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Stability and efficacy of formalin-killed Streptococcus iniae vaccine
for olive flounder, Paralichthys olivaceus
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This study was performed to verify the stability and efficacy of Streptococcus iniae formalin killed cells
on storage at refrigerator temperature in olive flounder, Paralichthys olivaceus. The vaccines preserved for
6, 12 and 15months showed high stability of potency. The antibody titers and protection efficacy to chal-
lenge test were significantly higher in booster immunized groups than prime immunized groups during stor-
age. Especially, above 60% of relative percent survival obtained at low antibody revel in prime immunized
groups indicates that innate and non-specific immune system might act against the S. iniae challenged.  
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Table 1. Fish used for vaccination with formalin killed Streptococcus iniae preserved for various periods at 4

Months of Fish body weight
Number of fish Vaccination Route 

storage (g)

0 24.0~38.0 180 IP*

6 27.0~44.0 180 IP

12 22.0~37.0 180 IP

15 24.0~38.0 180 IP

IP, intraperitoneal injection.
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Table 2. Immune responses of olive flounder, Paralichthys olivaceus vaccinated by formalin-killed Streptococcus iniae
stored for 0 month

Treatment 
Serum antibody response

Cumulative

group1)
(average of agglutination titers, log2, n=10)

mortality3)
RPS4)

(n=60)
pre-

(%)
(%)

vaccination
2weeks 4weeks 8weeks 12weeks

Control 0 0.4 0 0 0 60.0 -

Prime 
0 1.2 0.44 3.6 0.89 4.0 1.22 2.4 0.54 10.0 83.0

injection

Booster 
0 1.2 0.44 7.2 0.80 7.0 0.89 5.0 0.84 10.0 83.0

injection2)

1), Sixty flounders were vaccinated by intraperitoneal injection per each group.
2), Fish were boosted with the same vaccine after 2 weeks of the first injection.
3), Twenty flounders were challenged with the virulent S. iniae at 3 weeks after prime or booster vaccination.
4), RPS =[1-(cumulative mortality of vaccinated group/cumulative mortality of control group)] 100.
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Fig. 1. Change in agglutination titers against Streptococcus
iniae FKC of serum collected from olive flounder, Par-
alichthys olivaceus vaccinated by prime injection of forma-
lin-killed S. iniae vaccine following storage at 4 for 0, 6,
12 and 15 months. *, Significantly higher than the group
immunized with vaccine stored for 0 month (P 0.05). 

Fig. 2. Change in agglutination titers against Streptococcus
iniae FKC of serum collected from olive flounder, Par-
alichthys olivaceus vaccinated by booster injection of for-
malin-killed S. iniae vaccine following storage at 4 for 0,
6, 12 and 15 months.

Table 3. Immune responses of olive flounder, Paralichthys olivaceus vaccinated by formalin-killed Streptococcus iniae
stored for 6 months at 4

Treatment
Serum antibody response

Cumulative

group1)
(average of agglutination titers, log2, n=10)

mortality3)
RPS4)

(n=60)
pre- (%)

vaccination
2weeks 4weeks 8weeks 12weeks (%)

Control 0 0 0 0 0 80.0 -

Prime 
0 1.4 0.54 3.2 1.78 3.4 2.40 2.4 1.67 30.0 62.5

injection

Booster 
0 1.4 0.54 7.6 0.89 5.8 2.38 5.2 1.09 10.0 87.5

injection2)

1), 2), 3), 4), Refer to Table 2.

23.2 23.4 , 2

4 27.6

12 25.2

. 
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1 2

62.5% 87.5%

(Table 3).
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Table 4. Immune responses of olive flounder, Paralichthys olivaceus vaccinated by formalin-killed Streptococcus iniae
stored for 12 months at 4

Treatment 
Serum antibody response

Cumulative

group1)
(average of agglutination titers, log2, n=10)

mortality3)
RPS4)

(n=60)
pre-

(%)
(%)

vaccination
2weeks 4weeks 8weeks 12weeks

Control 0 0.6 0 0 0 70.0 -

Prime 
0 1.0 0.00 4.0 1.22 4.8 0.83 4.0 1.22 20.0 72.0

injection

Booster 
0 1.0 0.00 7.0 1.87 7.2 0.83 5.6 0.89 10.0 86.0

injection2)

1), 2), 3), 4), Refer to Table 2.

Table 5. Immune responses of olive flounder, Paralichthys olivaceus vaccinated by formalin-killed Streptococcus iniae
stored for 15 months at 4

Treatment 
Serum antibody response

Cumulative

group1)
(average of agglutination titers, log2, n=10)

mortality3)
RPS4)

(n=60)
pre-

(%)
(%)

vaccination
2weeks 4weeks 8weeks 12weeks

Control 0 0 0 0 0 80.0 -

Prime 
0 2.6 0.54 3.6 0.54 5.0 1.22 2.6 0.89 20.0 75.0

injection

Booster 
0 2.6 0.54 7.4 1.34 7.2 0.44 5.6 0.54 5.0 94.0

injection2)

1), 2), 3), 4), Refer to Table 2.

27.0 8 27.2

12 25.6

.

12

1

2 72.0% 86.0%
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