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Abstract 
A serological analysis of a total of 35 strains of Tenacibaculum maritimum recovered from mortalities 
occurring from 2004 to 2006 in turbot (Scophthalmus maximus), sole (Solea solea) and blackspot 
seabream (Pagellus bogaraveo), cultured along the Iberian Peninsula, was performed in order to 
determine if the serotyping scheme described for this pathogen is sufficient or whether it needs 
reconsideration. In the previous scheme the turbot strains were all included in serovar 02. The 
results obtained in the present survey demonstrated that, in later years, serovar 03 has also 
been associated with turbot mortalities, which must be taken into consideration for the antigenic 
formulation of the commercial vaccines against tenacibaculosis. 

Introduction 

Tenacibaculum maritimum, the etiological agent 

of the tenacibaculosis or flexibacteriosis, is the 

causative agent of serious mortalities in a 

wide variety of host species such as turbot 

(Scophthalmus maximus), A tlantic salmon 

(Salmo salar), rainbow trout (Oncorhynchus 

mykiss), sea bass (Dicentrarchus labrax), 

gilthead sea bream (Sparus aurata) and sole 

(Solea solea and Solea senegalensis) (Avendafto

Herrera et al., 2006). 

First studies reported that T. maritimum 

constituted a biochemically, serologically and 

molecularly homogeneous taxon (Bernardet 

& Grimont 1989; Bernardet et al., 1990). 

However, further studies performed by 

Avendafto-Herrera et al. (2004a, b; 2005) 

demonstrated the existence of antigenic 

variability within this pathogen. These 
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authors described an O-serotyping scheme 

composed of three major serovars (01, 02 and 

03) mainly associated with the host species 

in question. Thus, the gilthead sea bream 

isolates were contained in the 01 serovar, all 

the turbot strains belonged to serovar 02 and 

the sole isolates were distributed in serovars 

01 or 03. 

In the last years, new outbreaks of 

tenacibaculosis have occurred in turbot and 

sole cultured in the Iberian Peninsula. 

Moreover, epizootics in cultured blackspot 

seabream (Pagellus bogaraveo) were 

sporadically detected. With the aim to 

determine if the O-serotyping scheme 

mentioned above is sufficient or it needs to 

be extended or modified, we have 

serologically analyzed a total of 35 T. mari

timum isolates recovered from mortalities 
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occurring from 2004 to 2006 in 10 aquaculture 

facilities. Eighteen isolates were recovered 

from diseased turbot, 15 from sole and 2 from 

blackspot seabream. In three of these facilities, 

turbot and sole species were cultured 

simultaneously. 

Materials and methods 

Tenacibaculum maritimum isolates were 

routinely cultivated on Flexibacter maritimus 

medium (FMM) agar (Pazos et aI., 1996) and 

incubated at 20°C for 72 h. Stock cultures were 

maintained frozen at - 70YC in Criobille tubes 

(AES laboratory, France). 

Pure cultures of the isolates were subjected 

to biochemical plate and tube test, baSically 

as reported by Bernardet et al. (1990). In 

addition, the isolates were confirmed as 

T. maritimum by PCR analysis, as described 

by Avendafio-Herrera et al. (2004). 

The serological assays were carried out using 

whole cell preparations as well as heat stable 

o antigens of each strain of T. maritimum. 

A ntisera against the serovars 01, 02 and 03 

previously described by Avendafio-Herrera et 

al. (2004b; 2005) were used in all the assays. 

Quantitative agglutination test was conducted 

by a microtitre plate system (Coming, New 

York) using safranine 0 dye to make the 

reaction readily visible (Stevenson & Daly, 

1982). Dot-Blot analysis was performed as 

described by Cipriano et aI., 1985 using the 0 

antigens and unabsorbed antisera against the 

three O-serovars reported. Only a reaction 

similar to that exhibited by the homologous 

strain was recorded as positive. 

The extraction of the LPS present in the cell 

wall of the isolates was performed using the 

method of Hitchcock & Brown (1983). 

Samples were subjected to sodium dodecyl 

sulphate-polyacrylamide gel electrophoresis, 

with 12% (w I v) acrylamide in the resolving 

gel and 4% (w Iv) acrylamide in the stacking 

gel, using a Mini ProteanR Cell apparatus 

(Bio-Rad). Immunobloting analysis was 

carried out according to the procedures of 

Towbin et al. (1979). The LPS separated by 

SDS-PA GE was transferred onto a nitro

cellulose membrane whereafter immobilized 

LPS were detected using the same unabsorbed 

antisera as employed in the Dot-Blot Assay. 

Results and discussion 

Biochemical homogeneity was seen among 

the 35 T. maritimum isolates regardless of their 

geographical origin and host. In fact, all the 

bacterial isolates were Gram-negative, long, 

slender rods with gliding motility and were 

catalase and cytochrome oxidase positive. The 

biochemical tests showed that they were 

oxidative, absorbed Congo red and reduced 

nitrate but did not contain a cell wall 

associated flexirubin-type pigment and 

reduced nitrate. 

PCR confirmed the 35 isolates as T. maritimum 

showing a single and clear 1080 bp band as it 

was described previously (Avendailo-Herrera 

et aI., 2004a). 

The results of microtiter agglutination, dot

blot and western-blot assays, allowed us to 

separate the strains in specific serovars (Table 

1). Thus, group 1 comprised 10 isolates from 

sole and the two isolates from blackspot 

seabream, which reacted with the serum, 



Microtiter agglutination with 
Dot Blot Assay with serum anti-

Western Blot Assay with serum 

Antigen 
serum anti- anti-

PC503.1 PC424.1 ACC13.1 PC503.1 PC424.1 ACC13.1 PC503.1 PC424.1 ACC13.1 

(01) (02) (03) (01) (02) (03) (01) (02) (03) 

Serotype 01 

Sole (10) 128-256 16-32 16-32 ++ ++ 

Blackspot Sea Bream (2) 64-128 16-32 16-32 ++ ++ 

Serotype 02 

Turbot (9) 16-32 64-128 16-32 ++ ++ 

Serotype 03 

Sole (5) 16-32 16-32 128-256 ++ ++ 

Turbot (9) 16-32 16-32 128-256 ++ ++ 

Table 1. Results of microtiter agglutination test, Dot blot assay and Western blot analysis with O-antigens and unabsorbed rabbit 
antisera raised against different T. maritimum serotypes (01, 02 and 03). ++ Strong and immediate reaction; - Negative reaction. A 
reaction was considered positive if it was similar to the reaction exhibed by the homologous strain. 
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raised against the serovar 01 strain PC503.1. 

Group 2 comprised 9 T. maritimum isolates 

from turbot, which reacted with the serovar 

02 PC424.1 antiserum. Nine isolates from 

turbot and 5 isolates from sole, all of them 

obtained from the same farm, belonged to a 

third group showing a strong immunological 

reaction with the antisera raised against the 

serovar 03, strain ACC 13.1. Therefore, all 

these groups corresponded with the serovars 

described previously within this pathogen by 

Avendafio-Herrera et aI., 2004b; Avendafio

Herrera et al., 2005. 

In conclusion, the results of this study 

demonstrated clearly that serovar 03 isolates 

had the capacity to cause mortalities in 

cultured turbot, which was supported by the 

lack of host specificity of this serovar 

previously demonstrated in experimental 

infections (Avendafio-Herrera et aI., 2006). 

This finding must be taken into account when 

considering a modification of the commercial 

vaccine formulation currently employed 

against tenacibaculosis in the turbot culture. 

Because these 03 turbot isolates were only 

detected in one of the facilities in which turbot 

and sole were co-cultured, the inclusion of the 

serovar 03 antigens in the tenacibaculosis 

vaccine will be especially necessary when 

applied in farms where these two fish species 

are reared together. 
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