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Abstract Human cystic echinococcosis caused by the larval
stage of Echinococcus granulosus sensu lato (s.l.) is a highly
endemic disease in the province of Neuquén, Patagonia,
Argentina. Human infections with E. granulosus sensu stricto
(s.s.) G1 and Echinococcus canadensis G6 were reported in
Neuquén in previous studies, whereas four genotypes were
identified in livestock: G1, G3, G6, and G7. The aim of this
study was to identify the genotypes of E. granulosus s.I. iso-
lates from humans of Neuquén province, Patagonia,
Argentina, through the 2005-2014 period. Twenty six hydatid
cysts were obtained from 21 patients. The most frequent loca-
tions were the liver and lungs. Single cysts were observed in
81.0% of patients, and combined infection of liver and lungs
was detected in 9.5% of cases. Partial sequencing of mito-
chondrial cytochrome ¢ oxidase subunit 1 (cox/) and NADH
dehydrogenase subunit 1 (nadl) genes identified the presence
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of E. granulosus s.s. G1 (n = 11; 42.3%) including three dif-
ferent partial sequences; E. canadensis G6 (n = 14; 53.8%)
and E. canadensis G7 (n = 1; 3.9%). Coinfection with G1 and
G7 genotypes was detected in one patient who harbored three
liver cysts. Most of the liver cysts corresponded to G1 and G6
genotypes. This study presents the first report in the Americas
of a human infection with E. canadensis G7 and the second
worldwide report of a coinfection with two different species
and genotypes of E. granulosus s.I in humans. The molecular
diversity of this parasite should be considered to redesign or
improve the control program strategies in endemic regions.

Keywords Echinococcus canadensis - Echinococcus
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Introduction

Cystic echinococcosis (CE) caused by the larval stage of
the tapeworm Echinococcus granulosus sensu lato
(E. granulosus s.1.), produces significant economic losses
and health problems in both rural and urban population
(Eckert et al. 2001; Budke et al. 2006). CE is an impor-
tant worldwide zoonotic disease that affects more than
100 countries, particularly affecting pastoral and poor
rural communities (Alvarez Rojas et al. 2014). In South
America, the disease is endemic or hyperendemic in
Argentina, Uruguay, Chile, Southern Brazil, and moun-
tain regions of Pert and Bolivia (Cucher et al. 2016).
Neuquén is one of the provinces with higher hydatid dis-
ease endemicity in Argentina, despite the fact that pro-
vincial sanitary authorities carry out a control program of
CE since 1970. The mean annual incidence (MAI) of
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human CE in Neuquén, based on official records of con-
firmed cases, was 24.4 per 100,000 inhabitants and 9.7
per 100,000 in children aged 0-14 years between 1995
and 2004 (Pierangeli et al. 2007). Fifty-nine new cases of
human CE were confirmed in the province in 2015 (MAI:
8.9 per 100,000) (National System of Health Surveillance
2017).

Humans become infected with E. granulosus s.l. by
the ingestion of eggs released from infected dogs or other
canids through direct contact with the animals or con-
sumption of water and/or vegetables contaminated with
infected canid feces (Thompson and McManus 2001).
After ingestion, eggs hatch, and each onchosphere can
develop an unilocular hydatid cyst, located in different
organs. The liver is the most common involved organ
followed by the lungs, but the cysts can develop less
frequently in other locations like the kidneys, spleen,
heart, bone and brain (Moro and Schantz 2009).

E. granulosus s.1. is considered a species complex with a
high genetic and phenotypic variation, and its taxonomy is
still controversial (Romig et al. 2015). In this work, we follow-
ed the nomenclature proposed by Nakao et al. (2013) for prac-
tical reasons. To date ten different genotypes (G1-G10) have
been described within this complex using molecular tools,
comprising: E. granulosus sensu stricto (s.s.) (genotypes
G1-G3); Echinococcus equinus (G4); Echinococcus ortleppi
(G5) and Echinococcus canadensis (G6—G10) (Bowles et al.
1992; Lavikainen et al. 2003; Nakao et al. 2013). Recently, the
“lion strain” (E. felidis) has been proposed as another valid
species, as it is evidently phylogenetically sister to
E. granulosus s.s (Hiittner et al. 2008).

Up to the present, four genotypes have been found in
human CE isolates in Argentina: G1, G2, G5, and G6, as
well as six genotypes in livestock: G1, G2, G3, G5, G6,
and G7 (Cucher et al. 2016; Avila et al. 2017). Among the
G1 isolates of Argentina, eight different partial sequences
have been identified: the original G1 sequence described
by Bowles et al. (1992), which we named GlngnA in this
work, and seven microvariants of this genotype
(Kamenetzky et al. 2002; Soriano et al. 2010, 2015).

Human infections with E. granulosus s.s. Gl and
E. canadensis G6 were reported in Neuquén in previous
studies, whereas four genotypes were identified in live-
stock: G1 (goats and sheep), G3 (sheep), G6 (goats and
cattle), and G7 (pigs) (Kamenetzky et al. 2002;
Guarnera et al. 2004; Soriano et al. 2010, 2015). The
diversity of genotypes in livestock is greater than that
found to date in humans in Neuquén, suggesting that
more genotypes could also cause human CE in this re-
gion. The aim of this study was to identify the geno-
types of E. granulosus s.l. isolates from humans of
Neuquén province, Patagonia, Argentina through the
20052014 period.
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Materials and methods

A prospective, observational, and descriptive study was con-
ducted between September 2005 and March 2014 in the prov-
ince of Neuquén. This province is located in the north of the
Argentine Patagonia region, comprising an area of
94,078 km? extending from 36° 39’ to 41° 01’ S latitude and
68° 00" to 71° 58" W longitude. The total population was
565,242 inhabitants in 2010. According to the last official
records, 684,777 goats; 164,161 sheep; 186,873 cattle; and
16,927 pigs were reported in the province in 2008
(Provincial Direction of Statistics and Census 2017). The
main economic activity in rural areas is raising livestock for
subsistence (goats, sheep, and cattle), under a transhumant
model of production. This fact leads to a close contact among
humans, livestock, and shepherd dogs. Pigs are mostly raised
in periurban areas, near to the largest cities.

Samples of hydatid cysts were collected from clinically
and/or imaging diagnosed CE patients who underwent surgery
for the disease in different public and private hospitals from
Neuquén. The samples were pieces of germinal layer and/or
hydatid fluid obtained from each cyst, by the surgeons, imme-
diately after the surgery. CE materials were sent refrigerated to
our laboratory in a lapse of no more than 4 h. Data about age
and gender of patients as well as cysts location were recorded.
Cysts were not pooled as each cyst was considered a single
sample. The protoscoleces (PSC) or pieces of germinal layer
were preserved in 70% ethanol at 4 °C.

Genomic DNA was extracted from each sample using the
QIAamp DNA mini kit (QTAGEN, Germany) according to the
manufacter’s instructions. DNA was then stored at —20 °C
until PCR amplification. For molecular identification of
E. granulosus s.l. genotypes, a 450 bp fragment of the cox/
gene was amplified from each isolate using previously pub-
lished primers (Bowles et al. 1992). To confirm the differen-
tiation between the G6 and G7 genotypes, a 500 bp fragment
of the nadl gene was also amplified from each E. canadensis
isolate using published primer sets (Bowles and McManus
1993). PCR conditions were the same as described by
Soriano et al. (2010). PCR products were purified by ethanol
precipitation and sequenced in both directions. Sequences
were aligned and compared with reference sequences of
E. granulosus s.l. downloaded from GenBank (GenBank ac-
cession numbers: U50464 (G1), M84662 (G2), M84663 (G3),
MB4664 (G4), M84665 (GS), M84666 (G6), M84667 (G7),
AB235848 (G8), and AF525457 (G10), using ClustalX v2.1
and Bioedit v7.2.5 softwares for Windows.

Results and discussion

Twenty-six hydatid cysts were obtained from 21 patients
aged 4 to 80 years, and 13.6% of the patients were children
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between 0 and 14 years. Male accounted for 12/21 of cases
(57.1%). The most frequent location was the liver, follow-
ed by the lungs (Table 1). Cyst location analysis showed
that in 90.5% of cases, only one organ was affected. This
result is in accordance with the 95.8% described previous-
ly in 938 patients of Neuquén between 1995 and 2004
(Pierangeli et al. 2007). Simultaneous infection in the liver
and lungs was detected in 9.5% of patients (including chil-
dren and adults). This finding is similar to the proportion of
10.0% reported in a study about CE patients in Mar del
Plata, Argentina (ages ranged from 15 to 84 years) but
higher than the 1.8% of combined liver and lung involve-
ment described previously in patients from 7 to 93 years in
Neuquén (Dopchiz et al. 2007; Pierangeli et al. 2007). In
contrast, the 19.3% of combined liver and lung involve-
ment was described in patients from 2 to 86 years in Turkey
(Kurul et al. 2002).

Hepatic cysts were more frequent than pulmonary cysts at a
ratio of 2.5:1, in accordance with reports from other authors
based on surgical and/or symptomatic cases (Larricu and
Frider 2001; Djuricic et al. 2010). The factors that determine
the final anatomic location of cysts are still unknown; howev-
er, the liver is the organ most frequently infected because the
oncospheres penetrate the intestinal wall and tend to dissem-
inate to the liver via the portal vein. Variation in cyst location
frequencies observed in diverse studies throughout the world
could be due to infection with different genotypes of
E. granulosus s.1., which could have an affinity for different
organs (Pierangeli et al. 2007).

Sequence analysis revealed the presence of two species and
three genotypes of E. granulosus s.I. in Neuquén human iso-
lates: E. granulosus s.s. G1 (n=11;42.3%), E. canadensis G6
(n=14;53.8%), and E. canadensis G7 (n = 1; 3.9%). Among
the G1 isolates, we identified three different partial sequences
including the original G1 sequence described by Bowles et al.
(1992) which we named G1ngnA, and two microvariants of
this sequence: GIngnC (shows a change of C x T in position
73 compared with the reference sequence) and GlngnD

(shows a change of G x A in position 136 compared with
the reference sequence). The sequence of the GlngnC
microvariant showed 100% identity with a sequence previous-
ly described in humans in Algeria, in cattle in Brazil, and in
dogs in Neuquén, whereas the G1ngnD microvariant was de-
tected, to date, only in Neuquén (Soriano et al. 2010;
Laurimée et al. 2016; Zait et al. 2016; authors’ unpublished
data). The original G1 sequence (G1ngnA) was already found
in Neuquén in sheep, cattle, and dogs isolates; GlngnC
microvariant was previously detected in cattle and in one
dog of the study area whereas the presence of GlngnD
microvariant was also characterized in sheep and cattle iso-
lates from Neuquén (Kamenetzky et al. 2002; Soriano et al.
2010; authors’ unpublished data). The fact that the two G1
microvariants identified in humans were also present in other
local intermediate hosts as well as in dogs suggests that they
are not casual findings. On the contrary, active lifecycles of
each of them seems to coexist in sympatry. The GenBank
accession numbers for the nucleotide sequences characterized
in this study as well as the distribution of genotypes in relation
to the anatomic location of cysts is shown in Table 2. Our
results confirm previous findings of Kamenetzky et al.
(2002) about the presence of E. granulosus s.I. G1 and G6
in human isolates but also demonstrate that other species/ge-
notypes/microvariants are responsible of local human cystic
echinococcosis.

E. granulosus s.s. G1 is the most frequent genotype associ-
ated with human CE worldwide, being responsible for 72.9%
of the global burden of the disease, whereas G6 genotype is
considered poorly infective to human accounting for 12.2% of
human cases (Alvarez Rojas et al. 2014; Cucher et al. 2016).
However, E. canadensis G6 was the major causative agent of
CE in Neuquén patients (53.8%), followed by E. granulosus
s.s. G1 and E. canadensis G7 in the present work. There are
reports of human infection with E. canadensis G6 in other
provinces of Argentina and other South American countries

Table 2 Distribution of genotypes of E. granulosus sensu lato
according to anatomic location

Table 1  Frequency of cyst location in confirmed human cystic
echinococcosis cases from Neuquén between 2005 and 2014 Location GlngnA® GlngnC* GlngnD* G6*° G7*" Total
Location No. of cases % of total Liver 4 1 2 7 1 15
Lung 2 - - - 6
Liver 11 52.4 Brain N B 3 1 B 1
Lungs 3 14.2 Peritoneum 1 - - - - 1
Liver + lungs 2 93 Retroperitoneum 1 - - - - 1
Brain 1 4.8 Kidney B _ B 1 _ 1
Spleen 1 4.8 Spleen B _ B 1 _ 1
Kidney ! 48 Total 8 1 2 141 26
Peritoneum 1 4.8
Retroperitoneum 1 4.8 * Accession number for coxl: IN176931 (GlngnA), KT719395
Total 21 100.0 (G1lngnC), IN176930 (G1ngnD), IN176934 (G6), and IN176935 (G7)

® Accession number for nadl: KT749868 (G6) and KT868832 (G7)
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(Chile and Pert) that are close to Argentina, but in all these
cases E. granulosus s.s G1 is still the most frequent genotype
involved in human CE (Cucher et al. 2016; Avila et al. 2017).
The predominance of E. canadensis G6 in humans could be
related to particular socio-economic and cultural characteris-
tics that differentiate Neuquén from other regions. Most rural
population in Neuquén raise goats under a model of produc-
tion with great migrating movements every year (transhu-
mance), from small areas near to their homes in the winter to
fertile lands in the mountains in the summer. Transhumance
involves a close contact between the families, livestock, and
shepherd dogs, and this fact could increase the risk of human
infection by E. canadensis G6, as goats are the major reservoir
of this species/genotype in Neuquén (Soriano et al. 2010).
More studies concerning human CE molecular epidemiology
in Neuquén, involving a higher number of cases, are needed to
confirm or refute this finding.

The sequence analysis of PCR products allowed us to
describe for the first time a case of human infection with
E. canadensis G7in Argentina and in the Americas, which
confirms the role of this genotype as a causative agent of
human infection. The sequence of the G7 genotype
showed complete cox/ and nadl identity with published
sequences described in pigs of Neuquén (Soriano et al.
2010), in pigs and cattle of other provinces of Argentina
and other countries (Kamenetzky et al. 2002; Beato et al.
2013; Konyaev et al. 2013; Monteiro et al. 2014), and in
humans of China (Zhang et al. 2014). To date, there are no
reports of human infection with E. canadensis G7 in the
Americas (Alvarez Rojas et al. 2014; Cucher et al. 2016).
Human cases due to genotype G7 were reported in central
and eastern European countries, Asia, and in South Africa,
associated with pig transmission (Dybicz et al. 2013;
Alvarez Rojas et al. 2014; Zhang et al. 2014). The role of
E. canadensis G7 as causative agent of human CE is gen-
erally underestimated. Schneider et al. (2010) suggested
that the reasons for this underestimation could be that G7
metacestodes tend to be small, located inthe liver, and may
be asymptomatic for years or probably never detected. Our
results seem to be in accordance with that suggestion, as
theonly E. canadensis G7 cyst detection was located in the
liver, and the cyst’s diameter was estimated by the surgeon
as approximately 0.5 cm.

Coinfection with E. granulosus s.s. GlnqnD and
E. canadensis G7 was detected in one patient who harbored
three hydatid cysts in the liver. The patient was a woman of
43 years old from Andacollo, a small rural village in the north
of Neuquén. This patient underwent two surgeries. In the first
one, two cysts were removed and were genetically character-
ized as G1ngnD and G7, respectively. The second surgery was
conducted 3 months later, to remove another hydatid cyst
from the liver that was also characterized as GlngnD
microvariant.
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There are few reports of mixed E. granulosus s.I. infections
in intermediate hosts in the world. Coinfection has been re-
ported in France and in the Republic of Moldova, where two
different genotypes of E. granulosus s.s. were identified in the
lungs and liver of sheep and cattle (Umhang et al. 2013,
2014). The presence of mixed infections could be the result
of successive infections of the intermediate host, or by a single
infection due to a definitive host harboring simultaneously
adult worms of different species of E. granulosus s.l.
(Umhang et al. 2014). Recently, Oudni-M’rad et al. (2016)
reported for the first time a coinfection in humans, involving
E. granulosus s.s. G1 and E. canadensis G6 in a child from
Tunisia. Coincidently, in the present study, we were able to
describe the first case of human mixed infection with two
E. granulosus s.1. species: E. granulosus s.s. G1 (microvariant
GlngnD) and E. canadensis G7 in the Americas. The patient
was from Sanitary Area III, an endemic rural area of Neuquén
province with a MAI of 78.4 per 100,000 inhabitants
(Pierangeli et al. 2007). These results demonstrate that human
coinfection is a fact that should be taken into account, espe-
cially in endemic regions where different species and geno-
types of E. granulosus s.l. are present with sympatric
lifecycles.

The analysis of distribution of genotypes in relation to lo-
cation of cysts showed that most of the liver cysts
corresponded to E. granulosus s.s. G1 and E. canadensis G6
genotype (Table 2). Although we observed that most of G6
genotype cysts were located in the liver (50%), this genotype
also infected other organs like the lungs, kidney, spleen, and
brain. Interestingly, the location of E. canadensis G6 cysts in
humans seems to be different from the location previously
observed in goats from Neuquén, in which a clear tropism to
the lungs has been demonstrated (Soriano et al. 2010). Despite
the fact that E. canadensis G6 was the causative agent of the
only brain cyst detected in this study, our results are not
enough to confirm the hypothesis of Sadjjadi et al. (2013),
who suggested that genotype G6 seems to have a higher af-
finity for the human brain, as only 7% (1/14) of G6 genotype
cysts corresponded to this location. More studies of molecular
characterization of E. granulosus s.I. metacestodes from dif-
ferent locations are needed to assess if the different species/
genotypes are associated with preferential locations in
humans.

The occurrence of cases in children indicates that there is
an active disease transmission, although an echinococcosis
control program has been carried out in Neuquén province
for several decades. Moreover, our results showed that a di-
versity of species and genotypes of E. granulosus s.l. can
infect humans in Neuquén. Molecular diversity of
E. granulosus s.I. can affect life cycle patterns such as host
specificity, growth and development rates in the definitive
hosts, infectivity to intermediate hosts, pathogenicity, and an-
tigenicity (Soriano et al. 2016; Avila et al. 2017). Therefore,
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the diversity of species and microvariants found in different
hosts including humans in Neuquén, could have important
consequences in immunological diagnosis, response to thera-
py and vaccines, as well as in the control and surveillance of
CE. For instance, the control program in Neuquén is based on
periodic anthelminthic treatment of dogs every 6 weeks, tak-
ing into account the prepatent period of E. granulosus s.s. G1.
However, in dogs infected with E. canadensis G6 and G7, the
prepatent periods are shorter (about 40 and 35 days, respec-
tively) (Soriano et al. 2016). The increase of knowledge of the
molecular epidemiology and the diversity of E. granulosus s.1.
could contribute to improve or redesign the control program in
Neuquén.

Further studies concerning human CE molecular epidemi-
ology are needed to assess the possible associations between
the different species/genotypes/microvariants and biological
aspects of human infection like clinical and immunological
features of the disease, tropism, biochemistry, and fertility
and viability of cysts, among others.
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