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Monitoring of Pathogens Detected in Cultured Fishes of Gyeongnam in

2018
Ga Hyun Kang and Seung Joo Cha*

Southeast Fisheries Research Institute, National Institute of Fisheries Science, Tongyeong 56085, Korea

The major cultured marine fishes in sea off the coast Gyeongsangnam-do Province, South Korea, were assessed and
included 9.3% rockfish Sebastes schlegelii, 7.8% red seabream Pagrus major, and 2.1% rock bream Oplegnathus
fasciatus. The number of insurance payments related to disease mortality in cultured fish in 2017 was fourfold that
in 2016. Economic loss in aquaculture due to disease in cultured fish is high and represents an important inhibitory
factor affecting marine fishery productivity. In 2018, diseases led to severe production losses in several aquaculture
species: 40.0% in rockfish, 11.4% in olive flounder Paralichthys olivaceus, 10.0% in filefish Thamnaconus modes-
tus, and 9.3% in red seabream. Fish-parasitic pathogens such as Microcotyle sebastis, Alella spp., and Dactylogyrus
spp. enter mainly via the gills and skin surface. Among bacterial pathogens, Vibrio species were most common, with
Vibrio harveyi being the dominant species causing infections in these fishes. The bacterium Lactococcus garvieae
is thought to exhibit host specificity in fish. The fish species in the present study exhibited a higher tendency for in-
fection by heterologous pathogens than by a single pathogen; therefore, it is necessary to devise new strategies for

treating diseases in cultured fish.
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o] 5k wkelk A o th(Kim, 2005). ¢-2{uet sfj4ke]
219804 o] 7H7E] QFAlS Al2FO &2 {2 FHAYAL
APRIS} 7HEEHE QAL 2ol EE SHAAA 7T
A7HRE] FAe] FRE o|FoloH, s T oF &

S4:5] 2A 8 ¢kl th(Kim and Hong, 2003; Choi et al., 2010;
Kim and Heo, 2018). 0|2 A| A4 o] AAlg2 0 2 A 22
S gkl Qlar oFA7|E WA B, oFAlolEe] thokst 5
A1 o] U}t A A SH A ISR Qg B ekst e
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obq a1 gick. Selketol A % waler shvhRe Aol
2] 36.8% (2112712)2 74 o] 9lom, B85 st
Soll aulReto] 93%, SIAAR AdBANA 7 o
o] o] 208 BFO R Ao 1 gk, T oo RE F
E 712 7.8% (449714, BE 71EE] 2.1% (1207]4) 220
2 9p445}31 9ILHKOSIS, 2018). 0|9} yhele], 2, 1142, 0]
A7\ WS S0 Qg AR FABES] 37} gol
Z7kstan glom, olel AeiAtahe] safol glo] SarbE 13
o] A-7-H A9l 20102 251 gk, elutelol A 4
Bo] A by 52 As)s) B chat A2} ol
L AIEH 2 B A sol7] thizel ekeHEANRE 4]
= of g, 20084 0] 241 H AR BAAE F WY
o] ek W0l 2 Atulm Aol o3t HEAF 14}
169 1479] ]3] 179 6074.0.2 4 7] wAlSHck(Kim
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etal., 2012; Kang, 2018). o] SFA 42| wjshigle &
2 AEd|2 B B9 4913} Te] WURle] olg A
o] AP FE-2 X5t 9o, olefet WY O Qg 33
L PAIARY ABR0l0 R A

o M

Skl Qltk 19909 o] dofl=
718%, Alat 5 B LA T ol ot gl Ak sl 71 a5k
A, 71 o] o= 7| S Alat 22 Allt-vlo] 229} o] of
o] A7 B34 0 2 gredstel sAtsl sl MASHE 4ok
Z¥31 Qltk(Heo et al., 2002).

A ool thigh A8 7 dol tsfiAl= AlolE &
B g e o] thgt AtRAR HE ofu et A4
Ak o) 0] digt 2 7hdo] T3k ¥ 17} Itk (Heo etal., 2002;
Cho et al., 2009; Choi et al., 2010; Jung et al., 2012; Kim et
al,, 2012). FARE, o] 23t A 52 Aol thgt o] 3
71 50| ALt 47120l Wrale] et 77k BEsin), A
oflA 7 wol sid7HrelE 7HAIAL Sl e sl ol A el ¥
A 2 Soll et B} ] ke AFolck. urelAl,
3 el 201840 Zslel shie Ao R 2
AoF7t " A gEs ez 7185, At & Aol thigt
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ofe)2s A 1ol e 2ARE AIAIBHEK Table 2).
2 Mz ZAt

715 A3 N 9 oprhu] e Setol=Fehiof A
shof gakdn)oR BHSIIL /4E A 58 Bl
ok Alat A= 0] W Fe] 22 WA 9l Al alds A
F5}¢] tryptic soy agar (Difco, New Jersey, NJ, USA) 5 Hul]
Aol ststo] 25°Coll 4 BH 5t ok ¥, A2 thio-
sulfate citrate bile sucrose (Difco, New Jersey, NJ, USA), sal-
monella shigella agar (Difco, New Jersey, NJ,USA) %] 2]
Eubujob wl guobe Shich Al 54 Ststol dulep
H AR5 ZA XA E(Cosmogenetech Co. Ltd., Seoul, Korea)
of fFAARAS olFste] I AWE Edf 2 AlatE 4 skeich

HIO[2{A ZAL

0
O

AN RO] A, 1], 1) 222 42151] DNA (deoxyri-
bonucleic acid) & RNA (ribonucleic acid)& #-2]5}%1. PCR

(polymerase chain reaction)H-2 AM2-3}9] red seabream iri-

dovirus (RSIV), viral hemorrhagic septicemia virus (VHSV),
marine birnavirus (MBV), hirame rhabdovirus (HRV), viral
nervous necrosis virus (VNNV) 552 H A 71 E =
AFslStt. OIE (2019) ui i+ 2 Cho et al. (2009)2] HHof| w}
2} primer A2 2 PCR HH-g-2A4 02 4319 ©r(Table 1),
FHeE Hol= A7l tafiA= wHAtaehd ARt
ol TS OJ=|sto] Hfo|H A FAAE FelsHiT

Zn

K
L]

2018'A gkl 52k, A oA e A% 5 o AFAAY
sfjel yrgt vl FAlo F 4= F 24071 0= 2017
| tfulste] oF 31.1% = S7FtHKang, 2018). 7 Hal| <
of| Al WHAYSE 7t A]-29] Tl Q] Sj=]ef thsto] FAYEHR
5P o5 13371, w5 871, TA 997 08 24 AR
o, 7 T HRlof gt A O 2= 314222037, A4 247,
Az 571, Hol R 27, UIEY 671 S &2 YERGITE 2 RARA|
7] &L, Aol E8H AR o] 5 iAo R AAJEY L
o, EAAeE T 137102 A Yo Fof tigh AR A
Al8FSITE 4] Al w5l tisto] A2 i3 oFH, 5P Al
49.6% (6871), ‘Fall- 25.5% (3571), AAIA] 10.2% (1471) 2=
© 82 AE| o, A Jafiet a ol A 7 o] s R
27} Q= S BAIZE G 67 Al SOl Al & BlF o2 95|
Helof| tfgt 42 o] =53l ch(Fig. 1a).

FAE S HE Yot I, A, s 5 5 114

F5ol gk e 2ALE AAISE o, 71 = ] dQlol gt
olg|EAl o] 7P who] A H F5-2 21525671, 40.0%)°]
oJth(Fig. 1b). 1 th&o 2= {3 1671(11.4%), ‘W3] 147
(10.0%), ZE=/%0] 137(9.3%) <=0 & Vrepdet. oy} of
A)RAHE AYAE S A 2R (2018 )0 wh2 i Z5 AYAkeFol A
o577k Aol Al 3.62% (80,485 ton)E AHA|BFAL QLo ol
O A Foll A 71 o] AFRISHAL Q= H X1(46.3%, 37,267
ton) T2 2 Zu|E2F AAEFo] 28.2% (22,686 ton)E A}HA]
ShaL Qi o|ef o] o 79| F QFA YA F i FE-S A} A5}
= g Aol vlsf| YAateFo] A2 zu|Eetof thgh wjsf ¢Ql 24
Ol2|7} Wotd olf= |AI7}
3 52 22 2 A2 A AE Aof itk Yol =2
o], A 4] p2of| thgt & 7ol 7] izl A& Al
tH(Do et al., 2016; Chin, 2018). T3k, GF2A1E 2] 2] 749, SAFA|
Aof| A T 2 e APatE]o] A AL §lof Bk} Zh2 S
ARl AE A gRlo] A A 7] wfiZe] Al g AztEe)7]
o A7 o] w2 GRAYE D]l E AR 2 AT
FAR L} -2 2 5ol gt wsfi7t vl d] A WAgsh,
sHA7| o= 2uEe 22 WA E50l it wls7t wol
HHAYsk= A 9S UrER L Qi

A9 wjafEEo A EA =H(Fig. 2), FFA7F A=,
DA, 2952 5 107 FFo 2 ohefgt F5oll Al HAsf
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Chub makerel (0.71%) Japanese amberjack (0.71%)

Dark-banded rockfish (5.71%)
Rock bream (5.0%)

Sea bass (4.29%)

Striped mullet

e

Blackhead seabream (3.57%)
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flounder (11.43%)

Fig. 1. The number of inspection case for the detection of pathogens (a) and the inspection ratios according fish species (b) during 2018.

Zhuagslglom 1 thg o Bl ko 2 GAE, FE, B
5 77 B i A7 YR A0 ek Fig
2014 B AR, 2 A4 WES F Al gt
AR B Hlolo] 2aB(57)0] 71y ol BAolHG
FH0 R vepiith. 119 BF0 2L BHA(117), FE(T),
S5ol/(67]) 0.2 et on], WafRel A Rl e(16
2yl 714 ol w4 ol=lakeli, HEHA(OA)R RS

iu)

£JA](2,256), AAIX(1,378%), ‘Hallt(674%) &0 = oF
A of J HAHF HAAA} ZFH 7} FAS & staL Q=] A
AX 2} allte] T A oflA] oFAlol ol thgt HAta]s| 2=
of| thgt Fit-S vl st FA ol WA &l g AR E
o} dallto] ol F2] wAtajsfofl thet A1ej=7t X woktt.
23 AAA = THE Ak g o FRE RO 2,
S Ho)eF L2 FF50] Wol YA E]A| AL Qi o]= AA
Aoh ot o] FAEHE A SHE aEste] & wf AAAZF
<ol Bl 272 Ik WAL R4 S x7o] o 7ok
o]9]9] FAMES FAlsl7|o A3}ty wioletal AR
c} o] Fof A QlojA, 2 PE-2AA 5 3 A ]l F
ast o]y 24 Q19| Biglr} o] FollA| theket AEH A

2 21-g-8to] o o A tiAt 24, A% sk 22 A 2l
o FF& FAU o7 B Aol d&F= 571 wizelth
(Do et al., 2016; Chin, 2018).
et 5 670 Al-TollAl =Rt A RS2 RE 7S, At
A WA 9] 7HEE3H-S Table 20 e it 714854
o] ke 2, 247 A 7o & 22 24 7IAI
© AR 2 Al 5 A B ARIALE Al Qfstale 5t
T 5 N Al AlREA oSS 2 Al EEFOI
W= GIcH(Table 2). ¥E= 1%l 7|45 2.2 Microcotyle
sebastis, Alella spp., Argulus spp., Longicollum pagrosomi,
Cryptocaryon irritans, Dactylogyrus spp., Trichodina spp.,
Benedenia spp. & ZALE| e}, 7k A]-2ul} ofrlul 55 B2
AEEF0| AAAFE B FYA AL ophr gFnche
A#EF AUol 52 e & 4 on, I FoA = 24
A7t 2 FFoll vlsl A A9k o] o] %-9-ol+= Benedenia
spp.&] Aol 100%= A Welstth defiwte] -5, ob7tr]
S AEET Y Aol AAT A e Aol =4 w
Ebt o, 53] 2u]E2of A= Argulus spp. o] 4 9| =]
7 S FAIA ok tha A AEEH U 22al A
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Fig. 2. The number of inspection case for fish species by region area for 2018.
Table 1. Primer sequence and PCR condition
Virus name (target gene) Primer sequence PCR condition Pi'; ep Eﬁg;mt
RSIV 5-CTCAAACACTCTGGCTCATC-3' o 570
(Pst | fragment of genomic DNA) 5-GCACCAACACATCTCCTATC-3' 04°C(30") 56° 093 )07(2 ) C(t) 30cycles
RSIV 5-CGGGGGCAATGACGACTACA-3' 72°C(1") y 568
(DNA polymerase ORF gene) 5-CCGCCTGTGCCTTTTCTGGA-3'
5-ATGGAAGGAGGAATTCGT- 94°C(5')
VHSV (Nucleoprotein gene GAAGCG-3' 94°C(30") 55°C(30") 68°C(1) 36¢cycles 505
g Y
5-GCGGTGAAGTGCTGCAGTTCCC-3' 68°C(7")
. , 94°C(5’)
. 5'-GCACCACGAAGGTACGAAAT-3 04N EEO((1 790 (4!
MBYV (Polyprotein gene) 5.GTACGTTGCCGTTTCCTGAT-3' 94°C(1') 55 (;(210)&120'())(1 ) 40cycles 597
5 ACCCTGGGATTCCTTGATTC-3' 94°Co)
HRV (Glycoprotein gene) 5. TCTGGTGGGCACGATAAGTT.3' 94°C(30") 55°C(10") 72°C(45") 40cycles 533
72°C(5')
95°C(2))
5-ACACTGGAGTTTGAAATTCA-3' 95°C(30") 57°C(30") 72°C(45") 605
5-GTCTTGTTGAAGTTGTCCCA-3' 40cycles
72°C(10))
94°C(2')
5-ATTGTGCCCCGCAAACAC-3' 94°C(30") 57°C(30") 72°C(45") 255
5-GACACGTTGACCACATCAGT-3' 40cycles
72°C(10))
VNNV (RNA2)
95°C(2')
5'-CGTGTCAGTCATGTGTCGCT-3' 95°C(40") 55°C(40") 72°C(40") 420
5'-CGAGTCAACACGGGTGAAGA-3' 25cycles
72°C(5')
94°C(5')
5-GTTCCCTGTACAACGATTCC-3' 94°C(40") 50°C(40") 72°C(40") 204
5-GGATTTGACGGGGCTGCTCA-3' 25cycles
72°C(10))

RSIV, red sea bream iridovirus; VHSYV, viral haemorrhagic septicaemia virus; VNNV, viral nervous necrosis virus; MBV, marine birna virus;

HRYV, hirame rhabdovirus.
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Table 2. No. of fish examined for the detection and pathogens isolated from culture fishes in 2018
. No. of fish Body length Detection of pathogens
Fishes . ) . .
examined  (cm) Parasite Bacteria Virus
Blackhead seabream Microcotyle sebastis (7.4%) - . )
Acanthopagrus schiegeli 2 %18 Aelaspp. as.tos) - Vemoravey
Filefish Vibrio spp.*
Thamnaconus modestus 2% 199822 . Vbrohaveyr o
; ; o
Red seabream 16 17.6+10.69 Microcolyle sebastis (.7%) - py tohacterium damsalae RSIV (4)*
PaGIUS MO | e Dactylogyrus spp..(3-4%)
Olive flounder
Paralichitys olivaceus 20 292128 R L
Pseudomonas taiwanesis
Streptococcus iniae*
. . o Vibrio harveyi
Rockfish 671 201745 gfc@i?ﬁ?jﬁéiﬁ?(@&/f)@ Vibrio spp.” RSIV (1)
Sebastes schlegelii B Argulus spp. (3 6‘3/) ’ Photobacterium damsalae
g Pp- (3.0 Vibrio alginolyticus
Tongyeong Vibrio owensii
................................................................................................................................................................................. Stiptococcus parauberis
. . Vibrio harveyi*
Sea bass Microcotyle sebastis.(1.7%) e .
. . 116  23.8+10.14 o Vibrio sinaloensis -
tatcolabraxjapenious ) el 030 Vierioalginolyticus
Rock bream .
Oplegnathus fasciatus %0 18851 T rev ™
Vibrio spp.*
Dark-banded rockfish o Vibrio harveyi*
Sebastes inermis 103 14.9£2.61 Daclylogyrus spp..(8.7%) Photobacterium damsalae
L. o< A
Chub makerel 6  28.9:06 - Vibrio harveyi -
O DO CUS e
Japanese amberjack ) o
Seriola quinqueradiata 7 43.9+1.18 Benedenia spp..(100%) - -
Trichodina spp. (57.5%)
Blackhead seabream
. 40 18.810.88 Dactylogyrus spp. (25%) - -
Rockfish
Hadong Sebastes schlegeli - e e o
Latococcus gariveae
Striped mullet 142 31442 1 Trichodina spp. (2.1%) Vibrio vulnificus )
Chelon haematocheila 7" Dactylogyrus spp. (1.4%) Vibrio spp.
Vibrio sinaloensis
Filefish Streptocooccus iniae
o . " i
Thamnaconus modestus 25 18.5£1.09 Dactylogyrus spp. (4%) Vibrio harvey{_*
-1 A
Olive flounder Vibrio scophthalmi
Geoie Paralichthys olivaceus 112 31.0+10.68 ) Vibrio spp. )
B0 e L s s
Microcotyle sebastis (1%) . .
) Dactylogyrus spp. (3.9%) P'segdom onas taiwanesis
Rockfish .. 103 28.7+4.30 Cryptocaryon irritans (1%) \/{br/_o harveyi -
Sebastes schlegelii o Bénedenia spp. (1%) Vibrio spp.
Argulus spp. (1.9%) Streptococcus iniae
Striped mullet Latococcus gariveae™
Sacheon o eion haematocheila 9% 34.1£5.02 ) Vibrio harveyi* )

*, bacteria were observed on co-infections; **, the number of virus detection inspected in analysis request; RSIV, red sea bream iridovirus.
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Table 2. continued
Fishes No. of fish Body length Detection of pathogens
examined  (cm) Parasite Bacteria Virus
Filefish 29 14.9+2.33 - Photobacterium damsalae -
Thamnaconus modestus
Goseong Olive flounder Vibrio alfascensis
Paralichthvs olivaceus 30 28.243.93 - Photobacterium damsalae -
4 Vibrio alginolyticus
Blackhead seabream 20 25 941 17 Microcotyle sebastis (5%) ) )
Acanthopagrus schlegelii == Alella spp. (90%)
Red seabream Microcotyle sebastis (5%) ) )
Pagrus major 120 34.425.57 Longicollum pagrosomi (66.7%)
Olive flounder Vibrio harveyi
Paralichthys olivaceus M3 347428 . Edwardsiella tarda )
Photobacterium damsalae
Vibrio spp.*
Namhae Rockfish o Vibrio alginolyticus )
Sebastes schlegelii 270 24.9¢3.19 Argulus spp.(41.5%) Streptococcus iniae*
Vibrio harveyi
Vibrio parahaemolyticus
Striped mullet 20 32 5+1 54 } Lactococcus gaweae )

Chelon haematochei

Vibrio vulnificus*

Rock bream
Oplegnathus fasciatus

Dark-banded rockfish

Sebastes inermis 37.114.58

- Photobacterium damsalae -

*, bacteria were observed on co-infections; **, the number of virus detection inspected in analysis request; RSIV, red sea bream iridovirus.

ajotol ual Zo| thoFslA| AN 7| = TSR] B
Hojz)7} Bord o) Al-whs the 4are Relra oot
ARAe] 15 A AR tha WekT ofe] el
F 50| PETIE AE HOTL olrk o] I AR
o] galo] Qo A] £AL Ut ol =A FeiA 9l
olo] 5t B3, AYef5ha S0 HEshaog wro S

Fo] o] Folfl om, X &A Q1 MU E|Eo] o] FX|aL 9]
A9k, o143 2] AHmortality) S 7

ot FE (G E- 497 2 monitoring 5)2 F-53F
o}Qltk(Paperna, 1987; Scholz, 1999).

Al A es B =W A A o2 67) Al-tollA] H
Hele Alete] fEo] A v glom, Al 74
WA B2 FFo] A& Aolste] FAIEFH7 7} tha of 2l
A2 o Alit 54 43S HH A Z & H|H e e Aot
% Vibrio harveyi 70| =7 et L 152 & 471 Ao
H] 2 2] @ ¥ (Vibriosis)= <:3:(host) 2] A73A e of] wlefbA] W&
ks 713148 Alete g2 g A glow, s # okt
APl AE AR S Fsh= A5 v|EE 2 Aldo] A= AL

2 B350 It Gomez-gil et al., 2008; Frans et al., 2011;
Froelich et al., 2017; Rubio-Portillo et al., 2018). Table 22] A

ol 2 OofF 2 Rl o oo -

57 Aol A He AAY, Al Aol 1014 <5(host)
of thgt Sol/do] 3lb& A= Hol= Algto] Sl=H| vl Lac-
tococcus garvieae©|tt. o] M-S ThE Mttt g8, T2 &
FolAM= Aol glo] Fol(striped mullet)of AR F2 57 =
ek Holet.

ulolj2A Argo] e Al 2ol Al mHlo Bl ARSIV), v
EESEERELE 23 5 %)
bolei o] tiat gelel e A, B0t ol
9] Z5(red seabream)t & (rock bream)of A7 RSIVe] tf
g oAkl 9150, o uholel o] AT Siste]
RiAakel abgeiiol] FUAITHS ojistel HEole) R
vfolzl 2 opgol et Shg ek AtE Wtk FEole|wu)
o]y AL AR EA T H Ol A3E HAMEY Ayog

Bg 5ol gk,

o)/ Aol A 67 Al-wtoll Al EAE R AW A
A S, Aok o2 E% 9 AH7H Aol hAl g oj A
o2 7%, AlE 5 7 W aAe] de s n ok e
HONYTHAIE 22 Alt+told A ) B30l =2 A= ¢
= ITH(Table 2). Jung et al. (2012)0]] &J}H, E5of w2
LA AFulEol gt Blald Ao 71485 %%‘OSEE} Al
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w/71% SFEHe] w3eH 2F oo A =

°] 46.0%= =AM 3L, 57| o= 718, At Bho 2129
=9 HlEol w2 AR Rusklth. 2AM 7|9 ti <
& < o=l 7K Asfor & o] iz, & Aol o] At
S Ag7HA] Hire A gl dieh A2kt 2544
o2 Blasr] ol o Hol AR, FA ol F Aol A
oA B A dEA AR 2F o) e S E e Aol =
oML E& & 7

ofgt ®Aoll tiet AAd Hotol wht FAYE
K ihi*’ﬂ oA &= @1‘%“—‘.9] %i%‘rol Aad A

o

ﬁ?P—ﬁﬁiﬂEAOHﬂHﬁ+ﬂﬂ%%ﬁ%&ﬂﬁ%&

TY HIEEY 2F o)/ e] S HlEol A WAk 9l
o] AW 7 T2 o © 2 5917+ (co-infection)ol| Tt

7 &S o83t 28 A4S efe] & Zart S
otk T MAUSS A= ‘4% A7 FA A=
= %‘( co-infection) 317 Ew 3 WA gH oz ols}
o] s33=Q1 FAAYE A HAA A 9 tﬂﬁ}ﬂ OHPOP‘" &1 o]

= ﬂoH o2 A Aol tist synergistic 22 antagonistic
o7 Z-g3tth= B a7} 9Jt) Atlantic salmonol| A Aliivibrio
wodanis®} Moritella viscosat= 4] = antagonistic interaction2-
5t= Ao &2 B 1159137, Chinook salmon©|| 4] Renibacterium
salmoninarum} Aeromonas hydrophila:= synergistic interac-
tions 3= Ao 2 H 1 EQIth(Nakai and Park, 2002; Kotob
etal., 2016; Moore and Jaykus, 2018). wh2bA], A2 o} Y
Aol thgt synergistic TE+= antagonistic interaction®]] t]gt 7]
2ATE Fol0] PAER] E7H (corinfection) T71 %
= o] 8o ZN WA o] AufH o R EH*VS‘ T = Aol

o)/ 2AMATE Fotol, Al A EEol et Al
HAAgl gt 7| 22w = Ale gt 5*] of AU kS
1

oo 2 FARE WYY £ Yo DA U E 2

92 Ao of AT
AL AL

ﬂ>%

R L EE L D

(R2019058) ] ©J3] 4= = 251 T
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