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BIODIVERSITY OF FLUKES

DREYFUSS G.* & RONDELAUD D.**

Summary:

As many others parasites, speciation of flukes depends on the
genetic characteristics and on ploidia. Ploidia of flukes can be
different in a same species. In Asia, diploid, triploid and hybrid
(2n/3n) populations are encountered. The comparison of
morphological parameters between diploid and friploid flukes
showed that they were morphologically different. Nevertheless, a
genetic relationship between parthenogenetic organisms would
exist regardless of their ploidia. In the Fasciola genus, the main
consequence of the high level of diversity is the frequent
probability of development of resistance to anthelmintics and fast
adaptation to climatic changes. In the Paragonimus genus,
diversity can enhance different forms of pathogenicity, can also be
related to the species of intermediate hosts, and to the definitive
host. The strain of flukes plays a part in the visceral localization of
P. westermani adults.
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speciation.

o assume their survival, parasitic species must

reside in their host, even if their life cycle is short.

In addition, these species must adapt to a variety
of hosts in all stages of evolution (Combes, 1995).
The class of Digenea has various specificities which pro-
vide many examples of adaptation to host species.
Flukes as a whole are comprised of very different spe-
cies, including at least two hosts, one of which is a
mollusk, and requiring ingestion by the definitive host.
Flukes have two apparently opposing characteristics in
their life cycle. In the mollusk, larval development is
clonal because it succeeds the penetration of only one
miracidium, which, after asexual polyembryogeny, pro-
duces abundant cercariae which can parasitize the
definitive host. On the other hand, the definitive host
can eat food parasitized by metacercarial cysts pro-
duced by various mollusks, and probably from gene-
tically different populations of parasites.
The clonal method of larval development in the mollusk
raises a question concerning diversity and one can be
concerned by the negative impact. Similarly, in Fasciola
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hepatica, cercariae produced by a mollusk are attracted
by metacercarial cysts previously fixed on aquatic plants
(Vareille-Morel et al., 1998), and we can suppose that
the same aquatic plant carries parasitic cysts from the
same mollusk, making them genetically quite identical.

DIFFICULTY OF SPECIATION
IN MEDICAL PARASITOLOGY

Proipia

arasitology is a biological field in which taxo-

nomy often still uses morphological and Linnean

criteria. The limits of the Linnean descriptive
methods were reached many decades ago: the dilemma
Entamoeba bistolytica/E. dispar is a demonstrative exam-
ple.
Similarly, the infra-specific relationships between bio-
geography of parasites and their biological characteris-
tics (rhythm, pathology, reservoirs) were used to orga-
nize the taxonomy of genetically different parasitic
populations (Wuchereria bancrofti, for instance).
Genetic diversity cannot yet be evaluated by easy and
low cost methods. The results of the biological diagno-
sis of parasitic diseases tend to be less precise, and
decrease at the genus level (£. histolytica/E. dispar),
or even the family (Opisthorchiidae, Ancylostomatidae,
Paragonimidae). Protozoa are parasites for which gene-
tic diversity can be evaluated quite easily. Helminths,
particularly Digenea, cannot be analyzed easily, because
many species have a variable ploidia, which modifies
their morphology and DNA size.
A comparative morphometric study, by light micro-
scopy, of eggs and adults from three populations with
different sizes of Fasciola gigantica, and the morpho-
logy of adults, under scanning electron microscopy,
showed variations in the sizes of eggs and adults, whe-
reas the surface was similar using electronic morpho-
logy (Srimuzipo et al., 2000). The observations on mito-
tic metaphase chromosomes revealed a diploid type
(21 = 20) in all three size-races. The speciation of Dige-
nea can no longer be evaluated by simple morpholo-
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gical observation, but requires a preliminary study of
ploidia of selected parasitic populations.

POLYPLOIDIZATION

Animals are very susceptible to major modifications of
their genetic structure. Nevertheless, speciation by poly-
ploidization is more unusual in the animal than in the
plant kingdom. Most species are diploid and have two
complete sets of chromosomes, one from their mother
and the other from their father. However, some indi-
viduals from usually diploid species can be polyploid.
This polyploidia prevents them from producing fertile
descendants with normal individuals of their species.
This type of speciation gives quite instantaneous results,
because they only occur during one generation.

PLOIDIA OF FLUKES

The study of karyotypes from F. hepatica samples

identified triploid azoospermic flukes, which

then induced asexual reproduction (Fletcher et
al., 2004). This type of reproduction is frequent in Asia
among diploid or triploid flukes, suggesting that par-
thenogenesis is widely present in Fasciola. This has
important consequences on the population genetics
and the evolution of Fasciola genus, especially concer-
ning resistance to anthelmintics.
The variability of Fasciola sp ploidia. and the relation-
ships with morphology of adult flukes have been well
known for many years (Terasaki et al., 2000). In Asia,
diploid, triploid and hybrid (272/31) populations are
encountered. Abnormal spermatogenesis and parthe-
nogenesis are very frequent. The comparison of mor-
phological parameters between diploid and triploid
flukes showed that they were morphologically different.
Nevertheless, a genetic relationship between partheno-
genetic organisms would exist regardless of their ploidia.
Many studies have been performed on triploid samples
of Fasciola sp. (Itagaki & Tsutsumi, 1998; Itagaki et al.,
1998). The comparison of ITS2 sequences of nuclear
rDNA in F. hepatica and F. gigantica from various
countries all over the world demonstrated two types
of sequences in triploids: one is quite similar to F. hepa-
tica, the other is close to an Indonesian population of
F. gigantica. Comparison with the triploid Japanese
form of Fasciola sp. identified it as F. gigantica.

DIVERSITY OF PARASITES
IN THE PARAGONIMUS GENUS

Ploidia plays a role in the maturation time for Para-

gonimus: for Paragonimus westermani, triploid
flukes need two months to reach maturity whe-
reas diploids need 2.5 months (Habe et al., 1996).
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The possibility of various means of fertilization for
Paragonimus is well known (Ihm & Ahn, 1979). The
study of six Korean strains of P. westermani demons-
trated the existence of two means of reproduction:
inter-fertilization for flukes stemming from great-sized
metacercariae, and parthenogenesis for parasites from
small-sized metacercariae.

Diversity related to the definitive host and the strain
of flukes plays a part in the visceral localization of
P. westermani adults. In the case of experimental
infection, in carnivores (cats or dogs), most adult para-
sites live in the lungs, whereas in rodents (rat) or other
paratenic host mammals (pig), they are localized
mainly in muscles and their development is not com-
plete. The Malaysian strains of P. westermani have a
development and a distribution in cats or dogs quite
different from other parasitic strains (Philippines, Japan,
Korea, China). In Malaysia, most reservoirs are wild
Felidae and P. westermani is the only species identi-
fied in these populations (Habe et al., 1996).
Diversity can also be related to the species of inter-
mediate hosts. For P. westermani, metacercariae size
can be variable according to the strains of crayfish in
which they develop. Park et al. (2001) identified two
sizes of metacercariae (300.3 and 362.0 ym) in two
Crustacea strains (Cambaroides similis) living in two
different Korean sites. Experimental infestation of dogs
with one or the other parasitic strain enhanced the
development of adult P. westermani with two sizes (res-
pectively, 8.9 X 5.6 mm and 13.3 X 9.4 mm), and the
production of eggs with different sizes (respectively,
72.1 X 46.8 pm and 93.5 X 54.2 pm). A species of para-
sitized mollusks was identified in the biotope where
the largest metacercariae lived in crayfish: 0.12 % of
4,218 Semisulcospira tegulata snails contained P. wester-
mani cercariae. Karyotypes of two P. westermani strains
revealed the existence of diploid flukes (2n = 22) in
the strain of small-sized stages and triploids (372 = 33)
in the other. This triploid strain was then identified as
Paragonimus pulmonalis, a species which is become
a synonym (Hirai et al., 1985).

Diversity can enhance different forms of pathogenicity.
For Blair et al. (1997), triploid forms of P. westermani
are more pathogenic for man than diploid forms. The
diploid forms mainly induce pleural cavity injury, whe-
reas triploids mainly induce pulmonary cysts (Miyazaki,
1982).

DIVERSITY OF PARASITES
IN THE FASCIOLA GENUS

arious mechanisms of resistance to fasciolosis
treatment have appeared in many countries,

thus increasing research concerning their origin
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for many years. The hypothesis of genetic variations
inside the F. hepatica species justifies the development
of recent studies.

Walker et al. (2007) examined the genetic diversity of
mitochondrial haplotypes of infra-populations of flukes
from cattle or sheep and showed that a herbivore could
be infected by at least 10 different haplotypes of the
parasite in less than one year. The main consequence
of this high level of diversity is the frequent probabi-
lity of development of resistance to anthelmintics and
fast adaptation to climatic changes.

The wvariability of haplotypes of mitochondrial gene
sequences (nadl and cox1) has been demonstrated by
Semyenova et al. (2006). Samples of flukes from 20 sites
in eastern Europe and China had 4.1 % (nadl) and
2.3 % (cox1) of variable sites and, respectively, 13 and
10 different haplotypes, with a few or no variations bet-
ween hosts and/or countries. Two lineages were iden-
tified with two main haplotypes. One of them was loca-
lized in central Asia, China and Australia, and among
all the strains of eastern Europe. The origin could be
Asia. The other also came from eastern Europe and
central Asia.

A more limited study, developed in Turkey, showed
the diversity of F. hepatica strains by sequencing the
mitochondrial gene nadl and the ribosomal part ITS1
(Dosay-Akbulut et al., 2005).

Other previous studies (Marcilla et al., 2002; Ramadan
& Saber, 2004) were developed to distinguish F. hepa-
tica from F. gigantica, particularly in countries where
both species are sympatric. Intra-specific and inter-spe-
cific comparisons were made between parasites from
cattle and/or sheep. Results by RAPD-PCR showed a
polymorphism within both species and genetic speci-
ficities between species.

. In countries where the two species live, inter-specific
differences can be enhanced (by PCR-RFLP, for
example) to identify the involved species in man as well
as in animals. The basis of speciation is a sequence
(618 bp) of the 28S rRNA gene which carries a few dif-
ferent nucleotides for each species, without intra-spe-
cific variations. Identification of the species Fasciola sp.
from Japan was established similarly by the study of
mitochondrial DNA: the nucleotide sequences from the
two selected countries were similar to those of F. gigan-
tica, species regarded as dominant in Japan (Hashimoto
et al., 1997).

. In countries where the two species, F. hepatica et
F. gigantica, are sympatric, the existence of natural
hybrid parasites was checked, particularly after studies
by Agatsuma et al. (2000). Two regions of mitochon-
drial DNA (CO1 and ND1) and nuclear DNA (ITS2 and
D2 of 28S DNAr) were sequenced from Korean flukes.
The CO1 and NDI regions were monomorphic and
similar to those of F. gigantica. On the other hand, the
ITS2 and D2 regions were found to be polymorphic:
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some flukes possessed a F. gigantica-type sequence
while the others had a F. hepatica-type sequence or
showed sequences of both types, thus indicating the
existence of different alleles at the loci. These results
strongly suggest inter-specific cross-hybridization bet-
ween the two species coexisting in Korea.

AUTOFERTILIZATION OF MOLLUSKS

SELECTION OF STRAINS MORE FAVORABLE
TO PARASITE LARVAL DEVELOPMENT

ollusks, intermediate hosts of Digenea, have
l \ / I an ambivalent genital gland, which gives the
possibility of autofertilization, particularly
when unfavorable environmental conditions (dryness,
frost) reduce the probability of interfertilization. It is
not so unusual to see a population of snails growing
again from only one survivor. Of course, this case limits
genetic exchanges between populations. Moreover,
larval development of parasites inside mollusks is
pathological for their physiology, mainly for the genital
gland, resulting in decreased fertilization. This nega-
tive consequence is counter balanced by the low per-
centage of parasitized mollusks (1 %) which demons-
trates the existence of an important reservoir of
unparasitized, potentially intermediate host snails. A
population without any risk of disruption of fertiliza-
tion mechanisms is therefore maintained.

COEVOLUTION OF MOLLUSKS
AND DIGENEA

C ontrary to the evolutionary indifference that the

snail might display towards any single Digenean

species, the impact of evolutionary or popula-
tion-genetic changes in the snail must have an enor-
mous impact on each Digenean species that inhabits
it (Blair et al., 2001). The evolutionary fate of the snail
may not be influenced by any single Digenean spe-
cies (unless prevalences are atypically high), but that
of the Digenean is influenced by the snail. Digeneans
must track snails through time but snails need not reci-
procate.
Other terms to consider are host extension and its com-
ponents, host-switching and host-addition (Blair et al.,
2001). Host addition may induce parasite speciation
through geographical isolation (allopatric speciation)
and/or founder effects involving the parasite popula-
tion. Parasites may thus be maintained in unrelated
snail species at different points along a migratory route.
To confirm host addition, it will be necessary to show
that the parasites occurring in different hosts and loca-
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tions belong to the same species or species group, a
task for which molecular genetic techniques are well
suited.
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