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Summary:

The aim of this work was to characterize the strain of
profoscoleces of E. granulosus of cattle origin using the in vitro
vesicular development. The in vitro development of these samples
was compared to samples of sheep origin defermined previously
by genetic analyses as common sheep strain (G1). There were
similarities between sheep and catile samples not only in the time
of microcysts formation, but also in the development process.
Vesiculated protoscoleces and protoscoleces with posterior
bladders appeared during the first week of incubation. After

14 days of culture, a laminated layer appeared like a fine
membrane in one of the exiremes of the protoscoleces. In the
sheep samples, microcysts were observed between 19 and

20 days. In the cattle samples, microcysts appeared between 20
and 23 days. The coincidence beftween the development times
and physiological characteristics found in the present study may
indicate that the parasites from catile and sheep were of the same
sfrain.
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INTRODUCTION

mong the parasitic helminths, Echinococcus
granulosus is one of the common and cosmo-
politan tapeworms; it produces extremely
severe clinical forms of disease (Matossian et al., 1977).
Its life cycle has two stages, i.e., an adult stage during
which the parasite inhabits the intestine of canids and
sheds its eggs into the environment and a phase with
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Résumé : CARACTERISATION DE SOUCHES DE PROTOSCOLEX
D’ECHINOCOCCUS GRANULOSUS D’ORIGINE BOVINE PAR LA TECHNIQUE DE
CULTURE IN VITRO

L'objectif de notre étude éfait de caractériser des souches de
profoscolex d'E. granulosus dorigine bovine par la fechnique de
la culture in vitro. e développement in vitro des protoscolex a éfé
comparé avec celui des profoscolex d'origine ovine déferminée
auparavant par des analyses génétiques. On a observé des
similitudes entre les profoscolex d'origines ovine et bovine, non
seulement dans le temps de formation des microkystes, mais aussi
dans le processus de développement. Des profoscolex vésiculeux
et des profoscolex avec une vésicule postérieure sont apparus
pendant la premiere semaine d'incubation. Aprés 14 jours de
culiure, est apparue une fine membrane laminée & l'une des
extrémités des profoscolex. Avec les protoscolex d'origine ovines,
on a observé des microkystes entre les 19°™ et 20°™ jours,; avec
ceux d'origine bovines, entre les 20°™ ef le 23 jours. les
coincidences concernant les temps de développement et les
caractéristiques physiologiques observées au cours de ceffe étude
permettent de penser que les parasites d'origines bovine et ovine
éfaient de méme souche.

MOTS CLES : Echinococcus granulosus, hydatidose, profoscolex, culture in vitro,
souche.

hydatid cysts in the tissues of herbivores and humans
(Fiori et al., 1988).

In vitro culture of E. granulosus protoscoleces and their
subsequent development into cysts or strobilar stages
has been the subject of study by a number of inves-
tigators. The first successful in vitro cultivation in a
cystic direction was reported by Smyth (1962, 1967).
Since then, a significant progress was made using a
variety of media and conditions (Benex, 1968; Brudnjak
et al., 1970; Heath & Osborn, 1976; Casado et al., 1986;
Rogan & Richards, 1986; Rodriguez-Caabeiro & Casado,
1988; Casado & Rodriguez-Caabeiro, 1988a, b, 1989;
Denegri et al., 2002).

However, E. granulosus shows great intraspecific varia-
bility. This variability was brought to light by Smyth
& Davies (1974a), who observed differences in the in
vitro strobilar development between protoscoleces
from ovine and equine cysts. Similar results have been
obtained with samples from other hosts and/or diffe-
rent geographical origin, using several analytical tech-
niques related to parasite biochemistry, genetics, mor-
phology, immunology, etc. (Thompson & Allsopp, 1988;
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Thompson, 1995). The parasite occurs as a series of
genetic variants or strains, which differ in a wide variety
of criteria that impact on the epidemiology, pathology,
and control of cystic hydatid disease (Thompson &
Lymbery, 1988; Thompson, 1995). To date, 10 distinct
genotypes have been identified within E. granulosus.
Eight of these genotypes were identified as: common
sheep strain (G1), Tasmanian sheep strain (G2), buf-
falo strain (G3), horse strain (G4), cattle strain (G5),
camel strain (G6), pig strain (G7), and cervid strain
(G8). The G9 genotype was detected in human cystic
hydatid cases from Poland (Bowles et al., 1992). A
novel genotype named the Fennoscandian cervid strain
(G10) was characterized by Laviakinen et al. (2003).
Five different strains occur in Argentina: G1, G2, G5,
G6 and G7 (Rosenzvit et al., 1999). In Buenos Aires
Province, located in the Pampas region, only genotypes
G1, G6 and G7 were found in isolates of different
hosts. Moreover, in cattle isolates only G1 strain was
identified (Kamenetzky et al, 2002; Rosenzvit et al.,
2002).

Ponce-Gordo & Cuesta-Bandera (1997) compared dif-
ferent strains of E. granulosus using the in vitro vesi-
cular culture technique. They found differences not
only in the time of microcysts formation, but also in
the development process. They concluded that, at
least in relation to the initial stages of development to
cyst (in vitro, microcyst formation), the three Spanish
strains of E. granulosus show clear and differential phy-
siological characteristics.

The aim of the present work was to characterize the
strain of protoscoleces of E. granulosus of cattle origin
using the in vitro vesicular development.

MATERIALS AND METHODS

ydatid cysts from naturally infected bovine
Hlungs and livers were obtained from two abat-

toirs situated in the southeast of Buenos Aires
Province, Argentina. The in vitro development of these
samples was compared to samples of sheep origin
determined previously using a polymerase chain reac-
tion (PCR)-linked restriction fragment length poly-
morphism (RFLP) method (Bowles & McManus, 1993)
as common sheep strain (G1) (Cerrone et al., 1999; Cer-
rone & Targovnik, 2002). Ovine cysts were provided
by the Hydatid Control Program of Tierra del Fuego
Province, Patagonian region.
Prior to arrival in the laboratory, all samples were main-
tained as intact cysts at 5-10° C in appropriate contai-
ners for several hours to a maximum of two days.
Each cyst was considered as an individual sample. Pro-
cessing of all samples was carried out following the
protocol described by Smyth & Davies (1974b). Pro-
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toscoleces were removed from cysts by aseptic tech-
niques and washed several times with PBS. Vitality was
assessed using the methylene blue exclusion test
(Casado et al., 1986). Samples with vitality percentages
less than 60 % were discarded.

Once a sample was accepted, aliquots of 1,500 proto-
scoleces were transferred to Leighton tubes, one to five
replicates per sample, depending on quantity of avai-
lable protoscoleces. The culture medium was 199
(Gibco) supplemented with 20 % (v/v) fetal calf serum,
100 TU penicillin, 100 pg/ml streptomycin, and 4 mg/ml
glucose, at pH 7.2-7.4. The pH was monitored during
the culture period by means of the pH indicator
(phenol red) incorporated in the 199 medium. Cultures
were maintained at 37° C and the medium was changed
every three-four days. A total of 12 samples (10 bovine,
two ovine) were cultured.

Development was followed microscopically every day.
Development time until microcysts was determined in
days. Due to biological variability, protoscoleces from
the same sample develop at different rates. The data
recorded for each sample correspond to the moment
when a stage was reached by the most advanced indi-
viduals of the culture.

RESULTS

r l Yhere were similarities between sheep and cattle
samples not only in the time of microcyst for-
mation, but also in the development process.

At the beginning of the culture, in both sheep and

cattle samples, protoscoleces were invaginated (Fig. 1).

After 48 to 72 hours of incubation some evaginated

protoscoleces could be observed. The number was

variable in the different cultures, but it never reached

100 %.

Vesiculated protoscoleces (Figs 2, 3) and protoscoleces

with posterior bladders (Fig. 3) appeared during the first

week of incubation. Moreover, a considerable increment
in the size could be observed. After 14 days of culture

a laminated layer appeared like a fine membrane in one

of the extremes of the protoscoleces (Fig. 4).

All ovine samples and the 70 % of bovine samples rea-

ched the microcyst formation. In cattle samples micro-

cysts appeared between 20 and 23 days. Some samples
showed microcysts formation between 24-38 days

(Figs 5, 0). In sheep samples microcysts were observed

between 19 and 20 days, occasionally later, in 21 to

27 days (Figs 7, 8).

Table I shows a comparison between previous studies

on in vitro vesicular development of E. granulosus

using sheep samples and the results obtained in the
present study working with protoscoleces of sheep and
cattle origin.
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Figs 1-8. — In vitro development of protoscoleces of Echinococcus granulosus of cattle and sheep origin: 1. Protoscoleces obtained of lung
cattle cysts. The typical shape of protoscoleces is observed, hooks (H) and calcareus corpuscles (CC). Dead stained protoscolex (white
arrow). Methylene blue exclusion test 1:10.000. 2. Vesiculated protoscolex of sheep origin (12 days of culture). 3. Vesiculated protoscolex
of cattle origin (10 days of culture). Note the increment in size. An evaginated protoscolex showing a posterior bladder is observed (arrow).
4. Vesiculated protoscoleces of sheep origin (14 days of culture) showing the appearance of laminar layer (white arrow). 5. Microcyst of
cattle origin showing laminated layer (20 days of culture). 6. Microcyst of cattle origin completely developed (48 days of culture). 7. Micro-
cyst of sheep origin. Detail of the laminated membrane (50 days of culture). 8. Microcyst of sheep origin (50 days of culture).
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Appearance
Beginning Appearance of
Geographical Composition of of laminar  miniature Obtained Maximum
origin Hosts of of culture vascularization layer cysts cyst survival
Author of samples  procedence medium (in days) (in days) (in days) (%) (in days)
Own data Southeast Cattle Medium 199 5 14 20-38 1.6 95
Buenos Aires + serum
Province
(Argentina)
Own data Tierra del Fuego  Sheep Medium 199 7 14 19-27 3 119
(Patagonia, + serum
Argentina)
Rodriguez-Caabeiro Spain Sheep Medium 199 6 9 15 1 90
(1988) + serum
Ponce-Gordo & Spain Sheep CMRL + serum 2-4 12-17 19-37 1-10 Not
Cuesta-Bandera indicated

(1997)

Table I. — Comparison of present and previous works on in vitro vesicular development of protoscoleces of Echinococcus granulosus of

sheep and cattle origin.

DISCUSSION

he comparison between the cultures with ovine

and bovine material showed that there are no

differences in the development process and in
the time of microcyst formation. During the first week
vesicular protoscoleces are obtained. The formation of
the laminated layer began in the second week. Micro-
cysts were obtained approximately after 20 days of cul-
ture. The times of microcyst formation found in the
sheep samples are within range of published data
(Table D.
Ponce-Gordo & Cuesta-Bandera (1997) worked with
cysts of sheep, cattle, horses, pigs and humans. This
was the first study where pig, cattle and humans sam-
ples have been analysed using the in vitro vesicular
technique. They obtained microcysts from protosco-
leces of sheep, pig, horse and human origin. The
development to microcysts could not be achieved with
material of cattle origin. Their initial development was
normal but in no case microcysts finally formed.
Our results with cattle samples are clearly different from
those indicated by Ponce-Gordo & Cuesta-Bandera
(1997). Working with this material microcyst formation
was achieved in 20-38 days (Elissondo et al., 2004).
Interestingly, the proved viability in in vitro culture of
cattle samples have been corroborated in in vivo cul-
tivation in mice as well as in strobilar development in
experimentally infected dogs (Dopchiz et al., 2002).
Moreover, the sheep strain (G1 genotype) was deter-
mined in hydatid cysts obtained from cattle slaughtered
in abattoirs of the study area (Dopchiz et al., 2002).
This concur with the results obtained in genetic ana-
lyses by Rosenzvit et al. (1999, 2002) and Kamenetzky
et al. (2002): only sheep strain (G1) was identified in
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cattle isolates of Buenos Aires Province. The material
used for the in vitro culture in the present study was
recently characterized by molecular techniques to
determine the involved strains and sheep strain (group
G1/G2) was determined (unpublished data).
Ponce-Gordo & Cuesta-Bandera (1997) characterized
the Spanish strains using the in vitro vesicular deve-
lopment and found differential physiological charac-
teristics working with samples of different animal origin
(sheep, pig and horse). They concluded that their
results show the validity of the in vitro vesicular cul-
ture technique for strain identification and characteri-
zation in E. granulosus. Besides, their results concur
with results obtained in previous genetic analyses
(Cuesta-Bandera, 1988; Cuesta-Bandera et al., 1988;
Siles-Lucas et al., 1993, 1994, 1996).

The coincidence between the development times and
physiological characteristics found in the present study
working with samples of sheep and cattle origin indi-
cate that the strain is the same: the common sheep
strain. Taking this and the molecular analyses into
account, we consider the utility of using the in vitro
vesicular development as an alternative technique to
characterize the strains of E. granulosus.
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