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Summary

This study was conducted in order to determine the prevalence of hydatidosis due to
Echinococcus granulosus sensu lato and the fertility rate of hydatid cysts in sheep, goats,
cattle, and pigs slaughtered at the abattoir of Lagkada, in the Prefecture of Thessaloniki,
Northern Greece. Lungs and livers from a total of 294 sheep (31.3% infected), 126 goats
(8.7% infected), 372 cattle (4.8% infected), and 641 pigs (1.7% infected) were examined. The
number of hydatid cysts found in infected sheep was 657 (58.3% fertile, 12.8% sterile, and
28.9% calcified cysts), in goats 54 (14.8% fertile, 38.9% sterile, and 46.3% calcified cysts),
in cattle 108 (24.1% fertile, 50.0% sterile, and 25.9% calcified cysts) and in pigs 47 (10.6%
fertile, 55.4% sterile, and 34.0% calcified cysts). Lung infection with hydatid cysts was
higher (p < 0.05) in sheep, goats, and cattle than in pigs (56.5%, 77.8% and 62.0% vs. 17.0%,
respectively); while liver infection was lower (p < 0.05) in sheep, goats, and cattle than in
pigs (43.5%, 22.2% and 38.0% vs. 83.0%, respectively). Among the 4 species slaughtered for
human consumption, sheep exhibited the highest frequency of hydatidosis and the highest
proportion of fertile cysts.

Parole chiave
Bovino,
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Idatidosi,
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Suini.

Prevalenza di idatidosi e tasso di fertilita di cisti idatidee

in animali destinati al consumo umano nel nord della Grecia

Riassunto

Lo studio e stato condotto al fine di determinare la prevalenza di idatidosi da Echinococcus
granulosus sensu lato e il tasso di fertilita delle cisti idatidee in ovini, caprini, bovini e suini
macellati a Lagkada (Prefettura di Salonicco, Grecia settentrionale). Sono stati esaminati
campioni di polmone e fegato di 294 pecore (31,3% infetti), 126 capre (8,7% infetti), 372 bovini
(4,8% infetti) e 641 suini (1,7% infetti). Le cisti idatidee rinvenute nelle pecore infette sono
risultate pari a 657 (58,3% fertili, 12,8% sterili e 28,9% calcificate), nelle capre 54 (14,8% fertili,
38,9% sterili e 46,3% calcificate), nei bovini 108 (24,1% fertili, 50,0% sterili e 25,9% calcificate)
e nei suini 47 (10,6% fertili, 55,4% sterili e 34,0% calcificate). Nelle pecore, capre e bovini e
stata riscontrata la prevalenza di infezioni polmonari é risultata piu elevata (p < 0,05) rispetto
ai suini (rispettivamente 56,5%, 77,8% e 62,0% vs 17,0%); al contrario nel suino si & osservato
una prevalenza di infezioni epatiche maggiore (p < 0,05) rispetto alle pecore, capre e bovini
(rispettivamente 83,0% vs 43,5%, 22,2% e 38,0%). Tra gli animali esaminati, destinati al
consumo umano, le pecore sono risultate esposte ad una piu alta frequenza di idatidosi e
hanno mostrato la piu alta percentuale di cisti fertili.

123




Animal hydatidosis in Northern Greece

124

Introduction

Cystic echinococcosis (CE) / hydatidosis caused by
the larval stage of Echinococcus granulosus sensu
lato is a major parasitic disease of veterinary and
public health importance throughout the world
(Soulsby 1982). The disease has great economic and
zoonotic importance because it affects almost all
the domestic animals and human (Soulsby 1982). In
food animals, hydatidosis has an adverse effect on
production causing decreased production of meat,
milk, wool, and reduction in growth rate alongside
to predisposition to other diseases (Soulsby 1982,
Abiyot et al. 2011).

Cystic echinococcosis has a worldwide distribution
and the incidence of infection differs by country
and region. As far as Europe is concerned, Italy is
considered a medium to high risk country for CE
with the prevalence rate being 5-92.8% in sheep,
72.0% in goats, 7.3-67.1% in cattle, and 0.8-11.1%
in pigs (Garippa et al. 2004, Gianneto et al. 2004,
Garippa 2006, Grosso et al. 2012). In Spain, CE is an
endemic disease in the North-Eastern, Central, and
Western parts of the country, with prevalence rate
up to 23% in sheep and cattle (Jimenez et al. 2002).
Moreover, in Cyprus disease rates decreased from
23.6% in cattle examined in 1998-1999 to 6.6%
in cattle tested in 2002-2003, from 5.3% to 1.5%
in sheep, while, in goats, rates were consistently
below 0.5% and remained at 0.1% (Christofi et al.
2002). In Greece, in the early 1980s, the prevalence
of echinococcosis among food animals was 80%
in sheep, 24% in goats, 82% in cattle, and 5% in
pigs (Sotiraki et al. 2001). In Northern Greece,
surveillance in livestock species since 1998 has
documented a prevalence of 31.3% in sheep, 10.3%
in goats, 0.6% in pigs, and 0% in cattle (Sotiraki et al.
2003); while another survey conducted on sheep
in Central Greece from 2002 to 2006 revealed an
incidence rate of 39.3% (Christodoulopoulos et al.
2008). Finally, a survey conducted on sheep and
goats in Peloponnesus, Southern Greece, during
the 2005, revealed an incidence rate of 30.4% in
sheep and 14.7% in goats (Varcasia et al. 2007).
The aim of the present study was to determine the
current prevalence of hydatidosis and the fertility
rate of hydatid cysts in sheep, goats, cattle, and
pigs slaughtered at the abattoir of Lagkada, in the
Prefecture of Thessaloniki, Northern Greece.

Materials and methods

The lungs and the liver of 1.433 carcasses comprised
of sheep (294), goats (126), cattle (372), and pigs (641)
were examined for the presence of hydatid cysts of
E. granulosus sensu lato. All animals were slaughtered
at the abattoir of Lagkada, in the Prefecture of
Thessaloniki, Northern Greece, from April 2006 to
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June 2009. Liver and lungs of slaughtered animals
were examined for hydatid cysts by visual inspection,
palpation, and serial cuts of the organs. When cysts
were found, the infected organs were collected, put
in plastic bags separately, labelled and sent to the
Laboratory of Parasitology and Parasitic Diseases,
Faculty of Veterinary Medicine, Aristotle University
of Thessaloniki, for further examination. A detailed
record was kept including the origin of the host,
number, and location of the cysts. The age of animals
varied between 1 to 6 years in sheep and goats,
2 to 8 years in cattle, and 1 to 4 years in pigs. Cysts
were classified morphologically as fertile, sterile or
calcified. Individual cysts were carefully incised and
examined for protoscolices. Fertility was defined by
the microscopic detection (x40), without staining,
of protoscolices. In fertile cysts, the larvae had good
conformation and look like white dots. Sterile hydatid
cysts were characterized by their smooth inner lining
usually with a slight turbidity of the contained fluid,
typical calcified cysts produced a gritty sound feeling
upon incision (Soulsby 1982, Parija et al. 2004).
Descriptive statistics were used and, in certain cases,
data were analysed by ANOVA (SPSS 2008). The level
of significance was set at p < 0.05.

Results

From a total of 1,433 slaughtered animals (294 sheep,
126 goats, 372 cattle, and 641 pigs), 132 (9.2%) food
animals were found infected with hydatid cysts of
E. granulosus sensu lato. Specifically, hydatid cysts
were detected in lungs and livers of 92 (31.3%)
sheep, 11 (8.7%) goats, 18 (4.8%) cattle,and 11 (1.7%)
pigs (Table I). The number of hydatid cysts found in
infected sheep was 657 (58.3% fertile, 12.8% sterile,
and 28.9% calcified cysts), in goats 54 (14.8% fertile,
38.9% sterile, and 46.3% calcified cysts), in cattle 108
(24.1% fertile, 50.0% sterile, and 25.9% calcified cysts)
and in pigs 47 (10.6% fertile, 55.4% sterile, and 34.0%
calcified cysts). Lung infection with hydatid cysts was
higher (p < 0.05) in sheep, goats, and cattle than in
pigs (56.5%, 77.8% and 62.0% vs. 17.0%, respectively);
whereas liver infection was lower (p < 0.05) in sheep,
goats, and cattle than pigs (43.5%, 22.2% and 38.0%
vs. 83.0%, respectively). The number of cysts found
in lungs per infected animal was higher (p < 0.05)
in sheep, goats, and cattle than in pigs (4.0, 3.8 and
3.7 vs. 0.7, respectively); while the number of cysts
found in liver per infected animal was lower (p < 0.05)
in goats than in sheep and pigs (1.1 vs. 3.1 and 3.5,
respectively).

Discussion

The prevalence of CE recorded in the present study
in cattle and pigs is higher than that previously
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Table I. Prevalence of hydatidosis (Echinococcus granulosus sensu lato), number and type of hydatid cysts, infected organs, and number of cysts per
infected animal in food animals.

Sheep Goats (attle Pigs Total
(n=294) (n=126) (n=372) (n=641) (n=1433)
Infected animals (%) 92 (31.3%) 11(8.7%) 18 (4.8%) 11(1.7%) 132(9.2%)
Number of hydatid cysts 657 54 108 47 866
Type of hydatid cysts
Fertile (%) 383 (58.3%) 8 (14.8%) 26 (24.1%) 5(10.6%) 422 (48.7%)
Sterile (%) 84(12.8%) 21(38.9%) 54 (50.0%) 26 (55.4%) 185 (21.4%)
(alcified (%) 190 (28.9%) 25 (46.3%) 28 (25.9%) 16 (34.0%) 259 (29.9%)
Infected organs
Lungs (%) 371 (56.5%) 42 (77.8%) 67 (62.0%) 8(17.0%) 488 (56.4%)
Liver (%) 286 (43.5%) 12 (22.2%) 41(38.0%) 39(83.0%) 378 (43.6%)
Number of cysts / infected animal
Lungs (range) 4.0£1.32(2-7) 3.8+1.24(2-6) 3.7£0.91(2-5) 0.740.52 (0-2) 3.7£1.55(0-7)
Liver (range) 3.141.07 (2-5) 1.1£0.69 (0-3) 2.340.74 (1-4) 3.5+1.20 (2-6) 2.941.17 (0-6)

reported by Sotiraki and colleagues in Northern
Greece (Sotiraki et al. 2003), while goats showed
a slow, but progressive decreasing infection rate,
and sheep had similar infection rate. Our results
in sheep confirm those of a report in which the
prevalence of CE in the region of Peloponnesus was
30.4% (Varcasia et al. 2007). In contrast, our results
regarding the prevalence of infection in goats (8.7%)
are in disagreement with those (14.7%) reported by
Varcasia and colleagues (Varcasia et al. 2007). The
variations of the infection rates could be due to the
various species/genotypes of E. granulosus sensu lato
(Cardona and Carmena 2013), the variations in the
temperature, the environmental conditions, and the
nature of the pasture, as well as the way of raising and
grazing of these animals (Soulsby 1982). In agreement
with our results, Marshet and colleagues found sheep
to be more susceptible to infection than goats (13.9%
vs. 3.1%, respectively) (Marshet et al. 2011). This
may be attributed to the browsing nature of goats,
thereby being fed on less contaminated vegetation
than sheep, which are grazers (Dalimi et al. 2002).

The present study revealed that sheep carried not
only more hydatid cysts, but also more fertile cysts
(58.3%) than goats (14.8%), cattle (24.1%), and pigs
(10.6%). Similar findings have been reported in
various studies in sheep (Abiyot et al. 2011, Marshet
et al. 2011, Fikire et al. 2012), which detected a
fertility rate of 78.6%, 54.0% and 59.1%, respectively.
In addition, a fertility rate of 33.3% in goats (Marshet
et al. 2011) and 19.3% in cattle (Fikire et al. 2012)
was reported. Data on the prevalence and fertility
of cysts in various domestic animals provide reliable
indicators of the importance of each type of animals
as a potential source of infection to dogs (Daryani
et al. 2006). In light of this fact, it can be deduced
that sheep play a critical role in the occurrence of
hydatidosis.
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In addition, the severity of CE infection in livestock
species (susceptibility to infection, fertility and
location of cysts) may vary depending on the
E. granulosus sensu lato species/genotype involved.
Echinococcus granulosus sensu lato is considered
to be a species complex, comprising at least
10 genotypes (G,-G,) (Cardona and Carmena,
2013). In Peloponnesus, Southern Greece, sheep
were found to be infected with the common sheep
genotype G, (90%) and buffalo genotype G, (10%),
while goats were infected with pig genotype G,
(100%) (Varcasia et al. 2007).

A remarkable feature of E. granulosus sensu lato,
particularly of the G, genotype, is its extraordinary
ability to adapt to and infect effectively a wide
range of definitive and intermediate host species
under very different environmental and ecological
conditions. The G, genotype is considered the
most widespread genotype worldwide and the
most important genotype in Europe and in the
Mediterranean. Moreover, G, is the etiologic agent of
the vast majority of human infections (Varcasia et al.
2007, Cardona and Carmena 2013).The G, genotype,
which was found in goats in Peloponnesus,
differs morphologically, developmentally,
epidemiologically and genetically from other
genotypes of E. granulosus sensu lato, particularly
from the G,-G, group (E granulosus sensu stricto)
(Nakao et al. 2007). The presence of the pig genotype
in Peloponnesus goats has considerable implications
for the implementation of hydatid control programs
that include regular drug treatment of dogs
because of the shorter maturation time in dogs of
G, compared with the common sheep G, genotype
(Thompson and McManus 2002, Varcasia et al. 2007).
This information should also be valuable for the
design and implementation of more efficient control
strategies against CE. Elucidation of the role of G,,
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G,, and G, genotypes in the epidemiology of CE in
Peloponnesus requires specific future investigations
in other regions of Greece.

Regarding cysts’ distribution in sheep, goats, and
cattle, in this study higher infection was recorded
in lungs (56.5%, 77.8%, and 62.0%, respectively),
followed by liver. This may be due to the relatively
softer consistency of lung tissue that allows easy
growth of cysts (Himonas et al. 1987, Marshet et al.
2011). Similar findings were obtained by Abiyot
and colleagues, who observed that lungs were
more affected with hydatid cysts, 78.6% in sheep
and 53.6% in goats, than liver (Abiyot et al. 2011).
The present study is also in accordance with a
previous study conducted in Greece by Himonas
and colleagues, who found that lungs were the most
commonly affected organ in sheep (66.2%), goats
(62.5%), and cattle (61.7%) (Himonas et al. 1994). In
contrast to our results, where the preponderant site
of cysts in pigs was the liver (83.0%), Himonas and
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