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Abstract
Natural oyster beds (Ostrea edulis) of the gulf of Thessaloniki (Theremaikos gulf) were almost
extinct in the past years. One of the causes for this extinction is suspected to be the presence of
the parasite Marteilia sp., as was proven by an earlier study conducted by authors. Furthermore,
a parasite of the same genus affects mussels (Mytilus galloprovincialis) in the gulf. The present
study was carried out in order to determine the degree of infection by this parasite in edible
shellfish species harvested or cultured in the area. Shellfish samples [oysters (O. edulis), mussels
(M. galloprovincialis), barbed mussels (Modiolus barbatus), and clams (Venus verrucosa)] were col-
lected from five different sites in the gulf. Results (60,4% of O. edulis, 21,25% of M. galloprovincialis,
0% of M. barbatus and 0% of V verrucosa infected) indicate that the parasite occurs in the natural
stocks of the gulf of Thessaloniki, presenting a constant potential threat to shellfish health.

Introduction
The paramyxean parasite Marteilia sp. is one
of the most serious causes of shellfish mor-
tality worldwide. Marteilia refringens is the
agent of Abers’ disease (Grizel et al., 1974),
which has been causing mass mortalities in
flat oyster (Ostrea edulis) populations through-
out Europe since 1968 (Alderman, 1979). Two
mussel species, Mytilus edulis  and M.

galloprovincialis, are affected by Marteilia

maurini (Comps et al., 1982). In the southern
hemisphere, Marteilia sydneyi affects and
causes mortalities of the Sydney rock oyster,
Saccostrea glomerata (Perkins and Wolf, 1976;
Adlard and Ernest, 1995).

This parasite usually causes the death of its
host. It is detected in the digestive tract and
the digestive gland of infected animals.
Should death not occur, the parasitism may

affect gametogenesis and tissue growth of in-
fected mussels (Villalba et al., 1993). The life
cycle of Marteilia spp. is not common; Prima-
rily presporulation vegetative stages (plasmo-
dia) of the parasite are located in the lumina,
between the epithelial cells and the connec-
tive tissue of the digestive gland tubules and
the intestine. The sporulation begins through
the delimitation of uninucleate segments
within the cytoplasm, thus resulting to the
creation of presporangia (secondary cells)
within the sporangiosorus. As sporulation
progresses, the sporangia enlarge, and about
eight sporangia primordia are formed, each
of which develops a cell wall, thus forming
the spores. The way in which the spores de-
velop to plasmodia, and the potential pres-
ence of an intermediate host have not yet been
elucidated (Le Roux et al. 1999, Berthe et al.

1998, Zrncic et al. 2001). However, recent re-
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sults show possible role of a copepod in the
life cycle of Marteilia refringens (Audemard et

al., 2001; Audemard et al., 2002). The infection
of the susceptible species is correlated with
the water temperature; In the gulf of
Thermaikos it begins in May, reaches its peak
in June through August, and stops altogether
in December (Photis et al., 1997).

The rapid reduction of the flat oyster’s (Ostrea

edulis) natural stocks in the gulf of Thermaikos
since 1995 led towards the search of an infec-
tious agent. The first report for the presence
of Marteilia sp. in the mussels Mytilus

galloprovincialis was presented by Fotis and
collaborators in 1997, while the same parasite
was detected in oysters Ostrea edulis of the gulf
by Angelidis and collaborators in 2001.

The present study was conducted to deter-
mine the present level of infection for these
two mollusc species, and was extended to two
additional species thriving in the gulf, barbed
mussels (Modiolus barbatus) and clams (Venus

verrucosa).

Materials and methods
Sampling areas
Shellfish where collected from the gulf of
Thermaikos (Thessaloniki, northern Greece)
between November 1rst 2001 to February 24th

2002. The sampling areas (Figure 1) were:

1. “Mikro Emvolo”, where clams, V.

verrucosa, were collected,
2. “Palaiomana”, where flat oysters, O.

edulis, were collected,
3. “Kavoura”, where flat oysters, O. edulis,
and mussels, M. barbatus, were collected,
4. ‘Lefkoudi”, where the samples of mus-
sels, M. galloprovincialis, were retrieved from
a long-line shellfish farm, from a depth of 5-
8 m.

A diver was used for the collection of V.

verrucosa, while O. edulis and M. barbatus were
collected using a dredge. Characteristics of
shellfish included in the study are shown in
Table 1.

Figure 1. Sampling sites, gulf of Thermaikos.
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Cytological examination.
The samples were initially tested for the pres-
ence of Marteilia sp. by means of digestive
gland imprints (Figure 2). The smears were
prepared after a section of the digestive gland
was dried of the excess water on blotting pa-
per. Then the smears were air-dried and fixed
in methanol. The staining method used was a
modified Giemsa method commercially avail-
able (Heamacolor kit, Merk).

Histological examination. The flesh of the
shellfish was placed in Davidson’s fixative
(10% glycerin, 20% formaline, 30% ethanol
95%, 30% sea water, 10% glacial acetic acid),
with a ratio of 1 volume of tissue to 10 vol-
umes of fixative, for at least 48 hours. After,
the samples were paraffin embedded, 3 mm
thick sections were stained with haematoxy-
lin-eosin according to the OIE recommenda-
tions (Figure 3).

Intensity of the infection. For the characteri-
zation of the intensity of the infection, the
scale proposed by Villalba and collaborators
(1993) was used:

Uninfected: no parasite detected (intensity = 0)
Light infection: parasite confinement to the
stomach epithelium (intensity = 1)
Moderate infection: less than 10% of the
digestive tubules (DT) were infected
(intensity = 2)
Heavy infection: three different intensity
degrees where considered in this category,
according to the percentage of the infected
digestive tubules (PIDT): intensity =3 when
10%<PIDT<50%, intensity = 4 when
50%<PIDT>90%, and intensity=5 when
PIDT>90%.

Each sample was evaluated by examining one
single histological section. The PIDT was es-

n )rg(thgieW )mc(htgneL

silude.O 84 DS9.11±07.44 DS04.1±09.6

sutabrab.M 06 ,DS04.2±03.41 DS03.1±59.4

asocurrev.V 54 DS16.7±32.82 DS08.0±02.4

silaicnivorpollag.M 08 DS44.4±1.071 DS05.0±77.5

Table 1: Characteristics of the collected shellfish

Figure 2. Digestive gland imprint, (O. edulis,
Hemacolor kit, Merk staining) x 1000. Presence of
mature Marteilia sp. cells (arrows), containing
primary spores.

Figure 3. Digestive gland histological section (O.
edulis, H&E staining) x 1000. Presence of various
Marteilia sp. stages of development within the
digestive gland tubules (arrows).



Bull. Eur. Ass. Fish Pathol., 23(4) 2003, 160

timated by counting infected and uninfected
digestive tubules in 10 different microscope
fields at 400x magnification, and then by cal-
culating the mean value.

Results
No Marteilia sp. was found in the examined
V. verrucosa and M. barbatus samples. It must
be noted that there is no report of increased
mortality for these species in the gulf of
Thermaikos.

As far as M. galloprovincialis is concerned, the
presence of Marteilia sp. was noted in 21.25%
of the examined samples. The intensity of the
infection was ranking 2 in most of them.

On the contrary, a higher percentage of oys-
ters was infected, since 60.40% of the samples
were positive, with the majority of them ex-
hibiting an intensity of 3 and 4 (Table 2).

Discussion
The protozoan Marteilia sp. has been a major
problem for cultured Ostrea edulis in Europe,
ever since its appearance in the late sixties.
Initially the discrimination between M.

refringens and M. maurini was based on ul-
trastructural criteria, and the target host
(Grizel et al., 1974; Comps et al., 1982; Figueras
& Montes, 1988). Since the detection of M.

refringens in mussels, M. galloprovincialis

(Villalba et al., 1993), and the attestation that
the same parasite can present a different mor-
phology in various hosts (Zrncic et al., 2001;
Longshaw et al., 2001), the identification of the
species is questioned, as is questioned
whether these two parasites are the same one
or not. More recently, molecular data sug-
gested that two species of Marteilia occur in
Europe (Le Roux et al., 2002), M. refringens and
M. maurini.

In the gulf of Thermaikos, the production of
O. edulis was dramatically decreased from
1994 to 1998, and has stopped altogether since
1999. Many factors were considered respon-
sible, with overfishing, water pollution and
an infectious agent, being the most probable.
The overfishing hypothesis does not appear
to be valid, since in the three years between
the cease of oyster fishing and today, new
populations of oysters should have been cre-
ated. On the contrary, it was difficult to as-
semble a statistically acceptable sample from
an area where 1000 tons of oysters were col-
lected each year. Water pollution also should
not be held responsible, since O. edulis is the
single of the shellfish species endangered in
the gulf. The high prevalence of Marteila sp.
infection (60,4 %) in the oysters, along with
the intensity of the infection, leaves no doubt
as to the cause of their extinction. Further-
more, the intense cell reaction of the hosts
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asocurrev.V 54 )%001(54 - - - - -

sutabrab.M 06 )%001(06 - - - - -

silaicnivorpollag.M 08 )%57.87(36 )%5.2(2 )%05.71(41 )%52.1(1 - -

silude.O 84 )%06.93(91 - )%05.21(6 )%09.22(11 )%07.81(9 )%03.6(3

Table 2: Intensity of the infection per species
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shows that the infection is active, which con-
tinues to spread.

The way in which the disease was introduced
to the gulf is unknown and surely difficult to
determine. It is suspected that either an ille-
gal introduction of infected oysters from
abroad or via ships (through shellfish attached
to the ship’s underwater body or in the bal-
last water). This latter view is amplified by
the confirmation of many marine organisms
surviving in the ballast water for a long pe-
riod of time (Tamburri et al., 2002 ; Cone et al.,
1994 ; McCarthy et al., 1994). A potential in-
termediate host of the parasite, or virulent
parasite stages could have been transmitted
in that way from an affected area (Audemard
et al., 2002).

As far as infection of the mussels by Marteilia

sp. is concerned, although the prevalence of
the parasite is less important than the one in
the oysters, it is still important, even though
mussels seem more resistant to the disease
than oysters. Possibly the increased mussel
mortality outbreaks monitored in the gulf of
Thermaikos during the summer are due to the
infection of mussels by the parasite. Eventu-
ally, the mussels, enfeebled by the disease, are
unable to overcome the low oxygen concen-
tration, which occurs when the water tem-
perature rises (Photis et al., 1997).

The absence of the parasite from the exam-
ined mussels, Modiolus barbatus, and clams,
Venus verrucosa, is an indication that the para-
site does not have a tropism for these species
howbeit more research is needed in that di-
rection.

The main questions that must be answered
regarding Marteilia sp. are: 1. considering the

two species M. refringens and M. maurini, it is
important to clarify taxonomic affiliation of
Marteilia sp. occurring in Greek molluscs, and
2. if an alternate host of Marteilia refringens

does exist, could mussels play a role of vec-
tor of this parasite. The answers to these ques-
tions will provide the necessary knowledge
needed to limit the spread of the disease,
which is very important for O. edulis, since it
does not seem to have a natural resistance to
the parasite.
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