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Abstract
A histological study was conducted in order to investigate the presence of the protozoan
Marteilia sp. in the cultivated populations of mussel Mytilus galloprovincialis in the gulf of
Thessaloniki (Thermaikos gulf). Two series of samplings took place, one in October 2004 and
one in July 2005, at 14 sampling sites in the gulf of Thessaloniki (9 long-line and 5 on-table
cultured mussel farms). The protozoan Marteilia sp. was detected in the epithelial cells of the
stomach and the digestive tubules. Haemocytic infiltration was only observed in the
connective tissue and the epithelial cells of the digestive gland. The detection frequency of
Marteilia sp. in mussels varied from 10 to 36.7%, depending on the sampling area, the time of
sampling and the culture method. Detection frequency of the protozoan was significantly
higher (P <0.05) at the July sampling compared to the October sampling. Concerning the
culture method the detection frequency of Marteilia sp. was significantly higher (P <0.05) at
cultured-on table than long-line cultured mussels.
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Introduction
Marteiliosis is caused by the protozoan
Marteilia sp. and affects various mollusc
species. It was reported for the first time in
1968 in oysters Ostrea edulis from Brittany in
France, inducing up to 90% mortality in
populations (Alderman 1979). Marteiliosis
is known as Aber disease when the
causative agent is Marteilia refringens or as
QX disease, when it is caused by Marteilia
sydneyi.

The protozoan Marteilia sp. was detected in
Thermaikos gulf (Greece) in mussels Mytilus
galloprovincialis (Photis et al., 1997; Virvilis et
al., 2003) and in oysters Ostrea edulis
(Angelidis et al., 2001; Virvilis et al., 2003).

Since 1999, the fishing of O. edulis has been
halted because the natural populations
decreased dramatically due to Marteilia
parasitism (Angelidis & Photis, 1997; Virvilis
& Angelidis, 2006). The way in which the
protozoan was introduced into the gulf is
still unknown and difficult to determine. It is
believed that either an illegal introduction
of infected oysters obtained from abroad
or through shellfish attached to the exterior
of ships or carried in their ballast waters
(McCarthy & Khambaty, 1994; Tamburri et
al., 2002) were responsible for this intro-
duction. Until now, the presence of this
protozoan has not been reported in other
mollusc species and regions of Greece.
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Marteiliosis due to Martelia refringens is not
zoonotic, but is listed by the World Organi-
sation for Animal Health (OIE, 2003) and is
notifiable in the European Union.

Two species belonging to the genus Marteilia
were reported in Europe: Marteilia refringens
and M. maurini (Grizel et al., 1974; Perkins
1976; Comps et al., 1982). Initially, their
discrimination was based on their host
specificity (M. refringens in flat oysters Ostrea
edulis and M. maurini in mussels Mytilus edulis
and M. galloprovincialis), and on ultra-
structural characteristics (form of haplo-
sporosome and spore wall morphology)
(Figueras & Montes 1988). However when
M. refringens was detected in mussels and
M. maurini in flat oysters (Le Roux et al., 2001;
Lopez-Flores et al., 2004; Novoa et al., 2005)
the first criterion became invalid. Moreover,
Longshaw et al., (2001) questioned the
reliability of the second criterion and
showed that the morphology of the parasite
depends on the host.

The aims of the present work were a) to
evaluate the detection frequency of
Marteilia sp. in mussels M. galloprovincialis
during and after the transmission period
(July and October respectively) and b) to
investigate the effect of mussel culture
method (on long line and “on table”) on the
occurrence of the disease in the Thermaikos
gulf, which is the main mollusc production
area in Greece.

Materials and methods
Sampling areas
The study was carried out at fourteen
sampling sites of Thermaikos gulf. Sampling

sites were selected according to their
geographic location, in an attempt to be
representative of all mussel farm areas in
the gulf (Figure 1). On five sampling sites,
mussels were cultivated on table and on
the remaining nine on suspension (long-
line). Sampling sites and farming type are:

Pieria:

· Station n. 1, Gritsa area (Long-line
mussel farm).

· Station n. 2, Alykes area (Long-line
mussel farm).

· Station n. 3, Makrigyalos IIA area (Long-
line mussel farm).

· Station n. 4, Makrigyalos IIB area (Long-
line mussel farm).

· Station n. 5, Methoni IIIA area (Long-
line mussel farm).

· Station n. 6, Methoni IIIB area (Long-
line mussel farm).

Figure 1. Map of Thermaikos gulf with the
sampling sites. Gray area represents the main
mussel production zone.
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Imathia:

· Station n. 7, Kimina H40 area (Long-line
mussel farm).

· Station n. 8, Kimina H10 area (On-table
mussel farm).

· Station n. 9, Kimina P48 area (On-table
mussel farm).

Thessaloniki:

· Station n. 10, Naziki area (On-table
mussel farm).

· Station n. 11, Leykoudi area (On-table
mussel farm).

· Station n. 12, Kavoura area (On-table
mussel farm).

· Station n. 13, Angeloxori area (Long-line
mussel farm).

· Station n. 14, Epanomi area (Long-line
mussel farm).

A total of 810 mussels Mytilus galloprovincialis
were collected from all the sampling sites
during two separate periods, October 2004
and July 2005. Each sample consisted of
thirty market-sized mussels (above 50 mm
shell length), which were randomly collected
from each station.

Histopathology
The mussels were fixed in Davidson’s
fixative (Shaw & Battle, 1957) with a ratio of
1 volume of tissue to 10 volumes of fixative,

ND: Not determined, the corresponding value in the July sampling was not used to the Wilcoxon signed - rank test.

Table 1. Percentage of Marteilia sp. infected mussels at the sampling sites in October and July.

setiSgnilpmaS n

gnilpmaSrebotcO gnilpmaSyluJ

detcefnifooN )%(noitcefnifoegatnecreP detcefnifooN )%(noitcefnifoegatnecreP

"enilgnolnO"

astirG 03 4 3,31 6 02

sekylA 03 3 01 4 3,31

AII.girkaM 03 4 3,31 5 7,61

BII.girkaM 03 6 02 5 7,61

AIIIinohteM 03 3 01 3 01

BIIIinohteM 03 5 7,61 4 3,31

04HanimiK 03 5 7,61 8 7,62

iroxolegnA 03 DN DN 7 3,32

imonapE 03 4 3,31 5 7,61

"elbatnO"

01HanimiK 03 4 3,31 6 02

84PanimiK 03 5 7,61 9 03

ikizaN 03 6 02 9 03

iduokyeL 03 5 7,61 11 76,63

aruovaK 03 3 01 8 7,62
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for 24 h. Oblique transverse sections, 5 μm
thick, were taken from each specimen so
that mantle, digestive gland, gills, gonad,
kidney and foot were included. The tissue
samples were embedded in paraffin wax,
stained with Harri’s hematoxylin and eosin
(Howard & Smith, 1983) and examined under
a light microscopy for the presence of
Marteilia sp. and host reaction.

Detection frequency - Infection intensity
Detection frequency of Marteilia sp. was
estimated in each sample (n=30) as follows:
number of infected mussels ×100 / total
number of mussels. The detection
frequency among the mussels farmed with
the system on-table and on long-line was
studied in October and in July.

 For the characterization of the infection
intensity by Marteilia sp. the scale proposed
by Villalba et al. (1993b) was used. Six
intensity levels (I.L.) were selected and
categorised according to the percentage of
the infected digestive tubules (P.I.D.T.) on
ten different microscope fields / section /
mussel and for 30 mussels per sample.

Figure 2. Developmental stages of Marteilia sp.
in epithelium of digestive tubules (H&E staining,
Scale bar 25 μm).

Afterwards the mean value was calculated:

· (I.L.0): no parasites detected,

· (I.L.1): parasite confinement to the
stomach epithelium

· (I.L.2): P.I.D.T. <10%,

· (I.L.3): 10% < P.I.D.T. < 50%,

· (I.L.4): 50% < P.I.D.T. < 90%,

· (I.L.5): P.I.D.T. > 90%.

In order to simplify the statistical analysis,
the results of the IL.1 and IL.2 were grouped
in IL.A and the results of the IL.3, IL.4 and
IL.5 grouped in IL.B.

Statistical analysis
The non – parametric Wilcoxon signed rank
test was used to compare the detection
frequencies of Marteilia in the mussels
cultured on-table in October and in July. The
same test was used to compare the
detection frequencies in the mussels
cultured on long-line in October and in July.

For each sampling (July and October), the
non – parametric Mann –Whitney U test was
used to compare the detection frequencies
of Marteilia in the mussels cultured on-table
and in the mussels cultured on long-line.

 A chi-squared test was used to determine
statistical differences in infection intensity
between the IL.A and IL.B in October and in
July.

Results
Histopathological lesions
The histopathological examination of the
infected mussels (October and July) shown
that plasmodia of Marteilia sp. were present
in the epithelial cells of the stomach.
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Sporangia of Marteillia sp. were found in the
epithelial cells of the digestive tubules,
where sporulation occurred (Figure 2). The
digestive gland epithelia were destroyed
because of the release of sporangia in the
lumen of the digestive tubules. Additionally,
haemocytic infiltration of the connective
tissue of the digestive gland and
granulocytomas of the mantle and also the
digestive gland were observed.  Marteilia
sp. was not detected in the gills.

Detection frequency studies
The parasite was detected in all the
sampling sites. The results are shown in the
table 1. The on-table cultured mussels

showed higher (P<0.05) detection frequency
of Marteilia in July than in October. No
significant differences (P>0.05) between the
two samplings were observed on long-line
cultured mussels.

In October the highest detection frequency
20% (6/30 mussels) was observed in sites n.
4 (Makrigyalos IIB) and n. 10 (Naziki), while
the lowest 10% (3/30 mussels) in sites n. 2
(Alykes), n. 5 (Methoni IIA) and n. 12
(Kavoura) (Table 1). In July the higher
detection frequency 36.7% (11/30 mussels)
was observed in station n. 11 (Leykoudi),
and the lowest 10% (3/30 mussels) in station
n. 5 (Methoni IIIA).

LIfopuorG sleveLnoitcefnI

rebotcO yluJ

enilgnolnO elbatnO enilgnolnO elbatnO

A.LI 1LI 042/2 051/1 072/5 051/7

2LI 042/22 051/21 072/6 051/01

B.LI 3LI 042/9 051/9 072/32 051/81

4LI 042/1 051/1 072/11 051/7

5LI 042/0 051/0 072/2 051/1

Table 2. Infection Levels of  Marteilia sp. infected mussels at the sampling sites in October and July
(infected per IL / total mussels).

A.LI B.LI

enilgnolnO
rebotcO A,1,a)042/42(00.01 A,1,b)042/01(71.4

yluJ A,2,a)072/11(70.4 A,2,b)072/63(33.31

elbatnO
rebotcO A,1,a)051/31(76.8 A,1,a)051/01(76.6

yluJ B,1,a)051/71(33.11 A,2,a)051/62(33.71

Table 3. Grouped Infection Levels of  Marteilia sp. infected mussels at the sampling sites in October and
July. The results are presented as % (infected IL.A / total mussels), minuscule letters show the comparison
between the IL.A and IL.B results, the numbers between October and July in the mussels cultured on long
line or on table and the capital letters show the comparison between the two culture methods in October
or in July.
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In July the mussels cultured on-table
showed higher (P<0.05) detection frequency
of Marteilia than these cultured on long line.
The observed differences in October were
not statistically significant.

Infection intensity
The results of the infection intensity of each
I.L.  are shown in Table 2, while in Table 3
the results of the grouped IL.A and IL.B.

In July more mussels exhibited high levels
of parasitism (IL.B), in both culture methods,
long-line and on-table (13.33%, 17.33%
respectively) (P<0.05), while the percen-
tages of mussels that exhibited low
parasitism (IL.A) were 4.07%, 11.33%
respectively. In October, no differences in
the levels of parasitism were noted in the
“on table” cultured mussels. The percen-
tage of mussels that exhibited low level of
parasitism (IL.A) on long-line culture (in
October) was significantly higher than the
percentage of mussels exhibiting high level
of parasitism (IL.B) (10.00% and 4.17%
respectively).

Concerning the relation of the culture
method and the infection levels, significant
differences were noted only in July, where
the number of mussels exhibiting low levels
of parasitism (IL.A) was significantly higher
in the mussels cultured “on table”
compared to the mussels cultured on long
line (Table 3).

Discussion
The results of this study demonstrated that
the protozoan Marteilia sp. is present in all
farming mussel regions of Thermaikos gulf

that were studied. The detection frequency
of the protozoan varied from 10 to 36.7%,
depending on the sampling area, the time
period and the culture method. Similar
infection levels were reported in mussels
by Virvilis et al., (2003) and Rayyan (2003) in
Thermaikos gulf and by Robledo & Figueras
(1995), Fuentes et al., (1995,1998), Villalba et
al., (1993 a, 1993 b, 1997) in Spain. It is possible
however, using different detection methods
to obtain different detection frequencies, as
Pernas et al., (2001) suggested comparing
“nested PCR”, smears and histology. Using
the first method Pernas et al., (2001) could
detect Marteilia in 65% of the examined
mussels, while only 20-25% of the same
mussels were identified using the other two
methods. Therefore, the detection
frequency of Marteilia sp. in the mussels of
Thermaikos gulf could be higher than
reported in the present study, or in the
previous reports (Virvilis et al., 2003;
Rayyan 2003).

The propagation of the Marteilia protozoon
in the mussels depends on the water
temperature, the season and the
abundance of the intermediate host.
Figueras & Montes (1988) and Berthe et al.,
(1998) reported that increased temperature
promotes the spread of Marteilia sp.
Sporangia primordia results in chronic
infection all year round, while mature stages
appears seasonally, when the water
temperature is higher than 17oC and are
probably responsible for the spread of the
disease (Balouet, 1979). In our study, the
detection frequencies of Marteilia were
significantly higher in the “on table”
cultured mussels in July. At this period the
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water temperature in the gulf was as high
as 29oC compared to 16oC in October.

The presence of plasmodia and sporangia
in the examined mussels and the
destruction of the digestive tubules
demonstrated that the infection was active
at the time of the samplings. The mussel
reaction was revealed by the haemocytic
infiltration into the connective tissue of the
digestive gland and the observed
granulocytomas of the mantle and the
digestive gland.

Previous studies (Photis et al., 1997;
Angelidis et al., 2001; Virvilis et al., 2003;
Rayyan et al., 2006; Virvilis & Angelidis,
2006) demonstrate the persistence of the
parasite in the area. The observed
plasmodia and sporangia of Marteilia in this
study suggest that the life cycle of this
protozoan  can be completed in the
Thermaikos gulf. Although the existence of
an intermediate host is still unknown, the
failure of Balouet, (1979) and Berthe et al.,
(1998) to infect healthy oysters with the
parasite after a cohabitation challenge
suggests the involvement of an
intermediate host species in the
transmission of M. refringens. Audemard et
al., (2002, 2004) demonstrated that the
copepod Paracartia grani  is a potential
intermediate host of M. refringens, after a
successful transmission of the protozoan
from infected O. edulis to P. grani. This
copepod is not reported from the waters of
the Thermaikos gulf. The identification of
the intermediate host organisms would play
an important role in the control of
marteiliosis in this area.

Our investigation showed that in July not
only were the detection frequencies higher
but the parasitism was also more severe in
the mussels cultured on long-line (IL.B).
These results indicate that in July the
parasite is widespread and the mussels
appear vulnerable to infection during this
time period. In October, a higher proportion
of mussels cultured on long-line were
infected, but they exhibited low level of
parasitism (IL.A). It is believed that this
inverse result could be explained by the
higher water temperatures during July in
the gulf.

At the moment, it is difficult to determine
the actual effect of this parasite on the
mussels in the area. It may be that the high
mortalities of mussels observed in previous
years in summer (Galinou – Mitsoudi &
Petridis, 2000) were due to this parasite. The
parasitized mussels may not have been
able to cope with the stressful conditions
provoked by the high water temperatures
(29 – 32oC) (Galinou – Mitsoudi & Petridis,
2000), such as high metabolism (Bayne  &
Newell, 1983) and low O2 levels in the water
(Galinou – Mitsoudi & Petridis, 2000).

The significant high detection frequency
observed in July in the “on table” cultured
mussels compared to the mussels cultured
on long line demonstrates that the culture
method play a role in the distribution of the
disease. In October the differences were
not significant. This effect may only have
been significant in July because the spread
of Marteilia is more intense in summer as
demonstrated in the present study and by
Balouet (1979). The influence of the culture
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method on the spread of this parasite was
also demonstrated by the investigation of
the infection intensity levels of the mussels
(significant in July at IL.A , insignificant  in
July and October at IL.B).

The role of water-temperature in the
distribution of this parasite could also be
explained by the effect of the temperature
on the intermediate host. In higher water
temperatures the intermediate host may
become more active, its reproductive cycle
shortened, which enables it to multiply
rapidly. At the on-table mussel farms the
water depth ranges between 3–6 m and the
water temperature stays above 17oC for a
long period. Paracartia grani, which probably
is involved in M. refringens cycle (Audemard
et al., 2002, 2004) is a planctonic species that
prefers estuaries and bays instead of open
seas where the long line systems usually
are installed.  If the intermediate host is
sedentary rather than planctonic, the
infective stage(s) of the parasite occur in
higher concentration in the water directly
above the seabed, which is the case for the
mussels of the on-table farms.

The histopathological observations in the
present study, namely parasites in the
epithelial cells of the stomach and in the
epithelial cells of the digestive tubules, were
also reported by previous authors (Figueras
et al., 1991a, 1991b; Villalba et al., 1993a,
1993b, 1997; Fuentes et al., 1995; Robledo &
Figueras 1995; Berthe et al., 1998; Rayyan
2003; Karagiannis et al., 2006). The examined
mussels that exhibited levels of parasitism
I.L.4 and I.L.5 showed serious destruction
of digestive gland epithelia. In the present
study the parasite was not observed in the

gills of the examined mussels, although,
Robledo & Figueras (1995) reported the
presence of Marteilia in the gills of mussels.

The granulocytomas and the haemocytic
infiltration of the connective tissue of the
digestive gland that were observed in our
study is the defensive mechanism of the
mussels that can lead to the destruction of
the parasites (Figueras et al., 1991a,1991b;
Villalba et al., 1993b; Robledo et al., 1994;
Renault et al., 1995; Fuentes et al., 1998;
Caceres-Martinez et al., 1998; Kleeman et
al., 2002).

Despite the infection of the mussels of
Thermaikos gulf by the protozoan Marteilia
sp., the total production of mussels
increased from 20,000 tons in 2000 to 45,000
tons in 2005 (there was a proportional
increase of the cultivated gulf area). Based
on the evaluation of the physiological stress
index “Scope for Growth” (SFG),
Karagiannis et al., (2006) showed that
marteiliosis has a negative effect on the
growth of mussels. The present study did
not investigate the effect of the disease on
the growth rate of mussels. The actual loss
in production in the Thermaikos gulf is
difficult to calculate and only speculations
can be made. The impact of marteiliosis on
mollusc aquaculture in Thermaikos gulf is
not restricted to mussels M. galloprovincialis.
The parasite has significantly contributed
to the dramatic decrease in the natural
populations of oysters O. edulis, observed
since 1999. Angelidis et al., (2001), Virvilis et
al., (2003) and Virvilis & Angelidis (2006)
reported that the flat oysters from the gulf
were severely infected by the Marteilia sp.
Interestingly, in the Thermaikos gulf the
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clams Venus verrucosa and Modiolus barbatus
have not been found infected  by the
protozoan Marteilia sp. (Virvilis et al., 2003).

So far the control of the disease is
unsuccessful. A feasible way to reduce the
impact of marteiliosis on commercially
exploited bivalves is to establish effective
programs to prevent the transfer of infected
stocks into disease-free regions. Following
this policy, the spread of the intermediate
host(s) could also be avoided if they are
transported along with the shellfish. Another
approach, is to culture mussels on long
lines, where the impact of the parasite is
less severe, as the present study indicate.
The knowledge of the defensive mecha-
nisms of molluscs against Marteilia sp, the
sensitivity of the parasite to various
environmental factors, the life cycle and
biology of the intermediate host(s) will
contribute to the development of an
effective control of the disease.
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