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Abstract
Background: No data is available on morphology and genetic characteristics of

Echinococcus granulosus derived from donkeys of Iran, despite of its existence in donkeys. In the present study morphometric variations of the rostellar hooks of protoscoleces and genotype characteristics of hydatid cyst of donkey from Iran were determined.
Methods: Protoscoleces prepared from hydatid cyst of donkey of Iran were morphometric and genetic analyzed. The genetic analysis was done using Cox 1 gene by
comparative sequence analysis.
Results: Our morphometric results showed that donkey of Iran shares 6 out of 7
determined parameters with donkeys of Jordan and 4 out of 7 with 4 available data
with Switzerland donkeys. Morphological similarities and dissimilarities were observed with sheep-dog (G1) and camel-dog strains (G6) of Iran. The nucleotide
sequence alignment showed that the partial sequence of Cox 1 from donkey had
91% homology with query coverage of 99% to the corresponding sequence of E.
equinus, 90% homology to the E. felidis, 90% homology to E. ortleppi, 89% homology to the E. shiquinus, 89% homology to the E. vogeli, 89% homology to the E.
oligarthrus, 88% homology to the E. canadensis and 83% homology to the Taenia solium. Additionally, the amino acid sequence of this gene has also some differences
between this strain and all known strains of E. granulosus even with E. equinus (G4).
Conclusion: Despite of common morphological characteristics of Iranian donkey
hydatid cyst with those of donkeys of other parts of the world, genetically it has its
own entity.
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Introduction

I

ran is an important endemic focus of E.
granulosus, where domestic and wild ruminants (1), man (2), donkey (3) and
wild boar (4) act as intermediate hosts and dog
(5) and wild carnivores (6) as definitive hosts.
Hydatidosis belongs to the most important
and fatal helminthic zoonotic diseases. The
early diagnosis of disease plays an important
role in the health management. Abdi et al.
have developed an ELISA system based on
the recombinant antigen EgAgB16 kDa with
sensitivity, specificity; positive and negative
predictive values of 93.5%, 95.6%, 96% and
92.9% respectively (7). Taghipour et al. have
prepared recombinant antigen B and tested it
in western analysis and believed that this recombinant antigen could be suitable for diagnosis of human hydatidosis by ELISA technique (8). At the DNA level, Rahimi et al.
used specific primer pair designed from genomic ITS-1 region for the diagnosis (9).
E. granulosus shows a great intra specific variation in relation to host specificity, epidemiology, morphology, developmental biology,
biochemistry, physiology, and genetics (10).
Several publications are available on the morphometric and genetic characteristics of horse
hydatid cyst (11-14) and fewer on hooks morphology of donkeys (12, 13, 15-19) but not on
its genotype. High population of donkey (80%
of 2 million equines) that are scattered all over
the country and are grazing in common pastures with ruminants and carnivores can play a
role in the epidemiology of echinococcosis
hydatidosis in Iran.
The aim of this study was to determine the
morpholmetric and genetic characteristics of
E. granulosus derived from donkeys of Iran.

liver. After removal the cyst and aspiration the
hydatid cyst fluid under sterile conditions, the
viability of protoscoleces which were washed
twice in saline was confirmed through staining
with 1% Eosin solution and observation of
flame cells activity. Some protoscoleces were
stored in 70% ethanol for molecular study and
seven parameters including the total number
of hooks, the total length of large and small
hooks, and their blades, and percent ratio of
blade length to total length of hooks were
determined in 4 large and 4 small hooks of 10
protoscoleces. Sufficient pressure was applied
to protoscoleces under the cover slip to flattened them but not damage the hooks. William and Sweatman (1963) description was
used to determine protoscoleces hooks measurements (12). Independent samples' test and
one way ANOVA, and post hoc test Tukey
were used to evaluate the obtained data.

DNA Extraction

Materials and Methods

Protoscoleces were removed from ethanol,
dried and washed twice in PBS and stored for
1-2 days without any buffer in 1.5 ml tube at 20 °C. All tissues had been obtained with consent given according to institutional guidelines.
DNA was extracted using a DNA isolation kit
(MBST, Iran) according to the manufacturer's
instructions. Briefly, each single worm was
lysed in 180 μl lysis buffer and 20 μl proteinase K for 30 min at 55 °C. After adding 360 μl
binding's buffer and incubation for 10 min at
70 °C, 270 μl ethanol (100%) was added to the
solution. After vortexing, the complete volume was transferred to the MBST-column.
The MBST-column was first centrifuged and
then washed twice with 500 μl washing-buffer.
Finally, DNA was eluted from the carrier with
100 μl elution buffer.

Morphometric study

Polymerase chain reaction (PCR)

One out of 50 donkeys (Equinus asinus) (2%)
slaughtered at Tehran Zoo to feed wild carnivores, harbored a fertile hydatid cyst in the
Available at: http://ijpa.tums.ac.ir

For DNA amplification, different amounts
of DNA solution (1 μl, 5 μl and 10 μl) were
used. The PCR was performed on 100 μl total
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volume including one time PCR buffer, 2.5 U
Taq Polymerase (Cina gene, Iran), 2 μl of each
primer (20 mM, MWG, Germany), 200 μM of
each dATP, dTTP, dCTP and dGTP (Fermenta) and 1.5 mM MgCl2 in automated Thermocycler (MWG, Germany) with the following program: 5 min incubation at 95°C to
denature double strand DNA, 35cycles of 45 s
at 60°C (annealing step), 45 s, at 72°C (extension step) and 45 s at 94°C (denaturing step).
Finally, PCR was completed with the additional extension step for 10 min. The PCR
products were analysed on 1.8% Agarose gel
in 0.5 times TBE buffer and visualized using
ethidium bromide and UV-eluminator. The
nucleotide sequence of the primers producing
a specific Cox 1 product of 882 bp was for
forward primer (F1) 5` gaattta ccgcgtttgaa 3`
and for reverse primer (R) 5` cttatataagaacctaacgac 3`respictively. To control the specificity of the PCR products from the Cox 1,
semi-nested PCR technique was used, in
which the additional forward primer (F2) 5`
gtggtgatcctattttatttc 3` is designated within the
two abovementioned primers. After amplification, the PCR product was purified or extracted from agarose gel and re-amplified with the
second forward primer and reverse primer to
obtain a PCR product of 493 bp. To obtain
the nucleotide sequence of the Cox 1 gene of
Echinococcus granulosus of donkey, the partial
nucleotide sequence of the gene from nucleotide -411 to 908 was determined.

PCR product extraction from the agarose gel

Twenty μl of PCR product was run on a
1.5% agarose in TBE buffer. After visualization of the positive band using ethidiume bromide under UV, and the PCR product was
extracted from the gel using DNA extraction
kit from agarose gel (MBST, Iran) according
to the manufacturer's. Briefly, the PCR product was cut from the gel under UV control
and dissolved in 340 μl binding buffer for 5
min by 60°C. After addition of 255 μl ethanol
(96%) to the sample, the mixture was applied
to the spin column and centrifuged for 1 min
304

at 8000 g. The column was washed twice with
washing buffer and the adsorbed DNA was
eluted from the column using 50 μl elution
buffer. The PCR product was subsequently
from both sites sequenced by Kowsar Company (Iran).

PCR product purification

PCR product was purified from the salts and
proteins using PCR purification kit (MBST,
Iran). Briefly, 200 μl binding buffer was added
to 100 μl PCR product solution. After adding
of 150 μl ethanol (96%) to the sample, the
mixture was applied into the column. The column was washed twice with washing buffer
and PCR product was eluted from the column
using 100 μl elution buffer.

Results
The results of morphometric characteristics
of hooks of donkey hydatid cyst of Iran in
comparison with available data on donkeys of
Jordan (17) and Switzerland (13) and those
from sheep-dog and camel- dog strain of Iran
(20) are shown in Table 1. Hooks were
smooth in shape and their arrangements in
protoscoleces were in alternate manner.
The data in Table 1 would indicate that donkey of Iran shares 6out of 7 parameters with
donkeys of Jordan and 4 out of 7 with 4 available data on Switzerland donkeys.
DNA was isolated from protoscoleces to
analyze the amino acid sequence of cytochrome oxidase I (Cox 1). For this aim, the
isolated DNA was first amplified using F1/R
primer pair derived from the nucleotide sequence of Cox 1 gene. The PCR analysis
showed an expected PRC product of approximately 895 bp in length (Fig.1). To confirm
the specificity of the PCR product, the PCR
product was first purified and then amplified
using primers F2/R. Semi-nested PCR
showed the expected PCR product of approximately 491 bp in length (Fig. 1). To compare
the nucleotide sequence and amino acid sequence of the amplified PCR product (Fig. 2)
Available at: http://ijpa.tums.ac.ir
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with the corresponding sequences in GenBank,
the nucleotide sequence of PCR product was
determined from the both 3`-, and 5` ends
(600 nucleotides).

Fig. 1: DNA was extracted from protoscoleces
and amplified using primers F1/R (A): M is 100
bp marker, lane 1: PCR product from protoscolexDNA, Lane 2: negative control. The amplified
PCR product was re-amplified using primers F2/R
(B): M is 100 bp marker, lane 1: semi-nested PCR
with PCR product from step in fig.1 A, Lane 2:

PCR product with DNA isolate from protoscolex,
Lane 3: negative control

The nucleotide sequence alignment showed
that the partial sequence of Cox 1 from donkey had 91% homology with query coverage
of 99% to the corresponding sequence of E.
equinus registered under accession number
AF346403.1, 90% homology with query coverage of 99% to the E. felidis registered under
accession number EF558356.1, 90% homology with 99% query coverage to E. ortleppi registered under accession number AB235846.1,
89% homology with 99% query coverage to
the E. shiquinus registered under accession
number AB208064.1 or JF906149, 89% homology with 97%query coverage to the E. vogeli registered under accession number
AB208546, 89% homology with 98% query
coverage to the E. oligarthrus registered under
accession number AB208545.1, 88% homology with 98% query coverage to the E. canadensis registered under accession number
AB235847.1 or AB688142.1 and 83% homology with 98% query coverage to the Taenia
solium registered under accession number
FN995660.1.

Table 1: Morphological characteristics of Echinococcus granulosus derived from donkey in Iran
Parameters

Total number of
hooks
Large hooks
Total length
(T.L. µm)
Blade length
(B. L. µm)
B.L/ T.L (%)
Small hooks
Total length
(T.L. µm)
Blade length
(B.L. µm)
B.L/ T.L (%)

Donkey
(Iran)
(Mean ± SE)
(Range)
n =10
a34.8 ± 5.6
(28 – 46)
ab28.8 ± 1.5
(25.6 –32.4)
ad13.8 ±1.2
(14 –19
a 47.9 ± 3.5
(20.0 – 54.5)
ac23.6

± 1.7
(16.2 – 27.0)
ac10.5 ± 1.5
(5.4 – 13.5)
a45.5 ± 6.1
(33.3 – 62.5)

Donkey
(Jordan)
(Mean ± SE)
(Range)
n =60
a35.0 ± 2.0
(32 – 40)
a32.3±0.9

(30 –34)
b17.4 ± 0.8
(10.1 –13.5)
a53.7 ± 2.3
(45 – 56)
a28.8

± 1.3
(25 – 30)
a13.5 ± 0.9
(11 – 18)
a 46.8±2.9
(46 – 58)

Donkey
(Switzerland)
(Mean ± SE)
(Range)
n =30
No data
b29.4 ± 0.9
(27.0 – 31.0)
a14.3 ± 0.8
(12.5 – 15.5)
No data

a25.9

± 1.1
(23.0 – 28.0)
ac10.3 ± 0.8
(8.5 – 11.5)
?

sheep
(Iran)
(Mean ± SE)
(Range)
n =10
a

35.5 ± 4.2
(29 – 44)

c 23.3 ± 2.9
(21.4 –24.8)
cd11.7 ± 0.8
(10.1 –13.5)
a50.5 ± 2.0
(42.1 – 54.5)

18.5 ± 1.0
(16.9 – 20.3)
bc7.4 ± 0.8
(6.7 – 9.0)
a40.6 ± 3.3
(25.2 – 33.3)
b

Camel
(Iran)
(Mean ± SE)
(Range)
n=10
a35.7±4.3
(29 – 41)
bc27.4

± 2.2
(23.8–31.0)
ad14.2 ± 0.9
(12.6–15.6)
a51.9± 2.3
(49.0 – 56.0)
bc20.4±

1.8
(16.9– 22.9)
ac9.8 ± 1.1
(7.9 –12.9)
a48.4±3.8
(39.6 – 56.4)

*In each inordinate characters indicate significant difference at α level; 0.05
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In Fig. 3 the multiple alignment of amino acid sequences of the donkey Cox 1 sequence
with the corresponding sequences of genes
registered under accession numbers AAK
82350 (E. g. equinus genotype G4), AAQ93641
(isolated from sheep, genotype G1),
AAQ93635 (isolated from cattle, G1) and
BAF56494 (isolated from camel) is shown.
The mentioned sequence of isolate from donkey had amino acids arginine (with basic side
chain), leucine (nonpolar side chain), glycine
(nonpolar side chain) and asparagine (un-

charged polar side chain) at positions 16, 32,
57, and 158 respectively, whereas these positions were cysteine (nonpolar side chain), serine (uncharged polar side chain), serine and
serine in COX I proteins mentioned above
(Fig. 3).
The other amino acid differences between
isolate from donkey and the above mentioned
sequences were in positions 158, 162, 180 and
188 which were highlighted in Fig. 3. The last
11 amino acid sequences showed complete
identity to each other (Fig. 3).

ggcttgacttttaattccttcgttggttttgttattagttagtatgcgtttaggtgctggt
A W L L I P S
L V L L L V S M R L G A G
gcaggatggactttttatccgccgttgtcttctttatatttttctagtagttatggtgtt
A G W T F Y P
P L S S L Y F S S S Y G V
gattttttgatgttttctttacatttggcaggtgtttctagagtttttggttctattaat
D F L M F S L
H L A G V S S V F G S I N
tttatttgtactttgtatagggtttttatgactaaagtattttctcgtacttctataatt
F I C T L Y S
V F M T N V F S R T S I I
ctttggtcgtatttgtttacttccattttgttgttggtaacgttacctgttttggttgcg
L W S Y L F T
S I L L L V T L P V L V A
gctattactatgcttttgtttgatcgcaacttttgttctgcattttttgatccgttggga
A I T M L L F
D R N F C S A F F D P L G
ggtggtggtcctattttgtttcaacatatgttttggttttttggtcatcctgaggtttat
G G G P I L F
Q H M F W F F G H P E V Y
gtgttaattttgccagggtttggtataattagtcatatatgtttgagaattaatgctaat
V L I L P G F
G I I S H I C L S I N A N
ttaaatgcatttgggttttatgggttgttatttgctatgttttccatagtatgtttggaa
L N A F G F Y
G L L F A M F S I V C L E
agaagagtttgaggccatcatatatttactgttgggttagatgttaagacggctgttt
S S V W G H H
I F T V G L D V K T A V

Fig. 2: The nucleotide sequence of the Cox I of E. granulosus isolated fromdonkey with corresponding amino
acid sequences
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Fig. 3: Comparison of the partial amino acid sequence of COX I protein of donkey of Iran with the corresponding amino acid sequences of Echinochoccus granulosus isolated from sheep, cattle, camel and horse

Discussion
The prevalence rate (2%) and infected organ
(liver) reported in this study were in harmony
with previous report on donkey hydatid cyst in
Iran (3). The population of donkey in the
Middle East is in steady decline (21) but still it
could have some importance in agriculture
and transportation of freight in rural areas. If
the same effect on productivity develop in
donkey, as it is suggested for sheep by Polydorou (1981) (22), parts of agriculture economy may be affected (16). Donkeys constitute

Available at: http://ijpa.tums.ac.ir

80% of 2 million equines population of Iran
where they grazie in common pastures with
ruminants and carnivores, where the latter animals have free access to dead donkeys left in
the field. Infection of donkeys with hydatid
cyst has been reported from Lebanon and Syria (16), Liverpool (23), Sicily (24), Uzbekistan
(25), Morocco (18, 25), Jordan (17), Switzerland (13), with dramatic variation in the
prevalent rate of infection ranging from 2 6% for Iran, 1.9% for Italy (26), up to 60% in
Beka's valley of Lebanon (15), 33.3% in Jordan (16) and 15% in Uzbekestan (25). This
differences could be due to the age, the num307
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ber of donkeys examined, the intensity of
echinococcosis in final hosts, the consideration of standards of hygiene and suitability of
climatic condition for survival of the eggs in a
given area. Presence of two distinct strains of
E. granulosus e.g. sheep-dog and camel-dog
based on hooks morphology, development
biology (27) and genetic (20) are documented
in Iran. Echinococcus granulosus shows a great
intra specific variation in relation to host specificity, epidemiology, morphology and developmental biology, biochemistry, physiology,
and genetics. Up to now 10 strains are recorded(10, 28). Although recently based on epidemiology and genetic, several previously identified "strains" of E. granulosus (G1 to G10)
have to be regarded as species and accordingly
E. granulosus sensus strict (G1,G2,G3), E. ortleppi
(G5) and E. equinus are valid species and other
apparently monophyletic group of genotypes
from G6 to G10 will be probably included in
one species, named E. canadensis, even if the
taxonomy of this group is not yet resolved (29,
30). In recent years much attention has been
paid to equine echinococcosis hydatidosis.
There are several reports on the hook morphology and genetic characteristics of horse
strain of E. granulosus equinus (G4 strain) which
is now known as a valid species E. equinus (1114) and fewer on the prevalence and phenotype characters of hydatid cyst of donkey
origin (12, 13, 15-19) and only one report on
genetic characters of this strain which was performed using RFLP technique with genomic
DNA (12).
Morphometric analyses showed donkey of
Iran shares 6 out of 7 determined parameters
of rostellar hooks with donkey of Jordan (17)
and 4 out of 7 with 4 available data on Switzerland donkey (13). On the other hand, previous studies had shown that hooks characters
from donkeys in Lebanon and a horse from
Syria (16), donkey of Jordan (17), and donkey
and horse of Switzerland (13) were similar to
each other. Therefore morphometrically, hydatid cyst of donkey’s origin from Iran could
be taken similar to E. equinus (G4 strain). Simi308

larities and dissimilarities between hook characteristics of donkey of Iran with those of
sheep-dog and camel-dog strain of Iran seems
to be a normal phenomenon. According to
the different workers, dimensions of rostellar
hooks of equine origin from different countries and those of cattle origin from Europe
did not differed significantly, whereas they
differed significantly with those of ovine
origin in Switzerland (13) and in Lebanon and
Syria (16) and Jordan (17). Meanwhile genetically, hydatid cyst from donkeys of Spain was
similar to United Kingdom horse strain (E.
equinus) (12).
The nucleotide sequence alignment showed
that the partial sequence of cox1 from donkey
had 91% , 90%, 89%, 89%, 89%, 89%, 89%,
88%, 83% homology to the corresponding
sequence of E. equinus (AF346403.1), E. felidis
(EF558356.1), E. ortleppi (AB235846.1), E.
shiquinus (AB208064.1), E. vogeli (AB208546),
E. oligarthrus (AB208545.1), E. canadensis
(AB235847.1) and Taenia solium (FN995660.1)
respectively. The comparative amino acid sequence analysis showed that the sequence derived from Cox I gene presented by donkey
had in some amino acid positions strong differences to the corresponding sequences in
genes registered under accession numbers
AAK82350, AAQ93641, AAQ93635, BAF56494
and ABL96285. These accession numbers be-

longs to the isolates from E. g equinus G4,
sheep G1, cattle G1, camel G6 and E. equinus.
For example, at amino acid positions 16, 32,
57 and 158, the amino acids in Cox I protein
isolated from donkey were arginine, leucine,
glycine, and asparagine, whereas these positions in other genes mentioned above were
cysteine, serine, serine and serine.

Conclusion
Therefore despite of common features between morphology of protoscoleces hooks of
hydatid cyst of donkey from Iran with donkey
and of the world, differences in genetics struc-
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tures suggest that E granulosus derived from
donkey of Iran, has its own entity.
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