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a  b  s  t  r  a  c  t

Over  the  last  few  decades,  ecological  factors,  combined  with  everchanging  landscapes  mainly  linked  to
human activities  (e.g.  encroachment  and  tourism)  have  contributed  to modifications  in the  transmission
of  parasitic  diseases  from  domestic  to  wildlife  carnivores  and vice  versa.  In  the  first  of this  two-part
review  article,  we have  provided  an  account  of diseases  caused  by protozoan  parasites  characterised  by
a two-way  transmission  route  between  domestic  and  wild  carnivore  species.  In  this  second  and  final
part,  we  focus  our  attention  on  parasitic  diseases  caused  by helminth  and  arthropod  parasites  shared
between  domestic  and  wild  canids  and felids  in Europe.  While  a  complete  understanding  of  the  biology,
ecology  and  epidemiology  of these  parasites  is particularly  challenging  to achieve,  especially  given  the
complexity  of  the  environments  in  which  these  diseases  perpetuate,  advancements  in current  knowledge
of  transmission  routes  is  crucial  to  provide  policy-makers  with  clear  indications  on  strategies  to  reduce
the  impact  of these  diseases  on  changing  ecosystems.

© 2015  Elsevier  B.V.  All  rights  reserved.

1. Helminths and arthropods of wild and domestic
carnivores: a complex scenario

With a few exceptions in some areas, knowledge of the ecol-
ogy and epidemiology of helminths and arthropods shared by wild
and domestic carnivores in Europe is limited. One of the excep-
tions is represented by the tapeworm Echinococcus multilocularis,
the causative agent of zoonotic alveolar echinococcosis, for which
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extensive data on its the ecology in rural and urban habitats is avail-
able for central Europe (Deplazes et al., 2004; Hegglin et al., 2015;
Raoul et al., 2015). In addition, like protozoans, parasitic helminths
are also characterised by complex life cycles, often involving
a range of intermediate (e.g. Aelurostrongylus, Troglostrongylus,
Angiostrongylus and Opisthorchis) and paratenic hosts (i.e. Tox-
ocara), which makes the identification of potential hazards of
cross-transmission between wild and domestic carnivores and vice
versa particularly challenging. This scenario is further complicated
by the plague represented by the illegal trade of wildlife species into
Europe (often carrying parasites) (Davidson et al., 2013) which, cou-
pled with the ever-increasing human and pet travel, represents a
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serious obstacle to the implementation of control strategies aimed
at preventing the cross-transmission of helminths and arthropods
from wild to domestic carnivores (and humans). In the second
of this two-part article, we provide an overview of key diseases
caused by parasitic helminths and arthopods shared by domes-
tic and wild canids and felids (with a particular focus on those
with potential public health implications) and discuss a potential
way-forward towards controlling the spread of these diseases (as
well as those caused by protozoan parasites) via combined efforts
of veterinarians, physicians, microbiologists, biologists and health
policy-makers.

2. Helminths infecting domestic and wild carnivores

2.1. Taeniids

2.1.1. Echinococcus granulosus complex
The taxonomy of Echinococcus spp. (Cestoda, Taeniidae), caus-

ing cystic echinococcosis (CE) in intermediate hosts (mainly wild
and domestic large herbivores and omnivores) and humans, is
still under revision (Lymbery et al., 2015; Romig et al., 2015).
CE is an important zoonosis still persisting in Southern Europe
and the Balkans and emerging in Eastern European countries and
in the Baltic region (Marcinkutė et al., 2015), with severe clini-
cal implications (Stojkovic et al., 2014). In Europe, E. granulosus
sensu stricto (sheep strain, genotypes G1-3) represents the prin-
cipal agent of zoonotic CE affecting humans (mainly in Southern
and South-Eastern Europe) with a considerable burden of disease.
Echinococcus intermedius (E. granulosus pig strain, G7) is the main
agent of human CE in countries of the Baltic region, Poland and parts
of Eastern Europe (Marcinkutė et al., 2015), with sporadic cases
recorded in other European areas (Sardinia, Spain, and Portugal).
Echinococcus canadensis (cervid strain, G8 and G10) occurs in the
circumpolar North, including Sweden, Finland and Estonia.

The life cycles of the CE species-complex in Europe rely on canids
(mainly the domestic dog) as definitive hosts, and a range of large
herbivorous and omnivorous species as intermediate hosts. Large
wild canids are susceptible to E. granulosus s.l. and can contribute
significantly to disease epidemiology and zoonotic transmission
(e.g. the dingo in Australia; Jenkins et al., 2005). For E. canaden-
sis, possibly overlapping transmission cycles have been described:
“the original wolf- wild cervid (reindeer or elk) -cycle; the semi-
synanthropic cycle involving sled and hunting dogs and wild
cervids; and the synanthropic cycle involving herding dogs and
semi-domesticated reindeer” (Oksanen and Lavikainen, 2015). In
the intermediate hosts, including humans (rare cases with low
pathogenicity), cysts predominantly appear in the lungs. Actu-
ally, the wolf-cervid cycles sustain the parasite in Fennoscandia.
However, feeding hunting and sled dogs raw meat or offal can
sporadically cause patent infections with zoonotic potential.

Patent E. granulosus (s.l. or G1) infections have been detected in
jackals (Takács et al., 2014; Breyer et al., 2004) and in wolves in
Southern Europe (Italy, Guberti et al., 2004; Gori et al., 2015; Spain,
Sobrino et al., 2006). A sylvatic cycle of E. intermedius involving
wild boars and wolves was hypothesized to occur in a Portuguese
national park (Guerra et al., 2013); in Spain, a wild boar infected
with fertile E. granulosus (G1) cysts was detected in a region inha-
bited by wolves (Martín-Hernando et al., 2008). In addition, in Italy
(Apennine region), a semi-domestic life cycle involving sheep and
wolves has been proposed (Guberti et al., 2004). Spatial behaviour
(large home ranges and long dispersion distances) of these large
canids promotes the spread of this parasite throughout Europe. On
the other hand, in Europe, infected foxes are only rarely detected
(and usually with low burdens of E. granulosus s.l.) and are there-
fore considered of marginal importance for parasite transmission.

Fig. 1. The red fox (Vulpes vulpes)  is the most abundant and widespread canid species
in  Europe (courtesy of Adriano De Faveri).

Domestic and wild felids are not susceptible to intestinal infec-
tions with CE species occurring in Europe, but can suffer from CE,
although very rarely (Armua-Fernandez et al., 2014).

In Europe, control of CE focuses on the domestic life cycles of
the parasite, via veterinary public health measures including con-
trol of stray dogs and dog deworming campaigns (Craig and Larrieu,
2006). While continuous recommendations are made to refrain
from feeding dogs offal of hunted or home slaughtered animals and
to regularly administer dog deworming treatments, these are often
neglected.

2.1.2. Echinococcus multilocularis
E. multilocularis is a small tapeworm of carnivore definitive hosts

whose cycle includes a range of rodent intermediate hosts (bearing
the metacestode stage) and relies on a predator-prey relationship.
The complex parasite ecology is intimately linked to the dynam-
ics of the prey population and to the dietary needs of the predators
(Raoul et al., 2015). Humans and a range of animals (e.g. pigs, a vari-
ety of monkey species, dogs and others; Deplazes and Eckert, 2001)
are accidental hosts. Alveolar echinococcosis (AE) is one of the most
severe parasitic zoonoses in Europe and in the Northern Hemi-
sphere, with very serious clinical implications and high burden of
disease (Stojkovic et al., 2014; Torgerson et al., 2008). The range of
occurrence of E. multilocularis is still expanding across Europe, and
growing red fox populations (Fig. 1) and colonisation of residential
areas by these carnivores are major determinants of the progres-
sive urbanisation of the parasite life cycle (Liccioli et al., 2015). This,
in turn, contributes to a significant increase of the infection risk
to dogs hunting infected voles and to human populations exposed
to an E. multilocularis-contaminated environment (Deplazes et al.,
2004). Several studies have reported an increase in human AE
incidence in Austria, Switzerland, France, Poland and Lithuania
(Gottstein et al., 2015; Marcinkutė et al., 2015). In Switzerland,
an average twofold increase of the annual incidence was docu-
mented in 2001–2005 (10–15 years since a significant expansion of
fox populations) when compared with that recorded in 1993–2000
(Schweiger et al., 2007). Besides known highly endemic areas for AE
(Southern Germany, Eastern France and Switzerland), cases of AE
are increasingly being reported from Lithuania and parts of Poland,
which are now considered ‘new’ endemic areas (Marcinkutė et al.,
2015); therefore, the emergence of AE in areas previously consid-
ered ‘disease-free’ should not be underestimated (Gottstein et al.,
2015).

Canid species (particularly the red fox) are the most impor-
tant definitive hosts of E. multilocularis.  Small numbers (<50) of
mostly non-gravid worms have occasionally been detected in wild
felids and in domestic cats (Deplazes et al., 2011; Deplazes, 2015).
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