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Black rockfish (Sebastes schlegeli) is an important
mariculture species in Korea. The production of this fish is
drastically declined due to bacterial diseases, particularly
streptococcosis caused by Lactococcus garvieae. The
bacterial surface characteristics of SJ7 and TY6 were
found to have capsule but not NB13 and YS18. The
experiential evaluation of L. garvieae pathogenicity, the
capsular isolates showed high cumulative mortality i.e.
SJ7 (100%) and TY6 (60%) compared to non-capsular
isolates. Based on this result the capsular isolates L.
garvieae were highly suspected as the causative agent of
streptococcosis in rockfish.
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Aquaculture, especially mariculture, has become one of
the major food producing sectors in Korea [1,14,16].
Among mariculture fishes, black rockfish is a very
important species in the point of view of consumer’s
preference and as well as its compatibility with flounder in
polyculture. The production of black rockfish was recorded
up to 16,548 M/T, contributing about 45% of the total
mariculture fish production in Korea (2002 Statistics,
Ministry of Maritime Affairs & Fisheries, Korea).

Since a decade the mariculture industry in Korea is facing
a serious problem of outbreak of several bacterial diseases,
particularly, streptococcosis. Lactococcus garvieae has been
reported as one of the major causative agent of streptococcosis
or lactococcosis in fish [2,3]. The ubiquitous nature
(sediment, water) and capability of horizontal transmission,
the pathogen has become real biological threat to
development of black rock fish farming industry. It is also
reported to infect fishes [4,9,10,15,19,20,22], avian [5],

water buffalo [21], and human [11,12,13]. 
L. garvieae infected fishes exhibit a variety of clinical

signs, such as anorexia, exophthalmia, melanosis, conjunctivitis,
erect swimming, severe internal hemorrhage and congestion
of blood vessel, peritonitis, abscess of spleen and liver,
meningoencephalitis, and bacterial septicemia [4,9,10,15].
The similar clinical signs were also reported from the fish
farms subjected to disease outbreak due to L. garvieae
infection. In this context, the present study was carried out to
evaluate the pathogenicity of L. garvieae isolated from the
diseased olive flounder (Paralichthys olivaceus) to rockfish.

The four isolates of L. garvieae (Table 1) were isolated
from diseased yellowtail and olive flounder collected from
different locations in Korea. Isolates were stored in Tryptone
Soya Broth (TSB; Oxoid, England) with 0.5% yeast extract
(BD, Sparks, USA) and 20% glycerol at −80oC until use. L.
garvieae strain KG (-) 9408 was kindly provided from Dr.
Ooyama, Japan and stored as the above. The pathogenicity
of bacteria in combination with electronic microscopic
studies revealed that the capsular envelop of L. garvieae KG
(-) was more virulence than either micro- or non-capsular L.
garvieae KG (+) [18]. All the Korean isolates in the present
study were identified as L. garvieae with API® 20 Strep kit
(BioMereux, France) and Polymerase Chain Reaction
(PCR) with primers specific for L. garvieae 16S rDNA
sequence [6,9,21,23]. After thawing, the bacteria was
inoculated to Tryptic Soy Agar (TSA; BD) and incubated at
25oC for 24 hrs, and the bacterial colonies on TSA were
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Table 1. Isolates and type strains of L. garvieae used in challenge
experiments

Strain
number Hosts Year of 

isolation Country

SJ7 Flounder 2001 Korea
TY6 Flounder 2001 Korea

NB13 Flounder 2001 Korea
YS18 Yellowtail 2001 Korea

KG (-) 9408 Yellowtail 1998 Japan
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transferred to TSB and incubated for overnight at 25oC. This
broth containing L. garvieae was used for challenge
experiment and antibody production.

Agglutination test was employed to characterize L.
garvieae isolates and compared the existence of capsule
between the isolates with the antisera raised against the L.
garvieae strains KG (-) and KG (+). The test was performed
using microplate assay developed by Ooyama et al. [18].
One hundred µl of bacterial broth culture (1×109 CFU ml−1)
was washed with PBS twice and distributed in 96 well
plates. This plate was then incubated 50ìl of rabbit anti-KG
(-) 9408 and anti-KG (+) sera (1 : 50) by two fold for 1 hr at
37oC or overnight at 4oC. The results were recorded by
comparing with control, the bacteria incubated with PBS
instead of antisera.

Black rockfish of average weight 20 g were purchased
from a commercial fish farm located at Nam-hea County,
and then transferred to fish challenge room. These fishes
were divided into 5 groups 10 each and acclimatized to
room condition in the tank with 10L of seawater in flow-
through system for three days and fed with commercial
pellet. After treating the fishes with anesthesia AQUI-S®

(5% Isoeugenol, 0.3 ml/L; AQUI-S New Zealand LTD, New
Zealand), each group of rockfish was injected intraperitoneally
(IP) with 100ìl of four L. garvieae isolates (1×107 CFU ml−1)
and control group with sterile PBS. The fishes were
maintained at 18oC, and monitored for clinical signs and
mortality for 25 days. The moribund and dead fishes were
collected and subjected to indirect fluorescent antibody test
(IFAT) and PCR to identify the bacterial isolates.

The broth cultures of L. garvieae isolate KG (-) 9408 was
centrifuged and the pellet resuspended in PBS, inactivated
with formalin to a final concentration of 0.3% and stored at
4oC for 24 hr. The suspension was washed with PBS and
adjusted by spectrophotometer as optical density (O.D.) 1.0
at 540 nm corresponding to 1×109 CFU ml−1. Five month old
chickens were immunized subcutaneously (S.C.) on legs
with 1×109 CFU of the formalin killed L. garviae. The
bacteria were mixed with Freunds complete (1st immunization)
and incomplete adjuvant (2nd and 3rd immunization) and
injected at 2-week-interval, and a booster dose was given
after 2 weeks. After 8 weeks of immunization, chicken IgY
was purified from chickens eggs using EGGstract® IgY
purification kit (Promega, USA). The purified chicken IgY
was stored at −20oC until use.

Moribund/dead fishes were dissected and collected either
spleen or head kidney, cut with sharp scalpel, stamped the
cut side on cleaned slide, and fixed it with 100% methanol
for 5 min. The stamped area was marked with nail banish
and incubated with 1 : 200 of dilution of chicken IgY raised
against L. garvieae for 30 min at 37oC, washed the slide with
PBS three times, incubated with 10 µl of fluorescein
isothiocyanate (FITC) labelled anti-chicken IgY (Jackson
ImmunoResearch Laboratories, USA) diluted (1 : 100) in

humidity chamber for 30 min at 37oC. After washing the
slide thoroughly with PBS, 100 µl of 25% glycerol solution
was added and observed under the fluorescent microscope
(Axioskop, Karl-zeiss, Germany) for bacteria.

PCR technique was also used to identify L. garvieae
bacteria isolated from moribund/dead fishes [23]. The
bacterial DNA was extracted by adding 20 µl of Gene
releaser (Bioventures, USA) in accordance with manufacturer’s
protocol. The amplification of the extracted DNA of the
isolates was carried out by L. garvieae 16S rDNA gene
specific primers, pLG-1 (5'-CATAAC AATGAG AATCGC-
3') and pLG-2 (5'-GCACC CTCGC GGGTTG-3') with
programmable heating incubator (PTC-100, MJ Research
Inc., USA). The amplification steps include initial
denaturation at 94oC for 5 min, followed by 35 cycles of
each consisting of a denaturation at 94oC for 30 sec,
annealing at 55oC for 1 min, extension at 72oC for 45 sec
plus final extension for 5 min at 72oC after 35 cycles. The
amplified product was maintained at 4oC for 5min using kit
(AccuPower® HL PCR PreMix, Bioneer, Korea) and
electrophoresed in 1.2% agarose gel at 50 V till the dye
reaches the end of the gel. The specific bands on mini-gel
apparatus were recorded by Polaroid image capture with
ECLTM mini camera (Amersham Bioscience, Sweden). DNA
from KG (-) 9408 was used as positive control. Streptococcus
iniae was used as negative control.

In the agglutination test, except one out of four bacterial
isolates (TY6), all other isolates (SJ7, NB13 and YS18)
were agglutinated by rabbit anti-KG (-) sera at the dilution
of 1 : 100, 1 : 200, and 1 : 800, respectively. Isolates NB13
and YS18 were also agglutinated with rabbit anti-KG (+)
sera at the dilution of 1 : 1,600 and 1 : 200, respectively,
whereas the isolates SJ7 and TY6 could not agglutinate with
rabbit anti-KG (+) sera. Agglutination test was very useful
to characterize phenotype of L. garvieae since the
phenotype of the pathogens were divided into KG (-) and
KG (+) phenotype cells by anti-KG (+) sera. KG (+)
phenotype cells were agglutinated by anti-KG (+) sera,

Fig. 1. Comparison of cumulative mortality of rockfish
challenged with L. garvieae Korean isolates. Fishes were
injected intraperitoneally (IP) with L. garvieae isolates (1×107

CFU fish−1). The cumulative mortality was monitored for 25 days
at 18oC.
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while KG (-) phenotype cells were not agglutinated by anti-
KG (+) sera [18,22]. However, both KG (+) and KG (-)
phenotype cells were agglutinated when anti-KG (-) sera
was introduced [18,19]. According to the agglutination test,
both NB13 and TY18 were regarded as KG (+) phenotype
cells while both SJ7 and TY6 were thought as KG (-)
phenotype cells.

In the challenge studies, after 15 days of post infection
fishes exhibited a variety of clinical signs such as abnormal
behavior; anorexia, wandering around corner, erect swimming,
severe conjunctivitis, melanosis leading mass mortality.
There was a significant difference in the mortality of fishes
challenged with different bacterial isolates and the control
group. Highest mortality was observed from the fishes
challenged with isolates SJ7 followed by TY6 and NB13&
YS18 at the rate of 100, 60 and 20%, respectively, in 10-20
days of post infection. The IFAT and PCR could detect
bacterial pathogen in the internal organs of the fishes
challenged with all the four bacterial isolates SJ7, TY6
NB13 and YS18 (Fig. 1-2).

This study clearly showed that the capsular L. garvieae
isolates are highly pathogenic to black rockfish, and the
pathogens are expected to be the causative agents of
streptococcosis not only olive flounder but also black
rockfish. Moreover, outbreaks of streptococcosis caused by
L. garvieae in either olive flounder or rock fish might infect
nearby fish farms either olive flounder or rock fish.
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