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A Nematode Infection in the Epithelial Tissue of Cultured Rockfish
Sebastes schlegeli in Cheonsu Bay, Western Korea
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Pathology Division, National Fisheries Research and Development Institute, Busan 619-902, Korea
'Department of Aqualife Medicine, Sun Moon University, Asan 336-708, Korea
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We investigated a nematode infection in the epithelial tissue of rockfish Sebastes schlegeli cultured in Cheonsu Bay,
western Korea, from May 2013 to April 2014. Nematodes infected the epithelial tissues of various external organs,
including the fins, operculum, nares, mouth, and head. Over a 1-year period, the overall nematode infection rate
in rockfish was 55% (1=89/163): 56.7% (1n=17/30) in May 2013, 88% (1=29/33) in August 2013, 0% (1n=0/30) in
October 2013, 70% (n=21/30) in January 2014, and 55% (1=22/40) in April 2014. During this study, the only mass
mortality of cultured rockfish in Cheonsu Bay was in August 2013, when we identified skin wounds on the rockfish
caused by the nematodes escaping from their hosts. During this period, the accumulated mortality for 2 weeks was
1.4-22.4% in different farms. In addition, several pathogenic bacteria (Photobacterium damselae, Vibrio spp., and
Streptococcus iniae) were isolated from the moribund rockfish; these were thought to be transmitted through the skin

wounds caused by the nematodes.
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o] Ala FA] 9 AF o] H2 AAE U5k tH(Gonboy and
Speare 2002, Moravec et al., 2005).

o}5i+= 415 (Nematode) 9| 1+ 2> Fx57F =, @
A7HAL oF 650 o]/Fe] AFol offroll A= A or B
wof Qlh. dutA o2 MFE A4l o foll A T2 A H
7hom, 1 Aol A FHtsTE HRE 57| wiiZe] Y
HE FA 2o FAlojRolE SRl dEEE d9=
WA ot o]0l A= Camallanoidea ¥ Ascaroidea -2
AZ77}, djatolo= UukA 0 & Ascaridoidoiea (Contrace-
cum, Pseudoterranova, Anisakis), Camallanoidea (Camalla-
nus, Culcullanus), Dracunculoidea (Philonema, Philometra),
Spiruroidea (Metabronema, Ascarophis) &2 A%F2] 7+
o] B 11Elo] QtiEdward, 1996). YRtz o2 AZ0] &2 7}
SO A PTG Ee A Bofo A AE A S-S gick o
o] T2 5o & 2ol AAF 7oAl = FHIE skl gleH,
o)A O] - 25 skl Qlek. &jul= Fu] oA E8|ek
El2E Hoq7] wiZel 4Ast] fleliAl= g7t Easi
A58 5ol H7I71A] 43] gujsiaL, A 57174 5ol Hrt
(Egusa, 2006; Park and Oh, 2009). X152 Z}-3-0|A| 2, tj &
O] ool 7|45k A HE O R UNHH O FofA ol
B3lsle], ARG 88 A2 WAL, Camallanus 2
Philometra < 15-9] Z$- A 2.2, AF0] A7 E 5o =2
W) ol A3l AL AR L FUGF U
A Slof, o} F477} i o177 0 o} Rl 4] 450] ¥
W, ol 7} S5 B9 F4) H olgollA my
2 94, 0 o8 B4F HL A, R 52 hE ool
w 0w 77 ool A] %0 & AT Edward, 1996).

20129 79 A3lo Y= A4nk(126.42°N, 36.60°E) -
g} 7hEe] FAE 7 Stoll A Akl s 2ulE oA A =g
n], op7hu] F274 0] Ahu] 22l 7 E= Aol H 2= el
oL, GAl ofe] 7H] o] f= A 54 E Fsl Soll gt
ZAR7} o] RO X A] Fek A 2 Atell A At Ay
7hre] A ulEEollA siY As Y 9 oldl A
A5}a] sjelals] lako] 20134 SUE 20141 427 14
2% s3lo] 2 Wk Qv 2R qares o 4%
Zrelol thet wjs) 2 ANS ST E A0l 7 B4 o
317] Slstol AZeeh 2ulRete] ik Qkxel AuAARl
718, Alat A vkl 2] FARS pagst gl on, Al A5 3
& 4 s gAY TAE At 2uEE A5 2
ol thgt 7|2 A2 5 A 8taLa} shik

E U
2Ol LA Sig ZA AR RF

2013 59, 8%, 10%, 20149 1€ W 4%, & 53]of AA oF 1
A7 At Hdaent Ao o] el Al7HeE] 671 A4 (Fig. 1)e] =1
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Fig. 1. Map of sampling sites in Korea.
A, Wonsando; B, Sodo; C, Tangye; D, Gumae; E, Daeyado; F, Dangamri.
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AFAALE Slstel gt g 24 FRAoR A5
5 1.5% NaClo] 2234 Brain Heart Infusion Agar (BHIA,
Gibco, USA) Batufz]of =3t 7 257C r2ujek7]of ujef
SEATE HiFE At A2 AAlste epEestie
o, & 4= A8l 16S IRNAG-ZAL] Tt G714 E 4=
A sATE 22]49] genomic DNA 23} PCR 2418 417
2} 54317 High pure template preparation kit (Roche, Ger-
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many)%} Ex Taq® (Takara, Japan)2- AM2-5}31C} 16S rRNA -
AAL= Table 29] 274 © 8 PCRE 43519111, ZZ3 PCR
AFE2 A7) 9% 0 2 bandE 18 3, Gel SV kit (GeneAll,
Korea)2 % A5} Topo TA cloning® (Invitrogen, USA)< ©]
&35t0q cloningsto] G714 D& SIsHT. 714289 24
= Genetyx Ver. 8.0 (SDC Software Development, Japan)-=-
AR5 2.1, NCBIoj| A A|5-%+= BLAST program AR E

ol-g:3to] ABAL vt

HHO[24A ZAL

Aol o] Al v 2215 AEsto] nafgt | High pure
PCR template preparation kit (Roche, Germany)S AM-5}¢]
DNAE $53}1% 1, Easy-spin Total RNA Extraction Kit (In-
tron, Korea)E AR8-5lo] RNAE =3t F SuperScript™ I
Reverse Transcriptase (Invitrogen, USA)E ARE-51o] ¢cDNA
= M5k PCR £4-2 Ex Taq®™ (TaKaRa, Japan)2: ©]
gato] iAol whgkom, ARl primer set W PCR 271>
Table 20] fERiolch, S2H AHEe 1] 9502 Blslg]
o, BE PCR £#4& p4tl% 8 24U 2S B el
Atk siitolo A == HEE= Hio|H A%l so| e EHlo]
212~ (Red sea bream irido virus; RSIV), Hlo]g{ A &S AT
d3dlo] 2 (Viral hemorrhagic septicaemia virus; VHSV),
vlo| g AA AL I AREHo] ] A (Viral nervous necrosis virus;
VNNV), v}zl yslo] 2 2 (Marine birna virus; MBV), 3|2F
WS eHlo] 2] 2~ (Hirame rhabdo virus; HRV)E #HA} tiAle
2 3} polymerase chain reaction (PCR¥H) .2 HAFSHAtt
(Table 1). 525 AHE2 1.5% Agarose gel (Bioneer, Korea)
= ARESto] 71952 AAlsEer UV 4ollA] bandE
M=

Table 2. Oligonucleotide primers used in PCR amplification

W7 - ol2d - AR -

z .
TEE

w4 H3lG - A8 - gEn

[e]

o, A|=2u|u op7tu|E74
20). 14 o] A& WAl o8 RAAHA Fol A H2M
O] A5 2l & 4= Al=HI(Fig. 2F), 2 Aol A 222 el
H oA 295 A diRtR 7HEA =gn] daa A=
Ato] 2] Aul Eefell 71 who] ZHa E| o] 9llom, 71 9of| & o}
77, 50l A=, 71 9] A=gn] 9] Aol A = o
U= o] ElE ]l

Zul et gt A2 H2M Y3F o2 Al
© &2 st E Y o] ufjEskelnh 2 AtollA= A
782 HIoto] oA ol A 2l AF-2] genomic DNAE &
310] 18S rRNA -3-%2K(1,483 bp) 8714 E-& 54, NCBIoJ| A
A& === BLAST program 7§ =5 ©]-8-5}0] /-5/d2 H| LS
ot B4 A3 g5ojoA 2elE= A%F< Philometroides
carassii®} 9T%E 713 =8 AF=AS LER ¢l o L(Data not
shown), % 2}s] YAot= A5 F48H= Lo, Ax71A|
Genbankell 555 AF = 74 A E7} g A 0]7] ool
fFAstd o 2= ele] 574 & 4= glof, A 2yl e AF9
T 5782 Hote] Fefshy] 4 A2 13 Sl Aot

20139 5YFE 2014 49712 oF 1d7E =0t A 674
(A-F) 219 9|(Fig. 1) 7}F2] Al A Aot 2ulEe9
2 HAAF ATHE Table 1] e ieh A1 59F9] A
Tk Addjo] A7 4222013 5¢ 10-127T, 20134 8 25-
27, 20134 10¥ 18-19C, 2014 14¥ 3-47T, 2014 4¢
9-10C & Yk} 20139 59 @ 1090 2ARE 2H2 17)14
9] FAI 9 2013 8Y 117 & ALkl tREe] &1
et FAA oA Ao g I3t HA7} HAYsEA] kTt a4

2
nn
hil

Gene Nucleotide sequence of primer PCR condition Size (bp)

RSIV Forward 5 -CTCAAACACTCTGGCTCATC-3" 94°C (30 5)-58°C (1 min)-72°C (1 min) 570
Reverse 5 -GCACCAACACATCTCCTATC-3” (30 cycle]

VHSV Forward 5 -ATGGAAGGAGGAATTCGTGAAGCG-3" 95°C (30 SeC)-55°C (30 S)-72°C (45 sec) 505
Reverse 5 -GCGGTGAAGTGCTGCAGTTCCC-3" (30 cycle]

VNNV Forward 5 -CGTGTCAGTCATGTGTCGCT-3" 957 (40 s)-50C (40 s)-72°C (40 sec) 47
Reverse 5 -CGAGTCAACACGGGTGAAGA-3" (25 cycle)

MBY Forward 5 -GCACCACGAAGGTACGAAAT-3 94°C (1 min)-55C (1 min)-72°C (1 min) 430
Reverse 5 -GTACGTTGCCGTTTCCTGAT-3” (30 cycle)

HRY Forward 5 -TGAGGTAGAGCAAGCCAACA-3” 94°C (30 5)-58°C (1 min)-72°C (1 min) 563
Reverse 5 -ACATGACTGGCCGAAAAGAG-3” (30 cycle)
Forward 5 -CTGAGCCAGGATCAAACTCT-3" o _40° _79°9

165 IRNA 95°C (30 5)-49°C (30's)-72°C (90's) 1,404

Reverse 5" -CGTTACCTTGTTACGACTT-3"

(35 cycle)

RSIV, red seabream iridovirus; VHSYV, viral hemorrhagic septicaemia virus; VNNV, viral nervous necrosis virus; MBV, marine birnavirus;

HRYV, hirame rhabdovirus.
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Fig. 2. Rockfish Sebastes schlegeli infected by Nematodes.
A, Nematodes infected rockfish; B, Pectoral fin; C, Head; D, Oral cavity; E, Base of pectoral fin; F, Extracted Nematodes.

£7191 79 WY 8Y 24X 237k 2y Bt wAkgel = & &Y F P A)E AQlsta, BE 2} 2| G A}
AE7IZE ol 7P ko s 713t 2ulEet A AR A7]o) S Aol 2lE )l o v (Table 1), B= HAPNA oA

0-22.4% = YEPITh = AR A E 2= 201313 10D o]l A vholeAe HEH A Aotk
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Fig. 3. Rockfish Sebastes schlegeli infected by Nematodes and pathogenic bacteria.
A, Died rockfish in cultured cage; B, Fin and operculum injury; C, Hole in fin; D, Hole in abdomen; E, Lost of the caudal fin; F, Skin hem-

orrhage.

A9 HAES 2013 59 A 37 A0lA 56.7% o= oFAIR 3740 A 0% (n=0/30), 2014 1Y 2FAIAF 3

(n=17/30), 8Yoll= FAAF 8740 4] 88% (n=29/33), 10 720l A 70% (n=21/30) L 4Qofli= oF217} 47 20) 4 55%



(n=22/40)= YElstTE Eo]|& 0 7 2013 8Y A 23]
&2t HARE EHRlE /1o (Fig. 3A), Aol 4dd £ oAl
QR 2 WA UrFEA AT th=o] A7 EelE Qi 2ulE
2Ho] Al =] A4 2 9 (Fig. 3B, 3C), A|=&{n] 7|7 7
(Fig. 3D), A =2fn] A5 =ek(Fig. 3E) 5] 42 o7 A
ESU AR Az FHH= AR ALY =D 5=
A s=HEeFITh(Fig. 3F).

3|2 ete] ok A7l SelE, 20134 §2ol A% Bt of
et 24 BE 2] Eete] Y5 g7]o] 1250 Wk Al

o] Zro] B2 & A th(Table 1). E-&]%H Al+2] 16S rRNA -4 A}
A7 B2 Photobacterium damselae, Vibrio spp. 2
Streptococcus iniae=Z 574 = % 0™, ZF ZASE QA1) ) B
Elﬁ B AletEol AFo|7} Al A2 21w ¢ltk(Table 1).
B oqofA] Held g5 nF 2u|2et] Hio] gle A
o2 dHA gloj(Vendrell et al., 2006; Won et al., 2008; Jung
ctal., 2012), 5 B eto] djg oAk 2 QoA Eoj el
A Al 7ol #8291 Ao 2w,

ZAR} BLE Z3)BetolA] o] 7 A AEE A5 vl
= sjelaba] ahglont, 20134 5ol AELS AN gt 2]
ol 4 o] gk & 12090k o] Aol HelH g
20149 1€oll= 1-93u12]7H 4dofl= 1-262012] 2] AFo] &
2JElgich. 1) ATpm e HA%o] 7ol Y 2ujRete) )
AR A Zol7F U= A& ER1E = 91 2ITh 2014 4]
HARE A%0) o] 8 5715 248 23} 211k gpAlat 2]
E2o A= 15.543.5 mm, 29+ 15 mge] A150], 37t Q4]
gt 2] Eeo] A= 19.5+2.5 mm, 37+ 8 mge] AZo] K]
AUtk 59| =271} ol ARG7Fe Aol qlof Kol A st
2] 0 2 (t-test) A= 4SO, AR} AF 7] ARe]
oﬂL 574]6-}7(4 o7 0o 4;(40] 0:]3',}-A“]0] 04% 7/-]\g§ 1/]-]:/]_1}5\-1:].(

N3 70|, P=0.43; A% 54|, P=0. 22)

OIZH At 75'4 ojfroll A% A AA7F =59 AH
20l HARE o= 7 9= 7 9 ¢l i ck(Park and Oh, 2009).

ol

B AT ofo} nBTHA R MF B 74 Ao A e
of WAt Bl E|A] ghoron], & gebH o R Auefuitof
7he) 7ol Ao] Al vl Betel A= £ B 55 of

& S/gol FRIEA| 3ttt o] gt Avf= & ) 2yl A
4G AA7E sl A A HARS gty Hobe A
o] whA] Lzt 7 Hoﬂ A7 AHE Fokod 22 At 2
o] dAyste] HAE AR A o2 4 HELh
AL 71 2 el AERel Yol A
Q1 Philometroides cyprini®] 73-%- oA 72 W&
o] F1t=m4l EH:"—'TOH e A7 HollA 6-74 -
5‘015] , O] EHIES Jol7h H o RS0l Jof
Ei}ow ok 01?7 HAASE Aoz OlEOP@l e,
A, A 2 SOl 71887t A< o] 7 e ol e 4
o19] HlEFHU R ol5 % At A5-& A= Zo®

_0/]
H A
Ul—
9

s Aea 609

&4 Qlth(Egusa, 2006; Park and Oh, 2009). & Lo A =
20134 1094,4 _,_J_]ial—,q /\ﬂ% 7l-oﬂ o Z}\]_b‘]— 7:14_ o}/‘a
A 715 HAboll= As ol B1EA] %}%}9“% 20144 1
Yoji= Lok o @ K3 7o) FolE Q) A2al e}
oA FHTE °1Tr°ﬂ 7‘°ﬂﬂ7l o] 49 E’rlﬂoﬂﬁ, de5 9lst
of th7f 21721 871+ (copepod)E F1H&55= Fhrk(Wang,
2002). o} 5ol 7148 OP% A%-9] durAel *PHPE 44l =
ol 8-10€ 71| = of Aol A whA U7 k= Aol St 2
HE= 77Ol A, AFol S5+ %“E‘ﬂﬂ— A F&5
2l of ol A= ARIRE LrbA 2l & F Zr¢lo] opd o 5—7-‘1
o ZFo] Hof St oz Zhedo] FRIERA] %= 59 74
< Aztel & da7) 7l

Alsfjet et Aol o] zuj et 7P 2] A A
T4 5m oJstz, Bla A pA4fo] 712 Hefeh 9l ot
A= 2 A0l S/do] HWol thEth A7
I} Fafietoll A FA s RuEEA= ol E2 A%
H7} B 2] b= FoflA] Hprte] X201 £4do] A5
I Aol A= 7 A= qlof, At o] Qo] B A
u|Zgto] A 7o gt =714 ol ZA H sk 7

e}, Eak AE R0 B S ZEE 43S ARSI AL
E7FsstE 2, 7rghe] dAoA SR /\_]T—‘] X
ekefolof tie), tjeb] M) FOA% G LHaz
sto] 4 ARE A7 el vt @97t Bad

o

o & o
N o
T

.

E
=)

3o
BN o2 g2 e Hn

1o N

o oE
Ni II

Yt o o
il
o
1

o e,

HAAH 02 2] Bete] 7| Asks A% BRI Bg
491 @719 o G0l el ol A5 Kol
oLk, AAAD| S Bok WeehA 4 U sk B4 BA
R R LIS vaﬁo} A A7 Fof ik &, o]
o AR HF] 2RAQ TAZ AL A% AEAL 7

gol Hag Ao
At AL

2 ATE FYSASAGAIELY B4 A7 RP-

2014-AQ-072)2] 2| el oJaljA] &G = A5t
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