
Abstract
A study monitoring cystic echinococcosis (CE) in adult dairy

cattle from intensive livestock farms located in the municipality of
Arborea (Sardinia, Italy) was carried out between 2012 and 2015. A
retrospective study of veterinary reporting forms of post-mortem
inspections in 10 different Italian slaughterhouses was also per-
formed. In addition, data on viability and molecular characterisation
of hydatid cysts removed from parasitised organs in cattle was car-
ried out. A geographical information system (GIS) with data layers
of the study area and the geo-referenced points of 160 cattle farms
was constructed. CE was found in 21.9% (35/160) of the surveyed
farms. The retrospective study revealed that 0.05% (13/23,656) of
adult slaughtered animals (over one year of age) from Arborea had

tested positive to CE. The results stratified per year showed the fol-
lowing CE prevalences: 0.09% (5/5673) in 2012; 0.02% (1/5682) in
2013; 0.08% (5/6261) in 2014; and 0.03% (2/6040) in 2015 (χ2 with
3 degrees of freedom=3.81; P=0.282). The E. granulosus sensu
stricto (formerly called G1 or sheep strain) was detected in all cysts
subjected to molecular analysis. The GIS analysis showed that CE
is fairly resilient in the Arborea territory where most of cattle farms
are located, while a small cluster of cases was found located in the
southeastern part of Arborea, close to districts where sheep farms
are situated. The present survey reports the presence of CE in
Sardinian dairy cattle intensive farms and suggests that the parasitic
pressure of CE in the island continues to be very strong.

Introduction
Cystic echinococcosis (CE) caused by Echinococcus granulo-

sus sensu lato is a zoonotic disease of worldwide importance that is
widespread in the whole Mediterranean region, from North Africa
to Greece, Turkey, Balkan regions, Mediterranean France and Spain
as well as southern Italy with the islands of Sicily and Sardinia
(Varcasia et al., 2011; Deplazes et al., 2017). It has been defined one
of the most important parasitic zoonoses in several countries of the
Mediterranean Basin. Small ruminants are the predominant live-
stock of Sardinia, with approximately 3 million sheep, representing
two thirds of all sheep in Italy. Risk factors associated with trans-
mission of CE in Sardinia are: i) the high number of the dog defini-
tive host (150,000); ii) farm slaughtering of small ruminants; and
iii) socio-economic and cultural conditions (i.e. the low price of
adult sheep, the scarce knowledge of zoonotic importance of CE by
the farmers, etc.), which all contribute to the transmission of E.
granulosus leading to a high rate of infection, particularly in small
ruminants (Scala et al., 2006; Varcasia et al., 2011). Several papers
have been published on CE in Sardinia, as this island represent a
good epidemiological model (Conchedda et al., 2010; Kinkar et al.,
2016; Scala et al., 2006; Tamarozzi et al., 2015; Varcasia et al.,
2004, 2011). However, the role of cattle in the epidemiology and
transmission of CE has always been questioned, as these large rumi-
nants are often found be infected with non-host-specific
Echinococcus species. Indeed, almost all genotypes/species of E.
granulosus have been found in the island, except E. ortleppi, i.e. the
G5 cattle strain (Varcasia et al., 2006, 2007; Busi et al., 2007).
Prevalence values ranging between 19.6 and 41.5% have been
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found in cattle raised at pasture with almost degenerated hydatid
cysts and low fertility rates, generally between 0.76 and 2.6% (Scala
et al., 2004; Varcasia et al., 2006). The incidental finding of CE in
dairy cattle bred in intensive farms without access to pasture in the
municipality of Arborea (in the central-western part of Sardinia,
Italy) led us to carry out the present study to assess the spatial distri-
bution and epidemiological dynamics of this zoonotic metacesto-
dosis in cattle in Sardinia where CE is endemic. 

Materials and Methods

Study area and sampling
The survey was carried out between 2012 and 2015 monitoring

CE in adult dairy cattle from 160 intensive farms of the municipality
of Arborea (Sardinia, Italy, 39°46′21.94″N; 8°34′52.64″E). The study
area has an extension of 100 km2, sheep farming is almost absent and
dairy cattle are usually raised indoor and fed with stored fodder and
pellets. Data were acquired on a total of 23,656 animals slaughtered at
the abattoir in Arborea. In addition, a retrospective study for the years
2012-2015 was carried out examining the reporting forms received by
the official veterinary department in Oristano (Sardinia, Italy). These
forms reported the outcomes of post mortem inspection visits per-
formed in 9 slaughterhouses located in different Italian regions where
cattle from the municipality of Arborea were slaughtered. 

Fertility evaluation and molecular characterisation of cysts
Hydatid cysts were removed from the parasitised organs (liver

and lungs), counted and ranked as fertile or sterile. Fertility was
assessed by determining protoscolex viability by microscopic exam-
ination, observing protoscoleces and their flame cells movements as
described elsewhere (Varcasia et al., 2006). Molecular identification
was carried out by polymerase chain reaction (PCR), by amplifying
fragments within 2 mitochondrial genes, NADH dehydrogenase 1
(ND1) and cytochrome C oxidase subunit 1 (cox1), using DNA
extracted from the cysts. First a semi-nested PCR protocol by Dinkel
et al. (2004) was used for initial rapid screening of all samples to dis-
criminate the G1/G2/G3 strain cluster of E. granulosus from the G5
and G6/7 strains. Molecular analyses were confirmed by sequencing
the mitochondrial genes ND1 and cox1, as described by Bowles et
al. (1992) and Bowles and McManus (1993). Nucleotide sequences
obtained were compared to those available in GenBank® through the
use of the basic local alignment search tool software BLAST®

(National Center for Biotechnology Information, U.S. National
Library of Medicine, Bethesda, MD, USA) and Mega 6.0 (Tamura
et al., 2013). 

Geo-referencing of cattle and sheep farms 
A geographical information system (GIS) was constructed with

the administrative data layers of the study area (Arborea and sur-
rounding municipalities), the geo-referenced points of the 160 cattle
farms under investigation and the total number of sheep farms locat-
ed in the study area. For this purpose, the software ArcGIS (version
10.3, ESRI, Redlands, CA, USA) was used and the farm coordinates
were available from the Italian National Database (Veterinary
Information Systems; http://www.vetinfo.sanita.it) (Figure 1).

                   Short Communication

Figure 1. Point map showing the distribution of cattle and sheep farms in the study area. 
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Geographical information system analysis 
In order to display the spatial distribution of CE in cattle farms

(used as epidemiological units in our study), as well as the spatial
distribution of sheep farms located in the study area, a point map
was drawn up within the GIS (Figure 2). Furthermore, for each cat-
tle farm, the distance (minimum, average and maximum) from all
the sheep farms in the study area was calculated (Cringoli et al.,
2007). The clustering of CE positive farms was investigated based
on location determined by exact coordinates and using the tool
Average Nearest Neighbor Procedure in ArcGIS. The latter
approach measures the distance between each feature centroid and
its nearest neighbour centroid location, then averages all the near-
est neighbour distances. The non-parametric Mann-Whitney U test
(Mann and Whitney, 1947) was used to test differences among the
above averaged value distances from sheep farms in CE positive
and negative cattle farms. The statistical analysis was performed
using SPSS 20.0 (IBM, Armonk, NY, USA).

Results
Cystic echinococcosis was found in 21.9% (35/160) of the sur-

veyed cattle farms. Thirteen out of 23,656 adult animals examined
were found to be infected by CE (0.05%). Positive reports strati-
fied per year showed the following rates: 0.09% (5/5673) in 2012;
0.02% (1/5682) in 2013; 0.08% (5/6261) in 2014; and 0.03%
(2/6040) in 2015 (χ2 with 3 degrees of freedom=3.81; P=0.282).
Seventy-two veterinary reporting forms reported positive CE tests

in 10 slaughterhouses located in different Italian regions. In partic-
ular, from 52 veterinary reporting forms, it was possible also to
retrieve data about hydatid cyst distribution in the liver and lungs.
In positive cattle, the metacestode was found in the liver in 71.2%
(37/52) of cases, in 55.8% (29/52) in the lungs and in 1.9% (1/52)
in the kidneys. No statistically significant difference was observed
between the prevalence rates found in the liver and in the lungs
(χ2=2.65; P=0.103). The simultaneous presence of hydatid cysts in
livers and lungs was found in 26.9% (14/52) of the positive ani-
mals; one cattle harboured cysts also in the kidney (1.9%). 

No viable cyst was found among those examined (100% ster-
ile). Cysts from a subsample of 13 cattle slaughtered in Arborea
were used to perform molecular analysis. Rapid PCR screening
demonstrated that all isolates belonged to the G1 genotype, i.e. E.
granulosus sensu stricto (also called sheep strain). This diagnosis
was confirmed by sequencing the mitochondrial ND1 and cox1
genes; the sequences obtained were analysed and compared to
those reported in GenBank® (https://www.ncbi.nlm.nih.gov/gen-
bank/).

The cluster analysis performed by GIS showed a homogeneous
distribution of CE positive cattle farms across the entire study area
with a small cluster in the southeastern part of the study area
(Figure 3). Specifically, the cluster/outlier type (COType) field dis-
tinguished between a statistically significant cluster of high values
(HH), of low values (LL), an outlier in which a high value was sur-
rounded primarily by low values (HL) and an outlier in which a
low value was surrounded primarily by high values (LH) as
described by Mitchell (2005). 

Table 1 summarises the data regarding the distance between
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Figure 2. Distribution of cattle farms with cystic echinococcosis positive or negative animals. 
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the sheep farms in the study area and the cattle farms tested for CE
(positive and negative). Overall, the mean distances around the
cattle farms positive to CE were significantly lower (P<0.001) than
those around the cattle farms negative to CE.

Discussion
The present survey reports for the first time the presence of CE

in Sardinian dairy cattle bred with intensive farming system. The
dairy cattle monitored in the Arborea area comprise a 100-km2

geographical enclave with no access to pasture, no direct contact
with shepherd dogs and/or sheep farms. The findings of the present
study showed the presence of cattle positive to CE in 21.9% of the
farms in the area, thus confirming that the parasitic pressure of CE
in Sardinia continues to be strong despite several sanitary informa-
tion initiatives carried out in the past (Varcasia et al., 2011).

The species isolated with the molecular analysis was E. granu-
losus sensu stricto (formerly called G1 or sheep strain) and no fertile
cysts were found during our investigations. Taken together, these
data suggest that there is no evidence of a cattle/dog lifecycle and
that an external contamination likely occurred in the cattle farms.
Moreover, illegal home slaughtering of animals, which is still a very
common practice in sheep farms in Sardinia (Varcasia et al., 2011),
is not performed in intensive dairy cattle farming in Arborea.

Different hypotheses were advanced to explain the spatial dis-
tribution, epidemiological dynamics and route of transmission of
CE to dairy cattle bred in intensive farming system in Sardinia.
The first consideration must be that the trend of CE infection in
cattle has been more or less constant over the years examined,
which means that the factors determining the persistence of CE in
this area cannot be due to an occasional introduction of this infec-
tion. An incursion of E. granulosus eggs through forage seems a

remote possibility; however, some authors have suggested it as a
possible route of transmission of other metacestodoses, such as
cysticercosis by Taenia hydatigena in goats from northern Italy
(Manfredi et al., 2006). The majority of Arborea farms use their
own forage and hay and silage are usually stored after sun drying,
which means that the internal temperature increase of this forage
by normal fermentation should not allow long-time survival of
oncospheres. This opinion is supported by Nosik (1952), who
showed loss of vitality of E. granulosus eggs after 1 hour at 50°C
or 20 seconds at 100°C. Similar results were also obtained by
Meymarian (1961) and more recently by Thevenet et al. (2005).
Although farfetched, and to some extent refuted by the constant
infection trend, the hypothesis by Torgerson et al. (1995) that the
occurrence of CE (and that of other metacestodoses) be due to egg
dispersion by birds and coprophagous insects, cannot be excluded.
Still, the most likely way of contamination might be through the
access to the cattle farms of stray dogs, a common problem in
some areas of Sardinia and elsewhere (Cringoli et al., 2007;
Varcasia et al., 2011; Deplazes et al., 2017). 

Stray dogs most probably enter farms for feeding on discarded
placentas from cattle immediately after birth, especially during

                   Short Communication

Figure 3. Clusters analysis of distribution of cattle farms positive to cystic echinococcosis: A) highlights the cluster area with a circle;
B) shows the COType analysis.

Table 1. Mean distance of the sheep farms from the cattle farms
positive and negative to cystic echinococcosis in the study area
(Arborea, Sardinia, Italy).

Cattle farms Distances of sheep farms from cattle farms
                                Mean (km)           SD                Min        Max

CE negative                            8.75                       1.16                       0             13.03
CE positive                           7.29**                     0.31                     0.03           16.73
CE, cystic echinococcosis; SD, standard deviation. **P<0.001.
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night. It is likely that these free-ranging dogs became infected by
CE when feeding on CE-infected sheep carcasses in the sheep
farms and then shed infectious eggs in proximate dairy cattle
farms. This possible epidemiological dynamic is supported by the
GIS analysis: the dairy cattle farms positive to CE were uniformly
distributed in the study area, and only a small cluster of positive
farms was detected in the south-eastern part of Arborea which is
much closer to other zones of Sardinia where sheep farms are sit-
uated. In addition, the closer the sheep farms were to the cattle
farms, the higher the risk of infection of the latter through stray
dogs infected with E. granulosus by sheep offal ingestion.
Noteworthy, GIS analysis showed that CE cases can be found also
in the interior of Arborea Municipality, and breeders refer that
packs of stray dogs circulate freely in the surrounding pine forests;
additionally, dogs may feed from the same corn flour and barley
used to feed the cattle, which open the prospect of dog faeces con-
taminating the cattle food; in fact, dogs faeces are often found in
the very same mangers. Similarly, a study by Cringoli et al. (2007)
showed by GIS analysis the predominant role of free-ranging dogs
in the transmission cycle of CE in relation to cattle and water buf-
faloes. 

With respect to the parasitological infection sites in liver and
lungs, no significant difference in prevalence was found (P>0.05);
these data are consistent with previous surveys (Varcasia et al.,
2004; Poglayen et al., 2011).

Conclusions
The results of the present study confirm that GIS is a powerful

descriptive analytical tool for the study of the spatial structure of
animal populations and the epidemiological dynamics of CE trans-
mission (e.g., stray dog movement within and between farms).
Although contamination relying on a dog/cattle lifecycle seems
unlikely, the presence of CE-positive dairy cattle in 22% of inten-
sive farms in the study area testifies to a high environmental con-
tamination by E. granulosus that must be taken into account
(through dissemination activities, management of stray-dogs and
control programmes) in order to prevent human infection risks.
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