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ABSTRACT

The focus of present study was to determine the epidemiological and molecular aspects of different strains of cystic
echinococcosis in Fars province, Iran. Liver and lung samples from 410 sheep, 206 goats and 315 cattle were collected.
In cattle, the infestation rate was 18.1% (57/315), with 11.1% hepatic cysts and 7.0% pulmonary cysts. Out of all identi-
fied cysts, 31.4% of the hepatic and 31.8% of the pulmonary cysts were found fertile. Incidence rate of hydatid cyst
infection in sheep was 15.5% (64/410) with 11.9% hepatic cysts and 3.6% pulmonary cysts, of which 24.5% and 20%
of hepatic and pulmonary cysts were respectively identified as fertile. The infestation rate was 16.0% (33/206) in goat,
in which 10.2% and 5.8% cysts were collected from liver and lung, correspondingly. The prevalence of fertile hepatic
and pulmonary cysts was recorded as 23.8% and 16.7%, respectively. Genotyping the cystic materials using PCR
showed that the most prominent strains responsible for cystic echinococcosis in the Fars province are G1 and G6/7,
while no evidence of E. multilocularis was recorded. This information may give us some clues to find out more about
strains distribution in different regions in Iran, which may finally use to find tools in the eradication program of the dis-
ease, here and elsewhere.
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1. Introduction

Hydatid cyst is medically and economically considered
as one of the most serious zoonotic diseases caused by
different species of tape worm echinococcus with the
worldwide importance [1-3]. However, species of Echi-
nococcosis have been commonly identified in sheep,
cattle, goats and camels in different regions of Iran
[4-10]. Moreover, human hydatidosis has been reported
throughout the country [11,12]. The presence of two dis-
tinct strains of the parasite was genotypically confirmed
in different animal species, in Iran [13].

The noticeable health issue is due to the ingestion of
eggs from canine feces, causing the infestation of various
tissues [14]. There are some growing evidences imply to
five species of echinococcus which include a number of
genotypes or strains. Identification of these genotypes
has a big implication on the surveillance and control of
the disease [15]. Currently, ten main genotypes of E.
granulose (G1-G10) have been identified considering the
biological and molecular aspects [16-18]. The strains
distribution of the parasite in different regions, have been
previously well documented. For instance in the Medi-
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terranean area, G1 (sheep strain), G2, G3 (the buffalo
strain) and G4 (equine strain) have been reported from
Spain, Italy, Lebanon and Syria. Moreover, G6 (the
camel strain) is dominant strain in North Africa and in
the Middle East. The transmission of the camel strain to
human was firstly documented, in Iran [19]. G7 has been
documented in Spain, Italy, Slovak Republic and Poland
[20,21]. Even though different approaches, for instance,
clinical, radiological, serological and histological tech-
niques, have been introduced as diagnostic procedures of
hydatid to distinguish the strains is feasible by molecular
techniques [22-24].

The combination of morphological taxonomy, mo-
lecular genetics and evolutionary ecology is required to
better understand the biodiversity of parasitic organisms.
Fundamental information on their phenotypic and geno-
typic characteristics is especially important to control
human and animal parasitic diseases. The amplification
of DNA fragments by polymerase chain reaction (PCR)
has greatly accelerated taxonomic studies on parasites,
which make possible the identification parasites by non-
morphologists [25].

The clinical diagnosis of echinococcosis in humans
can be carried out based on the morphological character-
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istics of macro and microstructures, whereas the patho-
logical identification of the causative species is difficult
in the cases of aberrant forms [26]. Such lesions should
be subjected to molecular diagnosis for species identifi-
cation. At present time, clinical samples taken at biopsy
are subjected to PCR, and the amplified fragments of
mitochondrial and nuclear DNA are subsequently se-
quenced [25].

The application of PCR to identify E. granulosus eggs
in dog faeces has also been reported by different research
groups [27-29]. To identifying species, exploring intras-
pecific variations has become a scientific imperative to
characterize the local populations of parasites [25].

Although hydatid cysts have been recognized public
heath problem in Iran, there are a few studies suggesting
the presence of G1 and G6 strains in both Lorestan and
Mazandaran provinces in south west and north of Iran,
respectively [30]. However, little is known about the
strain distribution in south of Iran with a relatively high
population of animals and so high incidence of the dis-
ease in both human and other intermediate hosts. Based
on the different molecular techniques targeting the 12S
rRNA for the detection of distinct strains of the parasite,
we approved the PCR technique as a reliable tool to dif-
ferentiate various strains and distinguish between differ-
ent stages of the cyst. Thus, the focus was on the preva-
lence of the disease with a special concern about strain
distribution in Fars province, south of Iran.

2. Materials and Methods
2.1. Sample Collection

During September 2010 to June 2011, total samples of
315 cattle (24 - 48 months), 410 sheep (10 - 40 months)
and 206 goats (12 - 38 months) were inspected for the
presence of hydatid disease infestation in Shiraz abattoir,
southern region of Iran. The samples were transferred
on ice to the laboratory to be inspected for fertility of
the cysts before being stored at —20°C for further analy-
sis.
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2.2. Characterizations of the Cysts

To find out whether the cysts are fertile or not, the con-
tents of each cyst was investigated using a vital dye
(0.1% eosin), followed by checking under the light mi-
croscope. The presence of protoscolex and hydatid sands
in the cysts was considered as the major criteria.

2.3. Genotyping the Cysts Using PCR Technique

2.3.1. DNA Extraction

Total genomic DNA was extracted from laminated mem-
brane/protoscoleces and hydatid fluid (for purification of
DNA from any existed scolices suspended in hydatid
fluid of the fertile cysts). The laminated membrane/pro-
toscoleces were cut and chopped followed by boiling in
300 pl lysis buffer (Tris-HCI 0.1 M, EDTA 0.01 M, SDS
1% and NaCl 0.1 M) [31]. The hydatid fluid was centri-
fuged at high speed (16,500 g) for 15 minutes, the super-
natant was discarded and the bottom precipitate was boiled
in the same manner as described. The heated specimens
were then treated with 15 pl proteinase K (2 pg/ul) and
precipitated using conventional phenol/chloroform/ethanol
method [32]. The aliquots were subsequently stored at
—20°C for further analysis.

2.3.2. PCR Assay

Three species/strain specific sets of primers, that amplify
the partial region of mitochondrial ND1 (NADH dehy-
drogenase subunit 1) gene, were used to detect the E.
granulosus G1 (shPCR), E. granulosus G6/7 (G6/7PCR)
and E. multilocularis (emPCR) [24] (Table 1).

The predicted size of amplicons was 252 bp for E.
multilocularis, 295 bp for G1 and 234 bp for G6/7 strains
of the E. granulosus.

PCR was carried out on 3 pl of single strand cDNA in
a final reaction mixture of 25 pl containing 2.5 ul of 10x
PCR buffer, 3 mM MgCl,, 200 mM of each of dNTPs,
400 mM of each forward and reverse primer, 2 units of
Taq DNA polymerase (Cinagene, Iran). The PCR cycling

Table 1. Primers used for specification of hydatid cyst samples.

PCR Primers Sequence (5°-3°) Specificity Amplicon size (bp)
EM29F GATTTGCTGATTTGTTAAAGTTAGTGATC
emPCR E. multilocularis 252
EM281R AGAACTTAAAAACGAATATTTATTGTAACT
SH172F GTTATAAGAGGCCTCTCCGTGTTGTGG
shPCR E. granulosus G1 295
SH467R CGTACGATTAGTTTCACAATATACATAT
GO6/TF TGGGGTAGTTACAATAGTTATTC
G6/7PCR E. granulosus G6/7 234
G6/7R CATAATCAAATGGAGTACGATTA

emPCR: primers used to amplify 252 pb amplicom from E. multilocularis, shPCR: primers used to amplify 295 pb amplicom from E. granulosus G1 in sheep
and goat, G6/7PCR: primers used to amplify 234 pb amplicom from E. granulosus G6/7 in cattle.

Copyright © 2012 SciRes.
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was performed in a gradient thermocycler (Eppendorf,
Germany) with an initial denaturation step of 94°C for 10
min., followed by 45 cycles of 94°C for 30 sec, 53°C
(G6/7PCR), 56°C (emPCR), and 57°C (shPCR) for 45
sec and 72°C for 1 min. The PCR was terminated with a
final extension step at 72°C for 5 min. PCR products
were electrophoresed on a 1.5% ethidium bromide-
stained agarose gel and the specific DNA fragments with
desired size of 5 samples of shPCR were purified and
sequenced (Macrogene, South Korea). To analyse the
sequencing data, BLASTn comparison was performed
with the NCBI/GeneBank database.

3. Results
3.1. Cattle

A total of 57 cases (1 - 10 hydatid cysts per case) were
found to be positive from 315 inspected cattles (24 - 48
months age) slaughtered in Shiraz abattoir, south of Iran,
giving a 18.1% prevalence rate of the infection. The rate
of infection in different organs was 11.1% for liver and
7.0% for lung. Regarding morphotype, 31.4% and 31.8%
of the hepatic and pulmonary cysts were correspondingly
fertile. Moreover, 54.3% were calcified in the livers and
54.6% in the lungs. In the case of secondary bacterial
infected cysts, 14.3% and 13.6% in the livers and the
lungs were positive, respectively. The average volume of
hydatid fluid collected in the livers and the lungs were
3.5+ 2.1 ml and 1.75 + 0.35 ml (per cyst), respectively
(Table 2).

3.2. Sheep

From 410 (6 - 40 months age) inspected sheep slaugh-
tered in Shiraz abattoir, 64 positive cases (1 - 15 hydatid
cysts per case) were found, indicating the prevalence rate
of 15.5 percent. The rate of infection in different organs
was 11.9% for liver and 3.6% for lung. Phenotypically,
24.5% were fertile in the livers, and 20.0% were deter-
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mined fertile in the lungs, 57.1% were calcified in the
livers and 46.7% in the lungs. Moreover, 18.4% and
33.3% in the livers and the lungs were respectively posi-
tive for secondary bacterial infection. The average vol-
ume of hydatid fluid collected in the livers and the lungs
were 1 = 0.5 ml and 0.88 + 0.25 ml (per cyst), respec-
tively (Table 2).

3.3. Goat

Out of 206 (8 - 32 months age) inspected slaughtered
goats, 33 positive cases (1 - 15 hydatid cysts per case)
were recorded, indicating the prevalence rate of 16.0
percent. However, the rate of infection in different or-
gans was 10.2% for liver and 5.8% for lung. Phenotypi-
cally, 23.8% and 16.7% were respectively determined
fertile in the livers and lungs while, 47.6% were calcified
in the livers and 50.0% in the lungs. Moreover, 28.6%
and 33.3% of the cysts in the livers and the lungs were
respectively positive for secondary bacterial infection.
The average volume of hydatid fluid collected in the liv-
ers and the lungs were 0.8 + 0.3 ml and 0.68 £+ 0.25 ml
(per cyst), respectively (Table 2).

3.4. PCR and Sequencing

To determine the responsible genotypes, PCR was em-
ployed using three pairs of primers for emPCR, shPCR
and G6/7PCR (Table 1) which could amplify 252 bp,
295 bp and 234 bp genes for E. multilocularis, E. granu-
losus G1 and E. granulosus G6/7, accordingly. PCR
yielded desired products from germinal layer, while no
DNA was produced from hydatid fluid. From PCR re-
sults, it could be speculated that the strain distribution in
sheep and goats was G1, this was G6/7 for cattle and, not
surprisingly, no evidence of E. multilocularis was found
(Figure 1).

BLASTn comparison of the sequences of 5 samples
from shPCR and one sample from G6/7PCR, against the

Table 2. Frequency of different organs infested with hydatid cysts in a meat inspection program.

Animals Cattle Sheep Goat
Total Number of inspected animals 315 410 206
Organs Liver Lung Liver Lung Liver Lung
No and percent (%) of positive cysts
Type of specimons 35(11.1) 22 (7.0) 49 (11.9) 15 (3.6) 21(10.2) 12 (5.8)
No and percent (%) of fertile cysts 11 (31.4) 7(31.8) 12 (24.5) 3(20.0) 5(23.8) 2 (16.7)
No and percent (%) of calcified cysts 19 (54.3) 12 (54.6) 28 (57.1) 7 (46.7) 10 (47.6) 6 (50.0)
No and percent (%) of secondary
bacterial infected cysts 5(14.3) 3(13.6) 9(18.4) 5(33.3) 6(28.6) 4(33.3)
Volume of hydatid fluid per cyst (ml) 35+2.1 1.75+£0.35 1+£0.5 0.88+0.25 0.8+0.3 0.68 £0.25
Copyright © 2012 SciRes. OJVM
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Lane 1: Negative control (no template), Lane 2-6: PCR with G1 primers
(295 bp in sheep and goat), Lane 7: PCR with G6/7 primers (234 bp in
cattle), Lane 8: PCR with E. multilocularis primers (not detected), Lane M:
100 bp ladder (Fermentas).

Figure 1. Gel electrophoresis of products of PCR with 3
pairs of primers on genomic DNA of some isolates.

nucleotide database, did return a significant result to E.
granulosus. The closest identity were seen between the
sequences of samples and those of echinococcus isolates
submitted at NCBI with accession numbers GQ168810
and GQ357999-GQ358013 for shPCR and G6/7PCR
respectively.

4. Discussion

Different molecular approaches have shown the advan-
tage of conclusive species determination and also strain
differentiation within the genus echinococcus which is
responsible for important parasitic zoonoses worldwide.
Numerous studies have been carried out on the genetic
characterization of hydatid cyst, using hydatid fluid, cys-
tic membrane and scolices [22]. Various PCR techniques
have been introduced to detect E. granulosus genome in
biological specimens [33]. PCR is currently developed as
a complementary diagnostic tool for species differentia-
tion for echinococcosis, using biopsy samples and tissue
specimens [34,35]. The usefulness of the technique was
also confirmed by Rostami-Nejad [30], with molecular
detection of different strains of E. granulosus from West
and North of Iran. However, performing such techniques
often need a careful attention in designing primers and
preparation of DNA in adequate quantities [36]. A rela-
tively high prevalence of E. granulosus with the per-
centages of 44.83% and 25.53% respectively in male and
female stray dogs checked in the Fars province [8], led us
to perform an epidemiological study in the region. Even
though, the rate of infestation in our study, was in accor-
dance with the previous studies, where the rate of cystic
hydatidosis in liver and lung of different animals were
reported respectively, as follows: sheep 2.09% and 2.68%,

Copyright © 2012 SciRes.

goats 2.17% and 2.36%, cattle 4.49% and 6.48% and
buffaloes 4% and 8% [8]. However, different rates of the
infection have been previously reported from different
regions of the country, for instance, rate of 27.5% in
sheep, 16.1% in goats and 25.9% in cattles, in Hamadan
[37]. Results of the present study indicated a predomi-
nent rate of the infestation with G1 strain in the south
region of Iran. This was in accordance with results of the
work conducted by Sharbatkhori and colleagues [31], in
which using ITSI-RFLP was confirmed G1 and G6
strains, in north of Iran with a higher prevalence of G1
strain in livestock. It is concluded that cystic hydatidosis
needs more profound investigations because of its public
heath and economic issues here and elsewhere.
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