
ORIGINAL PAPER

Morphological and molecular characterization
of Lecithochirium grandiporum (Digenea: Hemiuridae)
infecting the European eel Anguilla anguilla as a new host
record in Egypt

Fathy Abdel-Ghaffar & Abdel-Rahman Bashtar &

Heinz Mehlhorn & Rewaida Abdel-Gaber & Rehab Saleh

Received: 8 June 2013 /Accepted: 12 June 2013 /Published online: 3 July 2013
# Springer-Verlag Berlin Heidelberg 2013

Abstract In the present study, the morphological and mo-
lecular characterization of Lecithochirium grandiporum, a
digenetic trematode infecting the European eel Anguilla
anguilla (Family (F): Anguillidae), were described for the
first time from Burullus Lake, Kafr El-Sheikh Governorate,
Egypt. Twenty-five out of 60 specimens (infection rate of
41.66 %) were found to be naturally infected. Infection was
recorded as small worms attached to the inner wall of the
intestine of host fish. Adult worms measured 1.59±0.20
(1.3–1.85)mm long and 0.3±0.02 (0.29–0.48)mm wide for
everted specimens with a smaller oral sucker measuring
0.15±0.02 (0.13–0.18)mm, and a larger ventral sucker
which was 0.16±0.02 (0.14–0.25)mm. Our results recorded
morphological differences as smaller dimensions of different
body parts and the smaller oral/ventral sucker ratio between
Lecithochirium fusiforme and L. grandiporum. Also, the
phylogenetic position of the worm was determined by mo-
lecular characterization of their 18 SSU rDNA. Results were
compared with those of previously recorded species on the
Gene Bank. It was found that the present species coincide
with those belonging to genus Lecithochirium. Comparison
of the nucleotide sequences and divergence showed that the
SSU rDNA gene of this Lecithochirium species revealed
92 % sequence identity with L. fusiforme (accession no.
DQ413192) differing in 26 nucleotides with lower diver-
gence value. According to these results, this study indicated

that the present species is recorded as L. grandiporum with
accession no. KC166146 as a parasite with new host and
locality records in Egypt.

Introduction

The potential risk for transmission of zoonotic diseases through
consumption of parasitized fish could cause public health prob-
lems (Williams and Jones 1994). Marine fish may play an
important role as intermediate or definitive hosts for a number
of helminthic parasites which have been reported from their
digestive tract (Shih et al. 2004). The European eel, Anguilla
anguilla Linnaeus 1758 (Actinopterygii: Anguilliformes), is a
benthic marine carnivorous predator and feeds on small fish,
crustacean, and planktonic invertebrates.

The digenetic trematodes belonging to Family Hemiuridae
(Looss 1899) represent a large group of parasitic helminthes
that includes numerous subfamilies parasitizing fish and
inhibiting mainly the stomach of marine teleosts (Pankov
et al. 2006). The major diagnostic feature of this family is
the presence of protrusible ecsoma that lies on the posterior
region of the body representing the feeding organ and assists
in the attachment of worms to the intestinal wall (Gibson and
Bray 1979, 1986; Pankov et al. 2006).

The most common genus of this family is Lecithochirium
(Lűhe 1901). The systematics of this genus is highly contro-
versial. Identification and taxonomy of the different species in
this genus are difficult due to the high level of intraspecific
morphological variation and the lack of species-specific mor-
phological characters as a result of the anatomical simplicity
and morphological plasticity of these organisms (Vilas et al.
2002; Al-Zubaidy 2010). During the past two centuries, five
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species of this genus have been described fromEuropean benthic
ichthyophagous marine fishes, mainly the Anguilliformes. These
were the following: Lecithochirium rufoviride (Rudolphi 1819),
Lecithochirium fusiforme (Lűhe 1901), Lecithochiriummusculus
(Looss 1907), Lecithochirium grandiporum (Rudolphi 1819),
and Lecithochirium furcolabiatum (Jones 1933). Two pairs of
these species appear very closely related: L. rufoviride and L.
furcolabiatum, and L. grandiporum and L. fusiforme (Gibson
and Bray 1986).

The incomplete description of the different recorded species
of this genus provides the need of this group to be revised
taxonomically (Bray 1991).Multidisciplinary approach includ-
ing both morphological and molecular analyses should provide
a more reliable means of identification (Casanova et al. 2001;
Vilas et al. 2002; Carreras-Aubets et al. 2012). Blair and Barker
(1993) concluded that a variable domain V4 region of 18 SSU
rDNA gene was useful for phylogenetic studies in trematodes.
Recently, molecular studies had characterized some genetically
distinct but morphologically very similar species (Criscione
and Blouin 2004; Testini et al. 2011).

In the present study, the natural prevalence, morphological,
as well as molecular analyses of the 18 SSU rDNA of L.
grandiporum infecting the European eel A. anguilla were
carried out to determine the exact taxonomy and phylogenetic
position of this species.

Materials and methods

Sample collection and parasitological study

During the period from January to November 2012, 60 speci-
mens of the European eel A. anguilla (F: Anguillidae) were
collected alive from fishermen at boat landing sites along
Burullus Lake at Kafr El-Sheikh Governorate and transported
to Parasitology Laboratory, Zoology Department, Faculty of
Science, Cairo University, Egypt. The collected fish (small to
medium size) reaching an average of 40 cm in length were
identified according to Randall (1992). Fish were examined
externally to detect any visible lesions. After dissection, inter-
nal organs were carefully examined for any helminth infection.

Parasites were recovered and washed in isotonic saline
solution (0.65 % NaCl). Some of the recovered parasites
were fixed in buffered formalin solution (10 %) after flatten-
ing by repression between two slides. For permanent whole
mount preparation, fixed worms were stained by iron aceto-
carmine (Pankov et al. 2006), then dehydrated through an
ascending alcohol series, followed by clearing in xylene and
mounted on Canada balsam. Stained specimens were exam-
ined and photographed using Zeiss photo research micro-
scope supplied by a Canon digital camera. Measurements
were taken in millimeter as a mean±SD followed by a range
in parentheses.

For scanning electron microscopy, specimens were fixed
in 3 % cold buffered glutaraldehyde (pH, 7.2) for 4 h, washed
in sodium cacodylate buffer, and post-fixed in osmium te-
troxide for 2 h. Rewashing of fixed specimens in cacodylate
buffer and immersing into 2 % tannic acid for 8 h were done
(Murakami 1977). The samples were dehydrated in a graded
series of ethanol, infiltrated with amyl acetate. After critical
drying, specimens were mounted on stubs and coated with
gold (Lee 1993). The samples were examined and photo-
graphed with high-resolution scanning electron microscope
JOEL 6100.

Molecular analysis

DNA extraction, PCR amplification, and sequencing

Parasite specimens for DNA extraction were fixed alive in
70 % ethanol. DNA was extracted using phenol–chloroform
method (Sambrook et al. 1989). The portion of SSU rDNA
gene that includes the V4 region was selected as a target for
molecular analysis and amplified by PCR. All PCR reactions
were carried out in a volume of 25 μl reaction mixture com-
prising of 0.625 unit Taq polymerase, 2 μl 103 PCR buffer,
1.5 μl 25 mM MgCl2, 1.25 μl 4 mM of each dNTP, 10 mol
each primer, 100 ng template DNA, completed to 25 μl with
distilled water. The forward primer used was SB8 (GGGTGG
ATTTATTAGAACAG) and the reverse one was PB (CCGTC
AATT CMTTTRAGTTT). PCR fragments were generated in
capillary thermal cycler by 25 cycles of the following program:
10 s at 95 °C, 10 s at 55 °C, and 120 s at 72 °C. PCR fragments
were sequenced directly using 48 capillary ABI PRISM 310
Automatic DNA Sequencer (Applied Biosystems) using the
Big-Dye Terminator v3.1 Cycle Sequencing Ready Reaction
Kit (Applied Biosystems). The forward primer SB3 (GGAGG
GCAAGTCTGGTGC) and the reverse one SB9 (TTTCACCT
CTAACACCGC) and A27 (CCATACAAATGCCCCCGTCT
G) were used for sequencing. DNA fragments were sequenced
in both directions two times at least to ensure accuracy. Despite
this, some bases remained unresolved and were shown as “N”
in the alignment. Neither unresolved bases nor alignment gaps
were taken into account in calculating the number of sites that
were variable or phylogenetically informative for parsimony
analyses.

Sequence alignment and phylogenetic analysis

To evaluate the relationship of the present studied species, a
homology search was performed using NCBI/BLAST database
(www.ncbi.nlm.nih.gov/blast) on Gene Bank (Altschul et al.
1997). For phylogenetic analysis, sequences of SSU rDNA for
the present species were aligned and compared with those of
eight digenean species recovered from Gene bank. Sequences
were truncated for homology and sequence identities (percent
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similarity) between the present and comparable species
(Table 1). Sequences were submitted to theGeneBank database
and assigned with accession number KC166146.

Alignments of the newly obtained sequence with other
sequences from Gene Bank were performed using CLUSTAL-
X v1.83 (Thompson et al. 1997). The data set for the alignment
was chosen on the basis of the results on BLAST searches and
morphological findings. The alignment was then manually cor-
rected using the alignment editor of the software BioEdit 4.8.9
(Hall 1999) to eliminate minor inconsistencies between different
taxa. The resulting sequence fragments were assembled into a
single contiguous sequence using the multiple-alignment algo-
rithm in Megalign (DNASTAR, Window version 3.12e). Trees
were constructed using the neighbor-joining method. When
doing bootstrap resampling, 1,000 resampled data sets were
evaluated.

Results

Twenty-five (41.66 %) out of 60 collected and examined
specimens of A. anguillawere generally found to be naturally
infected with L. grandiporum. The infection was increased
during winter to 31.66 % (19 out of 30) and fall to 9.99 % (6
out of 30) in summer.

Light and electron microscopic examination of fresh and
fixed preparations of the parasites revealed that the adult worm
possessed an elongated body, pointed anteriorly, but truncated
posteriorly (Figs. 1 and 2). Bodymeasurements were 1.59±0.20
(1.3–1.85)mm long and 0.3±0.02 (0.29–0.48)mm wide. The
fore body carried a subterminal oral sucker (Figs. 1 and 2)
measuring 0.15±0.02 (0.13–0.18)mm in diameter, which is
smaller than the ventral sucker that measured 0.16±0.02
(0.14–0.25)mm in diameter (Figs. 1 and 2). Pharynx is sub-
spherical, well developed, and measured 0.07±0.02 (0.04–
0.08)mm in diameter followed by a very short esophagus. The
ovary is subspherical, equatorial, post-testicular, and widely
separated from the testes by uterine loops. Uterine seminal
receptacle is well developed; post-ovarian uterine has numerous

coils and fills much of the somatic hind body reaching back to
the level of cecal extremities (Fig. 1). Intestinal bifurcation was
located slightly anterior to the mid-fore body. Ceca are often
inflated with anterior region transversely striated, pass posteri-
orly in dorsolateral fields and blindly close to the base of ecsoma
(Fig. 1). Two rounded testes are located at the ventral field of the
body in tandem. Posterior ecsoma is well developed, usually
withdrawn (Fig. 3), and sometimes is everted (Figs. 1 and 2).
Excretory pore is located at the posterior extremity of the
ecsoma (Figs. 1, 2, and 3).

Taxonomic summary

Parasite: Lecithochirium grandiporum (Rudolphi 1819) be-
longing to Family Hemiuridae (Looss 1899)

Type host: European eel Anguilla anguilla (Linnaeus 1758)
(F: Anguillidae)

Site of infection: Intestine
Locality: Burullus Lake, Kafr El-Sheikh Governorate, Egypt
Prevalence: Twenty-five (41.66 %) out of 60 specimens of

the examined fish were infected
Etymology: The specific name of the parasite (grandipo-

rum) was given because it possesses a ventral sucker with
large aperture.

Molecular analysis

Molecular analysis based on 18 SSU rDNAwas performed to
determine the phylogenetic position of the described species.
The amplified and sequenced variable region (V4) of SSU
rDNA for the present species was 971 nt and obtained using
primers after trimming the 3′ end. Before phylogenetic analysis,
only those sites which could be unambiguously aligned among
Hemiuridae were used. The GC content of the sequenced gene
was 48.09 %. The sequence was deposited in the Gene Bank
under accession number KC166146. Submission to the BLAST
server showed that eight SSU rDNA sequences including those
with the highest BLAST scores were aligned and compared
with L. grandiporum, their accession numbers were given in

Table 1 Some species of family Hemiuridae used in the phylogenetic analysis of L. grandiporum isolated in the current study

Related species Host fish Source Accession no. GC content Percent of
identity (%)

Divergence value

Lecithochirium fusiforme Conger conger Gene Bank DQ413192 47.18 92 7.9

Lecithochirium caesionis Caesio cuning Gene Bank AY222200 53.30 91 9.4

Lecithochirium kawakawa Euthynnus affinis Gene Bank AF029800 49.27 90 9.9

Lecithochirium genypteri Xiphiurus capensis Gene Bank AF029799 49.56 90 9.9

Plerurus digitatus Scombermorus commerson Gene Bank AY222201 51.17 88 10.9

Lecithocladium excisum Scomber scombrus Gene Bank AY222203 50.89 87 11.2

Dinurus longisinus Coryphaena hippurus Gene Bank AY222202 50.45 85 11.9

Lecithaster gibbosus Merlangius merlangus Gene Bank AY222199 52.95 82 17.9
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Table 1. Calculation of the percentage of identity (no. of base
differences/total number of bases) between this novel sequence
and a range of other Hemiuridae predominantly from other
hosts demonstrated a high degree of similarity (>82 %) with
other Hemiuridae species (Table 1). Comparison of the nucle-
otide sequences and divergence showed that SSU rDNA of this
species revealed 92 % sequence identity with L. fusiforme
(accession no. DQ413192) differing in 26 nucleotides with a
lower divergence value; 91 % with Lecithochirium caesionis

(accession no. AY222200) differing in 31 nucleotides; 90 %
with Lecithochirium kawakawa (accession no. AF029800) dif-
fering in 40 nucleotides; and 90 % with Lecithochirium genyp-
teri (accession no. AF029799) differing in 46 nucleotides,
which represent as the highest four BLAST scores that were
aligned with CLUSTAL-X (Fig. 4).

Based on SSU rDNA sequence data, the constructed den-
drogram splits into two lineages (one major and one minor
clade) as shown in Fig. 5. Sequence alignment resulted that

Figs. 1, 2, and 3
1 Photomicrograph of the adult
digenetic trematode L.
grandiporum showing the
subterminal oral sucker (OS),
muscular pharynx (PH), ventral
sucker (VS) which extends a
small distance to outside,
intestinal ceca (IC), a large
coiled uterus (U) filled with
eggs, and the invaginated
ecsoma (EC) with a terminal
excretory pore (EP). Scanning
electron micrographs showing:
2 the whole body of the adult
worm. Observe the subterminal
oral sucker (OS) and the large
ventral sucker (VS). 3 High
magnification of the posterior
end of the worm with the
retracted ecsoma (EC)
terminated at the excretory pore
(EP)
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the major clade clustering all Hemiuridae species with se-
quence similarity between 92 and 82 % (Fig. 4). The minor
clade containing out-group of SSU rDNA sequence for
Lobatostoma manteri (accession no. AY157177) with a high
divergence value. The sequence divergences detected between
closely related Hemiuridae species varied from low value as
5.2 % (L. grandiporum vs. L. fusiforme) to a high value as
14.5 % (L. grandiporum vs. Lecithaster gibbosus).
Phylogenetic relationship between L. grandiporum (pres-
ent study) and other Hemiuridae species recorded from
the Gene Bank which was studied using maximum
likelihood, maximum parsimony, and neighbor-joining meth-
ods showed that L. grandiporum is deeply embedded in the

genus Lecithochirium with close relationship with L. fusi-
forme and L. caesionis as a more related sister taxons with
strong bootstrap values.

Discussion

Fish parasites have been used for almost a century as biolog-
ical indicators, markers, or tags to provide information on
various aspects of host biology (Williams et al. 1992). Family
Hemiuridae comprised the most common parasitic digenean
flukes inhabiting the digestive tract of marine fish (Marianne
1990; Shih et al. 2004; Bartoli et al. 2005; Bullard et al. 2011).

Fig. 4 Sequence alignment of L. grandiporum (present study) with those of the most related species. Note: Only variable sites are shown. Dots
represented bases identical to those of the first sequences and dashes indicated gaps

Fig. 5 A dendrogram based on 18 SSU rDNA gene sequence showing the phylogenetic relationship between the present L. grandiporum and other
species belonging to family Hemiuridae recovered from Gene Bank. The 18 SSU rDNA gene sequence of L. manteri was used as out-group
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Lecithochirium is the most common genus within this
family (Shih et al. 2004). This genus now includes at least
more than 100 described species (Surekha and Lakshmi 2005).
Their host specificity was not distinguished since one species
L. fusiforme (Lűhe 1901) was harvested from three different
fish species, and another one L. trichiuri (Gu and Shen 1981)
occurred in two fish species. L. grandiporum has been reliably
reported on seven occasions along the Red Sea (Rudolphi
1819; Looss 1907, 1908; Mola 1928; Sey 1970; Gibson and
Bray 1986; Bartoli et al. 2005; Morsy et al. 2012). The same
species L. grandiporum was isolated from three different
European host species by Bartoli and Gibson (2007) which
were Lophius piscatorius, Conger conger, and Muraena hel-
ena with all of the fundamental anatomical characters being
very similar for example to the digitiform lobes of the vitella-
rium and the presence of large ejaculatory glands on either side
of the sinus sac. It was observed that dimensions of the differ-
ent body parts detected for the present studied L. grandiporum
were smaller than those of the comparable species from the
different host species (Table 2).

Gibson and Bray (1986) thought that L. grandiporum is a
senior synonym of L. fusiforme and there was no significant
morphological difference between the two species.
However, both helminthes have different definitive host
specificity. Bartoli and Gibson (2007) redescribed L. gran-
diporum from M. helena which was in a close agreement
with that of L. fusiforme from C. conger as provided by
Gibson and Bray (1986). All fundamental anatomical char-
acters being very similar. Also, morphologically measure-
ments of the present L. grandiporum were slightly smaller
than those of L. fusiforme with a larger sucker ratio, but not
significantly different and fall within, or they were close to
the range given by Bartoli and Gibson (2007) for L. grandi-
porum. The ultrastructural morphology in addition to phylo-
genetic analysis using 18 SSU rDNA genes has become
significantly an enhanced tool for the differentiation between
species. It is now become an essential criteria for identifica-
tion of new species and/or redescription of an inadequately

described species (Maddison andMaddison 2002; Blair et al.
2005; Testini et al. 2011; Carreras-Aubets et al. 2012). These
genes are particularly useful for elucidating relationships in
this group because it is highly variable between very closely
related species (Bullard 2010).

The general structure of the phylogram obtained in the
present study is consistent with previous analyses by Blair
et al. (1998), which was constructed using maximum likeli-
hood and maximum parsimony that revealed the same gross
topology and showed that L. grandiporum revealed a sepa-
rate line, which was easily distinguishable to be deeply
embedded in the genus Lecithochirium with strongly sup-
ported molecular data. Some clades strongly supported by
molecular data lack corresponding morphological synapo-
morphies. The most notable of these is the branch leading to
the base of the clade containing the species from related
families. This leads us to believe that both kinds of data are
valuable in inferring relationships among the Digenea
(Testini et al. 2011).

Blair et al. (1998) and Cribb et al. (2001) stated that
the Hemiuridae genus Lecithochirium is monophyletic
and its division into major clades is consistent with our
results. The clustering of the Lecithochirium species is
independent of the host species/family and shows no
relation to the geographical origin. However, clustering
according to host tissue localization can be observed in
some species, as L. fusiforme and L. caesionis which
infect the host intestine as a result L. grandiporum clus-
tered with them in one clade which having the same host
tissue localization.

The close morphological characteristics between the spe-
cies described here and those of the same genus indicated the
urgent need to apply molecular investigation either to con-
firm or to deny this similarity.

The present molecular investigations revealed 92 % sim-
ilarity between L. grandiporum and L. fusiforme showing
that they are clearly separate species differing in 26 nucleo-
tide positions in its SSU rDNA sequence. Previous

Table 2 Comparative measurements (in millimeters) of the present L. grandiporum and those from previously recorded host species

Related species Host Dimensions of

Body length Oral sucker Ventral sucker Pharynx Ecsoma

L. fusiforme Vilas et al. (2002) Conger conger 1.44–3.60 0.14–0.26 – 0.06–0.16 0.35–0.80

L. grandiporum Bartoli and Gibson (2007) Muraena helena 1.68–5.24 0.157–0.343 0.44–0.77 0.08–0.15 0.603–2.00

L. grandiporum Bartoli and Gibson (2007) Conger conger 1.723–4.55 0.154–0.262 0.154–0.262 0.070–0.141 1.500–4.582

L. grandiporum Bartoli and Gibson (2007) Lophius piscatorius 1.5–4.58 0.141–0.272 0.374–0.680 0.087–0.138 0.445–1.706

L. grandiporum Morsy et al. (2012) Saurida tumbil 1.63±0.20 0.15±0.02 0.17±0.02 0.06±0.02 0.40±0.02

(1.20–1.93) (0.12–0.18) (0.15–0.28) (0.03–0.08) (0.35–0.52)

L. grandiporum (the present study) Anguilla anguilla 1.59±0.20 0.15±0.02 0.16±0.02 0.07±0.02 0.49±0.03

(1.3–1.85) (0.13–0.18) (0.14–0.25) (0.04–0.08) (0.35–0.56)
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molecular phylogenetic studies have demonstrated a high
degree of sequence similarity between a subset of
Lecithochirium species (Cribb et al. 2001; Vilas et al. 2005;
Bullard 2010; Bullard et al. 2011; Carreras-Aubets et al.
2012). The present investigation also observed that all
Lecithochirium showed at least 90 % similarity to present
sequence. Parasites from other clades showed only 88–82 %
similarities.

The addition of new sequences from this study identifies the
ancestral marine origin of the present Lecithochirium species
and it strongly aids to understand the cladistic arrangement
within the more recent clade due to the addition of new species
belonging to the previous genera.
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