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Disease monitoring of cultured rainbow trout and
coho salmon in Gangwon province in 2021
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Disease including parasite, bacteria and virus cause serious mortality to salmonid fish in the
aquaculture. In this study, we investigated the current disease status of the rainbow trout (Oncorhynchus
mykiss) and coho salmon (Oncorhynchus kisutch) in Yanayang, Pyeongchang, Jeongseon and
Yeongwol of Gangwon province in 2021 and performed molecular characterization of those pathogen.
For parasites, Ichthyophthirius multifiliis was observed at 2 farms. For bacteria, we identified
Aeromonas sobria from kidney of rainbow trout using phylogenetic analysis of gyrB gene. A. salmoni-
cida were isolated from necrosis site of gill cover and fin in coho salmon and necrotic lesion of
fin in rainbow trout. Phylogenetic analysis using vap gene indicated that 4. salmonicida isolated in
this study were clustered with previously reported 4. salmonicida subsp. salmonicida isolates. For
virus, JRt-Nagano type of infectious haematopoietic necrosis virus was detected in rainbow trout,
but infectious pancreatic necrosis virus and Oncorhynchus masou virus were not detected. These results
provide useful information for the prevention of disease spread and transmission when cultivating
new species such as Atlantic salmon in Korea.
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Ao} o Fol A Tk F|WEA A, M
A4, volel Al Ay Walo] F7hakol we} ol
3 o157} v S ASke] 4l AZHE B
V& el FAAEAH ARl oA,
o] o] Foll Aol A FAN=H A
5%0] dlom i HEH Ty A g xA
At HAEH dy g Fae BASL 3l
(Aquatic Organism Disease Control Act, 2021). 7|
A HEHE 1208 AYRHERF2AEF
(Infection with Gyrodactylus salaris)7} $1.2.9, v}o]
H2A AEHE 4FT0E2 HAEHAANES
(Infection with HRP-deleted or HPRO infectious sal-
mon anaemia virus, ISA), $1oj & pulo] g ~7HH
(Infection with salmonid alphavirus, SAV), -3/3 =

o M rlo

ox o> o

>

& 7] 3 A (Infection with epizootic haematopoietic
necrosis virus, EHN), Hlo|g A&
(Infection with viral haemorrhagic septicaemia virus,
VHS)7} S ThH(Aquatic Organism Disease Control
Act, 2021). o] & A AEH o]o = thfe &
WEo] Aol ofFollAl T st JlE FE3H
. 71 SA A o2 W Z(Ichthyophthirius mul-
tifiliis), ©FH ¥}5(Amoeba), @ == ZH(Chilodo-
nella), Al74 AW 02 A 2 (Furunculosis, Aero-
monas salmonicida subsp. salmonicida), ¥ B.2] 2
(Vibrio sp.), &FAwY (Flavobacterium psychro-
philum), Al73 o}71v] AW (bacterial gill disease,
Flavobacterium branchiophilum), A</ 217 (Bac-
terial kidney disease, Renibacterium salmoninarum),
Hlol#i g AW oRE WAL ZE7| A AS(In-
fection with infectious haematopoietic necrosis virus,
IHN), 943 #73) AF(Infectious pancreatic ne-
crosis, IPN), 4k ofnlo] 2] 2% (Oncorhynchus ma-
sou virus disease, OMVD) 5°] JTHKim et al.,
2012; Kim et al., 2016; Lim et al., 2017; Nilsen et
al., 2011; Noble and Summerfelt, 1996; Olsen et al.,
2015).
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A &3t 3~5mtE]
A 7+A] -80°Co) B3}

M DNA & % PCR

AFSdel de T, A, v A Z2d
M2 High Pure PCR Template Preparation Kit
(Roche, Germany)E ©]-83}] A ZA}] protocol ol
w2} DNAE FE3F3 T 16s rRNA, DNA gyrase
B subunit (gyrB), virulence array protein (vap) 7%
A5 F5E317] 231 Table 19] primer setsE ©] &
ate] PCRE A A 3H3 T PCRS AccuPower® PCR
PreMix (Bioneer, Korea), forward primerS} reverse
primerE Z}Z 1uM, DEPC treated water 16uL, tem-
plate 2uLE E33e] F 20 plLo] HEE 3] 53
AT PCR 5& AHE2 1.5% agarose gel 73l A]
719 %39 2™, All in one vector (BioFACT,
Korea)oll 22935ttt 2 329 AT g
2 B8 93+ Clustal WollA] Multiple alignment
o R HAVIAEE BEsHA T MEGA (ver. 11.
0.10) program®] neighbor-joining method& ©]-&3}
of AlsrE 23k, Als2l branch= 1,000
bootstrap resampling= 53l 27 3}IA T}

HiO|2{A DNA, RNA =& 2! PCR

2 &% %2 Patho Gene-spin™ DNA/RNA Ex-
traction Kit (iNtRON Biotechnology, Korea)E ©| &
3to] A ZAF] protocolel] T} total DNASF RNA
£ Egsla RNA Hlol 2 2= AALS 93 iScript™
cDNA Synthesis Kit (Bio-Rad, USA)E ©] &3}
cDNAE 338ttt +E3 DNASH cDNAE A
@ A7A] -80°Cell Est T THNV, IPNV, OMV
o thate] PCRE AAI3H3 0.0 Al H-ALe}2 Table
13} 2t PCR 5% 4HE2 1.5% agarose gel 7ol
A A71953R ™, PCR ¥4 42 A &
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ABI 9790 XL DNA Analyzer (Applied Biosystems,
USA)E o83l 97|14 25 #£-4]3kaL NCBI BLAST
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search& §3te] fA313H 454 FeAstgit
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Lim et al. (2017; 2021)2 2017

A 2
A AFAA deromonas 45 E2I &, Al
THASH 24 & AAsk AlEd e T
8FaL 2017:3~2018'A ol 223 HNVE] 3% 5
e AT ShAIRE, Aol of 7o A
B T 5 A Bl g HA dEe B
Z3ith mEkA, B AP AE 2021d BEE &

Ao} 8l FANEo] PGS PIOE NBF, A
#, wolE g WS mUEPste] A Ay 2
Y 5 =S

Ao 1A F FAINE
o2 7|5, Aldt, vlo]#
24 4 UE 3ttt 20213 Aukr]ol =
71 %o Fe) 2] AN, SHEb7 o= T
HZo] HA B 30.0%)2F A A (16.7%) 274
A BZE A TH(Table 2). 3HAIRE, Kim et al.(2012)=
2010 BE &R G2 Aol A FANE 7 AW
02 A% FHAF YU A E npolgix B 7]
AZQl M 3(39.04%) 2] ¥ &) 433 =A U
eyttt o]2lg Ais A A7 H A Y zpo] T
o2 Az "t}

PFSdel Je= obr] 74 H Agu] A}
9], v A &g Mol DNAE ©] 83+
PCR ¥ €7|Ad B4 A3 TH(Table 2).

2o opyu] 7 9 AsE
HAF FL oA A& E2]3te] 16s tRNA 7] A
& B4 A, FAE F NA 26.7% (4/15)
oA A Aeromonas salmonicida?} S EJ o F<L
B 2] FAEo A v A= F A
AF WA Y] 20% (6/30)N A1 Aeromonas sobria”} &
Atk b7l = g 0] P A=
o] IA BLlo A g7} FL3A 4. salmo-
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o) BRI Al A 29 8 Aol A
A. salmonicida”} 20.0% (4/20) 2] = Atk HA A
@orte] #HAWY, WAkl B AE A 24) 2 3
2 B & FAMNE Ax g nlAA 4zt
A. sobria7} 40.0% (8/20), 23.3% (7/30) ¥ = AT}
ANE 224 ANEE o]838to] PCRYSE BKD 7
A AFRE ZASBIIAA T BF AESEHA FUTh

Aeromonas?| HESWUMsSIX 2AM

AR ESH HOE Mt 54 Al 16s IRNA
H7NMEE F2 o] &3 AT deromonass:
Ali2] 16s IRNA 2 2] F312 @719 3
HAog 2 fFAHCE F 34 L AFENEH
EA4of ojzf 2] &3] DNA gyrase B subunit
(gyrB) & virulence array protein (vap) A AE ©]
&3t A& EFAY 583k UAtH(Lund et
al.,, 2003; Kim et al., 2011; Lim et al.,, 2017; Han
et al,, 2011). 53] A4. salmonicida 5= ThFS of
Z(subspecies)©] 1ol BEE M+ FA A o &
o] WAy gt

ME

s

E AT E 16s rRNA G71AES B8 2
I} A. salmonicida® 7450 w9 =& AL &<l
gt B AFol A B2 H deromonas TF 5 7dHE

7] oFeF A FA A oA B 4. salmonici-

A) gyrB

Aeromonas salmonicida
subsp. masoucida(AY101784)

Aeromonas salmonicida
subsp. masoucida(AB504901)
Aeromonas salmonicida
subsp. masoucida(AB514571)
Aeromonas salmonicida
subsp. achromogenes(AY101785)
Aeromonas salmonicida
0.004 subsp salmonicida(AY101773)
Aeromonas salmonicida
subsp masousida(AY101790)
Aeromonas popoffii(AY 101801)

Aeromonas salmonicida
subsp. masoucida
subsp. achromogenes
subsp. salmonicida

0.025

0.026

0.035 Aeromonas hydrophila(AY101778)

2~ Aeromonas sobria(AY101781)
0,039 00ll o . Aeromonas sobria

0.010

Q&AW -

ofy

29 - gHE

of

da®t BL FAMNGE] AAZANA B2l A sobria
£ ol &3t FAA @VAEE AFEATH &
213} A th(Fig. 1).

B FRAAE A sobrias 71E0 RA1E A so-
brias} 2L clusterg F43FAh ol A &
H A sobriaw FANEFANA HHdo] Lo
71814 WAAIIASLR FA3st JYTHLim and
Hong, 2020). 3}A% 37427, 45, ol A <] W
g ofs} o Aol YA F o o]
i3k A7t EastH thekdk AS 8 9 oA
17 230 mE FeE +79 HAdAH Aol
28 Zlo® ARHY guB FAAE o83 A
A B A Ao -l A salmonicida

+ A. salmonicida subsp. masoucida, A. salmonicida

subsp. achromogenes, A. salmonicida subsp. salmoni-
cida® FYLT clusters FA st B3 54H&
T YA

vap AR A71AE HE7F NCBI Genbankoll
TEo] HAJAT, A. salmonicida subsp. 7144
AR7L Hx 5 F AEE AAsHA] AU LA
R P EEE A e L
e AAsdY. 2 A, vap FAAANAE A
salmonicida °}FEHEE FEO] 7HedF L A

oA EEH A salmonicida= ©1He| HiH 4

B) vap

Aeromonas salmonicida
subsp. masoucida(ABS14572)

0.007 Aeromonas salmonicida
subsp. masoucida(AJ749883)

Aeromonas salmonicida
subsp. masoucida

Aeromonas salmonicida
subsp. masoucida(ABS514574)

Cohosalmen(OP205317)

0.012

Aeromonas salmonicida
subsp. salmonicida

Aeromonas salmonicida
subsp. salmonicida(AB521792)

Aeromonas salmonicida
subsp. salmonicida(AB521792)

0.005 ..
Aeromonas salmonicida

subsp. achromogenes(AJTA9888) | A eromonas salmonicida
oot subsp. achromogenes
Aeromonas salmonicida
subsp achromonogens(AJ749889)
0.0050

Fig. 1. Phylogenetic analysis of Aeromonas species based on the partial nucleotide sequence of gyrB (A) and vap
(B) retrieved from GeneBank. The distinct Aeromonas species determined by Neighbour-joining method using Mega
(ver 11.0.10) software. The numbers indicate the percentages of bootstrap support from 1000 replicates. gyrB : DNA

gyrase B, vap: virulence array protein



salmonicida subsp. salmonicida®} & Y3t clusters
A3t A. salmonicida subsp. salmonicidaZ &7
ST} Gulla et al. (2016)2 vap FAAE ©] &3]
A. salmonicida 333755 TE3IH 1, 14719 clus-
ter =70l WE A salmonicida 2] FE0|ZS B
a3t AojH of Foll WS fdste 1%
+AAFeRE AE FE, AY 59 ol YERY
2 gHAA BB A salmonicidats TR 7| 4]
o| A #HAH&-©] EJATHLim and Hong, 2020). &
o] olrtw] 74 A FF-EolA A salmonicida subsp.
salmonicida®] #-2]E A& v Fo] & o HAH
Ao = Alyte] Zejd AoE ALRHT Lim ¥
Hong (2020)-2 A. salmonicida® ™ ¢ formalin kil-
led cell YAl & 7qLslo] w2 E5& AT o
o}, B WAl Fs) Al AR 9% HAE A
7E 7 AEHOE A

Hiol2{Ad AH DL

Ao of FollA nlo]g 24 AL ISA, SAV,
EHN, VHS, IHN, IPN, OMVD So] ¢## 3t}
ISA, SAV, EHN, VHSE 4R & #e|Ho| <
3 A ERAGE oz X HGHo HEFH o
o AA7HA =y Aol o Feoll HAYTHE B
7} §ith. 53], ISAE gujellA] HAlekA] ekttt
}e2 ZAE viR O E AAlFE R 7] (World
Organisation for Animal Health) 2%-E] 20201d A
Ao o8 ARGt whebA], B Aol Ao
I o] F FAH TMNAE GO E Tl A LAY
sl mlelgi a4 AW 3F(HN, IPN, OMVD)S &
YE Pkt

IPNV 9 OMVE HEHA Z8kA 5 IHNVZE
2021 A3Eb7] BRI FAINEO] FAA 104l
A A Z= 0T [HNVE Rhabdoviridaeoll <53h=
negative-sense RNA H}o|H 224 FX]|7 0] 2
A gl S sk Ao o Foll 42+
3l & 23 (Garver et al., 2005). Glycoprotein
AA 714Dl whel [HNVE 33 L 6/l 2H
Erle] EX(Upper, U), THMiddle, M), &+
(Lower, L) % (European), ©}A]©} JRt-Shizuoka <}
JRt-Nagano 33 o] ¢4#HA Urk(Garver et al.,
2003; Kurath et al., 2003). Ao} #3138 F JRt-
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Shizuoka®d ©] JRt-Naganod ol H|3ll B o] 73}
ot B3 EH YA T Mochizuki et al; 2009, Kim
2010; Kim et al., 2021a; Kim et al., 2021b; Kim et
al. 2022), 2017 =4 E2E AP LY JRt-
Nagano®d 2 1Y o2 Yelhyy 18 YA JRt-
Shizuoka® - W] S Aol wet 71&
A9t g2 A7 =& ATHLim et al., 2021).
ol HAo| A HEH IHNS JRt-Nagano® ¥ A5
do] 99%0l7d =AI Ve o 2ol A oF 9%
o FAHALE sttt A8 B AL A9
Ao A= F7F 2AF L 4ol Be T
Ao 2 ArsdTh

[HNVE Xojo] T2 BA3IH o oo A=
HhAEt . glom, FufollAE 1910l A= 3
Aol A Hx E F Thefe Ao &4 3 A
A4 Ao o] Fol= WS THNVE =W
o3} of F FAF A AEZH & et Ak
(Kim et al,, 2016). oA = A FA o] 4
F7F ToE A FAN 9] S-S B35 ot
gt Tl A FFHoE FAEtA U Ak
Aof WS 21 20kg, 22'd 8kge FUHE Y

!

st A A stal o o] A E Y] =
o2l A, =i #AY olgo] e WHA(G. salaris,
ISAV, SAV, EHNV)7} ¥ 5o] AR o= oJolH
i HAAE dojd = Aok =3 g A8
oA MEE FFo| A A, s+ L A &
Ql o= A At Qe Ao
7t MEE FFO A3 2 AAZ
Aol ot &, FoollA LAt ZUd
& Ml vlolg 2 FrdF o]l mu 4
ofo] Ao = WhAte] 2l Akl Aol E
g dormE A4 FldA At A+e
3 o Foll thek A&5A] A9} A7) a6ttt
kA B AT Ao ol /e A A H #
g2 A A gAY F2A AE S olie
b 8% ARE AFTL Aol

H AT AAE AGolA F= FAsta
Aol o 7, FANE] E &0 E e R A
W ZUHHS AASET O A3 By Fo] g1l
o, AldFS A sobria$t A. salmonicida subsp.
salmonicida 7} B2)EJth o] A Holz) o] F Y
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EYEY AFoA BIH A sobria®}t A. salmoni-
cida subsp. salmonicida?} A1} o FoA X &3
o= FEH fden upol# 2= IHNV JRt-
Nagano® ©] HZE o IPNV ¥ OMVE HZE
A gskth g3 B AT R HYAE
FANE] 2 2d0jo ZFHAA HAL &)
= HYA A7 28T Ao=E AlRHETh
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