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Abstract
Five isolates of Gram positive, cocci-shaped, non-hemolytic bacteria were isolated from dis-
eased rainbow trout, Oncorhynchus mykiss in Taiwan. The bacteria were identified as Lactococcus
garvieae by physiological, biochemical and 16S rRNA gene sequence analysis. The diseased fish
showed erratic swimming, dark discoloration, and exophthalmia; the mortality varied from 10
to 20% in the farms. Histological examination revealed lesions in the brain, heart, spleen, kidney,
small intestine and eye. These lesions were characterized by fibroplasia at the serosa of organs.
This is the first report of L. garvieae associated with rainbow trout disease in Taiwan.

Introduction
Streptococcosis has been reported to be asso-
ciated with infection of rainbow trout,
Oncorhynchus mykiss in Australia, South Af-
rica, Israel, Spain, Italy and Japan (Carson et

al. 1993; Barrera and Tortucro 1989; Bragg and
Brocre 1986; Ceschia et al. 1992; Ghittino and
prearo 1992; Hoshina et al. 1958; Kito 1984).
The affected fish developed meningitis,
meningoencephalitis, and a characteristic
acute septicaemia, often with exophthalmos;
morbidity was high and mortality was 50%
(Eldar et al. 1995). The pathogens isolated from
diseased fish were identified as Streptococcus

sp. or Enterococcus-like bacterium because of
the high degree of heterogeneity in the patho-
gen phenotypes.

Lactococcus garvieae has been estblished as a
new Streptococcus genus (Kilpper-Balz et al.
1982; Schleifer et al. 1985). This species was
originally described as Streptococcus garvieae

and was of bovine origin, primarily from cases
of mastitis in cow (Collins et al. 1983) and also
from rainbow trout and yellowtail (Zlotkin et

al. 1998).

In this article, we describe the lactococcosis
of rainbow trout raised in Taiwan between
1997 and 1998. In view of the characteristics
of these outbreaks, streptococci were initially
suspected as the causative agents of the dis-
ease, and L. garvieae was isolated and identi-
fied as the pathogen in these fish. The mor-
phological, biochemical and cultural charac-
teristics of L. garvieae, its identification by 16
S rRNA sequence, and its histopathology are
described.
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Materials and Methods
Isolation and cultivation of bacteria
Diseased rainbow trout were collected from
Ilan and Taipei Counties in 1997 and 1998. The
diseased fish showed erratic swimming, dark
discoloration, and exophthalmia; the mortal-
ity varied from 10 to 20% in the farms. Sam-
ples of their liver, spleen, and kidney were
inoculated onto brain heart infusion (BHI)
agar and Columbia agar supplemented with
5% defibrinated sheep blood (CA) for micro-
biological analysis. All plates were incubated
at 25°C for 24-48 h. Colonies were character-
ized by biochemical and physiological tests
as well as 16S rRNA gene sequence analysis
as described below.

Biophysical test
Methods described by Chang (1994) were
employed as follows. Gram stain and cellu-
lar morphologies were examined at 1000x.
Motility was determined from a hanging drop
preparation (450X) of bacteria using phase
contrast microscopy. Catalase activity was
determined by flowing 1 ml of 3% hydrogen
peroxide down the slope of bacteria on BHI
agar. Citrate utilization was determined on
Simmons’ Citrate agar. The Voges-Proskauer
reaction was determined by inoculating bac-
teria on methyl red and Voges-Proskauer
medium. Hippurate hydrolysis was deter-
mined by adding a hippurate differentiation
disc to a bacterial suspension, incubation at
37°C for 2 h, and the result read after the ad-
dition of ninhydrin reagent. Growth charac-
teristics were determined by culturing bacte-
ria in the following conditions: 6.5% NaCl, pH
9.6 and 0.1% methylene blue milk. Survival
at 45°C, and 65°C for 30 min was determined
and hemolytic characteristics evaluated on CA
agar containing 5% sheep blood.

Biochemical identification was performed
using the commercial kit, Rapid ID32 Strep
system (BioMerieux). In addition, carbohy-
drate fermentation was determined using the
API 50CH system (BioMerieux) following the
manufacturer’s instructions. Biochemical tests
were performed at 37°C.

Susceptibility to antimicrobial agents
All isolates were tested for their sensitivity to
seven antibiotics on BHI agar using the
Kirkby-Bauer disc diffusion technique (Stokes
et al. 1993). A loopful (about 0.5µL) of a 24 h
culture was placed in the center of the Petri
plate with media and spread with a dry swab.
Antibiotic sensitivity impregnated discs were
then placed on the plates, and after incuba-
tion at 37°C for 24 h, the zones of inhibition
were measured.

Determination of 16S rRNA gene sequence
Chromosomal DNA was prepared followed
the method described by Lawson (1989). The
16S rRNA polymerase chain reaction (PCR)
amplification was performed by using Primer
F1 (AGAGTTTGATCCTGGCTCAG) and
Primer R1 (GTATTACCGCGGCTGCTG). A
100 uL reaction mixture was prepared with
10 µL of 10x buffer, 10 µL of deoxyribonucle-
otide mixture, 1 µL of each primer, 10 µL of
purified DNA, and sterile distilled water to
volume. The mixture was denatured at 94°C
for 3 min before addition of 1 µL of Taq
polymerase. The subsequent profile consisted
of 30 cycles of denaturation at 92°C for 3 min,
annealing at 55°C for 1 min, and extension at
72°C for 1.5 min, followed by elongation at
72°C for 5 min.

Electrophoretic detection of PCR products
The PCR-amplified samples were subjected
to electrophoresis (40min, 100V) in a 1.2%
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agarose gel with 1X TAE buffer (40 mM Tris-
acetate, 1 mM EDTA [pH8.0]) and stained
with ethidium bromide. A 100 bp DNA lad-
der was included as a molecular weight stand-
ard on each gel. Gels were stained with
ethidium bromide (Sigma), and photo-
graphed under UV-light transillumination.
Direct sequencing of 16S rRNA genes was
carried out using ABI PRISM 377-96
Sequencer (Perkin-Elmer).

Histopathology
Diseased trout collected in the field cases of
the study were subjected to necropsy and then
preserved in Bouin’s solution. Fixed tissues
were embedded in paraffin wax, dehydrated,
sectioned at 5 µm, stained with hematoxylin
and eosin (H&E), and examined microscopi-
cally.

Experimental infection
Rainbow trout, 20 to 30 g in weight, were se-
lected from a commercial pond which had not
history of streptococcicosis. The fish divided
into three groups of 10 fish each and were held
in 100 l tanks with continuous water change.
The water temperature was adjusted to 16 to
18 °C. The experimental infection was per-
formed by immersing the fish in a bacterial
suspension of 2 x 106 CFU/ml for 10 min. Ten
fish were injured on the body surface by
scraping 1.5 cm2 with a scalpel before expo-
sure to the Lactococcus. A control group fol-
lowed the same procedures but using 0.85%
saline solution without bacteria. Observation
was made daily.

Results and discussion
Clinical observations were made on juvenile
and adult rainbow trout, ranging from 20 g
to 1000 g body weight in five different fish
farms in Northern Taiwan. The disease oc-

curred mainly in the summer because the
water temperature was about 17°C and
higher. The diseased fish showed erratic
swimming, dark discoloration, and
exophthalmia; the mortality varied from 10
to 20 percent in the farms.

The external signs were hemorrhage in the
anal and pectoral fins, and on the abdomen,
and in addition, there were bilateral exoph-
thalmos with hemorrhage in the eyes. Inter-
nal signs included pale liver, congestion of
spleen and kidney, and pericardial whiting.
Ascites in peritoneal cavity was also found
occasionally. These gross lesions closely re-
sembled those observed in streptococcosis
and lactococcosis (Austin and Austin 1987;
Domynech et al. 1996; Eldar et al. 1996). Nei-
ther external nor intestinal parasites were
found.

Samples of liver, kidney and spleen from 10
diseased trout from each affected fish farm
were taken for microbiological isolation. Pure
cultures of bacteria were recovered from all
samples after overnight incubation. Colonies
were <1 mm in diameter, round, whitish and
non-hemolytic on blood agar. A total of five
isolates were collected from Taipei (Isolate
T731) and Ilan (isolate L843, L854, L851 and
L853) for this report.

Using the conventional tests of biochemical
and physiological reactions, differences were
found between Taiwan isolates and reference
strains of E. seriolicida (ATCC49156) and L.

garvieae (NCD2155). All trout isolates were
non-hemolytic on sheep blood agar, and nega-
tive on Voges Proskauer (VP), however, L.

garvieae (NCD2155) was positive (Table 1).
With the CH 50 systems, the differences be-
tween Taiwan isolates and strains of E.
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seriolicida (ATCC49156) and L. garvieae

(NCD2155) include fermentation reaction of
glycerol, methyl-D-glucoside, arbutin, lactose,
melizitose, glycogen, and L-arabitol (Table 2).
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,succoC
niahc

,succoC
niahc

,succoC
niahc

,succoC
niahc
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niahc

sisylomeah γ γ γ γ γ γ

esalataC - - - - - -

esadixO - - - - - -

AST + + + + + +

nilucseeliB + + + + + +

yeknoCcaM - - - - - DN

noriraguselpirT - - - - - DN

H2S - - - - - -

esaerU - - - - - DN

etartiC - - - - - -

etartiN - - - - - -

deRlyhteM + + + + + DN

reuaksorPsegoV - - - - - DN

ytilitoM - - - - - -

elodnI - - - - - -

API - - - - - DN

tsetF/O -/- -/- -/- -/- -/- -/-

klimeulbenelyhtem%1.0 + + + + + +

:nihtworG

lCaN%5.6 + + + + + +

6.9Hp + + + + + +

elib%04 - - - - - DN

C°01 + + + + + DN

C°54 + + + + + +

:fosisylordyH

eninigrA + + + + + +

enisyL - - - - - -

nihtinro - - - - - -

hcratS - - - - - -

nitaleG - - - - - -

Table 1. Morphological, Physiological and Biochemical characteristics of Lactococcus garvieae (5 strains) isolated
from diseased trout and of the reference strain.

L. garvieae has been described as lactose posi-
tive, and E. seriolicida as lactose and sucrose
negative (Eldar et al. 1996). However, only
twenty percent (1/5) of trout isolates were
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retemaraP
etalosI /adiciloires.E

eaeivrag.L137T 158L 358L 348L 458L
lorecylG - - - + - -

lotirhtyrE - - - - - -
esonibara-D - - - - - -
esonibara-L - - - - - -

esobiR + + + + + +
esolyx-D - - - - - -
esolyx-L - - - - - -
lotinodA - - - - - -

edisolyx-lyhtemß - - - - - -
esotcalaG + + + + + +
esoculg-D + + + + + +
esotcurf-D + + + + + +
esonnam-D + + + + + +

esobros-L - - - - - -
esonmahR - - - - - -

loticluD - - - - - -
lotisonI - - - - - -

lotinnaM + + + + + +
lotibroS - - - - - +/-

α edisonnam-D-lyhteM - - - - - -
α edisoculg-D-lyhteM + - - - - -

edisoculglyteca-N + + + + + +
eniladgymA + + + + + +

nitubrA + + + + + +
nilucsE + + + + + +

nicilaS + + + + + +
esoibolleC + + + + + +

esotlaM + + + + + +
esotcaL - - - - - -

esoibileM - - - - - -
esorahccaS + + + + + DN

esolaherT + + + + + +
nilunI - - - - - -

esotizeleM + - - + - -
esoniffar-D - - - - - -

nodimA - - - - - -
negocylG + - - + - -

lotilyX - - - - - -
esoiboitnegß + + + + + +

esonarut-D - - - - - -
lotibara-D - - - - - -
lotibara-L + - - + + -
etanoculG - - - - - -/+

etanoculg-otec-2 - - - - - -
etanoculg-otec-5 - - - - - -

Table 2. Acid production from carbohydrate of Lactococcus garvieae (5 strains) isolated from diseased rainbow
trout and of the reference strain by using API 50 CH System.
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positive in this study. It is accepted that the
physiological characteristics of a bacterial spe-
cies should be expressed in terms of percent-
age rather than in a qualitative manner
(Collins et al. 1984; Facklam et al. 1989). Us-
ing the Rapid ID 32 strep test system, all five
isolates were identified as L. garvieae, with a

probability of 98.5 to 99.9 percent. Further-
more, the taxonomy based on a molecular
level should be used to establish the
phylogenesis and taxonomic position of bac-
terial species (Stackenbrandt and Teuber
1998). To determine the genotype identity, the
16S rRNA sequences of all 5 isolates were de-
termined by PCR DNA sequencing. The de-
rived sequences comprised a continuous
stretch of 529 nucleotides (Fig. 1). The se-
quences of all 5 isolates were compared with
the sequences of reference species in
Genebank data library by the BLAST pro-
gram. We observed that all 5 isolates exhib-
ited 100 percent sequence similarity to refer-
ence strains of L. garvieae and Enterococcus

seriolicida. E. seriolicida is a synonym of L.

garvieae, and is the causative agent for fatal
septicemia and meningoencephalitis in trout
(Eldar et al. 1996; Eldar and Ghittino 1999).
The biochemical, physiological and genetic
data indicated that the Taiwan field isolates
of trout should be classified as L. garvieae. Tests
of susceptibility to antimicrobial agents var-

Fig 1. PCR analysis of Lactococcus garvieae isolated
from diseased rainbow trout. PCR analysis was
performed using primer set 1. Agarose gel
electrophoretic analysis of PCR products of 529 base
pairs were amplified. Lanes M = length marker,
Lanes 1, 2, 3, 4, 5 = samples. C = normal control.

citoibitnA
etalosI

137T 158L 358L 348L 458L
)gm01(nillicipmA S S S S S

)gm03(locinehpmarolhC S S S S S
)gµ51(nicymorhtyrE S S S S S

)gµ51(eniuqemulF S S S S S
)gµ51(enodilozaruF S R S S S
)gm01(nicymatneG S S S S S

)gµ03(nicymoeN S S S S S
)gm03(dicacixidilaN R R R R R

)gm03(nicoibovoN S R S S S
)gµ2(dicaciniloxO S R R S S

)gµ03(enilcycartetyxO S R R S S
)gµ01(nicymotpertS S R R S S

)gµ52(mirpohtemirt/elozaxohtemafluS R R S R R

Table 3. Antibiotic susceptibility test of Lactococcus garvieae (5 strains) isolated from diseased trout.
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ied between isolates, perhaps due to the fre-
quency of therapeutic chemicals used in the
field (Table 3).

The histopathology of diseased fish in the
field were mainly present in the eye and the
capsules of organs. In the brain, lesions ap-
peared in the meninges of cerebrum and cer-
ebellum followed by fibroplasias, and mac-
rophage and lymphocyte infiltrations (Fig.
2A). In the eyes, lesions were found in perior-
bital tissue showing extensive fibroplasias
with inflammatory cell infiltration and
hemorrhage (Fig. 2B). Macrophage-laden bac-
teria were also noted. In the heart, lesions
were found in pericardium consisting of
fibroplasias, and macrophage and
lymphocyte infiltrations. In the spleen
(Fig.2C), liver (Fig. 2D), intestine, and trunk
kidney, lesions were seen in the serosa, which
showed fibroplasia, macrophage and
lymphocyte infiltrations. In the trunk kidney,
the renal tubules had hyaline droplet deposi-
tion in the epithelia and hyaline casts in the
lumens. In experimental infection, all fish died

within one week. Bacteria were isolated from
eye, liver, spleen, and kidney, although no eye
lesions were noted. The lesions induced by L.

garvieae of rainbow trout were similar to those
of streptococcosis in tilapia. They were apt to
occur in the capsules of organs consisting of
serositis of liver, spleen, kidney and intestine,
and pericarditis of heart  (Chang and Plumb.
1996).

Because there are no brood trout in Taiwan,
all eggs were imported and hatched, and fry
were transferred to open-air rearing units
with running water of about 16°C. In the re-
port, all farms with diseased trout were lo-
cated beneath the beginning of a stream. How-
ever, the shortage of water in the summer
means that there is less water in the rearing
units. Thus the water temperature fluctuated
between day and night, rising to 18°C or
higher during the day. The high water tem-
perature of trout rearing units may contrib-
ute to the occurrence of lactococcosis. Further-
more, poor water quality and poor rearing
conditions of the ponds associated with the

Fig. 2. Photograph of diseased rainbow trout naturally infected with Lactococcus garvieae. (A) Diseased fish
showing meningitis of cerebrum consisting of fibroplasias, and macrophage and lymphocyte infiltrations
(H&E, x44). (B) Diseased fish showing local extensive necrosis accompanied with edema and macrophage,
lymphocyte and erythrocyte infiltrations in periorbital tissue (H&E, x44). (C) Diseased fish showing serositis
consisting of fibroplasias, and macrophage and lymphocyte infiltrations in spleen (H&E, x44). (D) Diseased
fish showing serositis consisting of fibroplasias, and macrophage and lymphocyte infiltrations in liver (H&E,
x44).
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disease has also been reported (Eldar et al.
1995; Ceschia et al. 1992).

L. garvieae is a major fish pathogen of rain-
bow trout in Europe, as well as a pathogen of
saltwater fish in the Far East, and the bacte-
rium is highly virulent to rainbow trout. To
our knowledge this is the first report of L.

garvieae associated with trout diseases in Tai-
wan. With increasing imports of fish and fish
products, it is likely that the diseases caused
by L. garvieae will become more frequent in
the future (Eldar et al. 1996).
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