.2%, respectively. Also in
red foxes, Eira et al. (2006) found the species U. stenocephala with a prevalence of 77.4%. In
the central region of Portugal, the presence of stone martens parasitized with Ancylostomatidae
was observed, reaching a prevalence of 8% (Figueiredo et al., 2018).

Dogs, particularly those of farms, hunting or free roaming, can share the same environment as
the wild carnivores, allowing the transmission of disease agents like parasites. In a study carried
out with samples of these groups of dogs collected in Ponte de Lima, Portugal, parasites of the

family Ancylostomatidae were detected with the highest prevalence, followed by Trichuris spp.
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and Toxocara spp., which are also potentially zoonotic (Mateus et al., 2014). In another study
developed in Portugal with soil samples and dog faeces collected in 10 public parks in Coimbra
(a city in the central region of Portugal), it was found that five parks were contaminated with
parasite forms of the family Ancylostomatidae and Toxocara spp., which proves that pets living
in urban centres are also infected, in particular with these two nematodes (Cruz et al., 2012).
Thus, intervening in the transmission of these hookworms between the domestic and wild

animals has a crucial role in preventing the disease also in humans.

Although dogs and cats are the most frequent hosts of Toxocara spp., wild canids such as
jackals, hyenas, foxes and wolves are also important reservoirs for these species. There are 27
species of the genus Toxocara and three of these are responsible for toxocariasis in humans,
due to the ingestion of infective eggs: T. canis, T. cati and T. pteropodis (Borecka, 2010). These
parasites can have different clinical manifestations in humans which result from the migration of
the hatched larvae in organs like liver, heart, lungs, eyes, muscle and brain (Magnaval et al.,
2001). Environmental contamination due to the presence of faeces of cats and dogs in urban
and rural areas acts as the main focus of infection to humans, domestic animals (Guerra et al.,
2012) and wild animals as well. Furthermore, foxes in particular, play an important role in the
infection of dogs by T. canis (Duscher et al., 2015). There are several studies referring to the
presence of eggs of Toxocara spp. in foxes, particularly of T. canis. In Europe, T. canis was
frequently found in faecal samples of foxes from Great-Britain (61.1%) (Smith et al., 2003),
Spain (30.0%) (Miquel et al., 1994) Slovenia (38.3%) (Rataj et al., 2013), Greece (28.3%)
(Papdopoulos et al., 1997) and with lower prevalence in Switzerland (14.0%) (Okulewicz et al.,
2012). In our study, this ascarid was the one with the highest parasitic burden (2660 EPG of
faeces) and this fox had died of unknown disease, maybe the cause has been toxocariosis. Eira
et al. (2006), Guerra et al. (2012) and Silva et al. (2012) described these parasites with high

prevalence in red foxes from Portugal too (15- 40%, 24.7% and 12.3%, respectively).

While predators, genets are also frequently targeted by helminthic parasites. From the 15
species of the genus Toxocara, three had already been found in faecal samples of genets: T.
cati (Cordero del Campillo, 1980), T. vincenti (Warren, 1972) and T. genettae (Warren, 1972;
Alvarez et al., 1990). For the first time in Europe, Alvarez et al. (1990) found T. genettae in
small intestine of 73% spanish genets and in another study also performed in Spain, this
nematode also occurs with high prevalence (75%) (Sanmatin et al., 1992). In the present study,
it was found that 3 out of ten genets were parasitized with Toxocara spp. and 2 with
Ancylostomatidae. In relation to hookworms, Colon & Patton (2012) refered that Ancylostoma
spp. is a nematode that is commonly found in small carnivores like genets. The presence of
Ancylostoma martinezi has already been verified in Spain, with a prevalence of 8.33% (Miquel
et al.,, 1994). Both Toxocara spp. and Ancylostomatidae eggs had already been reported in

genets from Northern Portugal (Mateus & Barrocas, 2012) as well.
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Toxascaris leonina is also a parasite of canids and felids such as dogs, cats and foxes,
although it is less frequent than other ascarids of carnivores (Cordero del Campillo, 1999). This
parasite, generally, has a monoxenous life cycle, however rodents can play the role of optional
intermediate hosts (Okulewicz et al., 2012; Monsonis, 2015). In Europe, this was documented
in Spain (25.17%) by Monsonis (2015) and by Miquel et al. (1994) (30.0%), in Switzerland
(8.0%) (Reperant et al., 2007), in Italy (5.4%) (Magi et al., 2009), in Slovenia (2.5%) (Rataj et
al., 2013), in United Kingdom (1.5%) (Richards et al., 1995) and in Denmark (0.6%) (Saeed et
al., 2006). In Portugal, Silva (2010) and Figueiredo et al (2016) also verified the presence of
the parasite in foxes, presenting a prevalence of 1.2% and 10.71%, respectively. Usually,
Toxascaris leonina is accompanied by Toxocara spp. infection in both domestic and wild canids

(Taylor et al., 2007; Okulewicz et al., 2012), as it can be seen in our study.

The most common species of Spiruridae family occurring in domestic and wild canids is
Spirocerca lupi, although it has also been described in mustelids and viverrids and it can,
occasionally, be found in cats and wild felids too (Perez & Palma, 2001; Taylor et al., 2007).
This parasite has as paratenic hosts coprophagous beetles, like Scarabeus sacer, Akis,
Atenchus, Gymnopleurus, Cauthon spp. and many vertebrates such as rodents, birds,
insectivores and reptiles (Taylor et al., 2007). Spirocercosis is characterised by the occurrence
of pathognomonic lesions such as nodular formations in oesophagus, stomach and aorta
(Cordero del Campillo et al., 1999). The disease has a wide distribution in tropical and sub-
tropical regions, and it’s also relatively frequent in temperate zones (Cordero del Campillo et al.,
1999; Taylor et al., 2007). The incidence of infection in dogs from tropical and sub-tropical
regions is often extremely high, sometimes approaching 100%, but although it’s important from
the veterinary point of view, the parasite has no zoonotic risk (Taylor et al., 2007). This
nematode has been described mainly in foxes from some European countries, such as Serbia
(Pavlovi¢ et al., 1997), Spain (Gortazar et al., 1998; Segovia, 2004), Denmark (Al-Sabi et al.,
2014), Greece (Diakou et al., 2012) and Italy (Ferrantelli et al., 2010). A very similar prevalence
in foxes (12.9%) with the present study was found in Portugal by Eira et al. (2006). In this
present study, four foxes and one eurasian badger were parasitized by a nematode of this
family, maybe Spirocerca lupi since, particularly in Europe, there is a strict relation between
spirocercosis and wildlife and because it is considered to be very frequent (Giannelli et al.,
2014). On the other hand, in Spain, another parasite of the same family is described in badgers,
the species Vigisospirura potekhina hugoti (Torres et al., 1997). The individual parasitized with
this species in the spanish survey was found in the province of Céceres, which borders Portugal

near the region where our samples were collected, so the question remains open.

Capillaria spp. is also a well-known potentially zoonotic nematode occurring in dogs and many
other animals. The most important species for humans are C. aerophila, C. hepatica and C.
philippinensis. Molecular assays have shown that C. aerophila populations are shared between

wild and domestic carnivores from various countries of Europe, and red foxes and stone
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martens may contribute to the spreading of the parasite in areas where, previously it was not
endemic (Di Cesare et al., 2012). Animals infected with C. aerophila may show subclinical
effects or may develop respiratory problems wich can go from mild to severe and potentially
fatal pneumonia (Otranto et al., 2015). Although it's rare, occasionally humans can act as
definitive hosts as well (LaloSevi¢ et al., 2008). Furthermore, it is believed to be a cosmopolitan
parasite, which further underlines its importance for public health (Di Cesare et al., 2012). In
Europe, it is found with high prevalence in foxes from Norway (88%) (Davidson et al., 2006),
Denmark (74.1%) (Saeed et al., 2006), Hungary (66%) (Sréter et al., 2006) and Netherlands
(46.8%) (Borgsteede, 1984).

The hosts of C. hepatica are rats and this is the reason why the parasite have such a wide
distribution globally and it explains why it is a major public health problem (Zamini et al., 2017).
The route of infection to humans is through ingestion of soil, water or animal carcasses
containing embryonated eggs (Belizario and Totafies, 2014). We have found this nematode with
high prevalence (44.4%) in stone martens, which suggests the idea that these animals are an
important reservoir for the parasite in Portugal. Capillaria spp. have also been described in
stone martens from Poland (Kornas et al., 2013), Austria (Visser et al., 2011), Germany (Schoo
et al.,, 1994) and ltaly (Millan & Ferroglio, 2001; Balestrieri et al., 2006). In Portuguese foxes,
Capillaria aerophila has been found by Silva (2010) with low prevalence (3.7%) and in our
study, the genus Capillaria was found with a higher prevalence (22.9%). Many other European
countries have observed the presence of the parasite in these animals, namely Denmark
(36.8%) (Willingham et al., 1996), Ireland (Wolfe et al., 2001), Serbia (lli¢ et al., 2016), Italy (7%)
(Magi et al., 2009) and Norway (C. boehmi — 51%; C. plica — 53%; C. aerophila — 88%)
(Davidson et al., 2006). The presence of Capillaria in badgers has already been described also
in England, (15.9%) (Cottrell, 2011) and in Italy, with a prevalence relatively higher (31.6%).

In the present study, Taeniidae eggs were reported in two red foxes and 1 stone marten. Some
taeniid tapeworms “...are historical ecological indicators of the foraging behaviour and food
habits of our early ancestors during the diversification of Homo sapiens, or humans” which
explains the zoonotic potential of these parasites (Hoberg, 2001). Although some species are
widely distributed and can cause enormous public health problems, since they can infect
humans, little is known about their epidemiology in wildlife, mainly because of the difficulty in
developing surveys in these animals (Schneider-Crease et al., 2017).

As happened in the present study, wild canids such as foxes can function as hosts for a wide
variety of parasite species belonging to the Taeniidae family. Taenia multiceps and T. serialis
are parasites with wide distribution in temperate areas and their larval stage cause coenurosis,
a zoonotic disease affecting the subcutaneous tissues, muscles, and central nervous system of
intermediate hosts or humans (Webman & Gilman, 2013). The adult form of T. multiceps is
described in domestic and stray dogs, wolves, coyotes, jackals and rarely in felids, but there’s a

gap in knowledge about the epidemiology of this parasite in foxes (Varcasia et al., 2015). In
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Europe, the parasite has only been identified in foxes from Italy (Varcasia et al., 2015) and
Romania (Barabasi et al., 2010) and it's described with low prevalence (6.3% e 4.6%,
respectively). Although the epizootiology of T. serialis it's not very well known, the parasite has
also been described in foxes and jackals from countries like Romania (Barabasi et al., 2010),
Great-Britain (Jones & Walters, 1992) and Germany (Loos-Frank & Zeyhle, 1982; Samuel et al.,
2001.

Cysticercosis is also a zoonotic disease caused by many species of Taenia, namely T. solium,
T. saginata, T. crassiceps, T. ovis, T. taeniaeformis, T. hydatigena, although it occurs most
frequently with T. solium (CSFPH, 2005). T. hydatigena has a wide distribution in carnivores like
the domestic dog and wild canids, such as red foxes, coyotes, jackals and wolves (Samuel et
al., 2001). In red foxes, the parasite is described in countries like Italy (Fiocchi et al., 2016),
Germany (Loos-Frank & Zeyhle, 1982; Pfeiffer et al., 1997), United Kingdom (Richards et al.,
1995), Romania (llie et al., 2015) and Slovak Republic (Letkové et al., 2008) In the 1970s it was
thought that foxes were rarely infected by Taenia pisiformis, due to an age resistance that would
be independent of previous exposure to the parasite, but more recently it is known that this
animal can also be definitive host of the parasite (Pritt et al., 2012). It has been described in red
foxes from United Kingdom (Richards et al., 1995), Great-Britain (Jones & Walters, 1992),
Romania (llie et al., 2015) and Slovenia (Rataj et al., 2013). Other wild carnivores like wolves,
coyotes and felids, like the wild cat, has also been reported with the parasite in various
countries of Europe (Samuel at al., 2001).Taenia polyacantha is described in arctic foxes from
the tundra zone in Alaska (Rausch & Fay, 1988) and Canada (Webster,1974); and in red foxes
from the southern region of the Northern Hemisphere, in countries like Austria (Hinaidy, 1971),
Slovenia (Rataj et al., 2013), Germany (Pfeifer, 1996), Slovak Republic (Létkova et al., 2008),
Romania (Barabasi et al., 2010), France (Deblock et al., 2011) and Great Britain (Jones &
Walters, 1992). In Portugal the species T. hydatigena e T. polyacantha have already been
described by Guerra (2012).

Another genus belonging to the Taeniidae family is Echinococcus. E. multilocularis and E.
granulosus are cestodes with a major importance due to its zoonotic potential, causing alveolar
echinococcosis and hydatid disease, respectively. The expansion of the fox population due to
anti-rabies vaccination has been increasing the prevalence of E. multilocularis, which translates
into an increased pressure of infection with the parasite in intermediate and accidental hosts
such as humans (Gottstein et al., 2015). This disease has severe clinical implications in humans
and, normally, occurs with high burdens (Otranto et al., 2015). It is known that in Europe, the
main definitive host of E. multilocularis is the red fox, although the domestic dog and cat, and
other wild carnivores such as coyotes, raccoons, wolves or wild cats can also play this role
(Conraths & Deplazes, 2015). Although dogs carry a low prevalence of this parasite, they
function as important agents of environmental contamination (4-19%) (Hegglin and Deplazes,
2013). E. multilocularis has been described with medium prevalence in foxes from Slovenia
(2.6%) (Rataj et al., 2013) and Italy (9.6%) (Casulli et al., 2005) and with higher prevalence in
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countries like Latvia (35.6%) (Bagrade et al., 2016), Hungary (29.4%) (Sréter et al., 2003) and
many other from central and eastern Europe (Oksanen et al., 2016).

In countries like Spain and Portugal, E. granulosus only occurs in sporadic cases in humans
(Otranto et al., 2015). Although in Europe E. granulosus mainly uses domestic dogs as
definitive hosts and domestic ungulates as intermediate hosts, it has already been described in
foxes from various countries, such as Finland (Hirvela-Koskiet al., 2003), Bulgaria (Breyer et al.,
2004), Italy (Guberti et al.,, 2004) and Spain (Sobrino et al., 2006), in addition to Portugal
(Guerra et al., 2013). Usually this animal harbors a low burden of the parasite, not being
considerate an important agent for its transmission (Otranto et al., 2015).

In this study it was also identified a parasite of this family in a stone marten. Mustelids have

been reported with species like T. martis and T. mustelae (Samuel et al., 2001).

In the past, the lack of information about the biology of Alaria alata led to confusion regarding
the risk of human exposure to the parasite, and the humans appear to be a negligible and
accidental participant in the cycle (Mohl et al., 2009). However, today, this issue has been a
cause for concern due to the recently found of mesocercariae in meat of wild boars, during
official Trichinella spp. inspection (M6hl et al., 2009; EFSA, 2016). In Europe, the adult form of
the parasite was found in red foxes (Murphy et al.,, 2012), racoon dogs (Nyctereutes
procyonoides) (Renteria-Solis et al., 2013), wolves (Canis lupus lupus) (Hermosilla et al., 2017),
badgers (Takeuchi-Storm et al., 2015) and domestic cats (Felis catus) (Takeuchi-Storm et al.,
2015). In the present study, we only found it in one red fox. The low prevalence of this parasite
might be due to the fact that the study area is a mountainous region and does not contain a
large percentage of surface water, since the intermediate host is an aquatic snail. However,
Segovia et al. (2004) also verified its presence in Serra da Malcata, which is close to Serra da
Estrela, with a higher prevalence, amounting to 19.2%. On the other hand, in another study
conducted by Eira et al. (2006) also in Portugal, in the central coast of the country, the
prevalence was higher (27.42%), maybe because in this region the environmental
characteristics are more in agreement with those necessary for the survival of the intermediate

host.

Eggs of oxyurids were found in faeces from one stone marten and one eurasian badger. No
information has been found regarding oxyurids infection in any of the animals mentioned, which
leads us to suspect that these eggs may be from the prey of these carnivores. Stone martens
are opportunistic feeders, their diet varies depending on food supply and prey availability,
feeding mainly on birds, small mammals (like rodents and lagomorphs), fruit and insects
(Posluszny et al., 2007). Regarding the eurasian badger, its diet depends on the geographical
area in which they live and it includes mammals, reptiles, birds, molluscs and annelids, but its
main food source are vegetables and arthropods (Del Bove and Isotti, 2001). Free-ranging birds
function as hosts for a wide variety of gastrointestinal parasites that can be transmitted to other

animals and even to humans. In a study in England, oxyurids have already been described in
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free ranging birds (Jativa, 2018). Pin worms are also very frequently found in reptiles (Rinaldi et
al., 2012) On the other hand, these nematodes can also parasite invertebrates such as
diplopods, coleopterans, crickets and other arthropods (Carreno, 2014), which can also explain

the presence of the eggs in both samples.

As well as the prevalence of each parasite, it is also important to analyse the burden. In our
study, Capillaria spp. and badger have the highest burden. In badgers with severe Capillaria
spp. infections, especially in cubs, symptoms including diarrhoea, vomiting, and weight loss are
very frequent, which may be due to the fact that they have a different lifestyle from the adults
(they are completely fossorial until 8 weeks old and they live underground until 10 weeks), or
due to their immune system, that is little developed (Cotrell, 2011). Just like the epidemiology,
pathological effects and life cycle, also the parasitic burden that each animal presents is a
complex subject, which is dependent on several factors, such as: age (Douche & Moram, 1993),
feeding and other behaviours (Rosalino et al., 2006), gender (Poulin, 1996), cycles in season
(Haukisalmi et al., 1988) and geographical range (Torres et al., 2001). However, in our study, it
was found that there was no significant variability when comparing adults and juveniles, female
and male animals, or between the different carnivorous species. This may be due to the
absence of representativeness of the sample, ie, the fact that it is divided into groups with
different dimensions, or because there were many animals whose gender and age were
indeterminate which also influenced the results. Cotrell (2011) did a study in England, where it
was found that Capillaria spp. burden in badger is significantly correlated with month of
sampling (highest egg output in August), age (higher prevalence in cubs) and body condition
index of the host (negative correlation between burden and body condition index). In the present
study it is highlight the burden of Taeniidae because these parasites are potentially zoonotic
and are immediately infective and can be spread by wind and rain, contaminating vegetation
and water (CSFPH, 2005). Ancylostomatidae, Toxocara spp. and Alaria alata eggs are also
important because of the environmental contamination, as they can also parasitize humans. The
maximum number of Toxocara spp. eggs found was 2660 EPG of faeces. In a study developed
in the north of Portugal (Silva, 2010) found that the burden of T. canis in foxes was higher,
reaching 8000 EPG of faeces. Although we do not know the age of the population used in the
study to which we refer, we can suggest that it is a population constituted by younger animals,
which would explain the high burden value. Roddie et al. (2008) studied these parasite burden
on foxes from Ireland, and found that the range was from 0 to 2352 EPG. However, Martinez-
Carrasco et al. (2007) found that Spanish foxes presented a Toxocara canis burden reaching
only 35 EPG of faeces. In the present study the burden of Ancylostomatidae on foxes is in the
range of 0 — 215 EPG of faeces. When compared with the maximum burden described in the
study of Silva (2010), we found that in the later the EPG value found is much higher, reaching
6200 EPG of faeces. This discrepancy in values may be justified by the fecal sampling method,

since in the study of Silva (2010) the sampling was performed directly in the field with fresh
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samples and, in the present study, the samples were collected from frozen cadavers, some of

them for years.

Considering the quantitative analysis, to the authors knowledge, this is the first survey on wild
carnivores done with MF. This has advantages over other techniques due to its versatility, since
it allows the diagnosis of both larvae and eggs of helminths, as oocysts and cysts of protozoa.
This method is an innovative copromicroscopic technique with high precision, accuracy and
sensitivity in results (Cringoli et al., 2017). In a recent study using dog faeces’ samples, the
sensitivity of various copromicroscopic tests (direct smear, flotation in tube, MF, Wisconsin,
FLOTAC dual technique) was compared and it was found that MF, as well as FLOTAC dual
technique, is the most sensitive method and is therefore considered the standard test to
diagnose the presence of gastrointestinal parasites in dog faeces (Maurelli et al., 2014). Thus,

we can assume that this is also the best choice in the diagnosis of helminths in wild carnivores.

Trichinellosis is a well distributed disease which is transmitted by the ingestion of infected meat
or meat products (OIE, 2018). Although four Trichinella species are known to circulate in
Europe, only two are considered as major, T. britovi and T. spiralis. In countries like Germany,
Spain, Finland and Poland, T. spiralis is the most prevalent, but in most other countries is T.
britovi (Pozio et al., 2009). T. spiralis is primarily a trichinellosis agent in domestic animals,
although it may also affect wildlife; contrary to T. britovi whose life cycle is only sylvatic
(Magalhdes et al., 2004). Although horses and boars can be infected, the main agents in
perpetuating the sylvatic cycle are wild carnivores such as foxes and mustelids, among others;
this is why the eradication of the disease becomes impossible (Magalhées et al., 2004; Pozio et
al., 2009). Rats also play an important role in the transmission of the parasite, contributing also
to the eradication difficulty (OIE, 2018). In Europe, the presence of T. spiralis is described in
canids, such as red foxes, jackals and wolves; mustelids, such as stone martens and badgers;
and in felids like lynx, domestic cats and wild cats (Pozio et al., 2009). In Portugal only the
presence of T. britovi in wild carnivores is described, and occurred in only seven individuals
(Pozio et al., 2009). In another study carried out in Portugal, was addressed the geographical
distribution of the parasite; for that it was compared the prevalence in wild animals from the
mountainous region with the one of the animals from lowlands and it was concluded that the
probability of infection is much higher in mountain areas and natural parks in these regions than
in lowland zones like Alentejo (Magalhdes et al., 2004). In the present study, Trichinella spp.
was not identified, however, it should be noted that red fox diaphragms have not been studied
and this represents the main carrier of this parasite in the European Union (Hurnikova & Danica,
2007). Regarding the technique used for the diagnosis of Trichinella spp., Franssen et al.
(2014) showed that the sequential sieving method is the fastest way for the detection of
muscular larvae in frozen meat, nevertheless we used the magnetic stirrer artificial digestion
technique, due to its effectiveness, since it is the European Union reference method for the

surveillance of the Trichinella spp. infection in wildlife.
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We underline the fact that the sample collection consists of samples of a reasonable number
and an interesting diversity of wild carnivores. However, the animals come from dispersed
areas, which does not allow to draw conclusions about the parasitic state of the animals of a
more delimited region. In fact, more localized surveillance, through the analysis of faeces of wild
carnivores living in rural areas surrounding the cities from where these animals come, could

give more useful information, since it is in these areas that there is a high zoonotic risk.

The results of this study emphasized the importance of developing studies on the prevalence
and parasitic diversity in wild fauna, mainly in synanthropic species, because of the risk they
pose to the health of domestic animals and, consequently, to humans. The recent emergence of
the One Health concept underlined the idea that it is only by giving equal importance to animal,
environmental and human health that a balanced and holistically healthy ecosystem can be
achieved. Only on a planet where there is complete symbiosis and health for all inhabitants is it

possible to live a happy and prosperous life.
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Anexos

Anexo | - Casuistica

Raposas Fuinhas | Texugos | Ginetas ca?:l,tvr::os Javalis | Répteis nR:t’:xi:‘naass Zla::::: Oauvt;:s TOTAL
0

Casos clinicos
presenciados 1
Trauma 5 7 5
Debilidade / desnutricdo 2 1 2 2 <
Atropelamento 1 5 2 3 3
Colisdao com estrutura 3 4 3
Cativeiro ilegal 6 2 4
Tiro / disparo 1 2 2 _
Electrocussao 2 7
Doenga 1 6
Cativeiro acidental 1
Predacao 1 7
Causa desconhecida o
Queda do ninho °
Necrdépsias 53 17 19 11 1 3 196
TOTAL 54 19 19 11 2 19 27 22 173
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Anexo Il - Relatério de Atividades

7

O presente relatério de atividades é referente ao estagio curricular desenvolvido no
Centro de Ecologia, Recuperacdo e Vigilancia de Animais Selvagens (CERVAS). Este
encontra-se situado no Parque Natural da Serra da Estrela, em Gouveia, e tem como
principais objetivos tomar conhecimento e resolver problemas relacionados com a
conservacédo da fauna selvagem e do seu habitat. O centro existe desde 2006, mas desde
2009 que é gerido pela associacdo ALDEIA e que conta com o apoio financeiro de

entidades privadas como a ANA — Aeroportos de Portugal, entre outros.

A equipa, para além de desenvolver todo o processo de recolha e recuperacdo dos
animais, tendo como objetivo final a sua devolucao a natureza, também promove agbes
de educacdo ambiental, fomentando o interesse do publico em geral por iniciativas

ecoldgicas de prote¢cdo dos habitats e preservacao dos ecossistemas.

Este estagio teve como objetivos principais o contacto com a realidade deste tipo de
centros e a introdugdo a medicina da conservacgdo. As atividades desenvolvidas foram ao
encontro daquilo que é o quotidiano num hospital de fauna selvagem, nomeadamente:
acompanhamento dos animais em recuperacdo, apoio a manutencdo do centro,
realizacdo de necropsias, saidas de campo e colaboracdo em projetos de educacao
ambiental. A casuistica € apresentada no documento em excel em anexo. Para a
construcdo da tese de mestrado integrado foram recolhidas amostras de fezes de
carnivoros silvestres durante as necropsias, e posteriormente analisadas por métodos de
coprologia parasitaria qualitativos e quantitativos, como sera descrito na tese. Também
foram recolhidos diafragmas e posteriormente analisados para a pesquisa de Trichinella

na Universidade de Tras-os-montes e Alto Douro.
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Resumo

A proximidade dos animais silvestres as areas urbanas permite um maior
contacto entre estes, os animais domésticos e o Homem, aumentando a
probabilidade de transmissdo de doengas zoonéticas. Grande parte das doencas,
nomeadamente as parasitarias, que afetam humanos tém origem em animais
selvagens. Com este artigo pretendemos fazer uma revisdo dos estudos existentes
na Europa sobre parasitas gastrointestinais de carnivoros selvagens, nomeadamente
em lobo ibérico (Canis lupus signatus), lobo europeu (Canis lupus lupus), raposa
vermelha (Vulpes vulpes), lince ibérico (Linx pardinus), marta (Martes martes),
fuinha (Martes foina), texugo euroasiatico (Meles meles) e gineta (Genetta
genetta). Para o efeito, realizamos uma pesquisa bibliografica online,
nomeadamente nos sites PubMed e ResearchGate, colocando como palavras chave
de pesquisa “parasites/parasitas” e o nome cientifico dos diferentes carnivoros
estudados. A maioria dos parasitas identificados correspondem a agentes
potencialmente zoondticos (ancilostomatideos, Taeniidae, Toxocara, entre outros),
alertando para a importancia dos estudos epidemioldgicos nesta area, que podem
gerar evidéncias da necessidade de aplicacdo de medidas profilaticas para
minimizar a disseminacdo destes agentes, em prol da manutencdo da saude

ambiental, animal e humana.

Summary

The so-called urbanization of the wild animals allows great contact between
these animals, the domestic ones and humans, increasing the probability of
transmission of zoonotic diseases. Most of the diseases, namely the parasitic ones,
that affect humans, come from wild animals. This study intends to review studies
in Europe on gastrointestinal parasites of wild carnivores such as iberian wolf
(Canis lupus signatus), european wolf (Canis lupus lupus), red fox (Vulpes vulpes),
iberian lynx (Linx pardinus), marten (Martes martes), stone marten (Martes foina),
eurasian badger (Meles meles) and common genet (Genetta genetta). For this
purpose, we carried out an online bibliographical research, namely in the sites
PubMed and ResearchGate, placing “parasitas/parasites” as keywords for the

search and the scientific name of the different carnivores studied. Most of the
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identified parasites correspond to potentially zoonotic agents (Ancylostomatidae,
Taeniidae, Toxocara, among others). These results generate awareness on the
importance of the epidemiological studies in this area, and evidence the need of
applying prophylactic measures to minimize the dissemination of these parasites,

protecting the environmental, animal and human health.

Introducéo

As atividades antropogénicas tém-se tornado cada vez mais prejudiciais para a
manutenc¢do dos ecossistemas, e fatores como a destruicdo de habitats, a expanséo
da populacdo humana e as alterac6es climaticas tém levado a uma proximidade dos
animais silvestres as areas urbanas, permitindo um maior contacto entre estes, 0s
animais domésticos e o Homem (Carmena e Cardona, 2014; Figueiredo et al.,
2016). Esta evidéncia aliada ao facto de cerca de 61% dos agentes considerados
patogénicos para 0 Homem serem zoonoticos, levaram a emergéncia do conceito
One Health, cujo objetivo geral é atingir niveis étimos de salde para 0s animais,
para 0 Homem e para o ambiente (Rabozzi et al., 2012; OIE, 2013; Carmena e
Cardona, 2014).

Sabendo que 71,8% das doencas emergentes em humanos tém origem em
animais selvagens (Jones et al., 2008) e tendo em conta o forte impacto que os
parasitas podem ter nestes animais, os estudos de prevaléncia e diversidade de
parasitas gastrointestinais na fauna selvagem tornam-se fundamentais,
nomeadamente nos animais que se encontram em estado de conservagdo
ameacado, ja que estara em causa ndo sé a saude animal e humana, mas também a
biodiversidade — condicdo absolutamente necessaria para a manutencao saudavel

dos ecossistemas (Carmena e Cardona, 2014; Figueiredo et al., 2016).

Neste artigo pretendemos fazer uma revisdo dos parasitas gastrointestinais mais
prevalentes em carnivoros selvagens da Europa, com base em estudos realizados a

partir de amostras coproldgicas e de cadaveres de espécies como o lobo europeu
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(Canis lupus lupus), o lobo ibérico (Canis lupus signatus), a raposa vermelha
(Vulpes vulpes), o lince ibérico (Linx pardinus), a marta (Martes martes) e a fuinha
(Martes foina), o texugo euroasiatico (Meles meles) e a gineta (Genetta genetta).
Para o efeito, realizamos uma pesquisa bibliografica online, nomeadamente nos
sites PubMed e ResearchGate, colocando como palavras chave de pesquisa

“parasites/parasitas” e o nome cientifico dos diferentes carnivoros estudados.

Parasitas gastrointestinais no lobo europeu (Canis lupus lupus) e no lobo ibérico

(Canis lupus signatus)

A populacédo de lobo ibérico (Canis lupus signatus) diminuiu ao longo do século
XX (em particular em Portugal), bem como a do lobo europeu (Canis lupus lupus)
que se encontra, atualmente, em apenas algumas zonas limitadas da Europa
(Figueiredo et al., 2016; Hermosilla et al., 2017).

Como grandes carnivoros que sdo, os lobos sdo hospedeiros de uma elevada
diversidade de parasitas gastrointestinais, tendo sido relatada por Craig & Craig
(2005) a presenca de 72 espécies de helmintes em lobos, 93% dos quais foram
identificados em necroépsias. A Tabela 1 apresenta uma compilacdo de estudos de

prevaléncia de helmintes identificados em amostras fecais de lobos na Europa.
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Tabela 1 - Prevaléncia (%) de helmintes identificados em amostras fecais de lobos

Pais Trematodes % Cestodes % | Nematodes % Referéncia
Bibliogréfica
Alemanha | n.i. - | Taenia krabbei 77,0 | n.i. - Lesniak et al. (2017)
Taenia 15,0
hydatigena
Mesocestoides 9,0
litteratus
Croécia Alaria alata 0,3 | Taenia spp. 15 Ancilostomatideos 13,1 | Hermosilla et al. (2017)
Toxocara canis 2,8
Toxascaris leonina 0,3
Espanha n.i. - n.i. - Ancilostomatideos 15,5 | Pereira et al. (2017)
Espanha n.i. - Taenia 44,7 | Ancilostomatideos 71,4 | Segovia et al. (2001)
hydatigena
Taenia multiceps 29,8 | Toxocara canis 6,4
Dipylidium 6,4 | Toxascaris leonina 4.8
caninum
Mesocestoides 42
litteratus
Taenia serialis 2,1
Polénia n.i. - n.i. - Trichuris vulpis 13,9 | Boreka et al. (2013)
Toxocara canis 6,0
Portugal n.i - n.i. - Toxocara canis 9,09 | Figueiredo et al. (2016)
Toxascaris leonina 9,09
Portugal n.i. - Taeniidae 4,3 | Ancilostomatideos 45,7 | Silva, 2010
Moniezia spp. 0,6 Strongyloides spp. 21,3
Eucoleus aerophila 4,3
Toxocara canis 73
Toxascaris leonina 73
Trichuris spp. 3,7
Nematodirus spp. 0,6

(Canis lupus) na Europa

n.i. — ndo identificado
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Tabela 1 — Prevaléncia (%) de helmintes identificados em amostras fecais de lobos

(Canis lupus) na Europa (cont.)

Pais Trematodes % Cestodes % Nematodes % Referéncia
Bibliografica
Portugal n.i. - Taenia hydatigena 11,8 Toxocara spp. 11,8 Guerra (2012)
Taenia serialis 59 Ancilostomatideos | 17,6
Taenia pisiformis 29 Toxascaris 7.4
leonina
Taenia polyacantha 15 Trichuris vulpis 59
Echinococcus 15 Strongyloides sp. 15
granulosus
Sérvia n.i. - Taenia hydatigena 9,8 n.i. - Cirovié et al. (2015)
Taenia multiceps 39

Taenia polyacantha 29

Taenia 2,0
taeniaeformis
Taenia pisiformis 1,0
Taenia serialis 1,0
Mesocestoides 1,0

litteratus

n.i. —ndo identificado

Os ancilostomatideos e os ascarideos sdo 0s parasitas mais frequentes em
carnivoros selvagens de todo o mundo (Borecka et al., 2013). Os
ancilostomatideos sdo nematodes que podem ser hemat6fagos ou histiéfagos que
parasitam o trato gastrointestinal de mamiferos como os carnivoros domésticos,
carnivoros selvagens e o Homem. Em ancilostomoses severas verifica-se a
ocorréncia de anemia, perda de peso, fadiga, mau estado do pélo, perda de apetite,
diarreia mucosa ou hemorragica e pode existir picacismo. Entre o0s
ancilostomatideos, 0s que ocorrem com maior frequéncia sdo Uncinaria
stenocephala e Ancylostoma caninum que, associados a fatores de stress, podem
ser fatais para animais jovens (Seguel e Gottdenker, 2017). Ancylostoma caninum é
um parasita de grande interesse devido ao potencial zoonético que apresenta. Este
pode ser transmitido por via oral, galactogénea, percutanea e a ingestdo de

hospedeiros paraténicos também é importante na perpetuacdo do seu ciclo.

Os ascarideos séo de grande importancia epizootica para mamiferos predadores

das familias Canidae e Felidae (Okulewicz et al., 2012). Apesar de se ter
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verificado que a prevaléncia de Toxocara canis decresceu nos Gltimos 30 anos em
caes domeésticos, os niveis de infecdo em cdes errantes continuam elevados, a
rondar os 25%. A contaminagdo ambiental de zonas urbanas e rurais funciona
como foco de infecdo para 0 Homem e para os animais domeésticos e selvagens,
crendo-se que os animais selvagens funcionem como principais reservatorios
(Guerra et al., 2012). A infecdo pode ocorrer por ingestdo dos ovos embrionados
presentes no ambiente, por ingestdo de tecidos de roedores contendo estadios
larvares dos parasitas e, no caso de T. canis, por via transplacentaria e
galactogénica. A baixa prevaléncia de ascarideos pode ser explicada devido ao
reduzido numero de cachorros (lobos com menos de 6 meses) nos estudos em
causa, uma vez que sdo estes 0s maiores reservatorios, principalmente, da espécie

T. canis (Hermosilla et al., 2017).

A prevaléncia de cestodes foi baixa em paises como a Polonia, a BielorrUsia, a
Sérvia e a Croacia, mas elevada na Alemanha e em Espanha.

Embora com prevaléncias muito baixas, esporadicamente podem aparecer ovos
de  trematodes  como Diphyllobothrium spp., Opisthorchis felineus e Alaria
alata nas fezes de lobos e de mustelideos (Segovia et al., 2001; Hermosilla et al.,
2017). A presenca destas espécies de parasitas demonstra a capacidade de
adaptacdo destes carnivoros a diferentes ecossistemas e diferentes fontes
alimentares. A transmissao de Alaria alata aos hospedeiros definitivos (cdo, gato,
lobo, raposa, marta e outros carnivoros selvagens) ocorre através da ingestdo do
hospedeiro intermediario (molusco gastropode) e é também facilitada pela vasta
diversidade de hospedeiros paraténicos que apresenta (anfibios, répteis, aves e
mamiferos) (Cordero del Campillo et al., 1999). )
género Diphyllobothrium apresenta um primeiro hospedeiro intermediario -
crustaceos (Diemert, 2017) e pequenos invertebrados aquaticos (Kelly e Mutengo,
2017) que funciona como fonte de infecdo para o segundo hospedeiro
intermedidrio  (peixes anddromos e de Adgua salgada) (Diemert,
2017). Ja Opisthorchis felineus tem como hospedeiros intermediarios

gastropodes e peixes de agua doce da familia Cyprinidae (Jones, 2015).

A9



Comparando com os helmintes, ha um nidmero mais reduzido de estudos sobre a
prevaléncia de protozoarios em carnivoros selvagens. Contudo, num estudo recente
realizado na Alemanha, foram identificadas 12 espécies do género Sarcocystis em
carcacas de lobos com uma prevaléncia total de 95% (Lesniak et al., 2017). Este
parasita apresenta um ciclo de vida indireto, reproduz-se sexualmente no intestino
do carnivoro, que funciona como hospedeiro definitivo, e a forma infetante é
libertada para o ambiente com as fezes. Esta €, depois, ingerida pelo hospedeiro
intermediario onde invade o tecido muscular cardiaco e esquelético. A transmissao
ocorre quando o carnivoro ingere a presa, normalmente herbivoros, como 0s
cervideos e o javali, contendo os quistos musculares com os bradizoitos (Lesniak et
al., 2017). Na Croécia, a prevaléncia foi mais baixa (19,1%) (Hermosilla et al.,
2017), e em Portugal, ainda que com prevaléncias ainda mais baixas, duas espécies
séo referidas por Silva (2010), Sarcocystis canis (7,9%) e Sarcocystis felis (0,6%).
As espécies dos géneros Cryptosporidium e Giardia parecem ser menos
frequentes, o0 que, e em relacdo a Cryptosporidium, se pode dever ao facto de ser
mais dificil recolher amostras de fezes de crias de lobo (Hermosilla et al., 2017).
Em Espanha, Pereira et al. (2017) reportam, contudo, uma prevaléncia de 20% em
amostras de lobo ibérico para os géneros Giardia e Cryptosporidium, o que revela
a suscetibilidade destes animais a estes agentes, assim como o0 seu potencial papel
enquanto disseminadores dos mesmos. Mateo et al. (2017), também em Espanha,
identificaram Giardia duodenalis numa amostra de lobo ibérico. Em Portugal,
Silva (2010) identificou os géneros Cryptosporidium (13,5%), Eimeria (4,9%) e
Cystoisospora (3,7%).

Parasitas gastrointestinais em raposas vermelhas (Vulpes vulpes)

A raposa vermelha (Vulpes vulpes) é um carnivoro selvagem cuja populacéo se
encontra em expansdo e esta bem distribuida a nivel global. Este carnivoro é a
espécie selvagem mais estudada, devido a sua proximidade as areas urbanas e a
facilidade de recolher amostras fecais que Ihe pertencam (Borecka et al., 2013). No
entanto, em Portugal, em particular na regido a Sul do rio Douro, os estudos

parasitologicos que a envolvem sdo escassos (Figueiredo et al., 2016). Enquanto
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espécie sinantropica, a raposa permite a ligacdo entre as areas silvestres e zonas

urbanas, o que aumenta a probabilidade de transmissdo de zoonoses entre animais

selvagens e domésticos e 0 Homem (Figueiredo et al., 2016). A Tabela 2 apresenta

uma compilacéo de estudos de prevaléncia de helmintes identificados em amostras

fecais de raposas vermelhas (Vulpes vulpes) na Europa.

Tabela 2 — Prevaléncia (%) de helmintes identificados em amostras fecais de

raposas vermelhas (Vulpes vulpes) na Europa.

Paises Trematodes % Cestodes % Nematodes % Referéncias
bibliogréficas
Croécia n.i. - Echinococcus multilocularis 72 | n.i. - Beck et. al. (2018)
Eslovénia Mesocestoides spp. 27,6 | Uncinaria stenocephala 58,9 Rataj et al. (2013)
Taenia crassiceps 22,2 | Toxocara canis 38,3
Taenia polyacantha 6,5 Toxascaris leonina 25
Taenia pisiformis 2,1 | Trichuris vulpis 0,7
Dypilidium caninum 1.4
Echinococus multilocularis 2,6
Gré-Bretanha Toxocara canis 61,1
n.i. - n.i. - Uncinaria stenocephala 41,3 Smith et al. (2003)
Grécia n.i. - n.i. Uncinaria stenocephala 43,9 Papadopoulos et al.
(1997)
Toxocara canis 28,6
Irlanda n.i - n.i. - Capillaria aerophila 26,0 Stuart et al., 2013
Toxocara canis 20,0
Trichuris vulpis 4,0
Uncinaria stenocephala 38,0
Italia n.i. - Dypilidium caninum 57,3 | n.i. - Magi et al. (2009)
Italia n.i. - Echinococcus multilocularis 92 | n.i. - Casulli et al. (2005)
Leténia n.i. - Echinococcus multilocularis 17,1 | n.i. - Bagrade et al. (2016)
Pol6nia n.i. - n.i. - Trichuris vulpis 64,4 Borecka et al. (2013)
Portugal n.i. - n.i. - Toxocara canis 15-40 Guerra et al. (2012)
Portugal n.i. - n.i. - Toxocara canis 37,1 Eira et al. (2006)
Portugal Trematodes 20,9 | Taenia polyacantha 3,0 | Ancilostomatideos 43,5 Guerra (2012)
Taenia hydatigena 3,0 Capillaria sp. 6,4
Mesocestoides spp. 1,6 Physaloptera sp. 4,84
Hymenolepis spp. 1,6 Strongyloides sp. 4.8
Trichuris vulpis 32
Toxascaris leonina 32
Spirocerca sp. 1,6
Portugal n.i. - Anoplocephala spp. 1.2 Strongyloides sp. 42,0 Silva, 2010
Paranoplocephala spp. 1.2 Ancilostomatideos 64,2
Toxocara canis 24,7
Eucoleus aerophilus 3,7
Trichuris spp. 25
Toxascaris leonina 1,2

All




Suica

n.i. - n.i. - Toxocara canis 14,0 Okulewicz
(2012)

Toxascaris leonina 14,0

et

al.

n.i. — ndo identificado

As raposas vermelhas sdo vistas como principal veiculo de disseminacdo de
ascarideos devido ao elevado nimero de hospedeiros paraténicos ingeridos por esta
espécie (Guerra et al., 2012). Dentro deste grupo, as espécies Toxocara canis e
Toxascaris leonina sdo parasitas muito importantes na medida em que tém caracter

zoonatico.

Os ancilostomatideos caracterizam-se por ser hematdfagos, provocando anemia
e morte neonatal em cdes e gatos domésticos. Dado o seu caracter zoondtico,
revestem-se de elevada importancia a nivel médico e veterindrio, uma vez que
podem ser transmitidos ndo s6 a animais domésticos como a0 Homem (Zajac e
Conboy, 2012).

O aumento da populagdo de raposas que se verificou devido ao sucesso dos
programas de vacinagdo contra a raiva permitiu uma expansdo na presenca do
cestode Echinococcus multilocularis em varias capitais europeias da Europa
central e de leste, uma vez que este animal funciona como o principal hospedeiro
definitivo do agente (Brossard et al., 2007; Bagrade et al., 2016). Echinococcus é
um género de cestode da familia Taeniidae, de carater zoonético e com distribuicdo
mundial. Na sua forma adulta, o parasita encontra-se no intestino de canideos (caes
domésticos, chacais, lobos, raposas, guaxinins), de felideos (lebes, pumas e
jaguares) e de hienas, e 0s ovos saem para o0 exterior com as fezes. Os roedores e
ungulados ingerem os ovos do ambiente e funcionam como hospedeiro
intermediario, desenvolvendo o metacestode. Os humanos podem também ingerir
0s ovos e desenvolver hidatidose (Echinococcus granulosus) ou equinococose
alveolar  (Echinococcus multilocularis). Apesar da elevada prevaléncia que
Echinococcus multilocularis apresenta em carnivoros selvagens, a ocorréncia em
gatos e cdes domésticos na Europa € rara (Brossard et al., 2007). Esta é uma

doenca grave e de elevada mortalidade em humanos, e de disseminagéo lenta em
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grande parte da Europa continental (Learmount et al., 2012), mas que pode
contribuir para aumentar a ocorréncia de ciclos sinantropicos entre 0s cées
domésticos e os roedores silvaticos, aumentando a probabilidade de transmissao
deste parasita ao Homem. Comparando com Echinococcus multilocularis, a
informacdo acerca de Echinococcus granulosus é escassa. O ciclo silvatico de
Echinococcus granulosus foi documentado apenas num limitado nimero de paises
da Europa, como a Finlandia (Hirveld-Koski et al., 2003), Italia (Guberti et al.,
2004), Bulgaria (Breyer et al., 2004), Espanha (Sobrino et al., 2006) e Portugal
(Guerra et al., 2013).

No que diz respeito a protozoarios ha pouca informacdo nesta espécie de
carnivoro, no entanto, em Portugal existe um estudo onde se verificou a presenca
dos géneros Cryptosporidium (22,1%) , Eimeria (11,1%) e Cystoisospora (1,2%),
assim como da espécie Sarcocystis canis (1,2%) (Silva, 2010). Giardia
duodenalis e 0 género Cryptosporidium , ambos com uma prevaléncia de 8%,
foram reportados em Espanha por Mateo et al. (2017) e na Eslovénia foram
identificados os géneros Sarcocystis (2,8%) e Cystoisospora (0,4%) (Rataj et al.,
2013).

Parasitas gastrointestinais em linces ibéricos (Linx pardinus)

O lince ibérico € o felideo mais ameagado do mundo, segundo o International
Union for the Conservation of Nature (IUCN), e os estudos parasitologicos nesta
espécie sdo igualmente raros. Na nossa revisdo identificamos dois estudos dos
mesmos autores, que reportam a ocorréncia de Ancylostoma tubaeforme, Toxocara
cati, Joyeuxiella pasqualei, Taenia polyacantha e Mesocestoides sp. em linces
ibéricos de Espanha (Milan e Casanova, 2007). Vicente et al. (2003), também em
Espanha enfatizam a elevada prevaléncia de Ancylostoma spp. (57,8%) nestes
animais, e referem a sua elevada prevaléncia e carga sobretudo em animais jovens,

que poderdo ser mais suscetiveis a este agente. Millan e Blanco-Costa (2012)
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notam mesmo que 0s nematodes do género Ancylostoma sdo parasitas muito
patogénicos para felideos jovens e que A. tubaeforme pode causar morbilidade e
mortalidade elevadas no lince ibérico.

Parasitas gastrointestinais em mustelideos

Os estudos com mustelideos sdo raros, identificamos apenas quatro, um em
Portugal, um na Polénia e dois em Espanha. Os mustelideos, alimentam-se
essencialmente de roedores, apesar de também fazerem parte da sua dieta aves,
répteis, insetos e frutos. A marta encontra-se distribuida por toda a Europa
continental (Segovia et al., 2007). Borecka et al. (2013) na Poldnia, identificaram
0s seguintes parasitas em martas: Trichuris spp. (40,0%), Toxocara cati (13,3%),
Ancylostoma spp. (13,3%) e Uncinaria spp. (6,7%). Em Espanha, Segovia et al.
(2007) referem Taenia martis (5,88%) e Uncinaria criniformis (0,98%), sendo que
ambos os parasitas apresentam elevada especificidade. Ainda em Espanha, Mateo
et al. (2017) reporta a ocorréncia de Giardia duodenalis numa amostra de fuinha
(Martes foina). Num estudo realizado recentemente em Portugal, Crenosoma
vulpis foi  identificado com elevada prevaléncia (31%), seguido do
género Toxocara (15%) (Figueiredo et al., 2018). Neste mesmo estudo, 0s
ancilostomatideos, e o género Strongyloides também foram identificados com uma
prevaléncia de 8%, bem como a espécie Toxascaris leonina (Figueiredo et al.,
2018).

O texugo europeu € dentro da familia dos mustelideos, a espécie mais estudada,
mas ainda assim, no que diz respeito a parasitas 0s dados séo escassos. Stuart et al.
(2013) refere a identificagdo de Uncinaria criniformis, com uma prevaléncia de
40%, e Cystoisospora sp. com uma prevaléncia de 16%. Mateo et al. (2017)

reporta a identificacdo de Crysptosporidium sp. (3%).
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Parasitas gastrointestinais em ginetas (Genetta genetta)

Os estudos com ginetas também ndo sdo muito frequentes. Casanova et al.
(2000) realizaram um estudo em Espanha com um nUmero de amostras
consideravel (n=299) e identificaram uma grande diversidade de helmintes:
Brachylaima sp., Metorchis albidus, Taenia parva, Mesocestoides sp., Joyeuxiella
pasqualei, Diplopylidium monoophorum, D. triseriale, Trichinella sp.,
Ancylostoma martinezi, Toxocara canis, T. genettae, Spirura sp., Cyathospirura
seurati, Mastophorus muris, Physaloptera sp., Pterygodermatites affinis e P.
leiperi. Também em Espanha, Mateo et al. (2017), identificaram Cryptosporidium
sp. em amostras desta espécie. Em Portugal, Mateus e Barrocas (2012) reportaram
Toxocara (60,7%) e ancilostomatideos (46,4%), em amostras de gineta do norte do

pais.

Considerac0es finais

A diversidade de resultados obtidos pelos diferentes estudos, quer no distinto
numero de espécies de parasitas identificados, quer nas suas prevaléncias, destaca a
importancia da promocdo e desenvolvimento de estudos a escala local, ja que as
dietas destes animais variam consoante 0s ecossistemas em que estdo inseridos, o
que determina fortemente o risco de infec¢do parasitaria. Nao alheio a diversidade
de resultados devera também ser o muito variavel tamanho da amostra — desde
estudos com menos de 20 amostras até os que tém mais de 500 -, assim como a
origem das mesmas (ambiental ou recolha em necropsias). Finalmente, a
dificuldade maior na comparacao de resultados, passa tambem pela diversidade de
métodos coproldgicos usados pelos diferentes estudos (desde técnicas de flutuacao
com diferentes solugdes, técnicas de sedimentacdo, técnicas de biologia molecular,

entre outras).

Dado o forte impacto das parasitoses na conservacao de espécies selvagens e na

manutencdo dos ecossistemas, e sabendo que existe um elevado risco de
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transmissdo destas doencas para as espécies domésticas e para 0 Homem devido a
conhecida urbanizagdo dos animais selvagens, torna-se necessario desenvolver

estudos epidemioldgicos, principalmente nas espécies sinantropicas.

No caso dos lobos, as parasitoses podem reduzir drasticamente o nimero de
individuos em populagdes isoladas, mesmo em &reas geogréficas protegidas, pelo
que, o desenvolvimento de estudos que permitam um melhor conhecimento acerca
do parasitismo € essencial, pois s assim se podem aplicar acGes corretivas e

profilaticas que contribuirdo para a sua conservacao.

A consciencializacdo de que existe uma elevada probabilidade de disseminacéo
de doencas zoondticas em areas cosmopolitas deve funcionar como catalisador
para o desenvolvimento de mais estudos na area da parasitologia, uma vez que so
aprofundando o conhecimento acerca da epidemiologia do parasita é que é possivel

proteger a saude ambiental, animal e humana, ou seja, no ambito de Uma Salde.
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