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Abstract
The protection of gilt-head sea bream (Sparus aurata) against two pathogens such as Vibrio
alginolyticus and Photobacterium damselae subsp. piscicida was evaluated by the use of a divalent
vaccine prepared with formalized whole cells and extracellular products of virulent strains of
both pathogenic microorganisms. This vaccine, administered by immersion protected to fish of
0.1 g and 1 g being the relative percent survival (RPS) higher than 70% in all experiments.

Introduction
Gilthead seabream (Sparus aurata L.) is one of
the predominant fish species cultured in the
Mediterranean area. Several pathogenic mi-
croorganisms are involved in epizootic out-
breaks in this fish species, especially Vibrio

spp. and Photobacterium damselae subsp.
piscicida (Toranzo et al., 1991; Magariños et al.,
1996; Toranzo et al., 1997; Romalde &
Magariños, 1997; Gravningen et al., 1998;
Balebona et al., 1998a).

A bacteriological survey in several farms with
intensive culture of gilthead seabream carried
out in southwestern Spain, resulted in Vibrio

alginolyticus being more frequently isolated in
larval and juvenile stages, often in association
with Ph. damselae subsp. piscicida (Balebona et
al., 1998a). The economic losses produced by

these microorganisms and the reported in-
creasing drug resistance, indicate the need to
develop vaccination strategies in order to pre-
vent both diseases.

In several studies, Magariños et al (1994a,b;
1999) and Romalde & Magariños (1997) have
reported the effectiveness of a toxoid-enriched
whole-cell vaccine in cultured gilthead
seabream against P. damselae subsp. piscicida

regardless of the fish size. This vaccine for-
mulation has been patented under the name
of DI vaccine (Concession number 9602156)
and is  registered by Laboratorios Hypra S.A.

(Girona, Spain).

On the other hand, numerous vibriosis
vaccines have been designed for different
farmed fish, but none has included V.
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alginolyticus in their composition (Toranzo et
al., 1997). Since the important role of the ex-
tracellular products (ECPs) in the
pathogenesis of this microorganism has been
demonstrated in several studies (Balebona et

al., 1995, 1998b), it could be interesting to in-
clude inactivated ECPs of this species in  a
vaccine against this microorganism. In addi-
tion, in this study, the protection against V.

alginolyticus and P. damselae subsp. piscicida in
gilthead seabream vaccinated using a diva-
lent vaccine against these pathogenic micro-
organisms has been evaluated.

Materials and Methods
Preparation of the bacterins
Three strains of V. alginolyticus isolated from
cultured gilthead seabream (Sparus aurata, L.)
in southwestern (VA6 and DP1HE4) and
northwestern Spain (B53.1) were used to pre-
pare the vaccine against V. alginolyticus. These
strains were selected based on their lethal
doses (LD50), cytotoxicity and degradative
activities of their extracellular products
(ECPs), hemolytic capability and their ability
to grow under iron-limited conditions
(Zorrilla, 2000). This vaccine was prepared
according to the following protocol: 24 h cul-
tures of the selected strains of V. alginolyticus

were grown in Trypticase Soy Agar supple-
mented with 1.5 % NaCl (TSAS) for 24 h. The
bacterin was prepared by scraping the cells
from the plates and resuspending them in
sterile PBS (pH 7.4). Then, the cells were killed
by addition of formalin to achieve a final con-
centration of 1% and incubated at 4ºC over-
night. Bacterial cells were collected by cen-
trifugation at 6,500 x g for 30 min at 4ºC and
washed three times with PBS, and then they

were resuspended in PBS at a final concen-
tration of 1 x 1010 cells/ml. The final bacterin
was obtained by combining equal volumes of
VA-6, DP1HE4 and B53.1 bacterins. This re-
sultant bacterin was supplemented with in-
activated ECPs from the three strains selected,
previously obtained using the cellophane
technique described by Liu (1957). The total
protein concentration was determined by
Bradford’s method (1976), using bovine se-
rum albumin (Sigma) as the standard. The in-
activation of the ECPs was performed by ad-
dition of formalin to achieve a final concen-
tration of 1%, and then heated at 80ºC for 15
min. The ECP solution was obtained by mix-
ing equal volumes of ECPs from the strains
selected, previously standarized to contain the
same protein concentration (800 mg ml-1). The
inactivated ECPs solution was mixed with the
inactivated whole cells in the proportion 1
part ECP with 9 parts of cells. The sterility of
the final vaccine was confirmed by the ab-
sence of bacterial growth after the inoculation
of the bacterin in TSBS (Trypticase Soy Broth
supplemented with 1.5 % NaCl) and incuba-
tion at 22ºC for 48h. The lack of toxicity for
gilthead seabream was determined by i.p. in-
jection of 0.1 ml of the vaccine.

The toxoid enriched pasteurellosis DI vaccine
was prepared as previously reported
(Magariños et al., 1994a), following a similar
protocol as described above for V. alginolyticus

bacterin. Finally, the divalent vaccine against
V. alginolyticus and P. damselae subsp. piscicida

was prepared by mixing 50% of DI vaccine
and 50% V. alginolyticus vaccine.
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Vaccination and challenges
Groups of fifty fish of 0.1 g were vaccinated
by dip (1 min) in a tenfold dilution of the V.

alginolyticus vaccine in strongly aerated
seawater. A group of fish were not vaccinated
and were used as the control group. Four
weeks later, vaccinated and control fish were
challenged following the methodology de-
scribed by Zorrilla (2000). In these challenges
fish were previously stressed by manipulation
of their skin mucous surfaces and then im-
mersed in a solution of a mixture of the three
virulent strains of this species employed in
the vaccine formulation, at a final concentra-
tion of 1 x 106 cfu/ml for 2 min with aeration.

Groups of fifty fish of 0.1 g and 1 g were vac-
cinated by dip (1 min) with the divalent
Photobacterium-Vibrio vaccine using a tenfold
dilution of the vaccine in seawater. Other
groups of the same weights were used as the
control groups. Four weeks later, fish from
each group were challenged separately with
V. alginolyticus and P. damselae subsp. piscicida.
Each challenge to test the divalent vaccine was
performed in triplicate  per challenge. For the
challenge with Ph. damselae subsp piscicida

each group of fish was immersed for 10 min
with strong aeration in a mixture of two
pathogenic strains, Pp 8 and DI21, isolated
from gilthead seabream in the south and north
of Spain (Toranzo et al., 1991; Zorrilla, 2000).
The bacterial doses employed in the challenge
were 105 cfu/ml and 106 cfu/ml  for 0.1 g and
1 g fish respectively. The challenges for V.

alginolyticus were carried out as mentioned
above although in the case of 1 g fish the bac-
terial concentration employed was 107 cfu/ml.

In all experiments, mortalities were monitored

daily over 21 days after the onset of mortality
(European Pharmacopeia, 1997). The cause of
death was established by isolating the chal-
lenge strains from liver, kidney or spleen, us-
ing TSAS and incubation at 22ºC for 24-48 h.
The relative percentage of survival (RPS)
(Amend, 1981) was calculated to evaluate the
efficacy of vaccination as: [1-(%mortality in
vaccinated fish / % mortality in controls)] x
100. The mortality percentages and the RPS
obtained in the vaccination studies were ana-
lysed with a chi-square test.

Fish were maintained throughout the experi-
ments in 50 l seawater aquaria at 18-20ºC with
aeration.

Results and Discussion
Effectiveness of the Vibrio alginolyticus
vaccine
The results of the challenges with V.

alginolyticus in vaccinated fish only with the
V. alginolyticus vaccine and control fish are
summarised in Table 1. The mortality rates of
the immunised fish were significantly lower
(p<0.01) than those observed for non-vacci-
nated fish. Fish immunised with the vaccine
demonstrated protection to virulent V.

alginolyticus with RPS values ranging from
66.67% to 91.46% among the six replicates.

Effectiveness of the divalent V.
alginolyticus-Ph. damselae subsp. piscicida
bacterin
The percentages of mortality obtained for the
0.1 g and 1 g fish immunised with the diva-
lent vaccine Photobacterium-Vibrio demon-
strated significant (p<0.01) levels of protec-
tion against both pathogens in comparison
with the percentages of mortality observed for
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control fish (Tables 2 & 3). No significant dif-
ferences (p>0.01) were observed among the
percentages of mortality obtained for the im-
munised fish at 0.1 g and 1 g body weight.
These results are not in accordance with those
reported in studies in sea bass in which the
differences in protective rates of fish of dif-
ferent size were attributed to the immaturity
of the immune system of the smallest fish
(Gravningen et al., 1998). The divalent vac-
cine did not produce a reduction in the pro-
tection against V. alginolyticus. In this way, RPS
values obtained for this species ranged be-

tween 79% and 84%, and they are in agree-
ment with the previous values of RPS re-
ported in the experiments carried out with
fish immunised only with the V. alginolyticus

vaccine. In the same way, the RPS values ob-
tained against P. damselae subsp. piscicida with
the use of the divalent vaccine were similar
or higher than the RPS reported previously
for the toxoid-enriched whole-cell bacterin in
the protection of sea bream against pasteurel-
losis in fish from 0.05 g to 2 g (Magariños et
al., 1994a, 1999; Romalde & Magariños, 1997).
These results are in agreement with those ob-

segnellahC
ytilatromtnecreP

SPR
hsif.oN detaniccaV

hsif
detaniccav-noN

hsif

1.oN puorg/05 41 26 24.77

2.oN puorg/05 02 06 76.66

3.oN puorg/05 41 07 00.08

4.oN puorg/05 21 68 40.68

5.oN puorg/05 7 28 64.19

6.oN puorg/05 41 87 02.28

Table 1. Percentages of mortality and relative percent survival (RPS) of specimens of gilt-head sea bream of
0.1 g vaccinated and non-vaccinated with the vaccine against Vibrio alginolyticus.

segnellahC
ytilatromtnecreP

SPR
hsif.oN detaniccaV

hsif
detaniccav-noN

hsif

sucitylonigla.V

1.oN puorg/05 41 48 51.38

2.oN puorg/05 01 68 88

3.oN puorg/05 81 97 01.77

ealesmad.hP .psbus adicicsip

1.oN puorg/05 41 45 47

2.oN puorg/05 81 26 17

3.oN puorg/05 02 66 07

Table 2. Percentages of mortality and relative percent survival (RPS) of specimens of gilthead seabream of 0.1
g vaccinated and non-vaccinated with the divalent vaccine against Vibrio alginolyticus and Photobacterium
damselae subsp. piscicida.
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tained by Kawakami et al. (1998), who re-
ported that Vibrio bacterin had no effects on
the P. damselae subsp. piscicida vaccine. On the
contrary, Hoel et al. (1997) have reported that
a stronger humoral immune response to
Aeromonas salmonicida antigens were induced
in fish vaccinated with polyvalent vaccines,
compared to fish vaccinated with the mono-
valent furunculosis vaccine.

In conclusion, the high protection conferred
by the divalent V. algynolyticus-Ph. damselae

subsp. piscicida vaccine in gilthead seabream
strongly encourage its use as a general pre-
ventive measure against mortalities caused by
both pathogens in Mediterranean farms.
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