
Bull. Eur. Ass. Fish Pathol., 23(4) 2003,  183

Pathobiological characterisation of
Photobacterium damselae subsp. piscicida

isolated from cultured sole (Solea senegalensis)

Beatriz Magariños1*, Jesús L. Romalde1, Sonia López-
Romalde1, Miguel A. Moriñigo2  and Alicia E. Toranzo1

1Departamento de Microbiología y Parasitología. Facultad de Biología & Instituto de Acuicultura.

Universidad de Santiago de Compostela, 15782 Santiago de Compostela, Spain. 2 Departamento de

Microbiología. Facultad de Ciencias. Universidad de Málaga, 29071 Málaga. Spain

Abstract
Characterization of several Spanish strains of Photobacterium damselae subsp. piscicida isolated
from cultured sole (Solea senegalensis, Kaup) was performed to investigate their antigenic and
genetic relatedness with the P. damselae subsp. piscicida strains isolated  from other fish species
throughout the world. In addition, the virulence capability of the sole isolates was also exam-
ined. Antigenic analysis using agglutination tests and the dot blot assay indicated a serological
homogeneity among the sole isolates corresponding to the unique serotype described until now
for this bacterial pathogen. Immunological characterization of LPS and proteins of cell enve-
lopes supported this antigenic homogeneity. The genetic studies revealed that the sole isolates
belong to the previously described European genogroup represented by the most of the gilthead
seabream and seabass isolates. The sole isolates proved to be highly virulent for fish, showing
no host specificity, with LD50 values lower than 103cells/fish in the intraperitoneal challenges
and 105 cells/ml in the bath infections of both sole and gilthead seabream.

Introduction
Pasteurellosis or photobacteriosis caused by
the bacterium Photobacterium damselae subsp.
piscicida (formerly Pasteurella piscicida) results
in high losses in the culture industry of eco-
nomically important marine fishes. Although
this microorganism was first reported in 1963
as the causative agent of this disease causing
significant mortality in natural populations of
white perch (Morone americanus) and striped
bass (M. saxatilis) in the Chesapeake Bay, it
has subsequently become a serious problem
for the culture of yellowtail (Seriola

quinqueradiata) in Japan, and gilthead
seabream (Sparus aurata) and seabass

(Dicentrarchus labrax) in the Mediterranean
countries including Spain, Italy, France, Tur-
key, Greece, Portugal and Israel among oth-
ers (see reviews Magariños et al., 1996;
Romalde et al., 1999; Romalde, 2002).

In 1999, Zorrilla et al. reported the first de-
scription of pasteurellosis affecting sole (Solea

senegalensis) reared in a farm of the Southwest
of Spain. Since then, all the sole farms in Spain
have suffered serious mortalities caused by
P. damselae subsp. piscicida, becaming pas-
teurellosis one of the most threatening dis-
eases for the culture of this valuable fish spe-
cies.
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In previous works, the biochemical, antigenic,
molecular and virulence characteristics of P.

damselae subp. piscicida strains obtained from
different fish species was extensively studied
(Balebona et al., 1992; Magariños et al., 1992a;
Bakopoulos et al., 1997; Romalde &
Magariños, 1997; Romalde, 2002). Although
these studies demonstrated that P. damselae

subp. piscicida constitutes a phenotypical and
serological homogeneous taxon, some vari-
ability was detected by sensitive genetic meth-
ods (Magariños et al., 1997; Thyssen et al.,
2000; Kvitt et al., 2002) which is important
from an epidemiological standpoint. Unfor-
tunately, in all these studies no sole isolates
were included. Therefore, few data are avail-
able about the disease process in this fish spe-

cies and the possible particular characteris-
tics of the sole isolates.

The present report describes the phenotypic,
serological and molecular characterization of
a group of P. damselae subp. piscicida  strains
isolated from sole in Spain, in comparison
with different reference strains obtained from
gilthead seabream, seabass and yellowtail.
Moreover, we have also evaluated the viru-
lence capability of these sole isolates for their
natural host as well as for other fish species
susceptible to pasteurellosis. All the results
generated in the present study would be rel-
evant to assess the possible utilization of the
commercial pasteurellosis vaccines in the sole
farms.

niartS nigirO mraF raeY ecnerefeR

5-PP sisnelagenesaeloS A 9991 allirroZ late 9991,.

10/14-hgL sisnelagenesaeloS A 1002 ydutssihT

10/94-bgL sisnelagenesaeloS A 1002 ydutssihT

20/25-rgL sisnelagenesaeloS A 1002 ydutssihT

20/35-bgL sisnelagenesaeloS A 1002 ydutssihT

1.534-CP sisnelagenesaeloS B 1002 ydutssihT

2.455-CP sisnelagenesaeloS B 1002 ydutssihT

1.555-CP sisnelagenesaeloS B 2002 ydutssihT

1.655-CP sisnelagenesaeloS C 2002 ydutssihT

1.665-CP sisnelagenesaeloS C 2002 ydutssihT

1.765-CP sisnelagenesaeloS C 2002 ydutssihT

20/515-WT sisnelagenesaeloS D 2002 ydutssihT

sniartsecnerefeR

12ID ataruasurapS AN a 1991 soñiragaM late a2991,.

23B ataruasurapS AN 1991 anobelaB late 2991,.

1.666 xarbalsuhcrartneciD AN 5991 atsitpaB late 6991,.

1008-SZM ataidareuqniuqaloireS AN 0891 5891,oatiK&ikoA

Table 1. Photobacterium damselae subsp. piscicida strains employed in this study. a NA, not applicable.
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Materials and Methods
Identification of bacterial strains. In this work,
we selected a number of  strains of P. damselae

subsp. piscicida isolated from epizootics occur-
ring in cultured sole in four different farms in
Spain from 1999 to 2002. Moreover, for com-
parative purposes, representative strains of P.

damselae subsp. piscicida isolated from
seabream (strain DI 21 and strain B32) and
seabass (strain 666.1) in Europe, and from
yellowtail in Japan (strain MZS-8001) were
also included (Table 1). The bacteria were
grown on tryptone soya agar supplemented
with 1% NaCl (TSA-1) (Difco Laboratoires,
Detroit, Mich.) at 22ºC for 24 to 48 h and main-
tained frozed at –70ºC in criobille tubes (AES
Lab., France).

Pure cultures of the isolates were subjected
to taxonomic studies using standard morpho-
logical, physiological and biochemical plate
and tube tests following the procedures of
Magariños et al. (1992a) and by the API-20E
system (Biomerieux, Madrid, Spain).

Serological analysis. The confirmative diag-
nosis of the strains as well as the serological
relationships among all the isolates were con-
ducted by slide and quantitative agglutina-
tion test, and by the dot blot assay. Tests were
performed using rabbit antisera obtained
against Spanish strain DI 21 isolated from
gilthead seabream, and the reactions were
carried out as previously described (Cipriano
et al., 1985; Toranzo et al., 1987) using both
whole cells and the corresponding somatic O
antigens, prepared by heating the bacterial
suspensions at 100ºC for 1 h.

With the aim to detect possible serogroups
within this microorganism, the dot blot assay

was performed also with absorbed rabbit se-
rum. For the absorption, the serum against the
strain DI 21 was mixed with the cell pellets of
the heterologous isolate from sole PC-435.1,
incubated at 37ºC for 1h, stored at 4ºC over-
night, and centrifuged at 4,000 rpm for 20 min.
The process was repeated two times to ensure
a complete absorption of common antigens.
The absorbed antiserum was tested for
specificity with the homologous and heterolo-
gous strains.

LPS and Membrane protein analysis and
immunoblotting. Lipopolysaccharides (LPS),
total and outer membrane proteins were ob-
tained as previously described (Magariños et
al., 1992a). Samples were subjected to SDS-
PAGE (Laemmli, 1970) with 12.5% acrylamide
in the separating gel and 3% acrylamide in
the stacking gel. LPS were stained with silver
nitrate by the procedures of Tsai & Frasch
(1982) and the proteins were stained with
Coomassie brilliant blue R-250 (Sigma Chemi-
cal Co., Madrid, Spain). Molecular weights
were determined by comparison with a mix-
ture of commercial markers (Bio-Rad, Madrid,
Spain).

After electrophoresis, LPS and proteins were
electroblotted from the gels onto nitrocellu-
lose (NC) sheets (Bio-Rad) basically by the
procedure of Towbin et al. (1979), and treated
as previously described (Magariños et al.,
1992a) for detection of antigenic reactions.

PCR and RAPD analysis. DNA was isolated
using the InstaGene Matrix (Bio-Rad) follow-
ing the manufacturer´s recommendations.
The InstaGene DNA preparations were stored
at –20ºC until they were used for PCR reac-
tions. Only one ml of each DNA solution was
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used in the respective amplification reactions
performed in a Master Cycler Personal appa-
ratus (Eppendorf, Hamburg, Germany).

The PCR amplifications for confirmative iden-
tification of the isolates were performed as
described elsewhere (Osorio et al., 1999). In

addition, in order to determine the possible
intraspecific genetic diversity among the sole
isolates, the randomly amplified polymorphic
DNA (RAPD) analysis was carried out as pre-
viously reported (Magariños et al., 2000) us-
ing the arbitrary primer 4
(AAGAGCCCGT)(Pharmacia Biotech, Barce-
lona, Spain).

Virulence assays. Infectivity trials were con-
ducted to determine the patogenicity and host
specificity of two representative strains of P.

damselae subsp. piscicida  isolated from sole
(strains PC-435.1 and PC-554.1). In parallel,
two isolates from gilthead seabream (strains
DI 21 and B32) were also inoculated. Virulence
of the strains was assayed in sole and gilthead
seabream by two inoculation procedures, in-
traperitoneal (i.p.) injection and bath exposure
basically as previously described (Magariños
et al., 1992b, 1995).

Fish were maintained in 50 l aquaria of
seawater at 18-20ºC with aeration, and
mortalities were daily scored for a period of
21 days. The lethal dose (LD50) was calculated
by the method of Reed & Müench (1956).
Dead fish were analyzed to reisolate the in-
oculated strain.

Results and Discussion
The results of the taxonomical analysis indi-
cated that all the sole isolates constituted an
homogeneous group regarding their bio-
chemical and physiological characteristics
which, in addition, fit completely with the
previous descriptions of this bacterial patho-
gen (Magarños et al., 1992a; Romalde, 2002).
The specific PCR assays, using the procedure
previously described (Osorio et al., 1999), con-

Fig. 1.- Dot blot assay (a) and western blots of the
LPS (b) and outer membrane proteins (c) of the
isolates of P. damselae subsp. piscicida, using the
antiserum raised against the Spanish seabream
isiolate DI 21. In 1a, strain DI 21 and saline solution
(0.85% wt/vol NaCl) were used as positive and
negative controls respectively. Lanes in 1b and 1c:
1, DI 21; 2, PP-5; 3, Lgh-41/01; 4, Lgr-52/02; 5, PC-
435.1; 6, PC-556.1; 7, PC-566.1; 8, PC-567.1.
Numbers of the right in 1c indicate the molecular
size in KDa of the major immunogenic proteins.
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firmed the identity of the sole isolates as P.

damselae subsp. piscicida. All the sole isolates
evaluated produced an unique and clear am-
plification product of the expected size (267
bp)(data not shown).

The agglutination and microtitration assays
indicated that all the P. damselae subsp.
piscicida strains, regardless of their origin and
host, were serologically homogeneus. All of
them displayed a strong slide agglutination
(titer 20,480) with the antisera raised aginst
the strain DI 21. These results were corrobo-
rated by the dot blot assay in which the O
antigen from all the isolates reacted similarly
with the antiserum employed (Fig. 1a). These
reactions were completely eliminated when
absorbed antiserum was employed (data not
shown), which indicated that all the isolates
constitute an homogeneous serological group.

The sole isolates of P. damselae subsp. piscicida

were also homogeneous in the LPS and pro-
tein profiles, as demonstrated by the SDS-
PAGE analysis (data not shown). The west-
ern blot assays demonstrated clearly a high
level of antigenic similarity among the strains
in both LPS, showing all the isolates a strong
reaction of their O side chains (Fig. 1b), and
proteins, sharing at least three antigenic bands
of 30, 42 and 53 kDa (Fig. 1c). It is interesting
to point out that despite the number of reports
describing new isolates of P. damselae subsp.
piscicida, no antigenic variability has been de-
tected which warrant the creation of differ-
ent serological groups within this pathogen
(Bakopoulos et al., 1997; Romalde &
Magariños, 1997).

Regarding the genetic studies, previous works
based on ribotyping, RAPD or amplified frag-

ment length polymorphism (AFLP) tech-
niques, showed the existence of two clonal lin-
eages within P. damselae subsp. piscicida, in-
cluding the European and Japanese strains
respectively (Magariños et al., 1997; Thyssen
et al., 2000; Magariños et al., 2000; Kvitt et al.,
2002). In the present work, the RAPD tech-
nique was applied to sole isolates and refer-
ence strains in an attempt to detect strain-spe-
cific DNA profiles with epidemiological
value. The patterns obtained with primer 4
showed a common profile for all the sole iso-
lates characterized by 9 major bands (Fig. 2;
lanes 1 to 7), which was identical to that ex-
hibited by the Spanish seabream and Portu-
guese seabass isolates (Fig. 2; lanes 8 to 10)
but different of the Japanese strain MZS-8001
(Fig. 2; lane 11). Therefore, our findings indi-
cated that the sole strains belong to the Euro-
pean clonal lineage which could indicate a
possible horizontal transmission of the patho-
gen from other fish species cultured in the
same areas.

Despite the great homogeneity exhibited by
all the P. damselae subsp. piscicida strains re-

Fig. 2.- RAPD profiles exhibited by the sole isolates
and the reference strains of P. damselae subsp.
piscicida. Lanes: 1, PP-5; 2, Lgh-41/01; 3, Lgr-52/
02; 4, PC-435.1; 5, PC-556.1; 6, PC-566.1; 7, TW-515/
02; 8, DI 21; 9, B32; 10, 666.1; 11, MZS-8001.
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gardless their host origin, the results obtained
in the pathogenicity assays showed that the
degree of virulence of the sole isolates was un-
expectedly higher (with LD50 of about 102

cells/fish or 104 cells/ml in the i.p. and bath
challenges respectively) than those obtained
for seabream isolates (Table 2). This high
pathogenicity, together with the lack of host
specificity, indicate that the sole isolates may
become a potential hazard for other fish cul-
tured in the same areas, as well as for wild
fishes.

In conclusion, the P. damselae subsp. piscicida

strains isolated from sole in Spain constitute
an homogeneous phenotypic, antigenic, and
genetic taxon belonging to the European clone
described for this pathogen. Therefore, sole
immunization with commercial pasteurello-
sis vaccines, originally developed for
seabream or seabass (Romalde & Magariños,
1997; Magariños et al., 1999), could be re-
garded as effective measures to prevent pas-
teurellosis in the Solea senegalensis culture.
However, since the isolates from sole seem to
constitute a high virulent clone within P.

damselae subsp. piscicida, it can be worthy the
development of a specific vaccine for this fish
species.
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