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Abstract Human cystic echinococcosis (hydatid disease)
caused by the Echinococcus granulosus tapeworm contin-
ues to be a substantial cause of morbidity and mortality in
many parts of the world. France is still considered as en-
demic area, but the current infestation by E. granulosus of
intermediate hosts in France remains currently unknown due
to the absence of official data reporting for the last 20 years.
A 1-year prevalence survey was conducted in the 24 slaugh-
terhouses of ten departments of the South of France. We
demonstrate that the E. granulosus parasite is still currently
present at low prevalence at slaughterhouses in the study
area (4 cases for 100,000 sheep and 3 cases for 100,000
cattle). In addition, we assess the presence of genotype G1
in infected animals and identify for the first time in France
genotypes G2 and G3 of E. granulosus sensu stricto.

Hydatid disease is a parasitic zoonosis caused by the
Echinococcus granulosus tapeworm, which continues to
be a substantial cause of morbidity and mortality in many
parts of the world (Craig et al. 2007). Human is considered
as a dead-end host in the parasite life cycle. Dog is the main
definitive host of the cestode and release eggs in its faccal
matter infesting the environment. Usual intermediate hosts
are sheep, cattle, swine and goats but horses, cervids or
camels can also present visceral cysts. Molecular analyses
of mtDNA sequences have previously demonstrated that £.
granulosus can be divided into ten different genotypes,
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named Gl to G10 (Bowles et al. 1992; Bowles and
McManus 1993; Lavikainen et al. 2003; Scott et al.
1997) corresponding to the previous strains definitions
(Thompson 1995) The taxonomy of E. granulosus was
recently revised leading to a more simplified one by
grouping some genotypes in order to obtain new valid
species: E. granulosus sensu stricto (G1,G2,G3),
Echinococcus equinus (G4), Echinococcus ortleppi
(G5) and Echinococcus canadensis (G6 to G10)(Nakao
et al. 2007, 2010; Thompson and McManus 2002).

The last national survey on E. granulosus in France dates
back to 1989 (Soule et al. 1989). Diagnosis was based on the
macroscopic observation of hydatid cysts at the slaughter-
house. National infection prevalence was 0.42 % in sheep or
goats (n=515,679) and 0.13 % in cattle (n=2,876,863). If
almost all the country was observed infected, the main
infected area was the south of France, where sheep breeding
and traditional transhumance is concentrated. More recently, a
regional survey on 43,148 cattle in the Midi-Pyrenees region
revealed a prevalence at slaughterhouse of 0.31 % (Bichet and
Dorchies 1998). Since 1998, no data were available.
Moreover, no case has been officially declared by slaughter-
houses because of no reporting obligation concerning E.
granulosus, explaining why no case is yearly reported by
French agriculture authority to the European Food Safety
Agency. Yet, France is commonly considered as endemic
(Eckert et al. 2001), whereas human cases of hydatidosis
identified in France are most often considered as imported
cases (i.e. infestation of the patient outside France).

The aim of the present study was thus to conduct a survey in
slaughterhouses of the south of France, the main historic endemic
area of E. granulosus (Romig et al. 2006), to assess the presence
and the prevalence of the parasite in sheep and cattle and to
identify the species/genotypes of E. granulosus sensu lato.

From April 2009 to March 2010, 725,903 sheep and
138,624 cattle were inspected in the 24 slaughterhouses of
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ten departments (French administrative unit) of the south of
France. During meat inspection (visual examination and
palpation), any hydatid cyst found on the liver or lungs of
inspected cattle and sheep was collected. The samples were
kept in ethanol (70 %) or frozen prior to be dispatched to the
National Reference Laboratory for Echinococcus sp. (NRL).

At the NRL, hydatid fluid of each sample, if any, was
microscopically observed for the presence of protoscoleces
in order to assess the fertility of the cyst. Protoscoleces or
germinal layers were collected from hydatid cysts and kept
frozen prior to molecular analysis. DNA was extracted using
the NucleoSpin Tissue kit (Macherey-Nagel, France)
according to the supplier’s recommendations.

For all DNA extracts, PCR were conducted on the gene
encoding subunit 1 of the cyfochrome c oxidase (coxl) and
for the gene encoding subunit 1 of NADH dehydrogenase
(nadl). The coxl sequence was amplified using primers
JB3-JB4.5 (Bowles et al. 1992) and nadl with primers
JB11-JB12 (Bowles and McManus 1993). PCR were carried
out under the following conditions: 2 min at 94 °C; 35
cycles at 94 °C for 30 s, 30 s at 52 °C for cox/ and at
54 °C for nadl, 72 °C for 30 s and a final elongation stage at
72 °C for 7 min. PCR products were visualised after elec-
trophoresis using a 1 % w/v agarose gel stained with
SYBR® Safe (Invitrogen, France). The amplicons were
sequenced by a private company (Beckmann Coulter
Genomics, UK). The nucleotide sequences were aligned
using the Vector NTI software program (Invitrogen,
France) and compared with sequences available in
GenBank using the BLASTn program. The E. granulosus
genotypes were determined using the reference sequences
available of the cox/ and nadl genes (Bowles et al. 1992;
Bowles and McManus 1993; Okamoto et al. 1995).

Hydatid cysts from 31 animals coming from three of the
ten departments surveyed: 27 sheep from Alpes-de-Haute-
Provence and four cattle from Haute-Savoie (n=3) and
Hérault (n=1) (Fig. 1). Analyses of the nucleotide sequen-
ces of the cox! and nadl genes confirmed the E. granulosus
species for all the samples (Table 1). These results indicate
an apparent prevalence of hydatidosis in livestock of the
whole study area of 4 cases for 100,000 animals: 4 cases for
100,000 in sheep and 3 cases for 100,000 in cattle. In fact, as
the infection concerned only animals from three depart-
ments of slaughtering, the prevalence is locally higher: 6
cases for 1000,000 sheep in Alpes-de-Haute-Provence and
13 and 25 cases for 100,000 cattle in Haute-Savoie and
Hérault, respectively (Table 1).

Single genotypes G1, G2 and G3 of E. granulosus sentu
stricto (s.s.) were identified for ten, ten and eight animals,
respectively. Moreover, three sheep exhibited mixed geno-
typing patterns G1/G2 (rn=2) and G1/G3 (n=1), due to
different genotypes obtained for cysts in the liver and lungs.
For the G1 genotype, the nucleotide sequence of the cox/
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gene obtained (GenBank JQ356712) corresponded to the
reference sequence (GenBank U50464), except for one
ovine which presented a unique substitution of a thymine
by a cytosine in the 67th nucleotide position (GenBank
JQ356711). The nucleotide sequences identified as G2 and
G3 from sheep (GenBank JQ356713, JQ356715) and cattle
(GenBank JQ356714), respectively, corresponded to the
appropriate reference sequences of cox/ gene (GenBank
M84662 and M84663). Concerning the nadl gene, the
sequences obtained from sheep (GenBank JQ356721,
JQ356723) and cattle (GenBank JQ356720, JQ356722)
were all identical to G1 and G2-G3 reference sequences
(GenBank AJ237633, AJ237634). Among the 27 positive
sheep, all slaughtered in the Alpes-de-Haute-Provence de-
partment, 70 % of the hydatid cysts were found on both liver
and lungs, 15 % on solely the liver and 15 % on solely the
lungs. For cattle, the parasitic infection was observed on the
lungs in three cases and on the liver for one cow.
Protoscoleces were observed in 81 % of the sheep cysts (n=
23), independently of the genotype and organs involved,
whereas no protoscolex were observed for all the four cattle.

Whereas no official data of E. granulosus infection are
reported in France nowadays, because of no reporting obliga-
tion, we show here that E. granulosus is still spread at least in
the main endemic region of mainland France, i.e., the
Pyrenean and Alpine departments bordering other endemic
countries, Spain (Gonzélez et al. 2002) and Italy (Casulli et al.
2008; Rinaldi et al. 2008), respectively. The current level of
infection is much lower than in 1989, both in cattle and in
sheep. Moreover, while the presence of cases in sheep in the
south-east is confirmed, no case was observed in the south-
west, particularly in Pyrénées-Atlantiques, which was a major
area of sheep infection in 1989. A broader survey covering the
whole country would enable to determine if the location of E.
granulosus is limited to the studied area or not.

The genotype G1 of E. granulosus s.s. is the most wide-
spread genotype in southern Europe (Romig et al. 2000),
and its presence in France is commonly admitted even if no
published data for G1 are available. Here, we actually assess
its presence. We also described for the first time in France
the genotypes G2 and G3 of E. granulosus s.s. These two
genotypes have already been described in Europe in sheep
and cattle, notably in Italy (Busi et al. 2007; Casulli et al.
2008), Romania (Bart et al. 2006), Portugal (Beato et al.
2010) and Turkey (Vural et al. 2008). The genotype G1 is
mainly responsible for infection in humans, but genotypes
G2 and G3 are known to be infectious as well (Busi et al.
2007; Eckert and Thompson 1997; Maillard et al. 2007).

Mixed genotyping patterns in sheep were identified, due
to infection of liver and lungs by two distinct genotypes of
E. granulosus. At least one of the two genotypes identified
in these mixed genotyping pattern was systematically ob-
served in other sheep within the three different herds
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concerned (data not shown). These mixed profiles can be
explained by successive infections of the intermediate hosts,
or by a single infection due to a definitive host harbouring
simultaneously adult worms of the two genotypes.
Moreover, 85 % of the sheep cysts were fertile. These results
reveal the coexistence of active G1, G2 and G3 parasitic life
cycles in some department. The department of Alpes-de-
Haute-Provence is a crossroad of the sheep transhumance in
the Alps which is probably the main factor to explain the
transmission of the parasite in sheep.

None of the infected cattle exhibited fertile cyst. This result
is in agreement with those obtained in Italy (Rinaldi et al.

2008) and in Spain (Mwambete et al. 2004), indicating that,
except for infection by their attributed genotype/species (G5,
E. ortleppi) (Thompson 1986), cattle are not a major active
intermediate hosts for E. granulosus s.s. but a dead-end host.
Nevertheless, the infection of the four cattle observed in the
department of Hérault and Haute-Savoie indicates that they
are bred in, or have transited by, infested areas where active
life cycles of E. granulosus s.s. persist.

The persistence of E. granulosus life cycle depends on
the ability for dogs, the definitive hosts, to consume infested
organs of intermediate host. When livestock are slaughtered
in an official slaughterhouse, these infested organs are

Table 1 Number of inspected cattle and sheep, E. granulosus cases, and apparent prevalence per department

Department of slaughtering  Animals inspected

E. granulosus s.s. genotypes

Apparent prevalence at slaughterhouse
(cases for 100,000) [ICos o]

Cattle Sheep Gl G2 G3 Gl/G2 Gl/G3 Overall Cattle Sheep
Pyrenees-Orientales 3,522 37,347 — — - - — — — -
Hautes-Pyrenees 10,943 27,485 — — - - — — — -
Savoie 14,028 7,426 - - - - - - - -
Haute-Savoie 23,8 0 2 — 1 - - - 13% [4-37] -
Bouches-du-Rhone 5,556 39,395 - — - - — — - -
Pyrenees-Atlantiques 72,397 105,664 — - - - - - - -
Herault 4,016 26,945 - - 1 - - 1? 25% [4-141] -
Hautes-Alpes 3,947 16,636 - - - - - - - -
Alpes-Maritemis 415 5,182 - - - - - - - -
Alpes-de-Haute-Provence 0 459,923 & 10° &> 2° 1° 27° - 6° [4-9]
Whole study area 138,624 725903 10 10 8 2 1 31 (4°+27% 3% [1-7] 4° [3-5]
4 [2-5]

(-) no case
? Cattle
°Sheep
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seized and destroyed. The presence of E. granulosus in
France highlight in the present study can be explained by
different hypotheses. One can be that some uncontrolled
slaughter without elimination of all infested organs still
occurs. Secondly, dogs infected by the parasite may be
imported from endemic areas which results to contamination
of the pastures. Finally, the death of animals without collec-
tion and treatment of carcass can appear for instance in
mountain pasture. The study of the infection in sheep dogs
would enable to assess the persistence of E. granulosus s.s.
in France at a more accurate geographical level.
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