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ABSTRACT V ~ b n o  vuln~ficus was isolated in 1996 f ~ o m  2 d ~ s e a s e  outbreaks on a Danish eel f a ~ m  
lvhich used brackish water A charactenstic clinical sign was extensive deep muscle necrosis in the 
head region V vulnlficus was isolated from k ~ d n e y  mucus spleen gill and intestlne of diseased eels 
Th~rty-two isolates were examined phenotypically and serologically for pathogenic~ty to eels and for 
correlat~on to nbotype and plasmid profile B~ochemically, the ~sola tes  showed proper t~es  s lm~lar  to 
those described previously for eel-pathogenic strains of V i/ulnlficus w ~ t h  the exception of lndole pro- 
duc t~on  Virulence was evaluated by LDSo (the 50 '0 lethal dose) which ranged from < 9  4 X 103 to 2 3 X 

105 CFU (colony-formng units) per f ~ s h  The isolates which were lethal for eels showed identical nbo-  
types and serotypes A relat~onship between certain p lasm~ds and virulence \4as not found A sero- 
typing system based on l~popolysacchande (LPS)-associated O antigen type and on carbohydrate cap- 
sule antigens showed that the eel-virulent ~solates shared a common LPS-based homogeneous O 
serogroup and a capsule antigen V rulnlficus serovar 0 4  and capsule type 9 was identical serologi- 
cally to the Japanese isolate ATCC 33149 and was the agent responsible for the disease outbreaks that 
occurred on the Danish eel farm Despite absence of ant~biotic resistance treatment had llttle effect 
and disease reoccurred 
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INTRODUCTION 

Eel production in Denmark depends upon import of 
elvers Anguilla anguilla from France and the United 
Kingdom. Farming practices have revealed that eels 
produced in recirculation systems are susceptible to 
disease outbreaks caused by Vibrio spp. which are not 
expected to occur when eels are reared in freshwater. 
However, Vibrio anguillarum infections occur follow- 
ing prophylactic treatment of elvers with salt (Meller- 
gaard & Dalsgaard 1987). Vibrio vulnificus has been 
associated with infectious disease in Japanese eel 
(Muroga et al. 1976) and European eel in Spain, 
Sweden and Norway (Biosca et al. 1991, 1997a). In 
addition, V. vulnificus has been described as an  impor- 
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tant pathogen that Inay cause wound infections and 
fatal septicemia in humans (Olivel- 1989). 

\/ibrio r/ulnlficus has been divided into 2 biotypes 
which differ phenotypically, serologically, and with 
respect to host range (Tlson et al. 1982). The maln 
phenotypic characteristics that originally differentiated 
biotype 1 from biotype 2 are indole production, orni- 
thine decarboxylation, growth at 42°C and acid pro- 
duction from mannitol (Tison et  al. 1982). Most strains 
isolated from human infections and environmental 
sources were described as indole positive and belong 
to biotype 1, whereas strains recovered from diseased 
eels were indole-negative and classified as biotype 2. 
Amaro et al. (1992b) suggested that biotype 2 isolates, 
independent of origin, belong to the same serotype, as 
they exhibit the same lipopolysaccharide (LPS) profile. 
It has been proposed that those strains previously 
classified as biotype 2 be classified as serovar E (Biosca 
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et al. 1997a). Serovar E comprises the strains of the 
species which are pathogenic for eels (Biosca et al. 
1996). By contrast Arnaro et al. (1992b) found a sero- 
heterogeneity among biotype 1 isolates. Research sug- 
gests that subtyping of V. vulnificus isolates should be 
based on serological properties and host range, since 
biochemical traits may vary (Biosca et al. 1997a). Fur- 
thermore, biotype 2 has also been reported as an 
opportunistic pathogen for humans (Veenstra et al. 
1992, Amaro & Biosca 1996). 

The majority of eel farms in Denmark use freshwater 
to culture eels. When located near the coast, Danish eel 
farms prefer to utilize brackish water. Eels cultured in 
brackish water exhibit higher growth rates compared 
to eels cultured in freshwater. However, brackish 
water can serve as a reservoir for Vibrio vulnificus and 
might facilite the spread of V. vulnificus among eels 
(!-!0i et al. 1998). Growth of l( vulnificus can occur in 
eel farms using brackish water and a water tempera- 
ture of 24"C, since these conditions favour growth of 
this organism (O'Neill et al. 1992). 

It has been suggested that the capsule in biotype 2 
(serovar E) facilitates initial adherence to eel mucus 
and is essential for virulence in natural conditions 
(Arnaro et al. 1995). Several capsular serotypes 
have been reported (Simonson & Siebeling 1993). The 
0 LPS side chain of serovar E has been shown to pro- 
tect Vibrio vulnificus biotype 2 against the bacterioci- 
dal action of eel serum complement, whereas biotype 1 
strains are readily lysed by eel serum (Amaro et al. 
1997). In addition, high molecular weight plasmids, 
when present in serovar E strains, may influence viru- 
lence (Biosca et al. 1997a). 

This investigation presents recurrent disease out- 
breaks of Vibrio vulnificus on a Danish eel farm. The 
clinical manifestations of diseased eels are described 
and isolates characterized phenotypically and geneti- 
cally. Polyclonal antisera to 10 capsular types and 
monoclonal antibodies to 5 LPS serotypes (Martin & 

Siebeling 1991, Simonson & Siebeling 1993) were used 
to serologically characterize V vulnificus isolates 
recovered from diseased eels. Finally, the patho- 
genicity of the isolates was evaluated. 

MATERIALS AND METHODS 

Bacterial strains. A total of 32 isolates were isolated 
from an eel farm during 2 disease outbreaks in 1996. 
The eels were reared in brackish water with a salinity 
of 0.9 % and a temperature of 24°C. Samples were col- 
lected aseptically from the ludney and spleen and 
streaked onto blood agar plates (BA: Blood Agar base 
[Difco] with 5% citrated calf blood) and incubated at 
20°C for 48 to 96 h. Six eels were examined from the 

first outbreak and 7 from the second outbreak. In addi- 
tion to our routine diagnostic work, approximately 1 g 
each of mucus, gill tissue and intestinal content was 
pre-enriched in alkaline peptone water (pH 8.6, 1 % 
NaCl) at 37°C for 6 to 8 h, and 1 p1 of the pre- 
enrichment was streaked onto modified cellobiose- 
polyrnyxin B-colistin (mCPC) agar and incubated at 
40°C for 18 to 24 h (Hni et al. 1998). Putative Vibno vul- 
nificus colonies (yellow, flat, 2 to 3 mm diameter) were 
subcultured on BA. 

Reference strains of Vibrio vulnificus biotype 1 
(ATCC 27562), and biotype 2 (ATCC 33149) and 4 bio- 
type 2 strains isolated from diseased eels in Spain, 
Norway and Sweden were included (Table 1). 

Colony hybridization. Colony blots were made from 
suspected Vibrio vulnificus grown on BA for 18 to 24 h 
at 37°C as described by Hoi et al. (1998). The alkaline 
phosphatnse-labellec! oligonucleotide ('v'VAP) probe 
(DNA Technology, Aarhus, Denmark) used to identify 
V. vulnificus was: GAGCTGTCACGGCAGTTGGAA- 
CCA (Wright et al. 1993). Filters, including positive 
and negative controls, were pre-hybridized and 
hybridized at high stringency (56°C) and developed 
by methods described previously (Wright et al. 1993, 
Hni et al. 1998). 

Phenotypic characterization. Vibno vulnificus iso- 
lates were characterized by the following selected cri- 
teria: Gram stain, oxidase, catalase, motility, arginine 
dihydrolase, lysine decarboxylase, and ornithine de- 
carboxylase, sensitivity to 0/129, mamitol, salicin, cel- 
lobiose, ONPG (0-nitrophenyl-P-D-galactopyranoside), 
indole, Voges-Proskauer, TCBS (thiosulphate citrate 
bile salt sucrose), and growth in 0%, 6%, 7 %, 10 % 
NaCl and at 42°C. The methods were as described by 
Barrow & Feltham (1993). Unless otherwise indicated 
each substrate contained 1 % NaCl and was incubated 
at 37°C. 

Whole-cell ELISA. Five LPS-specific monoclonal anti- 
body reagents designated 0 1  to 0 5  were used in 
the whole-cell enzyme-linked immunosorbent assay 
(ELISA) format (Martin & Siebeling 1991). The Vibrio 
vulnificus isolates tested by ELISA were grown in 
heart infusion broth (HI; Difco) for 24 h at 37°C and 
then diluted with an equal volume of phosphate- 
buffered saline (pH 7.5), which gives 3 X log colony 
forming un~ts  (CFU) ml-'. A 50 p1 aliquot of the diluted 
cell suspension was added to each well of 2 X 8 flat bot- 
tom wells of protein-binding polystyrene (Immunlon 1; 
Dynatech Laboratories, Inc., Alexandria, VA). The cells 
were dried overnight at 37OC. The ELISA using anti- 
LPS monoclonal antibody was done as described previ- 
ously (Martin & Siebeling 1991). The A,,, (absorbance 
of 405 nm wavelength) for each well was read after 
15 min incubation with substrate in a microwell strip 
reader (Biotek Instruments, Inc., Winooski, VT). A well 
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was considered positive if its AdO5 reading was 0.200 
above that of a negative control. 

Coagglutination. Polyclonal rabbit anti-capsule sera 
were fixed to formalin-killed Staphylococcus aureus 
Cowan I ATCC 12598 cells (Simonson & Siebeling 
1986). A single opaque colony of the Vibrio vulnificus 
isolates was grown in HI for 24 h at 30°C and tested 
directly by coagglutination. Capsule purification meth- 
ods, conjugation of capsule to protein carriers and 
rabbit immunization protocols have been described 
earlier (Simonson & Siebeling 1993). Ten anti-capsule 
sera were used and each isolate in the present study 
was tested against each of these antisera. The capsule 
type described earlier representing V vulnificus strain 
938 (Sirnonson & Siebeling 1993) has the designation 9 
in the present study. 

Antibiotic susceptibility. Each isolate was tested for 
antibiotic susceptibility to 15 antibacterial drugs by 
disc diffusion on Mueller-Hinton agar (Difco). Anti- 
biotic susceptibility was tested by following the in- 
structions of the manufacturer (Neo-Sensitabs, Rosco 
Diagnostica, Denmark) and included the following an- 
tibiotics (pg disc-'): ampicillin 33, cephalothin 66, 
chloramphenicol 60, ciprofloxacin 10, enrofloxacin 10, 
erythromycin 78, gentamycin 40, neomycin 120, ox- 
olinic acid 10, penicillin 62.5, polymyxin B 150, strepto- 
mycin 100, sulphadiazin 240, tetracycline 10, trimetho- 
prim/sulfamethoxazole 5.2/240 and the vibriostatic 
agent 0/129 (2,4-diamino-6,7-diisopropylpteridine 
phosphate 150). Inhibition zones were read following 
incubation at 37°C overnight. Sensitivity of each strain 
to each antibiotic was determined according to the 
manufacturer's instructions (Rosco Diagnostica). 

Plasmid analysis and ribotyping. Preparation of 
plasmid DNA and resolution by electrophoresis were 
done by methods described by Olsen (1990), which 
included incubation of the bacterial cells at elevated 
pH (12.45) for 30 min at 56°C during the lysis step. The 
molecular size of each plasmid was estimated by using 
reference plasmids of known size recovered from 
Eschenchia coli V517 ( 8  plasmids which ranged from 
54 to 2.0 kb) (Rochelle et al. 1985) and E. coli 39R 861 
(4 plasmids which ranged from 147 to 6.9 kb) (Threlfall 
et al. 1986). Each V: vulnificus isolate was screened for 
plasrnids at least twice. 

Total bacterial DNA was extracted from each isolate 
by the method of Pedersen & Larsen (1993). Based on 
findings from previous studies, Hind111 (Promega, 
Madison, WI) was selected in the ribotyping (Dals- 
gaard et al. 1996b, H@i et al. 1997). Ribotyping was 
done using the procedure described by Dalsgaard et  al. 
(1996a) in which digoxigenin-labelled 16s and 23s 
rRNA probes were used. A 1 kb molecular weight 
standard (GIBCO BRL, Gaithersburg, MD) was used as 
a molecular weight marker. Ribotype patterns were 

considered to be unique if there was a difference of 1 
band between each isolate, following which each ribo- 
type was assigned an arbitrary number. 

Experimental infection. Eels Anguilla anguilla with 
a body weight of 10 to 12 g were used. The fish were 
kept in 20 1 capacity tanks which contained aerated, 
static freshwater maintained at 23 to 24OC. The water 
was changed daily. Cultures of Vibrio vulnificus were 
grown in Veal Infusion broth (Difco) with 1% NaCl 
overnight at  37°C (2 isolates were tested both after 
growth at 37°C and at 20°C), centrifuged at 3000 X g 
for 10 min and the cell pellets were resuspended in 
10 m1 volumes of 0.9% (w/v) saline to a final concen- 
tration of approximately 10' cells ml-'. For each V vul- 
nificus isolate, 6 eels were injected intraperitoneally 
with 0.1 m1 of 10-fold dilutions. Mortalities were 
recorded daily for 7 d (Amaro et al. 1992a). Kdney and 
spleen samples collected from dead and moribund fish 
were cultured on BA. Surviving eels were sacrified at 
the end of the experiment and examined in a similar 
manner. Mortalities due to V: vulnificus were recorded 
only if the injected bacterium was recovered in pure 
culture from tissue samples. For each V vulnificus iso- 
late tested, the 50% lethal dose (LDS,) was calculated 
by the method of Reed & Miiench (1938). 

RESULTS 

Clinical observations 

Eel mortality occurred on the farm in April 1996 and, 
in spite of repeated antibacterial treatment with 
either tetracycline or oxolinic acid, a second outbreak 
occurred again 3 mo later. The diseased eels were 
listless and exhibited clinical signs typical of bacterial 
septicemia, which included external haemorrhaging in 
the ocular area and in some cases exophthalmia. Ero- 
sive lesions developed on the operculum area and in 
the jaw region. The spleen was enlarged and con- 
gested. High mortality and septicemia occurred during 
the first outbreak, and Vibrio vulnificus was isolated 
from both external and internal samples collected from 
the eels. During the second outbreak of clinical disease 
(3 mo later), the mortality was lower and the head 
lesions were more severe compared to those seen in 
the first outbreak. V vulnificus was isolated from the 
mucus, gills, intestines and spleen, but not from the 
kidneys (Table 1). Other eel pathogenic bacteria were 
not isolated during the 2 outbreaks. 

Characterization of Vibrio vulnificus 

The isolates exhibited phenotypic characteristics typ- 
ical of Vibrio vulnificus (Kelly et al. 1991). They grew as 
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Table 1. Vibrio vulnificus Source, phenotypic, serological and genotypic 
characterization of V, vulnificus reference strains and V, vulnificus associated 
with 2 disease outbreaks on a Danish eel farm. LPS: lipopolysaccharide. 

NT: non-typeable 

Strain no. Source Indole/ LPS/capsule Plasmid Ribotype 
mannitol serotype size (kb) (HindIII) 

ATCC 27562 Human blood, USA +/+ 1 /NT d - 1 
ATCC 33149 Diseased eel, Japan -1- 4/9 56, 67 3 
~ 2 2  Diseased eel, Spain -/- 4/9 56, 67 3 
90-2-11' Diseasd eel, Norway -1- 4/9 56, 71 3 
0120d Diseased eel, Sweden -/- 4/9 51,71 3 
938' Diseased eel, Norway -/- 4/9 56, 71 3 
Strains isolated from the first outbreak 
960426-1/4A MUCUS +/- 4/9 40, 63, 105 3 
960426-1/4B Intestine +/- 4/9 40, 63, 105 3 
960426-1/4C Kidney +/- 4/9 40, 63, 105 3 
960426-1/4D Spleen +/- 4/9 40, 63, 105 3 
960426-1/6A Mucus +/- 4/9 40. 63. 105 3 
960426-1/6B Gills +/- 4/9 40, 63, 105 3 
960426-1/6C Kidney +/- 4/9 40, 63, 105 3 
960426-1/6D Spleen +/- 4/9 40, 63, 105 3 
960426-1/6E Kidney +/- 4/9 40, 63, 105 3 
960426-1/6F Spleen +/- 4/9 40, 63. 105 3 
960426-1/6G Kidney +/- 4/9 40, 63, 105 3 
960426-1/6H Spleen +/- 4/9 40. 63, 105 3 

Strains isolated from Ule second outbreak 
960717-1/1C Gills +/- 4/9 63 3 
960717-1/1D MUCUS +/+ NT 105, 135 4 
960717-1/2A Gills +/- 4 /9 63 3 
960717-1/2C MUCUS +/- 4/9 63 3 
960717-1/2D Mucus +/+ NT 135 4 
9607 17-1/2E Intestine +/+ NT 135 4 
960717-1/2F Spleen +/- 4/9 40, 63, 105 3 
960717-1/3A Gills +/- 4/9 40, 63, 105 3 
9607 17-1/3B Gills +/+ NT 135 4 
960717-1/3C Intestine C/+ NT 105 4 
960717-1/4A Intestine +/+ NT 135 4 
9607 17- 1/4B Spleen +/+ NT 135 4 
960717-1/4C MUCUS +/+ NT 135 4 
960717- 1/5A Gills +/- 4/9 105 3 
960717-1/5B Mucus +/- 4/9 40, 63, 105 3 
960717-1/5C Intestine +/+ NT 135 4 
960717-1/6A Gills +/- 4/9 40, 63. 105 3 
960717-1/6C Mucus C/+ NT 105 4 
960717-1/7E Mucus +/+ NT/9 135 4 
960717-1/7F Intestine I/- 4/9 40. 63, 105 3 

dNo plasrnids d0120 (910527-1/2) received 
bE22 received from E. Biosca, from. U. Johansson, Natlonal 
Universidad de Valencia, Spain Veterinary Institute, Uppsala, 

C90-2-l.l received from E.  Myhr, Sweden 
National Veterinary Institute, ?g38 received from R J .  S iebehg ,  
Oslo, Norway Louisiana State Un~versity, LA, USA 

flat yellow colonies on mCPC agar and hybridized with 
the V. vulnificus specific DNA probe directed against 
the cytolysin gene (Wright et al. 1993). Each of the 32 
isolates recovered from the 2 outbreaks differed pheno- 
typically from the description of V vulnificus biotype 2 
by Tison et al. (1982) in that they were positive in indole 
production and showed variable reaction in acid pro- 
duction from mannitol. V, vulnificus strains isolated 
from dlseased eels in Spain, Norway and Sweden and 

the ATCC 33149 strain showed reac- 
tions typical of biotype 2, i.e. negatlve 
for indole production, ornithine decar- 
boxylation, growth at 42OC and acid 
production from mannitol (Tison et al. 
1982). The isolates recovered from the 
first outbreak did not produce acid 
from mannitol, whereas 11 isolates re- 
covered from the second outbreak 
were mannitol positive. These 11 iso- 
lates were prevalent in both mucus 
and intestine (Table 1). 

Each Vibrio vulnificus isolate was 
tested against 16 antibacterial drugs 
and they showed resistance to poly- 
myxin B only. However, a few of the 
strains from each outbreak showed 
intermediate resistaxe tc cepha!- 
othin, erythromycin, neomycin, peni- 
cillin and streptomycin. Strain 0120 
isolated from a diseased eel in Sweden 
was the only strain that exhibited 
resistance to tetracycline. 

Serology 

The Vibrio vulnificus isolates recov- 
ered from the first outbreak were sero- 
logically homogenous. Each isolate ex- 
pressed capsule type 9 and belonged to 
LPS serovar 0 4  (Table 1). Nine of the 20 
isolates from the second outbreak were 
serological identical to those from the 
first outbreak. One isolate expressed 
capsule type 9 and a non-typeable LPS 
type. The remaining 10 isolates were 
non-typeable in either capsular or LPS 
serological reagents. The biotype 2 ref- 
erence strain ATCC 33149, the Spanish 
strain E22, which has been reported to 
belong to serovar E (Biosca et al. 1997a), 
and the 3 other eel virulent reference 
strains belonged to the 0 4  serovar and 
had capsule type 9. 

Plasmid analysis and ribotyping 

All Vibrio vulnificus isolates examined from the 2 
outbreaks contained at least 1 plasmid of high molecu- 
lar mass. Different plasmid profiles were observed 
(Table 1, Fig. 1). Each V. vulnificus isolate recovered 
from the first outbreak showed an ident~cal plasmid 
profile which consisted of 3 plasmids with a size of 40, 
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A B C D E F  Experimental infection 

Fig. 1. Vlbrio vulnificus. Examples of plasnlid profiles of this 
bactenum isolated from diseased eels. Lanes: A, Escherichia 
coli 39R 861 (4  plasmids ranging from 147 to 6.9 kb); B, E,  coli 
V517 (8 plasmids ranging from 54 to 2.0 kb); C, 960717-1/4A; 

D, 960717-1/6C; E ,  960717-1/5B; F, 960717-1/2C 

63, and 105 kb, respectively. A similar plasmid profile 
was seen in 5 isolates recovered from the second out- 
break. V. vulnificus isolated from the second disease 
outbreak showed 5 different plasmid profiles. Eight 
isolates contained a 135 kb size plasmid; 3 isolates con- 
tained a 105 kb plasmid; 3 isolates contained a 63 kb 
size plasmid and 1 isolate contained both a 105 and a 
135 kb plasmid. There was no correlation between the 
tissue source from which V. vulnificus was isolated and 
the plasmid profiles. Nor was there any association 
between a particular plasmid and tetracyclin resis- 
tance found in the Swedish strain (Table 1). From each 
of 6 of the 7 eels studied in the second outbreak V. vul- 
nificus isolates which showed at least 2 unique plasmid 
profiles were isolated (Table 1) .  The reference strain 
ATCC 33149 and the strain isolated from diseased eel 
in Spain contained plasmids which were 56 and 67 kb 
in size. It should be noted that plasmid sizes are 
approximate, as the size estimates of large plasmids 
may vary upon repeated analyses. 

Ribotyping of Vibrio vulnificus isolated from the 2 out- 
breaks produced 2 different HindIII ribotypes (Table 1, 
Fig. 2). Each of the 2 ribotypes which differed by 6 
DNA fragments showed a total of 14 fragments con- 
taining rRNA genes which ranged in size from 1.5 to 
8 kb. All isolates from the first outbreak showed an 
identical ribotype 3, which was also shown by 9 of 20 
isolates recovered from the second outbreak. How- 
ever, the remaining isolates from the second outbreak 
showed an identical ribotype 4. V vulnificus isolates 
from a single eel or from the same source of sample 
(Table 1) often showed different ribotypes. V vulnifi- 
cus strains isolated previously from diseased eels in 
Japan, Spain, Norway and Sweden showed ribotype 3. 

Vibrio vulnificus isolates which belonged to LPS 
serovar 0 4  and capsule type 9 were highly virulent for 
eels, with moribund fish showing signs of haemor- 
rhagic septicemia. Mortalities were observed l to 2 d 
following intraperitoneal challenge. There were no 
obvious differences in mortalities between isolates 
grown at 20 or 37°C before intraperitoneal injection. 
Preliminary experiments showed that eel passages of 
the isolates did not change the LD,,. Therefore, tests 
were performed with cultures stored at -80°C without 
fish passage. Each isolate which expressed LPS 
serovar 0 4  and capsule type 9 was virulent to eels. 
LD,, doses ranged from <9.4 X lo3 CFU fish-' to 2.3 X 

l o5  CFU fish-'. V: vulnificus was recovered from dead 
or moribund eels in pure culture. The isolates with 
unknown LPS and capsule type were non-virulent for 
eels (> 107 and > 10' CFU fish-') (Table 2) .  

Fig. 2. Vibrio vulnificus. Examples of Hind111 ribotypes of 
this bacterium isolated from diseased eels. Lanes: A, 1 kb 

molecular weight standard; B, ribotype 3; C ,  ribotype 4 



192 Dis Aquat Org 35: 187-194, 1999 

Table 2. Vibrio vulnlficus. 50 % lethal dose (LDSo) of selected 
strains for eels 

Strain no. LDS, (CFU fish.') Plasrnld size (kb)  

Serovar 04lcapsule type 9 
960426-1/4A ~ 9 . 4  X 103 40, 63, 105 
960426- 1/4C 9.5 X 103 40. 63, 105 

960717-1/2C 1.9 X 105 63 
960717-1/2F 2.3 X 10' 40, 63, 105 
960717-1/5A 8.8 X 104 105 

Serovar non-typeable 
960717-1/3C >2.7 X 10' 105 
960717-1/4A >8.3 X 108 135 
960717-1/4B >8.1 X 108 135 

DISCUSSION 

This report describes recurrent disease outbreaks of 
Vibno vulnificus serovar 0 4  (serovar E) on a Danish eel 
farm which utilizes brackish water. Lesions and other 
macroscopic findings on diseased eels were similar to 
those reported by Biosca et al. (1991). However, in con- 
trast to observations made by Biosca et al. (1991) the 
most characteristic signs of the disease were observed 
in the head region, which exhibited weak haemorrhag- 
ing to extensive ulcerations often associated with deep 
muscle necrosis in both the upper and lower jaws. 

The biochemical and physiological reactions for the 
32 isolates recovered from the 2 outbreaks were very 
homogeneous for the traits tested, except for acid pro- 
duction from mannitol. Biosca et al. (1996) proposed 
that indole production was the single biochemical trait 
which distinguished biotype 1 and biotype 2 (sero- 
var E) phenotypically. Vibrio vulnificus strains isolated 
from Sweden were reported by Biosca et al. (1997a) to 
be indole-positive but did not belong to serovar E .  All 
V. vulnificus isolates from Danish diseased eels were 
indole-positive and the virulent isolates belonged to 
serovar 0 4  (serovar E),  which suggests that indole pro- 
duction may not be a reliable marker to identify strains 
virulent for eels. V. vulnificus isolated from the first 
outbreak and each serovar 0 4  isolate recovered from 
the second outbreak did not produce acid from man- 
nitol. This investigation suggests a negative reaction 
for acid production from rnannitol might be a marker 
for eel-virulent strains. By contrast Biosca et al. (1996) 
recovered environmental strains which were negative 
for acid producti.on from D-mannitol. The present 
study supports the contention of Arias et al. (1997) that 
the division of V. vulnificus into 2 biotypes based on 
the phenotypic criteria originally established by Tison 
et al. (1982) can no longer be sustained and leads to 
taxonomic confusion. 

None of the Danish eel isolates were resistant to 
oxolinic acid or tetracycline, which were used to treat 
each of the 2 dlsease outbreaks. Nor were the non- 
vlrulent isolates from the second outbreak resistant to 
tetracycline or trimethoprim, which was reported by 
Amaro et al. (1992a) for environmental strains. Despite 
absence of antibiotic resistance, methods other than 
chemotherapy must be identified to control these epi- 
zootics, since treatment with antibiotics has little 
effect. Amaro et al. (1995) proposed that the use of 
freshwater or the lowering of the water temperature to 
below 20°C may be good prophylactic measures to 
control Vibno vulnificus infections. These authors 
found the highest mortalities in eels maintained in a 
water salinity of 0.5 to l .S%, whereas no mortaLities 
were detected when eels were farmed in freshwater 
(Amaro et al. 1995). On the Danish eel farm, the water 
salinity was 0.9% duiing the disease outbreaks and 
the mortalities continued into the following year. When 
eels were introduced into freshwater, in some sections 
of the farm, there was a reduction in eel mortality. If 
farmers are to profit from the rearing of eels in brack- 
ish water, efforts are needed to investigate the efficacy 
of vaccination against V. vulnificus. 

Little is known about the ecology of the eel patho- 
genic serovar in the aquatic environment. Recently, 
strains of Vibno vulnificus, referred to as biotype 2 
strains, were isolated at low frequencies from sediment 
and brackish water samples (Hai et al. 1998). The 
occurrence of biotype 2 in Danish marine environ- 
ments may have been underestimated, since indole 
production was used to distinguish the 2 biotypes. 
Biosca et al. (199713) detected V. vulnificus serovar E 
(biotype 2) in both infected and asymptomatic eels, 
which suggests that eels can also serve as a reservoir 
for this pathogen. The presence in the Danish eel farm 
examined of both virulent and non-virulent isolates 
of V, vulnificus in the kidney, mucus, spleen, gills and 
intestines seems to indicate that this organism is 
closely associated with eels. 

The sources for Vibno vulnificus in disease out- 
breaks are: (1) brackish water introduced into the eel 
farm; (2) newly purchased elvers transferred directly to 
the production unit; and (3) introduction of wild eels 
captured in Danish coastal waters. In 1997, following 
introduction of wild eels, another eel farm experienced 
a severe disease outbreak caused by V. vulnificus 
which exhibited LPS serovar 0 4  and capsule type 9 
(authors' unpubl. data). 

A serotyping system based on monoclonal antibodies 
to the 0 side chain of LPS (Martin & Siebeling 1991) 
and polyclonal capsule antisera (Simonson & Siebeling 
1993) recognized serologically most isolates of Vibno 
vulnificus recovered from diseased eels. A group of 
non-typeable isolates may represent environmental 
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strains with little or no pathogenic significance. Cap- 
sule type 9 was detected in all isolates belonging to the 
0 4  serovar. This suggests a linkage between the 
expression of this particular 0 antigen and capsule 
type. The results of this study indicate that the pres- 
ence of capsule type 9 and LPS 0 4  discriminates the 
eel-virulent strains from non-virulent strains. One iso- 
late had a capsule type 9 without belonging to the 0 4  
serovar; this isolate showed the ribotype 4 profile 
which was found among the non-virulent isolates. It 
has been shown that the capsule may not be necessary 
for eel virulence when cells are injected intraperi- 
toneally (Biosca et al. 1993). However, a capsule seems 
to be essential for waterborne infectivity (Amaro et al. 
1995). It is likely that the capsule increases the patho- 
genic potential for eels of serovar E (serovar 0 4 ) ,  facil- 
itating initial mucusal adherence (Amaro et al. 1995). 
Additional studies on the serology of V vulnificus are 
required to obtain an overall view on the antigenic 
diversity of the species. Finally, we conclude that the 
strains of V: vulnificus belonging to serovar 0 4  and 
capsule type 9, serologically identical to the original 
Japanese isolate and the Spanish serovar E,  were the 
agents responsible for the 2 disease outbreaks that 
occurred on the Danish eel farm. 

H B ~  et al. (1997) reported that ribotype profile can be 
used to distinguish biotype 1 and biotype 2 isolates. 
Serovar 0 4  and capsule type 9 isolates were patho- 
genic for eels and exhibited the ribotype 3 profile. In 
addition, eel virulent strains from Spain, Japan, 
Norway and Sweden exhibited the same properties. 
Ribotype 3 was similar to the ribotype for serovar E 
reported by Biosca et al. (1997a). Virulent Vibrio vul- 
nificus isolates from each of the 2 disease outbreaks 
showed the same serotype and ribotype profile, indi- 
cating that V vulnificus survived in the eels or in the 
environment between the 2 outbreaks. 

All Vibno vulnificus isolates recovered from the first 
outbreak harboured 3 plasmids and expressed serovar 
0 4  and capsule type 9, whereas isolates recovered 
from the second outbreak, while expressing 0 4  and 
capsule type 9, exhibited different plasmid profiles. 
Some isolates harboured 3 plasmids, whereas other 
isolates harboured only 1 plasrnid which was either 
approximately 63 or 105 kb in size. Our findings are in 
contrast to those of Biosca et al. (1993), which showed 
4 out of 5 biotype 2 (serovar E) strains harbouring 2 
plasmids, including a common plasmid approximately 
72 kb in size. 

The lethality assays revealed that Vibno vulnificus 
serovar 0 4  was highly virulent for eels, while serolog- 
ically non-typeable isolates proved non-virulent for 
eels. The LPS characteristics on a bacterial surface are 
correlated with pathogenicity for eels, and according 
to Amaro & Biosca (1996) only those belonging to 

serovar E can colonize and develop infection in eels. 
Biosca et al. (1996) found that serovar E strains were 
virulent for eels (LDS, ranging from 1.6 x 10' to 5.5 X 

105 CFU fish-') and neither environmental nor human 
clinical biotype 1 isolates were virulent for eels (>107 
and 108 CFU fish-', respectively). The virulence results 
reported in this study confirmed the work of Biosca et 
al. (1996) in that all serovar 0 4  (serovar E) isolates 
were virulent for eels whereas the serologically non- 
typeable isolates were non-virulent (Table 2). A rela- 
tionship between presence of certain plasmids and eel 
virulence was not established. 

Wound infections have been related to the handling 
of eels or fishing in Denmark (Dalsgaard et al. 1996b). 
But to the authors' knowledge no Danish eel farmers 
have so far been infected with Vibrio vulnificus. All V. 
vulnificus serovars should be regarded as opportunis- 
tic human pathogens, and therefore eel farmers in 
contact with brackish water and contaminated mat- 
erial such as eels should be alert to the risk of acquir- 
ing infection. 
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