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ABSTRACT: Biochemical, serological and molecular properties of a group of 14 Vibrio ordalii strains
isolated from cultured Atlantic salmon Salmo salar in Chile in recent years were studied. The characteristics of isolates were compared with the type strain V. ordalii ATCC 33509T. The Chilean V. ordalii
represented a biochemically homogenous group; however, some minor differences with the type
strain were observed. The serological relationships among isolates, as well as the study of their antigenic determinant (LPS) revealed a strong reaction with antisera raised against Atlantic salmon
strains and the antiserum raised against Listonella anguillarum serotype O2. However, LPS electrophoretic patterns were completely different from the V. ordalii type strain, regardless of the serum
employed, suggesting the possibility that the Chilean strains constitute a new serological subgroup
within this bacterial species. Genetic analyses by PFGE, RAPD, REP-PCR and ERIC-PCR demonstrated that all V. ordalii strains were genetically homogenous, displaying similar DNA patterns,
regardless of the techniques used. Moreover, the analysis of DNA banding patterns generated by
ERIC-PCR and REP-PCR also clearly separated the type strain from the Chilean strains. This is the
first report of characterization of V. ordalii strains from the Southeastern Pacific area, the results of
which should facilitate the development of vaccines for protecting cultured Atlantic salmon against
vibriosis in this area.
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Vibriosis is one of the major diseases occurring in
marine and brackish fish culture and is characterized
by hemorrhagic septicemia. Although Listonella anguillarum is regarded as the dominant species causing
vibriosis, several Vibrio species are also implicated in
disease problems in mariculture (Toranzo & Barja
1993, Toranzo et al. 2005).
Vibrio ordalii, formerly Listonella anguillarum biovar
II (Schiewe et al. 1981), was isolated for the first time
from diseased salmon cultured in coastal waters of
America’s Pacific Northwest (Harrel et al. 1976). Since

its first isolation, V. ordalii has been also reported in
Japan, Australia and New Zealand, affecting mainly
the culture of several salmonid species (Ransom et al.
1984, Toranzo et al. 1997). Although salmon farming is
a significant industry in Chile, surprisingly, no cases of
vibriosis were noted in marine salmonid aquaculture
until 2004, when disease outbreaks associated with
moderate mortalities (8.2%) in populations of Atlantic
salmon Salmo salar cultured in southern Chile were
reported (Colquhoun et al. 2004).
Numerous studies describe Vibrio ordalii as a biochemically and serologically homogeneous taxon (see
review Toranzo et al. 1997, 2005). Recent studies
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(Colquhoun et al. 2004) using conventional methods
and miniaturized systems have demonstrated that
Chilean V. ordalii isolates share the same biochemical
properties present in the previous description of the
species (Schiewe et al. 1981), with the exception of
production of acid from trehalose and lack of acid production from mannitol. In addition, these Chilean
strains could not be serotyped due to auto-agglutination of the isolates (Colquhoun et al. 2004).
However, until now, no discriminative methods
based on genetic techniques have been applied to this
bacterium. Pulsed-field gel electrophoresis (PFGE)
(Skov et al. 1995), randomly amplified polymorphic
DNA (RAPD)-PCR, enterobacterial repetitive intergenic consensus sequence (ERIC)-PCR and repetitive extragenic palindromic (REP)-PCR have become
accessible and sensitive methods for the intraspecific
genetic variability in many pathogens (Williams et al.
1990, Versalovic et al. 1991, Bachellier et al. 1999).
Therefore, the objective of this study was to describe in
depth the biochemical and antigenic characteristics of
the Vibrio ordalii strains isolated from disease outbreaks in Salmo salar in Chile, for future development
and/or improvement of the vaccination program
against vibriosis. In addition, PFGE and 3 PCR-based
methods were employed to analyse the genetic variability among the V. ordalii strains, with the aim to
evaluate this technique as a useful epidemiological
tool for this pathogen.

MATERIALS AND METHODS
Bacterial strains and growth conditions. Fourteen
Vibrio ordalii strains isolated from Atlantic salmon
Salmo salar from 5 different salmon farms and 2 locations on and near Chiloe Island, Chile, during
2003–2005 were used in the present study (Table 1).
These strains were confirmed as V. ordalii by sequencing of the 16S rRNA using ABI PRISM Kit reaction and
ABI PRISM 310 sequencer (Applied Biosystems)
according to the manufacturer’s recommendations.
These sequences were aligned and compared with
sequences of the type strain of V. ordalii ATCC 33509T
(X74718) and V. ordalii strain 2003/09/511-2063
(AY530930) obtained from GenBank.
In all studies, the type strain of Vibrio ordalii ATCC
33509T from the American Type Culture Collection
was used for comparative purposes. The type strains of
Listonella anguillarum ATCC 43305 (serotype O1),
ATCC 43306 (serotype O2) and ATCC 43307 (serotype
O3) were also included in the dot-blot and westernblot assays. All strains were routinely cultivated on/in
Luria Bertani (LB) agar or broth supplemented with
1.5% (w/v) sodium chloride and incubated at 20°C for

72 h. Stock cultures were maintained frozen at –70°C
in LB broth containing 1.5% NaCl and 15% (v/v)
glycerol.
Biochemical and physiological characterization.
The strains were examined using phenotypic tests
basically as reported by MacFaddin (1984). In addition,
the miniaturized API 20E system (bioMèrieux) was also
employed. Biochemical profiles of our isolates were
compared with those of the Vibrio ordalii type strain.
Serological characterization. Based on the biochemical homogeneity of the bacterium, antisera
against 3 representative strains isolated from Atlantic
salmon, coded as Au2, Au3 and PF180, were prepared
by intravenous injections of rabbits as described by
Sørensen & Larsen (1986). Before the serological
assays, the titer of each immune serum was determined by an ELISA. In addition, to evaluate the antigenic cross-reactivity among Vibrio ordalii and Listonella anguillarum serotype O2, all serological tests
were conducted using a polyclonal antiserum raised
against the type strain ATCC 43306 (serotype O2). The
serological analyses were performed with unabsorbed
and absorbed rabbit serum. For absorption, the antisera against isolates Au2, Au3 and PF180, as well as
serum against L. anguillarum serotype O2, were mixed
with the antigens of the homologous and heterologous
isolates and incubated overnight at 4°C. This process
was repeated twice to ensure a complete absorption of
common antigens.
Slide agglutination tests were conducted to examine
the serological relationship between strains (Toranzo
et al. 1987). The dot-blot analysis was performed as
described by Cipriano et al. (1985). Only a reaction
similar to that exhibited by the homologous strain was
scored as positive.
Preparation of lipopolysaccharides, membrane
proteins and immunoblotting analysis. LPS from the
cell envelope were obtained by the Proteinase K
method following the procedures of Hitchcock &
Brown (1983). Samples were examined by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE; Laemmli 1970) and then silver stained by
the procedure of Tsai & Frasch (1982).
The cell envelope proteins from the Vibrio ordalii
strains were prepared from bacterial culture grown in
LB broth as described by Avendaño-Herrera et al.
(2004) and examined by SDS-PAGE as described for
the LPS analyses. After electrophoresis proteins were
stained with 0.05% Coomassie blue R (Sigma), photographed, and the relative mobilities of each one were
determined by comparison with standard protein
markers (Winkler).
Cell envelope components (LPS and proteins) separated by SDS-PAGE were transferred onto nitrocellulose membranes by electrophoretic blotting accord-
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Table 1. Vibrio ordalii. Strains used in this study and their serotype designations after serological techniques were applied using O-antigens and unabsorbed rabbit antisera
raised against representative V. ordalii isolates from Atlantic salmon (Au2). ATCC: American Type Culture Collection; O2 antiserum raised against Listonella anguillarum
serotype O2; ‘++’ represents strong and immediate reaction; ‘–’ represents negative reaction. A reaction was considered positive if it was similar to the reaction exhibited
by the homologous strain. For dot-blot assays and Western LPS analysis, antigen used to absorb the serum is shown in parentheses
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ing to procedures of Towbin et al.
(1979), and subjected to immunological analysis as outlined above
for the dot blot assay.
Genetic characterization. PFGE
analysis. The PFGE analyses were
performed using the NotI (Invitrogen) enzyme according to the
methods described by Vela et al.
(2003). The running conditions
were 6 V cm–1 at 14°C for 24 h at a
field angle of 120°, and switch times
were 1 to 18 s for 12 h and 3 to 80 s
for 12 h. Following electrophoresis,
the gels were stained with ethidium
bromide (0.5 µg ml–1) for 30 min,
destained in distilled water for 1 h,
and visualised with a UV trans-illuminator. The molecular sizes of the
fragments obtained were estimated
using the GelComparII Software
(Applied Maths BVBA), and the
DNA of Saccharomyces cervisiae
YN295 and Vibrio parahaemolyticus RIMD 2210856 cleaved by NotI
were used as molecular size
markers.
DNA extraction: Chromosomal
DNA was purified from cell lysates.
For the preparation of cell lysates,
overnight cultures of the bacteria
were centrifuged at 10 000 × g for
5 min, resuspended in a lysis solution (SDS 1%; NaCl 0.15 M; EDTA
1.25 mM pH 8.0; Tris-HCl 0.1 M
pH 7.5) and heated at 100°C for
10 min. Samples were then treated
with Proteinase K solution (10 mg
ml–1) and incubated at 60°C for
30 min followed by 2 sequential
chloroform-phenol extraction and
ethanol precipitation steps. DNA
was also extracted using InstaGene
Purification Matrix (Bio-Rad Laboratories) according to the manufacturer’s protocols. The concentration of DNA was visually estimated
after agarose gel electrophoresis of
2 µl of sample, and all DNA solutions were adjusted with sterile distilled water so that reaction could
be performed on similar amounts of
DNA (concentration of 10 to 20 ng
µl–1). All experiments were carried
out with DNA obtained in 2 differ-
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ent extractions for each bacterial strain. Extracted
DNA was maintained at –20°C until used for PCR reactions. We used 1 µl of each DNA solution in the respective amplification reaction.
ERIC-PCR, REP-PCR and RAPD-PCR typing: The
ERIC-PCR, REP-PCR and RAPD-PCR amplifications
were done using commercial Ready-To-GoTM PCR
beads (Amersham Pharmacia Biotech). All PCR amplifications were carried out in a T Gradient thermocycler
(Biometra) and the specific primers for each assay, as
well as the amplification protocols employed for each
technique, were those described by Mancuso et al.
(2007). In addition, in order to determine whether the
ERIC and REP sequences were actually present in the
genome of Vibrio ordalii or whether the PCR amplicons obtained were random products due to nonspecific amplifications, DNA extracted from strain V.
ordalii ATCC 33509T and Escherichia coli K512 were
used for annealing temperature gradient assays of
ERIC-PCR and REP-PCR. For ERIC-PCR amplifications, the annealing temperature gradient ranged from
52 to 66°C and from 40 to 64°C for REP-PCR.
All PCR products were separated by horizontal electrophoresis on a 1.5% (w/v) agarose gel, visualized
with ethidium bromide (Bio-Rad) and photographed
under UV light. A 100-bp DNA ladder (Invitrogen) was
used as molecular mass marker. In all cases, negative
controls, consisting of the same reaction mixture but
with sterile distilled water instead of template DNA,
were included in each batch of PCR reactions. In order
to determine significant differences in the patterns,
reproducibility of results was assessed by repetition in
at least 2 independent assays.
Computer data analysis. All gels were scanned and
the images captured by a Gel Doc-2000 gel documentation system (Bio-Rad). The data analysis was performed using the Diversity Database software (BioRad), and the computed similarities among strains
were estimated by means of the Dice coefficient (Sd)
(Dice 1945). A dendrogram was produced on the basis
of the unweighted average pair group method
(UPGMA).

RESULTS AND DISCUSSION
Biochemical characterization
The phenotypic tests showed that all bacterial isolates were Gram-negative, rods, motile, fermentative,
produced catalase and cytochrome oxidase, and were
sensitive to the vibriostatic compound O/129, all of
which are typical characteristics of marine vibrios. The
utilization of the miniaturized API 20E kit rendered for
all the isolates the same profile 0004024. All Vibrio

ordalli isolates studied were phenotypically similar to
the profile reported by Colquhoun et al. (2004), with
the exception that these authors found that 1 of 3
strains were gelatinase-negative while all our strains
failed to hydrolyse gelatin. The type strain showed the
pattern 0006124, which is in accordance with the biochemical description made by Schiewe et al. (1981) for
this species using conventional tube and plate test procedures.

Serological characterization
To examine the antigenic properties of the Chilean
isolates, we selected 3 Vibrio ordalii strains to obtain
immune serum for rabbit; the homologous titers of
these antisera varied between 2048 and 8192.
The slide agglutination assays using the Vibrio
ordalii antisera and O-antigens revealed cross-reactions for all strains regardless of the host origin and
serum employed (Table 1). These findings indicate that
all V. ordalii strains isolated from Atlantic salmon may
be serologically homogeneous. In agreement with
Mutharia et al. (1993) and Larsen et al. (1994), all V.
ordalii strains included in this study showed a strong
reaction with the serotype O2 antiserum of Listonella
anguillarum. However, when phosphate buffered
saline was used instead of each antiserum in the slide
agglutination assays, no auto-agglutination was
detected (data not shown), as previously described by
Colquhoun et al. (2004).
When the dot-blot assays were performed, the 14
isolates studied and all the type strains (except Listonella anguillarum serotype O1 and O3) also showed
strong reactions with antisera raised against the 3
Atlantic salmon strains and the L. anguillarum
serotype O2 (Table 1). Interestingly, all immunological
reaction towards the Chilean isolates disappeared
when the V. ordalii antisera were absorbed with a heterologous and homologous Atlantic salmon strain, confirming that all the Chilean isolates correspond to a
same serological group, while the strong antigenic
reaction remained in both type strains (V. ordalii
ATCC 33509T and L. anguillarum ATCC 43306). Similar results were observed when the O2 antiserum was
absorbed with the heat stable O-antigen of the V.
ordalii strains isolated from Atlantic salmon.
The result of the LPS profiling showed that all
Chilean Vibrio ordalii strains displayed a similar LPS
pattern with a ladder of both high-molecular-weight
(HMW) and low-molecular-weight (LMW) O-antigen
bands (data not shown). Although all isolates studied
showed strong reaction with the antisera raised
against the strains Au2, Au3 and PF180, as well as with
the polyclonal antiserum O2, differences in the pat-
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terns were observed (Fig. 1). In fact, when the antisera
raised against the Chilean V. ordalii isolates and the
O2 antiserum were employed, reactions were only
seen with the polysaccharide bands in the LMW

Fig. 1. Vibrio ordalii. Western-blot analyses of lipopolysaccharides of a representative Chilean V. ordalii strain and type
strains using antisera raised against (A) Listonella anguillarum ATCC 43306; (B) Atlantic salmon Au2; and (C) O2 antiserum absorbed with an Atlantic salmon strain (isolate Au2).
Lanes: MW, molecular ruler (Bio-Rad); 1, Au3; 2, ATCC
33509T (V. ordalii); 3, ATCC 43306 (L. anguillarum O2) and 4,
ATCC 43305 (L. anguillarum O1)
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regions in Chilean V. ordalii isolates, while the type
strains of V. ordalii (ATCC 33509T) and Listonella
anguillarum (ATCC 43306) showed reaction in both
LMW and HMW areas (Fig. 1A,B). These cross reactions disappeared in all V. ordalii isolates, with the
exception of the type strain, when the O2 antiserum
was absorbed with each V. ordalii strain isolated from
Atlantic salmon (Fig. 1C, Table 1). Sadovskaya et al.
(1998) noted that the serological cross-reactivity
between V. ordalii and L. anguillarum serotype O2
strains may be mainly due to similar capsular structure
and O-antigenic polysaccharides differing only in the
degree of polymerization.
With regard to the analysis of total and outer membrane proteins, all Chilean strains presented an essentially identical profile, displaying a considerable number of common bands between 27.0 and 103.7 kDa
(Fig. 2A). These findings suggest that these isolates are
a homogenous species. It is important to note that
although the type strain ATCC 33509T presented a different pattern, a 40 kDa major outer membrane protein — which corresponds to a porin conserved within
bacterial species of the genus Vibrio (Davey et al.
1998) — was present in all the Vibrio ordalii strains. In
addition, all proteins are antigenically related because
a strong reaction was observed with the 3 sera in the
western blot analysis (Fig. 2B).
Genetic characterization. PCR products sequencing
of the 16S rRNA confirmed that the 14 studied isolates
were Vibrio ordalii strains, identifying a 99% similarity
with the type strain ATCC 33509T (GenBank X74718)
and a 99.9% similarity with the Chilean strain (accession no. AY530930). Nucleotide sequences for 16S
rRNA determined in this study were deposited in
GenBank under accession nos. EU107963 to EU107976
(Table 1). On the other hand, regardless of their origin,
all of our isolates and the V. ordalii type strain ATCC
33509T were typeable, therefore, none of them failed to
yield discernible amplification pattern by any of the
PCR-based methods analysed.
Analysis of the restriction digest pattern resolved by
endonuclease NotI showed that all Vibrio ordalii
strains presented a similar PFGE pattern, consisting of
15 bands, except the strain Au3. This isolate was
considered to be different because its PFGE pattern
differed only in the absence of 1 band of approximately
65 kb. Therefore, 2 groups could be differentiated
with a similarity of 88% (Fig. 3). This genetic homogeneity was also observed when other V. ordalii strains
were ribotyped, detecting the existence of 3 distinct
groups with a level of similarity more than 95%
(Tiainen et al. 1995).
In recent years, the development of molecular techniques has progressed rapidly. Therefore, PCR amplification with primers specific to the repetitive genetic
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imately 800 bp in length was shown by
this isolate. When the Dice coefficient
was applied, the similarity between the
2 clusters was 88%.
In the case of REP-PCR the results
were similar and it was evident that all
strains exhibited patterns with a high
number of REP-PCR products. The size
of these bands ranged from 100 to
3000 bp (Fig. 4D). A difference of 2
bands was observed in the profile for
the type strain ATCC 33509T, which
lacked a band of 490 bp and had
an additional smaller band (approximately 260 bp) not present in the
Chilean strains, with a similarity level
of 91.6%.
When the RAPD technique was
applied to the 14 isolates of Vibrio
ordalii, only 2 oligonucleotides, P2 and
P6, generated reproducible patterns
with an appropriate number of amplified products suitable for an accurate
analysis. When these primers were
employed, only one genetic profile
within the V. ordalii Chilean strains
could be observed, regardless of the
origin, yielding a similarity level of
100% to the type strain. In both cases,
a total of 3 different bands were
observed using the primer P2 and P6,
ranging from 200 to 3000 bp in size
(Fig. 4A,B). Clearly, RAPD-PCR, ERICFig. 2. (A) SDS-PAGE and (B) western blot of total membrane proteins from
PCR and REP-PCR techniques did not
Chilean Vibrio ordalii isolates, and type strains of Listonella anguillarum and
separate the Chilean isolates as outV. ordalii tested with serum directed against V. ordalii Au3. Lanes: MW, molecular ruler (Bio-Rad); 1, ATCC 43306 (L. anguillarum O2); 2, ATCC 33509T
lined above for the PFGE assays, since
(V. ordalii); 3–7: Chilean V. ordalii strains
all strains were included in only one
genetic group. Therefore, these PCRelement REP and ERIC as well as RAPD analysis have
based methods do not seem to be suitable when a high
been frequently used for genomic fingerprinting of
degree of discrimination is needed.
Gram-negative bacteria, particularly Vibrio species,
Reproducibility of RAPD, ERIC-PCR and REP-PCR
since they are fast and simple (Rivera et al. 1995a,b,
results was assessed by the employment of DNA from
Shangkuan et al. 1997, Marshall et al. 1999, Wong &
different extractions and by repetition in at least 2
Lin 2001, Khan et al. 2002, Maluping et al. 2005,
independent assays. Aside from some variations in the
Rodríguez et al. 2006).
band intensity, no differences were observed between
In our case, the analysis of the Chilean Vibrio ordalii
the profiles obtained for each strain, and all the bandstrains and the type strain (ATCC 33509T) with ERICing patterns were highly reproducible.
PCR demonstrated the existence of clonal relationships
among Chilean isolates (Fig. 4C). In general, the
typing of all V. ordalii strains consisted of at least 12
CONCLUSIONS
major amplification bands, ranging in size from 50 to
3000 bp. However, the V. ordalii type strain showed a
In this work we have demonstrated that the Vibrio
different ERIC-PCR profile, sharing 11 of the 12 major
ordalii strains isolated from outbreaks in farmed
bands present in the Chilean strains profile (Fig. 4C). It
Atlantic salmon in Region X (Chile) are biochemically,
is interesting to point out that an extra band of approxantigenically and genetically homogeneous. Interest-
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Fig. 3. Vibrio ordalii. (A) Representative PFGE pattern for V. ordalii strains after chromosomal DNA digestion with NotI; and
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Fig. 4. Vibrio ordalii. Amplification
fingerprints obtained for V. ordalii
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primer 2, (B) RAPD with primer 6,
(C) ERIC-PCR and (D) REP-PCR
methods. Lanes: MW, AmpliSize
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marker in bp. Arrows indicate
differences between amplification
profile of type and Chilean strains
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ingly, the electrophoretic patterns in both LPS and proteins were different from the type strain, suggesting
the possibility that the Chilean strains constitute a new
serological subgroup within this bacterial species. Further studies are necessary to elucidate this question.
This is the first comprehensive report of characterization of V. ordalii strains from the Southeastern Pacific
area, the results of which should facilitate the development of vaccines for protecting cultured Atlantic
salmon against vibriosis.
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