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Abstract

The Cantabrian brown bear (Ursus arctos) population is threatened although in a constant process of recovery during the
last 20 years. Since data on the parasitological status of this bear is still limited, the objective of the present study was to
assess the diversity and prevalence of parasites in this population. Thus, 111 bear faecal samples were collected in north-
western Spain and analysed for estimating the occurrence of gastrointestinal and bronchopulmonary parasites. Samples
were processed by flotation in saline and sucrose solution, sedimentation and Baermann-Wetzel techniques. In addition, a
commercial immunofluorescent assay was performed for detecting Giardia duodenalis and Cryptosporidium spp. Dicro-
coelium dendriticum was the most prevalent parasite (58.6%), followed by Baylisascaris transfuga (43.2%) and nematodes
of the Suborder Strongylida (18.9%) and Spirurida (2.7%). Mixed infections were detected in the 41.4% of the samples. The
presence of D. dendriticum was significantly highest in bears from the autonomous region of Castile and Ledn as well as
in those in which grass or nuts/acorns were the predominant food item. Moreover, the risk of being positive to B. transfuga
was significantly higher during autumn—winter, and in those, faccal samples were mainly composed of fleshy fruit. Some of
the parasites detected could infect other wildlife and even humans, and therefore, the risk of pathogen transmission deserves
further investigation. Since the impact of endoparasites in the health status of bears is poorly understood, the establishment
of a disease surveillance protocol is strongly recommended in order to assess the potential risk of these infections for bears.
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Introduction

Brown bear (Ursus arctos) populations in Europe have
been showing a positive trend in recent decades (Chapron
et al. 2014; Linnell and Cretois 2018; Cimatti et al. 2021).
Based on the last data compiled from all European coun-
tries (period 2012-2016), between 15,000 and 16,000,
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brown bears are estimated in continental Europe (excluding
Russia and Belarus) (Linnell and Cretois 2018). Different
factors are behind this recovery process, such as conserva-
tion and political commitments, law enforcement, institu-
tional arrangements, context-specific management practises
favouring coexistence between humans and large carnivores,
land abandonment and shifts in land uses, or changes in pub-
lic acceptance (Chapron et al. 2014; Dressell et al. 2015;
Eklund et al. 2017; Cimatti et al. 2021). This is the case of,
for example, the endangered brown bear population from
the Cantabrian Mountains (northern Spain), which has been
showing a positive trend in recent decades (L6pez-Bao et al.
2021). Compared with the six females with cubs detected in
1989, available data from 2017 and 2018 show a minimum
annual estimate of 41 and 38 females with cubs, respectively,
and it is estimated that more than 320 bears are roaming
in these mountains (L6pez-Bao et al. 2021). Among other
ecological processes that can be influenced by a recovery
in bear populations (e.g., seed dispersal, Lalleroni et al.
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2017), the risk of pathogen transmission within bear popula-
tions, and among bears, other wildlife species, livestock and
humans, may also be influenced (Costa et al. 2022). It has
been reported that bears can act as spreaders and reservoirs
of a number of bacterial and parasitic pathogens of zoonotic
and veterinary concern (Sheikh et al. 2018; Ravaszova et al.
2012; Westmoreland et al. 2017; Sasmal et al. 2019; Di
Salvo and Chomel 2020; Masatani et al. 2021). Although
information on the parasitofauna of some European bear
populations is relatively abundant, especially those from
northern Europe (De Ambrogi et al. 2011; Ravaszova et al.
2012; Borecka et al. 2013; Aghazadeh et al. 2015; Orosova
et al. 2016; Gawor et al. 2017; Reljic et al. 2017; Strkolcova
et al. 2018; Molnar et al. 2020), available data about other
less numerous populations are limited, such as the case of
Mediterranean and isolated bear populations (Paoletti et al.
2017; Mariacher et al. 2018; Costa et al. 2022). In the case
of Cantabrian bears, only one study reported the presence of
gastrointestinal parasites (Costa et al. 2022). However, the
number of samples included in the study was low.

The objectives of the present study were to complement
previous studies on gastrointestinal and bronchopulmonary
parasites in Cantabrian brown bears from the western area
of the Cantabrian Mountains. Since data on the presence
of zoonotic protozoans such as Cryptosporidium spp. and
Giardia duodenalis in brown bears are currently limited,
the presence of these parasites was studied for the first time
in this bear population. In addition, the possible influence
of some variables (season, autonomous region, predominant
food found in faeces and co-infection with other parasites)
on the presence of the detected pathogens was assessed.

Methods
Collection of bear faeces

This investigation was carried out in north-western Spain,
covering an area of approximately 2200 km?. The study area
is mainly covered by mixed temperate deciduous forest and
other natural and semi-natural habitats, all with a long his-
tory of human use.

Transects were carried out in areas with a high probability
of the presence of bears to collect bear faeces. Faecal sam-
ples were collected by specialised rangers from the Brown
Bear Foundation, as well as a researcher from the INVES-
AGA Group from the Faculty of Veterinary Sciences of the
University of Santiago de Compostela, a native of the bear
zone of the Cantabrian Mountains and which was trained
by members of the Brown Bear Foundation in the recogni-
tion and evaluation of the degree of freshness of the faeces
found in the field. The evaluation of the degree of freshness
of the faeces was made according to the distinctive colour
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and appearance of a fresh excrement due to the experience
of the Brown Bear Foundation rangers. Only faeces with a
high degree of freshness were collected.

A total of 111 fresh faecal samples were collected in the
field in three autonomous regions (Asturias n =69, Galicia
n =8 and Castile and Le6n n =34) between September 2021
and September 2022 (Fig. 1). Bear scats were introduced in
100 ml sterile containers, and only the portion of faeces not
in contact with the soil was collected in order to decrease
the probability of contamination by free-living nematodes
which make the subsequent identification of parasitic nema-
todes more difficult during the microscopic examination. To
reduce the likelihood of sampling the same individual in
a single sampling day, only fresh faeces were taken from
locations separated by at least 2 km?. This distance was esti-
mated based on the mean daily movement of bears in Europe
(Mertzanis et al. 2005; Pop et al. 2018). Information on the
location of the samples (coordinates) and the date of collec-
tion was also gathered. All samples were stored at 4 °C for a
maximum period of one week until processed. In the labora-
tory, faeces were classified into five categories (nuts/acorns,
fleshy fruits, grass, meat, or honey) according to the pre-
dominant food traces found in the faeces (nuts/acorns, fruit
skin and seeds of fleshy fruits, grass, bones or hair of preys
or bee hive wax). Due to their low frequency (n=4), those
samples belonging to the categories “meat” and “honey”
were included in a single category identified as “others” for
subsequent analyses. In addition, a macroscopic examination
of the faeces was performed in order to detect the presence
of parts of adult nematodes or especially cestode proglottids
since the sensitivity of coprological techniques for detecting
cestode eggs is low (Deplazes et al. 2016).

Coprological analysis

All samples were examined using different copromicro-
scopic methods. A quantitative sedimentation technique was
used for detecting the presence of trematode eggs in 5 g of
faeces (Foreyt 2001), and the Baermann-Wetzel technique
was used for identifying and quantifying metastrongyloid
first stage larvae in 10 g of faeces (MAFF 1986). For detect-
ing the presence of gastrointestinal nematodes, cestodes and
protozoans, the flotation technique was carried out using
3 g of faeces and 42 ml of water. After filtering the sample
through a mesh with a 150 pm pore diameter, two 15 ml
tubes were filled and centrifuged at 680X g during 5 min;
the supernatant was discarded. Parasitic forms were con-
centrated from the sediment of one tube adding Sheather’s
sucrose solution (specific gravity 1.28 g/ml) until forming a
convex meniscus; a cover slip was placed onto the meniscus.
Finally, the tube was centrifuged at 680X g during 5 min,
and the cover slip was placed on a slide and examined at
100-400 X magnification. Since this flotation method is
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Fig.1 Map of north-western Spain (Galicia, Asturias and Castile and
Le6n provinces). Bear silhouette indicates the points where bear fae-
cal samples were collected from the environment. Basemap modified

not quantitative, saturated saline solution (specific gravity
1.19 g/ml) was added to the sediment of the other tube and
parasite shedding was assessed using a McMaster chamber.
In addition, 3 g of each faecal sample was homogenised,
filtered and centrifuged as previously indicated, and 10 pl
of the sediment was analysed by a commercial immunofluo-
rescent assay (IFAT) for the detection of G. duodenalis cysts
and Cryptosporidium oocysts (Aqua-Glo G/C Direct Com-
prehensive Kit; Waterborne Inc, New Orleans, LA, USA)
following the manufacturers’ instructions. This test has been
employed for detecting both protozoans in several wildlife
species, allowing finding Cryptosporidium oocysts in Black
bears (Ursus americanus) (Li et al. 2020).

Statistical analysis

All statistical analyses were performed using the statistical
software R 4.0.3 (R Core Team 2023). Two logistic regressions
were used for assessing the influence of different variables on
the probability of a sample being positive for Dicrocoelium
dendriticum and Baylisascaris transfuga. Other parasites

Palacios del Sil
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Paramo del Sil H

Villablino
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@ Autumn-Winter
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Sampling province:
Castile and Ledn
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Q

from Centro Nacional de Informacion Geografica (MINISTERIO DE
FOMENTO, https://datos.gob.es/en/catalogo/e00125901-spaignllm) using
the software Inkscape (https://inkscape.org).

detected were not analysed due to their low occurrence. Factors
included in the analysis were season (2 levels: spring—summer
and autumn-winter), autonomous region (3 levels: Galicia,
Asturias and Castile and Ledn), predominant food traces found
in the faeces (4 levels: nuts/acorns, fleshy fruits, grass and oth-
ers) and the co-infection with other parasites (2 levels: absence
and presence). For selecting the most parsimonious models,
predictors were sequentially eliminated using a backward and
forward conditional taking into account the AIC value (Akaike
Information Criterion); all pairwise interactions were evalu-
ated. The glm() and exp(coef())/exp(confint()) functions were
used to perform the logistic analyses and to calculate the odds
ratio values (R Core Team 2023).

Results

At least one parasitic form was detected in 88 out of the 111
(79.3%) analysed bear faeces (Table 1). Dicrocoelium den-
driticum was the predominant parasite detected in brown
bears (58.6%; 65/111), followed by B. transfuga
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(43.2%; 48/111). In addition, eggs morphologically compatible
with gastrointestinal nematodes of the Suborder Strongylida
were found in 21 samples (18.9%). Finally, eggs of Spirurida
were identified in three samples (2.7%). All samples tested
negative to G. duodenalis, Cryptosporidium spp. and
Metastrongylidae bronchopulmonary nematodes. Regarding
the intensity of egg shedding, the mean egg counts were high-
est for B. transfuga (720.8 +1934.9 epg), followed by Stron-
gylida (166.7+262.0 epg) and D. dendriticum (6.40+16.2
epg). No more than two Spirurida eggs were detected in each
positive sample; however, the egg shedding could not be esti-
mated since these samples were only positive to flotation in
sucrose solution which is not a quantitative technique but more
sensitive than the flotation in saturated saline solution. Mixed
infections were detected in 46 out of 111 samples, being the
most common D. dendriticum+ B. transfuga followed by
D. dendriticum+ Strongylida (Table 1). The co-infection B.
transfuga and Strongylida was only found in three specimens,
and D. dendriticum+ Spirurida was identified in a single
sample (Table 1). In addition, a triple infection D. dendriti-
cum+ B. transfuga + Strongylida was detected in three samples
(Table 1).

The probability of being infected with D. dendriticum was
10.9 and 5.9-fold higher in Castile and Le6n and Asturias than
in Galicia, respectively (Tables 1 and 2). In addition, the risk of
being positive to this trematode was also significantly higher
in those animals in which nuts/acorns or grass was the pre-
dominant food traces found in the bear faeces when compared
to those in which fleshy fruits were mainly detected (Tables 1
and 2). Bears infected with nematodes also had a significant
higher risk for being positive (OR=2.7) for D. dendriticum
(Tables 1 and 2). In contrast, the presence of B. transfuga
was significantly highest during autumn—winter (OR =6.0)
(Tables 1 and 2); the risk of being positive to B. transfuga was
5.7-fold higher in samples in which fleshy fruits predominated
than in those in which grass was mainly detected (Tables 1 and
2). Taking into account the AIC value, the variables season
and sampling area were not included in the final model of
the probability of being infected with D. dendriticum and B.
transfuga, respectively.

Discussion

Our results revealed that infections with gastrointestinal
parasites are common in Cantabrian brown bears, being
consistent with previous results showing a 71% of positive
samples from the same bear population (Costa et al. 2022).
These results are among the highest in European brown
bears together with those reported in Slovakia (Orosova
et al. 2016) and Croatia (Reljic et al. 2017). Most inves-
tigations on parasitic infections carried out in bears from
Europe showed percentages of infections ranging from 30
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to 60%, such as those performed in Slovakia (Ravaszova
et al. 2012; Strkolcova et al. 2018; Molnar et al. 2020),
Italy (Paoletti et al. 2017), Croatia (Aghazadeh et al. 2015)
or Romania (Borka-Vitalis et al. 2017). It is also worth
noting that occurrence rates lower than 20% were detected
in a limited number of studies from Poland (Gawor et al.
2017), Finland (Lavikainen et al. 2011) and Croatia (De
Ambrogi et al. 2011). The differences observed between
investigations could be due to the diagnostic techniques
and the type of sample used. In this regard, percentages of
infection were usually higher in those studies using post-
mortem examination (Reljic et al. 2017; Strkolcova et al.
2018) than in those using faeces collected from the envi-
ronment (Ravaszova et al. 2012; De Ambrogi et al. 2011;
Aghazadeh et al. 2015; Molnar et al. 2020). In addition,
differences could be also associated to different rates of
infection across bear populations (Aghazadeh et al. 2015)
as well as to environmental variables such as temperature,
humidity, soil alkalinity and vegetation cover which have
a marked influence in the transmission of parasites since
they determine the presence of both definitive and inter-
mediate hosts and the survival of environmental stages
(Manga-Gonzalez et al. 2001; Johnston et al. 2003; Shaw
et al. 2021; Khan et al. 2023).

Four types of parasites were found in Cantabrian brown
bears, namely D. dendriticum, B. transfuga, Strongylida
and Spirurida nematodes. All these parasites have been
previously detected in brown bears from Europe. In fact,
B. transfuga is one of the most common parasites in ursids
worldwide (Crum et al. 1978; Manville 1978; Conti et al.
1983; Gau et al. 1999; Foster et al. 2004; Orosova et al.
2016; Bugmyrin et al. 2017; Strkolcova et al. 2018; Hwang
et al. 2021; Haynes et al. 2023). Baylisascaris transfuga
has a direct lifecycle; bears get infected after ingesting
embryonated eggs from the environment (Bauer 2013).
The ingestion of paratenic hosts containing infective
larvae is considered a valid transmission route for some
Baylisascaris species, although it was not currently dem-
onstrated in B. transfuga (Bauer 2013). This nematode
has been detected in European brown bears with positivity
rates ranging from 11.7 to 58.0% (De Ambrogi et al. 2011;
Aghazadeh et al. 2015; Borka-Vitalis et al. 2017; Gawor
et al. 2017; Paoletti et al. 2017; Molnar et al. 2020), agree-
ing with the present study. This nematode was not detected
previously in Cantabrian brown bears from the Somiedo
Natural Park (Costa et al. 2022). In contrast, our data
showed that B. transfuga was detected in four of the seven
samples collected in the same Natural Park; these marked
differences could be related to the collection period since
most of our samples were collected during autumn—winter
whereas those included in the previous investigation
(Costa et al. 2022) were taken during May and August,
a period when the prevalence of this ascarid is usually
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Table 2 Logistic regression

Estimate Z-value p value OR CI95%
model for the prevalence of
Dicrocoelium dendriticum Dicrocoelium dendriticum
i st s ) S0 aw om -
from northwestern Spain Sampling area
Galicia - - - - -
Asturias 1.78 1.94 0.05 5.91 1.10-46.524
Castilla y Le6n 2.38 241 0.02 10.85 1.76-96.20
Predominant food found in the faeces
Fleshy fruit - - - - -
Nuts/acorns 1.50 2.68 0.01 4.48 1.55-14.02
Others (meat+ honey) 1.18 1.03 0.30 3.25 0.40-34.94
Grass 1.51 2.54 0.01 4.51 1.47-15.27
Absence/presence of nematodes
Absence of nematodes - - - - -
Presence of nematodes 0.98 2.04 0.04 2.67 1.06-7.09
Baylisascaris transfuga
(Intercept) -2.81 —4.11 0.00 - -
Sampling season
Spring—summer - - - - -
Autumn—winter 1.79 2.80 0.01 5.99 1.76-22.33
Predominant food found in the faeces
Grass - - - - -
Nuts/acorns 1.40 1.72 0.09 4.03 0.83-21.23
Fleshy fruit 1.74 2.44 0.02 5.72 1.48-25.74
Others (meat + honey) —-14.16 -0.01 0.99 0.00 NA-1.1le+41
Absence/presence of Dicrocoelium dendriticum
Absence of D. dendriticum - - - - -
Presence of D. dendriticum 0.74 1.49 0.14 2.10 0.80-5.68

“The level of significance was set at p values <0.05. Spring—summer: from April to September; autumn—

winter: from October to March

low. Baylisascaris transfuga has a special interest from an
ecological point of view since clinical baylisascariosis has
been previously reported in bears. Thus, Baylisascaris spp.
was identified as the cause of a fatal granulomatous perito-
nitis in a brown bear from Poland (Szczepaniak et al. 2012),
and it was identified as one of the most important cause of
deaths in pandas (Ailuropoda melanoleuca) (Zhang et al.
2008; Qin et al. 2021). In addition, this nematode can affect
other animal species causing larva migrans (Sato et al. 2004,
Hoberg et al. 2018; Jurankova et al. 2022), and its zoonotic
potential has been discussed (Sheikh et al. 2018).

Our results also show that both the percentage of B.
transfuga-positive samples and egg-shedding were lowest
during spring—summer. In this regard, some investigations
reported the highest prevalence and intensity of infection of
B. transfuga in bears prior to hibernation during winter (Gau
et al. 1999; Molnar et al. 2020). Orosova et al. (2016) also
observed the highest percentage of samples positive to endo-
parasites during autumn—winter, suggesting that bears elimi-
nate adult nematodes before hibernation because of reducing
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their food intake and evacuating their bowels shortly before
this period. In addition, it has been suggested that hiberna-
tion of bears could negatively affect nematode metabolism
(Finnegan 2009). The second risk factor for B. transfuga
infection was the predominant food traces found in faeces.
Thus, the percentage of positive samples to B. transfuga
was lower in faeces in which grass was predominant. This may
be related to the seasonal distribution of these samples since
most of the faecal samples containing mainly grass were
collected during spring—summer (91%; 31/34) when a low
number of positive samples was detected.

Dicrocoelium dendriticum was the most prevalent para-
site detected in Cantabrian brown bears. However, the egg
counts were low, agreeing with the previous study carried
out in Spain (Costa et al. 2022). This trematode has an indi-
rect lifecycle; ruminants act as definitive hosts harbouring
adult stages in the bile ducts and gall bladder. The external
cycle includes two intermediate hosts: land snails and ants.
The definitive host gets infected after ingesting ants infected
with metacercariae. The prepatent period in ruminants is
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about seven weeks (Deplazes et al. 2016). It is worth not-
ing that D. dendriticum adults have never been found in
bears, and consequently, some authors suggest that, after
the consumption of a prey infected with this parasite, lancet
fluke eggs just pass through the bear intestinal tract (Borka-
Vitalis et al. 2017). Data on the presence of this trematode
in brown bears from Europe is currently limited; it has
been previously identified in Romania (Borka-Vitalis et al.
2017), Russia (Bugmyrin et al. 2017) and Croatia (Reljic
et al. 2017) with percentages of infection ranging from 0.5
to 60%. The absence of information in other European coun-
tries may be because the sedimentation technique was not
performed in most of the studies. Dicrocoelium dendriticum
has a worldwide distribution (Otranto and Traversa 2002)
with remarkable differences in its prevalence among areas
and hosts (Manga-Gonzalez et al. 2001; Khan et al. 2023).
In the present study, the percentage of positive samples to
this trematode was significantly higher in Castile and Le6n
than in Galicia, which is consistent with the prevalences
observed in livestock from the same area. Thus, prevalences
of 0.8-8.4% and 37.6-100% were reported in livestock from
Galicia and Castile and Ledn, respectively (Manga-Gonzalez
et al. 1991; Gonzalez-Lanza et al. 1993; Diaz et al. 2007,
Painceira, 2012; Garcia-Dios et al. 2021). These differences
could be explained by the presence of alkaline soils in Cas-
tile and Leon which are more suitable for the development
of D. dendriticum intermediate hosts (Manga-Gonzalez
et al. 2001). Moreover, there is evidence of higher popula-
tions of D. dendriticum definitive hosts such as sheep and
goats in this region compared to Galicia (MAPA 2023).

The positivity rate of this trematode in bears was also
higher when grass and nuts/acorns were the predominant
food traces in faeces. This could be related to the period
when this type of food was detected in the faeces (end of
autumn—winter), period when also the highest prevalences
and egg shedding were observed in sheep from Spain
(Manga-Gonzalez et al. 1991).

In the present study, Strongylida eggs were detected in
18.9% of the samples. Ancylostomatidae eggs were detected
in European brown bears from Croatia, Romania, Slova-
kia and Italy (Aghazadeh et al. 2015; Orosova et al. 2016;
Borka-Vitalis et al. 2017; Paoletti et al. 2017) with preva-
lences ranging from 10.6 to 75.7%. In addition, in a study
carried out in Russia two morphological different types of
Strongylidae eggs were detected in 11.8% and 5.3% of the
studied animals (Bugmyrin et al. 2017). No eggs of Stron-
gylida were previously detected in bears from Spain (Costa
et al. 2022) which could be related to their low prevalence
and the low number of samples included in that study.
Finally, Spirurida nematodes were detected in three bears.
To the best of the authors’ knowledge, only a single report
of Spirurida nematodes is available in brown bears from

Europe, and the percentage of positive samples was also
very low (0.5%) (Borka-Vitalis et al. 2017).

No samples positive to Cryptosporidium spp., G. duo-
denalis nor respiratory nematodes were found. Data on the
presence of Cryptosporidium spp. in brown bears is cur-
rently limited, showing positivity rates ranging from 8.5
to 55.6% in Croatia (Aghazadeh et al. 2015) and Slovakia
(Ravaszova et al. 2012; Orosovi et al. 2016). In addition, G.
duodenalis cysts were identified in a single study carried
out in brown bears from Croatia, reporting a prevalence of
4.2% (Aghazadeh et al. 2015). However, it is important to
point out that both protozoa showed an intermittent shedding
(Johnston et al. 2003; Shaw et al. 2021), and the prevalence,
at least for other host species, is age-dependent, being higher
in young animals (Jiger et al. 2005).

No bronchopulmonary nematodes were previously
detected in European brown bears except for two studies
performed in Romania (Gal 2013; Borka-Vitalis et al. 2017)
reporting prevalences of Crenosoma vulpis ranging from 2
to 9.1%. It is important to point out that the technique for
detecting Metastrongylidae nematodes requires the existence
of motile larvae (MAFF 1986). For this reason, the number
of studies including the Baermann—Wetzel technique is low,
and it also could justify the low prevalence detected in bears
compared to other wild carnivores, such as wolves or foxes
(Martinez-Rondan et al. 2019; Estevez-Sanchez et al. 2022).

Other parasites not detected in the present study have
also been sporadically found (less than 15%) in brown
bears from Europe. In this way, Trichuris spp. was detected
in Romania and Spain (Borka-Vitalis et al. 2017; Costa
et al. 2022), and coccidia oocysts were found in Croatia,
Romania and Slovakia (Aghazadeh et al. 2015; Orosova
et al. 2016; Borka-Vitalis et al. 2017). In addition, Synga-
mus spp. was detected in Croatia (Aghazadeh et al. 2015),
Sarcocystis spp. in Slovakia (Orosovi et al. 2016), Capil-
lariidae nematodes in Italy (Paoletti et al. 2017; Mariacher
et al. 2018) and Taenia spp. in Finland and Romania
(Gal 2013; Lavikainen et al. 2011; Borka-Vitalis et al.
2017). It is important to point out that the detection of
several of these parasites in faecal samples could be sec-
ondary to the intestinal passage and digestion of infected
preys as it has been previously suggested (Aghazadeh
et al. 2015; Costa et al. 2022). The scarce reports of bears
acting as definitive host of Taenia and Sarcocystis species
could be due to their omnivore diet; these parasites may be
more prevalent in those areas and periods in which meat
consumption is higher because other type of food is scarce
(Lavikainen et al. 2011; Catalano et al. 2014).

Finally, it is important to point out that this investiga-
tion has some limitations. In this way, although an area
of 2 km? was excluded after collecting each sample, it is
possible that different fresh samples were collected from
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the same animal at different times. In addition, the direct
collection of the samples from the environment could lead
to false negatives since some events may destroy the para-
sitic forms, such as desiccation, UV radiation or growing
of bacteria (Deplazes et al. 2016). However, collecting
samples from the environment is one of the best ways for
obtaining information from wild individuals without dis-
turbing the animals, being one of the most widely used
non-invasive sampling methods for the monitoring of
pathogens in wild animals (Schilling et al. 2022). In addi-
tion, this kind of sample collection is not restricted to sick
or weak animals that are found death or are derived from
wildlife rehabilitation centres which could also bias the
results.

Our results reveal that infections with gastrointestinal
parasites are common in Cantabrian brown bears. Some of
the detected parasites could be transmitted to other animal
species or have a zoonotic potential. Therefore, since the
impact of endoparasites in the health status of Cantabrian
bears is poorly understood, the establishment of a disease
surveillance protocol is strongly recommended in order
to assess the potential risk of these infections for bears.
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