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ABSTRACT: Myxozoans, a diverse group of microscopic obligate endoparasites, can cause dis-
eases in a number of economically important fish, including the marbled spinefoot Siganus rivula-
tus. To date, only 1 myxozoan, Zschokkella helmii, has been reported to infect S. rivulatus. Here
we describe another myxozoan detected in S. rivulatus. Investigations of 40 marbled spinefoot fish
caught from the Red Sea coast, Jeddah, Saudi Arabia, revealed clusters of parasitic spores in the
kidney. Light microscope examination of the native spores revealed sub-spherical, mature spores
with smooth shell valves. The 2 polar capsules were equal in size, and the polar filament was per-
pendicular to the longitudinal axis of the polar capsules. Histopathological examinations of the
infected kidneys demonstrated the presence of both spores and developmental stages in the
lumen of the renal tubules without any pathological effect. Electron microscopy investigations
showed maturing spores composed of 2 valvogenic cells, each with a prominent nucleus. The
valvogenic cells enclosed 2 polar capsules containing 3 filament coils as well as a binucleated
sporoplasm cell filling the space between and beneath the 2 polar capsules. BLAST search analy-
sis of the amplified sequence from the detected parasite indicated a high percent of identity to the
18S rDNA genes of different myxosporean species. Phylogenetic analysis placed the detected par-
asite within a clade of Ortholinea sp. (AL-2006). Based on the results of the light and electron
microscopy, histopathological, and molecular investigations, the detected parasite was identified
as a myxosporean parasite belonging to the genus Ortholinea and designated as O. saudii Sp. nov.
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INTRODUCTION

Myxozoa is a diverse phylum comprising more
than 2180 described species assigned to 62 genera,
several of which can cause diseases in a number of
economically important fish (Lom & Dykova 2006).
Myxozoa belonging to the genus Ortholinea Shul-
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man, 1962 are coelozoic parasites that inhabit the uri-
nary system of marine and freshwater fish (Lom et al.
1992, Lom & Dykova 2006). The genus Ortholinea is
represented by more than 12 species (Lom & Dykova
2006), of which only 2 were described from fresh-
water hosts (Abdel-Ghaffar et al. 2008b). Myxo-
spores of this genus are spherical to sub-spherical
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with a prominent sutural ridge and polar capsules
that are subspherical to pyriform (Lom & Dykova
2006). Most members of this genus are characterized
by the presence of external striations or ridges on
the myxospore shell valves (Ali 2000). The marbled
spinefoot Siganus rivulatus Forsskal & Niebuhr,
1775, is an economically important marine herbivo-
rous fish that is suitable for aquaculture (Juario et al.
1985, Hara et al. 1986, El-Dakar et al. 2007, 2011). It
inhabits shallow waters in the Red Sea not exceeding
60 m and travels in schools of up to 100 individuals
over algae-covered and rocky bottoms (Randall
1992). As in the Indo-Pacific region, S. rivulatus is
caught in large quantities by gill and trammel nets
for commercial purposes. According to the available
literature, only 1 myxozoan species, Zschokkella
helmii, has been reported to infect S. rivulatus in
Egypt (Abdel-Ghaffar et al. 2008a).

Here we describe the morphology and molecular
characterization of a distinct ortholinid parasite from
the renal tubules of S. rivulatus from the Red Sea in
Saudi Arabia.

MATERIALS AND METHODS
Fish specimens

In total, 40 freshly caught marbled spinefoot, rang-
ing from 16 to 20 cm in total length, were obtained
from fishermen at Jeddah on the Red Sea coast
(21°31'N, 39°13"E). Fish were necropsied and
organs and body fluids examined for myxosporean
infection using microscopy. Fresh myxospores were
first photographed and then measured using a cali-
brated ocular micrometer on an Olympus micro-
scope. Myxospores were described according to Lom
& Arthur (1989). Measurements were made on 30
spores and are given in micrometers as arithmetic
mean + SD (range).

Light and electron microscopy

For light microscopy, infected kidney samples were
fixed in 10 % neutral buffered formalin. The fixed tis-
sues were then processed for histological examina-
tion by being sectioned and stained with hema-
toxylin and eosin (H&E). For electron microscopy,
the infected kidney samples were immediately fixed
in 3% glutaraldehyde in a 0.1 M cacodylate buffer
(pH 7.3) for 24 h and then washed in the same buffer.
Post fixation was done in 2 % OsO, in the same buffer

for 2 h at 4°C, followed by dehydration in an ethanol
series. Samples were then processed to be embedded
in araldite. Semi-thin sections were stained with
toluidine blue and safranin. Ultra-thin sections were
contrasted with uranyl acetate and lead citrate and
then examined by transmission electron microscopy
(TEM; Zeiss EM 109)

DNA extraction

Kidney tissues were collected from samples that
revealed myxosporean infection by light microscopy
examination and preserved in 95 % ethanol for DNA
extraction. DNA was extracted using a QlAamp DNA
mini kit, following the tissue protocol (Qiagen). Kid-
ney tissues were processed by thorough grinding in
liquid nitrogen with a mortar and pestle. Subse-
quently, 25 mg of the tissue powder was placed into a
liquid nitrogen-cooled 2 ml micro-centrifuge tube
and incubated with Proteinase K and lysis buffer at
56°C until complete lysis of the tissues. DNA extrac-
tion was then completed as per the manufacturer's
instructions and eluted in 100 pl elution buffer. A
negative extraction control (a sample containing ster-
ile water) was performed to control for contamination
during the extraction process. Quality and quantity
of the purified DNA were assessed by measuring the
optical density at 260 and 280 nm. DNA samples
were stored in aliquots at —20°C until required.

PCR amplification

The 18S rDNA gene of the suspected myxosporean
parasite was amplified by nested polymerase chain
reaction (nPCR) using universal eukaryotic primers
(ERIB1 and ERIB10) and myxosporean-specific 18S
rDNA primers (Myxospec-F and Myxospec-R) ac-
cording to Barta et al. (1997) and Fiala (2006), respec-
tively, with some modifications. Amplification was
performed in a 25 pl reaction volume with 2x Reddy
Mix PCR Master mix (Thermo Scientific) which con-
tained 75 mM Tris-HCI (pH 8.8), 20 mM (NH,),SOy,
1.5 mM MgCl,, 0.01% Tween-20, 0.2 mM each
nucleotide triphosphate, 1.25 U Thermoprime Plus
DNA polymerase, red dye for electrophoresis, 3 nl of
DNA template, and 10 pmol each of ERIB1 (5'-ACC
TGG TTG ATC CTG CCA G-3') and ERIB10 (5'-CTT
CCG CAG GTT CAC CTA CGG-3') primers. The
amplification was carried out in a Mastercycler Gra-
dient thermocycler (Eppendorf) with the following
cycling profile: 95°C for 3 min, then 35 PCR cycles of
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95°C for 1 min (denaturation), 48°C for 1 min (anneal-
ing), and 72°C for 2 min (extension), with a final
extension step of 72°C for 10 min. Two pl from the
initial PCR products were used as a template for the
nested PCR using 10 pmol each of Myxospec-F (5'-
TTC TGC CCT ATC AAC TWG TTG-3') and Myxo-
spec-R (5'-GGT TTC NCD GRG GGM CCA AC-3)
primers. PCR conditions were the same as in the first
round with an annealing temperature of 52°C.

Detection of PCR products

PCR amplification products were subjected to elec-
trophoresis analysis on 1.5 % agarose in Tris acetate—
EDTA buffer (0.04 M Tris acetate, 1 mM EDTA),
stained with ethidium bromide and visualized on a
UV transilluminator. A DNA molecular weight marker
(Biozym) was used to comparatively determine the
molecular size of the PCR amplicons.

Cloning and sequencing of PCR products

For sequencing, the PCR products were separated
from the agarose gel, excess primers, and unincorpo-
rated nucleotides using the MinElute gel extraction
kit (Qiagen) as per the manufacturer's instructions,
and then cloned into the pDrive Cloning Vector using
a Qiagen PCR Cloning plus Kit according to the
manufacturer's instructions. Recombinant plasmids
were purified from Escherichia coli using a QIAprep
Miniprep kit (Qiagen) following to the manufac-
turer's instructions. Plasmid concentrations were de-
termined with a Biophotometer (Eppendorf). Cloned
PCR products were sequenced in a commercial
sequencing laboratory (LGC Genomics).

Phylogenetic analysis

Sequenced products were subjected to Basic Local
Alignment Search Tool (BLAST) analysis to search
for sequence similarity in the GenBank database
according to Altschul et al. (1997). Sequences were
downloaded from GenBank for phylogenetic ana-
lysis, and Buddenbrockia plumatellae (FJ981824)
was used as an outgroup species. Multiple sequence
alignments were generated using Clustal X software
(Thompson et al. 1997). A phylogenetic tree based on
18S rDNA gene sequences was created using the
neighbor-joining (NJ) algorithm of the DNASTAR
software with the default setting of the program

according to Saitou & Nei (1987). Bootstrap confi-
dence values were calculated with 1000 repetitions
and random number generator seed = 111.

RESULTS
Light microscopy

All investigated organs were normal without any
pathological alterations. Two out of 40 marbled
spinefoot fish examined were found to be infected
with Myxosporea. The infection was reported as
clusters of myxospores in fresh squash preparations
of the kidney.

Spore description

Mature myxospores are subspherical in the frontal
view, slightly wider than long, with a length of 10 +
0.4 (9-11) pm and a width of 12 + 0.5 (11-13) pm
(Fig. 1). Shell valves were smooth and the sutural line
was indistinct. The 2 polar capsules were equal,
spherical, and occupied nearly half of the myxospore
length. They measured 4.5 + 0.3 (4.0-5.0) pm in
diameter. The polar filament with 3 coils was perpen-
dicular to the longitudinal axis of the polar capsules.
Sporoplasm was binucleated, single-celled, and
filled the entire extracapsular myxospore cavity.

Histopathology

Examination of the histological sections revealed
that all infected kidneys harbored both myxospores
and various developmental stages in the lumen of the
renal tubules and rarely in the glomeruli (Fig. 2).
Infected tubules were often completely occluded by
parasites in various stages of development (Fig. 2).

Electron microscopy

The infection appeared as many plasmodia com-
pletely filling the lumen of the infected renal tubules.
The earliest developmental stages observed, within
the plasmodia, were 1-cell stages (generative cells).
These cells were nearly spherical with a diameter of
about 3 pm. The cytoplasm was bounded by a single-
unit membrane and contained a number of mito-
chondria. The centric nucleus was large and con-
tained a prominent nucleolus (Fig. 3a). The next
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Fig. 1. Spores of Ortholinea saudii sp. nov. infecting the kidney of marbled spinefoot Siganus rivulatus from the Red Sea in
Saudi Arabia. (a) Fresh spores in squash preparation of the kidney, and schematics of a mature spore in (b) frontal and
(c) sutural views

Fig. 2. Histology of marbled spinefoot Siganus rivulatus kidney infected with Ortholinea saudii sp. nov. Infected kidney
tubules were often completely occluded by spores and parasites in various stages of development (arrowheads; see Fig. 3
for details)

recognizable stage was the 3-cell stage which was
composed of 2 secondary cells enclosed in a primary
cell (Fig. 3b). This was followed by a series of divi-
sions of the former which gave rise to pansporoblasts
(Fig. 3c). Each pansporoblast produced 1 or 2 myxo-
spores (Fig. 3d). The mature myxospores were com-
posed of 2 valvogenic cells with a prominent nucleus
enclosing 2 polar capsules with 3 filament coils and a
binucleated sporoplasm filling the space between the
2 polar capsules (Fig. 3d).

Molecular analysis

Myxosporean-specific 18S rDNA primers amplified
a single 831 bp amplicon from each sample exam-
ined. No amplification products were detected from
the negative extraction or no-template controls.
Alignment of these sequences together revealed
100% similarity between each other. A BLAST
search of the amplified sequence against the Gen-
Bank database revealed 90% similarity (with 79 %
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Fig. 3. Electron micrographs through a part of the kidney of marbled spinefoot Siganus rivulatus infected with Ortholinea

saudii sp. nov., showing the different stages of development. (a) Unicellular stages (generative cell) surrounded by single unit

membrane (highlighted by arrows) with a large nucleus (N), a prominent nucleolus (Nu), and mitochondrial structures (arrow-

heads). (b) Two secondary cells (N1, N2) enclosed in a primary cell (N). (c) Pansporoblast with many nuclei (N). (d) Disporic

pansporoblast with 2 spores (Sp) and mature spores containing 2 polar capsules (PC) with 3 polar filament coils (PF) and
sporoplasm (S) and surrounded by valvogenic cells (VC) with the valvogenic nucleus (VN)

query coverage) to the 18S rDNA gene of Ortholinea Aurantiactinomyxon pavinsis, Chloromyxum sp.,
sp. (AL-2006) and an 86 % similarity (with 70-73 % Neoactinomyxum eiseniellae, and Zschokkella sp. A
query coverage) to 18S rDNA gene each of Myxo- phylogenetic tree of these results is presented in

bilatus gasterostei, O. orientalis, Myxidium anatidum, Fig. 4. The sequence obtained from this study was
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81.8 Neoactinomyxum eisenieliae AJ582007
1 00-0_]: Chioromyxum sp. AJ581917

——— Zschokkella sp. AJ581918
Hoferellus gilsoni AJ582062

59.7

NA 677t Ortholinea D20a KF703856

100.0} orthotinea D26 KF703857
Ortholinea D32 KF703858
Myxobilatus gasterostei AJ582063
85 71 Ontholinea orientalis HM770872
88.5¢ orthotinea orientalis HM770873
180.08 onotinea orientatis HM770871

100.0,

947

- Ortholinea orientalis HM770874

53.2

Sphaerospora moinari HM378345

Aurantiactinomyxon pavinsis AJ582006
Ortholinea sp. AL-2006 DQ333433

100.0}

911"

Ortholinea saudii JX456461

Kudoa rosenbuschi AY623795

Leptotheca fugu AB195805

Ceratomyxa sp. KJ200360

328

Buddenbrockia plumatelia FJ981824

30 25 20 18

Nucleotide Substitution per 100 residues

Bootstrap Trials = 1000, seed = 111

Fig. 4. Phylogenetic tree showing the relative positions of Ortholinea saudii sp. nov. to 18 other myxosporidian species. The

tree is based on nucleotide sequences of the 18S rDNA gene of myxosporidians deposited in GenBank and was generated

using the neighbor-joining method. The tree was oriented by using the 18S rDNA sequence of Buddenbrockia plumatellae as

the outgroup. Numbers above the branches are bootstrap confidence levels. GenBank accession numbers are given after the
species name

deposited in GenBank under accession number
JX456461.

Taxonomic summary of Ortholinea saudii sp. nov.
(Myxosporea: Ortholineidae)

Type host: Siganus rivulatus Forsskal & Niebuhr,
1775

Location in the host: Kidney (lumen of the renal
tubules and rarely in the glomeruli)

Type locality: Jeddah Red Sea coast, Saudi Arabia
(21°31'N, 39° 13" E)

Type specimens: A partial sequence of the 18S rDNA
gene was deposited in GenBank under accession
number JX456461.

Prevalence of infection: 5% (2/40)

Etymology: The specific epithet 'saudii’ was derived
from the locality of the host, i.e. Saudi Arabia

Spore shape and structure: Subspherical in the
frontal view, slightly wider than long

Shape of polar capsules: Spherical

Polar filament: With 3 coils perpendicular to the lon-
gitudinal axis of the polar capsules

Sporoplasm: Binucleated

DISCUSSION

To date, 14 species of Ortholinea have been de-
scribed (Table 1). O. australis can easily be distin-
guished from O. saudii sp. nov. by having more
rounded spores and oval polar capsules compared to
the present myxospores which are characterized by
rounded, triangular-shaped, and spherical polar cap-
sules. In addition, O. australis exhibits different num-
bers of valvular ridges (5 to 9 vs. 10 to 14). O. gobiusi
also differs from O. saudii in having pointed posterior
end myxospores in addition to markedly smaller
polar capsules, while O. undulans has pyriform cap-
sules and undulated sutures in contrast to the spher-
ical capsules and the straight sutures exhibited by O.
saudii. In the same way, O. fluviatilis can be distin-
guished from O. saudii by having ellipsoidal myx-
ospores with undulated sutures. Also, O. striateculus
has larger and pyriform polar capsules, while O.
divergens has subspherical, pyriform capsules, and
the large hazelnut-shaped and irregular ellipsoidal
myxospores of O. irregularis can be easily differenti-
ated from the rounded triangular myxospores of O.
saudii. On the other hand, spores of O. polymorpha
have smooth surfaces and elongated polar capsules
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away from the other Ortholinea species used in con-
structing this tree.

Based on the spore morphology and the molecular
data, which differ from the known Ortholinea spe-
cies, we propose to establish the present species as a
new one, with the name Ortholinea saudii sp. nov.

Acknowledgements. We extend our appreciation to King
Abdulaziz City for Science and Technology (KACST) for
funding this work through project no. ARP-32-19.

LITERATURE CITED

Abdel-Baki AS (2011) Light and electron microscopic stud-
ies on Myxobolus egyptica sp. nov. (Myxozoa, Myxo-
sporea), infecting the hornlip mullet Oedalechilus labio-
sus from the Red Sea. Acta Parasitol 56:255-262
Abdel-Ghaffar F, Ali MA, Al-Quraishy S, Entzeroth R, Abdel-
Baki AS, Al Farraj S, Bashtar AR (2008a) Zschokkella
helmiin. sp. (Myxozoa: Myxosporea), a new parasite of
marbled spinefoot Siganus rivulatus (Forsskal 1775),
Red Sea, Egypt: light and transmission electron
microscopy. Parasitol Res 102:183-192

Abdel-Ghaffar F, El-Toukhy A, Al-Quraishy S, Al-Rasheid
K, Abdel-Baki AS, Hegazy A, Bashtar AR (2008b) Five
new myxosporean species (Myxozoa: Myxosporea) in-
fecting the Nile tilapia Oreochromis niloticus in Bahr
Shebin, Nile Tributary, Nile Delta, Egypt. Parasitol Res
103:1197-1205

Ali M (2000) Ortholinea basma n. sp. (Myxozoa: Myxo-
sporea) from agile kelpfish Clinus agilis (Teleostei:
Clinidae), light and scanning electron microscopy. Eur
J Protistol 36:100-102

Ali MA, Abdel-Baki AS, Sakran Th, Entzeroth R, Abdel-
Ghaffar F (2007) Myxobolus Iubati n. sp. (Myxosporea:
Myxobolidae), a new parasite of haffara seabream
Rhabdosargus haffara (Forsskal, 1775), Red Sea, Egypt:
a light and transmission electron microscopy. Parasitol
Res 100:819-827

Altschul SF, Madden TL, Schaffer AA, Zhang J, Zhang Z,
Miller W, Lipman DJ (1997) Gapped BLAST and PSI-
BLAST: a new generation of protein database search
programs. Nucleic Acids Res 25:3389-3402

Avise JC (2004) Molecular markers, natural history, and

evolution. Sinauer Associates, Sunderland, MA
Azevedo C, Samuel N, Saveia AP, Delgado F, Casal G (2011)
Light and electron microscopical data on the spores
of Thelohanellus rhabdalestus n. sp. (Myxozoa: Myxo-
sporea), a parasite of a freshwater fish from the Kwanza
River, Angola. Syst Parasitol 78:19-25

Barta JR, Martin DS, Liberator PA, Dashkevicz M and others
(1997) Phylogenetic relationships among eight Eimeria
species infecting domestic fowl inferred using complete
small subunit ribosomal DNA sequences. J Parasitol 83:
262-271

El-Dakar AY, Shalaby SM, Saoud IP (2007) Assessing the
use of a dietary probiotic/prebiotic as an enhancer of
spinefoot rabbitfish Siganus rivulatus survival and
growth. Aquacult Nutr 13:407-412

El-Dakar AY, Shalaby SM, Saoud IP (2011) Dietary protein

Editorial responsibility: Dieter Steinhagen,
Hannover, Germany

O
O

requirement of juvenile marbled spinefoot rabbitfish
Siganus rivulatus. Aquacult Res 42:1050-1055

Fiala I (2006) The phylogeny of Myxosporea (Myxozoa)
based on small subunit ribosomal RNA gene analysis.
Int J Parasitol 36:1521-1534

Hara S, Duray MN, Parazo MM, Taki Y (1986) Year-round
spawning and seed production of the rabbitfish, Siga-
nus guttatus. Aquaculture 59:259-272

Juario JV, Duray MN, Duray VM, Nacario JF, Almendras
JME (1985) Breeding and larval rearing of the rabbit-
fish, Siganus guttarus (Blach). Aquaculture 44:91-101

Kabata Z (1962) Five new species of Myxosporidia from mar-
ine fishes. Parasitology 52:177-186

Kent ML, Moser M (1990) Ortholinea alata n. sp. (Myxo-
sporea: Ortholineidae) in the northern butterfly fish
Chaetodon rainfordi. J Protozool 37:49-50

Lom J, Arthur JR (1989) A guideline for the preparation of
species description in Myxosporea. J Fish Dis 12:
151-156

Lom J, Dykova I (1992) Protozoan parasites of fishes. Devel-
opments in aquaculture and fisheries science, Vol 26.
Elsevier, Amsterdam

Lom J, Dykova I (1995) New species of the genera
Zschokkella and Ortholinea (Myxozoa) from the South-
east Asian teleost fish, Telraodon fluviatilis. Folia Para-
sitol 42:161-168

Lom J, Dykova I (2006) Myxozoan genera: definition and
notes on taxonomy, life cycle terminology and patho-
genic species. Folia Parasitol 53:1-36

Lom J, Rhode K, Dykova I (1992) Studies on protozoan para-
sites of Australian fishes. 1. New species of the genera
Coccomyxa Leger et Hesse, 1907, Ortholinea Shulman,
1962 and Kudoa Meglitsch, 1947 (Myxozoa, Myxo-
sporea). Folia Parasitol 39:289-306

Meglitsch PA (1970) Some coelozoic myxosporida from New
Zealand fishes: family Sphaerosporidae. J Protozool 17:
112-115

Moshu AJ, Trombitsky ID (2006) New parasites of some
Clupeidae fishes from the Danube and Dniestr Basins.
Eco-TIRAS International Environmental Association of
River Keepers. Academician Leo Berg — Collection of
Scientific Articles 130. Leo Berg Educational Founda-
tion, Bendery, p 95-103

Randall JE (1992) Red Sea reef fishes. Immel Publishing,
London

Saitou N, Nei M (1987) The neighbour-joining method: a
new method for reconstructing phylogenetic trees. Mol
Biol Evol 4:406-425

Sarkar NK (1999) Ortholinea gadusiae sp. n. and Sphaero-
myxa opisthopterae sp. n. (Myxozoa: Myxosporea) from
the clupeid fish of the Bay of Bengal, West Bengal,
India. Acta Protozool 38:145-153

Shulman SS (1966) Myxosporidia of the fauna of the USSR.
Nauka, Moscow (in Russian)

Shulman SS, Shulman-Albova RE (1953) Parasites of fish
from White Sea. Izd. Adkademii Nauk SSSR, Moscow
(in Russian)

Su X, White RWG (1994) New myxosporeans (Myxozoa:
Myxosporea) from marine fishes of Tasmania, Aus-
tralia. Acta Protozool 33:251-259

Thompson JD, Gibson TJ, Plewniak F, Jeanmougin F, Hig-
gins DG (1997) The Clustal-X windows interface: flexi-
ble strategies for multiple sequence alignment aided by
quality analysis tools. Nucleic Acids Res 25:4876-4882

Submitted: June 16, 2014; Accepted: November 3, 2014
Proofs received from author(s): January 26, 2015


http://dx.doi.org/10.1093/nar/25.24.4876
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3447015&dopt=Abstract
http://dx.doi.org/10.1111/j.1550-7408.1970.tb05168.x
http://dx.doi.org/10.14411/fp.2006.001
http://dx.doi.org/10.1111/j.1365-2761.1989.tb00287.x
http://dx.doi.org/10.1111/j.1550-7408.1990.tb01114.x
http://dx.doi.org/10.1017/S0031182000024124
http://dx.doi.org/10.1016/0044-8486(85)90012-2
http://dx.doi.org/10.1016/0044-8486(86)90008-6
http://dx.doi.org/10.1016/j.ijpara.2006.06.016
http://dx.doi.org/10.1111/j.1365-2109.2010.02694.x
http://dx.doi.org/10.1111/j.1365-2095.2007.00491.x
http://dx.doi.org/10.2307/3284453
http://dx.doi.org/10.1007/s11230-010-9273-8
http://dx.doi.org/10.1093/nar/25.17.3389
http://dx.doi.org/10.1007/s00436-006-0318-5
http://dx.doi.org/10.1016/S0932-4739(00)80026-7
http://dx.doi.org/10.1007/s00436-008-1116-z
http://dx.doi.org/10.1007/s00436-007-0732-3
http://dx.doi.org/10.2478/s11686-011-0053-7

	cite30: 
	cite23: 
	cite28: 
	cite16: 
	cite10: 
	cite27: 
	cite3: 
	cite15: 
	cite21: 
	cite1: 
	cite8: 
	cite14: 
	cite20: 
	cite19: 
	cite6: 
	cite26: 
	cite18: 
	cite12: 
	cite24: 


