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Summary

In this study we investigated the morphometric and mole-
cular characterization of a liver encapsulated third-stage
larval population of Amnisakis spp. infecting Merluccius
merluccius and Lophius piscatorius caught in the Adriatic
Sea waters (southern Italy). A polyphasic approach based
on PCR-RFLP profiles of the ITS region, mitochondrial
COI (cytochrome c oxidase subunit 1), sequencing and
molecular phylogeny of ITS and mitochondrial COI was
used to identify Anisakis larvae collected from fish sam-
ples. PCR-RFLP analysis showed three banding pattern
corresponding to the peculiar pattern of 4. pegreffii. Se-
quence data from ribosomal ITS and mitochondrial COI
were analysed by Neighbour Joining, Minimum Evolution
and Maximum Parsimony methods to evaluate the phylo-
genetic relationships among 4. simplex sensu lato. The
phylogenetic trees obtained for both ITS and COI revealed
the existence of three distinct clades for 4. simplex sensu
sricto, A. simplex C and A. pegreffii and the sequences
obtained in this study clearly clustered together with A.
pegreffii sequences present in the database.
Histopathological observations of anisakid nematode
specimens detected on the liver surface of M. merluccius
are illustrated. Encapsulated specimens of the L3 stage of
the nematode were similar in size and morphometry to
those found into the peritoneal cavity. Anisakis larvae
encapsulated on the liver surface within dense and pearl
coloured envelops caused host hepatic tissue necrosis,
large cavities and oedematous liver spots to the host.

Keywords: Anisakis pegreffii; Adriatic Sea; mitochondrial
COL ITS; PCR-RFLP

Introduction
Anisakis Dujardin 1845 (Nematoda: Anisakidae) is a genus

of parasitic nematodes, which possess a complex-life cycle
involving marine organisms worldwide. The occurrence of
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anisakid nematodes is of great concern for human health
both as potential causative agents of anisakiasis and as
food-borne allergens. The morphospecies 4. simplex sensu
lato (s.1.) exists as a complex of cryptic species, morpho-
logically similar but with different genetic traits. Anisakis
simplex s.l. consists of three sibling species, namely 4.
simplex sensu stricto (s.s.), A. pegreffii and A. simplex C
differing in their genetic structure and in ecological traits,
such as geographic distribution and host preference
(Mattiucci et al., 1997). Anisakis simplex s.s. is mainly
distributed in the northern Atlantic and Pacific Oceans, A.
simplex C in the Pacific coasts and in the Southern hemi-
sphere and A. pegreffii in the Mediterranean Sea and in the
Southern hemisphere (Abollo ef al., 2003). The precise
identification of Anisakis larvae up to species level is very
difficult because no obvious morphological differences
have been reported especially in differentiating 4. simplex
s.s. from A. pegreffii. The PCR-based approaches have
been recently used for accurate diagnosis and the study of
the systematic evolution of anisakid nematodes (Umehara
et al., 2006; Mattiucci & Nascetti, 2008; Cavallero et al.,
2011; 2012). PCR-RFLP analysis and sequencing of the
internal transcribed spacers of the ribosomal DNA have
demonstrated that the ITS containing region is a specific
and suitable marker for the identification of Anisakis
members.

In the Adriatic and Ionian Sea waters the occurrence of
Anisakis simplex (Roudolphi 1809, det. Krabbe 1878) in
the peritoneal cavity of Merluccius merluccius L. 1758 and
Sardina pilchardus Walb. was already reported by Larizza
& Vovlas (1995). On May-June 2011, a large increase of
anisakid populations was detected in M. merluccius and
Lophius piscatorius L. 1758 specimens from the Adriatic
Sea waters and an abundance of liver encapsulated larvae
of Anisakis were detected.

In the present study, we report the PCR-RFLP analysis of
the ITS and the sequencing of the ITS, the D3 domain of



the 28S rDNA and a portion of the mfDNA COI (cyto-
chrome ¢ oxidase subunit 1) of Anisakis L3 larvae ex-
tracted from M. merluccius and L. piscatorius. In addition,
the pathogenic effects (histopathology) of Anisakis larvae
in the Merluccius liver, together with a morphological and
morphometrical comparison of peritoneal and liver encap-
sulated specimens are reported.

Material and methods

Nematode preparation for microscopic observations
Nematodes for microscopic observations extracted from
encapsulated structures were fixed in 4 % formaldehyde
solution + 1 % propionic acid and mounted permanently in
dehydrated glycerine following Seinhorst's (1959) method.
Morphometrics of fish larvae from the body cavity and
from liver encapsulated structures are listed in Table 1.
Under LM observations Anisakis larvae were characterized
by measurements of body length, oesophagus extension,
excretory pore position, tail and final mucron length.
Specimens for scanning electron microscopy (SEM) were
processed according to Eisenback’s (1985) method but
mainly glycerine-infiltrated specimens were used for this
study.

Histopathology

Liver tissue portions with encapsulated nematodes were
excised and placed in appropriate fixative (formaldehyde +
acetic acid solution). After 48 h of fixation, tissues were
dehydrated by treatment in a gradient of tertiary butyl
alcohol series (50, 70, 85 and 100 %), infiltrated and
embedded in 58 % melting point paraffin blocks. Embed-
ded material was sectioned in 10 — 12 pm thick sections by
rotary microtome, mounted on glass slides, stained with
safranin and fast green and mounted permanently in dam-
mar xylene (Johansen, 1940).

DNA extraction, amplification and sequencing

DNA was extracted from individual L3 larvae. Specimens
were handpicked and singly placed on a glass-slide in 3 pl
of the lysis buffer (10 mM Tris-HCIL, pH 8.8, 50 mM KCl,
15 mM MgCl,, 0.1 % Triton X100, 0.01 % gelatine with
90 pg/ml proteinase K) and then cut into small pieces by
using a sterilized syringe needle under a dissecting micro-
scope. The samples were incubated at 65 °C for 1 h and
then at 95 °C for 15 min to deactivate the proteinase K.
The crude DNA of each specimen was amplified by using
the following sets of primers (i) D3A-D3B expansion seg-
ment of 28S rRNA gene using the primers D3A (5°-
GACCCGTCTTGAAACACGGA-3’) and reverse D3B
(5’-TCGGAAGGAACCAGCTACTA-3’); (i) ITS1-5.8-
ITS2-rRNA using 18S ext (5-TTGATTACGTCCCTGCC
CTTT-3’) and 28S ext (5’-TTTCACTCGCCGTTACTAA
GG-3"); (iii) and a portion of the mfDNA COI using the
primers: COI-F1 (5’-CCTACTATGATTGGTGGTTTTGG
TAATTG-3’) and COI-R2 (5’-GTA GCAGCAGTAAAAT
AAGCACG-3’). The size of ampli-fication products was
determined by comparison with the molecular marker

Ladder 100 (Fermentas, St. Leon-Rot, Germany) following
electrophoresis of 10 pul on a 1.5 % agarose gel.

PCR-RFLP

The PCR products, containing the ITS region, from three
individual nematodes both of hake (M. merluccius) and
chilled monkfish (L. piscatorius) were digested with the
following restriction enzymes: Alu 1 (Roche), Dde 1
(Roche), Hae 111 (Roche), Hinf'1 (Roche), Hpa 11 (Roche)
and Rsa I (Roche) (10 U of enzyme for each digestion) at
37 °C overnight. The digested DNA fragments were loaded
onto 2.5 % agarose gel and visualized by ethidium bromide
staining gel. All gel images were stored digitally.

Cloning, sequencing and phylogenetic analysis

The D3 amplified product was purified from gel and di-
rectly sequenced. PCR products of the ITS region from
two individual nematodes for each fish host were purified
for cloning and sequencing using the protocol listed by
manufacturer (High Pure PCR elution kit, Roche, Ger-
many). Purified ITS fragments were cloned in TA cloning
vector (Invitrogen) and four clones from M. merluccius
and two from L. piscatorius were sequenced by MWG
Eurofins (Germany). Purified COI fragments from both M.
merluccius and L. piscatorius were also cloned and se-
quenced.

Both ITS and COI sequences obtained in this study were
aligned with the corresponding ITS and COI sequences of
A. pegreffii, A. simplex s.s. and A. simplex C deposited in
the database. Alignments were performed using ClustalW
(Thompson et al., 1994). Sequence alignments were manu-
ally edited using BioEdit in order to improve the default
parameters of the multialignment.

Phylogenetic trees, obtained for both ITS and cox1 da-
tasets, were performed with Neighbour-Joining (NJ),
Minimum Evolution (ME) and Maximum Parsimony (MP)
methods using the MEGA version 4 software (Tamura et
al., 2007). The phylograms were bootstrapped 1,000 times
to assess the degree of support for the phylogenetic
branching indicated by the optimal tree for each method.
New sequences have been submitted to the GenBank data-
base under the accession numbers: HE997163-HE997164
for COI and HE997158-HE997162 for the ITS.

Results

Hosts: The study was carried out on hake specimens (M.
merluccius) caught on May — June 2011 and chilled monk-
fish (L. piscatorius) caught on May 2012 in the Adriatic
Sea.

Morphology of encapsulated specimens: The L3 Anisakis
larvae obtained from fish organs (body cavity and liver),
are morphologically and morphometrically identical
(Fig. 1; Table 1). The cuticle of encapsulated specimens
was 13 — 16 pum thick, usually with distinct transverse
striations along entire body (Fig. 1F — G). In face view the
triangular oral opening visible, and the V-shaped boring
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A: A coiled specimen extracted from a liver encapsulated structure. B, D & E: Anterior nematode body extremity in lateral and face view.
(note the arrowed distinct boring tooth in these figures). C & F: Posterior extremity (arrowed in these figures a = anus;
and tail terminus spine m = mucron), G: Fine body annulation along entire body
(Scale bars: A= 1.0 mm; B—F =150 pm; G = 50 um)

tooth (8 — 10 um long) is located ventrally to the mouth.
The alimentary canal was circular, with triangular lumen

Table 1. Measurements of Anisakis pegreffii larvae from different
organs (intestine and liver) of Merluccius merluccius

Characters Body cavity Liver encapsulated
population specimens
n 20 20
Body length (mm) 16.5-28.0 17.0-29.6
Body width (mm) 03-0.5 03-0.5
Oesophagus length (mm) 2.1 -3.1 2.1-3.1
Ventriculus length (mm) 0.6-0.9 1.0-1.3
Ventriculus width (mm) 0.1-0.3 02-04
Tail (mm) 0.1 0.1
Anal body width (um) 69.3 - 150.6 70.3 - 155.5
Tail mucron (um) 17.3-32.0 19.0-33.5
Boring tooth (um) 5.5-14.5 5.5-14.0
42.8-59.4 44.8 - 66.5
b 6.8—-11.1 74-11.1
c 133.3 -288.9 166.4 —233.0
c' 0.7-1.8 0.8-1.8
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(Figs 2D, F). The short tail (c value = 0.8 — 1.8) ends with
a distinct and not reflexed mucro (19.0 — 33.5 um long).

Liver histology: The liver histological examination re-
vealed Anisakis larvae encapsulated on the liver surface
within dense and pearl coloured envelops causing host
hepatic tissue necrosis, large cavities and oedematous liver
spots (Fig. 2). The parasitic specimen for each capsule was
coiled 4 — 5 times in a spiral position. A distinct compact
capsule structure (35 — 45 pm thick) contained single ne-
matode specimens.

PCR-RFLP analysis

Amplification of the ITS region in hake and chilled monk-
fish produced a fragment of approximately 1.2 kb in length
for all specimens. Digestion with Hinfl enzyme produced
six fragments of approximately 331, 285, 242, 106, 100
and 67 bp matching the peculiar restriction pattern of A.
pegreffii both in M. merluccius and L. piscatorius (Fig. 3).
Some larvae showed with Hinf 1 an extra band of about
600 bp. With 4/u 1 enzyme, a restriction profile was ob-
tained of 422, 395, 163, 85 and 84 bp. Hae Il enzyme
provided a pattern of three fragments of 627, 343 and 179.
Eco RI enzyme produced two fragments of 468 and 682.
Rsa 1 enzyme produced four fragments of 564, 305, 259
and 22 bp. Hpa 1l enzyme produced four bands of 608,
400, 100 and 42 bp.



Fig. 2. Host relationship of encysted Anisakis pegreffii larvae (L3).
A: Hepatic lobules heavily infected. B: Coiled nematode specimen extracted from a liver encapsulated structure. C: The empty pearl envelop
encasement of the nematode from infected liver. D — F: Histological sections showing the encysted parasite specimens (p)
in the host liver (hl) tissues. E: Distinct layer of capsule structure (cst) into the hepatic lobules
(Scale bars: A =10 mm; B=0.5 mm; C =1.0 mm; D — F = 150 um)

Sequence of the ribosomal regions

The sequences of the entire ITS were determined for 3
larvae of hake and 2 larvae of chilled monkfish. No intra-
specific differences were found in the sequences of these
specimens. The ITS sequences from hake were identical to
those from chilled monkfish. BLAST search at NCBI re-
vealed that the ITS sequences obtained were identical to the
deposited sequences of 4. pegreffii and A. simplex s.s. But
the ITS sequences from hake and chilled monkfish showed a
C at the two variable sites that specifically identified 4. peg-
reffii. No recombinant genotypes were identified.

The direct sequencing of the D3 expansion domain of the

MAEHH

R HaA E HHpR HaM A E H HpR Ha

Fig. 3. PCR-RFLP profiles of Anisakis pegreffii obtained by digestion
of ITS region with the restriction enzymes A/lu I, Eco R1, Hinf'1, Hpa 11,
Rsa 1 and Hae 111

28S rRNA gene produced a sequence of 320 bp. BLAST
search at NCBI revealed that the D3 expansion domain
showed 100 % similarity with the corresponding sequences
of Anisakis simplex s.1.

mtDNA COI analysis

The amplification of the mfDNA COI produced a fragment
of 710 bp in length. The nucleotide sequences of mfDNA
COI gene obtained in this study showed 94 — 95 % simi-
larities with other published sequences of 4. simplex s.s. In
addition, the translated amino acid sequence of our mtDNA
COI gene showed 95 — 96 % similarities with the
corresponding sequences of A. simplex s.s. present in the
database confirming the species level of our sequences.
Furthermore, 11 variable sites were found between A.
pegreffii and A. simplex CO 1 protein.

Phylogenetic relationships

Phylogenetic analyses were carried out on the ITS and
mitochondrial COI datasets. Phylogenetic trees, obtained
for both ITS and COI datasets, were performed with
Neighbour-Joining (NJ), Minimum Evolution (ME) and
Maximum Parsimony (MP) methods by using MEGA
version 4 software (Tamura et al., 2007). The phylograms
were bootstrapped 1,000 times to assess the degree of
support for the phylogenetic branching indicated by the
optimal tree for each method.
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88_| A.pegreffii *"HE997 161
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A _pegreffii JQ934866
A.pegreffii JQ934870
| A.pegreffii JQ934873
A.pegreffii JQ934867
- A.pegreffii JNOO5765
A.pegreffii JQ934872
A.pegreffii JQ934868
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A.simplex JQ934875
- A.simplex JNOO5757
A.simplex JN968904
A.simplex JQ934876
17| A.simplex JN968902
A.simplex JNO05764
A.simplex C JN968652
A.simplex C JN968640
A.simplex C JN968642
23| A.simplex C JN968654
afi| A.simplexC JN968644
A.simplex C JN968646
13|l A.simplexC JNoegeso | clade Il
A.simplex C JN968648
A.simplex JQ934877

4

—

clade I

16}

clade II

A.simplex JNO0O5766
A.pegreffii JNOO5768

0,02

P decipiens JQ673268 | clade IV

Fig. 4. Phylogenetic tree based on the ITS sequences of Anisakis species including the present ITS sequences. The tree was constructed
using the maximum parsimony criteria by MEGA, version 4 (Tamura ef al., 2007). * indicated the sequences obtained in this study

For phylogenetic analysis of the ITS region the 8 most
representative sequences of A. simplex C, 8 sequences of
A. simplex s.s. and 9 sequences of A. pregreffii were
aligned along with the A. pegreffii sequences from hake
and chilled monkfish obtained in our study.
Pseudoterranova decipiens 1TS sequence was used as
outgroup. Phylogenetic trees generated by the Neighbour-
Joining, Maximum Parsimony and Minimum Evolution
methods showed no significant conflict in branching order
and support level, so only NJ tree is shown (Fig. 4). In this
phylogenetic tree four clades were evident with P.
decipiens in basal position. Clade I grouped all sequences
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of A. pegreffii. Clade II contained A. simplex s.s.
sequences. Clade III consisted of A. simplex C.

For phylogenetic analysis of the COI sequences, 12 se-
quences of A. simplex were aligned along with the two COI
sequences from hake and chilled monkfish. The corre-
sponding COI sequence of A. physeteris was used as out-
group. In the MP tree, 4. physeteris was at the basal posi-
tion, instead A. pegreffii COI sequences formed a well
supported group interspersed with the sequences of 4.
simplex. In the NJ and ME trees A. pegreffii was at the
basal position of the trees, instead 4. physeteris grouped
with 4. simplex sequences.



A.simplex BM30523
A.simplex BM30591

—{__
64

A.simplex BM30565

A.simplex BM30515

A.simplex DC40899 clade I

A.simplex DC40894
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A.simplex ABF59814
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A physeteris ACY54676 | clade IV

Fig. 5. Phylogenetic tree based on Cox I sequences of Anisakis species including the present Cox I sequences. The tree was constructed using the
maximum parsimony criteria by MEGA, version 4 (Tamura et al., 2007). * indicated the sequences obtained in this study

Discussion

The ability to identify species of Anisakis has important
implications for investigating their systematics, population
biology and ecology as well as for controlling anisakiasis.
Classical-morphometrical species identification of Anisakis
simplex s.1. is hindered because of similarities among spe-
cies and intra-specific morphometrical variability. Using a
molecular polyphasic approach such as PCR-RFLP, se-
quencing of nuclear and mitochondrial markers and phylo-
genetic analysis, we were able to specifically identify A.
pegreffii in M. merluccius and L. piscatorius from Adriatic
Sea waters.

The unequivocal identification of A. pegreffii by using the
entire ITS was possible for the specific restriction pattern
obtained with the enzyme Hinf'I and the diagnostic nucle-
otides C and C at alignment positions 475 and 491 peculiar
for A. pegreffii (Abollo et al., 2003; Abe et al., 2005; Ce-
ballos-Mendiola et al., 2010). These findings clearly
demonstrated that the heterozygote pattern observed with
Hinf' 1 enzyme is due to an incomplete digestion of the
amplified DNA. In addition, the sequence analysis of the
mitochondrial COI of A. pegreffii showed 4 — 5 % of dis-
similarities with the corresponding sequences of 4. simplex
s.s. confirming that it is a reliable marker for species dis-
crimination.

Phylogeny of the ITS sequences with ME, NJ and MP
produced identical trees and allowed clear separation of A4.
simplex s.s., A. simplex C and A. pegreffii. In addition, all
sequences belonging to the same Anisakis species clustered
together (Fig. 4) revealing a high intra-specific variability.
Thus, heterogeneity of ITS did not preclude species dis-
crimination. Only one ITS sequence identified as A.
pegreffii present in GenBank grouped with 4. simplex C.
suggesting a misidentification of nematode species.

The phylogenetic tree of COI with MP (Fig. 5) clearly
revealed that A. pegreffii is a sister species of 4. simplex
supporting the taxonomic position of this species as found
in Vardi¢ Smrzli¢ et al. (2012).

In conclusion, the present study establishes the importance
of using polyphasic identification such as the PCR-RFLP
method, sequencing and phylogenetic analyses highlight-
ing the time consuming aspect and difficulty of a correct
identification at species level within the Anisakis simplex
group. More detailed analysis of the ITS sequence align-
ment will allow the design of species-specific primers for
unequivocal diagnostics of 4. simplex s.s., A. simplex C, A.
pegreffii and closely related species.

Acknowledgements

We are grateful to Dr. Sebastian Panarese for technical
assistance.

References

ABE, N., OHYA, N., YANAGIGUCHI, R. (2005): Molecular
characterization of Anisakis pegreffii larvae in Pacific cod
in Japan. J. Helminthol., 79: 303 — 306

ABOLLO, E., PAGGI, L., PASCUAL, S., D’AMELIO, S. (2003):
Occurrence of recombinant genotypes of Anisakis simplex
s.s. and Anisakis pegreffii (Nematoda:Anisakidae) in an
area of sympatry. Infect Genet. Evol.,3: 175 — 181.
CAVALLERO, S., NADLER, S. A., PAGGI, L., BARROS, N. B.,
D’AMELIO, S. (2011): Molecular characterization and
phylogeny of anisakid nematodes from cetaceans from
southeastern Atlantic coasts of USA, Gulf of Mexico, and
Caribbean Sea. Parasitol Res., 108: 781 — 792. DOI
10.1007/s00436-010-2226-y

CAVALLERO, S., LIGAS, A., BrRuscHI, F., D’AMELIO, S.

117



(2012): Molecular identification of Anisakis spp. from
fishes collected in the Tyrrhenian Sea (NW Mediterra-
nean). Vet. Parasitol., 187: 563 — 566. DOI:10.1016/
j.vetpar.2012.01.033

CEBALLOS-MENDIOLA, G., VALERO, A., POLO-VICO, R.,
TEJADA, M., ABATTOUY, N., KARL, H., DE LAS HERAS, C.,
MARTIN-SAANCHEZ, J. (2010): Genetic variability of Ani-
sakis simplex s.s. parasitizing European hake (Merluccius
merluccius) in the Little Sole Bank area in the Northeast
Atlantic. Parasitol. Res., 107: 1399 — 1404. DOI
10.1007/s00436-010-2009-5

EISENBACK, J. D. (1985): Techniques for preparing nema-
todes for scanning electron microscopy. pp. 79 — 105. In:
BARKER, K. R., COSTER, C. C., SASSER, J. N. (Eds). An Ad-
vanced Treatise of Meloidogyne Vol. II. Methodology.
North Carolina State University and US. Agency for Inter-
national Development, Raleigh, North Carolina

JOHANSEN, (1940): Plant Microtechnique. New York,
USA: McGraw-Hill Book Co. 523pp.

LARizzA, A., VOVLAS, N. (1995): Morphological observa-
tions on third-stage larvae of Anisakis simplex A (Ani-
sakidae: Nematoda) from Adriatic and Ionian Waters. J.
Helminthol. Society of Washington, 62: 260 — 264
JOHANSEN, (1940): Plant Microtechnique. New York,
USA: McGraw-Hill Book Co. 523pp.

MATTIUCCI, S., NASCETTI, G., CIANCHI, R., PAGGI, L.,
ARDUINO, P., MARGOLIS, L., BRATTEY, J., WEBB, S.,
D’AMELIO, S., ORECCHIA, P., BULLINIL, L. (1997): Genetic
and ecological data on Anisakis simplex complex with

RECEIVED JANUARY 21,2013

118

evidence for a new species (Nematoda, Ascaridoidea, Ani-
sakidae). J. Parasitol., 83: 401 — 416

MATTIUCCI, S., NASCETTI, G. (2008): Adavances and
trends in the molecular systematics of anisakid nematodes,
with implications for their evolutionary ecology and host-
parasite co-evolutionary processes. Adv. Parasitol., 66: 47
— 148

SEINHORST, J. W. (1959): A rapid method for the transfer
of nematodes from fixative to anhydrous glycerine.
Nematologica, 4: 67 — 69

TAMURA, K., DUDLEY, J., NEI, M., KUMAR, S. (2007):
MEGA4: Molecular Evolutionary Genetics Analysis
(MEGA) software version 4.0. Molecular Biology and
Evolution, 24: 1596 — 1599

THOMPSON, J. D., HIGGINS, D. G., GIBSON, T. J. (1994):
Clustal W: improving the sensitivity of progressive multi-
ple sequence alignment through sequence weighting, posi-
tions-specific gap penalties and weight matrix choice.
Nucleic Acids Research, 22: 4673 — 4680

UMEHARA, A., KAWAKAMI, Y., MATSUIL, T., ARAKI , J.,
UCHIDA, A. (2006): Molecular identification of Anisakis
simplex sensu stricto and Anisakis pegreffii (Nematoda:
Anisakidae) from fish and cetacean in Japanese waters.
Parasitol. Int., 55: 267 — 271

VARDIC SMRZLIC, 1., VALIC, D., KAPETANOVIC, D.,
KuUrTOVIC, B., TESKEREDZIC, E. (2012): Molecular cha-
racterisation of Anisakidae larvae from fish in Adriatic
Sea. Parasitol. Res., 111: 2385 — 2391. DOI 10.1007/s00
436-012-3094-4

ACCEPTED MARCH 14,2013



	Summary
	Keywords
	Introduction
	Material and methods
	Nematode preparation for microscopic observations
	Histopathology
	DNA extraction, amplification and sequencing
	PCR-RFLP
	Cloning, sequencing and phylogenetic analysis

	Results
	Hosts
	Morphology of encapsulated specimens
	Fig. 1.
	Table 1.
	Fig. 2.

	Liver histology
	Fig. 2.

	PCR-RFLP analysis
	Fig. 3.

	Sequence of the ribosomal regions
	mtDNA COI analysis
	Phylogenetic relationships
	Fig. 4.


	Discussion
	Fig. 4.
	Fig. 5.

	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
    /SKY ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


