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Abstract. Lipopolysaccharide antigens from 40 Vibrio anguillarum slide agglutination sero- 
group 02 strains, isolated from different species of diseased fish, were studied by means of 
immunoelectrophoretic techniques. The study divided the examined strains into two O anti- 
genic subgroups, designated O2a and O2b. Subgroup O2a was implicated more frequently than 
O2b in vibriosis among salmonids as well as other species of fish. Subgroup O2b was primarily 
associated with disease in nonsalmonids. Bacterial virulence and host preference are consid- 
ered in relation to O specificity. 

Vibrio anguillarum is an important fish pathogenic 
bacterium, isolated from disease in a wide range of 
fish species [1, 4]. Previous studies have realized 
the value of serology for epidemiologic and ecologic 
studies of this bacterium [6, 11, 14]. Apparently, O 
antigen determination gives indications of patho- 
genic potential, including host preference of V. an- 
guillarum strains [14], and is, furthermore, consid- 
ered important with respect to vaccine purposes [6]. 

Studies of V. anguillarum 0 antigens have been 
reported from various countries [5, 6, 11]. On the 
basis of strains from a wide range of different 
sources, a study defined a new V. anguillarum 0 
antigenic scheme and recommended international 
harmonization of the diagnostic efforts [14]. With 
this antigenic scheme as basis, the serologic rela- 
tionships of O antigens from strains contained in 
same agglutination O serogroup have been analyzed 
by immunoelectrophoretic procedures. Some of 
these analyses, concerned with V. anguillarum 
serogroup 03, suggested differences in the O anti- 
genic specificity between strains associated with 
disease and strains from sea water or sea floor 
(H.B. Rasmussen, unpublished results). Recently, 
lipopolysaccharide O antigens from V. anguillarum 
serogroup 02  were also examined by means of im- 
munoelectrophoretic procedures [12]. The present 
study continues these immunoelectrophoretic anal- 
yses of lipopolysaccharide antigens from V. anguil- 
larum 02 strains and examines the O antigenic in- 
terrelations of strains from different species of fish. 

Materials and Methods 

Strains. A total of 40 V. anguillarum slide agglutination sero- 
group 02  strains, isolated from diseased fish in Denmark (28 
specimens) and Norway (12 specimens) were selected for the 
study. The strain designed 1173/1 is 02  reference strain, accord- 
ing to the Danish O antigenic scheme [14]. Examined strains 
were isolated by J.L. Larsen, Royal Veterinary and Agricultural 
University, Denmark; 1. Dalsgaard, Danish Institute for Fish- 
eries and Marine Research, Denmark; T. H~tstein, Veterinary 
Institute, Norway; and E. Egidius, Institute of Marine Research, 
Norway. 

The O antigen determination (slide agglutination) was per- 
formed by J.L. Larsen. 

Preparation of antigenic extracts. Strains were grown on Marine 
agar (Difco) containing 5% citrated calf blood. After incubation 
for 48 h at 20~ the plates were harvested. The bacterial suspen- 
sions were heated to 60~ for 20 rain and then centrifuged. Su- 
pernatants were collected and boiled for 1 h. Part of the superna- 
rant from one strain was left unboiled for analysis. This 
procedure for preparation of antigenic extracts was described 
previously [10]. 

Antisera. Production of O and OK antisera was carried out by 
immunization of rabbits [12]. 

Immunoelectrophoretic procedures. Tris/barbital electrophoresis 
buffer, pH 8.6, with an ionic strength of 0.02 was applied. Gels 
were prepared from 1% agarose HSA (Litex, Copenhagen, Den- 
mark) with Gel Bond plastic film (FMC, Marine Colloids Divi- 
sion, Rockland, Maine, USA) as support, lmmunoelec- 
trophoretic techniques have been described elsewhere [7-9, 12]. 

Gels were stained in a 0.5% wt/vol solution of Coomassie 
brilliant blue R 250. 
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Fig. 1. Tandem-crossed immunoelectrophoresis. An unboiled 
extract from strain 820723-2/8 was applied in (a) and the upper 
well of (b). A preparation, obtained by boiling the above extract 
for I h, was placed in the lower well of(b). The antibody-contain- 
ing gel was prepared with homologous OK antiserum. The anode 
is to the right in the first dimension electrophoresis and at the top 
in the second dimension. The application wells are marked. 

Results 

Antigens  f rom strain 820723-2/8 were  ana lyzed  by 
means  o f  t andem-c rossed  immunoe lec t rophores i s .  
An  unboi led ex t rac t  f rom this strain p r o d u c e d  two 
peaks,  o f  which  one was  located  below the o ther  
(Fig. la). Ana lyses  o f  the unboi led ext rac t  as well as 
the same ext rac t  boiled for  1 h (in amoun t s  as ap- 
plied for  the analysis  above)  also exhibi ted two 
peaks  (Fig. lb). The  areas  o f  these peaks  were  at 
least twice as large as the areas  o f  the co r respond-  
ing peaks  p r o d u c e d  by  the unboiled ext rac t  (Fig. la  
and l b). With crossed- l ine  immunoe lec t rophore t i c  
analysis  o f  ext rac t  f rom strain 820723-2/8, two lines 
e levated  by peaks  were  de tec ted  (Fig. 2). 

All strains were  examined  by  rocket- l ine immu- 
noe lec t rophoreses .  Boiled antigenic ext rac ts  were  
applied for  these analyses .  An  analysis  with ext rac t  
f rom strain 1796 in the ant igen-conta ining gel and 
O K  ant i serum against  1173/1 in the an t ibody-con-  
taining gel exhibi ted two lines comple te ly  elevated 
by  ext rac ts  f rom strains 1173/1, 1796, and 1807. In 
the same analysis ,  ex t rac ts  f rom strains H I  410 and 
820723-2/8 p roduced  incomple te  line elevat ions.  
The  react ion be tween  the upper  line and strain 
820723-2/8 was  difficult to  distinguish in detail on  
the pho tograph ic  r ep roduc t ion  (Fig. 3). Rocket- l ine  
immunoe lec t rophore se s  were  carr ied out  with ex- 
t racts  f rom different strains in the ant igen-contain-  
ing gel and in some  cases  also with a mixture  o f  O K  

Fig. 2. Crossed-line immunoelectrophoresis. Extract (boiled for 
1 h) from strain 820723-2/8 was transferred to the well and also 
utilized for the antigen-containing gel. The antibody-containing 
gel was prepared with homologous OK antiserum. The anode is 
to the right in the first dimension electrophoresis and at the top in 
the second dimension. The application well is marked. 

Fig. 3. Rocket-line immunoelectrophoresis. Extracts (boiled for 
I h) from strain 1173/1, 1796, 1807, HI 4t0, and 820723-2/8 were 
placed in wells from left to right. Extract (boiled for 1 h) from 
strain 1796 was utilized for the antigen-containing gel. The anti- 
body-containing gel was prepared with OK antiserum against 
strain 1173/I. Anode at the top. The application wells are 
marked. 

an t i se rum against  strains 1173/1 and 820723-2/8 in 
the an t ibody-conta in ing  gel. Using such exper imen-  
tal design,  antigens f rom strains 1173/1, 1796, and 
1807 p roduced  incomple te  line e levat ions  and 
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Fig. 4. Rocket-line immunoelectrophoresis. Extracts (boiled for 
I h) from strain 1173/1, 1796, 1807, HI 410, and 820723-2/8 were 
placed in the wells from left to right on the cathodic side of the 
antigen-containing gel. In the wells on the anodic side of the 
antigen-containing gel, PBS with pH 7.2 (to the left) and O anti- 
serum against 1173/1 (to the right) were applied. Extract (boiled 
for 1 h) from strain 820723-2/8 was utilized for the antigen-con- 
taining gel. The antibody-containing gel was prepared with a 
mixture of OK antisera against strain 1173/1 and 820723-2/8. An- 
ode at the top. The application wells are marked. 

caused precipitations below lines. The peaks, ex- 
hibited by strain H1 410 and 820723-2/8, fused com- 
pletely with the lines. Application of O antiserum 
against 1173/1 in a well on the anodic side of the 
antigen-containing gel gave rise to cathodic deflec- 
tions of the lines (Fig. 4). On the basis of rocket-line 
immunoelectrophoretic patterns, the strains were 
divided into two antigenic groups (Table 1). 

D i s c u s s i o n  

Host-specific pathogenicity has been reported in 
Vibrio anguillarum strains isolated from diseased 
saithe and rainbow trout [3]. The extent of this fea- 
ture is not clear [4]. In feral fish, vibriosis is most 
frequently associated with V. anguillarum sero- 
group 02; this serogroup is also commonly involved 
in vibriosis among saltwater-reared salmonids [14]. 
A recent examination has suggested that V. anguil- 
larum serogroup 02 strains, derived from different 
species of diseased fish, exhibit serologically 
closely related lipopolysaccharide antigens. Fur- 
thermore, two lipopolysaccharide entities, differing 
in immunoelectrophoretic characteristics, were 
demonstrated in extracts from the examined strains 

Table 1. Vibrio anguillarum, distribution of 02 
antigenic subgroups 

Strains 

Origin Subgroup O2a Subgroup O2b 

Salmo gairdneri and 6087 D/2, 9020-1/2, 820723-2/8 
Salmo salar" 840613-2/1, 840614- 

I/l A, 840614-1/1 
B, 840817-2/4 B, 
840817-2/6, 840829- 
1/3 B, 840830-1/3 B, 
1782, 1783, 1792, 
1796, 1800, 1801, 
1807, 1809, 1820, 
1821, 

Gadus morhua 1037/1, 1045/2, 1049/2, 1474/1' 
1088/1, 1089/1, 
1173/1, 1222/1, 
1466/l, 1896 S/I 

Anguilla anguilla 1570/1, 1 7 0 1 / 2 ,  840814-1/5,  
860226-1/7, 840814-1/10 
860226-1/9 

Scophthalmus None 6828 C c, 
maximus 6828 H 

Pollachius uirens b None HI 410, 1790 

Number of strains 

Salmonids a 19 (20) 1 (20) 
Other species a 13 (20) 7 (20) 

The latter ten strains derived from diseased salmonids in Nor- 
way. 
~' Strains isolated from diseased saithe in Norway. 
~ In two strains only one lipopolysaccharide entity was detected. 
d Numbers in parentheses, total number of strains from salmo- 
nids and other species of fish, respectively. 

[12]. The present study, dealing with a more com- 
prehensive number of O group 2 strains, provided 
evidence for the existence of two O antigenic sub- 
groups (designated O2a and O2b) and observed two 
lipopolysaccharide entities. Analyses suggested 
that these lipopolysaccharide entities were present 
in unboited as well as boiled extracts. 

The subgroup O2a was detected more fre- 
quently than O2b. This finding can reflect difference 
in virulence. The study, furthermore, indicates that 
V. anguillarum subgroup O2a is commonly in- 
volved in vibriosis in nonsalmonids as well as 
salmonid species, whereas the subgroup O2b strains 
were isolated primarily from nonsalmonids. Strain 
HI 410, derived from diseased saithe, was recorded 
as O2b. In challenge test, this strain produced dis- 
ease in saithe but not in rainbow trout [3]. The qual- 
ity as well as amount of O antigen is important with 
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r e s p e c t  to  b a c t e r i a l  v i r u l e n c e ,  at  l e a s t  in s o m e  

G r a m - n e g a t i v e  i n f e c t i o n s  [2, 13, 15, 16], a n d  d i f fe r -  

e n t  h o s t  s p e c i e s  p r o b a b l y  v a r y  in t he i r  r e s p o n s e  to-  

w a r d  the  s a m e  O spec i f i c i t y  [15]. A d d i t i o n a l  s t ud i e s  

s h o u l d  c l a r i f y  p o s s i b l e  e f f e c t s  o f  O s p e c i f i c i t y  on  

v i r u l e n c e  a n d  h o s t  p r e f e r e n c e  in V. angui l larum.  

S u c h  s t u d i e s  c a n  be  o f  i n t e r e s t  f r o m  an  e p i d e m i o -  

log ic  p o i n t  o f  v i e w  a n d  f o r  v a c c i n e  p u r p o s e s .  
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