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Current Status and Future Directions of Fish Vaccines in Korea
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In Korea, fish is a major food source, and sustainable production of fish is critical for the aquaculture industry. Re-
cently, infectious diseases have become an unavoidable problem in aquaculture and have caused serious economic
losses. Therefore, there is an urgent need to overcome this challenge to increase productivity in aquaculture. Vaccina-
tion is the most effective and long-term measure for improving the management of a fish farm. Sales of fish vaccines
in Korea have been steadily increasing, with a confirmed increase from 600 million won in 2007 to 3.4 billion won
in 2018. As 0of 2021, 30 licensed fish vaccines, including both single and combination vaccines containing more than
two inactivated pathogens, have been approved in Korea for 10 fish pathogens. Twenty-eight of these are used in
olive flounder Paralichthys olivaceus; however, only two vaccines are used in starry flounder Platichthys stellatus, red
seabream Ragrus major and rock bream Oplegnathus fasciatus. Therefore, vaccine development is required not only
for the olive flounder but also for other cultured fish species. The development of effective vaccines and vaccination
programs for fish is a continuous requirement for a sustainable aquaculture industry.
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FAME A2 TA s, W A PR =
o glom S sl AAREE: 2020 OF 2349HE(
JAk 32 2,88891 ), WH o] -2 oF 29HE(¢F 2,7009 <)
o7 FAECHKOSIS, 2021). ol 7H whol oF4w=
NAFEES | X|(Paralichthys olivaceus), %352} Sebastes
schlegelii), %-©|(Mugil cephalus) 5°]™, Y4 #5002 =
W20y ( Anguilla japonica)7| 717 wo] 984 ¥ 11 QITH(KOSIS,
2021). A BARFE S7HE AL FA7Fe F52 thdsiAl L
UAIE, = FAI X[ EHA Q] GFAl 0= Qg = g1 ofs}
2 I8l AkFA =l tigt A o] Z7HE] AL §lth(Chua,
1992; Krkogek, 2010). 2= A1 A8E0] Ay oS Ay
Y%= 7F ol ok Ao 2zt o] obd Bl ot
o] F7ot= kS Hltk(Shimetal., 2019). 4] o179
A2 WY Al 2| =2 7F o] FaL gk et =2 A HARE U

>~

BRI R Aol AR A AL feeh et
A, A A ARl ol 3t] SI3E el Al

o], A0l Wi41] Aol ZokAlel oA AL SIFH
FA a4 % shbekn @ 4 ok WA AT ARG
oigt th 2191 o = == o] o] ThA|F A ofAlS & = SlTh
& 0] QF 2] of| A] water-in oil (W/O) emulsion adjuvant”} 32}l
W Alo] ARE-E o] & YA 9] ARg-0] 1987'd0l| 50,000 kgol| A1
199749 1,000-2,000 kg2 Zo]=5% o0, Ho] oFA] AAEF
% 50,000E0] 4] 350,000E 0.2 Z7}5}9 chSommerset et al.,
2005). AAAA = ThefRl ofFof et Ak wi Al o] it
Of A|T= 3L QLA w4l o] FHHE ehA|of A i of A AR HiAL
o A &3} E7] lelA = el Eol Al AL
o] F03 84 Aaalo] BATAE A F1A 7} e
o Fof =3tsto] MAlo] 4831 E o] 3l 4 7g o|thBrudeseth
etal., 2013; Matsuura et al., 2019; Wang et al., 2020). = <1+
oA SHhe] o FAlol R0 A AR, FU kg o)
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A19] kol A1 B3 9 T wAuko] e kst
e} o] wl Q1S A7) & ] S2Ake wiAl a9l el AL
o] Bet B451E|7| 2 7] e Rk,

U T2 YAOIR LA Y WA g

sWoll A 7P ol FAE AL Sl olF(d A, 2ulEHE,
&, TANE, Fol, WiAkol) 65l thet FARe] 191e] o
T2 At 718 - Hho | B & o] WA Aol ofet A
o 2 gholg 11 QIth(Kim et al., 2012; NIFS, 2020b). 2020
S Ao o017k ol TE it AR AR skl 4
A B EAE AT ofF W Aol7} glort Hat Ual
of of 54-70%7} 74 Aol ofa) WAsHE Ao® et
on), 7 9] 10BE 142, A%, HF B A 3
Q19|94 ek(Fig. 1) (NIFS, 20200). 53] & th2 oj 57 v
WIS W AT Z 21.7%7} H AL 2w, o] % °F 70%
7F A/ Aol gt Hiakeo] 7MY w3 A o2 FlH T
Ao HARE ks AEE Ao FolAE Aoj7] &
FE7HE 2 (50.4%), Aol o5k o Y5+(19.3%),
HTFH(S8W)R 714 ol HAE ST, ATEHE
2 9 AT Aol HA 02 walehs A3t el oy
29 %39 AFA 2] AR Yok A0 2 Shels]g)
25 2e0] 49 o] B 14270l AHTFRE%), X
o17]0liz o171l % 1H2U(34.3%)0.2 & AL FRIF Y
49 9 Aol vl o @t e
Alt7d Aol a3k Al Alo|qieh HarolEel AN
olE= Wy % U HYAY2E 7] A (infectious hematopoietic
necrosis virus, IHNV), @Fol= AEA 7o) 714 =& HA}
el o & ol QITHNIFES, 2020b). o] &5t 7w o] Aloj&
A A= FAAL FAI7E AREEAL Q1o drbA oz of
5 A O] A9 ZH = A 5271 of 2l A o] Wol, A
O] S AP R ATE = Qs of 7 A oAl Zido] B

A o]th(Brudeseth et al., 2013).
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Fpiatekle] A B e
AL B3] 1985Kl0] H22 A7} RHEIen], A}
o] Al o] F8l Wol, s 9 Fo] 9 H|H.e] @[ Listonella
(Vibrio) anguillarun]] B4% 242 S8 Hei9y 2440
EZ29H 585) o) 9(formalin killed cells, FKC)E- o]-8-31 %]
A i Alo] |22 APIE Qleh v H 2] o wl il o] AHI kS 9|5l
AT 7HRE Al Folste] AAES Xt & &
e IRleh7| = SFYl o, BA] slatol i oAl SEH A
Abo]| oJgt 4] Bk X o] & Ahdof| A sk ARsdt= &
& A7 whizoll 4k WAL AR Sk o] o X A] st
%ACH(Lee et al., 1988). o] H2] A A4t 7]o] SH =

=S
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Fig. 1. Status of mortalities of aquatic animals in Korea in 2020.
Data are based on the analysis of medication and disease incidence
trends in aquatic animal in South Korea, National Institute of Fish-
eries Science.

A, T8 At A Fofl shukel o =ek=r o tigt FKC ¥
A& 1995 ol 7l 2kpgt ofef 200349 = 222 |29
Edwardsiella tarda o|"-& ] A] W4l whAlo] £53]7} HWojty
(Kwon and Bang, 2004). ©]% g 2] 2] 2006 ofl+= A2+l
Streptococcus iniae®]) T3t FKC ¥ Alof| o g FAjulAlo] Z1
3715 wiekom, 201040l S. iniae, Streptococcus parau-
beris X E. tarda A<t 3 | Alo] AR Alo] A7l Ha
A, = o] 4HE- WAL A2 TS A S| =] Sl Han
etal., 2011; Park et al., 2016).

ol A o] o] upo]H A0 A of thig WAl 72 1999
we| 2Yaelele] ATARIoR 22 AgEglon, o
R RS R EAPCPRUR PSSRy
Hojzo] B Mal2 itz BEe) ole|mutolalsuAl 7
o] 415 9iEHSohn et al, 2000). FEA L84 vrolel
(lymphocystis disease virus)ol] -1 ZHAE HA] 9] FFoll A
v A S o= fEote] Z2UE A2 & 533t Hlolg
25 U ARSI HEZA|LE A vlo] 0] =AY
Al BEE ERIE O, HAEA|LE| A vl A7} QI ulYF
o] 7] ¢kol thgsto] B7Hsste] 837 B A= ekl
THINFRDA, 1999, 2000). o] 2] =Hfo] 2|2 MiAlS 552 i
© 2 7RS4 o™ GF (grant fin) cell lineo] v &Fs}o] A At
F, 229 B2t e, A4S 3, e AS Azt
sho] FARRALS A2F QA A Brlskel) At
= olg|mHtolg]A WAL =2 ol eS SRIE Gl oL, THA
E5 FAo] Ufoll EdstA| o] FofA|A] Lol 483k A=
F31tH(Sohn et al., 2000; Do et al., 2002). %] vFo]H A4
=34 9€3 dlo|g|2(viral hemorrhagic septicemia virus,
VHSV) 2122k} 5918 sakehis A4l Alo] sl 2019
ol A&o= g3t WAlo] ARGE QUTh =ollA] 483
VHS #419] ¢ =] 2= WAilo] X&4 9 a5 =Y
= Q1= adjuvant?] squalene} aluminum hydroxideE Z3$}s}
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Fig. 2. Fish vaccine annual sales volume (Thousand doses, TDS) and selling price (Thousand won) in Korea from 2008 to 2020.

= uAlo & JiRFE] QI TH(Vinay et al., 2013; Vinay et al., 2014).

o] 7144% WAle] et A= dAolA 7HE gl WA
31l Q= AFE)FF(Scuticociliatida; Miamiensis avidus)©]
i) 2o A7 A E i ck(Jung et al., 2006; Song et al.,

2FEFRE 2714 @Y I)E &3
vaccine) W AFE|7ET} &
terium maritimum 393} S Alo] 201
HFFTHNIFS, 2020a).

3 7 H Al (polyvalent
NS GUFsl= Tenacibac-

9] F551712

2009). £AFE7HSE o 78] B 71485 h= ©2] CHSE-214 202149 64 7|Eo.2 o= & 30719f 4kg- wiAlo] &
(chinook salmon embryo) cell lineo]| 4] Q152 0 2 ufjFo] 7} £35]71 Ho] glom, o5 287+ —;LLH oA 714 Wo] ekAlsl=
S57]o] chake] WAl gle] gust lsatglch FholAE BEEQ WXE doR o wialo|ch. Ax) wufE T gl of
Table 1. Licensed product fish vaccines in Korea
Vaccine Target pathogen (No. of pathogen) Fish species p'\rlc?dl?ét Year of approval Use
Edwardsiella tarda (1) Olive flounder 2 2003,2005  Immersion
Streptococcus iniae (1) Olive flounder 6 2006, 2007 Immersion
S. iniae+ Streptococcus parauberis (2) Olive flounder 5 2009, 2010, 2012 Injectable
S. iniae+S. parauberis+E. tarda (3) Olive flounder 5 2010 Injectable
Listonella anguillarum+S. iniae+ . ;
S. parauberis+E. tarda (4) Olive flounder 1 2010 Injectable
Bacteria L.anguillarum+ Tenacibaculum maritimur-+ ; ;
S. iniae+S. parauberis+E. tarda (5) Olive flounder 1 2012 Injectable
Lactococcus garviae+V. harveyi+S. iniae+ . .
S. parauberis+E. tarda (5) Olive flounder 1 2015 Injectable
L.anguillarum+V. harveyi+S. iniae+ . .
S. parauberis+E. tarda (5) Olive flounder 1 2018 Injectable
V. harveyi*S. iniaet+S. parauberistE. tarda (4) Olive flounder 1 2010 Injectable
S. parauberis la+lb/c (2) Starry flounder 1 2019 Injectable
. Miamiensis avidus type |+ . .
Parasite Miamiensis avidus type Il (2) Olive flounder 1 2019 Injectable
. . M. avidus type 1+M. avidus type I+ . .
Parasite+ bacteria T maritimum (3) Olive flounder 1 2019 Injectable
Viral hemorrhagic septicemia virus (VHSV) (1) Olive flounder 1 2019 Injectable
Virus i
Red seabream iridovirus (Ehime-1/GF) (1)~ Red seabream, yellow tail, 2004 Injectable

rock seabream



L.anguillarum
L.anguillarum
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S O] of AL et A oS f1gh Al &5 WAl
™, AT HAX = E. tarda, S. iniae, S. parauberis, Listonella
(Vibrio) anguillarum, Lactococcus garviae, Vibrio harveyi,
Tenacibaculum maritimum= 3235H= Aot 115, 7|8%<]
2FX] 715 (Miamiensis acidus) 2 {x] 9] F8 Hfo|g A
Aol VHSV, #=o]g]eHlo] 2 A (red seabream iridovirus,
RSIV)e|th(Table 1). g 2] o] 2je]l FF-oll thali A= 2714] &5+
of w1 ZpEetelo] A4 S, paraubers I WA 1 55
of RSIV o i 410] 58)7}%0] 9]k
Y AL HHAL THY FE
FEREYs|e] Fu S4H8 WA T} W B E 7]
F0& I AR WA T E SRS B Aat, i A
& WA O] ARE-2 5] F7tst
28k ol FA2 2008401 oF 101
349108 A%H 0w SrhEgion, ojekEu giAleh U
AGFHEE TFsh= AA A R UE S AR A
FTHKAHPA, 2020) (Fig. 2). =7t 2] AR 2 Al o siufjskie
20084 5,951 TDS (thousand doses)®l| 4] 2020 63,300 TDS
2 100 o4 AHgo] 2715 %ickFig 2). B ERal7H
WAL FollA 2020 7|02 AA| Tl Q= Al
F 757, 25 A0 ANE sk FAME walo R 3
1=t @)tz R|ddla](Anyang, Korea), GIth/dH|AHE(Ui-
wang, Korea), G354 Al 91412 (Daejeon, Korea), G542}
2]k (Yongin, Korea), §)51| & (Siheung, Korea), G333t
2 (Seoul, Korea) 67HAtol| A AARSE 770 A& S = 21 =Gl
Ch(Table 2). o] 5 WAL W2 YA|Z BAo 2 ok Al 24
T2 Sl 2 2019 of) F557F iR Hlo| A S EA]
5 oAl 15591 A0 = SR1E i tH(Table 2) (KAHPA,

=2
s
[}
=
o0
)
=
rlr
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Table 2. List of fish vaccine products for sale in Korea in 2020
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2020). B4 20001E 27]0f) FEE5|7} - Y2 et A
12% o Al 9 E50] RSIV HA1S Q12 5Q]ui 212 2]
o= ko =] 7 91 %] SCHKAHPA, 2020)

L 48 WA ARE HE Z=AL

4RSI O A= 2018 SrAR T 3974 (e
197}, A5 207]40) 5 Ao = shof AA| oFA] @749
210 ARG A3ol| et AERARE HAISHITE FollAl=
g2 9] FZoll thgh WAl o] A o] || A] k7] Wit
of G| W Alof thgt AFE-AZF ZAZE o] R F et ol A=
A FHE YA T St A7 23] A WAlS JFohe
Ao @ et om(Fig. 3A), SHA] 35%%= 13], 52%= 2
3], 13%+= 33] WA JEots 2 0= S8t Hwang
et al. (2020)2] Rirof w2, =] A7 ARS: vhe] 420 tjH]
SF WAl AARRRS: 7|20 & A4S WAl W (vaccine cov-
erage)= 2014\ 25.6%, 20159 31.8%, 2016 67.4%, 2017
Y 73.5%, 2018 80.6%= X|&H o0& Z7lsldrta at9lct
(Hwang et al., 2020). 20181 =] @] WAl QAkke: 7%
o= shof w4l HF |2 v 5 ALt 23t 20180+
67,710,000mt2]of] BHAl0] HFE]| gl oH, o] 72 -2 3l 2] oF
A1l g 84,000,000012] 0] 80.6%7}F wWhAlo] HEE AoR
€k akgich

HA = AR o] whet FA7I7o] g thEn, UREA ]l &6}
2710 AAIF 1 kgZHA] ARS8l S5 U4 = 12-1570Y
A P A SR gl QTHNIFS, 2006). = =Akst
A AE 2 AT ol A thekst 2719] g ol 4] wiAle] 3
257 9= Ao 3lEgl o, 100 g |3} 6%, 100-200 g
15%, 200-300 g 17%, 300-400 g 20%, 400-500 g 16%, 500 g
o 26%= = U rh(Fig. 3B). Ag8-ohd Ak w4l &

Name of vaccine products Product manufactuer Target pathogen 'm”.‘“”e Delivery  The new drug
object route certificate
. . Streptococcus iniae+ Olive —
Himmvac Agilban ES3 Plus KBNP INC. S. parauberis+E dwardsiella tarda flounder Injection  2009.12.08
Green Cross Veterinary - . Olive -
POSEIDON-3 VAC products S. iniae+S. parauberistE. tarda flounder Injection  2010.01.26
POSEIDON-4 Green Cross Veterinary Listonella aqgui//arum+8. iniae+ Olive Injection  2010.01.26
products S. parauberis +E. tarda flounder
WillowMarine S.1.P 3 YUHAN Co. Ltd. S. iniae+S. parauberis OVe " Injection  2012.06.25
(Imports) flounder
AgauShot Strep-Keeper3/ . .. . Olive —
Chamshin Strep Focus Choong Ang Vaccine S. iniae+S. parauberis flounder Injection  2012.08.23
K . Lactococcus garviae+ Vibrio harveyi+ Olive N
PRO-VAC PENTA Komipharm S. iniae+S. parauberis +E. tarda flounder Injection  2015.01.12
) DAE SUNG Co. Ltd. Viral hemorrhagic septicemia virus Olive N
Deasung VHS FishVAC Microbiologicla Lab. (VHSV) flounder Injection  2019.04.18




Three
time
13%

One time
35%

2 373

1o

100-200 g
15%

200-300 g
17%

Fig. 3. Use of olive flounder Paralichthys olivaceus vaccines in Korea during 2018. A, number of vaccinations during farming; B, weights

of vaccinated fish.

AollA] At WAl Bke] A4571700] Al 274 o
WF 15.4%, 3-571€ 69.2%, 6704-1 15.4%, 1014 0%=
ST A WAL AN HFS R E b
BEIRT9.5%), 4] oA A7VEF 25.6%, 1 9] v]HE:
7hol 43} 17% H=2) WAlo] FFE 202 SelEgiek. o
82%0] A7} Aie] 24HE WA AUAY S Bk 81

st
2L AR UM T|= T

ol A A8k ARE WAlS AR E
2 AZshz W o= WA Y] gl

|3 4= gl ol Aokl HUAIE
St Al (live-vaccine) oL B 44| o] F-4AE o]-&-5}o A
Z5l= DNA ¥i4lof| Blsf| a5o] W2 49-7F Yrh(Ma et al,
2019). o]k a2 Q1 wiAl A2 HH o] TS W ekstr] 9
sto] AEEe} 71eS o] 83t thefRt WAl A7) o] R0l AL
Utk 1A WAL HE oA T ] Tl s wALS
FAPHA] e 2 AP ALG] 749 WAl A5 oL, AL A
ofFo AE A fHekal, HFT i @2 o] BT
of itk o]t ZAIE s Ast7] flsiA A 9 a4l 7
T ghlbstA A= AL Qlek of 7] o A= ol A Hare 2 7}
A W AAEILE ATfsk AL ek P2 9] =2 Al A
1 E. tarda 7+ "2 <13l Al %]l nano scale®] 77
o] Aststo] A &btz ghost Allat @& o8-8 W4l 7]0]
7HEhE] Qi ck(Kwon et al., 2007; Lee et al., 2008). L 2] =
HFekS o]835fo] ALl Lactococcus lactis®l] Qa1+ S.
iniae®] 3FH Y SImAE SHAA AR} T Hol= A+
WA ZEkE] 9 TH(Kim et al., 2016). X 53t ALE o] A
H2|2] 8 Vibriowt 3&0l tht A4S 75 ch(Lee

etal., 2021). Vibrio anguillarum®] outer membrane protein K
(OmpK) ¥ Vibrio alginolyticus flagellin B subunit (FlaB) &
A8 W3 GAE L. JactisS AR Ol H7Vste] Wods) A71
Yx|of| V. anguillarum (relative percent survival, RPS; 62%),
V. alginolyticus (RPS, 75%), Vibrio harveyi (RPS, 41%)= <1
A Ashd & Woles Uehditlith s 27
Al 9= L. lactis{t Foi 3t t 270l A 2 2-42%2] &
= Uehfo] Akt Fofrte = BlH ] e gtof thgt Wojs
ol A 2t s Aoz Bl E )lth(Lee et al., 2021).
Y atetdo A= AR s A S5 ATE Foke] 570l Bt
O] H AA A7 I Al(red-spotted grouper nervous nervous ne-
crosis, RGNNV) 2| a}-¢1-& W& sh= yeastE A|&Foto] k= v}
ol A FAF YRK(viral-like particule, VLP) 2§41 7Hs}%
THCho et al., 2017). 2] A3 o 4] RGNNV- VLP &¢
(20 pg/doseyS AP AT RGNNV-VLP &+ 9 yeasts
sANxSt AR E9tsto] Holgh FiAl(43]) Foigt
A= 2teb Hjawsto] &S] B 56.2%%
Q= Ach(Lan et al., 2018). o] 2|7t fHE8HS ]85k WAl
AR AR E2st oFl Al E T el 55 W A A SollA o
ol qlont, el gl Hie e FAISHA] & 45 Az
Al ARG = A WA plasmidE AHE-Sh= 5 A M
AJEA|(living modified organism, LMO)®]| that AR&-2] oHA
4 ZAIZ gE3toll= of&ol Atk (Macet al., 2019). 1 9]of|
= RS WA Ael7] $fstol W9 vholef a4 HHA
7| & Z(viral haemorrhagic septicaemia virus, VHSV) of|i}-&
gt Al Al(Kim et al., 2016; Kim and Oh, 2020) ¥ ASLE]
7152] EHFYS o] &7 HEAH WA (subunit vaccine)©f|
g AT Fell A T3] o]5o] 4|3t girHLee and Kim
2008). Kole et al. (2019)2 VHSV 225} 318 o|-&3}0] 7]
4k 319 Uhe vholel s US Astel, A7 9 A Rof
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ol thgt Hlal 855 A-FetoiTth. g Atol s HA
HEEA] 13] RPS 46.7%, A A] 23] RPS 53.3%)°] A% (1
3] RPS 20%, 23] RPS 0%) # H e} o 8208 g21%4)
oct] 71 ag-A 0] wiA] Eo] HH o 2 2 x|ulA] 2] & 7
TEo] 519w VHSVE 1A AATA] 7P =2 A
£(66.6%)= UEFH AT = Akrtek ol A= 20179 5
Bl Y9 A~ (Streptococus parauberis) Y-S 913+ Lt
= gz Ey) 7]&/4-& 2% T ESE 518 0|85t At Alof
o3t Y 7] 42 et th(lo et al., 2019). YA E1S o] 85t
2| 53} 715&2 AR Al 23} S dAlol A
TFTH33]) Y FAPRA AR A= WALE A 2]shA] o2 o
ZTe} vl ato] A Ego] 22 70.9%2} 57.6% 2 o1k
olthJo etal,, 2019). 3|22 2Z&29] A7lAko & FESE A
(8. parauberis) =23} S G2 A ROt A=
HAlE A 2shA] b2 2]l Blsf QI & =2 Wols
1

3Fo] & ItHRPS 37.5, 50%) (Kim et al., 2021 ) ES =
LHOﬂ/v] = AW as wl A|oktel 7|48 o83t 1as, 18-S

g WAl 7]ETe] A& 0= o] RofAan )J]\OEq ol&
YH7|&o] F = WAl W oFA] Abe] BAstol] 2A] 71018
2O R e,
35 T 2 WA S W

O] =8 FAEEQ RS 8 Aol thet ol Al
2 F5817F = o] Lo, VHS WAl 155 Al 9fskale
A 85 A& FAE 4= e T2 27]5-9] adjuvant
7h 23O A= otk F A1 A o= el 18] L
= Fo7HA 011“@11]5 H0]:= one-shot W{419] 7k 8417}

Lo} T Qlo], 25 Al 0] X|LeA] FEARS =0 2 9l Za}

HA1-E adjuvant®] 7ol Bapfoleial sHRIT. =ujollA |
Aol A A-gahe WAlS d2] 9 A7 A WA 7|9k A
glol wjalo] 3 glo), wjAle] H% 58 AL Slstel A
PU A7l A B 3719 R A )
tll—E_xJ_g_o]_r;]_ E/\Ao /g' %4
& W ol gt wjAle] Bae Xl%@ﬁi 214 5]o]
T A7 E 3 9lont, WAle] A Fo] BAIR A4
She| )= Eaheieh. PRI ol S QFAlARY AR
A< 9137 A0 AL A 9 A9 Ao S B s
A0 Btk Bog, BA] G5 k4 71%o] o] 9
%) Spok v GFAl AJALS o]l Aot 5 Fufjel £
OFAl ZZX 02 QAJF}IIA ]_O}L o] dl ztrlto] Sof o3t &
3 AT, W 53 5 Fotod WAl S 913t 7]t vl
o thhoL uele 2ulsioke Aolet stk

Al AL

B A 2 5AksR(R2021066) 2] Aol oAl 24

AgA -z - 5
=54k
References

Brudeseth BE, Wiulsred R, Fredriksen BN, Lindmo K, Lekling
KE, Bordevik M, Steine N, Klevan A and Gravningen K.
2013. Status and future perspectives of vaccines for indus-
trialised fin-fish farming. Fish Shellfish Immunol 35, 1759-
1768. https://doi.org/10.1016/.£51.2013.05.029.

Cho SY, Kim HJ, Lan NT, Han HJ, Lee DC, Hwang JY, Kwon
MG, Kang BK, Han SY, Moon HJ, Kang HA and Kim HJ.
2017. Oral vaccination through voluntary consumption of
the convict grouper Epinephelus septemfasciatus with yeast
producing the capsid protein of red spotted grouper ner-
vous necrosis virus. Vet Microbiol 204, 159-164. http://doi.
org/10.1016/j.vetmic.2017.04.022.

Chua TE. 1992. Coastal aquaculture development and the en-
vironment: The role of coastal area management. Mar
Pollut Bull 25, 98-103. https://doi.org/10.1016/0025-
326x(92)90195-C.

Do JW, Park MS, Lee JS, Choi DL and Bang JD. 2002. Devel-
opment of the vaccine against iridovirus isolated from cul-
tured Japanese parrot fish Oplegnathus fasciatus. Bull Nat’l
Fish Res Develop 61, 91-96.

Han SY, Kang BK, Kang BJ, Shin SP, Soen BH, Kim JM, Kim
JH, Choresca Jr CH, Han JE, Jun JW and Park SC. 2011.
Prevalence and different characteristics of two serotypes of
Streptococcus parauberis isolated from the farmed olive
flounder Paralichthys olivaceus (Temminck and Schlegel),
in Korea. J Fish Dis 34, 731-739. https://doi.org/10.1111/
3.1365-2761.2011.01289.x.

Hwang JY, Kwon MG, Seo JS, Hwang SD, Jeong JM, Lee JH,
Jeong AR and Jee BY. 2020. Current use and management
of commercial fish vaccines in Korea. Fish Shellfish Immu-
nol 102, 20-27. https://doi.org/10.1016/.£51.2020.04.004.

Jo ES, Han HJ, Lee DC, Kim KI, Cho MY, Jung SH, Park CI
and Kim A. 2019. The correlations data between whether
liposome are coated or not and flatfish’s (Paralichthys oli-
vaceus) Steptococcus parauberis antibody formation abil-
ity and survival rates. Data Brief 25, 104221. https://doi.
org/10.1016/;.dib.2019.104221.

Jung SJ, Kitamura SI, Aoyama M, Song JY, Kim BK and Oh
MJ. 2006. Immune response of olive flounder Paralichthys
olivaceus against Miamiensis avidus (Ciliophora: Scutico-
ciliatida). J Fish Pathol 19, 173-181.

KAHPA (Korea Animal Health Products Association). 2020.
Statistics of vaccine for aquatic animals. KAHPA, Sung-
nam, Korea.

Kim D, Beck BR, Lee SM, Jeon J, Lee DW, Lee JL and Song
SK. 2016. Pellet feed adsorbed with the recombinant Lac-
tococcus lactis BFE920 expressing SIMA antigen induced
strong recall vaccine effects against Streptococcus iniae


https://doi.org/10.1016/j.fsi.2013.05.029
http://doi.org/10.1016/j.vetmic.2017.04.022
http://doi.org/10.1016/j.vetmic.2017.04.022
https://doi.org/10.1016/0025
https://doi.org/10.1111/j.1365-2761.2011.01289.x
https://doi.org/10.1111/j.1365-2761.2011.01289.x
https://doi.org/10.1016/j.fsi.2020.04.004
http://dx.doi.org/10.1016/j.dib.2019.104221

infection in olive flounder Paralichthys olivaceus. Fish
Shellfish Immunol 55, 374-383. http://doi.org/10.1016/j.
£51.2016.06.010.

Kim JW, Lee HN, Jee BY, Woo SH, Kim YJ and Lee MK.
2012. Monitoring of the mortalities in the aquaculture farms
of South Korea. J Fish Pathol 25, 271-277. https://doi.
org/10.7847/jtp.2012.25.3.271.

Kim KI, Mim EY, Kim TH, Choi HS and Han HJ. 2021. Ap-
plication of alginate microparticles incorporating formalin-
inactivated Streptococcus parauberis for oral vaccina-
tion in olive flounder. Aquac Int 29, 127-138. https://doi.
org/10.1007/s10499-020-00613-1.

Kim SH, Kim M, Choi GE, Lee JH, Kang JH, Evensen ¢ and
Lee WI. 2016. Stability and efficacy of the 3’-UTR A4G-
G5A variant of viral hemorrhagic septicemia virus (VHSV)
as a live attenuated immersion VHSV vaccine in olive floun-
der Paralichthys olivaceus. Vaccine 34, 1097-1102. https://
doi.org/10.1016/j.vaccine.2015.12.051.

Kim SJ and Oh MJ. 2020. Potentiality to natural immunization
inducement against VHS in olive flounder by the live VHSV
immersion vaccination at temperature controlled culture
condition. Virus Res 288, 198140. https://doi.org/10.1016/].
viruses.2020.198140.

Kole S, Qadiri SSN, Shin SM, Kim WS, Lee JH and Jung SJ.
2019. Nanoencapsulation of inactivated-viral vaccine using
chitosan nanoparticles: Evaluation of its protective efficacy
and immune modulatory effects in olive flounder Paralich-
thys olivaceus against viral haemorrhagic septicaemia virus
(VHSV) infection. Fish Shellfish Immunol 91, 136-147.
https://doi.org/10.1016/5.£51.2019.05.017.

KOSIS (Korean Statistical Information Service). 2021. Fishery
production survey: Statistics by type of fishery and species.
Retrieved from http://kostat.go.kr on Mar 12, 2021.

Krkosek M. 2010. Host density thresholds and disease control
for fisheries and aquaculture. Aquac Environ Enteract 1, 21-
32. https://doi.org/10.3354/aei0004.

Kwon MG and Bang JD. 2004. Effects of immersion vaccina-
tion in different concentration of edwardsiellosis vaccine on
olive flounder Paralichthys olivaceus. J Fish Pathol 17, 171-
177.

Kwon SR, Lee EH, Nam YK, Kim SK and Kim KH. 2007, Ef-
ficacy of oral immunization with Edwardsiella tarda ghosts
against edwardsiellosis in olive flounder Paralichthys oli-
vaceus Aquaculture 269, 84-88. https://doi.org/10.1016/].
aquaculture.2007.04.018.

Lan NT, Kim HJ, Han HJ, Lee DC, Kang BK, Han SY, Moon
HJ and Kim HJ. 2018. Stability of virus-like particles of
red-spotted grouper nervous necrosis virus in the aqueous
state, and the vaccine potential of lyophilized particles.
Biologicals 51, 25-31. https://doi.org/10.1016/j.biologi-
cals.2017.11.002.

Lee DJ, Kwon SR, Zenke K, Lee EH, Nam YK, Kim SK and

e 375

Kim KH. 2008. Generation of safety enhanced Edwardsiella
tarda ghost vaccine. Dis Aquat Organ 81, 249-254. https://
doi.org/10.3354/dao01964.

Lee EH and Kim KH. 2008. Can surface immobilization an-
tigens of Philasterides dicentrachi (Ciliophora: Scuticocili-
atida) be used as target antigens to develop vaccines in cul-
tured fish?. Fish Shellfish Immunol 24, 142-146. http://doi.
org/10.1016/).£51.2007.08.004.

Lee JY, Chun SK and Park SI. 1988. Serotyping of Vibrio an-
guillarum isoated from cultured marine fishes. J Fish Pathol
1, 45-50.

Lee SH, Beck BR Hwang SH and Song SK. 2021. Feeding ol-
ive flounder Paralichthys olivaceus with Lactococcus lactis
BFE920 expressing the fusion antigen of Vibrio OmpK and
FlaB provides protection against multiple Vibrio pathogens:
A universal vaccine effect. Fish Shellfish Immunol 114, 253-
262. https://doi.org/10.1016/].£51.2021.05.007.

Ma J, Bruce TJ, Jones EM and Cain KD. 2019. A review of fish
vaccine development strategies: conventional methods and
modern biotechnological approaches. Microoganisms 7,
569. https://doi.org/10.3390/microorganisms7110569.

Matsuura Y, Terashima S, Takano T and Matsuyama T. 2019.
Current status of fish vaccines in Japan. Fish Shellfish Immu-
nol 95, 236-247. https://doi.org/10.1016/j.£51.2019.09.031.

NFRDA (National Fisheries Research and Development Agen-
cy). 1999. Development of preventive methods for a viral
diseases of marine fishes. NFRDA, Busan, Korea, 246-253.

NFRDA (National Fisheries Research and Development Agen-
cy). 2000. Development of preventive methods for a viral
disease of marine fishes. NFRDA, Busan, Korea, 206-211.

NIFS (National Institute of Fisheries Science). 2006. Standard
manual of olive flounder culture. NIFS, Busan, Korea, 41-
45.

NIFS (National Institute of Fisheries Science). 2020a. Aquatic
medicine catalog. NIFS, Busan, Korea, 130-137.

NIFS (National Institute of Fisheries Science). 2020b. Analysis
of medication and disease incidence trends in aquatic animal
diseases in South Korea. NIFS, Busan, Korea, 126-219.

Park SB, Nho SW, Jang HB, Cha IS, Kim MS, Lee WJ and
Jung TS. 2016. Development of three-valent vaccine against
streptococcal infections in olive flounder Paralichthys oli-
vaceus. Aquaculture 461, 25-31. https://doi.org/10.1016/].
aquaculture.2016.04.022.

Shim JD, Hwang SD, Jang SY, Kim TW and Jeong JM. 2019.
Monitoring of the mortalities in oliver flounder Paralichthys
olivaceus farms of Korea. J Fish Pathol 32, 29-35. https://
doi.org/10.7847/jfp.2019.32.1.029.

Sohn SG, Choi DL, Do JW, Hwang JY and Park JW. 2000.
Mass mortalities of cultured striped beakperch Oplegnathus
fasciatus by iridoviral infection. J Fish Pathol 13, 121-127.

Sommerset I, Krossey B, Biering E and Frost P. 2005. Vac-
cines for fish in aquaculture. Expert Rev Vaccines 4, 89-101.


http://doi.org/10.1016/j.fsi.2016.06.010
http://doi.org/10.1016/j.fsi.2016.06.010
https://doi.org/10.7847/jfp.2012.25.3.271
https://doi.org/10.7847/jfp.2012.25.3.271
https://link.springer.com/article/10.1007/s10499-020-00613-1
https://doi.org/10.1016/j.vaccine.2015.12.051
https://doi.org/10.1016/j.vaccine.2015.12.051
https://doi.org/10.1016/j.viruses.2020.198140
https://doi.org/10.1016/j.viruses.2020.198140
https://doi.org/10.1016/j.fsi.2019.05.017
http://kostat.go.kr
https://doi.org/10.3354/aei0004
https://doi.org/10.1016/j.aquaculture.2007.04.018
https://doi.org/10.1016/j.aquaculture.2007.04.018
https://doi.org/10.1016/j.biologicals.2017.11.002
https://doi.org/10.1016/j.biologicals.2017.11.002
https://doi.org/10.3354/dao01964
https://doi.org/10.3354/dao01964
http://doi.org/10.1016/j.fsi.2007.08.004
http://doi.org/10.1016/j.fsi.2007.08.004
https://doi.org/10.1016/j.fsi.2021.05.007
https://doi.org/10.3390/microorganisms7110569
https://doi.org/10.1016/j.fsi.2019.09.031
https://doi.org/10.1016/j.aquaculture.2016.04.022
https://doi.org/10.1016/j.aquaculture.2016.04.022
https://doi.org/10.7847/jfp.2019.32.1.029
https://doi.org/10.7847/jfp.2019.32.1.029

376 A - A4 - A

https://doi.org/10.1586/14760584.4.1.89.

Song JY, Sasaki K, Okada T, Sakashita M, Kawakami H, Mat-
suoka S, Kang HS, Nakayama K, Jung SJ, Oh MJ and Kita-
mura SI. 2009. Antigenic differences of the scuticociliate
Miamiensis avidus from Japan. J Fish Dis 32, 1027-1034.
https://doi.org/10.1111/j.1365-2761.2009.01089 x.

Vinay TN, Kim YJ, Jung MH, Kim WS, Kim DH and Jung SJ.
2013. Inactivated vaccine against viral hemorrhagic septice-
mia (VHS) emulsified with squalene and aluminum hydrox-
ide adjuvant provides long term protection in olive flounder
Paralichthys olivaceus. Vaccine 31, 4603-4610. https://doi.
org/10.1016/j.vaccine.2013.07.036.

Vinay TN, Park CS, Kim HY and Jung SJ. 2014. Toxicity
and dose determination of quillaja saponin, aluminum hy-
droxide and squalene in olive flounder Paralichthys oliva-
ceus. Vet Immunol Immunopathol 158, 73-85. https://doi.
org/10.1016/j.vetimm.2013.03.007.

Wang Q, Ji W and Xu Z. 2020. Current use and development of
fish vaccines in China. Fish Shellfish Immunol 96, 223-234.
https://doi.org/10.1016/5.£51.2019.12.010.

B
ol

of»


https://doi.org/10.1586/14760584.4.1.89
https://doi.org/10.1111/j.1365-2761.2009.01089.x
https://doi.org/10.1016/j.vaccine.2013.07.036
https://doi.org/10.1016/j.vaccine.2013.07.036
https://doi.org/10.1016/j.vetimm.2013.03.007
https://doi.org/10.1016/j.vetimm.2013.03.007
https://doi.org/10.1016/j.fsi.2019.12.010

