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ABSTRACT

In the present study we have compared cattle isolates of Echinococcus granulosus from Argentina and Spain. The aim
was to compare and determine if there exist phenotypic and genetic differences within E. granulosus cattle isolates
between an endemic area of Spain (where the disease is mainly restricted to a sheep-dog cycle) and an endemic area
of Argentina (where cattle are the most abundant intermediate hosts). The Spanish samples were previously identified
as G1 genotype. The Argentinean samples were also identified as G1, but some variants were found for the cytochrome
c oxidase-1 (CO1) and NADH dehydrogenase-1 (ND1) mitochondrial genes. When comparing the cyst features and
the morphology of the larval rostellar hooks in both regions, some differences were found. The morphometric analyses
of the larval rostellar hooks showed the existence of two distinct clearly separated groups (one corresponding to the
Argentinean samples and the other to the Spanish ones). In conclusion, there are some genetic and phenotypic
differences within E. granulosus cattle isolates from Argentina and Spain. Probably these differences, more important
from an epidemiological point of view, are related to different steps in the disease control in both countries. Further
studies involving other epidemiological, morphometric and molecular data, including other types of livestock, would
contribute to clarify and expand the present work.
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RESUMEN

Echinococcus granulosus : comparación biológica de aislados de bovinos de regiones endémicas de Argen-
tina y España.  El objetivo del presente trabajo fue determinar si existen diferencias fenotípicas y genéticas entre los
aislados de Echinococcus granulosus de origen bovino provenientes de dos regiones geográficas donde la hidatidosis
es endémica, una de España (donde predomina el ciclo perro-oveja) y una de Argentina (donde el bovino es el
hospedador intermediario más importante). Las muestras españolas fueron previamente identificadas como
pertenecientes al genotipo G1. Las muestras argentinas también  correspondían al genotipo G1, pero entre ellas se
registraron algunas microvariantes de los genes mitocondriales citocromo c oxidasa-1 (CO1) y  NADH deshidrogenasa-
1 (ND1). La comparación de las características de los quistes y de la morfología de los ganchos rostelares del
metacestode mostró ciertas diferencias. En conclusión, existen algunas diferencias genéticas y fenotípicas entre los
aislados de E. granulosus de Argentina y España. Probablemente estas diferencias, más importantes desde el punto
de vista epidemiológico, podrían estar relacionadas con diferentes etapas en los programas de control de la enfermedad
en los dos países. Estudios adicionales que involucren datos epidemiológicos, morfométricos y moleculares provenientes
de otros tipos de ganado contribuirán a clarificar y ampliar la información aportada por este trabajo.

Palabras clave: Echinococcus granulosus, epidemiología, morfología, genotipos, Argentina, España

INTRODUCTION

Echinococcosis-hydatidosis is a cosmopolitan zoono-
sis caused by the cestode Echinococcus granulosus. This
parasite shows great intraspecific variability in relation to
its host specificity, epidemiology, morphology, biochem-
istry, physiology and genetics (39). Various methods
based on morphology, physiology, biochemistry and im-
munology have been used to characterize the variants or

strains of E. granulosus (1, 2, 31, 39). These strains were
later identified as genotypes by molecular studies (G1 -
G10) (7-9, 24, 35). Recently some authors have proposed
a revision of the genus based on phylogenetic studies
tending to re-categorize some genotypes to the species
level (27, 34, 41). Several studies around the world that
have been carried out to characterize the strains/geno-
types of E. granulosus from a region or a country, have
demonstrated the existence of genetic variation or se-
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quence heterogeneity in mitochondrial DNA within some
of the recognized genotypes G1 - G10 (21, 22, 29, 33).
Haag et al. (19) gave the name of “haplotypes” to the
mitochondrial sequences used to discriminate strains, and
“variants”, to the haplotypes with minor genetic differences
within a strain. Since then, different authors have de-
scribed these mitochondrial variants or microvariants
within E. granulosus (5, 6, 10, 32). Among the ten geno-
types that have been described so far, the G1 genotype
is the most widespread around the world infecting sheep,
cattle, pig, goat, buffalo and humans. In general, cattle
have been considered a poor suitable host for the G1
genotype, although some recent studies have demon-
strated that cattle could play a role as a reservoir of the
G1 genotype in some areas like Algeria and Tunisia, which
is a serious risk for human health (4, 25, 40).

Although E. granulosus is widespread in the whole
territory of Argentina and the hydatid disease is consid-
ered endemic in this country, the infection does not have
a homogeneous geographical distribution. The contribu-
tion of each kind of livestock (cattle, pig, sheep, etc) in
the disease transmission depends on the region: for ex-
ample while sheep is the principal host in the Patagonian
and Mesopotamian region, cattle is the prevalent one in
the Pampa and northern regions of the country (14). Par-
ticularly in the south-eastern region of  Buenos Aires prov-
ince (located within the Pampa region), hydatidosis - echi-
nococcosis is considered an important human and vet-
erinary health problem, being cattle the main livestock
involved in the transmission of this disease. (3, 14, 15,
16, 20)

In Spain, E. granulosus infects sheep, cattle, pig, goat
and humans and several genotypes have been described.
However, sheep is the main host involved in the trans-
mission of the hydatid disease (11, 13, 18, 26, 30, 36).

The aim of the present study is to compare and deter-
mine if there exist phenotypic and genetic differences
between E. granulosus isolates of cattle origin from an
endemic central area of Spain (where the disease is
mainly restricted to a sheep-dog cycle) and from an en-
demic area of Argentina (southern region of Buenos Aires
province) where cattle are the most abundant intermedi-
ate hosts.

Material and methods

Origin and processing of samples
The hydatid cysts were obtained from liver and lungs of

infected cattle. The Spanish samples were collected during the
period 1990-1996 at slaughterhouses from the endemic central
region of Spain (Autonomous Community of Madrid, Castilla -
La Mancha, Castilla - León, Extremadura, Aragón and Navarra).
The Argentine samples were collected between 2003 and 2004
at an abattoir located in the south-eastern region of Buenos Ai-
res province. Each cyst was processed as an individual isolate.
They were opened under sterile conditions, according to Smyth
and Davies (38). For each cyst, the external appearance and
macroscopical characteristics of the cyst wall, germinal

membrane and hydatid fluid (general aspect, color and
transparency, existence of calcified or degenerated areas and
contamination) were recorded. For the purposes of this study,
the cysts considered viable were those having  membranes which
did not appear upset or degenerate, white, without calcified,
caseous or degenerated regions, not contaminated and with a
transparent hydatid fluid. Those cysts which had protoscoleces
were considered fertile. The vitality of protoscoleces (percentage
of alive protoscoleces) was determined by their overall aspect
(motility, flame cell activity, presence of calcareous corpuscles)
and negative methylene blue staining. Viable and fertile cysts
were further processed; germinal membranes were washed three
times in sterile phosphate buffered saline (PBS) and stored at 4
°C (if to be processed within a short period of time) or at -20 °C
until use. When hydatid sand was present, it was processed
according to Smyth and Davies (38) and then stored in alcohol
70°-glycerine (1:1) at room temperature (for morphological
studies) or in alcohol 70° at 4 °C or PBS at -20 °C (for genetic
analyses).

Epidemiological data
The number and location of cysts, their size, viability and

fertility were recorded for each geographical area under study.
Comparisons between both regions were made using univariate
techniques for all the recorded variables (Fisher’s Exact Test,
Mann Whitney and Student’s t test) (39). Statistical significance
was assessed at p ≤ 0.05. Mean intensity was calculated as the
mean number of cysts/infected animals (39).

Morphological studies
The protoscoleces were processed according to Ponce Gor-

do and Cuesta Bandera (31). The number, shape and arrange-
ment of rostellar hooks were recorded, and 5 variables were
used for statistical analysis: the total number of hooks per
rostellum (NUM), the blade length of large (LBL) and small (SBL)
hooks, and the total length of large (LTL) and small (STL) hooks.
All measurements were made by the same people (M.V.A. and
F.P.G. for the Argentinean samples and F.P.G. for the Spanish
samples). Comparisons between and within each region were
made by using univariate and multivariate techniques (Principal
Component Analyses) (31).

DNA analysis and sequencing
The identification of the Spanish isolates as belonging to the

sheep strain/G1 genotype had been previously carried out by
using biochemical and genetic analyses (13, 18, 26, 30, 36, 37).
All the Spanish isolates presented 100% homology with the
cytochrome c oxidase-1 (CO1) and NADH dehydrogenase-1
(ND1) sequences of the G1 genotype originally described by
Bowles et al. (7) and Bowles and McManus (9) (GenBank
Accession Numbers: M84661 and AJ237632).The genotype of
the Argentinean isolates has been identified by using the same
mitochondrial genes, following the same protocols and using the
same PCR conditions as previously described by other authors
(7, 9, 26). The gene segment considered was 366bp in length
for CO1 (7) and 471bp in length for ND1 (9). The CO1 and ND1
fragments were purified using the QIAquick PCR Purification Kit
(Qiagen). Their sequences were obtained in an automatic DNA
sequencer (ABI PRISM Model 377 Perkin Elmer) and compared
with the ND1 and CO1 sequences of the G1-G10 genotypes
available at the NCBI database (28).

RESULTS

Epidemiological analysis
A total of 22 cattle were infected with E. granulosus in

Argentina and 94 in Spain. The mean intensity of infec-
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tion for Argentinean cattle was 18.55 (408 cysts) and 5.61
(527 cysts) for the Spanish ones. Whereas all Argentinean
cattle presented viable cysts, only 10.64% (10) of the
Spanish cattle presented them. The percentage of cattle
with fertile cysts was clearly higher in Argentina (63.64%)
than in Spain (6.38%). Percentage of cattle harboring vi-
able and fertile cysts was significantly higher in Argen-
tina (χ2 = 71.26, p < 0.00000 and χ2 = 40.95, p < 0.00000
respectively). Percentages of cattle with pulmonary or
hepatic cysts were higher in Argentina (95.45% and 31.82)
than in Spain (78.72% and 29.79%) but did not show sta-
tistically significant differences between both regions (χ2

= 3.36, p = 0.07 and χ2 = 0.03, p = 0.85 respectively).
Only 9.09% (2) of Argentinean cattle presented cysts in
other locations. Almost all the cysts were located in the
liver or lungs, being the latter the preferred organ in both
regions.

The total number of cysts, the number of viable and
fertile cysts and the distribution of cysts by location are
shown in Table 1. However, while the mean intensity of
liver infection was similar in Argentinean and Spanish
cattle, the mean intensity of lung infection was about four
times higher in the Argentinean ones. The mean lung and
liver intensity of viable and fertile cysts and the viable-to-
total-cysts ratios were clearly higher in the Argentinean

samples; however the total fertile-to-viable-cysts ratio was
higher in the Spanish samples, although no differences
were found in this ratio when lung and liver cysts were
considered separately (Table 2).

The size and the external aspect of the cysts were
similar in both regions. While most of the cysts ranged
from 3 to 4 cm in diameter for both regions, there were
some up to 25 cm in diameter in the Argentinean sam-
ples. In all cases, the color of the germinative membrane
was whitish to yellowish and it was usually thin, with a
mucous aspect, and detached from the cyst wall. The
hydatid sand was whitish in fertile cysts with protoscoleces
and brood capsules in the Argentinean and Spanish sam-
ples. Few protoscoleces were present in the fertile Span-
ish samples with a vitality percentage (alive/not alive
protoscoleces) not higher than 80%, whereas a great
number of protoscoleces was present in the fertile
Argentinean samples with a vitality percentage between
80 and 100%.

Morphological studies
The appearance of the larval rostellum in isolates from

Argentina and Spain was similar and consisted of 2 rows
of alternating large and small hooks. The comparisons
between the measurements of the different variables for

Table 1 . Characteristics of the different kinds of hydatid cysts (total and per organ) in cattle from Ar-
gentina and Spain. S.D.: standard deviation

Argentina Spain p value

Total cysts 408 527

Lung % respect to total cysts 93.87 81.21

Results Mean intensity ± S.D. 17.41 ± 24.65 4.55 ± 4.23 0.00

Per Liver % respect to total cysts 5.64 18.79

Organ Mean intensity ± S.D. 1.05 ± 2.15 1.05 ± 2.28 0.88

Other % respect to total cysts 0.5 –

Locations Mean intensity ± S.D. 0.09 ± 0.30 –

Total Viable cysts 189 13

Mean intensity ± s.d. 8.59 ± 16.22 0.14 ± 0.45 0.00

Lung % respect to total cysts 41.67 1.13

Results Mean intensity ± S.D. 7.73 ± 16.16 0.06 ± 0.28 0.00

Per Liver % respect to total cysts 4.17 1.33

Organ Mean intensity ± S.D. 0.77 ± 1.85 0.07 ± 0.34 0.00

Other % respect to total cysts 0.5 –

Locations Mean intensity ± S.D. 0.09 ± 0.30 –

Total Fertile cysts 44 8

Mean intensity ± s.d. 2.00 ± 2.88 0.09 ± 0.032 0.00

Lung % respect to total cysts 7.35 0.4

Results Mean intensity ± S.D. 1.36 ± 2.36 0.02 ± 0.15 0.00

Per Liver % respect to total cysts 3.2 1.14

Organ Mean intensity ± S.D. 0.59 ± 1.60 0.06 ± 0.15 0.13

Other % respect to total cysts 0.25 –

Locations Mean intensity ± S.D. 0.05 ± 0.21 –
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each of the groups (Argentina and Spain) were statisti-
cally analysed by the Student’s t test. All of them but one
(LTL) presented significant statistical differences (Table
3). Principal Components Analysis (PCA) was carried out
with data from 25 isolates of Argentinean cattle and the 8
fertile isolates from Spain. Significant correlations were
found, indicating that an increase in the number of hooks
correlates with a longer blade in both the large and small
hooks and with a shorter total length of the small hooks.
The criterion considered for the number of factors to be
extracted was the “greatest of the 75% variance rule” and
the Scree test described by Cattell (12). Two factors were

finally extracted, which represented nearly 78% of the
variance. When isolates were plotted using both factors,
two different groups became evident: one corresponding
to the Argentinean isolates and the other to the Spanish
ones (Figure 1).

Genotype identification
All Argentinean isolates (a total of 25) belonged to the

G1 genotype, but different variants of the G1 haplotype
originally described (GenBank accession no. M84661 and
GenBank accession no. AJ237632) were identified for the
CO1 and NADH1 mitochondrial genes in the present

Table 2. Ratios (total and per organ) of viable and fertile cysts in cattle from Argentina and Spain

Region Statistical
Argentina Spain significance

Viable to Total cyst ratio

Total 0.46 (189/408) 0.02 (13/527) 0.00

Per Lung 0.44 (170/383) 0.01 (6/428) 0.00

Organ Liver 0.74 (17/23) 0.07 (7/99) 0.00

Other locations 1 (2/2) 0 –

Fertile-to-total cyst ratio

Total 0.11 (44/408) 0.01 (8/527) 0.00

Per Lung 0.08 (30/383) 0.01 (2/428) 0.00

Organ Liver 0.56 (13/23) 0.06 (6/99) 0.00

Other locations 0.50 (1/2) 0 –

Fertile-to-viable cyst ratio

Total 0.23 (44/189) 0.62 (8/13) 0.00

Per Lung 0.17 (30/170) 0.33 (2/6) 0.33

Organ Liver 0.76 (13/17) 0.86 (6/7) 0.61

Other locations 0.50 (1/2) 0 –

The data in parenthesis indicate the number of cysts used in the calculus.

Table 3. Rostellar-hook measurements of the protoscoleces of E. granulosus from hydatid cysts of cattle origin from Argenti-
na and Spain. S.D: standard deviation

Morphometric Variables
Nº of LBL LTL SBL STL NUM

samples Average ± Average ± Average ± Average ± Average ±
S.D. S.D. S.D. S.D. S.D.

(Maximum- (Maximum- (Maximum- (Maximum- (Maximum-
-minimal) -minimal) -minimal) -minimal) -minimal)

Argentina 24 13.52 ± 0.37 24.72 ± 0.53 9.27 ± 0.3 20.10 ± 0.30 37.61 ± 0.79

(12.9 -14.4) (24.0 - 26.2) (8.6 - 9.9) (19.4 - 20.8) (33 - 48)

Spain 8 12.85 ± 0.19 24.51 ± 0.15 9 ± 0.23 21.06 ± 0.19 34.25 ± 1.16

(12.6 -13.1) (24.2 - 24.7) (8.8 - 9.4) (20.8 - 21.4) (32 - 36)

Student’s t test t=4.876 t=1.164 t=2.349 t=8.444 t=9.220

statistical significance p=0.00 p=0.25 p=0.03 p=0.00 p=0.00

LBL, blade length of large hooks; LTL, total length of large hooks; SBL, blade length of small hooks; LTL, total length of small hooks; NUM, number of
hooks per rostellum. Lengths in micrometers.
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study. While some sequences were identical to the origi-
nal one described for the CO1 gene (GenBank acces-
sion no. M84661), there were two other different variants
in the CO1 sequence with transition mutations: one vari-
ant with a mutation at position 73 (CxT) (GenBank acces-
sion no. AF458871) and the other one with a mutation at
position 111 (TxC) (GenBank accession no. AF458875).
For the NADH1 gene only one sample was identical to
the original one (GenBank accession no. AJ237632) and
3 other different variants were registered in the rest of the
sequences: one of the variable sequences showed a tran-
sition mutation at position 282 (TxC) (GenBank acces-
sion no. AF297617), another one showed mutations at 2
different positions: 282 = TxC and 342 = CxT (NADH1_a)
and the last one at 3 different positions: 27 = TxC; 181 =
TxC and 282 = TxC (NADH1_b).

DISCUSSION

The present work is the first to compare and deter-
mine if there are differences in phenotypic and molecular
features in E. granulosus cattle isolates from endemic
areas in Argentina and Spain, where the abundance of
this intermediate host as well as the importance in dis-
ease transmission are different.

In both regions, the only genotype infecting cattle was
G1 (common sheep strain), which is the most important
genotype responsible for human infection (7) and also
because of its widespread distribution and wide range of
intermediate hosts.

Although the G1, G2 and G5 genotypes have been
found to infect cattle in Argentina (19, 21), all the isolates

obtained in this study belonged to the G1 genotype. This
suggests that G1 is probably the most prevalent and the
principal genotype responsible for the hydatid disease in
cattle and also in other hosts in the Argentinean area
under study (3).

There are several studies where genetic differences
within the G1 genotype of E. granulosus have been de-
scribed (5, 6, 10, 19, 21, 32, 33). Obwaller et al. (2004)
provided clear evidence that ‘true’ genetic variability ex-
ists within different genotypes indicating that this hetero-
geneity is not artefactual.

Results show the existence of different variants or
microvariants of the G1 genotype in the Argentinean iso-
lates but not in the Spanish ones. While the Spanish iso-
lates presented the original sequences described for both
genes (7, 9), in Argentina there are more than one vari-
ant for each gene. The variant for the CO1 gene with a
transition mutation at position 73 found in the Argentinean
samples had been registered earlier in this country as
G1A (GenBank accession no. AF458871) in humans,
dogs, cattle and pigs from different Argentinean provinces
(19, 21), but also in cattle and sheep from Morocco
(GenBank accession no. EF367289/90). The other vari-
ant for the CO1 with the transition mutation at position
111 found in this work had been previously registered as
G1E variant (GenBank accession no. AF458875) in hu-
mans from Chile (21). This variant was also recorded in
sheep from Piedmont, Italy (10), in dogs from China
(GenBank accession no. DQ356882), in camels from
Morocco (GenBank accession no. EF367286) and in cat-
tle from Turkey (GenBank accession no. EU178103) and
Australia (GenBank accession no. AJ508033). In the
present work both variants were found in Argentinean
cattle, being the first record of the G1E variant for the
south-eastern region of Buenos Aires province. The  ND1
gene variant (transition mutation at position 282) regis-
tered in this work has been previously found in sheep
and humans in Argentina (33) (GenBank accession no.
AF297617) but not in Spain, and this is the first record in
cattle from the south-eastern region of  Buenos Aires prov-
ince for this variant. The other two ND1 variants were
only found in one sample and not elsewhere using the
BLAST search. Due to the low number of samples (one
from each variant), no relationship could be drawn be-
tween these variants and biological factors. The variant
with the mutation at position 282, which is the most preva-
lent in the Argentinean samples, was also described in
Algeria (4) where the epidemiological situation reported
is quite similar to that occurring in the endemic region of
Argentina considered in this study. The variation intra G1
described here confirms that this is the most variable geno-
type. This is in agreement with the lowest intermediate
host specificity and the wider geographic distribution de-
tected for it. Also, our results confirm that the sequence
of the ND1 gene fragment is more variable than that of
the CO1 gene (9, 21, 29).

Figure 1. Plot of E. granulosus isolates from cattle of Argentina
and Spain obtained by the Principal Component Analysis. ESP:
Spain, ARG: Argentina.
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In most parts of the world G1 is mainly restricted to a
sheep-dog cycle and cattle are usually considered as poor
suitable hosts for this genotype (2, 39-41). This is the
situation that exists in Central Spain, where sheep is the
most important intermediate host for the disease. Span-
ish cattle were only infected with the G1 genotype and
most of the isolates were non-viable and/or non-fertile
(13, 26, 30, 36). However, in some countries like Tunisia
and Algeria, the number of cattle with fertile cysts is higher.
Therefore, this host has been considered a suitable host
for the G1 genotype in those countries, suggesting that
the parasite appears to be well adapted to the circum-
stances and is maintained in a cattle-dog cycle represent-
ing a source of infection to dogs and humans (4, 25). This
situation is quite similar to the one that occurs in the south-
eastern region of Buenos Aires province, Argentina, where
approximately 64% of the affected animals have fertile
cysts: a similar percentage to those registered in Algeria
(4). Also, the prevalence of the disease, the mean inten-
sity of infection, the percentage of cysts by location and
the variants or microvariants of the G1 genotype are al-
most the same as in Algeria but quite different from those
in Spain indicating different epidemiological situations (4).

The differences registered between Argentina and
Spain were remarkable, the mean intensity of infection
was about three times higher in Argentina than in Spain
and the mean intensity of viable cysts was more than 60
times higher in Argentina. Also, the total number of cattle
considered in Argentina  presented viable cysts whereas
only 10% of the Spanish did so and the number of cattle
with fertile cysts was 10 times higher in Argentina, indi-
cating that cattle are suitable hosts and could play an
important role in the transmission of the parasite in Ar-
gentina but not in Spain. However, while the mean inten-
sity of liver infection was similar in Argentinean and Span-
ish cattle, the mean lung intensity was about four times
higher in the Argentinean hosts, meaning that Argentinean
cattle are infected with a higher number of lung cysts per
host. Total mean intensity of infection and per organ (lung
and liver) of viable and fertile cysts, the viable-to-total-
cysts and the fertile-to-total cyst ratios were clearly higher
in the Argentinean samples; however the total fertile-to-
viable-cysts ratio was higher in Spanish samples, although
no differences were found in this ratio when lungs and
liver cysts were analyzed separately. The low ratio of vi-
able cysts in Spanish cattle indicates that the parasite
does not develop in suitable conditions and most of the
cysts die; however, the few viable ones can complete their
development and therefore become fertile in the same
proportion seen in viable cysts in the Argentinean cattle.
This suggests that the main difference between both re-
gions is the parasite’s capability to infect and survive in
cattle. Lungs are the most affected organs in both regions.

Regarding the predominance of cysts in lungs rather
than in the liver, no agreement has been reached among
different authors dealing with this subject (4, 17, 32, 39).

According to García Llamazarez et al. (14), the greater
number of cysts in lungs could be related to the fact that
lungs show less organic reaction to external agents than
liver. Nevertheless, there are several studies where the
prevalence of hydatid cysts is greater in the liver, there-
fore, the location of cysts could depend on several fac-
tors such as the relationship between the oncosphere
sizes and the lymphatic vessel sizes in the intermediate
host (4, 17, 32, 39).

The ratios of viable-to-total cysts, fertile-to-total cysts
and fertile-to-viable cysts are clearly higher in the liver.
Another result, where the proportion of cattle fertile cysts
was similar or greater in liver than in lungs, has been
recorded in Benghazi, Libya (39). Therefore, viability and
fertility are the most important phenotypic characteristics
differentiating the Argentinean and Spanish G1 cattle iso-
lates. The number of viable and fertile cysts registered in
Spanish cattle were lower compared to those registered
in Argentina. A possible explanation for this could be the
result obtained from treating or not treating cattle with
benzimidazole drugs, since this type of drugs interacts
with metacestode viability and consequently, these para-
sites could present a higher level of survival which would
reflect in a greater number of viable and fertile cysts (23).
But the usage or not of these drugs in the Argentinean
and Spanish cattle under study cannot be assured be-
cause this information was not collected for the aim of
the present study.

Another methodology for strain determination is the
use of morphological techniques, which is almost advan-
tageous because it is a quick and cheap characterization
method, especially in the field of epidemiology, whose
results are compatible with genetic analyses (1, 2, 39).
As regards the rostella, their arrangement and external
aspect were similar in both regions and the values of the
morphometric variables analyzed were within the range
given by other authors for the common sheep strain (1, 2,
39, 40). However, there were significant differences in
almost all the variables between the Argentinean and
Spanish isolates. The results from the PCA analysis show-
ing that all the morphological variables could be reduced
to two functional ones coincide with previous studies
where a multivariate analysis was performed (1, 3, 31).
Also the PCA showed the existence of two distinct clearly
separated groups: one corresponding to the Argentinean
samples and the other to the Spanish ones.

In conclusion, the comparison of the epidemiological
cysts features, of the larval rostellar hooks morphometry,
and of the mitochondrial genes CO1 and ND1 sequences,
showed some differences between cattle isolates from
the endemic regions of Argentina and Spain studied in
the present work. The most important phenotypic factor
differentiating the Argentinean and Spanish cattle isolates
is related to their viability and fertility features. In addi-
tion, the factorial analysis for morphometric data showed
the existence of two distinct clearly separated groups (one
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corresponding to the Argentinean samples and the other
to the Spanish ones). In addition, the comparison of se-
quence data showed differences within the G1 genotype.
Since the G1 genotype microvariants for the mitochon-
drial genes CO1 and ND1 registered in the present study
appear in cattle as well as in sheep from the same region
of Argentina, we suggest that this genetic variability is
independent from the host species or breed (3). Probably
all the differences, from an epidemiological point of view,
are related to the effectiveness of the control programmes
of the hydatid disease in both countries. While in the south-
eastern region of Buenos Aires province the prevalence
of the hydatid disease in cattle has not decreased be-
tween 1999 and 2004, in Spain the decrease in the preva-
lence of the disease in cattle, sheep and pigs between
2000 and 2005 was achieved through efficient control
programmes  (3, 11, 14, 15, 16).

Further studies involving other epidemiological,
morphometric and molecular data from cattle and other
intermediate hosts (like sheep, pigs, and horses) would
contribute to expand this investigation.
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