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Echinococcus granulosus (Batsch 1786) is a cestode, 
capable of infecting humans and several other animal 
species worldwide. The adult form resides mainly in 
dogs, however, the larval form (hydatid cyst) is found 
in a wide variety of mammals, including humans. The 
presence of cysts in an animal leads to cystic echinococ-
cosis (CE). In humans, the disease is considered a critical 
public health problem. In addition to human health con-
cerns, infections in cattle breeding areas result in eco-
nomic losses (Thompson 2008). The disease is endemic 
in many South American countries, including Uruguay, 
Argentina, Chile, Brazil, Peru and Bolivia (Kamenetzky 
et al. 2002). The impact of CE on human health makes it 
one of the most important zoonotic diseases. 

In Peru, CE is endemic mainly within the cattle 
producing areas in the central-southern regions of 
the country (Pérez 2007). The incidence of human 
cases of CE in Peru is approximately 7-11/100,000 
(MS 2005), but it has been reported that in the re-
gions of Junín, Puno, Huancavelica, Cusco, Arequipa  
and Ayacucho, the incidence varies between 11-39/100,000. 
For animal cases in these areas, the prevalence varies 
from 1-75% (Pérez 2007) and is primarily associated with 
the circulation of the parasite between sheep and dogs  
(Náquira 1993). 

As a species, E. granulosus comprises a number of 
intraspecific variants, strains or genotypes at the genetic 
level (Thompson & McManus 2001, McManus & Thomp-
son 2003, Nakao et al. 2007, 2010). Currently, 10 distinct 
genotypes (G1-G10) have been described worldwide, 
based on nucleotide sequence analysis of the mitochon-
drial cytochrome C oxidase subunit 1 (CO1) and NADH 
dehydrogenase 1 genes. These different genotypes have 
been associated with distinct, intermediate hosts: sheep, 
pigs, cattle, horses, camels, goats and cervids (Bowles et 
al. 1992, 1995, Bowles & McManus 1993a, b, c, Scott et 
al. 1997, Zhang et al. 1998, McManus 2002, Lavikainen et 
al. 2003, Busi et al. 2007, Moks et al. 2008). 

In South America, molecular studies have demonstrat-
ed the presence of several variants of E. granulosus. In 
Argentina, G1 and G6 have been isolated from human, G2 
from sheep and humans and G7 from pigs (Rosenzvit et 
al. 1999, Kamenetzky et al. 2002). In Chile, similar studies 
revealed G1 and G6 in human (Manterola et al. 2008). The 
G1 and G6 variant have been characterized from humans 
in Peru (Santivañez et al. 2008). The G1 genotype has also 
been isolated from sheep, cattle and goats in Peru. In ad-
dition, other variants were identified, including G7 from 
pigs and G6 from goats (Moro et al. 2009). 

It has been suggested that the extensive, intra-specific 
genetic variation of E. granulosus may be better under-
stood within the context of variations within the life cycle 
pattern (Thompson & McManus 2001). In addition, other 
biological consequences have been suggested to be linked 
to the different genotypes, such as rate of development, 
antigenicity, transmission profiles, sensitivity to chemo-
therapeutic agents and pathologic patterns (Thompson & 
Lymbery 1988, Thompson et al. 1995, Thompson & Mc-
Manus 2001, 2002). 
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Echinococcus granulosus, the etiologic agent of cystic echinococcosis (CE) in humans and other animal species, 
is distributed worldwide. Ten intra-specific variants, or genotypes (G1-G10), have been defined based on genetic 
diversity. To determine the genotypes present in endemic areas of Peru, samples were collected from cattle (44), 
sheep (41) and humans (14) from Junín, Puno Huancavelica, Cusco, Arequipa and Ayacucho. DNA was extracted 
from protoscolex and/or germinal layers derived from 99 E. granulosus isolates and used as templates to amplify 
the mitochondrial cytochrome C oxidase subunit 1 gene. The resulting polymerase chain reaction products were 
sequenced and further examined by sequence analysis. All isolates, independent of the host, exhibited the G1 geno-
type. Phylogenetic analysis showed that three isolates from Ayacucho shared the same cluster with microvariant G14. 
The G1 genotype is considered the most widespread and infectious form of E. granulosus worldwide and our results 
confirm that the same patterns apply to this country. Therefore, these findings should be taken into consideration in 
developing prevention strategies and control programs for CE in Peru.
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Sequence analysis - PCR products were purified for 
sequencing using GFX PCR DNA Kit and Gel Band 
Purification Kit (Amersham Biosciences), following the 
manufacturer’s instructions. The purified PCR products 
were sequenced using the BigDye Terminator v3.1 Cycle 
sequencing kit (Applied Biosystems) and analyzed by the 
genomic platform of DNA sequencing PDTIS/Fiocruz in 
an automatic sequencer ABI 3730 DNA Analyzer (Applied 
Biosystems), following the protocol described elsewhere 
(Otto et al. 2008). The chromatograms were analyzed and 
the nucleotide sequences obtained were aligned using the 
ClustalW method of the program MEGA 4.1 (megasoft-
ware.net), using the sequences of the different genotypes 
of E. granulosus (G1, G2, G3, G4, G5, G6 and G7) and the 
microvariants of the G1 genotype (G1A, G1B, G1C, G1D, 
G1E and G11, G12, G13, G14) deposited in the GenBank as 
references [accessions M84661/62/63/64/65/66/67 (Bowles 
et al. 1992), AF458871/72/73/74/75 (Kamenetzky et al. 
2002) and EF393619, EF595654, EU178103, EU178104 
(Vural et al. 2008)].

Phylogenetic analysis - Phylogenetic analyses were 
based on alignments obtained from ClustalW of a 375 bp 
sequence and carried out using MEGA v4.1. The phylo-
genetic tree was constructed using the Neighbor-Joining 
algorithm (Saitou & Nei 1987) with Kimura-2 param-
eters. To determine the robustness of the tree, Bootstrap 
analysis of 1,000 replicates was applied. A correspondent 
nucleotide sequence of Taenia crassiceps (GenBank ac-
cession AB03341) was used as an outgroup.

Ethic statement - This study was reviewed and ap-
proved by the Ethical Committee of NIH. 

All of these aspects should be considered in devel-
oping vaccines, diagnostic tests and pharmacological 
therapies for CE. Therefore, due to epidemiological 
implications and for the design of control strategies, it 
is essential that circulating E. granulosus genotypes 
in a given endemic area are clearly defined (McManus 
& Bowles 1996, McManus & Thompson 2003). In this 
study, the molecular characterization of 99 E. granulosus 
isolates from humans and other animals was performed 
by sequence analysis of a fragment of the mitochondrial 
CO1 gene to define the circulating genetic variants in 
hyper-endemic areas of Peru.

MATERIALS AND METHODS

Study area - Hydatid cysts were collected from sacri-
ficed animals (sheep and dairy cattle) in official abattoirs 
from high prevalence areas of CE in the mountain regions 
of Peru (Fig. 1). The areas are known as breeding zones 
for dairy cattle and sheep (intermediate hosts). Moreover 
shepherd dogs also live in this area and are definitive hosts 
for parasite. In addition, human isolates were collected 
from hydatid cysts from patients attending different hos-
pitals in Lima. All the samples were parasitologically con-
firmed at the Parasitology National Reference Laboratory 
[National Institute of Health (NIH) Lima, Peru].

Samples collections - All hydatid cysts were obtained 
under aseptic conditions. Cyst contents were aspirated 
and examined under light microscopy to confirm the 
presence of protoscolex and/or germinal layers that were 
washed three times with phosphate buffered saline by 
centrifugation at 2,000 g for 15 min. The obtained pellets 
were kept at 95% ethanol at -20ºC until DNA extraction. 

DNA extraction and polymerase chain reaction (PCR) 
- E. granulosus genomic DNA was extracted from pro-
toscolex and/or germinal layers using the QIAmp DNA 
Mini Kit (QIAGEN), following the manufacturer’s in-
structions. DNA was stored at -20°C until used for PCR 
amplification. A region of 450 bp of the mitochondrial 
CO1 gene was amplified using the following prim-
ers: 5’TTTTTTGGGCATCCTGAGGTTTAT 3’ and 5’ 
TAAAGAAAGAACATAATGAAAATG 3’ (Bowles et 
al. 1992). The reactions were carried out in a final volume 
of 50 µL containing approximately 50 ng of genomic DNA 
in the presence of appropriate buffer with 200 µM of each 
dNTPs, 2.5 mM MgCl2, 50 pmol of each primer and 1.5 
units of Taq DNA polymerase (Invitrogen). The positive 
control was DNA from E. granulosus genotype G1 (kindly 
provided by Dr Mara Rosenzvit, Administración Nacio-
nal de Laboratorios e Institutos de Salud, Argentina) and 
negative controls were DNA isolated from Giardia duode-
nalis trophozoites (reference strain WB) and water. PCR 
reactions were performed in all samples with positive and 
negative controls. The thermal profile of the PCR reaction 
was an initial 3 min at 95ºC, followed by 35 cycles of 60 
sec at 95ºC, 60 sec at 56ºC and 90 sec at 72ºC, with a final 
incubation at 72ºC for 3 min in a Gene Amp PCR Sys-
tems 9700 (Applied Bioystems). The PCR products were 
analyzed with 1% agarose gel electrophoresis by ethidium 
bromide staining. An image of the gel was recorded under 
UV light using a gel documentation system (BioRad).

Fig. 1: geographic origins of Echinococcus granulosus isolates. A 
map of Peru displaying the regions in the country where samples were 
collected (gray regions). Inset shows location of Peru in relationships 
to all of South America.
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RESULTS

Host and geographical origins of parasites - Samples 
of E. granulosus cysts were obtained from six cattle pro-
ducing regions of southern Peru (Fig. 1). All samples col-
lected from sheep and cattle were obtained from animals 
killed in abattoirs during a one-week period from each 
region. Isolates were prepared in the place collected to 
ensure proper designation of origin. Human isolates were 
collected from hydatid cysts of patients attending differ-
ent hospitals in Lima for the treatment of the disease. The 
samples were subsequently sent for parasitological confir-
mation at the National Reference Laboratory, NIH. Every 
sample was examined by light microscopy to confirm the 
fertility of the cysts (presence of protoscolex). The Table 
lists the geographical and host origins of all the isolates 
collected for this study, as well as the fertility of the cysts.

Amplification of CO1 and sequence analysis - The 
CO1 gene of E. granulosus has been routinely utilized 
for variant designation, with specific primers identified 
for PCR amplification (Bowles et al. 1992). In our hands, 
these primers generated the expected 450 bp product af-
ter PCR amplification using all 99 isolates of E. granu-
losus as templates. Individual PCR products were fur-
ther purified after gel electrophoresis and subjected to 
sequencing in duplicate. 

The sequences obtained were initially analyzed by 
multiple alignments with reported reference sequences 
for the G1 genotype of E. granulosus. Ninety-six ana-
lyzed sequences were demonstrated to be 100% identical 
to the common sheep G1 genotype (Bowles et al. 1992). 
Three sequences isolated from Ayacucho exhibited a sin-
gle nucleotide polymorphism, a thymine residue instead 
of a cytosine, generating a non-synonymous change in 
the corresponding amino acid sequence (A/V). These 
sequences were identical to the G14 microvariant of the 
G1 genotype (Vural et al. 2008). Fig. 2 depicts a subset 
of sequences of the CO1 gene from the different isolates, 
compared to the G1 reference sequence. The obtained 
sequences were submitted to the GenBank database 
with the accession GU233854-GU233952.

TABLE
Geographic and host origin of Peruvian isolates of Echinococcus granulosus and the fertility of the cysts

Geographic origin

E. granulosus G1

TotalSheep
Fertility

% Cattle
Fertility 

% Human
Fertility 

%

Puno 8 62.5 7 28.6 3 100 18
Junín 18 83.3 11 27.3 5 80 34
Cusco 0 0 9 44 1 100 10
Arequipa 2 100 12 0 1 100 15
Huancavelica 1 0 5 20 2 100 8
Ayacuchoa 12 100 0 0 2 100 14
Total 41 82.9 44 22.7 14 92.85 99

a: include G14 microvariants of the G1 genotype.

Phylogenetic analysis - Phylogenetic analysis showed 
a robust tree clustering all samples as G1 genotype with 
a strong bootstrap (1,000 replicates). A particular group, 
composed of three sequences corresponding to G14 micro-
variants, from a single geographic region is also depicted 
(Fig. 3). Bootstrap values are shown at relevant nodes. The 
evolutionary distance between the groups is very short, 
suggesting that the genetic divergence is recent.

DISCUSSION

An initial step in controlling the lifecycle of E. granu-
losus and minimizing infections is to determine the geno-
type. Peru has been reported to harbor a number of differ-
ent E. granulosus genotypes. The presence of G6 and G7 
genotypes was confirmed by partial sequence analysis of 
samples for the mitochondrial CO1 and nuclear elongation 
factor 1 alpha genes (Moro et al. 2009). The G7 genotype 
was identified in pigs from Lima, a city considered to be 
a low endemic area of E. granulosus. The same study re-
ported the variant G6 in goats, as well as in one human 
case; nevertheless, this paper reported the predominance 

Fig. 2: sequence alignment of cytochrome C oxidase subunit 1 (CO1) 
gene. Reference sequences for the CO1 gene for the genotype G1 variant 
are shown at the top with a random selection of isolate sequences beneath 
showing identity with the G1 sequence. The three isolates with a poly-
morphism (denoted by asterisk) show identity with the G14 sequence.
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of the common sheep genotype (G1) in animal hosts and 
in four human cases in other studied areas of Peru. In this 
study, we confirmed the higher rate of fertility of G1 gen-
otype cysts in sheep with respect to cattle.

The results presented here represent a more exhaus-
tive sampling of cysts in cattle producing regions of 
Peru. Samples were obtained from cattle and sheep soon 
after slaughter, while human samples were collected 
from cysts sent to the National Reference Laboratory, 
NIH. Partial sequencing of the mitochondrial CO1 gene, 
amplified by PCR, showed the presence of only the G1 
genotype among all 99 isolates studied. Similar results 
were reported by Santivañez et al. (2008) using the same 
molecular approach, showing the presence of G1 geno-
type in 21 human isolates from other endemic regions in 
Peru. G1 corresponds to the most common E. granulo-
sus genotype found in sheep and humans worldwide.

In three of the samples from sheep in Ayachucho, a 
polymorphism was observed that corresponds to the G14 
microvariant. Previously, this microvariant had been de-
scribed solely in Turkey (Vural et al. 2008). 

The G1 genotype is the more common, infectious E. 
granulosus genotype in the world with a wide range of 
hosts (Craig et al. 2003). Our discovery of a single variant 
suggests that similar mechanisms are responsible for its 
persistence in the endemic areas studied. A major con-
sideration stems from the observation that close relation-
ships between dogs and humans appear to correlate with 
the high prevalence of the disease in these areas (Moro 
et al. 2009). In these poorer regions, dogs are often fed 
with livestock viscera, which may be infected with the 
parasite. This activity alone could be sufficient to propa-
gate the current endemic state. In conclusion, our results 
indicate the prominent circulation of the common sheep 
genotype (G1) in hyper-endemic areas of Peru, taking into 
account the substantial number of samples analyzed per 
area. Moreover, this paper presents the first report of G14 
microvariants of the G1 genotype in South America. 
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