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1. Main clinical signs of streptococcosis in turbot: (A) severe exophthalmia with abscesses in the periorbital tissues; (B) 
ulation of purulent fluid at the base of the fins. 

1. Principaux signes cliniques de streptococcose chez le turbot: (A) exophthalrnie prononcke avec abcks dans les tissus peri- 
IX; (B) accumulation de fluide purulent i la base des nageoires. 



Streptococcosis of marine fish Streptococcoses des poissons marins 

Host species 
Streptococcosis was initially reported in cultured 
rainbow trout (Oncorhynchus mykiss) in Japan. Since 
then, the disease has been described in a wide variety of 
economically important marine fish species, mainly in 
Japan and the USA, and including yellowtail (Seriola 
quinqueradiata), ayu (Plecoglossus altivelis), Japanese eel 
(Anguilla japonica), menhaden (Brevoortia patronus), 
striped mullet (Mugil cephalus), bluefish (Pomatonus 
saltatrix), striped bass (Morone saxatilis), and Japanese 
flounder (Paralichthys olivaceus). Recently, an outbreak 
of streptococcosis was described in turbot (Scoph- 
thalmus maximus) cultured in Spain, which represents 
the first epizootic of the disease in marine fish in 
Europe. 

Disease name 
Streptococcosis or enterococcosis are different designa- 
tions used to describe this bacterial septicaemia and 
names are based on the characterization and classifica- 
tion of the causative agent. The disease is also known as 
"pop-eye", since one of the most characteristic 
symptoms is the accumulation of mucopurulent exudate 
around the eyes. 

Etiology 
Three groups of streptococci have been associated with 
diseased marine fish: alpha-haemolytic, beta-haemolytic, 
and non-haemolytic. The majority of economically 
important epizootics are due to streptococci of the 
alpha-haemolytic group and, less often, to beta-haemo- 
lytic streptococci. 

The majority of isolates from yellowtail and eel in Japan 
and from turbot in Spain are from the alpha-haemolytic 
group. These strains are very similar to those of the 
Enterococcus group, such as Enterococcus faecalis. In 
fact, the Japanese isolates have been classified as a new 
species named E. seriolicida. However, recently it has 
been demonstrated by DNA-DNA hybridization that E. 
seriolicida is identical to Lactococcus garvieae. On the 
other hand, the Spanish isolates from turbot have been 
included within the species Streptococcus parauberis on 
the basis of their 16s rRNA sequences. 

It has been reported that the beta-haemolytic strains are 
antigenically identical to Streptococcus iniae, and there- 
fore these isolates should be classified as a subspecies of 
S. iniae. 

It is clear that further work is needed in order to clarify 
the exact taxonomic position of all fish pathogenic 
streptococci. 

Une streptococcose des poissons a signalee pour la 
premiere fois au Japon chez la truite arc-en-ciel d'hle- 
vage (Oncorhynchus mykiss). Depuis, la maladie a aussi 
ete decrite chez de nombreuses esphces de poissons 
hconom,iquement importantes principalement au Japon 
et aux Etats-Unis, en particulier chez la seriole (Seriola 
quinqueradiata), l'ayu (Plecoglossus altivelis), l'anguille 
du Japon (Anguilla japonica), le menhaden (Brevoortia 
patronus), le mulet (Mugil cephalus), le tassergal (Poma- 
tonus saltatrix), le bar d'Amerique (Movone saxatilis) et 
la plie japonaise (Paralichthys olivaceus). Rkcemment, 
une tpizootie de streptococcose a Cte dkcrite en Espagne 
dans un elevage de turbot (Scophthalmus maximus), ce 
qui constitue la premiere Cpizootie de cette maladie en 
Europe. 

Nom de la maladie 
La streptococcose ou l'enterococcose sont deux nomina- 
tions diffirentes de cette septicemie bacterienne depen- 
dant de la classification de l'agent ttiologique. La 
maladie est egalement connue sous le nom de maladie 
de "pop-eye" puisque un des sympt8mes les plus carac- 
teristiques est l'accumulation d'exsudat mucopurulent 
autour des yeux. 

Trois groupes de streptocoques ont kt& caracterises 
partir de poissons marins malades: alpha-hemolitique, 
beta-hemolitique et non-hkmolitique. La majorit6 des 
hpizooties, et donc la plupart des pertes, sont causees 
par les streptocoques alpha-hemolitique et, de fagon 
moins importante, par les beta-hemolitiques. 

La majorit6 des souches pathogines du groupe alpha- 
hhmolitique isolees a ce jour proviennent de la seriole et 
de l'anguille au Japon et du turbot en Espagne. Ces 
souches sont tris similaires 21 celles du groupe Entero- 
coccus, et en particulier a Entevococcus faecalis. En fait, 
les souches japonaises ont ete classifiees comme une 
nouvelle espece nommke Enterococcus seriolicida. 
Toutefois, on a recemment demontre par hybridation 
ADN-ADN que E. seriolicida est similaire a Lacto- 
coccus garvieae. Les souches espagnoles isolkes du 
turbot ont &ti: classees dans l'espece Streptococcus pava- 
uberis sur la base de leurs sequences 16s ARNr. 

Quant aux souches beta-hemolitiques, elles ont ete 
dkcrites comme antiginiquement identiques aux souches 
de Streptococcus iniae, et donc que ces souches 
devraient Ctre classifiees comme sous-espice de S. iniae. 

De ce qui precede, il est clair que des etudes supplemen- 



Fish streptococci are routinely isolated from internal taires sont necessaires pour clarifier la position taxono- 
organs (shleen, kidney, and brain) using media such as 
brain heart infusion agar (BHIA), tryptone soya agar 
(TSA) supplemented with 1% yeast extract or 0.5% 
glucose, and blood agar. The incubation period is 2 4  
days at 25-30°C. The isolates are then characterized 
either biochemically or serologically. The pathogenic 
streptococci of marine fish show considerable variation 
in the biochemical properties between isolates (Table 1). 
Common features are their spherical or ovoid 
morphology and the formation of pairs or chains. All 
strains are Gram-positive, oxidase- and catalase- 
negative, non-motile, and non-sporulating. Slide agglu- 
tination and immunofluorescent techniques are widely 
used for diagnostic purposes. 

Associated environmental conditions 
Streptococcosis infections have an increased prevalence 
and severity during summer months. In addition to the 
high water temperature, a variety of environmental 
stressors and host-related factors can also influence the 
outcome of the disease. 

Different species, groups, or even strains of streptococci 
usually exhibit host specificity for the marine fish 
species from which they were isolated. 

Geographical distribution 
The disease is a problem in both farmed and wild 
marine fish stocks and has been reported from several 
continents: North America (USA), Asia (Japan), and 
Europe (Spain). 

Significance 
Streptococcal septicaemia was first described in the 
1960s. Since then, the disease has increased in impor- 
tance, causing serious economic losses in the marine 
finfish industry. Today, it is the major limiting factor in 
the culture of yellowtail in Japan and turbot in Spain. 

Streptococcosis affects fish of any size or age, and there- 
fore caution has to be taken during all stages of the 
production cycle. The main reservoirs of the bacteria 
are sea water and sediments around the farms where the 
Streptococcus species can be isolated throughout the 
year. In addition, a source of infection can be frozen 
fish used for consumption. It has been reported that 
Streptococcus can survive for at least 6 months in frozen 
products. 

Horizontal transmission has been demonstrated and can 
occur through the water, especially if the fish possess 
small abrasions, or by the fecal-oral route. Moreover, 
the carrier state has been described in both susceptible 
and non-susceptible fish species, which can also be 
important in spreading the disease. 

mique exacte de tous ces streptocoques pathogenes des 
poissons. 

Le diagnostic des streptococcoses est effectue sur des 
prel&vements realises au niveau organes internes (rate, 
rein et cerveau) par des techniques bactttriologiques. 
Plusieurs milieux de culture sont utilises pour isoler ces 
bacteries comme la gilose cerveau-coeur (BHIA), la 
gtlose trypticase-soja (TSA) additionntt d'l% d'extrait 
de levures ou de 0.5% de glucose et la gelose au sang. 
L'incubation se fait pendant 2 4  jours i 25-30°C. Les 
souches sont ensuite caracterisees soit biochimiquement, 
soit strologiquement. Les streptocoques pathogenes des 
poissons marins ont des proprietes biochimiques qui 
varient considirrablement d'une souche a l'autre 
(Table 1). Leur morphologie spherique ou ovoide et la 
formation de paires ou de chainettes sont des caracteris- 
tiques communes de ces souches. Toutes sont Gram- 
positive, oxidase- et catalase-ntgatives, non-mobiles et 
non-sporulantes. L'agglutination sur lame et les techni- 
ques d'immunofluorescence sont des proctdures serolo- 
giques largement utiliskes. 

Effets de l'environnement 
La frequence et la stverite des streptococcoses augmen- 
tent pendant les mois d'tte. En plus de la temperature 
de l'eau elevee, de facteurs de stress lies a I'environne- 
ment et d'autres facteurs relits a hdte peuvent aussi 
influencer l'issue de la maladie. 
De plus, les differentes espbces, groupes et m6me 
souches de streptocoques montrent generalement une 
specificit& vis vis les espbces de poissons marins dont 
ils sont isoles. 

Distribution gbographique 
La maladie skvit sur les stocks de poissons marins 
cultivCs et sauvages. Elle a kt6 signalee sur plusieurs 
continents, en Amerique du Nord (Etats-Unis), en Asie 
(Japon) et en Europe (Espagne). 

Importance 
Les septicemies streptococcoses ont etk dkcrites pour la 
premiere fois dans les anntes 1960. Depuis, leur impor- 
tance s'est accrue, causant des pertes economiques 
graves pour I'industrie de la culture des poissons marins. 
Aujourd'hui, c'est le principal facteur limitant de la 
culture de la striole au Japon et du turbot en Espagne. 

La streptococcose affecte les poissons de toute taille ou 
gge et, de ce fait, des precautions doivent 6tre prises a 
chaque ttape du cycle de production. Les reservoirs 
principaux de la bacterie sont I'eau de mer et les stdi- 
ments autours des sites marins, ou l'esptce Stuepto- 
coccus peut 6tre isolee tout au long de l'annee. De plus, 



Table 1. Comparative results of the biochemical and serological properties of the main marine fish pathogenic streptococci 

Table 1. Resultats comparatifs des proprittes biochimiques et strologiques des prlnclpaux streptocoques pathogenes des polssons. 

Test Lactococcus garvieae Stveptococcus paraubevis Streptococcus iniae 
(yellowtail isolates) (turbot isolates) (isolats (different hosts) (h6tes 
(isolats de skiole) de turbot) varies) 

Gram stain (Coloration de 
Gram) 

Oxidase 
Catalase 
Haemolysis (Hemolyse) 
Growth (Croissance) 

0% NaCl 
3% NaCl 
6.5% NaCl 
4°C 
10°C 
45°C 
pH 9.6 

Hydrolysis of (Hydrolyse de) 
Arginine 
Hippurate 
Esculin 
Starch 
Gelatin 
Casein 
Lecithin 

Decarboxylation 
Lysine 
Ornithine 

Acid from (Acidification) 
Arabinose 
Glycerol 
Inulin 
Lactose 
Trehalose 
Sorbitol 

Lancefield type (Groupe 
lancefield) 

Serological reaction with 
(Reaction serologique avec) 

anti-L. garvieae serum 
anti-S. parauberis serum 
anti-S. iniae serum 

ND, Not determined; (+), weak and delayed positive reaction; NT, not typable. 
(ND, Non determine; (+), reaction faible et lente.) 

Serological reaction determined by slide agglutination assay. 
(Les tests strologiques ont ete effectuts par agglutination sur lame.) 



Control 
Apart from the usual preventive measures, such as the 
reduction of overcrowding, overfeeding, unnecessary 
handling, and the prompt removal of diseased or dead 
animals, control of streptococcosis includes vaccination, 
chemotherapy, and the use of non-specific immunosti- 
mulants. 

The majority of streptococci isolated from marine fish 
are sensitive in vitvo to a variety of drugs, including 
erythromycin, tetracycline, ampicillin, doxycycline, and 
josamycin. However, the effectiveness of these antimi- 
crobial compounds in vivo is dependent on the target 
fish species. It has been reported that erythromycin, 
doxycycline, and josamycin can be used successfully 
against streptococcosis in yellowtail, but no drug has 
been effective in controlling this infection in turbot. 
Strains resistant to these antibiotics have recently been 
isolated in Japan and other countries. 

Vaccination with a formalin-killed bacterin has been 
successful, with a relative percentage survival (RPS) 
higher than 80% being achieved and lasting for at least 
2 years; the whole production cycle of most fish species 
is therefore covered. The route of administration of the 
vaccine depends on the fish species. In yellowtail, vacci- 
nation is effective by immersion and by intraperitoneal 
injection, while in turbot, although a high protection is 
obtained by injection, no protection was achieved by 
the immersion route. 

The immunostimulatory effects of /I-1-3-glucans are 
variable too, depending on the fish species, the route 
of administration, and dose. No protection was 
achieved in turbot with glucans administered by the 
oral route. However, enhancement of the resistance to 
streptococcosis was observed in yellowtail when the 
immunostimulant was administered by intraperitoneal 
injection. 

Gross clinical signs 
The external clinical signs vary among different species 
of affected fish. The most common symptoms are 
exophthalmia and distended abdomen, haemorrhagia in 
the eyes, opercula, and, at the base of the fins, ulcera- 
tion of the body surface and darkening of the skin. In 
addition, in some cases accumulation of purulent 
exudate in the periorbital tissues and at the base of the 

le poisson congele utilisk comme aliment peut &tre une 
source d'infection. Le Stveptococcus peut survivre plus 
de 6 mois dans les produits congeles. 

On a montre qu'il existe une transmission horizontale 
qui peut se realiser par deux moyens: a travers l'eau, 
surtout si les poissons presentent des microlesions sur le 
corps, ou par la voie fecale-orale. De plus, on a decrit 
I'existence de porteurs asymptomatiques a la fois chez 
des especes de poissons sensibles et non-sensibles, ce qui 
peut Ctre un facteur important dans la propagation de 
la maladie. 

Prophylaxie et traitement 
Mises a part les mesures de preventions usuelles, comme 
la reduction de la surpopulation, de la suralimentation, 
des manipulations inutiles et le retrait immediat des 
poissons malades ou morts, le contrble de la streptococ- 
cose inclue la vaccination, I'utilisation d'antibiotiques 
ainsi que l'utilisation d'immunostimulants non-specifi- 
ques. 

La majorit6 des streptocoques identifies chez les 
poissons marins sont sensibles in vitro a de nombreux 
antibiotiques comme l'erythromycine, la tetracycline, 
I'ampicilline, la doxycline et la josamycine. Toutefois, 
I'efficacite de ces composes antimicrobiens in vivo 
depend de l'espece de poisson ciblee. Ainsi, on a reporte 
que l'erythromycine, la doxycline et la josamycine 
peuvent Ctre utilisees avec succes contre la streptococcie 
chez la seriole, mais aucun antibiotique efficace n'est 
disponible pour contrbler cette infection chez le turbot. 
Des souches resistantes a ces antibiotiques ont recem- 
ment etC isole au Japon et dans d'autres pays. 

Un vaccin prkpare avec des batteries inactivees par le 
form01 s'est montrk tris efficace (donnant un pourcen- 
tage de survie relatif (PSR) de plus de 80%) et la 
protection a ete maintenu pendant deux ans, ce qui 
couvre la periode d'klevage de la plupart des poissons. 
Le moyen d'administration du vaccin depend de 
l'espece de poisson. La vaccination est efficace chez la 
seriole la fois par balneation et par injection intraperi- 
toneale alors que chez le turbot, bien qu'on obtienne 
une bonne protection par injection, il n'y a aucune 
protection lorsque les vaccins sont administres par 
balneation. 

fins was also observed (Fig. 1). Les effets immunostimulants des /3-1-3-glucans sont 
egalement variables suivant I'espece de poissons, le 

Internally, the abdominal cavity usually contains moyen d'administration et la dose. Ainsi, chez le turbot, 
variable amounts of purulent exudate and/or blood. A aucune protection n'a pu Ctre obtenue avec les glucans 
yellowish exudate often covers the peritoneum and the administres par voie orale. Par contre, chez la siriole, il 
epicardium, and is also found in the cranial cavity. In y a une amelioration de la resistance a la streptococcie 
addition, haemorrhages are observed in muscle, spleen, lorsque I'immunostimulant est administre par injection 
liver, and kidney. intraperitoneale. 



Histopathology Signes cliniques macroscopiques 
Histological examination of internal organs reveals that, 
in the majority of tissues, bacteria are present free or 
inside macrophages, causing foci of haemorrhages, 
necrosis, or abscesses. The major histological changes are 
suppurative inflammation of meninges and brain, desqua- 
mative enteritis, and necrosis of the spleen and kidney. 
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