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Abstract
The cell surface characteristics of a collection of Streptococcus parauberis strains isolated from
turbot were examined, including the autoagglutinating and hemagglutinating capacities and
the hydrophobic character. In addition, their possible relationship with the adhesive and inva-
sive abilities of the strains was determined. S. parauberis isolates showed only hemagglutinating
activity against turbot erythrocytes indicating host specificity for this character. Although
hydrophobicity results were variable depending on the method employed, a good correlation
was observed between BATH (adherence to hydrocarbons) and NCF (binding to nitrocellulose
filters) tests. In addition, the growth media influenced the hydrophobic character of the strains,
probably due to the induction of synthesis of capsular material. On the other hand, all the iso-
lates from turbot of S. parauberis were moderately adherent and invasive in different poikilo-
therm and homoiotherm cell lines. Inhibition experiments showed that lipoteichoic acids mark-
edly reduced the adherence levels, suggesting that these molecules are implicated in the adhe-
sive mechanism of this fish pathogen.

Introduction
Streptococcal septicemias occur both sporadi-
cally and epizootically among cultured and
wild populations of freshwater and marine fish
throughout the world (Kitao, 1993; Kusuda &
Salati, 1993). In 1993, we described the first case
of streptococcosis affecting cultured turbot
(Scophthalmus maximus) in the northwest of
Spain, which dramatically decreased its produc-
tion that year (Toranzo et al., 1994). Further stud-
ies indicated that the isolates could be identi-
fied as belonging to the species Streptococcus

parauberis. Since then, we have studied several
aspects regarding the biochemical, serological
and genetic characterization of the strains
(Toranzo et al., 1995; Romalde et al., 1996, 1999a).
Moreover, a highly effective toxoid-enriched

whole-cell bacterin was developed in our labo-
ratory and the disease is now under control due
to routine vaccination of fish (Romalde et al.,
1999b).

Little is known about the mechanisms of viru-
lence of this turbot pathogen. It has been re-
ported for some fish pathogenic members of the
Streptococcus-Enterococcus group that they show
host specificity, that their virulence is enhanced
by in vivo passage, and that the presence of a
cell capsule might play a role in the phagocytic
resistance of the bacterium (Leiro et al., 1996;
Romalde et al., 1996; Yoshida et al., 1997). In ad-
dition, for the haemolytic species it has been
shown that this activity is due to an extracellu-
lar toxin that, although causing low mortalities
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when injected intraperitoneally, elicits the clini-
cal signs of the disease such as reddish fin base,
hemorrhagic eyes, opaque heart and
exophthalmia (Kusuda & Hamaguchi, 1989).
However, few data are reported on the non-
haemolytic species thus, no virulence factors
have been related to their pathobiological proc-
esses.

The aim of the present study was to evaluate
some classical virulence determinants associ-
ated with the bacterial cell surface such as ag-
glutination and hydrophobicity. In addition,
characteristics of adherence and invasiveness
were also investigated in order to elucidate their
possible role in the development of this turbot
disease.

Materials and Methods
Bacterial Strains
Eighteen strains of Streptococcus parauberis iso-
lated between 1993 and 1996 from diseased tur-
bot cultured in the northwest of Spain from 6
different farms, were included in this study. The
taxonomic position of the isolates was con-
firmed by classical tube and plate tests follow-
ing the procedures of Colman et al., (1992). Ref-
erence strains of S. parauberis and related Gram-
positive bacteria such as  Lactococcus garvieae

(and its junior synonym Enterococcus seriolicida)
and Enterococcus faecalis were included for com-
parison in all the tests. The origin of all the
strains as well as their degree of virulence for
turbot have been previously described
(Romalde et al., 1999a). Yersinia ruckeri strain 11.4
and Vibrio anguillarum strain R-82 were used in
the adherence and invasiveness experiments as
positive and negative controls respectively
(Magariños et al., 1996). Strains were routinely
cultured at 25ºC for 24-48 h on brain heart infu-
sion agar (BHIA)(Difco) or nutrient agar

(NA)(Difco), both supplemented with 1% (wt/
vol) NaCl. Stock cultures were maintained fro-
zen at -80ºC in trytone soya broth (Oxoid) sup-
plemented with 15% (vol/vol) glycerol.

Agglutination assays
The autoagglutinating capacities of the strains
were evaluated in brain heart infusion broth
(BHI) and nutrient broth (NB) both supple-
mented with 1% (wt/vol) NaCl, adopting the
self-pelleting (SP) and the precipitation after
boiling (PAB) assays as previously described
(Romalde et al., 1990). Haemagglutinating ac-
tivities were evaluated by slide agglutination
according to the procedures of Toranzo et al.
(1983), using blood from turbot, rainbow trout
(Oncorhynchus mykiss) and human. In order to
make a preliminary characterization of the mol-
ecules implicated in haemagglutination, several
inhibition assays were carried out. Bacterial sus-
pensions were enzymatically (1 h with trypsin
(Sigma) or proteinase K (Sigma) at a final con-
centration of 1 mg/ml) or heat (80ºC for 15 min)
treated prior to the agglutination reaction. Sugar
treatment was also performed by mixing with
the bacterial suspensions an equal volume of
D-mannose and L-fucose in PBS (1% w/
vol)(Sigma). Finally, erythrocytes were treated
for 1 min with Streptococcus mutans lipoteichoic
acids (LTA; 5 mg/ml)(Sigma). The
hemagglutination inhibition assays were per-
formed as mentioned above by slide agglutina-
tion test. Untreated control cell suspensions
were tested in parallel as positive controls.

Bacterial hydrophobicity
Streptococcus parauberis isolates were evaluated
for their relative cell surface hydrophobicity
using three different procedures as detailed by
Santos et al. (1990): (1) phase partitioning with
hydrocarbon solvents (BATH test); (2) adher-
ence to nitrocellulose filters (NFC test); and (3)
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salt aggregation test (SAT).  Following criteria
described by Santos et al. (1990), a strain was
considered positive for this character when
showing an affinity higher than 20% for the hy-
drocarbons in the BATH test, a binding percent-
age greater than 50% in the NCF assay and bac-
terial aggregation at molarities of ammonium
sulphate lower than 2M.

Adherence assays
The adherence capacity was determined in vitro

by the method of Robins-Brown et al. (1994)
employing three cell lines: CHSE-214 (chinook
salmon embryo), SBL (striped bass larvae) and
FRhK-4 (foetal Rhesus Kidney). Briefly,
semiconfluent cell monolayers were prepared
in 24-well culture plates (Costar) using Minimal
Essential Medium (MEM; Flow) supplemented
with 10% fetal calf serum (FCS) and 50µg/ml
gentamicin. Before performing the assays, me-
dium was removed and replaced with fresh
MEM medium without antibiotics. Bacteria
were inoculated onto cell monolayers at a mul-
tiplicity of infection (MOI) of 100. After 1 h in-
cubation, the medium was removed and the
monolayers were washed vigorously two times
with PBS. Then, monolayers were lysed with
1% Triton X-100 in sterile water for 5 min, and
serial dilutions of each supernatant were
spreaded onto BHIA plates to calculate the
number of attached bacteria. Results were ex-
pressed as the percentage of adherent cells of
the initial inocula (Robins-Brown et al., 1994). A
strain showing an index higher than 10 was con-
sidered strongly adherent, moderately adher-
ent if the index ranged between 1 and 10, and
non adherent if the binding percentage was
lower than 1. The effect of enzymes, sugars, and
lipoteichoic acids on the adherence of S.

parauberis to cell lines were evaluated. Protein-
ase K and sugar (D-manose and L-fucose) treat-
ments were performed as described elsewhere

(Magariños et al., 1996). Lipoteichoic acids from
S. mutans and E. faecalis (Sigma) were also used
in the inhibition assays. To evaluate their possi-
ble inhibitory effect, monolayers were incubated
for 25 min with a solution of each LTA (1 mg/
ml; wt/vol) in PBS, previously to the adherence
test. In all cases, results were the mean of two
separate determinations.

Invasive capacities
Invasiveness was also evaluated in the three cell
lines CHSE-214, SBL and FRhK-4. Bacterial in-
ocula at a MOI of 100 were added to each well.
After 1 h incubation at 25ºC, the monolayers
were washed with PBS, and incubated for a fur-
ther 2 h in MEM containing 50 µg/ml of gen-
tamicin to kill extracellular bacteria. Then,
monolayers were washed twice with PBS and
lysed with a 1% Triton X-100 solution to release
bacteria that had penetrated the cells. Intracel-
lular bacteria were quantified by spreading di-
lutions of the lysate onto BHIA plates. Accord-
ing to the criteria of Janda et al. (1991), a strain
was considered invasive when the number of
intracellular bacteria was higher than 103 colony-
forming units (CFU) per well. Controls were run
in parallel to ensure viability of the bacteria.

Results
Agglutinating activities
Streptococcus parauberis isolates showed variable
behaviour regarding the ability to
autoagglutinate before or after boiling. Of 18
turbot isolates, 15 autoagglutinated  (Table 1).
Six of these positive strains were positive for self
pelleting and negative to precipitation after boil-
ing (SP+, PAB-), 3 strains displayed the pattern
SP-, PAB+, and 6 were positive for the two meth-
ods tested (SP+, PAB+). Three isolates proved to
be negative in both procedures (SP-, PAB-). A
clear influence of the growth medium on the
autoagglutination character was observed,
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since the number of agglutinating strains was
higher when the cells were cultured in BHI than
in NB. In addition, bacteria grown in BHI me-
dium showed a stronger reaction (Table 1).

Regarding the haemagglutinating activity, all
the strains tested were negative for agglutina-
tion of human or trout erythrocytes (Table 1). In
the case of the turbot isolates of S. parauberis,
the majority of the strains (12 out of 18) pro-

duced hemagglutinins for turbot red blood cells.
These hemagglutinations were sensitive to in-
hibition by heat and sugars (mainly L-fucose
and in a lower degree D-mannose) but not to
treatments with proteases or lipoteichoic acids
(data not shown).

Hydrophobicity properties.
The hydrophobicity results obtained for the
strains showed strong discrepancies depending

Table 1. Agglutinating characteristics of Streptococcus parauberis strains: +, strong agglutination; (+), weak
agglutination; –, no agglutination; ND, not determined. a SP, self pelleting. b PAB, precipitation after boiling.
c BHI, determinations with strains grown in brain-heart infusion cultures. d NB, determinations with strains
grown in nutrient broth cultures. e Hemagglutination of turbot erythrocytes was inhibited by heat and sugar
(fucose and mannose) treatments.

sniartS
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setycorhtyrePS a BAP b

IHB c BN d IHB BN tobruT e tuorT namuH

tobruT
setalosi

1.38-AR + )+( - DN - - -

1.99-AR + )+( - - + - -

1.001-AR + )+( + - + - -

1.941-AR + )+( - - - - -

1.21-ZA - - - - + - -

1.07-ZA + )+( - - + - -

2.09-ZA - - + )+( + - -

3.511-ZA + - + - + - -

1.702-MR + )+( - - - - -

1.212-MR - - + )+( + - -

2.812-MR )+( - - - - - -

1.222-MR - - - - - - -

1.58-PR - - + - - - -

1.895-MPR - - - - + - -

4.07-WT + )+( )+( - + - -

4.59-WT + )+( + )+( + - -

4.221-WT + )+( + )+( + - -

S1.99-AR )+( - )+( - + - -

ecnerefeR
sniarts

sirebuarapsuccocotpertS

0202-ODCN + )+( + - - - -

846-ODCN + )+( DN DN - - -

eaeivragsuccocotcaL

5512-ODCN + )+( + )+( - - -

)3-TY(65194CCTA + - + )+( - - -

41019-SS + )+( + )+( - - -

silaceafsuccocoretnE

33491-CCTA )+( - - - - - -
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on the procedure employed. A good correlation
was observed between the BATH and NCF
methods where all the strains yielded positive
results for this character. However, when the
SAT was utilized the majority of the isolates
were non-hydrophobic (Table 2). In addition, the
hydrophobic character was dependent on the
culture medium used to grow the bacteria. Thus,
hydrophobicity values were significantly higher
when isolates were grown on NA plates than
on BHIA medium (Table 2).

Adherence and invasiveness
To evaluate the adherence and invasive capaci-
ties of S. parauberis, six turbot isolates and four
reference strains were chosen on the basis of
their different agglutinating and hydrophobic
properties. In general, S. parauberis isolates
showed a moderate capacity to adhere to cell
lines “in vitro”, with attachment levels ranging
from 0.9 to 2.8% of the initial inoculum (Table
3). No differences in the adherence were ob-
served in relation to the source of the cell line
employed. The reference strains of S. parauberis,
of bovine origin, exhibited the highest adhesive
capacities to the same cell lines, with values of
attachment between 4.3 and 10% (Table 3).

Adhesion of all the isolates was decreased by
at least one log-unit by the addition of
lipoteichoic acids from S. mutans or E. faecalis

to the cell monolayers prior to the assay, ob-
taining percentages of attachment lower than

1% which correspond to the category of non
adherence. On the other hand, treatment of
the bacterial suspensions or the cell
monolayers with carbohydrates, such as fu-
cose and mannose, did not alter the adher-
ence of the S. parauberis strains. Similarly, in-
cubation of the bacteria with proteinase K did
not affect the adhesion of the bacteria to the
different eukaryotic cells either (Table 3).

Invasion of different poikilotherm and ho-
moiotherm cell lines by S. parauberis indicated
that, on the basis of the criterion employed, the
majority of the turbot isolates can be considered
moderately invasive, showing maximun values
of intracellular bacteria per well ranging from
2.6 x 103  to 8.5 x 103 (Table 3).

Discussion
Agglutinating capacities and hydrophobic
interactions have been traditionally related with
bacterial adhesion to animate and inanimate
surfaces, as well as with serum resistance and
sensitivity to phagocytosis. The variety of
autoagglutinating phenotypes found in this
work for the S. parauberis strains, indicate that
no correlation can be made between this char-
acteristic and pathogenicity since, as previously
described (Romalde et al., 1996), all the turbot
isolates showed similar degree of virulence with
a LD50 of approximately 103 bacteria. It is inter-
esting to point out that these strains only pos-
sessed hemagglutinating activity for turbot red

yticibohpordyH
yrogetac

HTAB
FCN TAS

enacedaxeH enatcO

AIHB AN AIHB AN AIHB AN AIHB AN

hgiH 04 3.68 02 19 5.07 001 0 0

etaredoM 55 6.31 08 9 5.92 0 0 0

kaeW 0 0 0 0 0 0 0 4.34

enoN 5 0 0 0 0 0 001 6.65
Table 2. Percentage of Streptococcus parauberis strains included in the different categories of hydrophobicity,
and influence of the grothw media on this characteristic. BATH, bacterial adherence to hydrocarbons; NCF,
binding to nitrocellulose filters; SAT, salt aggregation test.
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blood cells, which corresponds with the host
specificity of this fish pathogen (Romalde et al.,
1996). However, it cannot be considered as a
prerequisite for pathogenicity since not all the
strains exhibited this characteristic. The prelimi-
nary characterization of the surface components
implicated in the heamagglutination indicated
that carbohydrates (fucose or an analogue) may
be responsible for the attachment of the bacte-
ria to erythrocytes.

Regarding hydrophobicity, contradictory re-
sults were obtained for S. parauberis strains
isolated from turbot depending on the
method employed. Although  we found con-
sistent results with the BATH and NCF meth-
ods, where the majority of the strains showed
a highly hydrophobic nature, the SAT assay
indicated a hydrophilic character of the S.

parauberis cell surface. Taking into account
these findings, we can conclude that all these
methods should be regarded not as measur-
ing cell surface hydrophobicity but as merely
adhesion to the respective substrate. Similar
conclusions have been hypothesized by other
authors using different methods (Santos et al.,
1990). On the other hand, we also observed
important differences in the results depend-
ing on the culture medium employed. Thus,
rich media (BHIA) which favour the synthe-
sis of capsular material induced a decrease in
the hydrophobic values when compared to
those achieved in relatively poor media (NA).
These results are in accordance with the find-
ings reported by other authors who described
the LTA as the major cell wall component re-
sponsible for surface hydrophobicity of group
A streptococci (Miörner et al., 1983), since these

seicepS
ecnerehdA a ecnerehdafonoitibihnI b ssenevisavnI c

412ESHC LBS 4-KhRF KP M/F ATL 412-ESHC LBS 4-KhRF

setalositobruT

1.99-AR 4.1 1.1 6.2 R R/R S 01x0,2 2 01x1,1 3 01x4,1 3

1.001-AR 0.1 DN DN R R/R S 01x2,2 3 DN DN

2.09-ZA 8.2 5.2 5.2 R R/R S 01x5,2 3 01x5,1 3 01x2,1 3

1.212-MR 0.1 1.1 3.2 R R/R S 01x5,8 3 DN DN

1.222-MR 9.0 5.2 5.2 R R/R S 01x9,1 3 01x5,2 3 01x6,2 3

4.59-WT 5.2 DN DN R R/R S 01x0,4 2 01x3 3 01x2,2 3

sniartsecnerefeR

sirebuarapsuccocotpertS

0202-ODCN 3.4 DN DN R R/R S 01x0,1 4 DN DN

846-ODCN 0.01 0.9 0.8 R R/R S 01x3,5 3 01x1,4 3 01x0,5 3

eaeivragsuccocotcaL

)3-TY(65194CCTA 2.4 2.1 7.1 R R/R S 01x6,3 3 01x5,4 3 01x0,6 2

silaceafsuccocoretnE

33491-CCTA 85.0 1.1 3.1 R R/R S 01x1,3 3 01x5,9 3 01x3,2 4

Table 3. Adherent and invasive capacities of Streptococcus parauberis isolated from turbot.a Results expressed
as percentage of initial inocula (107 cells): >10, high adherence; 1-10, moderate adherence; <1, no adherence;
ND, Not determined.b Treatment with proteinase K (PK), Fucose and Manose (F/M), and lipoteicoic acids
(LTA). R, resistant; S, sensitive. c Intracellular bacteria/well: 103-104, high invasiveness; 102-103, moderate
invasiveness; <102, no invasiveness; ND, Not determined.
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molecules can be masked by the presence of a
capsular layer.

Adhesion to appropriate host surfaces is con-
sidered to be the first step in microbial
pathogenesis, and it has been reported as a pre-
requisite for infection in a number of strepto-
coccal species (Hasty et al., 1992; Ofek & Doyle,
1994). Our experiments showed that all the tur-
bot isolates of S. parauberis proved to be moder-
ately adherent to cultured fish cells. The small
differences in the attachment levels among iso-
lates could not be correlated with other cell sur-
face characteristics, nor  with the pathogenic
potential of the strains.

We also tested the roles of various surface com-
ponents of S. parauberis in adherence to
eukaryotic cells. Our results showed that
preincubation of the cell monolayers with solu-
ble LTA at high concentrations inhibited adher-
ence of S. parauberis. Similar results were ob-
tained for other Gram-positive cocci, such as
several members of group A (GAS) and group
B streptococci (GBS) or Staphylococcus aureus

(Hasty et al., 1992; Ofek & Doyle, 1994).

Results of this study suggest that S. parauberis is
capable of entering fish cells in vitro. A correla-
tion between the adherence and invasion processes
was not found because a higher level of cell attach-
ment of a particular strain was not necessarily fol-
lowed by a greater invasiveness. Intracellular lo-
cation may protect the organism from host defense
mechanisms and antibiotics (Matthews et al., 1994).
In fact, the inefficacy of chemotherapy in control-
ling this disease in turbot is well documented
(Romalde et al., 1999b). Therefore, invasion capac-
ity may represent a potentially important feature
in the pathogenesis of S. parauberis fish streptococ-
cosis.

In conclusion, we found no correlation among
the surface characteristics studied and the abil-
ity of the S. parauberis cells to adhere and invade
eukaryotic cells, probably due to the different
molecules of the bacterial surface implicated in
each particular process. Therefore, caution must
be taken when extrapolating the results obtained
in in vitro indirect assays to an in vivo model.
Further studies are currently in progress in or-
der to evaluate the importance of the adhesion
and invasion capacities of S. parauberis in the first
stages of turbot streptococcosis, and to elucidate
the possible entry mechanisms and the bacte-
rial survival in different types of eukaryotic cells.

Acknowledgements
This work was supported in part by Grants
XUGA 20003A96 from the Xunta de Galicia and
MAR99-0478 from the Comisión
Interministerial  de Ciencia y Tecnología
(CICYT), Spain. The authors thank the donors
for the kindly supply of some of the reference
strains employed.

References
Colman, G., Efstratiou, A., Morrison, D., 1992.
Streptococcus and related organisms. In: Board,
R.G., Jones, D. Skinner, F.A. (Eds.) Identifica-
tion methods in applied and environmental
microbiology. Blackwell, Oxford,   pp: 221-249.

Hasty, D.L., Ofek, I., Courtney, H.S., Doyle,
R.J., 1992. Multiple adhesins of streptococci.
Infect. Immun. 60, 2147-2152.

Janda, J.M., Abbot, S.L., Oshiro, L.S., 1991.
Penetration and replication of Edwardsiella
spp. in Hep-2 cells. Infect. Immun. 59, 154-
161.

Kitao, T., 1993. Streptococcal infections. In:
Inglis, V., Roberts, R.J., Bromage, N.R. (Eds.),
Bacterial Diseases of Fish. Blacwell Sci. Publ.,
Oxford, UK,   pp. 196-210.



Bull. Eur. Ass. Fish Pathol., 20(6) 2000,  251

Kusuda, R., Salati, F., 1993. Major bacterial
diseases affecting mariculture in Japan. Ann.
Rev. Fish Dis. 3,  9-85.

Kusuda, R., Hamaguchi, M., 1989. Determi-
nation of the median lethal dose of cell-asso-
ciated toxins from Streptococcus sp in the
yellowtail, Seriola quinqueradiata. Bull. Eur.
Ass. Fish Pathol. 9, 117-118.

Leiro, J., Toranzo, A.E., Estévez, J., Lamas, J.,
Barja, J.L., Ubeira, F.M., 1996. The humoral
immune response of turbot to recently iso-
lated pathogenic Enterococcus strains. Cross-
reactivity with other gram positive bacteria.
Vet. Microbiol. 48, 29-39.

Magariños, B., Romalde, J.L., Noya, M., Barja,
J.L., Toranzo, A.E., 1996. Adherence and in-
vasive capacities of the fish pathogen Pas-
teurella piscicida. FEMS Microbiol. Lett. 138: 29-
34.

Matthews, K.R., Almeida, R.A., Oliver, S.P.,
1994. Bovine mammary epithelial cell inva-
sion by Streptococcus uberis. Infect. Immun. 62,
5641-5646.

Miörner, H., Johansson, G., Kronvall, G., 1983.
Lipoteichoic acid is the major cell wall com-
ponent responsible for surface
hydrophobicity of group A streptococci. In-
fect. Immun. 39, 336-343.

Ofek, I., Doyle, R.J., 1994. Bacterial adhesion
to cells and tissues. Chapman & Hall, Inc.
London.

Robins-Brown, R.M., Tokhi, A.M., Adams,
L.M:, Bennett-Wood, V., Moisidis, A.V.,
Krejany, E.O., O’Gorman, L.E., 1994. Adher-
ence characteristics of attaching and effacing
strains of Escherichia coli from rabbits. Infect.
Immun. 62, 1584-1592.

Romalde, J.L., Lemos, M.L., Conchas, R.F.,
Bandín, I., Toranzo, A.E., 1990. Adhesive prop-
erties and other virulence factors in Yersinia
ruckeri. In: Cheng, T.C., Perkins, F.O. (Eds).
Pathology in Marine Science. Academic Press,
Inc.,  pp:123-139.

Romalde, J.L., Magariños, B., Núñez, S., Barja,
J.L., Toranzo, A.E., 1996. Host range suscepti-
bility of Enterococcus sp. strains isolated from
diseased turbot: possible routes of infection.
Appl. Environ. Microbiol. 62, 607-611.

Romalde, J.L., Magariños, B., Villar, C., Barja,
J.L., Toranzo, A.E., 1999a. Genetic analysis of
turbot pathogenic Streptococcus parauberis
strains by ribotyping and ramdom amplified
polymorphic DNA. FEMS Microbiol. Lett.
179, 297-304

Romalde, J.L., Magariños, B., Toranzo, A.E.,
1999b. Prevention of streptococcosis in turbot
by intraperitoneal vaccination: a review. J.
Appl. Ichthyol. 15: 153-158.

Santos, Y., Bandín, I., Nieto, T.P., Bruno, D.W.,
Ellis, A.E., Toranzo, A.E., 1990. Comparison
of the cell surface hydrophobicity of bacterial
fish pathogens by different procedures. In:
Cheng, T.C., Perkins, F.O. (Eds), Pathology in
Marine Science. Academic Press, Inc., pp:101-
115.

Toranzo, A.E. Barja, J.L., Colwell, R.R.,
Hetrick, F.M., Crosa, J.H., 1983. Haemagglu-
tinating, haemolytic and cytotoxic activities
of Vibrio anguillarum and related vibrios iso-
lated from striped bass on the Atlantic coast.
FEMS Microbiol. Lett. 18, 257-262.

Toranzo, A.E., Devesa, S., Heinen, P., Riaza,
A., Núñez, S., Barja, J.L., 1994. Streptococco-
sis in cultured turbot caused by an Enterococ-
cus-like bacterium. Bull. Eur. Ass. Fish Pathol.
14, 21-23.

Toranzo, A.E., Cutrín, J.M., Núñez, S.,
Romalde, J.L., Barja, J.L., 1995. Antigenic char-
acterization of Enterococcus strains pathogenic
for turbot and their relationship with other
gram positive bacteria. Dis. Aquat. Org. 21,
187-191.

Yoshida, T., Endo, M., Sakai, M., Inglis, V.,
1997. A cell capsule with possible involvement
in resistance to opsonophagocytosis in Ente-
rococcus seriolicida isolated from yellowtail
Seriola quinqueradiata. Dis. Aquat. Org. 29, 233-
235.


