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ABSTRACT: A chronic condition of juvenile and adult rainbow trout was recorded in a trout farm over 
several years and resulted in significant mortality. The disease occurred mainly at low temperature. 
Necropsy findings were associated with hyperaemia and haemorrhage, in gills and viscera, with exten- 
sive cardiovascular lesions including myocarditis and epicarditis. Most of the losses were attributed to 
heart lesions and mortality peaked under stress conditions. A Gram-positive, chain-forming, coccoid to 
ovoid-shaped coccus identified as Vagococcus salmoninarum on the basis of phenotypic and genetic 
characteristics was regularly isolated from diseased fish. It was demonstrated to be the causative agent 
of the condition by infection experiments and histopathology, which also confirmed the affinity of the 
bacterium for the circulatory system. V. salmoninarum was resistant to inost of the antimicrobial drugs 
tested in vitro, and the treatments conducted in the field were ineffective. An attempt at vaccination 
did not provide encouraging results. V salmoninarum joins a list of Gram-positive bacteria responsible 
for chronic infections which do not respond to control procedures and which pose a serious threat to 
broodstock and large-sized fish. 
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INTRODUCTION 

With the exception of Renibacterium salmoninarum 
and several species of mycobacteria, fish infections 
caused by Gram-positive bacteria were not frequently 
reported until the middle of the seventies. The devel- 
opment of intensive farming in marine and freshwater 
environments led to an increasing number of clinical 
cases in which lactic acid producing bacteria such as 
streptococci and lactobacilli were involved. 

Streptococcosis and related infections occur in many 
species of fish in Japan and in other countries (Austin 
& Austin 1987, Kitao 1993). Many isolates have been 
reported, and although their accurate identification 
often remained impossible, the creation of new species 

was proposed to accommodate some of them. These 
include Streptococcus iniae (Pier & Madin 1976), ini- 
tially isolated from Amazonian freshwater dolphins 
Inia geoffrensis, and pathogenic strains isolated from 
the tilapia Oreochromis sp. in Israel, for which the 
species Streptococcus difficile was created (Eldar et al. 
1994). Many of the isolates formerly depicted in Japan, 
Taiwan and the USA could be ultimately ascribed to 
one of these species (Eldar et al. 1995). Other agents 
reported as pathogenic to fish have already been de- 
scribed from different sources. 'Enterococcus senoli- 
cida' (Kusuda et al. 1991), an a-haemolytic agent 
responsible for high losses in farming of the Japanese 
yellowtail Seriola quinqueradiata and other marine 
fish, has been recently reassigned to Lactococcus 
garvieae (Eldar et al. 1996). While related forms were 
recorded in Europe, affecting turbot Scophthalmus 
maximus (Toranzo et al. 1994), rainbow trout Onco- 
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rhynchus mykiss (Ghittino & Prearo 1992) and stur- 
geon Acipenser naccarii (Salati et al. 1996), some of 
the turbot isolates were identified as Streptococcus 
parauberis (Domenech et al. 1996). 

Chronic conditions associated with rod-shaped 
lactic-acid bacteria have been demonstrated to occur 
in several freshwater species, including salmonids 
physiologically weakened during sexual maturation. 
The first example was the pseudo kidney disease 
caused by Carnobacterium piscicola (formerly Lacto- 
bacillus piscicola), which was recognized by Ross & 
Toth (1974) and suspected of having been occasionally 
confused with Renibacterium salmoninarum. C. pisci- 
cola is an ubiquitous and probably opportunistic bac- 
terium which was isolated in other geographical areas 
as well. A comprehensive study resulted in the de- 
scription of 2 other related cocci bacteria, apparently 
able to survive in and potentially infect the salmonids 
Lactococcus piscium (Williams et al. 1990) and Vago- 
coccus salmoninarum (Wallbanks et al. 1990). 

There were no more reports of Vagococcus salmoni- 
narum from rainbow trout, so it was assumed the 
bacterium combined low prevalence with limited 
pathogenicity. However, Schmidtke & Carson (1994) 
noted isolates from different geographical sources, 
although little was specified about their pathogenic 
properties. In 1993, heavy mortality due to a Gram- 
positive bacterium was recorded in a trout farm in the 
southwest of France. Subsequently, similar mortality 
occurred every year. This paper identifies the respon- 
sible agent as V. salmoninarum and provides some 
clinical data that should contribute towards an as- 
sessment of the pathogenic nature of this bacterium. 

MATERIAL AND METHODS 

The farm. Rainbow trout mortality occurred at a farm 
supplied with spring water at a constant temperature 
of 9 to 10°C. The farm was registered in an official fish 
health control system and was regularly monitored. 
Other bacterial infections were rarely diagnosed, and 
the bacterial kidney disease agent was not detected. 
Treatments combining or alternating formalin and 
malachite green were performed weekly to limit ecto- 
parasites and mycotic agents. 

Clinical and microscopical observation. Rainbow 
trout from affected groups were examined for external 
and internal lesions. Tissues of moribund fish under- 
going both natural infection (? fish) and experimental 
challenge (3 fish) were fixed in 10 % formalin and pro- 
cessed for histopathology using standard techniques. 
Histological sampling encompassed eye, encephalon, 
gill, ulcerated skin, heart, liver, spleen, stomach and 
intestine. The sections were stained with haematoxylin- 

eosin-safranin, Giemsa and Gram stain. All 10 fish 
sampled presented congestive clinical signs, and 7 of 
them had flank ulcers and unilateral exophthalmia. 

Bacteriological study. Material obtained from ludney, 
spleen, liver, or other affected organs was streaked 
onto trypticase-soy-agar (TSA) or Columbia agar with 
10% defibrinated sheep blood (Diagnostic Pasteur, 
France) and incubated 48 h at 22°C. Isolated colonies 
were resuspended in physiological saline to carry out 
biochemical characterization and antimicrobial tests. 
Gram staining, motility, oxidase and catalase reac- 
tions, nitrate reduction and growth at different tem- 
peratures, at different salt concentrations, or in 40% 
bile, were studied using reagents and media from 
Diagnostic Pasteur (France). Hydrogen sulphide pro- 
duction was tested both in commercial Kligler-Hajna 
(glucose-lactose-H2S) medium and TSA medium con- 
taining agar 4 g 1-', sodium thiosulphate 1 g I-', and 
lead hydroxyde-acetate 2 g 1-l. Additional tests were 
performed using the API 20 NE, API 20 STREP and API 
50 CHL systems (RhBne-Merieux, France). 

Antimicrobial tests were conducted at 22OC by the 
diffusion method, using Mueller-Hinton medium and 
discs purchased from Diagnostic Pasteur. Incubation 
was prolonged for 48 h. 

DNA relatedness. The methods used to produce and 
lyse streptococci and to extract their DNA have been 
described (Eldar et al. 1994). Briefly, the pellets 
obtained from growth in 1 1 brain-heart-infusion (BHI, 
Difco) were lysed using lysozyme (Sigma) 2 mg ml-l, 
mutanolysin (Sigma) 5 units ml-l, sodium dodecyl sul- 
phate (SDS) 0.5%, and pronase E (Sigma) 10 mg ml-l. 
The DNA was purified by phenol/chloroform extrac- 
tions and stored at 4°C until use. Three reference 
strains from the National Collection of Food Bacteria 
(Reading, UK) were compared to the trout isolates: 
Vagococcus salmoninarum NCFB 2?77T, Lactococcus 
piscium NCFB 2?78Tand Lactococcus lactis NCFB 604T. 

DNA-DNA hybridization was carried out as de- 
scribed (Eldar et al. 1994). with modifications regard- 
ing the volumes employed. In a final volume of 100 p1, 
15 pg of sonicated DNA was hybridized with 5 ng of 
nick-translated (Amersham) 32P-labeled DNA (30 000 
to 50000 cpm). After boiling, the reassociation of 
single-stranded DNAs was allowed to proceed at 60°C. 
Single and double-stranded DNAs were separated 
by the hydroxyapatite (DNA grade, Bio-Rad) method 
(Brenner et al. 1969). Reactions were carried out in 
duplicate, and each run performed twice. Relative 
Binding Ratio (RBR) and the differences in melting 
points AT,,,, reflecting the divergence in related DNA 
sequences were calculated according to Brenner et al. 
(1969). The rate of reassociation of the labeled DNA 
(4 to 5 %) was subtracted from the absolute ratios of the 
hybridization. 
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Experimental infections. The experimental facilities gestion of the spleen and liver (although in some cases 
were supplied by well water with constant pH (pH = 7) the liver appeared pale) with disseminated foci of con- 
and temperature (14°C). Three experiments were con- gestion. The digestive tract was empty, and gastritis 
ducted, by intraperitoneal (IP) injection, intramuscular was noticed in some fish. In the advanced stages, a 
(IM) injection and immersion in a bacterial supension, fibrinous exudate occurred in the peritonea1 and peri- 
using groups of rainbow trout originating from a 'Vago- cardiac cavity, and heart lesions consisting of epicar- 
coccus-free' farm and averaging 300, 70 and 10 g ditis were found (Fig. l a ,  b). 
respectively. Bacterial cultures were prepared from a 
single strain (119-94) which had been frozen at -80°C 
immediately after isolation from fish. The bacteria Histopathology 
were grown in 2 1 trypticase soy broth (TSB) erlen- 
meyer flasks stirred at  20°C for 48 or 72 h, before being The histopathological examination substantiated 
diluted to prepare infective suspensions (see Table 4) the findings recorded at necropsy. Hyperaemia and 
and perform plate enumeration. The mortality was oedema were present in most tissues. The major patho- 
recorded for periods of 4 to 5 mo. All moribund and logical feature was an epicarditis that occurred in 
freshly dead fish were examined and processed for natural and experimental infections (Fig. 2). The epi- 
microbiological testing, and in some cases moribund cardium was thickened in natural infection (Fig. 2) 
fish were sampled for histopathology. and harboured numerous Gram-positive cocci among 

Vaccination trial. Farmed rainbow trout of 1200 g dilated blood capillaries, mononuclear cells and fibri- 
were immunised intraperitoneally. Vagococcus salrnoni- nous tissue. The underlaying cortical layer of ventri- 
narum 119-94 cultivated 48 h at 20°C in an 8 1 TSB cular myocardium was infiltrated by hyperhaemic 
fermenter and inactivated with 1 % formalin was used bacteria-harbouring capillaries, resulting in loss of 
as the bacterin. Individual doses contained approxi- homogeneity of this layer as seen in experimental 
mately 2.5 X 101° bacteria in 0.5 ml. After 7 mo, equal infection (Fig. 3).  Gram-positive bacteria were present 
groups of 40 immunized or control fish were trans- in dilated capillaries, and foci of bacterial growth on 
ported to the experimental facilities, acclimatized at muscular fibers were observed early in degenerative 
14"C, and challenged with an IM injection of 2 X 108 changes. The hyperhaemic response in endocardium 
colony-forming units (cfu). The resulting mortality was was especially marked following experimental infec- 
recorded over a period of 2 mo. tion because the fish were sampled before the chronic 

stage of disease was reached (Fig. 4). 
Septicaemia was assessed by the presence of Gram- 

RESULTS positive bacteria in the blood capillaries from the white 
matter of optic lobes of encephalon, liver and kidney 

Clinical observations (not shown). Furthermore, moderate meningitis was 
recorded in 3 fish (not shown), which stresses the 

Mortality occurred in farmed rainbow trout in 1993 affinity of Vagococcus salmoninarum for trout serosae. 
and, in spite of repeated antimicrobial treatments The tegumentary lesions were due to intensive 
(using tetracyclines, sulphonamides associated with macrophage and lymphocyte infiltration of epidermis, 
trimethoprim, nitrofurans, amino-penicillins or macro- dermis, hypodermis and underlying muscular layers 
lides), persisted with only a single break in summer (Fig. 5). No bacteria were revealed by Giemsa or Gram 
1994. Losses reached 50% in one year, from spring staining, but the above inflammatory response resulted 
1993 to spring 1994. Adult trout from 600 to 4000 g in the thickening of skin and numerous degenerative 
were the most susceptible, with peaks of mortality ris- features leading to the disruption of epidermis which 
ing subsequent to handling (sorting, striping) or other can substantiate the errosive skin lesions observed 
stress factors. In autumn 1994, for instance, the disease clinically (Fig. 5). 
reappeared just after a natural flood. Exophthalmos was due to retrobulbar accumulation 

Diseased trout were listless and exhibited clinical of haemorrhagic exudate, but again no bacteria could 
signs generally associated with a bacterial septi- be seen. Other than hyperaemia no splenic changes 
caemia, including marked loss of equilibrium and were observed. 
swimming difficulty. External haemorrhage was ob- 
served in the ocular area (Fig. lc)  and in certain cases 
unilateral exophthalmia. Errosive lesions, when pre- Bacteriology 
sent, developed on the body sides and the opercula 
surface. Internal lesions consisted of discoloration and The same organism was regularly isolated from all 
petechial haemorrhages of gills, enlargement and con- the affected tissues of fish submitted for bacteriological 
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Fig. 1. Vagococcus salmoninarum naturally infected Oncorhynchus mykiss. (a)  4 yr old fish exhibiting epicarditis (V: ventricle; 
A: atrium) and peritonitis appearing as fibrinous deposit on liver (L) Scale bar = 10 mm. (b)  Close-up of cardiac lesions in brood 
fish: miliary-shaped epicarditis on ventricle (V) ,  diffuse reaction on atrium and faint fibrinous deposit on liver (arrowheads). 

0: ovary. Scale bar = 10 mm. (c) Unilateral exophthalmla and lens enucleation. Scale bar = 10 mm 

investigation, indicating a systemic condition. After 
48 h the culture was abundant, growing slightly better 
on blood agar than on TSA, and formed small, white, 
smooth colonies, 0.5 to 1 mm in diameter. Gram-stained 

smears displayed thick coccoid to ovoid-shaped Gram- 
positlve bacteria, which usually appeared as diplococci 
in infected tissues but which were able to form chains 
of variable length after growing in liquid medium. On 
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Fig. 3. Oncorhynchus mykiss. Expenmental Vagococcus sal- 
moninarum infection: moderate epicarditis (arrowheads), 
severe vascular dllation (arrows) separating muscular fibers 
in the myocardium (circled in Fig. 2b). Giemsa stain. Scale 

bar = 100 pm 

Fig. 2. Oncorhynchus mykiss. Histological lesions of ventricle 
in Vagococcus s a h o n ~ n a r u m  infection. Giemsa stain. Scale 
bar = 1 mm. (a) Ventricle from the fish shown in Flg. l b :  
marked thickening of epicardlum (E), rmliary lesions of which 
appear club-shaped on sectlon (arrowheads). 0: compact 
outer myocardium; T: trabecular layer. (b) Sagitally sectioned 
ventricle from a 1 yr old rainbow trout intraperitoneally in- 
jected with 1 X 107 V salmoninarum: thin epicarditis (arrow- 
heads) and hyperaemia in outer myocardium layer associated 
with a weakened area leading to cardiac wall disruption 
(arrow). Close-ups of circled areas are featured in Figs. 3 & 4 

blood Colunlbia limited was pro- Fig. 4.  Oncorhynchus mykiss. Chains of Vagococcus salmoni- 
narum (arrows) proliferating on muscular fibres in the weak- 

duced after 2 to 3 d .  This facultative anaerobic bac- ened area of ventricle arrolved 2b, Gram staining, 
teriuni was non-motile, asporogenous, did not produce Scale bar = 30 pm 
oxidase or catalase and seemed to be related to lactic- 
acid bacteria, and even more closely to streptococci 
or enterococci. Further characteristics are listed in Table 2 summarizes the differential characteristics 
Table 1. In API 20-STREP systems the most common of some salmonid-associated Gram-positive bacteria. 
numerical profile was 716221 1. A comparative analysis allowed us to assign our 
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Fig. 5. Oncorhynchus mykiss. Tegurnentary lesions associated with Vagococcus salmoninarurn infection. (a) Acute tegumentary 
inflammation during natural infection. Severe cellular infiltration of all skin layers and hyperaemia in dermis and epidermis. The 
large arrow indicates a decrease in thickness of the epidermis featuring further erosive lesions observed clinically. B: basal layer; 
E: epidermis; S: stratum spongiosum; C: stratum compactum: H: hypodermis; M: muscle. H&E safranin stain. Scale bar = 250 pm. 
(b) Infiltration of epidermis and dermis by lymphocytes and macrophages (arrows); arrowheads: necrotic areas. Giemsa stain. 
Scale bar = 20 pm. (c) Myophagia of red muscle. M: muscle fibre; arrows: inflammatory mononucleated cells; arrowheads: muscle 

debris. Giemsa stain. Scale bar = 20 pm 

strains to Vagococcus salmoninarum. This conclusion 
was supported by DNA hybridization, which demon- 
strated a high DNA relatedness and low AT,,,,. The 
6 tested isolates form a tight genomic group with the 
type strain V. salmoninarum NCFB 2777T (Table 3).  
Although 37°C was not an ophmum temperature for 
the bacteria and routine antimicrobial tests could not 
be performed to accepted standards, a cautious inter- 
pretation indicated strong resistance to several drugs 
including oxacillin, streptomycin, sulphonamides, 
quinolones, and to a lesser degree neomycin and 
erythomycin. 

Experimental infection 

The mortality recorded after infecting trout by dif- 
ferent routes is shown in Table 4. Only parenteral inoc- 
ulation produced a chronic form of infection, which 
was more pronounced after IM injection than after IP 
injection. Dead fish exhibited the lesions commonly 
seen in natural disease, namely exophthalmia, ab- 
scesses or 'furuncles', congested visceral organs and 
heart. The bacteria could be reisolated in all cases, 
except from 4 out of 8 trout, the death which may be 
attributed to an interruption in the water supply. Mor- 
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Table 1. Biochemical characteristics of Vagococcussalmoninarum, from 8 trout isolates studied in API 20 STREP and API 50 CHL sys- 
tems and conventional tests. ADH: arginine-dihydrolase; VP: Voges-Proskauer; PYR: pyrrolidonyl-arrylamidase; PNPG: para-nitro- 
phenyl-galactosidase; +: positive: -: negative; [+ l :  delayed or weak; d: variable character (number of positive strains in brackets) 

tality occurred in control fish, but 
negative bacteriology, as well as the 
absence of indicative lesions, excluded 
any occurrence of Vagococcus sal- 
moninarum. 

Tested Result 

ADH - 
NO3 reduction - 
Hippurate + 
VP + 
Urease - 
Indole - 
PYR + 
PNPG + 
Gelatinase - 
H,S (Pb acetate medium) + 
Growth in: 

Bile 40 % + 
Acetate medium - 
NaCl 6.5 % - 

Growth at: 
40°C - 
37°C d (5) 

0.-Galactosidase - 
P-Galactosidase - 
P-Glucuronidase - 
Alkaline phosphatase + 
Leucine arylarnidase + 

Vaccination experiment 

Following challenge, survival of the 
immunized group and of the non- 
immunized group of trout evolved in 
parallel for 57 d. When the experiment 
was stopped, 26 fish survived in the 
vaccinated group versus 21 in the con- 
trols, and there was no significant 
difference between the 2 groups (X* = 
0.98). 

Tested Result 

Glycerol - 
Erythritol - 
D-Arabinose - 
L- Arabinose - 
Ribose d (5)  
D-Xylose [+I 
L-Xylose - 
Arabinol 
P-Methyl-xyloside 
Galactose 
D-Glucose t 

D-Fructose + 
D-Mannose + 
L-Sorbose d (7) 
Rhamnose - 

Dulcitol - 

Inositol - 

Mannitol - 

Sorbitol d (6) 
a-Methyl-D-mannoside - 

a-Methyl-D-glucoside - 

N-Acetyl-glucosamine + 
Arnygdalin + 
Arbutin + 
Aesculin + 

DISCUSSION 

Tested Result 

Salicin + 
Cellobiose d (5) 
Maltose d (6 )  
Lactose - 
Meliblose - 
Sucrose + 
Trehalose + 
Inulin - 
Melezitose - 
D-Raffinose - 
Starch - 
Glycogen - 
Xylitol - 
0-Gentiobiose d (4) 
D-Turanose - 
D-Lyxose - 
D-Tagatose + 
D-Fucose - 
L-Fucose 
D-Arabitol 

d (5) 
- 

L- Arabitol - 
Gluconate - 
2-Ketogluconate [+l 
5-Ketogluconate - 

The diagnosis of Vagococcus sal- 
moninarum was performed on the 
basis of phenotypic characteristics and 
confirmed by DNA-DNA hybridiza- 
tion. Both the API 20 STREP and API 
50 CHL testing excluded the possibil- 

Table 2. Characteristics used to differentiate non-motile, Gram-positive bacteria 
isolated from salmonids: Vagococcus salmoninarum. Lactococcus garvieae, 
L. pisclurn, Australian and South African type of 'Enterococcus'. Streptococcus 
iniae, Carnobacterium piscicola (after a combination of the original descriptions, 
Schmidtke & Carson 1994 and the present results). ADH: arginine-dihydro- 
lase; PYR: pyrrolidonyl-arrylamidase; APA: alkaline phosphatase; +: positive; 

-: negative; d: variable; ND: unreported 

V. salm. L. garv. L. pisc. Entero. S. iniae C. pisc. 

Shape Ovoid Ovoid Cocci Ovoid Cocci Rods 
Haemolysis a (weak) a - a P - 
ADH - + + + + - 

Hippurate d a  - - - - - 
PYR + + + + 
H2S + - - - - 
Growth aVin: 

45°C - + - - 
10°C + + + + + 
pH 9.6 + + - ND + 
Bile 40 % + + ND + - 

AP A + - ND ND 
N-? Starch (acid) - - - d 

L-Arabinose - - + - - 
Galactose - + + + d 
Glycerol - - - + 
Inulin - - - + 

b Lactose - + - - d 
Mannitol + + + + + 
Melezitose - + ND + + 
Melibiose - - + - - d 
Raffinose - - + - - d 
Sucrose + - + + + + 
D-Tagatose + ND - ND - - 
"resent strains +, type descripbon - (see 'Discussion'); bexceptions 
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Table 3. Levels of DNAIDNA homology among the isolated strains and other 
Gram-positive flsh pathogens, as determined by the hydroxyapatite method at 
60°C (RBR: relative binding ratio; AT,,,,: difference in melting point between 

the homologous and heterologous reactions) 

Species Strain no RBR A T ~ I ~ I  
("/.l ("C) 

Present strains 6461-93 probe 2.5 
6461-93 homologue 100 
E 4050 85.96 0.02 
E 4134 75.41 0.64 

piscicola, and L. piscium could be 
rejected. Schmidtke & Carson (1994) 
concluded that a strong homogeneity 
exists in phenotypic characteristics of 
V salmoninarum isolates from distinct 
geographical origins. This readily 
permits the diagnosis of the present 
strains based on routine laboratory 
criteria. 

Most of our isolates' characteristics 
1412-93 92.62 were in agreement with the amended 
3094-94 94.45 1 description of Schmidtke & Carson 

Vagococcus salmoninarum NCFB ~ 7 7 7 ~  81.09 (1994), except for hippurate and Voges- 
Lactococcus piscium NCFB 277aT 11.92 9.75 Proskauer. Minor variations were 
Lactococcus lactis subsp. lactis NCFB 604T 36.56 noted in utilisation of sugars, namely 

sorbose and xylose in which acid pro- 
duction was delayed. Repeating the 

ity of any Streptococcus or Enterococcus species tests on different media (CHS for streptococci, CHL for 
known to occur in higher vertebrates. The range of lactobacilli and API STREP) also provided different 
related bacteria recognized in aquatic organisms is still results for starch, inositol and a-methyl-D-glucoside. 
limited to less than 12 species, encompassing some However, medium and time of incubation may exert 
fairly well-defined organisms for which official names some influence on the result of metabolic reactions 
have still to be proposed, i.e. the 'Enterococcus' spp. of (Baya et al. 1991). 
turbot (Toranzo et al. 1994), of Australia and South Experiments in trout demonstrated infection by the 
Africa salmonids (Carson et al. 1993) and of Singapore strain 119-94, although the mortality was low. The dis- 
Siganidae (Foo et al. 1985), and some P-haemolytic ease was easily initiated by IM injection, and in accor- 
streptococci from Japan (Kitao et al. 1981) and the USA dance with field observations its course was chronic. 
(Plumb et al. 1974, Baya et  al. 1990). Half of these In all cases, the clinical signs and lesions associated 
organisms or groups of organisms (V. salmoninarum, with the natural disease were reproduced, and the 
Carnobacterium piscicola, Lactococcus garvieae, L, bacterium was reisolated from dead fish, thus complet- 
piscium, Streptococcus iniae, Australian and African ing Koch postulates. These results, including the 
strains of Enterococcus) are likely to affect salmonids. severity of the vascular and tissue alterations, and the 
Most of these bacteria are clearly related to warm persistence of the infection in the affected farm, pro- 
waters and, in contrast to our strains and L. piscium, vided sufficient information to demonstrate Vagococcus 
can grow above 37°C. Finally, 4 of these agents are salmoninarum as a fish pathogen. The clinical manifes- 
only reported or suspected to occur in Europe. Consid- tations are likely to depend on external factors and this 
ering all these criteria and several key characteristics could suggest an opportunistic agent, although a de- 
(Table 2), all Streptococcus-Enterococcus species, C. finitive statement will depend on epidemiological in- 

Table 4. Cumulative mortality of rainbow trout following experimental infection by different routes, using Vagococcus sal- 
moninarum 119-94 

Route Dose Fish Fish Cumulative mortality recorded at 
(cfu) weight (g) numbers different times post-infection 

l m0 2 m o  > 2 m o  

IP injection 1.8 X 10' 
1.8 X 106 

IM injection 1 X 10' 
1 X 106 
1 X 105 
1 X io4 

Immersion 1.8 X 107 ml-' 
Controls 0 

a 8  trout d ~ e d  on Day 33 due to failure In water supply: bacteria were reisolated from 4 fish 
bBacteriological controls were negative 
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vestigations. As in many other chronic infections, anti- 
biotic treatments carried out in the field did not prove 
effective, even when susceptibility to several drugs 
could reasonably be surmised from routine antimicro- 
bial tests. Use of ampicillin and amoxicillin, as well 
as erythomycin, failed to prevent or decrease trout 
mortality. 

In many aspects, Vagococcus salrnoninarum infec- 
tion expressed the traits of other fish diseases caused 
by Gram-positive cocci. These usually appear as per- 
sistent infections, with recurrent outbreaks starting 
under particular circumstances and progressing slowly. 
In some cases, granulomatous inflammation has been 
described (Miyazaki et al. 1984), but more often the 
bacteria spread in a septicaemic manner, frequently 
producing marked exophthalmia and meningoen- 
cephalitis (Kitao 1993). Similar signs and lesions were 
observed here, together with cardiovascular changes 
of strong and striking intensity. The occurrence of 
peripheral tissular lesions from which bacteria could 
not be observed or isolated is noteworthy. 'Aseptic' or 
poorly colonized lesions have been discussed in turbot 
enterococcosis (Nieto et  al. 1995). This could suggest 
some distant bacterial toxin, as demonstrated for Lac- 
tococcus garvieae by Kimura & Kusuda (1979). In 
humans, streptococcosis are suspected to induce a 
deposit of circulating antigen-antibody complexes in 
the wall of skin vessels, resulting in inflammatory 
lesions (Mims 1976). 

Records indicate the bacterium isolated and identi- 
fied as Vagococcus salmoninarum may have been ob- 
served in the same farm in July 1989 and on a sec- 
ond occasion in the absence of clinical signs in May 
1992. Moreover, 2 similar strains obtained from the 
Laboratoire de Pathologie des Animaux Aquatiques 
of Brest (France) in 1994 appear to be V salmoni- 
narurn. Both were isolated from adult rainbow trout 
from 2 farms in Brittany experiencing low mortality 
at temperatures between 7 and 10°C. In one case, 
pericardial lesions were noticed. Interestingly, there 
were some differences in carbohydrate reactions 
(cellobiose, 2-ketogluconate, maltose, sorbitol, D- 
xylose) between the Brittany and southwest isolates. 
Although the limited number of samples did not per- 
mit any conclusions, perhaps it would be possible to 
rely on phenotypic markers for further epizootiologi- 
cal purposes. 

Schmidtke & Carson (1994) had incorporated 2 brown 
trout strains of Vagococcus salmoninarum originating 
from Norway in their study. The present report con- 
firms that the bacterium is widespread and probably 
much more common in Europe than previously sus- 
pected. Moreover, it may contribute to the fish loss 
associated with Gram-positive cocci emergence in fish 
which has recently caused much concern. Its patho- 

genicity, occurrence as a chronic disease and poor 
responsiveness to antimicrobial treatments and active 
immunisation suggest that V. salmoninarum could rep- 
resent an important threat to salmonid farming. 
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