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Abstract: This study describes the aetiological agents of vibriosis outbreaks in cultured sea bass, Dicen-
trarchus labrax, L. from four different farms in the Aegean region of Turkey. Diseased fish
were characterized by lethargie, exophthalmus, ulcers and skin lesions, haemorrhagies in the
internal organs, ascites, paleness of kidney and liver. Morphological, physiological and bio-
chemical tests were used to determine the phenotypic properties of pure cultures of isolated
colonies in the samples taken from the internal organs and blood. Aquarapid-Va diagnostic kits
and Mono-Va agglutination kit were also included in the study. The principal histological
change was massive deposition of haemosiderin in the melano-macrophage centers in the
spleen tissue.
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Introduction

Vibriosis is an important disease in some
commercially important fish species including
cultured European sea bass (Dicentrarchus
labrax), gilt-head seabream (Sparus aurata),
silver sea bream (Sparus sabra), snarpsnout
sea bream (Puntazzo puntazzo), red porgy
(Pagrus pagrus), sole (Solea senegalensis),
turbot (Scophthalmus maximus) and Atlantic
salmon (Salmo salar). The outbreaks have
been reported in several countries including
China, Greece, Spain, Venezuela, Israel and
Turkey (Korun and Gokoglu, 2007; Yiagnisis
et al., 2007; Demircan and Candan, 2006; Tan-
rikul et al., 2004; Villamil et al., 2003; Zorrilla
et al., 2003a; Zorrilla et al., 2003b; Li et al.,
1999; Cagirgan and Yurekliturk, 1996; Colorni
et al., 1981). Generally, the term “vibriosis’ has
been used to define Listonella (Vibrio) an-
guillarum infections (Ghittino et al., 2003).
However, other members of the genus Vibrio,
e.g. V. alginolyticus, V. ordalii, V. sal-
monicida, V. harveyi and V. parahaemolyticus,
were also isolated from diseased fish (Toranzo
et al., 2005; Austin and Austin, 1999).

The purpose of this study was to identify
the aetiological agents of vibriosis outbreaks in
the European sea bass cultured in four different
farms located in the Aegean region of Turkey
and examine the histological changes produced
by naturally acquired infections of L. anguil-
larum, V. ordalii and V. harveyi in the mori-
bund fish.

Materials and Methods

Two epizootics (E1 and E2) at four
different sea bass farms (F1, F2, F3 and F4) in
the Aegean region of Turkey were observed in
January and May 2003 when the water tem-
perature ranged between 19°C to 22°C. The
daily mortalities in these farms were 10%,
15%, 9% and 12%, respectively. Affected fish
(25 fish) were obtained from marine cages at
F2, F3, F4; in the case of F1, moribund fish
were taken from indoor tanks. Before
microbiological isolation, the fish were anaes-
thetized with 1.5 ml 2-phenoxyethanol (Fluka,
Switzerland) per 1 L sea water. Samples taken
from kidney, spleen, liver and blood, and
streaked onto tryptic soy agar (TSA-S) (Merck,
Germany) supplemented with 2% NaCl and
brain hearth infusion agar (BHIA-S) (Merck)
supplemented with 2% NaCl. The inoculated
media were incubated at 22°C for 48 h.

Aquarapid-Va (Listonella (Vibrio) anguillarum
from BIONOR A/S, Skien, Norway) was used
following the manufacturer’s recommenda-
tions. Samples of kidney tissue (0.5+£0.1 g)
were immediately tested with the Aquarapid-
Va kit. The sensivity and specificity of the test
kit were evaluated according to the formulation
reported by Renning (1994). The Mono-Va
agglutination kit was used to confirm the iden-
tification of the bacterial strains isolated from
the diseased fish. Plates were incubated at 22
°C and colonies were isolated after 48 h on the
media TSA-S and BHIA-S and further charac-
terized by morphological, biochemical and
enzymatic tests as previously described (Aus-
tin and Austin, 1999; Stavric and Buchanan,
1995; Baumann and Furniss, 1994). Antibiotic
susceptibility test was performed using the disk
diffusion method on Mueller-Hinton agar
(Merck) described by Barry and Thornsberry
(1985) and Bauer et al. (1966), except that 1%
NaCl was used to prepare the media. Eigth or
10 colonies from BHIA-S incubated for 24 h at
22°C, were suspended in 2 ml of sterile 0.9%
NaCl saline to a density equal to McFarland
Opacity Standard No 0.5 (approximately cell
density 1.5x10%/ml). The bacterial suspension
was inoculated onto Mueller-Hinton salt agar.
Antibiotic discs (Oxoid, England) containing
the folowing antibiotics: ampicillin 10 pg
(AMP 10), c. sulphonamides 300 pg (S3 300),
flumequine 30 pg (UB 30), kanamycin 30 pg
(K 30), novobiocin 15 pg (NVB 15), oxolinic
acid 2 pg (OA 2), penicilin G 10 i (10
iu=6png), tetracycline 30 pg (TE 30) and
trimethoprime 5 pug (W 5) were dispensed on
the surface of the medium and incubated for 24
h at 22°C. After this incubation, the diameters
(in millimeters) of the complete inhibition
zones of visible bacterial growth around each
disc were measured and the results were re-
corded as resistant or susceptible according to
the interpretive limits of the Clinical and Labo-
ratory Standards Institute (NCCLS, 2003).
Excised pieces of tissues from skin, muscle,
gills, spleen, liver, kidney, stomach and intes-
tine were fixed in 10% buffered formalin solu-
tion containing 1% NaCl within 48 h after ne-
cropsy. The tissues were dehydrated in an
ethanol series, infiltrated and embedded in
parafin wax and sectioned on a microtome at 5
um. Tissue sections (5 um thick) were stained
with Meyer’s haematoxylin and eosin as
described by Bullock (1989) and Coolidge and
Howard (1979).
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Results and Discussion

European sea bass (D. labrax) is one of the
most economically important fish species in
the Mediterranean region (Varsamos et al.,
2006; Afonso et al., 2005). Vibriosis is re-
ported among the bacterial diseases affecting
sea bass farming (Toranzo et al., 2005; Pujalte
et al., 2003; Zorrilla et al., 2003b; Botella et
al., 2002; Dos-Santos et al., 2001; Pedersen et
al., 1997; Bakrouf et al., 1995; Santos et al.,
1995; Myhr et al., 1991; Dec et al., 1990).

Vibriosis is characterized by dark skin, pale
gills, haemorrhagic areas near the mouth and
on the base of fins, exopthalmia, corneal
opacity and ulcers on the skin surface. Inter-
nally, moribund fish show severe anaemia and
have haemorrhage in the abdominal fat, kidney
and liver (Toranzo et al., 2005; Zorrilla et al.,
2003a; Austin and Austin, 1999; Le Breton,
1999; Company et al., 1999; Alvarez et al.,
1998; Balebona et al., 1998; Cagirgan and
Yurekliturk, 1996).

The clinical features of moribund sea bass
affected by Vibrio outbreaks are given in Table
1. Necropsy findings of these fish included
haemorrhage in the liver, air bladder and intes-
tinal wall, pale kidney and liver, ascites in the
body cavity, yellowish-bloody fluid in the in-
testine, enlarged spleen and empty stomach.
These results were similar to clinical and ne-
cropsy findings reported by the above men-
tioned authors. However, in this study, the
corneal opacity in the diseased fish affected
with the different Vibrio species was not ob-
served.

Vibrio is one of the most important bacte-
rial genera in aquaculture (Vandenberghe et
al., 2003). Some species such as L. anguil-
larum, V. harveyi, V. alginolyticus and V. or-
dalii have been characterized as fish pathogens
(Company et al., 1999; Balebona et al., 1998;
Lee et al.,, 1996) as well as crustaceans and
bivalve molluscs species (Alvarez et al., 1998;
Bolinches et al., 1986; Bowser et al., 1981),
some species e.g. V. alginolyticus have been
reported as probionts (Gomez-Gil et al., 2000).
Members of Vibrio genus are fermentative,
motile, oxidase positive and sensitive to 0/129
Vibriostat test (150 pg) (Austin and Austin,
1999; Baumann and Furniss, 1994; Baumann
and Schubert, 1984). Among L. anguillarum
isolates, total of 23 serotypes (O1-O23, Euro-
pean serotype designation) were reported
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(Pedersen et al., 1999). However, only sero-
type O1, O2 and also O3 have been associated
with losses of fish throughout the world (To-
ranzo et al., 2005). V. ordalii has been for-
merly classified as L. anguillarum biotype 2
(Schieve and Crosa, 1981). However, Actis et
al. (1999) reported that V. ordalii had different
properties such as phenotypic and genotypic
characters. L. anguillarum, a Gram-negative,
facultatively rod-shaped bacterium, gives
positive reaction to the arginine dihydrolase
test and uses citrate. This species is ONPG-
positive. V. ordalii strains are arginine dihy-
drolase negative and do not use citrate. The
strains are also ONPG-negative. V. harveyi
strains are Gram-negative motile rods that are
oxidase positive, Voges-Proskauer negative,
lysine decarboxylase and ornithine decar-
boxylase positive, ONPG-negative and urease
negative (Gauger and Gomez-Chiarri, 2002;
Austin and Austin, 1999; Balebona et al.,
1998; Alsina and Blanch, 1994).

The phenotypic characteristics of Vibrio
species isolated from moribund sea bass are
shown in Table 2. The isolated strains had
similar phenotypic properties to other Vibrio
species reported by Austin and Austin (1999),
Balebona et al. (1998), Baumann and Furniss
(1994) and Baumann and Schubert (1984).
Therefore, the isolated strains were identified
as L. anguillarum, V. ordalii and V. harveyi.

Traditional bacteriology is appropriate for
the detection of common and easily cultured
pathogens, however, these methods can be
time-consuming (Adams, 2004). The develop-
ment of diagnostic procedures applicable under
field conditions has improved the accuracy and
the time required for diagnosis of fish species
(Gonzalez et al., 2004). BIONOR AS has de-
veloped different systems for example
Aquarapid kit and Mono agglutination kit for
the detection of fish pathogens. Aquarapid kits
reduce the diagnosis and identification times of
bacterial pathogens and their resultant diseases
(Magariiios et al., 1996). In field studies, the
Aquarapid-Va kit produced positive results for
L. anguillarum and V. ordalii and negative for
diseased fish infected with V. harveyi. The
sensivity and specifity of the kit were 1.0 and
1.0, respectively. Therefore, as Ronning (1994)
suggested, the Aquarapid-Va kit was able to
identify L. anguillarum and V. ordalii. The L.
anguillarum strain agglutinated in the Mono-
Va agglutination test kit for L. anguillarum.
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No agglutination was observed between the
test and control reagents of this kit when the
kit was applied to other members of the Vi-
brionaceae family such as V. ordalii, V. har-
veyi in agreement with the findings of Ro-
malde et al. (1995).

The most effective chemicals to vibriosis
treatment were ampicillin, flumequine, fura-
zolidone, oxolinic acid, sulphamethazine and
nitrofurantoin (Soffientine et al., 1999; Bale-

Table 1. Clinical features of affected sea bass

Gross sings

bona et al., 1998). The isolated Vibrio species
in our study were sensitive to six of the nine
antibiotics tested: flumequine, kanamycin,
novobiocin, oxolinic acid, penicilin G and tet-
racycline. V. ordalii strains were sensitive to
ampicillin whereas it was not observed in the
other Vibrio strains. However, all the isolates
were resistant to c. sulphonamides and
trimethoprime.

Disase outbreak number

F1* F2* F3* F4°

(E1) (E2) (E2) (E2
Lethargy + + - -
Eratic swimming behaviour - - + +
Anorexia + + + +
Exophthalmos + - + +
Darkening of the body colour + + + +
Loss of scales + + + +
Pale gills + + + +
Haemorrhage on body surface, head,
jaws and gills + + + +
Ulcers on skin - + + +
Skin lesions - + + +

a: infected with V. ordalii; b: L. anguillarum; c-d: V. harveyi; E1: January 2003; E2: May 2003.

Examination of tissue sections from mori-
bund fish (230-250 g) infected with V. ordalii
showed following changes. The kidney was se-
verely affected, displaying necrosis in renal
tubules. In the spleen, massive deposition of
haemosiderin in the melano-macrophage cen-
tres was observed. In addition to these
findings, vacuoler degeneration in the liver and
haemorrhage in the pericardium (Figure 1)
were found. However, there were no histologi-
cal changes in the intestinal mucosa of the in-
fected fish.

The histology of diseased fish (85-140 g)
from which L. anguillarum was isolated
showed severe depletion of haemopoietic cells,
deposition of haemosiderin in the spleen and
peritubular vacuolar degeneration or liquefac-
tive necrosis in the renal tubules. Haemorrhage
and cellular inflammatory infiltration were ob-

served in the necrotic lateral musculature under
the haemorrhagic skin lesions (Figure 2).
Haemorrhage was also seen in liver (Figure 3),
gills and the propria mucosa of the skin.

The histological changes in moribund fish (2-5
g) infected with V. harveyi from two farms
showed similar changes observed in the other
affected fish infected with other Vibrio spp.
consisted that liquefactive necrosis in the renal
tubules and interrenal haemopoietic tissue and
depletion of haemopoietic tissue in the kidney
and necrosis in the gill filamantens. In addition
to these findings, intestinal mucosa membrane
was found necrotic and sloughed into the lu-
mens.
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Table 2. Results of phenotypic characterization of Vibrio strains from infected sea bass

Tests

E1 (January 2003)
F1°

E2 (May 2003)
F2°

F3¢

F4¢

Gram stain

Cell morphology
Catalase

Oxidase

Motility

O/F (glucose)
Gas from glucose
Swarming
Luminescence
Voges-Proskauer
Methyl-Red
Indole production
ADH

LDC

oDC

Amylase
Gelatinase
Urease

Growth at:

4°C

22°C

37°C

40°C

Growth in:

0% NaCl

3% NaCl

6% NaCl

8% NaCl

Acid production from:
D-glucose
L-arabinose
myo-inositol
Lactose
D-mannitol
Sucrose

Nitrate reduction
Citrate utilization
H,S production
Haemolysis of sheep
erythrocytes
TCBS, growth
TCBS, sucrose
fermentation
[B-galactosidase
(ONPG)
Sensivity to:
0/129 (10 pg/disk)
0/129 (150 pg/disk)

o+t

92

I

L =HL A S

+ +

+ +

+ 4

N

L S R I Lo

+ +

+ 4

+ o+

v »n

o+

L

+ +

+ o+

95

Symbols: (+): positive, (-): negative, V: variable result, (F): fermantative, (Y): yellow coloured colonies, (S):
sensitive, (R): rod, (ADH): arginine dihydrolase, (LDH): lysine decarboxylase, (ODH): ornithine decarboxylase,
(ONPG): o-nitrophenyl-B-D-galactopyranoside, (0/129): 2, 4-diamino-6,7-diisopropylpteridine phosphate,

(TCBS): thiosulphate citrate bile salt sucrose, a: V. ordalii; b: L. anguillarum; c-d-: V. harveyi.
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Fig. 1. Haemorrhage (arrowed) in the pericardium of fish infected with V. ordalii, Haemotoxylin and
Eosin x 500.

Fig. 2. Haemorrhages (arrowed) and cellular infiltration in the necrotic body muscles of fish infected
with L. anguillarum, Haematoxylin and Eosin x 250.
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Fig. 3. Haemorrhages and vacuoler degeneration in the liver of fish infected with L. anguillarum,

Haematoxylin and Eosin x 1000.

The histopathology of Vibrio spp. infected
fish bore similarities to that observed in sea
bass by other workers (Stephens et al., 2006;
Agius and Roberts, 2003; Tendencia, 2002;
Ransom et al., 1984) with the most striking
similarities such as large reduced areas of
haemopoietic  tissue and deposition of
haemosiderin in the melano-macrophage cen-
tres in the spleen, vacuoler degeneration or
necrosis  of  tubule  epithelium  and
haemorrhages in some glomerulus in the kid-
ney, or liquefactive necrosis in renal and inter-
renal haemopoietic tissues. However, intestinal
mucous membrane was found necrotic and
sloughed into the lumens only in juvenile fish
infected with V. harveyi and also there were no
depositions of haemosiderin in the liver of the
moribund fish affected with V. ordalii, L. an-
guillarum and V. harveyi.

In controlling of vibriosis, vaccine is an ef-
fective protective measurement (Myhr et al.,
1991). Fish in marine aquaculture are usually
vaccinated against vibriosis sourced from L.
anguilarum (Angelidis, 2006; Le Breton, 1999;
Pedersen et al., 1997). In many countries, vac-
cines procedures have induced number of dis-
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ease outbreaks from this species (Pedersen et
al.,, 1997, Myhr et al., 1991). However, this
case has affected that other Vibrio species
caused infections in fish (Pedersen et al., 1997;
Myhr et al., 1991). Futhermore, it was reported
that different Vibrio species were isolated from
the vaccinated fish (Myhr et al., 1991). In Tur-
key, vibriosis vaccines have been introduced
since 1990s (Cagirgan, 2004) and employed
containing antigen preparations of L. anguil-
larum serotypes I & II and V. ordalii. The
above mentioned explanations may be an an-
swer why different Vibrio species isolated in
this study.

Conclusion

In conclusion, the aetiological agents of vi-
briosis outbreaks in the European sea bass
cultured in four different farms located in the
Aegean region of Turkey were identified and
the histological changes produced by naturally
acquired infections of L. anguillarum, V. or-
dalii and V. harveyi in the moribund fish were
examined in this study.
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