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Larvae Associated with Mass Mortalities
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mass mortality of larvae and spat of carpet shell clams (R. decussatus) in a commercial hatchery. The histological lesions
caused by infection of clams with both bacterial isolates are
described. The general enzymatic activities of viable bacteria
and their extracellular products (ECPs), as well as the in vitro
influence on hemocyte survival, were determined.

Culture of carpet shell clams (Ruditapes decussatus) is a traditional activity that has great economical importance in Spain,
particularly in Galicia (northwest region of Spain). Therefore,
losses in production of this clam species would seriously affect
the economy of this region.
Globally, clam production is often affected by vibriosis,
which leads to high mortality rates mainly in nursery cultures
of juvenile bivalves (20, 35). In Spain serious mass mortalities
associated with Vibrio tapetis infections have been reported previously (15, 21). V. tapetis causes brown ring disease in Ruditapes
species, which is characterized by the appearance of brown
conchioline deposits that have variable distributions and variable thicknesses on the inner shell of diseased clams (41, 42).
Susceptibility of other cultured bivalve species to infections
caused by bacteria belonging to the genus Vibrio has been
found in several scallop species, including Aequipecten irradians (52), Euvola ziczac (22), Argopecten purpuratus (43, 44),
Pecten maximus (36), and Argopecten ventricosus (45), in oyster
species, including Crassostrea virginica (11) and Crassostrea gigas
(53), and also in abalone (Haliotis diversicolor supertexta) (30).
In this paper, we report isolation of Vibrio splendidus biovar
II and Vibrio alginolyticus as the causative agents of episodes of

MATERIALS AND METHODS
Bacterial isolation. Larvae and spat of naturally infected clams in a commercial hatchery were crushed in a sterile glass homogenizer and plated on tryptic
soy agar with 1% NaCl (TSA-1) and on thiosulfate citrate bile sucrose agar
(Difco). The most abundant colonies were selected and obtained in pure culture
for characterization and identification. For long-term preservation bacteria were
frozen in tryptic soy broth (Difco) supplemented with 1% NaCl and 15% glycerol.
Characterization of the bacterial isolates. Pure cultures of the most abundant
bacterial strains (strains TA2 and TA15) were subjected to standard morphological, physiological, and biochemical plate and tube tests by using the procedures
described in Bergey’s Manual of Systematic Bacteriology (24) and the scheme of
Alsina and Blanch (1). Gram staining (13), the oxidase test, morphology, motility, susceptibility to the vibriostatic compound O/129, and growth on thiosulfate
citrate bile sucrose agar were the main assays employed to identify the organisms.
In parallel, a commercial miniaturized API 20E kit (BioMérieux) was also used.
Drug resistance patterns of the bacterial isolates were determined by the disk
diffusion method on Mueller-Hinton agar (Oxoid) supplemented with 1% NaCl.
The following concentrations of antibiotics were used: ampicillin, 10 g/disk;
chloramphenicol, 30 g/disk; nitrofurantoin, 300 g/disk; oxolinic acid, 2 g/disk;
oxytetracycline, 30 g/disk; streptomycin, 10 g/disk; tetracycline, 30 g/disk;
and trimethroprim-sulfamethoxazole, 25 g/disk.
DNA of both bacterial strains was isolated by conventional procedures, and a
312-bp fragment of the 16S rRNA gene was amplified by using forward primer
PSL (5⬘-AGGATTAGATACCCTGGTAGTCCA-3⬘) and reverse primer PSR
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Two episodes of mortality of cultured carpet shell clams (Ruditapes decussatus) associated with bacterial infections were recorded during 2001 and 2002 in a commercial hatchery located in Spain. Vibrio alginolyticus was
isolated as the primary organism from moribund clam larvae that were obtained during the two separate events.
Vibrio splendidus biovar II, in addition to V. alginolyticus, was isolated as a result of a mixed Vibrio infection from
moribund clam larvae obtained from the second mortality event. The larval mortality rates for these events
were 62 and 73%, respectively. Mortality was also detected in spat. To our knowledge, this is the fist time that
these bacterial species have been associated with larval and juvenile carpet shell clam mortality. The bacterial
strains were identified by morphological and biochemical techniques and also by PCR and sequencing of a
conserved region of the 16S rRNA gene. In both cases bacteria isolated in pure culture were inoculated into
spat of carpet shell clams by intravalvar injection and by immersion. The mortality was attributed to the
inoculated strains, since the bacteria were obtained in pure culture from the soft tissues of experimentally
infected clams. V. alginolyticus TA15 and V. splendidus biovar II strain TA2 caused similar histological lesions
that affected mainly the mantle, the velum, and the connective tissue of infected organisms. The general
enzymatic activity of both live cells and extracellular products (ECPs), as evaluated by the API ZYM system,
revealed that whole bacterial cells showed greater enzymatic activity than ECPs and that the activity of most
enzymes ceased after heat treatment (100°C for 10 min). Both strain TA15 and strain TA2 produced hydroxamate siderophores, although the activity was greater in strain TA15. ECPs from both bacterial species at high
concentrations, as well as viable bacteria, caused significant reductions in hemocyte survival after 4 h of
incubation, whereas no significant differences in viability were observed during incubation with heat-killed
bacteria.
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TABLE 1. Main phenotypic characteristics of the pathogenic
bacterial V. splendidus biovar II strain TA2 and V. alginolyticus
TA15 isolated from diseased clams (R. decussatus)
in a commercial hatcherya
Test

Gram stain
Motility
Oxidase
Catalase
Swarming on solid media
Pigment
Thiosulfate citrate bile sucrose
Indole
Voges-Proskauer
H2S production
O/F Glucose
Gas from D-Glucose
Growth at 40°C
Na⫹ required for growth
Arginine dihydrolase
Ornithine decarboxylase
Lysine decarboxylase
␤-Galactosidase (ONPG)
Acid production from sucrose
Gelatinase
Amylase
Reduction of NO3 to NO2
Resistance or sensitivity to:
O/129
Ampicillin
Chloramphenicol
Nitrofurantoin
Oxolinic acid
Oxytetracycline
Streptomycin
Tetracycline
Trimethropim-sulfamethoxazole

V. splendidus biovar II
strain TA2

V. alginolyticus
TA15

⫺
⫹
⫹
⫹
⫺
⫺
⫹
⫹
⫺
⫺
F
⫺
⫺
⫹
⫺
⫺
⫺
⫺
⫺
⫹
⫹
⫹

⫺
⫹
⫹
⫹
⫹
⫺
⫹
⫹
⫹
⫺
F
⫺
⫹
⫹
⫺
⫹
⫹
⫺
⫹
⫹
⫹
⫹

S
I
S
I
S
S
I
I
S

S
R
S
S
S
I
S
R
R

a
Abbreviations: F, fermentative; R, resistant; S, sensitive; I, intermediate;
O/F, oxidation-fermentation; ONPG, o-nitrophenyl-␤-D-galactopyranoside.

determined in CM9 medium tubes containing increasing concentrations of the
chelator and was defined as the lowest concentration at which no bacterial
growth was observed.
The production of compounds with siderophore activity was investigated in
CAS agar (47). Overnight cultures in CM9 medium were spotted on CAS agar
plates, which were incubated for 48 h at 25°C. Results were considered positive
when orange halos appeared around spots. The size of the halo was used as a way
to estimate the siderophore level produced. The CAS liquid assay was also performed with both strains. Production of phenolic compounds was detected in cellfree supernatants obtained from iron-depleted cultures in CM9 medium supplemented with 10 M 2,2⬘-dipyrydil by using the colorimetric test of Arnow (5).
Hydroxamic acids were determined by a modification of the Csáky method (4).
Clam hemolymph. Adult carpet shell clams were obtained from the Rı́a de
Vigo (northwest Spain). They were maintained in filtered seawater tanks at 15°C
with aeration and were fed daily with the mixture of I. galbana and T. svecica
(1:1). Clam shells were notched with a grinding machine near the adductor
muscle, and 1 ml of hemolymph was withdrawn from each individual from the
adductor muscle with a disposable syringe. Hemolymph extracted from 10 animals was pooled to perform the experiments.
Viability of hemocytes. Clam hemocytes were placed in sterile tubes and
treated with viable or heat-killed (100°C, 2 h) bacteria at a dose of 5 ⫻ 106
bacteria/ml and also with nontreated and heat-treated (100°C for 10 min) bacterial ECPs (400 and 4 g/l). After 4 and 24 h of incubation, aliquots were removed, and cell viability was determined by trypan blue exclusion. All treatments
were performed in triplicate for each of the three hemolymph pools. The data
were expressed as percentages of viable cells based on the initial cell number.
Statistics. The data were compared by using a Student t test. The results were
expressed as means ⫾ standard deviations, and differences were considered
statistically significant at a P value of ⬍0.05.
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(5⬘-ACTTAACCCAACATCTCACGACAC-3⬘), which hybridized to conserved
regions of the 16S rRNA gene corresponding to positions 782 and 1094 of
Escherichia coli, respectively (14). Direct sequencing of purified PCR products
was accomplished by using a BigDye terminator cycle sequencing Ready Reaction kit (Applied Biosystems) according to the manufacturer’s directions and an
ABI PRISM 377 automated sequencer (Applied Biosystems). Bacterial sequences were subjected to BLAST searches (2) by using the National Center for
Biotechnology Information GenBank database.
Phylogenetic analysis. Bacterial small-subunit rRNA sequences were aligned
with other Vibrio sequences by using the program ClustalW (51). Evolutionary
relationships between the defined rRNA sequences were inferred by using the
neighbor-joining method (46). The accuracy of the resulting tree was measured
by bootstrap resampling of 1,000 replicates. The E. coli sequence was used as an
outgroup.
Experimental infections. In order to confirm the pathogenicity of bacterial
strains TA2 and TA 15, which were isolated from infected spat and larvae in the
commercial hatchery, experimental challenges were conducted with carpet shell
clam spat that were approximately 6 mm long. Healthy spat of carpet shell clams
obtained from a commercial hatchery were maintained in marine aquaria at 18°C
with aeration and were fed daily with 1.5 ⫻ 105 cells of an algal mixture of
Isochrysis galbana and Tetraselmis svecica (1:1) per ml. Both bacterial isolates
were inoculated by intravalvar injection and by immersion in separate experiments.
Overnight cultures of the bacterial strains to be tested were washed by centrifugation and suspended in phosphate-buffered saline (PBS). Dilutions of the
resulting bacterial suspensions were spread on TSA-1 to determine the number
of CFU per milliliter.
Experimental challenges by immersion were performed in flat-bottom, circular, 5-liter tanks at 18°C with gentle aeration. Spat were fed daily with the algal
mixture described above, and the water in the tanks was partially (40%) changed
every day. Groups of 100 clams were infected with each bacteria isolate (TA2 or
TA15) by adding bacterial suspensions directly to the water to obtain a final
bacterial concentration of 1 ⫻ 106 CFU/ml. A control tank with an identical
experimental setup but without the pathogenic bacteria was also included. The
mortality rate was determined by directly counting the surviving spat for 30 days
postchallenge.
For intravalvar injection, clams were taken out of the water and placed on
filter paper for approximately 20 min. After this, the bivalves were inoculated in
the pallial cavity with 20 l of a bacterial suspension (5 ⫻ 106 CFU/ml) or with
an equal volume of PBS as a control by using an insulin syringe. Once the
infection procedure was performed, the bivalves were kept out the water for 30
min before they were placed back into the tanks.
To verify Koch’s postulate (10) in these experiments, the challenged clams
were sampled to reisolate and identify the bacterial pathogen. In all cases,
mortality was attributed to the bacterium inoculated if it was recovered in pure
culture from gaping or dead clams.
Histopathological examination. Samples of infected carpet shell clams (larvae
and spat) from the commercial hatchery, as well as from experimental challenges,
were fixed with Davidson’s fixative (48) for 24 h. Whole larvae or the whole
bodies of the juveniles were then processed manually (in the case of larvae) or by
using an automatic tissue processor (Reichert-Jung Histokinette 2000) (in the
case of juveniles) and embedded in paraffin, and sections were cut with a microtome (Reichert-Jung Ultracut). The sections (5 m) were first deparaffinized
and rehydratated, and then they were stained with hematoxylin and eosin stain
and Giemsa stain for histopathological examination with a microscope (Nikon
Optiphot).
Preparation of the bacterial extracellular products. The bacterial ECPs were
obtained by the cellophane plate technique (29) by spreading 0.1 ml of a 24-h
culture in tryptic soy broth with 1% NaCl over sterilized cellophane sheets placed
on TSA-1 plates. The plates were incubated for 24 h, and the cells were washed
off the cellophane with PBS. The suspensions were centrifuged at 10,000 ⫻ g for
30 min at 4°C, and the supernatants were filtered through 0.45-m-pore-size
membranes and stored at ⫺80°C until they were used. The protein concentrations of the ECPs were evaluated by the method of Bradford (9) with the
Bio-Rad reagent (Bio-Rad Laboratories, Munich, Germany).
The general enzymatic activities of bacterial strains TA2 and TA15, as well as
nontreated ECPs or heat-treated ECPs (100°C for 10 min), were evaluated by
using the API ZYM system (BioMérieux) incubated at 22°C for 24 h.
Growth under iron-limiting conditions and siderophore production. Both
strains were cultured in M9 minimal medium supplemented with 0.2% (wt/vol)
Casamino Acids (CM9 medium) supplemented with 10 M nonassimilable iron
chelator 2,2⬘-dipyrydil (Sigma), which makes iron unavailable to bacteria if they
do not possess a high-affinity iron uptake system. The MIC of 2,2⬘-dipyrydil was
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FIG. 1. Phylogenetic tree for clam bacterial strains and different Vibrio sequences (GenBank accession numbers are indicated in parentheses)
derived from a conserved fragment of the 16S rRNA gene. The numbers at the nodes indicate the levels of bootstrap support based on 1,000
replicates (values less than 750 are not shown). Bar ⫽ 1% sequence divergence.

RESULTS
Characterization of the bacterial isolates. Two episodes of
mortality of cultured carpet shell clams (R. decussatus) were
recorded in a commercial hatchery located in Spain. A clam
larva mortality rate of 62% was observed in the first disease
outbreak, and V. alginolyticus was isolated as the predominant
organism from moribund larvae. In the second outbreak, the
rate of clam larva mortality was 73%, and both V. alginolyticus
and V. splendidus were isolated as predominant organisms
from moribund animals. These bacteria were also isolated

from moribund spat. The bacterial strains were isolated, maintained in pure culture, and identified as V. splendidus biovar II
strain TA2 and V. alginolyticus strain TA15 by using the biochemical and physiological characteristics shown in Table 1 (mainly
swarming, Voges-Proskauer, arginine dihydrolase, ornithine
decarboxylase, and lysine decarboxylase characteristics).
Both bacterial strains were sensitive to chloramphenicol and
oxolinic acid. V. splendidus biovar II strain TA2 was also very
sensitive to trimethoprim-sulfamethoxazole, whereas V. alginolyticus strain TA15 appeared to be resistant.

VOL. 71, 2005

ISOLATION OF VIBRIOS FROM CLAM LARVAE

101

FIG. 2. Cumulative clam mortalities caused by intravalvar (A) and
immersion (B) experimental infections with V. splendidus biovar II and
V. alginolyticus recorded daily for 30 days. One hundred clams per
treatment were used.

The sequences of the conserved fragment of the 16S rRNA
gene amplified by PCR were used for BLAST homology
searches, and the results of the identification of the bacterial
strains were in agreement with the results obtained by traditional techniques. The V. splendidus TA2 sequence (accession
number A4353085) appeared to be related to V. splendidus
strains with an E value of e-139. V. alginolyticus TA15 (accession number A4353084) was similar to several Vibrio strains,
including strains of V. alginolyticus (E value, e-130). The phylogenetic tree (Fig. 1), which was constructed mainly with sequences from Vibrio strains isolated from fish and shellfish
(GenBank accession numbers are indicated in Fig. 1), clearly
separated one group containing Vibrio pelagius (or Listonella
pelagia), Vibrio alginolyticus, Vibrio harveyi, and Vibrio fisheri
strains, including V. alginolyticus TA15, and another group containing the Vibrio anguillarum subgroup and a subgroup consisting
of mainly V. splendidus strains, including V. splendidus TA2.
Experimental infections. Experimental challenges demonstrated that both V. splendidus biovar II strain TA2 and V. alginolyticus TA15 were able to induce significant mortality in
carpet shell clam spat. In addition, it was found that both
routes of experimental infection were effective in inducing
clam mortality (Fig. 2).
V. alginolyticus TA15 seemed to be more virulent than
V. splendidus biovar II strain TA2, since it produced higher
mortality rates at the end of the intravalvar infection and
immersion challenge experiments (60 and 48%, respectively).

FIG. 3. Photomicrographs of a carpet shell clam control larva (A) and
an infected larva showing necrosis and disorganization of the clam tissue
(B) (hematoxylin and eosin staining). (B) Magnification, ⫻400.
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It is important to point out that intravalvar injection was the
most effective route of infection (Fig. 2A). Experimental infection by immersion resulted in a final cumulative level of
mortality which was lower than that obtained by intravalvar
injection (Fig. 2B).
Bacteriological studies showed that both bacterial strains
were reisolated from dead infected clams as pure cultures.
Histopathological examination. A number of lesions were
observed in carpet shell clams obtained from the commercial
hatchery in which there was a high mortality rate. In moribund
larvae there was an association of bacillary bacteria with the
velum that caused a loss of velar cells. Histological examination revealed the presence of bacillary bacteria in the velum
and advanced infection with necrosis in the clam tissue (Fig. 3).
A pale color of the digestive tract in the affected larvae, probably caused by a decrease in feeding activity, was also observed.
Bacillary bacteria were also detected along the mantle folds
of experimentally infected spat. Disorganization of muscles
fibers and strong hemocytic infiltration, especially in the connective tissue, were also observed.
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TABLE 2. Results of the API ZYM assay of V. splendidus
biovar II strain TA2 and V. alginolyticus TA15
Enzymatic activitya
Strain

Enzyme

Viable
bacteria

ECPs

Heat-treated
ECPs (100°C,
10 min)

Alkaline phosphatase
Esterase (C4)
Esterase-lipase (C8)
Leucine arylamidase
Valine arylamidase
Cystine arylamidase
Trypsin
␣-Chymotrypsin
Acid phosphatase
N-Acetyl-␤-glucosaminidase

Very strong
Strong
Moderate
Moderate
Low
Weak
Moderate
Weak
Very strong
Moderate

Very strong
Strong
Strong
Strong
Low
Weak
Moderate
Weak
Very strong
Moderate

ND
ND
ND
ND
ND
ND
ND
ND
Weak
ND

TA15

Alkaline phosphatase
Esterase (C4)
Esterase-lipase (C8)
Leucine arylamidase
Valine arylamidase
Cystine arylamidase
Trypsin
␣-Chymotrypsin
Acid phosphatase
N-Acetyl-␤-glucosaminidase

Very strong
Moderate
Moderate
Strong
Moderate
Moderate
Strong
Weak
Very strong
Very strong

Very strong
Moderate
Moderate
Strong
Weak
Weak
Strong
Weak
Very strong
Moderate

ND
Low
Low
ND
ND
ND
ND
ND
Very strong
ND

a
Very strong, ⱖ40 nmol of substrate hydrolyzed; strong, 30 nmol of substrate
hydrolyzed; moderate, 20 nmol of substrate hydrolyzed; low, 10 nmol of substrate
hydrolyzed; weak, 5 nmol of substrate hydrolyzed; ND, not detected.

The histological lesions observed in the experimentally challenged spat were similar for both bacterial strains and both
infection routes. No histological lesions were observed in noninfected control clams.
Enzymatic activity. The ECPs of V. splendidus biovar II
strain TA2, obtained by the cellophane plate technique, had
general enzymatic activity similar to that of the whole viable
cells (Table 2). The most important activities were alkaline
phosphatase and acid phosphatase. When the ECPs were heat
treated, the activities of most enzymes disappeared, and only a
weak acid phosphatase reaction was detected.
For V. alginolyticus TA15, the activities of 10 enzymes were
detected in viable cells, as well as in the bacterial ECPs (Table
2). The strongest enzymatic reactions were the alkaline phosphatase, acid phosphatase, and N-acetyl-␤-glucosaminidase reactions. Heat treatment of the bacterial ECPs resulted in low
(10 nmol) esterase (C4) and esterase-lipase (C8) enzymatic
activities and very strong (ⱖ40 nmol) acid phosphatase enzymatic activity.
Growth under iron-limiting conditions and siderophore
production. To evaluate the ability of strains TA15 and TA2 to
grow in low-iron environments, the MICs of 2,2⬘-dipyrydil were
determined. Both strains were able to grow in CM9 minimal
medium supplemented with 10 M 2,2⬘-dipyrydil. However,
for strain TA15, which was identified as V. alginolyticus, the
MIC of 2,2⬘-dipyrydil was 80 M, whereas for strain TA2,
which was identified as V. splendidus, the MIC was 40 M. The
CAS method was used to evaluate the production of siderophores by both strains. When the strains were inoculated
onto CAS agar plates, only strain TA15 grew normally and
produced huge orange halos around growing spots; the ratio of
the halo to the colonial growth was around 2.5. This indicated

FIG. 4. Viability of clam hemocytes incubated for 4 and 24 h at
18°C with viable and heat-killed V. splendidus biovar II (a) and V. alginolyticus (b) at a concentration of 1 ⫻ 106 bacteria/ml. The data are
expressed as means ⫾ standard deviations and are percentages of
viable hemocytes based on the initial cell count. An asterisk indicates
that the level of viability was significantly lower than the mean level of
viability of noninfected controls (P ⬍ 0.05). Three hemolymph pools
were used in the experiment.
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TA2

that there was strong production of compounds with siderophore activity. By contrast, strain TA2 did not grow in this
medium after 48 h of incubation. The liquid CAS medium
assay with cell-free supernatants gave positive results for both
strains, although the reaction for the strain TA15 supernatant
was stronger than the reaction for the strain TA2 supernatant.
The cell-free supernatants from CM9 medium supplemented
with 10 M 2,2⬘-dipyrydil were also examined by using the
Arnow and Csáky tests for the presence of catechols and hydroxamates. Both strains gave negative results for catechol
production, whereas both strains were positive in the Csáky
test, indicating that there was hydroxamate production.
Viability of hemocytes. The viability of clam hemocytes was
significantly affected by incubation with both bacterial isolates.
After 4 and 24 h of incubation with V. splendidus biovar II
strain TA2 and V. alginolyticus TA15, viable bacterial cells
significantly decreased the viability of hemocytes. Heat-killed
bacteria did not have a significant effect on clam hemocyte
viability after 4 or 24 h of incubation (Fig. 4).
Incubation of hemocytes with the ECPs of both isolated
bacteria significantly affected the viability of clam hemocytes.
High doses of ECPs of V. alginolyticus TA15 significantly reduced the viability of hemocytes after 4 and 24 h of incubation
(Fig. 5a). In the case of the ECPs of V. splendidus biovar II
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strain TA2, only after 24 h of incubation was a significant
reduction in hemocyte survival observed (Fig. 5b). When ECPs
of both bacterial isolates were heat treated (100°C for 10 min),
no significant reduction in hemocyte survival was observed for
any incubation time (Fig. 5).
DISCUSSION
The Vibrio taxa that are commonly associated with cultured
bivalves are V. anguillarum, V. tubiashii, V. alginolyticus, and
V. splendidus biovar II (8, 18, 31, 50). These Vibrio taxa are
virulent mainly during the bivalve larval stages due to their
ability to produce exotoxins (19, 38, 43) or their ability to invade larval tissues directly, causing necrosis.
The results obtained in the present work confirm the pathogenic effects of two Vibrio species that were the causative
agents of high rates of mortality of larvae and carpet shell clam
spat in a commercial hatchery. To our knowledge, this is the
fist time that these bacterial species have been associated with
mortality of larvae and juvenile carpet shell clams. The bacteria were classified by using both traditional biochemical and
morphological methods and also molecular techniques. Although the amplified sequence of the 16S rRNA gene was

quite conserved, the bacterial identities determined by homology searches and by using the phylogenetic tree generated were
in agreement with the bacterial identities obtained by traditional techniques. However, more detailed taxonomic positions of the bacterial isolates may be obtained by using the
complete sequence of the 16S rRNA gene; that was not the
aim of this work.
In the experimental challenges, V. alginolyticus TA15 appeared
to be more virulent than V. splendidus biovar II strain TA2. V.
alginolyticus strains are often isolated from episodes of mortality
of cultured marine bivalves. Although this bacterial species may
not be a very strongly invasive bacterium, its pathogenicity may
rely on extracellular toxin production, as documented in other
investigations (7, 12, 38, 39, 49). Nottage and Birkbeck (37) purified a low-molecular-weight ciliostatic toxin from a V. alginolyticus strain, and this toxin can cause undesirable effects in the
physiology of infected clams, such as inhibition of filtration and
thus feeding (34). Furthermore, it has been proved that virulent
Vibrio strains have a cytotoxic effect, the ability to kill hemocytes,
that seems to be mediated by intact bacterial cells, as well as by
extracellular factors (27, 28, 39).
Although V. splendidus has been present in environmental
samples of marine water and shellfish species (16, 32), it has
also been mentioned as the causative agent of juvenile oyster
(C. gigas) mortality (25), as well as C. virginica mortality (50).
Mortality of cultured scallops (P. maximus) and mortality of
Pacific oysters (C. gigas) in France (26, 53) have been also
associated with V. splendidus biovar II infections. However, the
involvement of extracellular toxins in the pathogenicity of
V. splendidus biovar II strain TA2 has not been studied. Our
results indicate that the ECPs of V. splendidus biovar II strain
TA2 and V. alginolyticus TA15 have cytotoxic activity that can
significantly diminish clam hemocyte survival after 24 h of
incubation, demonstrating that ECPs of both isolates are involved in the pathogenesis of the bacteria. The almost complete loss of enzymatic activity and cytotoxic activity of both
bacterial ECPs after heat treatment (100°C for 10 min) suggests that the toxin is thermolabile. As observed for several
isolates of Photobacterium damselae subsp. piscicida (33), the
reduction in biological activity after heat treatment suggests
that toxicity is not solely associated with the lipopolysaccharide
content of the ECPs.
Hydroxamate production by other Vibrio species and its relationship with virulence have been reported previously (3, 6,
17, 40). The results described above indicate that hydroxamate
siderophores are produced by strains TA15 and TA2, although
the activity is stronger in strain TA15. The production of hydroxamate siderophores by V. alginolyticus or V. splendidus has
not been described previously. The stronger siderophore activity detected in strain TA15 could explain in part the greater
virulence of this strain.
The histological lesions caused by both inoculated bacteria,
V. alginolyticus TA15 and V. splendidus biovar II strain TA2,
resembled those previously described for larval vibriosis and
bacillary necrosis reported for larval stages of oysters (50, 52)
and cockle (Fulvia mutica) (23).
Both bacterial isolates were sensitive to most of the antibiotics tested in vitro. The mortality rates decreased when carpet
sell clam larvae and spat stocks were treated with chloramphenicol and with nitrofurantoin in the commercial hatchery.
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FIG. 5. Viability of clam hemocytes incubated for 4 and 24 h at
18°C with the ECPs and heat-treated (100°C, 10 min) ECPs of V. alginolyticus (a) and V. splendidus biovar II (b) at concentrations of 4 and
400 g/ml. The data are expressed as means ⫾ standard deviations and
are percentages of viable hemocytes based on the initial cell count. An
asterisk indicates that the level of viability was significantly lower than
the mean level of viability of noninfected controls (P ⬍ 0.05). Three
hemolymph pools were used in the experiment.
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However, development of alternative methods, such as probiotics, to control bacterial infections could prove to be useful in
aquaculture since the prolonged use of antibiotics may result in
selection of antibiotic-resistant bacteria.
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