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Immune response of olive flounder, Paralichthys olivaceus against 
-hemolytic Streptococcus iniae formalin-killed cells
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Streptococcal infections were considered as a serious problem because of significant economic losses in
fish farm industry. We evaluated the efficacies of Streptococcus iniae vaccines in olive flounder, Par-
alichthys olivaceus. The vaccines were prepared from 10% neutral buffered formalin to give a final concen-
tration of 0.3% or 3%, respectively. Fish were immunized by intraperitoneal injection of the experimental
vaccines once or twice. Neither of the vaccines gave rise to any significant side effects. The antibody titers
of booster immunized groups were significantly higher than those of prime immunized groups with both of
the vaccines. According to formalin dosage, significantly increased antibody titers were produced by 3%
formalin-killed cells (FKC) at 4 weeks and 8 weeks after prime and booster vaccination, respectively.
Although the different levels of antibody production were showed by the vaccinated fish, the good protec-
tion obtained in challenge trials of the both vaccines. Fish immunized with 0.3% FKC once or twice had the
relative percent survival (RPS) of 66.7% and 87.5%, respectively. Similarly, fish immunized with 3% FKC
once or twice had the RPS of 70.0% and 77.0%, respectively. Further experiments are needed to study not
only correlation between the antibody titers and RPS against S. iniae but also the side effects of high dose of
formalin on antigenicity. 
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Streptococ-

cus iniae, S. difficile, Lactococcus garvieae, L. pis-

cium Vagococcus salmoninarum 

(Bercovier et al., 1997). S. iniae

Amazon freshwater dolphin, Inia geoffrensis

(Pier and Madin, 1976), 

, Oreochromis nilotica, , Plecoglos-

sus altivelis, , Oncorhynchus mykiss, 

, Anguilla japonica 

, Paralichthys olivaceus, , Seriola

quinqueradiata, , Scophthalmus maximus, 

, Sciaenops ocellatus, gilthead sea bream,

Sparus aurata, European sea bass, Dicentrarchus

labrax, barramundi, Lates calcarifer 
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(Kitao et al.,

1981; Ohinish and Jo, 1981; Ugajin, 1981; Kawa-

hara and Kusuda, 1987; Sakai et al., 1989; Moreno

et al., 1996; Zlotkin et al., 1998; Bromage et al.,

1999; Eldar and Ghittno, 1999; Eldar et al., 1999a;

Eldar et al., 1999b; Delamare-Deboutteville et al.,

2005). 

S. iniae

, 

. , 

, , 

( , 2005). , 

(Bercovier et al., 1997). 

. 

S. iniae L. garvieae formalin-

inactivated whole cells vaccine

(Ghittino et al., 1995), 

S. difficile whole cells vaccine

bacterial protein extract

(Eldar et al., 1995) S. iniae formalin-

killed cells concentrated extracellular products

(ECPs) single and combined vaccine

(Klesius et al., 2000). S. agalactiae

formalin-killed cells ECPs

(Evans et al., 2004).

whole cells vaccine ECPs 

live attenuated vaccine

(Buchanan et al., 2005). 
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MLD , 

.

3.

10% (Merck, Ger-

many) S. iniae 0.3% 3%

shaking incubator 24

. BHIA agar

(Difco, USA) 12,000 rpm

3

10 / . 

4
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0.1 1 

/fish , 2

2 . 

. 

4.

2 /fish 

3

.

.

, 

Bouin 

H&E 

(ZEISS, Germany) .

5.

2, 4, 8 12

, 

microtiter . , 96

well microplate well (Corning, USA)

24

. Booster 

, booster 4, 8 12

.

3 1MLD S. iniae

0.1 2

60% 

. 

. 

(%) = 1-( /

) 100 

6.

Student

s t-test , P 0.05

.

1. MLD 

S. iniae 10 0.1 

7

, MLD 1 108

CFU/ (Table 1). , 

(Fig. 1) 

-

(Fig. 2). 
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, 
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Table 2. Safety of formalin-killed Streptococcus iniae vaccines 

Vaccines Fish weight (g)
No. of fish

Route 
Mean cumulative 

tested mortality (%)

0.3% formalin
24.0~38.0 20 IP* 5

-killed cells 

3% formalin
30.0~48.0 20 IP 5

-killed cells

Control** 22.0~38.0 20 IP 0

* Fish were intraperitoneally injected with 2 mg bacterin / fish.
** Non-vaccinates received a physiological saline. 

Table 1. Minimum lethal dose (MLD) of Streptococcus iniae JSL0208

Cumulative death per day after challenge Mortality*

1 2 3 4 5 6 7 (%)

1 108 0 2 1 5 2 - - 100

1 107 0 1 2 3 1 0 1 80

1 106 0 1 2 1 0 1 0 50

1 105 0 0 0 0 1 0 0 10

1 104 0 0 0 0 0 0 0 0

Concentration 
of inoculum

(CFU/ , n=10)

* Mortality (%) = Cumulative death for a week/10 100.

Fig. 1. Clinical signs of olive flounder artificially infected with the virulent Streptococcus iniae JSL0208. A, exophthalmia
with opaque eye; B, hernia of intestine. 

(A) (B)
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, 

1 5%

(Table 2). 

,

. 

melano-

macrophage center (MMC) , 

. 

3.

1 2

, 0.3% 

1 4

23, 8 23.25 , 2

4 24.5

1

8 24.25

12 23.25 (Fig. 3). 

3% , 1

2 22.14, 4 22.37, 8 23.18

, 2 4 12

1

. , 4 8 25.5, 26.18

12 24

- Streptococcus iniae 

Fig. 2. -hemolysis of Streptococcus iniae cultured on
sheep blood agar.

Fig. 3. Change in agglutination titers against Streptococcus
iniae of serum collected from olive flounder, Paralichthys
olivaceus injected with 0.3% formalin-killed S. iniae vac-
cine. Fish were boosted with same vaccine after 2 weeks of
the first injection. Control fish received a physiological
saline. Values are means SD. * Significantly higher than
prime injection group (P 0.05). 

Fig. 4. Change in agglutination titers against Streptococcus
iniae of serum collected from olive flounder, Paralichthys
olivaceus injected with 3% formalin-killed S. iniae vaccine.
Fish were boosted with same vaccine after 2 weeks of the
first injection. Control fish received a physiological saline.
Values are means SD. * Significantly higher than prime
injection group (P 0.05).
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(Fig. 4).

1 2 3

S. iniae 

, 0.3% 

1 20%

2 7.5%

(Table 3). 

3% 1

20% 2

15%

70.0% 77.0%

(Table 4). 

. 

. 

Table 3. Cumulative mortality and relative percent survival (RPS) of 0.3% formalin-killed Streptococcus iniae vaccinated
olive flounder, Paralichthys olivaceus after challenge with S. iniae

Treatment group
Fish

Route
No. of fish Cumulative 

RPS*
weight (g) challenged mortality (%)

Prime injection
22~38 IP 20 20 66.7

(n=50)

Booster injection
24~38 IP 20 7.5 87.5

(n=50)

Control**
24~36 IP 20 60 -

(n=100)

* RPS=[1-(cumulative mortality of vaccinated group/cumulative mortality of control group)] 100.
** Non-vaccinates received a physiological saline.

Table 4. Cumulative mortality and relative percent survival (RPS) of 3% formalin-killed Streptococcus iniae vaccinated
olive flounder, Paralichthys olivaceus after challenge with S. iniae

Treatment group
Fish

Route
No. of fish Cumulative 

RPS*
weight (g) challenged mortality (%)

Prime injection

(n=50)
30~51 IP 20 20 70.0

Booster injection

(n=50)
30~47 IP 20 15 77.0

Control**

(n=60)
30~48 IP 20 65 -

* RPS=[1-(cumulative mortality of vaccinated group/cumulative mortality of control group)] 100.
** Non-vaccinates received a physiological saline.
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1
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0.3% 3% formalin-killed S. iniae whole cells

vaccine

1

3% 

.

. 

30 g 

, 

(Barton and

Iwama, 1991). 

(Nakanishi and Ototake, 1997). 
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