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Characterisation and virulence properties of
Vibrio isolates from diseased gilthead sea
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Abstract
A bacteriological study of 7 outbreaks affecting cultured gilthead sea bream (Sparus aurata L.)
along the Tunisian coast from 2002 to 2004 has been carried out. Bacteria isolated from infected
fish were identified as Vibrio alginolyticus and Vibrio harveyi, and further characterized by
conventional tests. Moreover, virulence of isolates (mean lethal dose, LD50), serum resistance as
well as adherence and resistance to bactericidal effect of skin mucus were determined. Mean
lethal doses (LD50) determined by intraperitoneal injection ranged from 2 x 105 to 106 cfu/ g body
weight. The strains showed a remarkable resistance in gilthead sea bream serum and they were
able to adhere to skin mucus and use it as nutrient.

* Corresponding author’s E-mail: Nakbi_amel@yahoo.fr

Introduction
The family Vibrionaceae includes species
widely distributed in aquatic environments,
mainly in sea and brackish water (Austin et
al., 1979; Huq & Colwell, 1995). Members of
Vibrionaceae have been associated with the
normal microbiota of fish and other aquatic
animals (Ortigosa et al., 1994; Onarheim et al.,
1994), and include species pathogenic for
humans (Blake et al., 1980; Colwell, 1984) and
for marine animals (Cahill, 1990; Austin &
Austin, 1993). In fact, several Vibrio species
such as V. (Listonella) anguillarum, V. ordalii,
V. salmonicida, V. vulnificus, V. harveyi and
V. alginolyticus have been recognized as
marine fish or shellfish pathogens (Alcaide
et al., 2001; Bakhrouf et al., 1995; Balebona et
al., 1998a; Austin & Austin, 1993; Hjeltnes &

Roberts, 1993; Biosca et al., 1991). When
infection with Vibrio spp. cause disease in  fish,
the disease is termed vibriosis and it
manifests as haemorrhagic septicaemias with
extensive skin lesions and focal necrosis of the
liver, spleen, kidney and other tissues
(Hjeltnes & Roberts, 1993; Thune et al., 1993).

Commercial production of gilthead sea bream
(Sparus aurata) began in Tunisia in 1989. This
fish is one of the main finfish cultures with
high economic value in the aquaculture
industry of the Mediterranean area, and it is
the main aquacultural species in Tunisia. In
view of what happens in similar intensive
cultures, it was expected that the development
of sea bream cultures would be constrained
by infectious diseases (Balebona et al., 1998a;
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Colorni et al., 1981; Paperna, 1984). In the
present work, the first occurrence of bacterial
diseases of cultured sea bream in Tunisia is
reported. The causative agents of these
epizootics have been characterized, and mean
lethal dose and some virulence characters
such as the ability to survive in sea bream
serum and mucus have been determined.

Materials and methods
Fish and rearing conditions
Diseased gilthead sea bream specimens were
collected from seven outbreaks registered
during spring 2002 to winter 2004 in a farm
located at the Tunisian coast. Fish were held
in concrete tanks containing seawater at 36 ‰
salinity and temperatures ranging between 16
and 22°C.

Bacterial isolation and characterization
Samples from liver, spleen, kidney and
external lesions of several fish from each
outbreak were cultured on tryptic soy agar
and tryptic soy broth (Difco) supplemented
with 1% (w/v) NaCl (TSA-1 and TSB-1,
respectively), marine agar (MA, Difco), and
thiosulphate–citrate–bile salts–sucrose agar
(TCBS, Difco). All the inoculated media were

incubated at 25 °C for 2–5 days. A total of 147
Vibrio isolates were recovered from diseased
sea bream.

Bacterial isolates were identified by
morphological, physiological and bio-
chemical characterization following the
characters described in Bergey’s Manual of
Determinative Bacteriology (Holt et al., 1993)
and by Alsina & Blanch (1994). Acid
production was determined as previously
described (Esteve, 1995). The reference strains
listed in Table 1 were used as controls.

All strains were routinely cultured on TSA-1
at 25ºC. A total of 64 phenotypic characteristics
were examined. Motility was tested in
nutrient broth supplemented with 1% NaCl
and 0.25%  agar. Lysine and ornithine
decarboxylase were determined in Moeller
broth (decaboxylase medium base, Difco),
Thornley’s arginine dihydrolase. Acid
production was determined as previously
described (Esteve, 1995) using 1% (wt v-1) of
the following substrates: arabinose, arbutin,
cellobiose, glycerol, lactose, maltose, D-
mannitol, mannose, salicin, sorbitol, sucrose,
and amygdalin.
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Table 1. Reference and type strains used in the study.
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Utilization of sole carbon sources was tested
on Basal Medium (BM, Baumann & Baumann,
1981). The carbon sources were: L-arginine,
L-citruline, L-histidine, L-leucine, L-lysine, L-
ornithine, L-serine, L-methionine, arbutin,
cellobiose, D-mannose, rhamnose, melibiose,
salicin, sucrose, acetate, D-glucuronate,
gluconate, propionate, pyruvate and D-
mannitol.

Drug resistance patterns of the bacterial
isolates to antimicrobials currently used in
chemotherapy and veterinary treatments,
were tested on Müeller-Hinton agar
(Pronadisa, Madrid, Spain) as previously
described (Alcaide et al., 2001). Sensibility/
resistance was determined according to the
size of the inhibition zones as described by
EUCAST (2000). The following drugs were
used: oxytetracycline (30 μg), flumequine (30
μg), chloramphenicol (30 μg), oxolinic acid (2
μg), trimethoprim-sulphametoxazole (25 μg),
nitrofurantoin (30μg), erythromycin (15 μg),
furazolidone (50 μg), kanamycin (30 μg),
cefotaxime (30 μg), vancomycin (30 μg),
clindamycin (2 μg) and ampicillin/sulbactam
(20 μg).

Polymerase Chain reaction
DNA of one selected strain from each
outbreak was extracted using the QIAamp
DNA Mini Kit (Qiagen, Hilden, Germany),
and was amplified by using oligonucleotide
primer pairs designed from GenBank
accession nos. E03106, AF326572 and
AE004243. A multiplex PCR assay was
performed as described by Di Pinto et al.
(2005). The PCR fragments were subjected to
electrophoresis on a 1.5% agarose gel in Tris-
borate-EDTA buffer (0.89 M tris, 0.89 M boric
acid, 0.02 M EDTA, pH 8.0) and visualized by

ethidium bromide staining and a UV
transilluminator.

Infectivity tests
Two isolates from each outbreak were selected
for virulence assays. The mean lethal dose was
tested in gilthead sea bream by intraperitoneal
(i.p.) injection. Six fish (mean weight 10 g)
were injected with 0.1 ml of a bacterial
suspension containing 108 to 104 cfu/ ml, in
phosphate buffered saline (PBS). Sterile PBS
was injected i.p. into fish as control.
Experimental infections were carried out at
35 ‰ salinity, at 22ºC. Mortalities were
recorded daily for 7 days, and were only
considered if pure culture of the injected Vibrio
strain was recovered from the dead fish. The
LD50 was calculated by the method of Reed &
Muench (1938).

Serum sensitivity
The sensitivity of isolates to sea bream serum
was evaluated in the strains selected for
infectivity tests. Serum of sea bream was
collected by centrifugation of total blood at
3000 x g for 20 min at 4°C and stored at -20°C.
Tests were conducted in microtiter plates by
mixing 50 μl of serum with 50 μl of a
suspension of bacteria (105 to 106 cfu /ml) in
phosphate saline buffer (PBS, pH 7). The tests
were incubated at room temperature. Assays
were made by taking samples (10 μl) of
mixture (serum and bacteria) every 30 min for
3.5 h. Viable counts were determined by drop
plate on TSA-1.

Inhibitory effect of sea bream mucus
Raw skin mucus was collected from four
400g’s healthy gilthead sea bream
immediately after sacrifice according to the
method of Balebona et al., (1998a). Bactericidal
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or bacteriostatic effect of the mucus was
evaluated according to the techniques of
Bordas et al. (1996) and Fouz et al. (1991).
Selected strains were cultured in tryptic soy
broth supplemented with 1% NaCl (TSB-1) for
16 to 20 h at 22°C. After, the OD600 was
adjusted to 1.0, 1.5 ml of each bacterial
suspension was mixed with 0.5 ml of the
mucus suspension using as control 1.5 ml of
bacterial culture mixed with 0.5 ml of sterile
(through 0.45-μm-pore-size filters) seawater
(salinity 3.5%, pH 8). The mixtures were
incubated at 28°C for 16 h, and then the OD600
was determined. In the dish diffusion method,
a bacterial suspension (105 cfu/ml) was
streaked on TSA-1 plates and 20 μl of mucus
was placed on the surface of the agar plates.
Plates were incubated at 22°C for 24 h. The
inhibitory effect of the mucus was observed
as a clear zone surrounding the mucus
deposit.

In addition, the ability of the strains assayed
to use the skin mucus as nutrient was
performed by addition of 1% agarose to PBS
(0.2 M; pH 7.2), supplemented with 2 ml of a
skin mucus suspension and poured in 90-mm-
diameter plates. The strains were streaked on
this medium and incubated at 22°C for 20 h.
Then, the plates were examined to observe the
bacterial growth. Plates containing 0.2 M PBS
(pH 7.2) supplemented with 1% agarose were
used as controls.

Adherence assay
The adherence test was performed according
to method of Krovaceck et al. (1987). The assay
was done as follows: a volume of 200 μl of
mucus solution was placed on glass slides, left
overnight for air drying, and fixed for 20 min
with absolute methyl alcohol. Ten ml samples

of the bacterial suspensions (106 to 107 cfu/
ml) in PBS pH 7 were added to different Petri
dishes containing mucus-coated slides. Slides
without mucus were also used to test the
specific adherence to glass. The plates were
incubated at room temperature (22°C) for 1
h, with gentle shaking, and washed several
times with PBS pH 7. The slides were left
overnight for air-drying and fixed with
absolute methyl alcohol for 20 min. After
washing, the slides were stained with crystal
violet for 2 min, washed again three times
with PBS pH 7, air dried, and observed under
a light microscope. The average number of
attached bacteria per square millimetre was
determined after the examination of 20
microscopic fields.

Results and Discussion
Characterization of isolates
All isolates were Gram-negative straight rods,
motile, oxidase and catalase positive, and
fermentative. Isolates from the outbreaks O3,
O4, O5, O6 and O1 were identified as V. algino-
lyticus whereas isolates from outbreaks O2
and O7 were identified as V. harveyi by using
the biochemical and physiological characters
listed in Table 2. The  phenotypic
characteristics of the V. alginolyticus isolates
agreed with those described for this species
in similar studies (Ortigosa et al.,  1994;
Alcaide, 2003), except for indole production
that was negative in most of the Tunisian
isolates (Table 2). Swarming was exhibited for
all strains. Interestingly, the isolates, including
the type strain, grown on tetrazolium agar
gave mainly reddish colonies in contrast with
the expected white colonies as described by
Pascual (1992).
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* percentage of positive strains; W: white; R: red; Y: yellow.

Table 2. Biochemical properties of Vibrio alginolyticus and V. harveyi control strains and Vibrio isolates from
diseased sea bream.

Figure 1. Agarose gel electrophoresis of DNA amplifications of selected isolates obtained with the multiplex
PCR method. Lanes: 1 and 3, Vibrio parahaemolyticus CECT 511 T; 2, V. alginolyticus CECT 521T; 4, Aeromonas
hydrophila CECT 839T; 5, V. harveyi CECT 525T; 6, S11/O1; 7, S42/O4; 8, V. alginolyticus HA2; 9, Vibrio
parahaemolyticus CECT 5304; 10, S62/O6; 11, V.harveyi CMD; 12, S31/O3; 13, S71/O7; 14, S22/O2; 15, S51/
O5; 16; V. alginolyticus MA1; 17, V.alginolyticus CECT 600; 18, Aeromonas hydrophila CECT 839T; MW, 100-bp
ladder (Fermentas).
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The collagenase-based multiplex PCR
performed allowed confirmation of the
phenotypic identification (Figure 1). The
isolates identified as V. alginolyticus  by
conventional procedures, produced an
amplicon of 737 bp, characteristic of this
species as described by DiPinto et al. (2005).
However, the selected isolates from outbreaks
O7 and O2, identified phenotypically as
V. harveyi, produced an amplicon which size
did not correspond to any of the reported for
the species V. alginolyticus (737 bp), V. para-
haemolyticus (271 bp) and V. cholerae (389 bp),
which are discriminated with this technique
(DiPinto et al., 2005).

V. alginolyticus is isolated from temperate
coastal areas such as the Mediterranean coasts
and subtropical zones (Balebona et al., 1998a;
Caruso et al.,  1998; Chan et al., 1986).
Moreover, this species is often reported as

causative agent of vibriosis in sea bream
cultured in the Mediterranean area (Balebona
et al., 1998b; Caruso et al., 1998). In the present
study, V. alginolyticus has been the species
predominantly isolated from the different
epizootics in the culture of gilthead sea bream.

V. harveyi is recognised as an important
pathogen of penaeids, especially in south-east
Asia (Lavilla-Pitogo et al., 1990; Karunasagar
et al., 1994) and has more recently been
implicated as causative agent of diseases in
fish cultured in the Mediterranean area
(Company et al., 1999; Alcaide et al., 2001).
Although diseases caused by this species are
commonly referred to as luminous bacterial
diseases (Lavilla-Pitogo et al., 1990), in view
of the luminescence produced by most strains
of V. harveyi, no luminescence was observed
among the isolates from this study.
Nevertheless, other non-luminiscent V. harveyi
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Table 3. Antimicrobial susceptibility of Tunisian isolates and type strains.
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strains have been isolated as causative agents
of vibriosis in fish (Alcaide et al., 2001).

Drug sensitivity of Tunisian isolates and
V. alginolyticus and V. harveyi type strains is
shown in Table 3. The resistance patterns of
the isolates were very similar; most (88.8%)
were resistant to ampicillin/sulbactam,
whereas all were resistant to vancomycin and
clindamycin and sensitive to oxytetracyline,
chloramphenicol, flumequine, cefotaxime and
trimethoprim-sulphametoxazole. For the rest
of drugs tested the isolates exhibited different
patterns. Oxytetracycline, trimethoprim-
sulphametoxazole and oxolinic acid are the
most used antimicrobials for treating
infections, and were consequently used for
treating the reported outbreaks.

Infectivity tests
 Experimentally infected fish showed external
signs similar to those observed in outbreaks.
External signs included haemorrhagic fins
and ulcers. Mortalities began 1 to 7 days post-
challenge, and no mortalities were detected

in the controls. Pure cultures of the inoculated
strains were reisolated from liver and kidney
of moribund fish. LD50 was similar for both
V. alginolyticus and V. harveyi isolates, ranging
from 2x105 to 106 cfu/ g of body weight (Table
4). Based on the criteria of Santos et al., (1988)
the isolates were considered moderately
virulent.

Serum sensitivity
The selected strains resisted the bactericidal
effect of serum (except strains isolated from
O5) and strains isolated from O3 showed not
only resistance to serum but were also able to
grow in the serum. Serum plays an important
role in the natural defence of fish against
bacterial infections. The resistance to the
serum is often associated with bacterial
lipopolysaccharide (LPS). The high
molecular- weight portion of LPS is usually
responsible for serum resistance in several
bacterial pathogens (Joiner et al., 1986; Amaro
et al., 1995). Further studies are in progress in
order to determine the structure and
immunogenicity of the LPS of our isolates.
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2O/22S,12S 01 6 DN + - 075,0 565,0 +

1O/21S,11S 01x7 5 01x8,9 3 + - 067,0 554,0 +

6O/26S,16S 01 6 01x86,1 4 + - 601,1 606,0 +

4O/24S,14S 01x2 5 *DN + - 565,0 504,0 +

3O/23S,13S 01x2 5 01x72,1 4 + - 452,1 446,0 *++

5O/25S,15S 01 6 01x68,1 3 + - 532,1 104,0 -

ND: not determined; * resistant and  able to grow in fish serum; a: mean of two strains.

Table 4. Virulence and adherence properties of the Tunisian isolates and evaluation of the bacteriostatic and
bactericidal effects of gilt-head sea bream mucus against the Vibrio strains tested.
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Inhibitory effect of mucus
 Skin mucus collected from gilthead sea bream
did not show any inhibitory effects against
the strains assayed, since no inhibition zone
was observed in the plate assay, and an
increase of the OD600 was detected in the
solution assay (Table 4). Moreover, both
V. alginolyticus and V. harveyi isolates tested
were able to grow using the mucus as
nutrient. Thus, the absence of bactericidal
effect in the mucus and the ability of the
isolates to use it as the sole nutrient source
could favour the colonisation of the mucus
surfaces of gilthead sea bream by the strains
in question. This represents an increase in
infection risk, especially important in fish
stressed by the manipulations they suffer in
the aquaculture industry. Similarly,
Magariños et al., (1995) have not detected
inhibitory effect of the mucus of sea bass and
gilthead sea bream on other bacterial fish
pathogens such as Photobacterium damselae
subsp. piscicida (formerly Pasteurella piscicida),
Flexibacter maritimus, Vibrio anguillarum, and
Photobacterium damselae subsp. damselae.

Conclusion
In this work we have characterised Vibrio
isolates from diseased gilthead sea bream
cultured in the South Mediterranean area
(Tunisia). In order to assess the virulence of
the isolates, lethal dose for sea bream was
established, showing that the isolates were
virulent. Other virulence factors such as
survival in serum, adhesion to and growth
on mucus were determined. The results
obtained showed that the isolates were
capable to adhere to mucus and to use it as
nutrient, which represents an important factor
for colonisation.
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