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Stability and efficacy of formalin-killed Streptococcus iniae vaccine

for olive flounder, Paralichthys olivaceus

Mi Young Cho ', Deok Chan Lee, Joo Seok Lee”, Jung Wan Do, Myoung Sug Kim,

Mi Young Choi *, Yi Cheong Kim™**, Bo Kyou Kang “**, Yong Dhuk Yoon***and Jin Woo Kim

Pathology Team, National Fisheries Research and Development Institute, Busan 619-902, Korea
*Inland Aquaculture research Institute, NFRDI, 645-806, Korea
**Department of Aquatic Life Medicine, Pukyong National University
***Finfish Research Center, NFRDI, 767-863, Korea
****Green Cross Veterinary Products, Co. Ltd., 446-593, Korea

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.

Key words: Streptococcus iniae, flounder, Paralichthys olivaceus, formalin-killed vaccine, stability, effica-
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Table 1. Fish used for vaccination with formalin killed Streptococcus iniae preserved for various periods at 4°C

Months of Fish body weight
Number of fish Vaccination Route
storage (®
0 24.0~38.0 180 Ip*
6 27.0~44.0 180 P
12 22.0~37.0 180 P
15 24.0~38.0 180 IP

x 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

Serum antibody response .
Treatment Cumulative
(average of agglutination titers, log,, n=10) . RPS®
group” mortality” .
re-
(n=60) p ) 2weeks 4weeks 8weeks 12weeks (%) (%)
vaccination
Control 0 04 0 0 0 60.0 -
Prime
L 0 12 +044 3.6 +0.89 40+ 122 24 +054 10.0 83.0
1njection
Booster
o 0 1.2 £ 044 72 +0.80 70+ 089 50 +0.84 10.0 83.0
injection

b, 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.

¥, 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)] x 100.
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Table 3. Immune responses of olive flounder, Paralichthys olivaceus vaccinated by formalin-killed Streptococcus iniae

stored for 6 months at4°‘C
Serum antibody response .
Treatment T Cumulative
(average of agglutination titers, log,, n=10) . RPS?
group” mortality” %)
re-
(n=60) p . 2weeks 4dweeks 8weeks 12weeks (%) ’
vaccination
Control 0 0 0 0 0 80.0 -
Prime
o 0 1.4 + 0.54 32+ 1.78 34 +£240 24 +1.67 30.0 62.5
njection
Booster
o 0 14 +£ 054 7.6 = 0.89 58 +£238 52 +1.09 10.0 87.5
injection”
1),2),3), 4), Refer to Table 2.
8
12 H —O— 0 month
2= ¢ momin it
6 t 1: :3::: 10H —g— 15month

Agglutination titer (Log,)

o 2 ‘ ;
Time (weeks after vaccination)
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°C for 0, 6,
12 and 15 months. *, Significantly higher than the group
immunized with vaccine stored for O month (P <0.05).

7b zizb 22 gl 24 &2 Jehgo; 2381 E 0]
3% AFR FA S Zosle] 20 0® Uekyt:
o RFAIA 2202 B I 7P} 45
= A0 & eyt

. o] 2%

670 HE WrloF HAAZ] AJFo]e] o
TS ZAS A 18] FE H 23] HET
oA ZFz} 62.5% 2 87.5%2] ANAAELS
ERfjo] AAF 28] Wo] BF 3 Wit e

Agglutination titer (Log,)

Time (weeks after vaccination)

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°C for 0,
6, 12 and 15 months.

A sh= Ao 2 LElT) (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 at4°C

Serum antibody response .
Treatment o Cumulative
(average of agglutination titers, log,, n=10) . RPS?
group” mortality” %)
re-
(n=60) p . 2weeks 4weeks 8weeks 12weeks (%) v
vaccination
Control 0 0.6 0 0 0 70.0 -
Prime
L 0 1.0 £0.00 40 =122 48 +£083 4.0+ 1.22 20.0 72.0
injection
Booster
o 0 1.0 £0.00 7.0 +1.87 72+083 5.6 +£0.89 10.0 86.0
injection”

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 at4°C

Treatment Serum antibody response Cumulative
) (average of agglutination titers, log2, n=10) talit? RPS*
group mortality’
re- (%)
(n=60) p . 2weeks 4weeks 8weeks 12weeks (%) ’
vaccination
Control 0 0 0 0 0 80.0 -
Prime
L 0 2.6 +0.54 3.6 +0.54 50+122 26 +0.89 20.0 75.0
njection
Booster
o 0 26 £054 74 +134 72 +044 56 +£054 5.0 94.0
Injection

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

Al Z7Vsle] 2007 Yelgkon 8§54 2208 415748 EE Al otEM
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1270 BHE A og WAl AlFolE o
Fo B ol Fsg ZAN A 13) FET
23] HZl A ZHzE 72.0% 2 86.0% <] “dd) A
E&-5 veido] Ak AE 9 67 BE
o] o] e Nk S X EE JoE

LFE} st} (Table 4).

15701 BE3E WA oR AAAIZ] AJ§ o9
84| 7= Table 5 2 Fig. 1 3} 2] Ye}ll 1}
o} Atk 13] HE ol e 4574 B3 A
7} 2902 ZU1el o 85K 27007 FH
A% Uehiglon, 23] el A% 47 F
AsA Z7kslel 2408 HuAE ehd vhe
OF 87 27 127 209 ®S YA F

A== AL = etk



170 20 - ofE] T+ oA - S YA - 3

olF o E o] aFE 54& @4;
Table 59} 7tk 13] A2 2 23] HETo)| A

7}2} 75.0% 2 94.0% ©] A AE&E ko]

Ag)\}_ PR 67H 127H HZE ulA] 9] 01-0-] 25
J/]_ H]/\?Sl- FFES 89X ]’6]— Zo 2 Ve 1571
Fol % Wale] Fiso] fA 5 AOE 1}
E‘rkk‘:k
o

ol W A1-2- Duff (1942) o)) eJalf 2] 715012
B2~ (furunculosis) ol thak WAl 7idto]
22 AEFH[OH 19763 enteric red mouth
(ERM) #izlo] HEE JPHOE s|7t=o]
| (Ellis, 1988) % ©1%- @A 7FA] tpggh k-8
walo] dkE]o] ok Aol 3 =al Utk

A FA SR AIFEHL Y= FAHE Al
HIAN O R = 2o} Aol oFe] wEE|eH
AL, Aol ofF o] A WA, FaE 9
Al B2d v | Wi, o] o] gt
Al Fole] fAAE WA, vls Wz 9] C=
of=w WA, Herole] EE v WAl ol
9] a- 83 A FTF= BEEs) yal wo] 9] e-
_Q_zsﬂ/u o:]_,ﬂ;_& =3} vjd g B3} 161- )
Al 5ol e} (HrElEsE, 2000), = oA = =
U 72 /e gx o d=eis Egsh 4l
9 dEd AES T s de FHEY
olg]kntold] 2 B Llvto] AlTELL §lo]
A TS 2ol sivih WA sle] w2 13|

E op|A7I= A tigk WAl sjEko] AlF-3k
ol
A A= G T8 Ad A 5 3

Hrato] FQIFOFE AH-HIL 3o (o]¢} &,
1991; @ %=, 1998; o] %X 2001; Baeck et al.,
2006), ¥l FFEI¥e] S Bl B A
T At RIS e WAl Age] 288w
Bl Qe Aol

WA S-S wsks s BAE P
oRE WE PAVF R Yol & B AEE AL
Bkl =dl 85 WA A Hol s} ol
Skl el voh ByENe pves
o) TS5 WYE] o2l 9 mEe] Code
of Federal Regulation (CFR), European Pharma-
copoeia & 2] Yte] w7t AR 7ES 34
HEol o182 ol & Wale] HS
Bl ek (3 5 2002).

2 A= HHR e e AR
A 7S] AlRiAe) Tl ol e A+t
B A9 GBS SI5te] HH A OIFE
(F)elA AE AEE WA ALg-sle] 2%
A FEIN YN E tPoE BE KPE oY
4 AIFRE AAsiTE I Ay HE 7IPEE
Aol AMS-g {x] JHAI el w33 A 7
oNA ki 2ol 7k ekt L SR A 7F %
oro. Ao = Uehgth &
Aol o] 13] HE-<k 23]

HET 7hl A 7F SE0] fel A 2ol 7k v

=

o|N

ERton FA Ag Aol M 23] HE ol A
=2 Woldo] gtk ey IdH FE

@) oge] AP} fE=8 A% 13 HEO
2 60% oliHe] ol Eavh UErde Se1e
& ek

MAS] Qg AFS 4, AL AR

Bk el et s, Ao R Y

AT] 3G Dotek BE el 2919 4
A

Felo] 1ade] wel MAoE A AFS 9
oMEA Ht A9Th W W B AL
w9 B QPgAS JHE AoE DeiA Ut

(Corbel, 1996; Stainer and Hart, 1978). & <3<

ME A AL 4CAA 15719 BES Fo
= WY &%) At BR1SA go} Awg



WAlol Tk B84 AT

Aozl =2 P ARl o ATk
Tk A ] Ao B o) 13 M—%
o wlsll 28] HFFNAM == ffoilﬂ}
Qou wWel &% wak v 2 7
= ioi R S5 wlal HE Sl
o] &ze] A&de 717ie] AA v
a7k g Ze® AdHIT

T el = 28 Aokl e Ay =
A o Pee) Wy 92
& WA ’8}71 23l v, 22U e AR
UM}l (;—7]—742—12

75 ‘rrx]

>ﬁ
-|>r

E)

—

r
i)

A

-

I,
O

J
2
lo
r o
r}i

= g w wael el
AFE Zohrs] Y Agolth B ATt
Ae] e Eol7] S8l G Aok

]ﬂ
A1) 2] Hﬁ—xﬂi S7beel gl EE RIS 8

& 7129 02% oI5tz H7Fet At w7 A
Fol vlsh = APAS BT S Uom
(A} WlE7), BE A7F B9 BE A 9X
ol Tl e BR1E 5 st

QAuka] O WAL 2~ §CAA WA Wk 3}
=% A Yot ofF G A5 34y
Al B e AES IS ALo|M Mkl
757k o wa1e] sl At FAEA
eprhe el o) g
A ol e AN E 2 JEe v
& itk #Al WAL g7 mashs o
2 ofg 7kA] B A% WHel ol8H T 9l
Ak W) go] Bo] Sof el ALGHA 3
= eIt} (4, 1997). weh FF wale] ot
e wPomN Agelt d ¥ 2xA
G717 B QU el Atk wrh
A7 FH AN A WA P Fo] o] FolA 14
4 A v G 5 QA ROE AL
5

v
aw

o ot
a0 =

B L= Streptococcus iniae E2 0 B33}

BYS ) P F 171

Ha7h FRAHA 2
Aé% slol g &= O‘Oil:]— 3k 1§] XJZ_;_oﬂ HI3]

23] HEF A =2 A 7P S E 0T HJ
oY Zvlsls Ao UrEb,kE} 3], 18]
THoRE Uke- A7l = B35kl 60%

gl

°]
4ol AL ekl ek Gl olsio)
ALY o] ol FYelH FL3 VL

sk Ao FYHUTE

ot

W

?'l_l
o
A0
o

Baeck, G. W, Kim, J. H., Gomez, D. K. and Park,
S. C.: Isolation and characterization of Strep-
tococcus sp. from diseased flounder (Par-
alichthys olivaceus) in Jeju island. J. Vet.
Sci., 7: 53-58, 20006.

Corbell, M. J.: Reasons for instability of bacterial
vaccines. Dev. Biol. Stand., 87: 113-124,
1996.

Duff, D. C. B.: The oral immunization of trout
against Bacterium salmonicida. J. Immunol.,
44: 87-94, 1942.

Ellis, A. E.: General principles of fish vaccination.
In Fish vaccination (Ed. Ellis, A. E.), pp. 1-
19, Academic Press, 1988.

Stainer, D. W. and Hart, F. E.: The stability of bacte-
rial vaccines at elevated temperatures. Dev.
Biol. Stand., 1978.

HptfigsE A2 oy oiFt wAZRE Hsk

=

AFolR RS 918 ot 2 X



172 2019 - o] 7k- oA} - 9. [ -

oA, S k182, 167-185, 2000.

Adlsk F 7P BE Zkdntel el wiile] <k
730l mA= P& thghfe] 212 sE] #]
287(2): 143-149, 1997.

oy zk oA Y, Ubke, vl s Aol R E
T &eE A5 U1+ Lacto-
coccus garvieae ©l| Tk A, sl=fo]y] &}
3)A], 14(2): 71-80, 2001.

o1%%; she Al {X o HEREKEIE Th=rol

3}3)%), 4(2), 71-77, 1991.

4B, A oA, o1 BE: AFE A

>

o] MgAAY wAAksk (19913-1997
W), S=rol 8138) 1 11(1): 23-27, 1998.

i

A, 25 AT B9 T 10 A

salAle) QbR E @ 0|85
=], 42(2): 241-251,2002.

Manuscript Received : March 23, 2006
Revision Accepted : June 5, 2006

Responsible Editorial Member : Kwan-Ha Park
(Kunsan Univ.)



