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Abstract

Introduction: Cystic echinococcosis/hydatidosis is a cyclo-anthropozoonotic disease (parasitic
infestation) of herbivorous animals and human caused by larval stage of Echinococcus tapeworm,
belonging to the family Taeniidae. Dogs and some wild carnivores like foxes are definitive hosts
harbouring worms in their intestine while herbivorous animals and man are intermediate host. Human
acts as the dead-end host of the parasite. It is known that cystic echinococcosis in humans and pigs
is prevalent in Nepal.

Methods: This study was carried out in Kathmandu valley pig rearing areas. Two cysts found in the
pig pancreas were examined by histopathology and molecular analysis.

Results: In the histopathological examination, the laminated layers of the cystic walls were strongly
stained with PAS, and protoscoleces were observed in the cyst. In the present study, it was first
confirmed that two hydatid cysts found in pigs were identified as Echinococcus granulosus sensu
stricto (sheep strain, E. granulosus G1) by mitochondrial DNA analysis.

Conclusions: Molecular analysis is indispensable not only for studying Echinococcus species
associated with pathogenicity and clinical manifestation, but also for molecular epidemiology.

Keywords: Echinococcosis, Echinococcus granulosus sensu stricto, sheep strain, histopathology,
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Case report

Introduction

Echinococcosis or cystic echinococcosis (CE) is caused
by the larval stages (hydatid cysts) of Echinococcus
granulosus and is known as one of the most important
parasitic infection in livestock in the world.1 It can establish
itself in many different hosts, including humans, and is
regarded as one of the most widespread zoonoses.2

Domestic ungulates, including sheep, goats, cattle, swine,
buffalo, horses, and camels, serve as common intermediate
hosts.3, 4 The definitive hosts of E. granulosus are almost
invariably canid carnivores like dogs, wolves and jackals.

The concept of a E. granulosus ‘strain’ is developed and
defined as variants ‘which differ statistically from other
groups of the same species in gene frequencies, and in one

or more characters of actual or potential significance to the
epidemiology and control of echinococcosis’.5

The recognition of strain variation is a major prerequisite
for control efforts aimed at limiting transmission in endemic
regions of any country of the world. CE caused by E.
granulosus continues to rank as one of the most important
parasitic zoonoses worldwide, especially where there is a
close association between humans and livestock. Under
such circumstances, human behaviour reflected in
inadequate husbandry practices is largely responsible for
sustaining cycles of transmission. Education and
surveillance underpin control efforts to break these cycles.

Mitochondrial DNA (mtDNA) sequences provide rich
sources of data for research in evolutionary biology,
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population genetics and phylogenetics, and are increasingly
being used in studies of the genus Echinococcus. To date,
molecular studies, using mainly mtDNA sequences
“cytochrome /c/ oxidase subunit *1* (/cox//1/) and NADH
dehydrogenase subunit 1*” (/nad//1/) genes, have
identified nine distinct genotypes (G1–G9) within E.
granulosus.6 In Nepal, CE is a major public health problem
having been recorded in 15 districts, including villages and
municipalities.

Molecular analysis showed the presence of two strains
(sheep and camel) in Kenya and that the camel strain
appeared restricted to the Turkana region, where camels
are kept as livestock. The range of intermediate hosts for
both strains appeared to be similar (sheep, cattle and camel),
except that the camel strain was not isolated from any human
cases examined.7 However, this strain has now been isolated
from humans in Argentina, Nepal and Iran.8

Similarly in Nepal, where CE is recognized as a significant
public health and environmental problem in all urban areas,
three strains of E. granulosus [sheep (G1), cattle (G5) and
camel (G6)] have been identified in buffalo, sheep, goat and
human hosts9, of which two human isolates were identified
as the camel strain (G6). There are no reports of camels
being infected with E. granulosus in Nepal or Argentina;
hence, the reservoir of the G6 genotype there remains
undetermined although, as is the case in Argentina, goats
are a likely source of infection.

The cattle adapted form has a widespread geographical
distribution that includes parts of central Europe, South
Africa, India, Sri Lanka, Nepal and possibly South
America.5,10

Methods

Two cysts were found in the pancreas of pigs slaughtered
on July 19, 2009 in Kathmandu, Nepal (Fig. 1). The cysts
were approximately 2.4 x 1.7 cm and 3.1 x 2.2 cm in size. In
the second cyst, abundant protoscoleces were visible in
the hydatid fluid, but no protoscolex was observed in the
smaller cyst. A part of the hydatid cysts and/or
protoscoleces were fixed in 4% paraformaldehyde and 80%
ethanol for histopathology and DNA analysis, respectively.

For histopathological observation, the cyst walls were
processed to paraffin-embedded specimens and thin-
sections were stained with PAS and observed under the
microscopy. Molecular analysis was performed as follows;
genomic DNA samples were prepared from ethanol-fixed
cyst wall (smaller cyst) and protoscoeleces (lager cyst) using
a DNeasy Blood & Tissue Kit (Qiagen, Germany) and (cox1)
was amplified by polymerase chain reaction (PCR). The PCR

amplification of entire cox1 was performed in a 50-mL
reaction mixture with Ex Taq DNA polymerase Hot Start
version (Takara Bio, Japan) and oligonucleotide primers of
Eg-trnW/F (5’-GGGGCTGTTTTAGGTCATCTTATGG-3’
derived from trnW gene of E. granulosus) and Eg trnT/R
(5’-AGGTCAATGACTAATAATCAACTTA-3’ derived from
trnT gene of E. granulosus). The reaction was performed
for 35 cycles of denaturation (94!, 30 sec), annealing (58!, 30
sec), and extension (72!, 90 sec) plus one cycle of 72! for 5
min with a thermal cycler. Amplicons were confirmed by
capillary electrophoresis (HAD-GT12, eGene Inc.) and
purified using NucleoSpin Extract II kit (Macherey-Nagel,
Germany) to use as templates for DNA sequencing. Samples
for direct sequencing were prepared using an ABI PRISM
BigDye Terminator Cycle Sequencing Ready Reaction kit
(Applied Biosystems, USA) and sequencing was performed
on an ABI PRISM 3100-Advant Genetic Analyzer (Applied
Biosystems, USA). Sequence data were analyzed using
softwares of EditSeq and MegAlign (DNASTAR Inc.) A
phylogenetic tree was constructed by the neighbor-joining
method using a MEGA version 4.0.

Fig. 1: Hydatid cysts found in the swine pancreas
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Fig. 3: Phylogenic analysis of Echinococcus species

Phylogenetic tree inferred from cox1 gene sequences (1,609
bp) using the neighbor-joining method. DNA data are from
the following accession numbers: Echinococcus
granulosus (G1, AF297617), Echinococcus ortleppi (G5,
AB235846), Echinococcus canadensis (G6, AB208063), E.
canadensis (G7, AB235847), E. canadensis (G8, AB235848),
Echinococcus multilocularis (AB018440), Taenia solium
(AB086256). Numbers at branches indicate bootstrap values
for 1,000 replicates and the scale bar represents the genetic
distance based on Kimura’s two-parameter model.

Discussion

The prevalence of echinococcosis in Nepal has been studied
and observed an over all prevalence of 34.5% in buffaloes.11

It has also been reported that prevalence of echinococcosis
in buffaloes was 5% (153/3065) in Kathmandu12, 21%13, and
16.22% (73/450), in Kavrepalanchok, Nepal.14

However, the prevalence of echinococcosis has not been
sufficiently examined in pigs. Humans, like other
intermediate hosts becomes infected when eggs that have
been shed in the faeces of the definitive host are ingested.15,

3 The symptoms are determined by organ of localization,
size of the cyst and their condition.15, 3  The organ most
commonly involved is the liver (50-70%), followed by lungs
(20-30%) and other organs (like the spleen, kidney, heart,
bones, etc.) in less than 10% of the cases.16 Mortality and
case fatality rate has been recorded to be around 0.2 per
100,000 population and 2.2% respectively.6

Altogether 119 humans patents were positive for hydatid
cysts out of 214,374 in-patients with a prevalence of 0.05551
(0.056% is better) %. The prevalence of hydatidosis was
found higher in females as 51.26% than in males as 48.74%.
It has been reported 0.03% prevalence in human involving
56.7% females and 43.3% males.17 More of the patients were
of the 20-49 year age category. Most of the patients with
hydatid cyst belonged to the age category of 20-29 (28.57%)
with a higher prevalence in females (64.7%) than male
(35.29%). This was because there were more female in the

Results

In the histopathological examination, the laminated layers
of the cystic walls were strongly stained with PAS, and
protoscoleces were observed in the larger cyst (Fig. 2-B).
These findings support cystic echinococcosis. Since these
cysts were diagnosed as cystic echinococcosis, molecular
analysis of the causative species was performed. DNA
fragments (~1.8-kb) containing complete cox1 genes were
successfully amplified in two cases (data not shown). DNA
sequence analysis revealed that a nucleotide at position
294 of the cox1 was substituted (G or C) between two
Echinococcus isolates from Nepal (AB522646 and
AB522647), however both species were identified as E.
granulosus sensu stricto (=E. granulosus, G1) (Fig. 3). It is
known that cystic echinococcosis in humans and pigs is
prevalent in Nepal, the infection by E. granulosus sensu
stricto was first confirmed in pigs in this country.

Fig. 2: Histological findings of two hydatid cysts. A, Smaller
cyst ; B, Larger cyst . Note protoscoleces in the larger cyst
(arrows). PAS stain.
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age category of 30-39 years.18

The prevalence rate observed is higher than that observed
in other studies (8.5%, 12.35%, 5%, 13%) 17, 19, 12, 20 Though
other studies have reported higher prevalence (18%, 21%,
19.5%).21, 13, 22 Bajracharya in 2009 reported the presence of
the disease in lungs (87.17%), in liver (2.56%) and in both
liver and lungs (7.69%) and 2.56% in Spleen of buffaloes.

The overall prevalence of echinococcosis in slaughtered
buffaloes in Kirtipur was to be 19.50%. The prevalence was
25.00% during the winter and 14.00% during the summer.
The difference was found to be significant (÷ 2 0.05, 1d.f.
=3.851). Females (23.89%) were found more infected with
Echinococcus than males (13.79%) but the difference in the
sex-wise prevalence of Echinococcus was not found
significant (÷ 2 0.05, 1d.f. =3.19).22

  Given the epidemiological significance of such intraspecific
variation in E. granulosus and the international efforts to
establish control programs in different endemic regions, an
informal nomenclature was needed to reflect the phenotypic
variability evident between host-derived isolates of E.
granulosus.23

Diagnosis of cestode zoonoses such as cysticercosis,
echinococcosis, and sparganosis in humans is performed
based on clinical manifestations, imaging examination,
serology, and/or histopathology. PCR based mitochondrial
DNA analysis using formalin-fixed paraffin-embedded
sections (FPES) were highly useful for definitive
diagnosis.24, 25

Conclusions

From this study it has been proved that *m*itochondrial
DNA-based analysis of cestode zoonoses has become a
powerful tool not only for differential diagnosis of cystic
echinococcosis from other diseases, but also for the analysis
of genetic polymorphism and species identification
associated with pathogenicity. This type of study should
be done in Nepal in other animals in future as well which
helps in differential diagnosis.
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