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Starry flounder, which are recently increasingly cultured in Korea, are known to highly vulnerable to Streptococcus

parauberis infection. Five groups of starry flounder (n=30 for each group) were vaccinated with S. parauberis

formalin-killed whole cells by intraperitoneal injection at a final concentration of 0, 0.01, 0.1, 1 and 10 mg fish™.

Specific antibody production of 1 and 10 mg fish” administered groups significantly increased at four weeks post

immunization. All vaccinated groups showed higher survival rates than a control group when five groups of fish were

challenged with S. parauberis at a dose of 1.14x10* cfu fish” and 1.14x10” cfu fish”, respectively. In particular, 0.1

or higher concentrations of formalin killed bacterial cells are able to confer the fish high protection against S.

parauberis infection.
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Starry flounder, Platichthys stellatus, enjoy a broad
geographic distribution across the North Pacific Ocean,
where they can be found in marine, brackish, and
freshwater influenced areas given their ability to tolerate
low salinity (Orcutt, 1950; Kramer et al., 1995). Starry
flounder aquaculture has steadily grown since starting
in Korea about 5 years ago. Streptococcal infections
caused by Streptococcus spp., Lactococcus spp. and
Enterococcus spp. are of serious concern in cultured
fisheries (Austin and Austin, 1999). The first S. parauberis
infection occurred in Spanish turbot (Scophthalmus

maximus) farms between 1993 and 1996 (Toranzo et
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al., 1994; Domenech et al., 1996), and since then the
pathogen has continued to cause problems in aquaculture
industries worldwide. In recent years, S. parauberis has
increasingly been isolated from diseased olive flounder
in Korea (Baeck et al., 2006; Joeng et al., 2006; Cho
et al., 2007, Kang et al., 2007). The infection has also
resulted in severe economic losses to the starry flounder
aquaculture industry (Cho et al., 2008). Starry flounder
infected with S. parauberis exhibit show varying disease
signs, including exophthalmia, abscesses and hemorrhages
around the eyes, and abdomen distention, leading to
a high long-term cumulative mortality (Cho et al., 2008).
In this study, the protection effects of a vaccine against

S. parauberis infection were investigated. Specifically,
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starry flounder were immunized with formalin-killed cells

(FKCs) of the pathogen by intraperitoneal (i.p) injection.

Materials and Methods

1. Fish and environment

Starry flounder (average body wt. = 53.1£7.1 g) were
obtained from a commercial fish farm in Korea, 500
of which were maintained in 10 tanks (250 L) and
provided with fresh sea water at an exchange rate of
25L hrl. Their health status was examined immediately
upon arrival in the aquaria and at 1 week thereafter.
The fish were fed with commercial dry pellets (Jeilfeed
Co., Ltd, Korea) twice daily. Water temperature
(average = 20.9+0.3°C) was measured once a day during

the experiment.

2. Vaccine and treatment

S. parauberis strain PHO710 (Cho et al., 2008),
isolated from diseased starry flounder in December 2007
(Fig. 1), was used for vaccine manufacturing. The
bacteria were massively cultured in Todd-Hewitt broth
(1% final salt concentration; DB, USA) at 30°C for 48
h. The bacterial culture was inactivated by adding
formalin (Fluka, Germany) to a final concentration of
1% (v/v) and incubated for 24 h at room temperature.
The bacterial pellet obtained by centrifugation was
washed three times with sterile saline (0.85% NaCl),
and concentration of bacterial suspension was adjusted
to 100 mg ml! in saline. One hundred microliter of
the vaccine was injected into the abdominal cavity of
starry flounder (#=30 for each concentration, respectively)
at concentrations of 10, 1, 0.1 and 0.01 mg fish'!, while

a control group (#=30) was injected intraperitoneally
with equal volume of saline. The experiment was

duplicated.

Fig. 1. The Streptococcus parauberis which infected
starry flounder, Platichthys stellatus exhibit varying
disease signs, including exophthalmia, abscesses and
hemorrhages around the eyes (top), and abdomen
distention and transparent ascites (bottom).

3. Agglutination antibody titer

Sera were collected from caudal vein of 8 fish in
each experimental group at 0, 1, 2, 4, 6, 8 and 10 weeks
after immunization. Agglutinating antibody titers to S.
parauberis were measured by using the micro-agglutination
test (Roberson, 1990). Briefly, 2-fold serial dilutions
of each serum in sterile saline ranging from 1:20 to

1:2,560 were added to a 96 well microplate. Then, the
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same amount of FKCs (As4=0.8) was mixed with the

serum and incubated for overnight.

4. Challenge test

To determine the efficacy of the vaccine, challenge
tests were conducted at 6 weeks after vaccination. Ten
fish from each group were injected intraperitoneally at
the concentration of 1.14x10* and 1.14x10? cells fish™!
of live S. parauberis PHO710. Injected fish were then
maintained in 40 L tanks at a water temperature of 22+

1C and were observed for mortalities for ten days.

5. Data analysis

Differences between antibody titers of control and
vaccinated groups for each week (Week 1, 2, 4, 6, 8
and 10) was compared using one-way analysis of variance
(one-way ANOVA) and Tukey Honestly Significant
Difference (Tukey HSD) multiple comparison test with
SPSS (version 10.1). Significance was accepted at P<

0.05 for statistical analyses.

Results and Discussion

In general, clinical signs of S. parauberis infection
include darkened pigment on the skin, exophthalmia,
abscesses and hemorrhages around the eye and mouth,
and distended abdomen. Consistent low mortalities were
observed during winter, spring and summer seasons
regardless of water temperatures, and mass mortalities
occur in autumn (October and November) when the
water temperature decreased. Streptococcus parauberis
infection of cultured olive flounder in Korea appear to

occur all year around with distinct peak during spring

(March-May; 14-17°C) and fall (October-December)
(Jeong et al., 2006). Similarly, mortalities of cultured
starry flounder caused by S. parauberis have been shown
to increase in October at a time of decreasing water
temperature (Cho et al., 2008).

As previous studies have suggested, fish Streptococcus
vaccines injected intraperitoneally show better efficacy
than immersion (Toranzo et al., 1995; Klesius ef al.,
2000; Nakanish et al., 2002). This was why we ruled
out the immersion vaccination method for this study.
Overall, all vaccinated groups exhibited increased
specific antibodies, although antibody titers (except for
fish at one week after administration of 10 mg FKCs)
were not significantly higher than the control group for
the first four weeks post vaccination (P>0.05). Specific
antibody production of 1 and 10 mg fish” administered
groups increased after four weeks post immunization.
In particular, significant increases of specific antibody
level were observed in the group injected with 10 mg
fish"' at week 6 and 8, and the group injected with 1
mg fish! at week 8 (Fig. 2). However, fish immunized
with low concentrations (0.1 and 0.01 mg fish'!) of
inactivated bacterial cells did not show significant
increase in their antibody production. Specific antibody
level in starry flounder against S. parauberis FKCs in
this study appears to be lower than fish immunized with
Vibrio spp. and the Edwardsiella tarda whole cell
inactivated vaccine (Smith, 1988; Salati, 1988). However,
specific antibody production in fish vaccinated with
Gram-positive bacteria including Enterococcus sp. (Toranzo
et al., 1995), Streptococcus sp. (Sakai et al., 1987 &
1989) and S. iniae (Cho et al., 2006) FKCs were similar
to that observed in this study.



5f -~ 10ng/fish
—&— 1ng/fish
—A— 01ny/fish ¥
4 4 001mg/fish
- -6~ Control (PS)
<
Iy
24l
i
<
2
=
©
£ 2
=
2
(=2
(=2}
<4l
o o

0 1 2 4 6 8 10
Post Viaccination (weeks)

Fig. 2. Changes in agglutination titers of starry
flounder, Platichthys stellatus Pallas at 10 (@), 1 (H),
0.1 (A) and 0.01 (4) mg fish' and control
(physiological saline, PS; O) after immunization by
intraperitoneal injection. Data are represented as
mean+S.E. (n=10). *, indicate significant differences
(P < 0.05) between the groups. The same letter indicates
no significant differences between groups.

When fish were intraperitoneally injected with S.

parauberis (1.14x10* cfu fish') at 6 weeks post
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immunization, the cumulative mortality of control group
was 100% for 10 days, whereas only 0-30% mortality
was recorded in the vaccinated groups. Cumulative
mortality was 80% in the control and 0-10% in the
vaccinated groups for injection dose of 1.14x10% cfu
fish! (Table 1). Although agglutinating antibody titers
observed in this study were relatively low, the vaccine
still conferred protection against S. parauberis. Previous
studies have revealed that antibody titer does not always
correlate with survival rate after pathogenic challenges.
For example, Toranzo et al. (1995) reported that i.p.
vaccination with FKCs of Enterococcus sp. protected
turbot from enterococcal infection, although the antibody
titer in the serum was less than 1:2. Also, Elder ef al.
(1997) described that antibody titer of rainbow trout
was 1:1 at 6 weeks post immunization with S. iniae
FKCs, although fish survival was approximately 90%
after being challenged by the pathogen.

Table 1. Comparative analysis of Streptococcus parauberis vaccine (formalin killed cells) trial via intraperitoneal injection

Daily Mortality (fish number) Cumulative
Cha(lieﬁrll;ggsgose Imm?;;%glslh)]) 0s¢ Post injection (days) Mo(l;j)hty
1 2 3 4 5 6 7 8 9 10
10 o 0o o0 0 0 0 1 0 0 0 10
1 o o o0 o0 O 0 0 0 o0 0 0
1.14 X104 0.1 o 0 o0 o0 0 0 0 1 0 0 10
0.01 0 0 0 0 1 1 1 0 0 0 30
Control 0 0 1 3 3 1 1 0 1 0 100
10 o o o0 o0 O 0 0 0 o0 0 0
1 o o o0 o0 O 0 0 0 o0 0 0
1.14 X102 0.1 o o o0 o0 O 0 0 0 o0 0 0
0.01 0 0 0 1 o o0 o0 0 0 0 10
Control 0 0 0 1 1 2 3 1 0 0 80
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In general, it is accepted that antibody production
of fish against streptococci is more affected by proteins
than by polysaccharides (Elder et al., 1995; Bercovier
et al., 1997). However, despite the fact that streptococcal
capsular polysaccharide is very weakly antigenic,
polysaccharides are most important for their virulence,
and their specific anti-capsular antibodies play a vital
role in resistance to streptococcal diseases (Wessels et
al., 1987; Sorensen and Herichsen, 1984; Eldar ef al.,
1997; Shutou et al., 2007a&b). Moreover, because the
extracellular polysaccharide capsule of a human
pathogen S. pneumonia inhibits the host’s complement
activity, neutrophil phagocytosis and bacterial death by
neutrophil extracellular traps (Kim et al., 1999; Melin
et al., 2009; Hyams et al., 2010a&b), systemic antibodies
to the capsular polysaccharide have essential role in
protection against invasive pneumococcal disease (Malley,
2010). Therefore, even small amounts of capsular
polysaccharides contained in a vaccine could trigger
production of polysaccharide-derived antibodies, and
induce serum components, which attack bacterial cell
surfaces (Shutou et al., 2007a&b).

As described above, the reason why starry flounder
exhibiting relatively low antibody titers could be
protected against S. parauberis may be because the fish
could produce capsular polysaccharide-derived antibodies,
which may induce cellular immunity. This study
suggests that the use of a whole cell inactivated vaccine
is very effective in preventing S. parauberis infection
and thereby lowers the mortality of starry flounder.
Research on antigenicity of S. parauberis and cellular
immune responses in Starry flounder is currently being

carried out in our laboratory.

References

Baeck, GW.,, Kim, J.H., Gomez, DK. and Park, S.C.: Isolation
and characterization of Streptococcus sp. from
diseased flounder (Paralichthys olivaceus) in Jeju
island. J. Vet. Sci., 7: 53-58, 2006.

Bercovier, H., Ghittino, C. and Eldar A.: Immunization with
bacterial antigens: Infections with Streptococci and
related organisms. In Fish vaccinology, pp. 153-160,
eds., Gudding, R., Lillehaug, A., Midtlyng, P.J.
and Brown, F., Karger, Basel, Switzerland, 1997.

Cho, MY., Lee, JI, Kim, M.S., Choi, HJ., Lee, D.C.
and Kim, J.W.: Isolation of Streptococcus
parauberis from starry flounder, Platichthys
stellatus Pallas. J. Fish Pathol., 21: 209-217, 2008
(in Korean, with English abstract).

Cho, MY, Lee, I.S., Lee, D.C., Choi, HJ. and Kim, JW.:
Immune response of olive flounder, Paralichthys
olivaceus against [3-hemolytic Streptococcus
iniae formalin-killed cells. J. Fish Pathol., 19:
73-82, 2006 (in Korean, with English abstract).

Cho, M.Y., Oh, YK, Lee, D.C., Kim, J.H. and Park, M.A.:
Geographical comparison on different methods for
identification of Streptococcus parauberis
isolated from cultured olive flounder, Paralichthys
olivaceus. J. Fish Pathol., 20: 49-60, 2007 (in
Korean, with English abstract).

Domenech, A., Ferenandez-Garayzabal, J.F., Pascual, C.,
Garcia, J.A., Cutuli, M.T., Moreno, M.A., Collins,
M.D. and Dominguez, L.: Streptococcosis in
cultured turbot, Scophthalmus maximus (L.),
associated with Streptococcus parauberis. J. Fish

Dis., 19: 33-38, 1996.



194 Deok Chan Lee - Jae Il Lee - Do Hyung Kim - Mi Young Cho - Jin Woo Kim

Eldar, A., Shapiro, O., Bejerano, Y. and Bercovier, H.:
Vaccination with whole-cell vaccine and bacterial
protein  extract protects tilapia  against
Streptococcus  difficile  meningoencephalitis.
Vaccine, 13: 867-870, 1995.

Eldar, A., Horovitcz, A. and Bercovier, H.: Development
and efficacy of a vaccine against Streptococcus
inige infection in farmed rainbow trout. Vet.
Immunol., Immunopathol., 56: 175-183, 1997.

Hyams, C., Camberlein, E., Cohen, JM.,, Bax, K. and Brown,
IS.: The Streptococcus pneumoniae capsule
inhibits complement activity and neutrophil
phagocytosis by multiple mechanisms. Infect.
Immun., 78: 704-715, 2010a.

Hyams, C., Yuste, J., Bax, K., Camberlein, E., Weiser,
JN. and Brown, J.S.: Streptococcus pneumoniae
resistance to complement-mediated immunity is
dependent on the capsular serotype. Inf. Immun.,
78: 716-725, 2010b.

Jeong, Y.U., Kang, C.Y., Kim, M.J., Heo, M.S., Oh, D.C.
and Kang, B.J.: Characterization of streptococcosis
occurrence and molecular identification of the
pathogens of cultured flounder in Jeju island. Kor.
J. Microbiol., 42: 199-204, 2006 (in Korean, with
English abstract).

Kang, C.Y., Kang, B.J., Moon, Y.G., Kim, K.Y. and Heo,
M.S.:  Characterization of  Streptococcus
parauberis isolated from cultured olive flounder,
Paralichthys olivaceus. J. Fish Pathol., 20:
109-117, 2007 (in Korean, with English abstract).

Kim, J.O., Romero-Steiner, S., Sorensen, U.B., Blom, J.,
Carvalho, M., Bamard, S., Carlone, G. and Weiser,

JN.: Relationship between cell surface carbohydrates

and intrastrain variation on opsonophagocytosis of
Streptococcus pneumoniae. Infect. Immun., 67:
2327-2333, 1999.

Klesius, P.H., Shoemaker, C.A. and Evans, J.J.: Efficacy
of single and combined Streptococcus iniae isolate
vaccine administered by intraperitoneal and
intramuscular routes in tilapia (Oreochromis
niloticus). Aquaculture, 188: 237-246, 2000.

Kramer, D.E., Barss, W.H., Paust, B.C. and Bracken, B.E.:
Guide to northeast pacific flatfishes: families
Bothidae, Cynoglossidae, and Pleuronectidae.
Marine Advisory Bulletin, 47: 1-104, 1995.

Malley, R.: Antibody and cell-mediated immunity to
Streptococcus pneumoniae: implications for
vaccine development. J. Mol. Med. Published
online, 05 January, 2010.

Nakanishi, T., Kiryu, 1. and Ototake, M.: Development of
a new vaccine delivery method for fish:
percutaneous administration by immersion with
application of a multiple puncture instrument.
Vaccine, 20: 3764-3769, 2002.

Orcutt, HG.: The life history of the starry flounder Platichthys
stellatus (Pallas). Calif. Fish Bull,, 78: 25-32. Calif.
Dept. Fish & Game Fish Bull., 78: 64, 1950.

Roberson, B.S.: Bacterial agglutination. In Techniques in
Fish Immunology, pp. 81-86, eds., Stolen, J.S.,
Fletcher, T.C., Anderson, D.P., Roberson, B.S. and
van Muiswinkel, W.B., SOS Publications, NJ, 1990.

Sakai, M., Atsuta, S. and Kobayashi, M.: Protective immune
response in rainbow trout, Oncorhynchus mykiss,
vaccinated with [3-haemolytic ~ streptococcal
bacterin. Fish Pathol., 24: 169-173, 1989.

Sakai, M., Kubota, R., Atsuta, S. and Kobayashi, M.:



Efficacy of a vaccine against Streptococcus parauberis infection in starry flounder, Platichthys stellatus Pallas 195

Vaccination of rainbow trout Salmo gairdneri
against [3-haemolytic streptococcal ~ disease.
Nippon Suisan Gakkaishi, 53: 1373-1376, 1987.

Salati, F.: Vaccination against Edwardsiella tarda. In Fish
vaccination. pp. 135-151, ed., Ellis, AE.,
Academic Press, Londen, UK, 1988.

Shutou, K., Kanai, K. and Yoshikoshi, K.: Virulence
attenustion of capsular polysaccharide-deleted
mutants of Streptococcus iniae in Japanese
flounder Paralichthys olivaceus. Fish Pathol., 42:
41-48, 2007a.

Shutou, K., Kanai, K. and Yoshikoshi, K.: Role of capsule
in immunogenicity of Streptococcus iniae to
Japanese flounder Paralichthys olivaceus. Fish
Pathol., 42: 101-106, 2007b.

Smith, P.D.: Vaccination against vibriosis. In Fish
vaccination. pp. 67-84, ed., Ellis, A.E., Academic
Press, Londen, UK, 1988.

Sorensen, U.B. and Henrichsen, J.: C-polysaccharide in a
pneumococcal vaccine. Acta Pathol. Microbiol.

Immunol. Scand., C 92: 351, 1984.

Toranzo, A.E., Devesa, S., Heinen, P., Riaza, A., Nufiez,
S. and Barja, J.L.: Streptococcosis in cultured turbot
caused by an Enterococcus-like bacterium.
Bullentin of the European Association of Fish
Pathologists, 14: 19-23, 1994.

Toranzo, A.E., Devesa, S., Romalde, J.L., Lamas, J., Riaza,
A., Leiro, J. and Barja, J.L.. Efficacy of
intraperitoneal and immersion vaccination against
Enterococcus sp. infection in turbot. Aquaculture,
134: 17-27, 1995.

Wessels, M.R., Pozsgay, V., Kasper, D.L. and Jennings,
HJ.: Structure and immunochemistry of an
oligosaccharide repeating unit of the capsular
polysaccharide of type Il group B Streptococcus.
A revised structure for the type III group B
streptococcal  polysaccharide antigen. J. Biol.

Chem., 262: 8262-8267, 1987.

Manuscript Received : August 8, 2011
Revised : November 17, 2011
Accepted : November 17, 2011



