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Abstract
Despite the wide distribution of wild boar populations in Italy and the increase of its diffusion in urbanized areas, only one case
report has described the occurrence ofEchinococcus granulosus s.l. in a wild boar fromMarche (Central Italy). The present study
investigated the presence of E. granulosus sensu lato with an epidemiological survey on wild boars from central Italy that had
been killed during hunting season. Seven hundred sixty-five (765) adult wild boars were examined during the 2016–2017
hunting season. Of these animals, 1.0% (8/765) were positive to E. granulosus s.l. with a fertility of 0.3% (2/765), and 2.9%
animals (22/765) were positive for the metacestode stage of Taenia hydatigena (Cysticercus tenuicollis), while 0.5% (4/765)
showed mixed infection (E. granulosus s.l. + T. hydatigena). Sixteen hydatids were found, of which 12.5% were fertile, 37.5%
were sterile, 31.3% were caseous, and 18.8% were calcified. Eight hydatids (two fertile and six sterile cysts) were molecularly
characterized by analysis of the mitochondrial gene, cytochrome c oxidase subunit 1 (cox1), and the NADH dehydrogenase
subunit 1 (ND1). Hydatids found in wild boars were characterized as E. granulosus sensu stricto (G1 genotype). The present
survey represents the first epidemiological study on cystic echinococcosis in wild boar in Italy which highlights the need for more
extensive epidemiological investigations to determine the causal factors, economic impact, and public health importance of the
disease in this livestock-wildlife setting.
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Introduction

Cystic echinococcosis (CE) is a zoonosis caused by the larval
stage of Echinococcus granulosus sensu lato (s.l.) species
complex. The disease represents a major public health concern
worldwide and is currently considered among the five most
common zoonoses in the Mediterranean area (Varcasia et al.

2011). The genetic diversity of E. granulosus s.l. species com-
plex is considerably high and has been divided into genotypes
(genotype groups) G1-G10 (Bowles et al. 1992, 1994;
Lavikainen et al. 2003). The evidence of various morpholog-
ical, host range, and life cycle differences between genotypes
has led to several of these genotypes being considered as
separate species: E. granulosus sensu stricto (s.s.; G1, G2,
and G3), E. equinus (G4), E. ortleppi (G5), and
E. canadensis (G6–G10) (Thompson and McManus 2002;
Lymbery 2017; Yanagida et al. 2017; Kinkar et al. 2018).
Recently, it was even suggested that G6/G7 and G8/G10 could
be considered two distinct species (Laurimäe et al. 2018).

Wild boars are intermediate hosts of E. granulosus s.l. and
are likely to be involved in the epidemiology of E. granulosus
in its sylvatic cycle (Di Paolo et al. 2017). To date,
E. granulosus sensu stricto (s.s.; G1, G2, and G3) and
E. canadensis (G6-G10) have been recorded in wild boars in
various parts of the world (Martín-Hernando et al. 2008;
Senlik et al. 2011; Onac et al. 2013; Umhang et al. 2014;
Kinkar et al. 2016). These two species have different life
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cycles as well as different genetic and biochemical character-
istics (Eckert and Deplazes 2004).

Despite the wide distribution of wild boar populations in Italy
(Toso and Pedrotti 2001) and the increasing spread of this wild
ungulate in urbanized areas (Di Nicola et al. 2015), only one case
report has been described on the occurrence of E. granulosus s.l.
in a wild boar fromMarche (Central Italy) (Di Paolo et al. 2017).
The present study evaluated the presence of E. granulosus s.l. in
wild boars from the Central Italy with an epidemiological survey
on animals killed during the hunting season.

Materials and methods

The study was carried out in the National Park of the Sibillini
Mountains and Gran Sasso Mountains of Laga National Park,
in Marche, Italy (42.8554018° N, 13.5749771° E). Seven
hundred and sixty-five (765) adult wild boars were examined
during the hunting season in 2016–2017 at the slaughterhouse
(A.S.U.R. Ascoli Piceno, Italy). At necropsy, the viscera of
animal were carefully examined for the presence and location
of hydatids by visual inspection, palpation, and systematic
dissection. All infected organs were removed and transported
in individual bags as soon as possible to the Faculty of
Veterinary Medicine of Teramo (Italy).

For each organ, the number and the location of the cysts were
recorded. Hydatid cysts, when found, were ranked as fertile,
sterile, or calcified/caseous, as described elsewhere (Varcasia
et al. 2006). Hydatid fertility was assessed after dissection and
collection of the germinal layer to verify the presence and vitality
of protoscoleces through flame cell activity and motility by light
microscopy without staining (Scala et al. 2006).

DNA was then extracted from the germinal layer and
protoscoleces from single fertile and sterile cysts, using a ge-
nomic DNA extraction kit (QIAamp DNA Mini Kit,
QIAGEN GmbH, Germany) according to manufacturer’s in-
structions. About 10–20 ng of template DNA was used to
amplify a fragment within the cytochrome c oxidase subunit
1 (cox1) and the NADH dehydrogenase subunit 1 (ND1) mi-
tochondrial genes following protocols published by Bowles
et al. (1992) and Bowles and McManus (1993). PCR products
were commercially sequenced by MWG-Biotech (Ebersberg,
Germany). The nucleotide sequences generated were edited in
Proseq 3.5 (Filatov 2002) and compared with those available
in the National Center for Biotechnology Information (NCBI)
database using the basic local alignment search tool (BLAST).

Results

The survey showed an overall prevalence of 3.9% for
metacestodes in the hunted animals examined. Of these ani-
mals, 1.0% (8/765) were positive to E. granulosus s.l., with a

fertility of 0.3% (2/765 examined; 2/8 positive to CE). The
survey identified 2.9% animals (22/765) positive to larval
forms of Taenia hydatigena (Cysticercus tenuicollis), while
0.5% (4/765) showed mixed infection (E. granulosus s.l. +
T. hydatigena).

A total of 16 hydatids were found, of which 12.5% were
fertile, 37.5% were sterile, 31.3% were caseous, and 18.8%
were calcified. Regarding cyst location, 56.3% of the hydatids,
including all the fertile cysts, were found in the lungs, and
43.8% in the livers of positive animals. The viability of fertile
cysts was 0.3% (2/765) in examined animals and 25% in pos-
itive animals. Fifty-two C. tenuicollis were found in the exam-
ined animals, of which 71.7% were in the liver, 15.2% were in
the lungs, 10.9% in the omentum, and 2.2% in the thoracic
diaphragm. All cysticerci found were viable with their charac-
teristic bottleneck morphology. Eight hydatids (two fertile and
six sterile cysts) were molecularly characterized as
E. granulosus sensu stricto, showing 100% identity with
GenBank accession numbers KT2002231.1 and KY76689.1
from E. granulosus sensu stricto (former genotype G1).

Discussion and conclusions

The present survey represents the first epidemiological study
on cystic echinococcosis in wild boar in Italy after the first
case report of the parasite by Di Paolo et al. (2017). Authors
believe that a full sylvatic lifecycle of E. granulosus in the
region could be improbable evenwolves are present and wide-
spread in the same region (Scotti et al. 2012). Anyway, the
unlikely, though possible predation of wolves on adult wild
boars and low prevalence found for CE in wild boars most
likely suggest that wolves and wild boar could interact in a
semi-domestic lifecycle, in which wild ungulates can be in-
fected by wolves and shepard and stray dog fecal contamina-
tion wild carnivores, could be infected by preying on sheep
and other domestic animals in the nearby farms where cystic
echinococcosis has been already described (Garippa and
Manfredi 2009). The distance between the area where positive
wild boars have been found and the nearest positive sheep
farms (maximum 5-km radium) is consistent with the daily
movement capacities of wild boar (from 1 to 16 km) (Lemel
et al. 2003). Most likely, the environmental contamination due
to common home slaughtering of sheep, incorrect disposal of
offal, and uncontrolled dog movements may contribute to the
transmission of these parasites to wild boars (Varcasia et al.
2011). This speculation is consistent with the finding of
E. granulosus sensu stricto in the present survey which is
endemic in Italy and in the islands, with a typical sheep-dog
lifecycle (Dore et al. 2014).

Previous surveys on CE in wild boar have reported the G1
and G7 strains; in particular Kedra et al. (2000) reported for
the first time the G7 in a wild boar from the Sumy region,
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Ukraine, while Daniel Mwambete et al. (2004) reported the
G7 in wild boar in Spain from fertile cysts and G1 in sterile
cysts. Some years later, Martin-Hernando et al. (2008) report-
ed a massive infection in a wild boar from Spain caused by G1
strain of E. granulosus. Similar observations were also report-
ed in a study of wild boar in south western Iran, where the
hydatids found were fertile, and molecular investigations con-
firmed the presence of the sheep strain, G1 genotype (Sarkari
et al. 2015).

Onac et al. (2013) reported a prevalence of 12.3% for hy-
datid cysts in wild boar in Romania, with a mixed infection by
G1 and G7 in 45.5% and 39.4% of cases, respectively.

In a recent survey Umhang et al. (2014) recorded the G6/7
genotype of E. canadensis in both pigs and wild boar from
Corsica.

Fertility rates appear to be limited (0.3%) compared with
the rates found in domestic pigs from organic farms (e.g.,
7.6%) (Varcasia et al. 2007). The percentage of viable hyda-
tids in positive animals (25%) was high, considering that pigs
and wild boar are not primary target host of E. granulosus
sensu stricto. Anyway, the fertility rates found in wild boar
were similar to the prevalence of E. granulosus sensu stricto
found in other hosts, such as cattle (Poglayen et al. 2017).

Larval stages of T. hydatigena (Cysticercus tenuicollis)
have been found in a wide range of ruminants and also pigs
(Troncy 1989) and in several countries (De-la-Muela et al.
2001; Senlik et al. 2011; Boufana et al. 2015; Mansouri
et al. 2016). The importance of T. hydatigena metacestodosis
is due to the economic damage caused by larvae migrations
due to massive contamination, especially in young ruminants
(Scala et al. 2015, 2016); however, little information is avail-
able on wild boar. In the present study, T. hydatigena
metacestodes were found with a higher prevalence compared
with cystic echinococcosis.

Our findings shown that wild boars examined in the present
work roam in areas where domestic and wild carnivores (shep-
ard dogs and wolves) have access to raw offal of infected sheep
and/or other animals. T. hydatigena and E. granulosus s.l. have
a different biotic potential (i.e., number of proglottids and eggs
released) (Torgerson et al. 1998; Gemmell et al. 1987) but the
same lifecycle. This suggests that wild boars positive to cysti-
cercosis living in contaminated areas could have a greater risk
of exposure to CE compared with other animals, also bearing in
mind that CE grows slowly and thus may not be clearly visible
especially in young animals (Scala et al. 2016; Varcasia et al.
2004). Moreover, the expansion of wild boars towards urban
areas and agricultural lands (Di Nicola et al. 2015) could facil-
itate the interaction between wild boars, domestic animals, de-
finitive hosts, and their parasites.

More surveys are thus necessary to better define the role of
wild hosts in the transmission and epidemiology of cystic echi-
nococcosis and other metacestodosis, as well as to verify the
existence of alternative wild lifecycles of these parasites in Italy.
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