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Abstract
An epizootic bacterial infection in rainbow trout (Oncorhynchus mykiss) had been occurred in
Turkey during May-June 2001. The cumulative mortality was approximately 80 %. Infected trout
had bilateral exophthalmia and congestion of blood-vessels in the pectoral and caudal fins. The
body weights of trout were approximately 100 to 150 grams. Three bacterial isolates were ob-
tained from diseased trout and biochemical, physiological and morphological characteristics
were studied by conventional methods and Rapid ID 32 Strep System. All three isolates were
found to have identical phenotypic characteristics and identified as Lactococcus garvieae.

Introduction
Gram positive cocci are aetiological agents of
fish diseases which affect both freshwater and
marine species (Kusuda and Salati, 1999; Chen
et al., 2001). Streptococcal infection of fish has
become a major problem worldwide includ-
ing Japan (Kusuda et al., 1991), Spain (Toranzo
et al., 1994, Nicedo et al., 1995,  Muzquız et
al., 1999), Italy (Salati et al., 1996), Korea
(Young  and Keun, 1984). Environmental
stress in intensively cultured fish predisposes
them to disease, especially during the hottest
periods of the year (Kusuda and Salati, 1999).
An important disease of cultured yellowtail
Seriola quinqueradiata in Japan described as
Enterococcus seriolicida (Kusuda et al., 1991).
Taxonomic studies indicate that E. seriolicida

is synonymous with Lactococcus garvieae (Aus-

tin and Austin, 1999). The typical signs seen
in L. garvieae infected fish are exophthalmia,
swollen abdomen and haemorrhagic anus. At
necropsy, haemorrhages of the liver, muscle,
and intestine may be detected ( Muzquız et
al.,1999)

Recently, mass loss of rainbow trout
(Oncorhynchus mykiss) where water tempera-
ture was around 17oC occurred at farms in the
Western part of Turkey. We report here the
first appearance of streptococcosis in cultured
rainbow trout (Oncorhynchus mykiss) in Tur-
key. This study was performed in order to
determine morphological, physiological, cul-
tural, biochemical and serological character-
istics of the isolates. The sensitivity of isolates
to antibiotics was also determined.
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Material and Methods
Bacteriological samples
For bacteriological analysis, samples from sick
trout (body weight 100-150) were collected
from three trout farms during outbreaks from
May to June 2001. Loss rates were as high as
80 %. Bacteriological samples were collected
from kidney, liver and brain tissue using ster-
ile swabs and streaked onto trypticase-soy-
agar (TSA, Merck). Plates were incubated at
25oC for 48 hours. Single colonies were re-
streaked on the same media to obtain pure
isolates. The routine tests for determination
of  biochemical characteristics were carried
out as described in Cowan and Steel,1970,
Collins and Lyne,1976, NCCLS, 2001. The
identification was made on the basis of mor-
phological and biochemical characteristics of
isolates. Additionally the Rapid ID 32 Strep
System (Biomerieux, Marcy I’ Etiole, France)
for bacteriological diagnosis was used in par-
allel.

Biochemical and culture characteristics
Strains were identified by testing several bio-
chemical reactions described Bergey’s Manual
(Holt et al., 1994), and morphology was ob-
served  by light microscopy using Gram stain.

To determine culture characteristics, growth
at 25oC on MacConkey Agar (Difco), Bile
Esculin Azide Agar (Difco), Eosine Methyl-
ene Blue Agar (Oxoid), Nutrient Agar (Merck)
and Brain Heart Infusion Agar (Difco) were
tested. To determine physiological character-
istics, bacteria were inoculated into trypticase-
soy broth (TSB, Merck) and growth was de-
termined at 4 to 45oC for three days. The salt
requirements of the strains were determined
by culturing them in TSB containing 0 %, 2.5
%, 6.5 % and 8 % NaCl. Ability to grow pH
9.6 was also determined. Haemolytic ability
was determined by growth on 5 % sheep
blood agar.

Additional identification of isolates was pro-
vided by latex agglutination test (Biomerieux,
Marcy I’ Etiole, France, Koneman, et al., 1997;
Austin and Austin, 1999).

Antibiotic susceptibility
Antibiotic sensitivities of the strains were as-
sayed by the disc diffusion method on Muel-
ler-Hinton agar. NCCLS standards were used
to evaluated the results (NCCLS,2001).

Figure 1. Increase in  the skin pigmentation and
exophthalmia of  rainbow trout infected by L.
garvieae.

Figure 2. Haemorrhagic anus of rainbow trout
infected by L. garvieae.
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Results and Discussion
The external symptoms of the  disease in rain-
bow trout infected with L. garvieae were bilat-
eral exophthalmia and darkening of the skin
pigmentation (Fig. 1), haemorrhagic anus and
congestion of blood-vessels in pectoral and
caudal fins (Fig. 2). Internal symptoms in-
cluded bloody ascitic fluid, congestion and
haemorrhage of  the liver, spleen, kidney and
intestine (Fig. 3). Clinical findings were simi-
lar to the reports of other workers (Bragg and
Broere, 1986; Muzquiz et al., 1999).

Bacteria isolated from infected fish were Gram
positive ovoid cells forming chains (Fig 4).
Growth occurred 4 to 45oC with 0 to 6.5 %
NaCl and pH 9.6.

Biochemical and physiological characteristics
of all three strains of bacteria determined by
conventional test and by the Rapid ID 32 Strep
system are listed in Table 1. All isolates were
positive for Vosges-Proskauer (VP),
pyrrolidonyl arylamidase (PRYA), arginine
dihydrolase (ADH), alanine phenylalanine
proline arylamidase (APPA), b-glucosidase
and negative for oxidase, catalase, alpha-ga-

lactosidase, ß-glucuronidase, alkaline phos-
phatase (PAL), glycyl tryptophane
arylamidase (GTA) and urease. None of the
strains hydrolysed starch or gelatin. All
strains produced acid from glucose, fructose,
galactose, ribose, mannitol, trehalose, saccha-
rose, maltose, tagatose, methyl-ß-D
glucopyranoside.  alpha-haemolysis occurred
on blood agar. Strains were culturable on nu-
trient agar, bile esculin azide agar, Trypticase-
soy agar and brain heart infusion agar. The
isolates did not belong to any of the Lance-
field’s groups A to H, K to N and O.

According to morphological, cultural, physi-
ological, biochemichal and serological tests
the three strains isolated from O. mykiss were
identified as L. garvieae according to Austin
(1999), Muzquiz et al.(1999), Ravelo et al.
(2001), Chen et al. (2001).

Antimicrobial sensitivities of strains were as
follows; all strains were resistant to penicillin
(10), clindomycin (2), cefriaxson (30) and sen-
sitive to erythromycin (15), tetracycline (30),
ofloxacin (5), ampicillin (10) and chloram-
phenicol (30) (Table 2).

Figure 3. Haemorrhage of the liver of rainbow trout
infected by L. garvieae.

Figure 4. Short chains of L. garvieae cultured on
trypticase-soy agar at 25oC for 24h.
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Table 1. Biochemical, cultural and physiological characteristics of bacterial isolates in conventional tests and
Phenotypic characteristics of bacterial isolates in Rapid ID 32 strep system tests. S, sphere. ADH, arginine
dihydrolase; PYRA, pyrrolidonyl arylamidase; PAL, alkaline phosphatase; bNAG, N-acetyl-b-glucosamidase;
APPA, alanine phenylalanine proline arylamidase; GTA, glycyl tryptophane arylamidase. Symbols: + positive,
- negative.
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Based of these results L. garvieae was identi-
fied as the causative agent of a high mortality
of cultured rainbow trout in Turkey. This re-
port is first description  of Streptococcal in-
fection causing high mortality in cultured
rainbow trout in Turkey.
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Table 2: Sensitivity to antibiotic disks of the bacterial strains isolated from rainbow trout.
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