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INTRODUCTION

The use of captured wrasse as cleaner fish to reduce
infestations of ectoparasitic sea lice, mainly Lepeoph-
theirus salmonis and Caligus elongatus, on farmed
Atlantic salmon Salmo salar has been developed as a
supplement to the use of chemicals (Bjordal 1991,
Treasurer 1994, Tully et al. 1996). Wrasse use is an
alternative and biological method of control that has
environmental advantages over the traditional chemi-
cal treatment. However, the occurrence of pathogens
in wrasse is a disadvantage in salmon farming, both in
terms of mortality on the wrasse itself and in the possi-
bility of infecting the salmon. Two of the wrasse spe-
cies most used are the goldsinny Ctenolabrus rupestris
and the corkwing Symphodus melops. Both typical
(Hjeltnes et al. 1995) and atypical strains of Aeromonas

salmonicida have been isolated from wrasse, the latter
being responsible for occasionally high mortality in
goldsinny wrasse (Collins et al. 1991, Treasurer & Laid-
ler 1994, Bricknell et al. 1996, Laidler et al. 1999). No
other bacteria, except the recently isolated Vibrio strain
LP1 (Samuelsen et al. 2000), have to our knowledge
been reported in wrasse. 

A previously unknown disease of corkwing wrasse
was encountered by us in 1998 when holding a group
of apparently healthy wild-caught fish in the labora-
tory with the intention to use them for pharmacokinetic
experiments. Mortality however was significantly re-
duced upon treatment with an antibacterial agent
compared to untreated wrasse, indicating a bacterial
aetiology or ethiology (Samuelsen et al. 2000). These
findings motivated further trials with corkwing wrasse
in 1999. Again, mortality of wild-caught wrasse was
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experienced although held under favourable condi-
tions in the laboratory. As with the first group, bacteri-
ological examinations were carried out with the inten-
tion to find a causative agent. Cultivation of kidney
samples of moribund and dead fish indicated bacterial
aetiology. Isolation yelded 1 dominant strain from both
groups. The strain LP1 isolated from the 1998 group
was tentatively assigned to the genus Vibrio (Samuel-
sen et al. 2000). The strain dominating the samplings
from 1999 was numbered LP2. 

The purpose of the present study was to charac-
terise strains LP1 and LP2 isolated from dead and
moribund corkwing wrasse at the biochemical, sero-
logical and genetical level and to identify them to
species level.

MATERIALS AND METHODS

Experimental fish. Corkwing wrasse Symphodus
melops were captured by fish trap near Bergen (Nor-
way) in the autumns of 1998 and 1999 by a local fisher-
man. This method allowed wild wrasse of 45 ± 9 g to be
swiftly collected for transport to the Institute of Marine
Research where approximately 400 individuals were
stocked in flow-through storage tanks (1 m deep ×
2.5 m i.d.) held at 13 ± 0.5°C. The storage tanks were
provided with artificial seaweed and plastic tubes for
shelter. The fish were fed krill to satiation every second
day (1998 group) or every day (1999 group). After
approximately 4 wk in the tanks, a general loss of
appetite was noticed and the fish started to die. From
each group, kidney samples from 20 moribund and
dead fish were examined for the presence of bacteria
by cultivation.

Bacterial isolation and cultivation. Before necropsy,
the wrasse were disinfected with 70% ethanol. Poste-
rior kidney samples were inoculated directly into
nutrient blood agar (Oxoid, Basingstoke, UK) supple-
mented with 5% sheep blood and 1.5% NaCl and
slabs containing 150 µg of the vibriostatic agent O/129
were placed on the agar plates, which were incubated
aerobically at 15°C for a maximum of 7 d; colonies
were re-streaked before pure cultures were obtained.
Pure cultures were prepared in marine broth (Difco)
and frozen at –70°C in 20% glycerol. Growth prefer-
ences were determined using the marine broth, which
was occasionally filtered to remove precipitates (Han-
sen & Sørheim 1991). After incubation at 18°C in 96-
well microtitre plates, salt optimum was read at 495 nm
using a Titertek multiscan plus spectrophotometer
(Labsystems, Finland). The optimum temperature was
estimated using parallel batch cultures incubated for 4
to 6 h and read at 600 nm in a spectrophotometer
(Hitachi U-1100). Survival of washed cells during Star-

vation in 80% seawater (27‰, 80:20 seawater and dis-
tilled water) was monitored to assess the presence of
LP1 and LP2 post-outbreaks. In 2 separate trials, single
flasks of 100 ml or 50 ml cell suspensions were left sta-
tic on the laboratory bench for repetitive plating-out on
triplicate marine agar (Difco) plates incubated on the
bench at room temperature (~20°C). The LP1 and LP2
strains were experimentally compared with the ref-
erence strains Vibrio splendidus NCIMB1, V. splen-
didus I LMG19031T, and the V. tapetis B1090T/
CECT4600 isolated in October 1990 from diseased
manila clams in ‘Landeda’ (Finistère, France) by Pail-
lard & Maes (1990) and described later by Borrego et
al. (1996). Strains LP1 and LP2 can be obtained from
the National Collection of Industrial and Marine Bacte-
ria (NCIMB, Aberdeen, UK), where they are deposited
under Accession nos. V. splendidus LP1 NCIMB 13825
and V. tapetis LP2 NCIMB 13826. 

Phenotypic characterization. Biochemical profiles
were determined using commercial API kits (bio-
Mérieux, Missouri, USA). Strains LP1, LP2 and refer-
ence strains Vibrio splendidus NCIMB1 and V. tapetis
B1090 were suspended in 80% seawater (API 20 E) or
in distilled water supplemented with 1.5% NaCl (API
50 CH). The strips were incubated at 20°C, and results
were determined after 48 h of incubation as described
by Wiik et al. (1995). 

The minimum concentration of an antibacterial
agent at which complete inhibition occurred (MIC)
was determined using the agar dilution method (Wash-
ington 1985). Tests were performed as described by
Samuelsen & Lunestad (1996), in triplicate, with refer-
ence strains according to Torkildsen et al. (2000). The
antibacterial agents tested were flumequine, oxolinic
acid and oxytetracycline.

The nature of the antigens covering the surface of
LP2 were addressed in an agglutination assay using
polyclonal antibodies (Pasteur, France) raised in a rab-
bit against cells of Vibrio tapetis strain B1090. Pre-
pared antibodies (5 µl) were presented to LP2 on
Teflon slides (Polyabo) allowing for a direct visualiza-
tion of the agglutination. Prior to agglutination, LP2
had been cultured for 72 h and developed colonies on
marine agar plates that were harvested in 0.5 ml auto-
claved seawater and spotted (5 µl) into the wells of the
slide.

PCR amplification. 16S rDNA genes of whole cells
were PCR-amplified from suspensions prepared as fol-
lows. Isolates were grown aerobically at 10°C in 10 ml
marine media shaken at 120 rpm overnight (approx.
24 h); 1 ml was harvested in an Eppendorf centrifuge at
13 000 rpm (15 800 × g) for 3 min. The cell pellet was
resuspended in 1 ml 0.9% NaCl, centrifuged again,
washed in 1 ml of the NaCl and stored at –80°C in
100 µl autoclaved distilled water. 
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PCR was performed in 50 µl reaction mixtures in
0.5 ml microfuge tubes using the universal bacterial
primers 27f (AGAGTTTGATC(A:C)TGGCTCAG) and
1492r (TACGG(C:T)TACCTTGTTACGACTT) covering
nearly full length 16S rDNA (Lane 1991). Reactions
were performed with the reagents supplied with
Promega Taq polymerase at a magnesium-ion concen-
tration of 25 mM, with 1 µl template, and 50 pmol of
each primer (27f and 1492r). Deoxynucleotide triphos-
phates were supplied at 200 µM final concentrations.
Reactions were carried out in a PCT-200 thermal cycler
(MJ Research) with an initial denaturation step of 95°C
for 5 min, 30 cycles of 92°C for 1 min, 60°C for 1 min
and 72°C for 45 s, followed by a final extension of 5 min
at 72°C. A positive control was performed with Esche-
richia coli B sigma DNA. Reaction products were
examined for size and purity on 1% agarose gels visu-
alised by staining with ethidium bromide (Sambrook et
al. 1989).

Sequence analysis. The amplified genes were cleaned
using a pre-sequencing kit (Amersham Life Sciences)
and subjected to cycle sequencing in the same PCR ma-
chine as mentioned above using a dye terminator kit
(ABI Prism BigDye) and primers from Lane (1991). Com-
pleted reactions were precipitated according to the man-
ufacturer’s protocol and run on an ABI Prism Model 377
sequencer. Alignments were performed manually and
adjusted to the secondary structure model of Escherichia
coli (M24996). Corrections necessary to meet the model
were performed for LP1 and LP2 and in the reference
sequences retrieved from the EMBL GenBank. Bases 
17-1507 (LP1) and 8-1479 (LP2) were covered, omitting
problematic positions found in both isolates at Positions
0–7, 81–100, 180–190, 445–490 and 1018–1027 (E. coli
numbering). The LP1 and LP2 sequences have been de-
posited in GenBank and are available under Accession
Nos. AY129277 and AY129278.

DNA extraction. Nucleic acids were extracted for
hybridization and reversed-phase high-performance
liquid chromatography (HPLC) by methods described
in Marmur (1961) and Sambrook et al. (1989). For
HPLC, log cultures were harvested and cells lysed by
lysosyme and sodium dodecyl sulphate (SDS). Subse-
quent extraction by phenol and chloroform isoamylal-
cohol removed the cell material so that the nucleic
acids could be precipitated in ethanol and sodium
acetate. RNase removed the RNA and the organic
extraction was repeated before the DNA was precipi-
tated again and resuspended in water (Sambrook et al.
1989). DNA to be hybridised was extracted following
the method of Marmur (1961), with slight adaptations
comprising addition of sarkosyl and Proteinase K for
lysis and using only ethanol for precipitation. This
DNA was purified in a caesium chloride gradient
under ultracentrifugation.

Relative GC content (sum of percentage of guarine
and cytosine) of chromosomal DNA. DNA hydrolysis
initiated the HPLC analysis and was performed as de-
scribed in Tamaoka & Komagata (1984) using Nucle-
ase P1 and bacterial alkaline phosphatase (Sigma).
Following the method of these authors, nucleosides of
LP1, LP2 and reference Vibrio splendidus NCIMB1
were analysed for mol% GC content using HPLC. In
order to determine the molar absorption coefficient for
each of the 4 nucleosides, a mixture of the compounds
dissolved in distilled water at a concentration of 10 µg
ml–1 was analysed (n = 5). 

DNA-DNA hybridization. Chromosomal DNA of
LP1 and LP2 was spotted single-stranded as 300 ng
replicates (n = 4) on Hybond N membranes (Amer-
sham) using a vacum bond dot-blot system (SRC96D
Minifold I, Schleicher & Schüll) before fixing to the sur-
face by UV light (Sambrook et al. 1989). Chromosomal
DNA of Vibrio tapetis B1090 was randomly labelled by
fluoresceine-11-dUTP (Kit ECL, RPN 3040/3041) and
that of V. splendidus I LMG19031T with alkaline phos-
phatase using an alkphos direct labelling kit (Kit ECL,
RPN 3680/3682). The membranes were soaked in buffer
supplied by the kits and allowed to hybridise to the
labelled probes for 20h at 60°C (RPN 3040/3041) or
18 h at 55°C (RPN 3680/3682) in a hybridization oven
(Appligène Oncor, France). Unbound V. tapetis B1090
was washed off the membranes 3 times × 5 min at 60°C
in 1 × SSC (trisodium citrate 15 mM, NaCl 0.15 mM),
0.1% (w/v) SDS and finally in 0.5 × SSC, 0.1% (w/v)
SDS. Unbound V. splendidus I LMG19031T were
removed in 2 successive washes for 10 min at 55°C
using the 2 buffers supplied by the kit (RPN
3680/3682). The membranes were subsequently
blocked and soaked in a detection reagent. Hybridised
DNA enhanced chemiluminescence through peroxi-
dase-catalyzed oxidation of luminol (RPN 3040/3041
kit) or a alkaline phosphatase-catalysed reaction (RPN
3680/3682 kit). Emitted chemiluminescence was
detected and quantified using a FLUOR-STM multil-
mager system (BioRad). The data were analysed using
a Multi-analyst software (BioRad) calibrated with
homologous DNA from LMG19031T and B1090 on the
filters (100% re-association rate) and herring sperm
DNA (0% re-association rate).

RESULTS

Pathogenic observations of wrasse 
Symphodus melops

In both groups (1989 and 1999) of wrasse, mortality
did not plateau but continued until the remaining fish
were anaesthetised and subsequently killed approxi-
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mately 4 wk after the first signs of infection. A general
loss of appetite and reduced swimming was observed.
In some fish, skin ulcerations occurred.  

Isolation and primary characteristics

Colony morphology revealed LP1 and LP2 to be
dominant in kidney samples of diseased wrasse.
Smooth-edged, greyish-white colonies with zones of
β-haemolysis on blood agar plates were typical of LP1.
Colonies of LP2 looked similar, but displayed no
haemolysis. Colony morphology of both strains stayed
virtually constant during sub-cultivation on marine
agar plates and plates left for 2 mo at 18°C in the dark.
Marine broth batches of LP2 kept their original yellow-
ish colour, while LP1 darkened and turned brownish
within 2 wk aerobically at room temperature. Both
strains are likely to be found in ambient in situ sea-
water during post-outbreaks, as our experiment
revealed almost every thousandth cell to be cultivable
after 1 mo starvation (Fig. 1). Growth required salt, but
not O2. Microscopic observations revealed a curved
morphology. Both strains were motile and a slightly
more slender cell type was noted for LP2 compared to
LP1. They are typical heterotrophs that readily double
every 1.5 h when shaken at 20°C in marine media. A
phylogenetic relationship was found between LP1 and
Vibrio splendidus and LP2 and V. tapetis; hence fur-
ther characterization was focused on these species.
Examination of the carbohydrate metabolism (API)
revealed some interesting details of intra- and inter-
specific break-point substrates (see ‘Discussion’) and
facilitated strain discrimination on the basis of sorbitol,
sucrose and β-gentiobiose. Sorbitol was only
metabolised by LP1, sucrose only by LP2 (Table 1) and

β-gentiobiose only by V. splendidus NCIMB1, while V.
tapetis B1090 metabolised none of the three (data not
shown). 

Antibiotic sensitivity (MIC)

The bacterial strain LP1 had a minimum inhibitory
concentration of 0.06 µg ml–1 for oxolinic acid, 0.13 µg
ml–1 for flumequine and 1.0 µg ml–1 for oxytetracycline.
Corresponding values for LP2 were 0.25, 0.5 and 2 µg
ml–1 respectively. Both LP1 and LP2 were sensitive to
the vibriostatic agent O/129.

Antigens

Strain LP2 was investigated for modified surface char-
acteristics related to the Vibrio tapetis B1090 originally
isolated from a clam (Paillard & Maes 1990). A modifi-
cation was found in LP2, as its agglutination by B1090
antibodies was reduced and moderate compared to the
B1090 itself. The difference suggests altered surface
characteristics in LP2. No agglutination of LP2 was ob-
served by antibodies raised against V. cholerae.

DNA-DNA hybridisation

DNA-DNA homology of LP1 and LP2 and their closest
phylotypes was clearly above the 70% species limit de-
fined by Wayne et al. (1987). Re-association percentages
for LP1 vs Vibrio splendidus I LMG19031T was 78.4%
(3.6% SD) and for LP2 and V. tapetis B1090 76.8% (4.5%
SD).
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Table 1. Characteristics of vibrios pathogenic to wrasse
Symphodus melops. %GC: sum of percentage of guanine and 

cytosine; – = negative, + = positive reaction

Parameter LP1 LP2

Morphology Curved rod Curved rod
Size (µm) 0.7 × 2.2 0.6 × 3.0
Gram stain – –
Cytochrome oxidase + +
NaCl optimum (w/v) 30% 25%
Temperature optimum 28°C 23°C
Growth at 37°C + –
Arginine dehydrogenase + –
Voges-Proskauer – –
β-gentiobiose – –
Glucose utilisation + +
Ribose utilisation + +
Sorbitol utilisation + –
Sucrose utilisation – +
Mannitol utilisation + –
DNA composition (%GC) 45.9 43.8

Fig. 1. Bacterial strains LP1 (s) and LP2 (d) survival during
starvation in sea water at room temperature (~20°C) at an ini-
tial density of 8.7 × 107 and 8.5 × 107 cells ml–1, respectively.
Colony-forming units were determined regularly on triplicate
marine agar plates. Note logarithmic vertical axis. Error 

bars = ±SE
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Phylogeny

Homology searches performed by Blast (Altschul et
al. 1990) revealed the isolates to have a very high affil-
iation to previously described species of the marine
environment. Blast identified LP1 as a Vibrio splen-
didus (X74724) and LP2 as a V. tapetis (Y08430) both
sharing >99% of the investigated 16S rDNA. Unique
nucleotide substitutions of LP1 were found at Positions
1355 (G), 1403 (C) and 1437 (G), and of LP2 at 1101 (C),
1139 (G) and at 1141 (A) (Escherichia coli numbering).
The construction of a phylogenetic tree (Fig. 2) incor-

porating 21 reference sequences posi-
tioned LP1 and LP2 in adjacent and rec-
ognizable clusters separate from
the clusters of V. anguillarum and V.
salmonicida (Wiik et al. 1995) and the
‘vibrio core’ organisms observed near
V. harveyi (Dorsch et al. 1992). The
pylogenetic positions of LP1 and LP2
are supported by the chromosomal GC
mol% given in Table 1.

DISCUSSION

Bacteria found to cause vibriosis in
the corkwing wrasse Symphodus me-
lops were characterised by traditional
and molecular methods, which led to
the identification of 2 recognised spe-
cies not previously associated with
wrasse. Characterisation revealed break
points facilitating recognition of the
new wrasse pathogens Vibrio splen-
didus LP1 and V. tapetis LP2.

Phylogenetic evidence supports the
conclusion that 1 representative of Vib-
rio splendidus and 1 representative of
V. tapetis were isolated. Analysis based
on the distance-tree method (Felsen-
stein 1988) showed robust V. splend-
idus and V. tapetis affiliation. A very
high sequence homology with more
than 99% 16S rDNA identity was found
for both isolates. The LP1 clearly
fell among strains characterised as V.
splendidus. LP1 and V. splendidus
grouped together in every bootstrap
resampling performed of the distance
tree presented. Local tree topology
however was less clear, with many
nearly identical sequences positioned at
low bootstrap values. The V. splendidus
group has been much studied, and 11

representatives were detected in GenBank, 4 of which
were retrieved and incorporated in our tree. Other
GenBank sequences found situated in the ‘splendidus
cluster’ were Vibrio sp. Da2, Vibrio sp. EN280 and
Vibrio sp. TK327, but for clarity these were omitted
from further analysis. A relationship was also detected
with V. aestuarianus, but this species was excluded
because it was represented by 2 different sequences,
one (AF172840) of which was closely related to LP1
while the other (X74689) unexpectedly was not. The
phylogeny of LP2 was more clear-cut as this isolate
related to a species defined by the 1 V. tapetis (B1090)

29

Fig. 2. Bacterial strains LP1 and LP2. Phylogenetic distance tree for LP1 and LP2
and representative members of the genus Vibrio. Scale bar: 1% sequence
divergence along horizontal lines connecting any 2 species; numbers at the
nodes: bootstrap values (<50% not shown). Escherichia coli was used as an out-
group. Tree is constructed by programs in the PHYLIP Version 3.5 package
(SEQBOOT, DNADIST, FITCH Kimura 2-parameter and CONSENSE: Felsen-

stein (1988)
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only. In the alignment of LP1 and LP2 ambiguous
nucleotides were omitted for clarity. Inclusion of those
nucleotides and the variable V3 region (Neefs et al.
1993) produced no new lineages for LP1 and LP2. In
general, the phylogeny was supportive of the recog-
nised vibrio groups represented by the species V. har-
veyi and V. anguillarum (Dorsch et al. 1992), V.
salmonicida (Wiik et al. 1995), V. tapetis (Borrego et al.
1996) and V. splendidus. V. cholerae is a distant Vibrio
and closer to the Escherichia coli used here as an out-
group. 

Phylogenetic analysis suggested that 2 recognised
vibrio species had been isolated. This was supported
by the DNA-DNA hybridization that, for both isolates,
was above the 70% species limit defined by Wayne et
al. (1987). Using HPLC we found chromosomal mol%
GC values, as expected for LP1 and LP2 in the range of
V. splendidus (45 to 46%) and V. tapetis (43 to 46%)
respectively (Baumann et al. 1984, Borrego et al. 1996).

The isolates were also investigated by a set of physi-
ological and biochemical characters for functional
comparisons. From the API data it was noted that LP1
and LP2 were more metabolically diverse than their
tested relatives. Mannitol and gluconate reflected phy-
logenetic distance, discriminating between relatives
that were metabolising these substances (Vibrio splen-
didus NCIMB1/LP1) and those that were not (V.
tapetis B1090/LP2). The enzyme reaction arginine
dihydrolase distinguished these species likewise. LP1
differed from NCIMB1 in the metabolism of sorbitol,
lactose and b-gentiobiose while LP2 differed from
B1090 in the metabolism of ribose, lactose, melibiose
and sucrose. Of these, β-gentiobiose was the only sub-
strate not utilized by the new isolates. Interestingly,
utilization of sucrose by LP2 contrasted with that of
B1090 in a test used for the routine identification of V.
tapetis (Maes & Paillard 1992, Borrego et al. 1996).
More importantly, metabolic break points were seen in
the metabolism of sorbitol, sucrose and β-gentiobiose,
which are solely used by LP1, LP2 and NCIMB1, and
not by B1090. Hence, minor intra- and interspecific
metabolic differences have been identified, adding
functional support to the close genetic relationship
found.

LP1 and LP2 are halophiles growing optimally
around room temperature in the presence or absence
of oxygen, and reach high turbidity whether cultured
in shake-flasks or stationary test tubes. Slightly higher
growth rates were noted for LP1, which were also
slightly easier to cultivate from sea water. Within the
first 2 to 4 d of starvation, the number of viable cells
was similar to that reported by other investigators (e.g.
Enger et al. 1990). In the absence of substrates, cultur-
ability was high, suggesting the presence of LP1 and
LP2 cells in sea water post-outbreaks where viable

cells may trigger vibriosis. The heterotrophic nature of
the cells and their quick response in forming colonies
upon transfer to nutrient-rich marine agar even after
starvation for some weeks in sea water suggest that
LP1 and LP2 have an opportunistic life style.

Physiologically, LP2 had surface characteristics not
identical to those of B1090. Although phylogenetically
very close, LP2 and B1090 were found in different
hosts, suggesting the adaptation of antigenic surface
characteristics to cope with their various environments
(fish–clam). Changes in the expression of surface anti-
gens may reflect changes in infectivity or virulence of
the cells. 

Vibrio spp. have now in addition to Aeromonas spp.
been found in wrasse. LP1 belongs to a species previ-
ously known to be pathogenic to fishes (Gatesoupe et
al. 1999). LP2, however, is a new fish pathogen. Until
now, Vibrio tapetis has been found pathogenic only in
the clam species Ruditapes philippinarum, R. decus-
satus, Tapes rhomboïdes and Venerupis aurea (Maes
& Paillard 1992). Vibrio tapetis was first isolated in
1990 in Landéda (Finistère, France) by Paillard &
Maes (1990). V. tapetis colonised the periostracum
and induced typical disease signs in clams, i. e. an
abnormal brown ring of melanized organic shell
matrix on the inner of the shell, so so-called ‘brown
ring disease’ (BRD) (Paillard et al. 1989, 1994, Paillard
& Maes 1995a,b). With the development of the
disease, this vibrio is able to invade internal tissues
resulting in death (Allam et al. 2002). In other adult
bivalves such as the oysters Crassostrea gigas, C.
virginica, cockles, or Pecten maximus, no BRD repro-
duction was observed after V. tapetis challenge (Maes
& Paillard 1992, Paillard et al. 1996). The present
paper is the first study to demonstrate that V. tapetis
can be isolated from a diseased marine vertebrate.
LP2 was not pathogenic for salmon or goldsinny
wrasse, but was found pathogenic in corkwing wrasse
(Ø.B. & O.B.S. unpubl. data). Further investigations
testing its pathogenicity on clams and also on other
fishes cultivated with wrasse should be performed to
determine the pathogenicity and host range of this
new strain of V. tapetis. Its geographical distribution
has also to be determined: V. tapetis has been
detected mainly from Scotland to Spain (Cadiz) and
although BRD is known as a cold-water disease, it has
never been isolated in Norway. 

The wrasse-pathogenic Vibrio bacteria described
herein can be identified by 3 unique substitutions in
their 16S rRNA genes and the metabolism of sorbitol
(V. splendidus LP1) and sucrose (V. tapetis LP2).
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