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Abstract In Argentina, hydatid disease caused by Echinococcus
granulosus is widespread. The south of Buenos Aires province,
Argentina, is one of the three regions where hydatidosis is en-
demic. Although domestic dogs and sheep are considered to be
the main hosts for E. granulosus, the potential role of wildlife in
the local transmission of E. granulosus has not been investigated.
The aim of this study was to estimate the hydatidosis/echino
coccosis prevalence in European hare (Lepus europaeus) and
Pampas fox (Lycalopex gymnocercus), two abundant species with
a strong predator—prey relationship in rural areas of Buenos Aires
province using different diagnostic tests. A total of 61 fox
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intestines were examined, finding that 52 (85.2 %) harbored at
least one helminth species. However, no adult or immature form
of Echinococcus sp. was found in the intestinal contents.
Coproparasitological analysis and Copro—ELISA followed by
Copro—PCR were used as supplementary diagnostic tests. Only
one (1.7 %) of 59 fecal samples was positive to Taeniidae eggs by
coproparasitological analysis, but this same sample was negative
by the Copro—ELISA test. The analysis by Copro—ELISA
showed 6 of 57 (10.6 %) positive samples, but the Copro-PCR
tests carried out on these samples were negative to E. granulosus.
A total of 6,808 lungs, 3,576 livers, and 3,542 hearts of hunted
hares were examined and palpated, but no structure resembling
hydatid cysts were detected. Our results suggest that hares and
Pampas foxes are not currently important wild reservoirs of E.
granulosus in the studied area.

Introduction

Hydatidosis is a zoonotic disease caused by larval stages of
cestodes of the genus Echinococcus (Rudolphi 1801)
(Cestoda: Taeniidae) that may cause severe illness and even
death in the intermediate host. The life cycles of these para-
sites necessarily involve two mammalian hosts that have an
obligatory predator—prey relationship. The adult cestode in-
habits the small intestine of carnivores (definitive host), and
metacestodes (hydatid cysts) develop in the internal organs of
intermediate hosts (herbivorous and omnivorous mammals,
including humans) as a result of ingestion of Echinococcus sp.
eggs shed into the environment with feces of carnivores
(Jenkins et al. 2005).

Five Echinococcus species are currently recognized as
valid Echinococcus granulosus sensu lato Batsch 1786,
Echinococcus multilocularis Leuckart 1863, Echinococcus
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oligarthrus Diesing 1863, Echinococcus vogeli Rausch and
Berstein 1972, and Echinococcus shiquicus Xiao et al. 2005.
E. granulosus s. 1. is the most widely distributed species with
high prevalence rates reported in Eurasia, North and East of
Africa, Australia, and South America (Eckert et al. 2001;
Jenkins et al. 2005; Zhenghuan et al. 2008). The transmission
of E. granulosus s. 1., particularly within the domestic context,
is influenced by human habits and activities, public policies,
and the presence of wildlife reservoirs (Jenkins et al. 2005).

In Argentina, there are three regions where hydatid disease
has a high rate of transmission: the Patagonia in the south, the
province of Buenos Aires in the center, and the Northeastern
region. These three regions are associated with small ruminant
production (OPS 2004).

From the extensive list of mammals that were documented
to be naturally infected with E. granulosus s. 1., just a few are
really relevant for the epidemiology of the disease in humans
(D’Alessandro 2002). In Australia, E. granulosus persists in
two transmission cycles, domestic and wild. The first includes
sheep as intermediate host and the second, marsupials (kanga-
roos and wallabies) (Durie and Riek 1952; Kumaratilake and
Thompson 1982). These two cycles are linked through differ-
ent carnivores (domestic dogs, wild dogs, dingoes, and red
foxes) that act as definitive hosts (Thompson and McManus
2002). In the Iberian Peninsula, the wolf (Canis lupus) and the
deer (Cervus elaphus) appear to be successful wild hosts for E.
granulosus (D’ Alessandro and Rausch 2008). In North America,
E. granulosus occurs in at least four wild systems: wolf—elk
(Cervus canadensis) (Riley 1933; Rausch 1952), coyote (Canis
latrans)y—deer (Odocoileus spp.) (Brunetti and Rosen 1970; Liu
et al. 1970), jackal (Canis mesomelas)-sambhur (Rusa unicolor)
(Paramananthan and Dissanaike 1961; Dissanaike and
Paramananthan 1962), and wolf-moose (4lces alces) (Jenkins
et al. 2005). Massive presence of cysts of E. granulosus was
documented in wild boar in Spain (Martin Hernando et al. 2008).
Recently, Himsworth et al. (2010), reported a sylvatic cycle of E.
granulosus s. 1. between wild cervids and domestic dogs in an
indigenous community from Canada.

In contrast, there are few reports about the role of wildlife
in the maintenance of infection by E. granulosus s. 1. in South
America. The first studies in Argentina on the existence of
wild reservoirs of Echinococcus were made by Szidat (1963)
who reported a prevalence of 12 % (6/50) in culpeo fox
(Lycalopex culpaeus) captured in the pre-Andean cordillera.
Blood and Lelijveld (1969) reported 3.6 and 15.5 % infection
rates in Pampas fox (Lycalopex gymnocercus) and the gray
fox (Lycalopex griseus), respectively, but no evidence of
infection was found in 31 specimens of culpeo fox captured
in southern Argentina. An independent sylvatic cycle involv-
ing culpeo fox and European hare (Lepus europaeus) was
described in Neuquén province, Argentina, with a prevalence
of25 % (4/16) in the fox and 5.6 % (4/71) in the hare (Schantz
etal. 1972). In Chile, Alvarez (1961) failed to find the parasite
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in 534 culpeo fox samples but Aguilera (2001) reported
natural infection with E. granulosus s. 1. in 2.2 % of 45 of
gray fox examined. A recent study carried out in Tierra del
Fuego province reported the presence of a single adult of E.
granulosus s. 1. in one of 81 (1.2 %) gray foxes examined
(Zanini et al. 20006).

Experimental infection by feeding cysts of E. granulosus to
culpeo fox, gray fox, and Pampas fox showed that all three
species are susceptible to infection. The susceptibility between
the culpeo fox and dogs was similar, but most gray foxes and
Pampas foxes were less susceptible than dogs, although grav-
id strobilae were recovered from some individuals of both
species (Schantz et al. 1976). To our knowledge, no experi-
mental infection using hares has been carried out, but there has
been work in another Lagomorph, the European rabbit, where
inoculation with protoscoleces of E. granulosus resulted in the
development of hydatid cysts (Heath 1970; Sahin et al. 1997,
Yetim et al. 2005; Ahmadnia et al. 2009).

The Pampas fox inhabits grasslands and open woodlands
of the Southern Cone of South America, where it is one of the
most common and widespread carnivore species, and it also
occur in areas highly modified by extensive ranching and
agricultural activities (Lucherini et al. 2004). The current
Pampas fox population in Buenos Aires province is estimated
at 260,000 individuals (Porini and Ramadori 2007). Regarding
its eating habits, it is described as an omnivorous predator
showing an opportunistic behavior since consumption of
items varies according to seasonal availability and geo-
graphic location (Farias and Kittlein 2008). In Buenos
Aires province, frequent food items include rodents, European
hares, birds, insects, fruits, carrion, and garbage (Crespo 1971;
Garcia and Kittlein 2005; Farias and Kittlein 2008). Other
studies found significant contribution of domestic livestock
(Drittanti et al. 1998).

The European hare, L. europaeus, (Pallas 1778) (Lagomorpha:
Leporidae) was introduced into Argentina in 1888 from
Germany to promote sport hunting (Grigera and Rapoport
1983). Its own characteristics and the prevailing land use
change facilitated its proliferation. It became a resource
of economical importance in the country as its meat is
exported, and it is considered a pest for forestry and agri-
culture (Bonino 2006).

Although the preventive measures implemented by the
hydatidosis/echinococcosis control program had a significant
effect on the domestic dog—sheep cycle, the continuing infec-
tion of wild canids is possible due to some prevailing eco-
epidemiological conditions (Zanini et al. 2006).

The present work was aimed at studying the occurrence of
Echinococcus sp. in Pampas fox and European hare in Buenos
Aires, and thus to obtain information about their possible role
in a sylvatic life cycle. These two species are of relevance
because of their abundance and strong predator—prey relation-
ship in the study area.
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Materials and methods
Study area

The study was conducted in rural areas located in seventeen
departments of the south of Buenos Aires province, Argentina,
encompassing the ecoregions El Espinal (southwest) and La
Pampa (southcentral and southeast) (Fig. 1). Currently, the
study area is dominated by cattle farming and agricultural
activities and it is home to high densities of Pampas foxes
and European hares.

Source of samples
Potential wild definitive host of E. granulosus

We used 61 complete intestine samples from Pampas foxes.
They were obtained from opportunistically found road-killed
foxes and dead animals provided by licensed hunters during the
authorized hunting season in the province of Buenos Aires
during 2010 and 2011 (Fig. 1). In addition, we received a permit
from the Ministerio de Asuntos Agrarios and Direccion de Flora
y Fauna of Buenos Aires Province to collect and transport
samples from these wild animals. The intestinal tracts were
carefully removed from each carcass and subsequently isolated
by ligatures (pylorus and rectum). Each sample was individually
packed and labeled with relevant information, including place of

origin, sampling date, age, and sex of the animal. All samples
were kept at —20 © C for at least 1 month prior to processing in
order to inactivate Echinococcus spp. eggs.

Examination of the intestinal content was performed using
the sedimentation and counting technique described by Eckert
etal. (2001) with some modifications. The small intestine was
separated from the large intestine, and then each section of
intestine was placed in different trays and cut lengthwise.
Coarse material and large parasites of the small intestine were
removed. A fecal sample was obtained from the rectum for
coproparasitological and molecular analyses (see below).
Then, each intestine section was immersed in 9 % saline
solution at 37 °C for 30 min. Intestinal walls were scraped
with a microscope slide, and all the intestinal content of each
section were poured into individual glass bottles and left to
stand for 20 min. The supernatant was discarded and physio-
logical saline solution was added to dilute the sediment. This
procedure was repeated several times until the supernatant
was almost translucent. Obtained sediments were examined
in small portions of 5 to 10 ml round petri dishes with
magnifier lens at x65 to identify small helminths.

The helminths found were cleaned with saline solution and
deposited in recipients with either 4 % formalin or 70 % ethanol
for further taxonomic and molecular examination, respectively.

Small fecal aliquots were separated for Copro—ELISA test
(subsample a) and Copro—PCR test (subsample b). These were
stored frozen until processed. Only the positive samples
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®

Fig. 1 Sampling sites in Buenos Aires province, Argentina. The map was made with the program Quantum GIS

@ Springer



3610

Parasitol Res (2013) 112:3607-3613

determined by Copro—ELISA tests were processed through
Copro—PCR to confirm the presence of E. granulosus DNA.
The remainder of each sample was concentrated by Ritchie
sedimentation (Young et al. 1979) and Sheather flotation
(Benbrook and Sloss 1965) methods. Then, they were exam-
ined microscopically (by duplicate) at X100, x400, and x1,000
for taeniid egg identification (Soulsby 1987).

(a) Copro-ELISA: One part of phosphate buffered saline
(PBS) 0.15 M with 0.3 % of Tween 20 was added to
fox fecal supernatant. Resulting mix were shaken vigor-
ously with a vortex, and it was centrifuged at 3,500 rpm
for 30 min at room temperature (Pierangeli et al. 2010).
The Coproantigen test was performed using a sandwich
ELISA protocol described by Pierangeli et al. (2010).
The cutoff value was calculated as described below. In all
plates, blank (PBS instead of fecal sample) positive
controls (fecal sample with 5 pg/ml of E. granulosus
somatic antigen) and negative controls (fecal sample
from helminth-free dogs) were tested. All fecal samples
and controls were assayed by duplicate. The cutoff was
performed with receiver operating characteristic curves,
and the value was determined by the mean plus three
standard deviations of the optical densities of 30 negative
fecal samples (Pierangeli et al. 2010).

(b) Copro—PCR: DNA from 150 mg of fecal samples was
extracted using AccuPrep® Stool DNA Extraction Kit
(BIONEER, Dacejeon, Republic of Korea) following the
manufacturer’s instructions, but incubating 2 h at 56 °C
with 800 pg/ml of proteinase K (Biobasic, New York,
USA). Finally, DNA was eluted with 100 pl of elution
buffer. For E. granulosus DNA detection, a region of
125 bp of the mitochondrial cytochrome C oxidase subunit
1 (cox1, AN: HF947597.1) was amplified by PCR using
the following primers: Ech1F 5’CTATAGTGTGTTTGG
GTAGCAGGG 3' and Ech1R 5'CACCTTTATACCAGT
AGGAACCC 3'. PCR was performed in a final volume of
12.5 ul containing 200 uM of each dNTP (Finnzymes,
USA), 0.4 uM of each of the primers (IDT, lowa, USA ),
2 mM of MgCl, (Fermentas, USA), 5 % v/v of DMSO
(Finnzymes, USA), and 0.65 units of 7ag DNA polymer-
ase (Fermentas, USA) in 10x Tag Buffer with (NH,4),SO,.
In all samples, we used 2 pl of DNA and 1/10 DNA
dilution to PCR inhibition control. A positive control (fkbp
gene from E. granulosus) was used to check the reaction.
PCR conditions were as follows: an initial denaturing step
(94 °C for 3 min) followed by 40 cycles at 94 °C for 45 s
(denaturation), 50 °C for 45 s (annealing), 72 °C for 45 s
(extension), and a final extension step (72 °C for 10 min).
A negative control was included in all PCR assays. The
specificity and size of amplification products were assessed
by electrophoresis using a 100-bp DNA ladder in 2 %
(w/v) Tris—borate/EDTA agarose gels and stained with
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SYBR® Gold Nucleic Acid Gel Stain (Invitrogen,
Buenos Aires, Argentina).

Potential wild intermediate hosts of E. granulosus

It is noteworthy that the hare is an exotic species in Argentina,
and its hunting is permitted in several provinces of this coun-
try, including Buenos Aires. The inspection of the organs was
done in authorized registered slaughterhouses located in Azul,
Tapalqué, and Coronel Vidal cities of the Buenos Aires prov-
ince. The red viscera (lung, liver, and heart) of about 7,000
hunted European hares from several departments of the prov-
ince of Buenos Aires were analyzed between May and July for
3years (2010 to 2012) (Fig. 1). Each organ was carefully
examined and palpated in search of hydatid cysts.

Results

A total of 61 Pampas foxes (30 females and 31 males) were
necropsied in the present work. The foxes belonged to different
departments of the province of Buenos Aires, being 13 from
Azul, 42 from Villarino, 2 from Tandil, 1 from Benito Juarez, 1
from Loberia, 1 from the Necochea, and 1 from Carmen de
Patagones (Fig. 1). All foxes were classified as adults according
to their size. The postmortem exam revealed that 52 foxes
(85.2 %) had at least one intestinal helminth species. However,
no adult or immature form of Echinococcus sp. was found in the
intestinal contents. In the small intestine, the overall prevalences
to nematodes, cestodes, and trematodes were 52, 43, and 31 %,
respectively. In addition, 8 % of the large intestines contained
nematodes. Only one of 59 fecal samples analyzed was positive
to Taeniidae eggs by both concentration techniques used, but this
sample was negative to Copro—ELISA.

The analysis by Copro—ELISA of 57 fox fecal samples
showed six (10.6 %) positive samples, corresponding to three
individuals from Azul and three from Villarino. All samples
were run in duplicate. The cutoff point was 0.230, and the
average optical densities of positive samples was 0.248.
However, the Copro—PCR tests carried out on these samples
was negative to E. granulosus.

A total of 13,926 organs from hunted hares from several
departments of the province of Buenos Aires were thoroughly
examined and palpated, corresponding to 6,808 lungs, 3,576
livers, and 3,542 hearts (Table 1). No structure resembling to
hydatid cysts was detected.

Discussion

In Argentina, hydatid disease is widespread, being E. granulosus
s. 1. species involved. The southeast of Buenos Aires province is
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Table 1 Organs analyzed of European hare (L. europaeus) from rural
areas of Buenos Aires different departments during the commercial
hunting season

Departments Heart Liver Lung Total
(n=3,542) (n=3,576) (n=6,808)

Ayacucho 1,325 611 1,325 3,261
Azul 385 188 449 1,022
Bahia Blanca 114 158 348 620
Balcarce 180 399 507 1,086
Benito Juarez 405 211 565 1,181
Bolivar 43 23 43 109
Dorrego 158 67 224 449
Maipt - 31 47 78
Olavarria - 36 137 173
Saavedra 623 707 1,417 2,747
Rauch 282 449 797 1528
Tandil 27 500 651 1,178
Mar Chiquita - 196 298 494

a region where hydatid disease is a real public health problem
because it is endemic, and it occurs at high prevalences in
humans, livestock, and dogs (Dopchiz 2006; Lavallén et al.
2011; Dopchiz et al. 2013). No previous E. granulosus surveys
in either Pampas foxes or hares have been conducted in Buenos
Aires province. This is the first epidemiological work that inves-
tigated the existence of an independent E. granulosus wild cycle
involving Pampas fox and European hare in this province using
different diagnostic tests.

In this work, inspection of the small intestine was performed
exhaustively, but despite the high prevalence of helminths found
in the intestine of Pampas foxes (85.2 %), no adult Echinococcus
sp. was detected in the samples analyzed. Other studies
conducted in Pampas fox elsewhere in Argentina and Brazil also
failed to detect Echinococcus sp. adults, even when they found
large burdens of nematodes, trematodes, and cestodes (Ruas et al.
2008; Fuchs et al. 2006). However, many years ago, infection by
Echinococcus sp. were reported from necropsied foxes from
different Argentine localities, although in all cases the preva-
lences reported were low (Szidat 1963; Blood and Lelijveld
1969; Schantz et al. 1972; Zanini et al. 2006).

In this epidemiological study, we decided to also use other
non-invasive diagnostic techniques to detect E. granulosus in
foxes, such as coproparasitologic analysis and Copro—ELISA
followed by confirmation by Copro—PCR to increase the
sensitivity of E. granulosus detection.

The fox fecal samples were analyzed by two egg concentra-
tion techniques to increase the sensitivity of the coprologic
exam. Taenidae eggs were observed only in one sample by
both concentration techniques. However, this sample was neg-
ative to Copro—ELISA, showing that the eggs were not of E.
granulosus. In fact, this fox was harboring adults of Taenia sp.

(eggs of all Echinococcus and Taenia species are morphologi-
cally indistinguishable from one another).

Of 57 samples analyzed in this study, only six were Copro—
ELISA positive. However, all six samples were negative by
Copro—PCR. The Copro—ELISA method used in this work
has a sensitivity and specificity of 93.6 and 88.5 %, respec-
tively. It has been validated using domestic dog samples
finding a low cross-reactivity with antigens of Taenia sp.
and nematodes (Pierangeli et al. 2010). This ELISA test has
not been validated in wild carnivores. To rule out the possi-
bility of a false positive Copro—ELISA result (Malgor et al.
1997), confirmation by detecting E. granulosus DNA in feces
using PCR is highly desirable (Abbasi et al. 2003). In this
work, the incongruity in the results may be because these
techniques detect different targets. In the Copro—ELISA, the
target is a protein, while in the Copro—PCR, the target is DNA
from the parasite. There is possibility of a Copro—PCR false
negative, as DNA amplification could be affected by the
presence of PCR inhibitors commonly found in stool samples,
which may not be eliminated by the purification kit. However,
our negative results by the other techniques employed suggest
that false positive Copro—ELISA results should not be ruled
out. In any case, even if the Copro—ELISA positive individuals
were indeed true positives, there was no indication that the
foxes in our sample were a significant source of Echinococcus
sp. propagules for the ecosystem.

All foxes examined were adults. According to Schantz
et al. (1976), the suitability of foxes as definitive hosts of E.
granulosus varies according to fox species and other factors
like age at infection. Experimental studies suggest that they
are most susceptible to infection when young (8-12 week
old), becoming progressively more refractary as they grow
older (Gemmell 1959; Thompson 1983). Therefore, the prob-
ability of infection in our sample may be lower that of the
population, as it did not include young animals.

Over the last three seasons of hare commercial hunting in
Buenos Aires province (2010, 2011, and 2012), we inspected
13,926 organs of hares hunting without detection of hydatid
cysts. These negative results coincide with those of Alvarez
(1961), who did not find any hydatid cyst in 95 hares examined
in Chile. However, in Argentina, Schantz et al. (1972) found
fertile hydatid cysts in 5.6 % (4/71) hares examined and
Almudevar et al. (1986) found infertile hydatid cysts in 0.4 %
(16/3,646) hare viscera. Also, surveys in North America and
Europe revealed the presence of hydatid cysts in hare organs
(Erickson 1944; Bouvier et al. 1954). We agree with Almudevar
et al. (1986), who suggested that the slow larval development of
E. granulosus (compared to that of E. multilocularis) combined
with the high hunting pressure makes hares in the field little
likely to harbor a mature cyst.

Given the results reported in this work, we conclude that
hares and Pampas foxes are not important wild reservoirs of
Echinococcus sp. in Buenos Aires, confirming that the sheep—
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dog cycle is the main cycle in this region of high endemicity.
However, the continuous changes that the ecosystems are
suffering in this province may result in a change of the current
eco-epidemiological conditions, contributing to the develop-
ment of a wild cycle of E. granulosus, as studies already cited
demonstrated that some wild species in Argentina are suitable
hosts for this parasite. Therefore, the potential role of wildlife
must continue to be probed.
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