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Abstract
Background: The trematodes of the genus Fasciola (the liver flukes) are among

the well-known instances of food-borne parasites worldwide. Differentiation of
Fasciola species is important because of their different transmission and epidemiological characteristics. The current study was undertaken to discriminate Fasciola
Keywords:
species in the domestic ruminants of Urmia city, Iran.
Liver flukes,
Methods: Adult flukes were isolated from the naturally infected livers of the
Morphology,
slaughtered water buffaloes and sheep. The flukes were initially identified based on
28SrRNA gene,
morphological and morphometric parameters. A 618-bp-long fragment of the
RFLP,
28SrRNA gene of Fasciola was amplified by polymerase chain reaction (PCR). The
PCR-sequencing
amplified fragment was digested by DraII or AvaII enzymes for a restriction fragment length polymorphism (RFLP) analysis and sequenced for the phylogenetic
*Correspondence
tree construction.
Email:
Results: Based on the morphometric examination, the flukes belonged to F. heyakhchalim@yahoo.com patica, F. gigantica and an intermediate Fasciola form. The PCR-RFLP analysis was
able to differentiate F. hepatica from F. gigantica. While the phylogenetic reconstruction justified, to some extent, the morphological diagnosis, it failed to segregate F.
hepatica from F. gigantica identified in this and the previous studies.
Conclusion: To resolve fully the problem of taxonomy and evolution in Fasciola
species, employing a broad range of molecular and morphological approaches is
necessary. This is crucial for epidemiological surveys and successful clinical management of their infection.
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Introduction

F

asciolosis has traditionally been considered as an important human and
animal disease caused by the taxonomically valid species of Fasciola hepatica
(Linnaeus, 1758) and F. gigantica (Cobbold,
1856) (Trematoda: Fasciolidae) (1). Prevalence
of fasciolosis in domestic animals has long
been perceived in a wide range of geographical
areas (2), while human fasciolosis has also
been reported from 51 countries in the five
continents (1). Nevertheless, Fasciola species
seem to have uneven geographic distribution.
F. hepatica is present in Europe, Africa, Asia,
the Americas and Oceania, whereas the major
infected areas by F. gigantica are the tropical
regions of Africa and several Asian countries
including Uzbekistan, Turkmenistan, Iran,
Iraq, India and Pakistan (3, 4).
In Iran, sporadic cases of human fasciolosis
have been documented by the late 1980s.
However, fasciolosis has become an important
zoonotic disease during the 1990s, when several large epidemics were explored in Gilan,
north of Iran (5- 9). Fasciolosis has also been
reported in the domestic animals from several
parts of Iran, having higher prevalence rates in
the southern part of the country compared to
its northern regions (10).
Differentiation between the two common
flukes, F. hepatica and F. gigantica, in the definitive hosts is essential because of their different
transmission and epidemiological characteristics. However, their accurate recognition is
generally awkward because of the substantial
variations in their morphological features. In
addition, hybridization between different
Fasciola genotypes can give rise to the generation of new forms (11) and as a result, to more
taxonomic complexities in the genus. Classically, the distinction between the Fasciola species has been made based on their morphological, i.e. morphometric and morphoanatomic,
attributes. However, it has generally been accepted that specific differentiation of the liver
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flukes cannot be achieved solely by morphological examination (12), and their detailed
genetic analysis is necessary (13). Application
of molecular techniques permits the identification of parasitic trematodes at species or strain
level, and at any stage of their life history (1417).
This study aimed to characterize the frequent fasciolid taxa infecting some of the domestic ruminants of Urmia city, Iran.

Materials and Methods
Sampling and morphological examination

A total of 86 adult flukes of the genus Fasciola were isolated from the naturally-infected
livers of the slaughtered water buffaloes
(n=23) and sheep (n=63) at the abattoir of
Urmia City, NorthWest Iran. The flukes were
washed several times in 0.01M phosphate
buffer saline (PBS, pH=7.2), stained by
asetocarmine, examined under light microscope at 100× magnification, and identified
based on the morphological and morphometric parameters (18- 21) (Table 1).

DNA extraction and polymerase chain reaction (PCR)

Genomic DNA was extracted from the
Fasciola specimens by a modified phenolchloroform method using cetyltrimethylammonium bromide (CTAB) (22). A
fragment of the 28S ribosomal RNA (rRNA)
gene of the Fasciola was amplified using two
primers (forward: 5َ'-ACGTGATTACCCGCTGAACT-3َ' and reverse: 5َ'-CTGAGAAAGTGCACT GACAAG-3') (13). The PCR was carried
out by 25µl reaction containing 2µl of the genomic DNA (diluted 1:30), 2.5U of Taq DNA
polymerase (Fermentas, Germany), 50µM of
each dNTPs (CinnaGen, Iran), 2mM MgCl2,
2.5µl PCR reaction buffer (10×) and 0.5µM of
each primer. The reaction was performed in a
Bioer XP thermal cycler and comprised an
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initial DNA denaturation step at 94 ºC for
3min, followed by 30 cycles of DNA denaturation at 94 ºC for 30s, primer annealing at 60
ºC for 30s and primer extension at 72 ºC for
60s, and finally, an extension step at 72 ºC for
5min. A volume of 10 µl of each of the PCR
products along with the positive (i.e. the PCR

mixture including the known DNA samples of
F. hepatica and F. gigantica) and negative (i.e. the
PCR mixture excluding the DNA) controls
were analysed by electrophoresis on 1.5% agarose gel for about 1.5h at 90V and visualized
by staining with 1% ethidium bromide.

Table 1: Morphometric measures (Mean ± SD) of the liver flukes isolated from domestic ruminants of West
Azarbaijan, Iran (n=86)
Host
animal

Identified
flukes

No. of
flukes

Buffalo (23)

F. hepatica
F. gigantica
Fasciola sp.
F. hepatica
F. gigantica
Fasciola sp.

13
10
31
15
12
26

Sheep (63)

Body size (cm)
BL
4.07±0.49
5.4± 0.19
2.52±0.20
2.11±0.2
3.41±0.4
2.82±0.3

BW
DBS
2.3±0.23 0.63±0.03
0.9±0.16 0.33±0.03
1.±0.11
0.26±0.06
1.2±0.15
0.28±0.08
0.9±0.01
0.29±0.03
1.04±0.09 0.23±0.03

LCC
0.67±0.03
0.35± 0.02
0.22± 0.18
0.41±0.07
0.31± 0.06
0.25± 0.08

WCC
DBVE
1.04±0.57 2.34±0.25
0.34±0.03 2.59±0.31
0.26±0.11 2.25±0.22
0.23± 0.05 1.9±0.18
0.37±0.06 2.37±0.42
0.24±0.04 2.08±0.17

BL/BW
1.67-2.43
4.01-7.93
2.55-3.57
1.46-2.09
3.77-6.28
2.11-3.19

BL: body length; BW: body width; BL/BW: ratio of body length to body width; DBS: distance between suckers; LCC:
length of cervical cone; WCC: width of cervical cone; DBVE: distance between ventral sucker and posterior end of body

Restriction fragment length polymorphism (RFLP) analysis

A PCR-RFLP procedure was developed to
distinguish specifically F. hepatica and F. gigantica. The definite restriction enzymes were selected and lengths of the resulting restriction
fragments were predicted by BioEdit software
package (http://www.mbio.ncsu.edu). For
restriction digestion, a total volume of 15µl of
the digestion reaction containing 5 µl of the
PCR product, 1µl of the restriction enzyme
(AvaII or DraII), 1.5 µl of enzyme buffer (Fermentas, Germany) and 7.5 µl of ddH2O was
prepared. The mixture was incubated at 37 ºC
for 16 h and the digested DNA was run on
2% agarose gel, and visualized by ethidium
bromide staining.

Phylogenetic analysis

The amplified gene fragments of the selected individuals belonging to both F. hepatica
and F. gigantica were sequenced by Bioneer
(South Korea) using an automated sequencer
(3730xl/Bioneer 3730xl).
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Table 2: Origin and GenBank accession numbers of
the gene sequences used in our phylogenetic analysis

Fluke species

F. hepatica

F. gigantica

Accession no.
HM369289.1
HM369289.1
HM369290
AJ440788.1
AJ439738.1
JQ999965
JN811688.1
JQ999966
JQ999967
JQ999969
HM776945.1
AB674553
AJ440786.1
AY222245.1
JN811689.1
JQ999968

Country
Bulgaria
Bulivia
India
Egypt
Spain
Irana*
Iranb*
Iranc*
Irand*
Irane*
India
Iran
Egypt
Thailand
Iranf*
Irang*

* Sequenced in this study: A, WAP1; b, WAP2; c,
WAP3; d, WAP4; e, WAP5; f, WAP; g, WAP2;
WAP, West Azarbaijan Province.
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Seven new sequences of Iranian Fasciola species obtained in this study were added to the
Genbank. The sequences together with nine
reference sequence data of Fasciola isolates
from water buffaloes and sheep worldwide
(Table 2) were aligned manually using BioEdit
alignment editor. Phylogenetic tree was constructed using the 16-nucleotide sequences
according to maximum likelihood (ML) method and Kimura 2-parameter model (23) by
MEGA 5.0 software package (24). All positions containing gaps and missing data were
eliminated, so that there were 536 nucleotide
sites in the final dataset. The statistical significance of branching orders was calculated by
the bootstrap resampling process (1000 replicates).

Results
Morphological comparisons

The morphometric measures (mean ±
standard deviation) of the examined flukes are
shown in Table 1. Based on the variations ob-

served in their morphometric dimensions, the
flukes were grouped into F. hepatica, F. gigantica
and an intermediate form assigned as Fasciola
sp. As can been seen in the table, all measured
parameters were differing considerably among
the three Fasciola forms isolated from both the
host animals, i.e., 57 specimens had the intermediate morphological features between those
of F. hepatica and F. gigantica. The differences
in the body measures among the threefasciolid forms are more obvious in those isolated from buffalos, while the body dimensions of the three forms obtained from sheep
showed high level of similarity. However,
body length and length of the cervical cone
were the parameters differing considerably
among the three Fasciola forms isolated from
both the host animals.

PCR and RFLP patterns

The PCR amplified a portion of 618bp in
length of the 28SrRNA gene of both F. hepatica and F. gigantica (Fig. 1).

Fig.1: Agarose gel electrophoresis of 28SrRNA gene of the liver flukes. (a) Lanes 1-7, F. hepatica and lanes 814, F. gigantica from water buffaloes. (b) Lanes 1-2, F. hepatica and lanes 3-7, F. gigantica from sheep. Lane P,
positive control; Lane N, negative control; Lane M, 250bp DNA size marker
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Based on the RFLP analysis, restriction of the
PCR products by the enzyme AvaII produced
two fragments of 529 and 62bp for F. hepatica
and 322 and 269bp for F. gigantica isolates (Fig.
2). DraII enzyme digested the PCR product of

F. hepatica in one position generating a fragment of 529bp in length, while the enzyme
was unable to digest the PCR product of F.
gigantica (Fig. 3).

Fig. 2: Restriction fragment length polymorphism (RFLP) pattern of the PCR products of the liver flukes
after digestion with AvaII restriction enzyme. Lanes 1-6, F. hepatica; Lanes 8-15, F. gigantica. Lanes 7 and 16,
618-bp-long PCR products of F. hepatica and F. gigantica, respectively; Lane M, 250bp DNA size marker

Fig. 3: Restriction fragment length polymorphism (RFLP) pattern of the PCR products of the liver flukes
after digestion with DraII restriction enzyme. Lanes 1-7, PCR products of F. hepatica; Lanes 9-16, PCR products of F. gigantica. Lane P: 618-bp-long PCR product of F. gigantica; Lane M, 250bp DNA size marker

Phylogenetic analysis

Phylogenic tree constructed by using
28SrRNA gene sequences of the Fasciola species is shown in Fig. 4. Based on the obtained
topology, a large and highly supported (bootstrap value 99%) monophyletic group has
been formed comprising all but two of the
examined fasciolid taxa. Both F. hepatica and F.
gigantica, including those isolated in this study,
50

had polyphyletic positions on the tree. A
group of the Iranian Fasciola, mostly belonging
to F. hepatica, is located on the top of the tree,
while a distinct sister group has been formed
by both the species from this study in its basal
part. In the uppermost clade, F. hepatica and F.
gigantica from West Azerbaijan made a monophyletic group with a high statistical support
(94%). In the middle of the tree, several F.
Available at: http://ijpa.tums.ac.ir
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hepatica isolates from different countries including those from our study made sister
groups but with moderate bootstrap supports.
While isolates of F. gigantica from various localities (i.e. Iran, India, Egypt and Thailand)
were sister taxa by high bootstrap support
(99%), they also clustered with the groups
consisting of F. hepatica isolates with a considerable replication rate (93%).

Fig. 4: Phylogenetic tree constructed by maximum
likelihood (ML) method and based on the Kimura
2-parameter model using 16 nucleotide sequences
of Fasciola hepatica and F. gigantica. The tree with the
highest log likelihood (-1475.6886) is shown. The
percentage of trees in which the associated taxa
clustered together is shown next to the branches.
The tree is drawn to scale, with branch lengths
measured in the number of substitutions per site

Discussion
Characterization of the definite cause of
fasciolosis in each geographic region has been
a major global concern from both veterinary
medicine and public health points of view. For
several years, the disease was considered to be
caused by either of the two-fasciolid species, F.
hepatica and F. gigantica. Later, it was found that
at least one intermediate form or likely yetundescribed taxonomic units within the genus
Fasciola are also responsible for fasciolosis
worldwide (2). Fasciola is currently known as a
Available at: http://ijpa.tums.ac.ir

genus comprising a range of the morphological forms with different ploidy levels (4), so
that application of the biological species concept to whom has been problematic (2). Different Fasciola forms can also vary morphologically depending on their host species, so
that the differences among the specimens
from different hosts are even far greater than
those usually observed between species of
other flatworms (25).
Identification of fasciolid trematodes has
traditionally been accomplished by their morphology and measurement of their morphometric dimensions. Based on our morphological examinations, all the three described fasciolid forms, i.e. F. hepatica, F. gigantica and their intermediate entity, were present
in the studied water buffaloes and sheep. Periago et al. (26) showed that body length and
roundness, the ratio of body length to body
width (BL/BW) and the length of ventral
sucker and the posterior end of the body were
the main criteria discriminating F. hepatica
from F. gigantica isolated from Egypt. The
measure of BL/BW has been considered as
one of the useful indices for differentiating F.
hepatica from F. gigantica (27). Different
BL/BW values have been reported for the
two Fasciola species; however, Itagaki et al.
(28) recommended that the BL/BW values of
1.29-2.80 and 3.40-6.78 more accurately match
F. hepatica and F. gigantica, respectively. In the
present study, 28 and 12 specimens had the
BL/BW values in the range of those reported
for F. hepatica and F. gigantica, respectively,
while 57 specimens showed having intermediate values between the two size ranges. Both
Fasciola species and their intermediate form
have phenotypically been characterized from
Iran (29, 30). Moghaddam (29) by considering
the same morphological and morphometric
criteria as those of our study identified the
three forms of Fasciola in Mazandaran Province, northern Iran. Morphometric and allometric analyses have also confirmed the existence of the intermediate form of Fasciola in
another northern province of Iran, Gilan (30).
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The intermediate/hybrid Fasciola have also
been reported from several other Asian countries including India (31), Korea (32, 33), Japan (34) and the Philippines (35). Occurrence
of these intermediate creatures has not only
raised the taxonomic complexity in the genus
Fasciola, but has also made it more difficult to
recognize the particular cause of fasciolosis in
a certain region (36).
The invention of molecular techniques has
provided more opportunities for the investigators to study species-specific epidemiology of
fasciolosis and to explore its accurate prevalence rates in different localities (2, 25, 37, 38).
The PCR-restriction enzyme patterning is a
simple, rapid, and reliable method for differentiating Fasciola species in the areas where the
species distributions overlap (39, 40). In the
current study, the identities of two morphologically described fasciolid species, i.e. F. gigantica and F. hepatica, were verified by the
RFLP analysis. The digestion patterns obtained in this analysis were identical to those
in the study of Marcilla et al. (13), confirming
the suitability of this method for discrimination of Fasciola isolates from distinct geographical locations. Furthermore, it was found
that there was no host-specific restriction pattern for both Fasciola species. Shahbazi et al.
(41) could differentiate F. hepatica from F. gigantica isolated from sheep and cattle in Tabriz,
northwest Iran, by PCR-RFLP analysis of the
first internal transcribed spacer (ITS1) of ribosomal DNA (rDNA). Mahami-Oskouei et al.
(42) by application of PCR-RFLP analysis of a
fragment of rDNA realized that the Fasciola
samples isolated from sheep and cattle of
three different geographical regions in Iran
(Khorasan, Fars and East Azerbaijan provinces) belonged to either F. hepatica or F. gigantica.
Phylogenetic analysis using DNA sequence data is considered as a powerful approach for construction of the evolutionary
relationships among different groups of organisms including the parasitic trematodes (17,
43, 44). However, the utility of this method
seems to be dependent on the target DNA
52

fragment and the rates of sequence divergence
among the organisms in question (25). The
phylogenetic tree constructed by using the sequences of 28SrDNA of the selected Fasciola
species from diverse localities failed to fractionate properly F. hepatica from F. gigantica, as
none of these two species formed a highly
supported monophyletic assemblage. This can
be attributed to the weakness of the 28SrRNA
gene fragment for resolving the taxonomic
problem in the genus Fasciola. One other potential reason for this 'taxonomic failure',
which is worth noting, is that at least part of
the recorded Fasciola isolates worldwide might
have erroneously been identified. Such misidentification is not necessarily due to the
technical errors, but more importantly, can be
because the conventional criteria for discriminating the fasciolid trematodes have limited
validity. Ashrafi et al. (45) compared the sequences of the second internal transcribed
spacer of the rDNA (ITS2) and found that F.
hepatica from Iran was genetically identical to
those present in Spain and the Northern Bolivian Altiplano. Ghavami et al. (46) by phylogenetic and RFLP analyses of the ITS2 gene
region discovered that all the three morphologically-different adult fasciolids isolated
from sheep and cattle of Zanjan Province,
Iran were in fact F. hepatica. Amor et al. (47)
has recently demonstrated the existence of an
endemic intermediate Fasciola form in northern Iran based on the phylogenetic analysis of
the nuclear rDNA.
Employing a number of molecular analyses
has met with considerable success in characterizing F. hepatica, F. gigantica and their intermediate forms. These analyses included PCRlinked single strand conformation polymorphism (PCR-SSCP) and sequencing of ITS1
rDNA (2), sequence-related amplified polymorphism (SRAP) (48), sequencing of ITS2
(33), ITS1 and mitochondrial nicotinamide
adenine dinucleotide dehydrogenase subunit 1
(nd-1) (49) genes and microsatellite loci (37).
Walker et al. (22) could also discriminate two
Fasciola groups by comparison of their
Available at: http://ijpa.tums.ac.ir
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28rDNA and entire mitochondrial genome.
Therefore, choosing an appropriate genetic
marker (i.e., portion of DNA with highest intrageneric divergence) can be of eminent importance for studying the taxonomy of liver
flukes. Such marker should also be able to
identify clearly the hybrid/intermediate forms,
which are bearing nuclear and mitochondrial
genome of both F. hepatica and F. gigantica (4).

Conclusion
The traditional morphometric indices are insufficient for the aim of species-specific diagnosis of Fasciola isolates, especially when the
existence of their larval stages is to be detected
in the intermediate hosts. Thus, discovering
new discriminative morphological criteria and
their application together with a combination
of molecular tools can be helpful for unraveling the problem of Fasciola taxonomy and correct estimation of its epidemiological patterns.
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