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Abstract

Background: Human fascioliasis is an important health problem in the province of Gilan, at the Caspian Sea, Iran. There is
the overlapping of both fasciolid species, Fasciola hepatica and F. gigantica. Recent studies on both domestic animal and
lymnaeid infection furnished evidence suggesting that F. gigantica and Radix gedrosiana may be the main fasciolid and
lymnaeid involved in the disease in that province, controversy still being there concerning the presence and importance of
F. hepatica and other lymnaeid species. The present paper includes the results of studies on Galba truncatula and the first
finding of natural infection by F. hepatica in Gilan proved by molecular studies.

Methods: Snail collections were carried out in summer, when their populations present the highest densities. Surveys on
lymnaeids furnished the finding of a lymnaeid snail infected by trematode rediae and cercariae in the mountains of Talesh,
in the Asalem district, western Gilan.

Results: Nuclear ribosomal DNA ITS-2 sequences proved that they were F. hepatica and G. truncatula. The liver fluke
ITS-2 sequence was identical to that of F. hepatica from Spain and the Northern Bolivian Altiplano and that of G. trunca-
tula to the haplotype H-2 known in Portugal, Spain, France and The Netherlands.

Conclusion: This genetic characterization suggests that both may be also involved in human fascioliasis infection in Gilan.
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Introduction

Fascioliasis is an important disease caused by
two digenetic trematode species of the genus Fas-
ciola Linnaeus, 1758 (Trematoda: Fasciolidae): F.
hepatica (Linnaeus, 1758) and F. gigantica Cob-
bold, 1855. Whereas in Europe, the Americas
and Oceania only F. hepatica is concerned, the
distributions of both species overlap in many ar-
eas of Africa and Asia (1). F. hepatica is be-
lieved to be of European origin, with G. trunca-
tula as the original intermediate host species
(2). In Europe it has been even found in prehis-
toric human populations of the Stone Age, liv-
ing at the end of the Mesolithic period, 5000-
5100 yr ago and the Neolithic, a period marked

by the domestication of animals and the devel-
opment of agriculture, among other characteris-
tics (3). F. hepatica has succeeded in expanding
from the European original geographical area
up to actually colonize the five continents (1).

Throughout its large geographical distribution,
F. hepatica is a well-known veterinary problem.
Moreover, studies carried out in recent years have
shown it to be an important public health prob-
lem as well (4-7). Human cases have been re-
ported in 51 countries of the five continents (8)
with severe symptoms and pathology being ob-
served (1, 4, 7, 9) we know that fasciolosis can no
longer be considered merely as a secondary zoono-
tic disease but must be considered to be an im-
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portant human parasitic disease (6, 7). Recent
papers estimate human infection up to 2.4 mil-
lion (10) or even up to 17 million people (11).
Several areas in Central and South America,
Europe, Africa and Asia have recently shown to
be human endemic areas, ranging from hypo- to
hyperendemic (6). These areas present a very
wide spectrum of epidemiological characteristics
related to the very wide diversity of environments.
Such diversity is emphasized by only mentioning
that fasciolosis is unique in being capable to give
rise to human hyperendemic areas from below
sea level (as in the Gilan province, besides the
Caspian Sea, in Iran) up to the very high alti-
tude (as in the Andean altiplanos and valleys of
Bolivia, Peru and Venezuela). No other vector-
borne disease presents such a wide altitudinal
range (12). At present, fasciolosis by F. hepat-
ica is the vector-borne parasitic disease present-
ing the widest latitudinal, longitudinal and alti-
tudinal distribution known (12).

In Asia, we know today that in given regions
human fasciolosis is an important health prob-
lem, as in the Near East countries surrounding the
Caspian Sea. Iran, with epidemics affecting up
to 10,000 subjects in Gilan province, in the zone
around Rasht and Bandar-e Anzali (13) but also
with cases in neighboring provinces as Mazan-
daran (14, 15) is the country from which the pre-
sent knowledge on human fascioliasis is larger.

In Gilan there is the overlapping of both fascio-
lid species, and adult flukes belonging to both
species are usually found in the liver of the same
livestock individual. Recent studies on both do-
mestic animal and lymnaeid infection furnished
evidence suggesting that F. gigantica and R.
gedrosiana may be the main fasciolid and lym-
naeid involved in the disease in that province,
controversy still being there concerning the pres-
ence and importance of F. hepatica and other
lymnaeid species (13).

The present paper includes the results of studies
on G. truncatula and the first finding of natural
infection by F. hepatica in Gilan proved by mo-
lecular studies.

Materials and Methods

Snail sampling  Snail collections were carried
out in summer, when snail populations present the
highest densities. The water bodies were surveyed
in mountainous areas of the province of Gilan, Iran,
including mainly springs, shallow running water
and small streams from different sources. Snails
were most often found in small springs with very
shallow and clean water coming out from the
ground and originating small streams. Snails
were collected using a soft forceps, put in plastic
screw capped containers including natural water
with some small pieces of lettuce for snail feeding
and taken to the laboratory for examination.
Detection of snail infection Once in the
laboratory, some snails were put in glass Petri-
dishes containing natural water and a piece of let-
tuce for cercarial shedding. The rest of the snails,
with a shell length of more than 5 mm, were
crushed between two glass slides, under a dissec-
tion microscope and examined for the presence
of fasciolid larval stages. The positive speci-
mens were transferred into glass Petri-dishes con-
taining natural water for metacercarial formation.
The metacercariae and other larval stages found
were put in 90% alcohol for molecular stud-
ies. Some snails from the same population were
also fixed in 90% alcohol for molecular studies.
Molecular techniques

F. hepatica larval stages washed extensively in
PBS (37 °C) and subsequently fixed in 70% etha-
nol and maintained at 4 °C for several weeks.
The fixed samples were used for DNA extrac-
tion according to the phenol-chloroform method
(16). DNA extraction was performed according
to BARGUES & MAS-COMA (17).

The fragment corresponding to the complete, sec-
ond internal transcribed spacer of the nuclear ri-
bosomal DNA (ITS-2) of each trematode and
lymnaeid were amplified by the Polymerase Chain
Reaction (PCR) using 4-6 pl of genomic DNA
for each 50 pl PCR reaction, according to meth-
ods outlined previously (18). The PCR amplifica-
tion was performed using primers designed in con-
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served positions of 5.8S and 28S rRNA genes
of several eukaryote Metazoa species.
Amplifications were generated in a GeneAmp
PCR system 9600 (Perkin Elmer, Norwalk, CT,
USA), by 30 cycles of 30 sec at 94 °C, 30 s at
50 °C and 1 min at 72 °C, preceded by 30 s at
94 °C and followed by 7 min at 72 °C. Ten mi-
croliters of the reaction mixture were examined
by 1% agarose gel electrophoresis, followed by
ethidium bromide staining.

Primers and nucleotides were removed from PCR
products by purification on Wizard™ PCR Preps
DNA Purification System (Promega, Madison, WI,
USA) according to the manufacturer's protocol and
resuspended in 50 pl of 10 mM TE buffer (pH
7.6). The final DNA concentration was determined
by measuring the absorbance at 260 and 280 nm.
Sequencing was performed on both strands by the
dideoxy chain-termination method, and with the
Taqg dye-terminator chemistry kit for ABI PRISM
377 (Perkin Elmer, Foster City, CA), using PCR
primers.

For sequence alignment the CLUSTAL-W version
1.8 (THOMPSON, HIGGINS & GIBSON, 1994)
was used (19).

Results

Geographical origin of the finding More
than two hundred lymnaeid snails from the above-
mentioned mountainous area were collected. Small
snails of less than 5 mm were used for experi-
mental infections and larger ones of more than
5 mm for studying natural infections. A total of
30 snails were placed in separated Petri dishes
for cercarial shedding and another 43 lymnaeid
individuals were crushed for the search of fas-
ciolid larval stages. Those snails located in Petri
dishes were followed until death and none of
them shed cercariae. Of the 43 crushed snails,
only one showed to be infected with trematode
rediae including cercariae inside.

The infected lymnaeid was collected in a snail
population located in a place with pastures called
Taklamestan (latitude: 37,537; longitude: 48,789)
in the mountains of Talesh, in the Asalem dis-
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trict near the Talesh district, western Gilan, on
July 31, 2003. The lymnaeid population showed
a density of 15-20 lymnaeids per square meter.
The place is located at an altitude of 1800 m,
where pastures are mainly inhabited by sheep
and goats, with cattle in fewer numbers. In the
place of collection, the water had a temperature
of 18° C, a pH of 6-6.5, and showed dense vegeta-
tion forming small water covers. There was only
one species of lymnaeid snail in the water body.
Molecular classification of the trematode lar-
val stages

The complete rDNA ITS-2 sequence of the rediae
and cercariae was 364 bp long, with a 48.3%
GC content (Fig 1). The comparison with the ITS-
2 sequences of trematodes available in the Gen-
Bank showed that this sequence is identical to
that of F. hepatica from Spain and the Northern
Bolivian Altiplano (Accession Number AJ272053).
In the 364-bp-long alignment, no nucleotide dif-
ference was found when comparing with the hap-
lotypes of this liver fluke species, thus proving that
the larval stages found in Gilan belong to F. he-
patica. In the same alignment, five nucleotide dif-
ferences were detected when comparing with F.
gigantica (positions 210, 234, 273, 279 and 337).
Molecular classification of the lymnaeid host
individual The complete rDNA ITS-2 se-
qguence of the lymnaeid snails collected in the
same population was 401 bp long, with a 59.1%
GC content (Fig 2). This sequence is identical
to that of G. truncatula populations of the hap-
lotype H-2 known in Portugal, Spain, France and
the Netherlands and available in the GenBank
(Accession Number AJ296271), proving that the
Iranian material belong to this lymnaeid species.

In the 401-bp-long alignment, the lymnaeid se-
quence of Gilan differs from the remaining hap-
lotype (H-1) present in Europe and also in Mo-
rocco by only one C/T transition (C/T) in posi-
tion 149 (Accession Number AJ243017) and
from that known from the Northern Bolivian Alti-
plano by one transversion (G/T) in position 55 (Ac-
cession Number AJ272051).
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Fig.1: Sequences of the second internal transcribed spacer of the nuclear ribosomal DNA (rDNA ITS-2) of Fasciola he-
patica from Gilan

1 GITATAAACT ATCACGACGZ CCAAAAAGIC GIGGIITGGE  TITTGCCAGC
TEGCGETGATC

61 TCCTCTATGE — GTAATCATGT GAGEIGCCAG  ATCTATGGCG  TITCCCTAAT
GIATCCGGAT

121 GUACCCTTGT  CTTGGZAGASL  AGCCGTGGETG AGGTGCAGIG  GUGGAATCGT
GOTTTAATAM

181 TCGGEGETTGET ACTCAGTIGT CAGIGIGTTT GGCGATCCCC TAGTCGGCAC
ACTTATGATT

241 TCTGGGATAL  TTCCATACCA  GGCACGTTCC  GTCACTGTCA  CTTTGTCATT
GETTIGATGT

301 TGAACTTGGET CATGTGTCTG  ATGCTATITT  CATATAGCGA  COGTACCCTT
CETGEGETCTET

361 CTTC

Fig. 2: Sequences of the second internal transcribed spacer of the nuclear ribosomal DNA (rDNA ITS-2) of Galba
truncatula from Gilan

CTACGTGEIC

1 GOTAGICACA  AAGCATICGT GICCTTGCAG CTCTCGCAASL AACCGAAGCC
TTGCGECETGE
&1 AGCTCTCACG  CTGCTCGGCGE  ATGETTGGAT  ACGCCCTGGLA  CCCTCOGCGGE
CALAGTTGTC
121 GITGCCTGCT  CGGECGGIGAC GOTGACGGCC  COGTGETCTT  AAGCGCALGCT
CECGCCETTS
181  TCCETTCATC  TOGTAACGTC TICGACGCTSG  CCCTGCTCTT GGCGECCTGT
CCGETITTCTC
241 TACCGIZCAGS CAGGACCCGG CTCGCTTACT TTATITATTA TCOGTGGCGETT
CTCGGEECCTS

301 CAGTCCATGG CATCGCAGCT CGETGGETGGA  GAATALGGGG CTCTALAGACG

361 GOOGCCCGETC GTTGAATGAL ACATTATITG TTTCTITICT C

Discussion

The two species F. hepatica and F. gigantica
are present in fasciolosis endemic areas in Iran.
The main disease problematic is known in the
Gilan province, at the Caspian Sea, at the north-
western area of Iran, where high fasciolosis preva-
lence in livestock and human infections are known
since long ago (20). Additionally, during the 80s
and the 90s several large epidemics, including thou-
sands of human cases, were reported in Gilan
(21-28). Recently, human fasciolosis cases and an
animal endemic situation have also been described

in the neighboring, Caspian province of Mazanda-
ran (14).

Many malacological studies on the freshwater
mollusks fauna of Iran have been performed since
long ago, several including the northern parts of
the country, at the Caspian Sea shore (15, 29-36).
It is well known that the two fasciolid species
show different lymnaeid snail host specificity: F.
hepatica is mainly transmitted by species of the
Galba/Fossaria group, whereas F. gigantica is
above all transmitted by species belonging to the
Radix group (37). G. truncatula is the main in-
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termediate snail host species of F. hepatica where
present (1, 18, 37) and experimentally it appears
to also be very susceptible for Iranian F. hepat-
ica isolates (38). However, studies in Iran have
already proved the capacity of R. gedrosiana to
transmit both F. gigantica (38, 39) and F. hepat-
ica (40) so that the question about which species
is transmitting Iranian F. hepatica in nature was
still open. Moreover, recent studies suggest that
F. gigantica may be the predominant fasciolid
species in Gilan (13) a fact supported by both
morphology of the liver flukes found in livers of
slaughtered livestock and the wide spread of R.
gedrosiana throughout the endemic areas.

The results obtained in the present study con-
firm that both F. hepatica and G. truncatula are
present in Gilan. Moreover, results show that
they are linked one another in the transmission of
the disease in spite of the very low larval stage
prevalence detected in G. truncatula individuals
(only one snail found infected). At any rate, very
low fasciolid infection rates in lymnaeid snails
appear to be the common situation even in high
endemic areas. Thus, studies have shown that
very low snail infection rates were sufficient to
produce major infections in mammalian hosts
in Australia and Louisiana (41, 42) and in Mo-
rocco only two infected snails were found dur-
ing a 3-year period study (43).

Ribosomal DNA sequences show that F. hepat-
ica from Iran is genetically identical to that pre-
sent in Spain and the Northern Bolivian Alti-
plano at least at ITS-2 level (18). Taking into
account that in Spain this liver fluke species have
been reported in many human cases (8) and that
the Northern Bolivian Altiplano appears to be the
highest human fasciolosis endemic area known
(44) the capacity of Iranian F. hepatica to be an
important human pathogen is evident.
Concerning the intermediate host, Iranian G. trun-
catula appears to be genetically identical to the
haplotype H-2 of this lymnaeid species known
in Western Europe (Portugal, Spain, France and
The Netherlands), namely the European region
where more human cases of fascioliasis have
been diagnosed (6, 45).
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All this does not fit well with the recent results
suggesting that F. gigantica and R. gedrosiana
are the most widespread of both fasciolids and
of the lymnaeid species in Gilan, respectively (13).
Additional studies are needed to clarify the geo-
graphical distribution and prevalences of the two
fasciolids and the different lymnaeid species to as-
certain the real epidemiological situation in the
Gilan human endemic area.
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