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Edwardsiella ictaluri Infection in Cultured Yellow Catfish Pelteobagrus
fulvidraco Fingerlings in Korea

Jin Do Kim and Sung Woo Park'*

Fish Pathology Division, National Fisheries Research and Development Institute, Busan 46083, Korea
'Department of Aquatic life Medicine, Kunsan National University, Kunsan 54150, Korea

We observed yellow catfish Pelteobagrus fulvidraco fingerlings cultured in land ponds in Korea swimming in a cork-
screw spiral pattern while hanging head-up and tail-down at the water surface, before eventually dying. Externally,
these fish displayed “hole in the head” disease, pale gills, and hemorrhages in the base of the pectoral and caudal fins;
internally they had liver hemorrhages and kidney discoloration. The bacterium Edwardsiella ictaluri (YCK-01 and
YCL-01) was identified in the kidneys and livers of diseased fish via phenotypic characteristics and PCR analysis
using the ictaluri-specific primers IVS (an intervening sequence) and IRS (the inter-ribosomal spacer). Infectivity
challenges by intraperitoneal and immersion routes showed that a representative bacterial strain (YCK) exhibited
strong virulence to yellow catfish, with an LD_, of 3.2x10* CFU/fish and 2.5x10° CFU/mL, respectively. This is the

first report of E. ictaluri infection in yellow catfish from Korea.
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Edwardsiella ictaluri= AW A|+3}to]| £ol= 13 &4 7t
0.2 | 7| (Ictalurus punctatus)®)] enteric septicemia of
channel catfish (ESC)2] 21+ 2 & (Hawke, 1979; Hawke
et al., 1981; Waltman et al., 1986), <3¢ E9o|4Jo] 7J35}o] A}
s AN ik(Ictaluridae) ] of Follvt FE = HA YA =
I Eo{H th(Hawke, 1979; Waltman et al., 1985; Baxa et
al., 1990). =3t Plumb and Schnchez (1983)% blue tilapia
(Sarotherodon aureus)ol+= 7F/d¢] AN golden shiner
(Notemigonus crysoleucas), largemouth bass (Micropterous
salmoides), bighead carp (Aristichthys nobilis)ol+= 73
o] gltk= A A ES Sdto] dSshaieh 1eu v
o] AH&3F 71943 ol A European catfish, Silurus glanis
(Plumb and Hilge, 1987), 2%+¢191, Onchrynchus tshawytscha
9} FA)7H 401, O. mykiss (Baxa and Hedrick, 1989) & white
perch, Morone americana (Pasnik et al., 2007)= <A 0] Q)

© Aoz A, Apd A o] 9] 9] of Fof WS 7He A
o] Itk Zlo] 4|71 = it

SAN7VA E. ictaluri?} 74 Q== 0]% 2 & = danio, Danio de-
vario (Waltman et al., 1985), walking catfish, Clarias batrachus
(Kasornchandra et al., 1987), 3t=-AF W] 7|, Silurus asotus (B}
I} 4, 1994), 5dotit Wl7], Pangasius hyphthalmus (Crum-
lish et al., 2002), tadpole madtom, Noturus gyrinus (Klesius
et al., 2003), striped catfish, Pangasius hypophthalmus (Ya-
suda et al., 2003 ), F-Z| 7}<:01, O. mykiss (Keskun et al., 2004)
4 brown bullheads, Amieurus nebulosus (Iwanowicz et al.,
2006)0]| W o] gkl )¢l o X Loll= 2.0, Plecoglossu al-
tivelis (Sakai et al., 2008)2} 5A7H(Ye et al., 2009; Liu et al.,
2010; Yietal., 2010)0| = A Qe = A o2 BiE L Qi)

2 Aol A= TRl A= AY W2l o 9E 1holl= "
Z gk H(bullet-shot disease)’ 2.2 E2]11 Q= AW Qlt
o] E47} Q19 7ele] AThE W g},
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2013\ 8¢ A H59] A G ol A Rt FAN, Pel-
teobagrus fulvidraco (Bt A% 11.5 cm)E 120}2] & A9
olt}. o] 2-phenoxyethanol H71ate] u}# 271 TS €]
5SS BESI T A EHES T0% GEEOR AESH S 517
Sto] Uit 4ol T Wl A91gko) 2ol Mg ielc,

Wo}o] 7k, 1l 5 ARHe] 28] ARES Seho] Eehrol
Lo Gram@ A E= May-Griinwald GiemsaG A sh= &
Al tryptic soy agar (TSA, BD)ol| f&5to] 25T oA 484
ZF e eFstoinh W3t oS 4= 23k T API 20E % API
50CH kit (Biomerieux, USA)& o]-8-5}0] ARS8/ Alof| w2}
Askelz AAE AT B 0 & oxidase, catalase,
Oxidation-FermetationA] &, Sulfide, Indole, Motility medium
W 48710l e w8 ARo] ute} kst olc 4]gdol u
2 9k8-0 HE3HA v x| (nutrient agar, NA)ol| HE35}o] 25T
ofl 48417k B et T3 NaCl& 0, 1.5, 2, 3 € 4%7} = A1 & 3
7F3F NAS} nutrient brothol| £38}e] 48417k vloFst o} uF
R ]

252 ®F 459 Edwardsiella ictaluri (ATCC
33202), =4k 7] =] 32§ 2] B-4 (Park and Kim, 1994) & =}
A7)0l 4] B2|3t E. tarda (GEONGGL-01, Yu et al., 2009)
£ At

A= 5

Intervening spacer?} Inter-ribosomal sequenceA}o]e] H-5
S FZA]7]7] 93t Williams and Lawrence (2010)2] E. ic-
taluri-specific primer¢l IVS (5-TTA AAG TCG AGT TGG
CTT AGG G-3")¥} IRS (5-TAC GCT TTC CTC AGT GAG
TGT C-3)) AR&-3}0] PCRUF3-S A A5 L}

Uk 2 AL 9570 457F initial denaturationA]Z] THE 30
cycles (95C 30 s; 60C 30 s; 72C 2 min)2 FEA|7] o}
72°C, 10 £7F final extensionA] #tt. PCREF-E-2 A7) 95
5101 2,000 bpo] So] HEE 2ls3ict

BHIA®|| 25T o] 48417t vl t-S B8 242 &
# 10*-10’CFU/mL9] #+-& vHEo] B ALl 9=
AE 0| Bk Z47o] 3|4 0.1 mLA FEshelet. 2A) 3
AE HolA= =20l HF 5E=7F 1010’ CFU/MLE =&
WS H7Fe o2 F7 1A 7IHA] TAIZE A A Z T 2191 A Al
71 ¥ 56 cm x 36 cm X 30 cm ] ARZkpRRof| 285k S

o
DL

2k Eloli= Folalx] gigron, taae AR A4S Al
EREEREETEY

87} 4% E 1A A olRE 1097 Ag el
i HARE dEsA o, +4 HAke2 Reed-Muench™]
(1938) 0= 53t} & H|Ato] W AYzko] O ZH4ar} 4170 =
W E-S May-Griinwald Giemsa@ 25171} SS agardl] 435
shol AE e RS AEsieich. ok WA F A
M= 5L 2719 v 3ol A4 22 2102 AlS Ak
steld 240l Al 458 B,

Zn

Kl
Lk

ALY 22 27T AoH, HHole =Y A
3, 7he A= u] ot me| A eu] o] WA, e v kA4
9 TS HEUIH(Fig. 1A-10), t2= 53
ol A =g frgstHA HARsEATh WA 2e 2 A
do] BA gl o] F=alskltk(Fig. 1D). Z2u o &
TRV Hol= AL B Ao S2lof ofgt Aoz A
Wt A aE AASHH A 2ol ol o e
T AT EFE s Aol flo] Aol Mot w4
FAIBEAL QUAUAINE, Fmate] A Fejof whajo] A
FrSAeh olo] AT v-e =Hete] Gram @A E=
May-Griinwald GiemsaGAslH E-2 A7to] 2 3k
Ak AW Aol whebal = AR T to] EAE AL Q= A
SIe Qlow, ARe) npaRutobAl= A9l B4 skl /U
th A1A9] stampEE-S Gramdlo] Z7st Aykto] A7])=
0.41~0.48 X 2.18~5.57 pm (n=20) % cH(Fig. 2).
Bojo] Z4He Vi et al. (2010)0] B3 EA7 O] 4T
719] ti ol LA[SFATE 12fu Ye et al. (2009)9] Aot

L wjse] b, 50| 9, o]AF £, 2PAke] WA W ol

K
A
[€)

Fig. 1. Gross symptoms of diseased fish. A & C: hemorrhages on

the head and at the base of the pectoral and caudal fins (arrow). B:
Hemorrhages around the anus and progenital pore. D: hemorrhag-
es in the pale live and kidney in a fish after removing the gonads
and adipose tissues.
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Fig. 2. A: Microscopy of kidney stamp smears showing long rod-

shaped bacteria. Some macrophages contained rod-shaped bacte-
ria () within the cytoplasm. B: An isolate cultured on TSA for
24 h at 25T. Note A lot of short rod-shaped bacteria. Gram stain.
Bars=10 pum.

g} 20 4 8 SolAk 79| ARk, A ES o
0] 243} o] Sl HolAE Ael7h ek Eat 3}
dli| 7] (Hawke, 1978; Hawke et al., 1981; Jarboe et al., 1984;
Shotts et al., 1986), gH=+4F 1] 7] (Park and Kim, 1994), brown
bullhead (Iwanowicz et al., 2006)2] 54} -G-ASFF A, oF
TEE, 579 4, 79 IA 0 A4 B4 59 S0
LFEFLER] Q5= Zlo] 2po] 7L e, gt -tof] o] A=A
Oz v o] £2)7} B Ro) SN, 414, )4 8 7
of| ui A} vl o] YA B = Edotak M| 7] (Crumlish et al., 2002;
Yasuda et al., 2003)2}= & A 3F o] & YERY Qi

Stamp £ A1 9] ++2] 27|+ Yususa et al. (2003)2] FHof
At | 7](Pangasius hypophthalmus) 2 Sakai et al. (2008)2] 2
o fefat A 7 At o= Al 7] of| A fe = oF ks FE
2 05 2ol 7} Wik, TLefut Wojo A EelekAL AT el
Al&sh Thto] P = HekE = A akel gl Yusuda et al.
(2003)%= P. hypophthalmus©l| A 22|t E. ictaluriz-2 Al vl
oz} 717k BE Folis Wel7} wsheick T shlc.

o] o] A3} H|A-S TSA 9 SSefl &5t 25T A 48
AlZEaferet dat ARIgt o ' FAE = Alto] o dHl R &
g EolFlt}. SS agarol A= FEH7F G TS He £
gk eto] AU Al 1Y el #(YCK-1 2
YCL-1)E TSA9]| <=4 £2)3lo] API 20E°] &5 wjefst 2
9] profiled E&]4+1} B-4= 400400057, ATCC 33202+
400410067, E. tarda (GEONGGI-01)= 4604000570] 31t}
Ha|+t9] profile2 Soto et al. (2012)2] Eetulol F&f w2
ZAaket YA|sHARE, Popovic et al. (2007)9] A2 1ke} npt
7VA2 Yersinia ruckeri, E. ictaluri Y Vibrio anguillarum=
API systemo]li= 2£31=]0] Q12| 7] W&ol 54> E7Hs5t
931, E. tardatto] 57 = o] Fth. TSAo| 25T ol 4] 244171 Hj
oFafo] 1zt @At A7kl Wikl EAfElo] ek,
9] 27](0=20)= 0.96~1.46 X 2.50~3.58 um= ©{|
9] stamp3tof| 4] 9] ZL7] o] H| 3l # 4] 5] FrobA| = 7 7Fo] ATt

we|ato] S et o2 ANERE 7] 29 E. ictaluri

(B-4)2} oIk AALS: L}E}qwx]uj, ATCC 332029H= 24k
%2 2h mannitol®] o8-S A|LJRE = Aol A RISk
StH(Table 1). 1Y E. tarda®t= 9579, A0 2 HE 9
7k AAE HLSO) AAF 8 416 EA5H0] Mg Aol A Hfol 1t
o} AR el E. ictalurii-2l+t-2 ATCC 332029} #9] &2
= Aol A U x|51A 9 methyl red2} ureaseol| 4] x}o]7} L=
3% Be]E)ar 9tk(Ye et al., 2009; Yi et al., 2010). & &1L
of &2t ATCC 33202 3 tZataf T2 o] /oA
AatAk 0] 27 shol| o] k8o Alat 2ol 7} 913
= Nagai et al. (2008)-2 1.5%0f| 4] #5351 A10F 4% A= ‘?—_}%
1A ¢Fom, Ye et al. (2009)+= 1.5%0f A= 23 A] 1k, 2%01 4]
SR85k2] QIgkrhaL B natgich e} B ele] Relge
AT AR A2 ARG ooyl A 2% NaClof Al = oF
2SS U 9o
He|wt |29t E. ictaluri-specific primer?] IVSE} IRS

rsﬂ SR

£ AH85te] PCRERS-S AR A3k Fig. 30f AR Z14]
2 B o3te] Bl E. ictaluric) 24 B 2,000 bp2] =

M 2 3 4 5
2000 bp

Fig. 3. Detection of Edwardsiella ictaluri from yellow catfish
Pelteobagrus fulvidraco using the E. ictaluri-specific primer sets
IVS and IRS. M=molecular marker. 1: Present isolate (YCK-1).
2: present isolate (YCL-1). 3: B-4 (E. ictaluri from Korean cat-
fish). 4: ATCC 33202 E. ictaluri). 5: GEONGGI-01 E. tarda from
Korean catfish).

Fig. 4. Symptoms of yellow catfish Pelteobagrus fulvidraco infect-
ed with the present isolate (YCK-1) by immersion route at 24 days
after infection. Moribund (A) and dead (B) fish showing hemor-
rhages or a hole on the head.
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Table 1. Comparison of biochemical characteristics among the present iolate (YCL-1 & YCK-1), the reference strains, Edwasiella ictaluri
(B-4, ATCC 33202) and E tarda (GYEONGGI-01)

Characters Present isolate E. ictaluri E. tarda
YCL-1 YCK-1 B-4 ATCC 33202 (GYEONGGI-01)

Gram stain - - - - -
Form Rod Rod Rod Rod Rod
Motility at
25T + + + + +
37°C - - - - +
Gas from glucose at
25C + + + + +
37c - - - - +
H,S production at
25T - - - - +
37C - - - - +
Oxidase - - - - -
Catalase +
OF F F F F
Indole - - - - +
MR + + + + +
VP - - - - -
Citrate - - - - +
Nitrate + + + - +
ONPG - - - - -
Arginine dihydrolase - - - - -
Lysine decarboxylase + + + + +
Ornithine decarboxylase - - - - -
Urease - - - - -
Tryptophane deaminase - - - - - -
Gelatinase - - - - -
D-mannitol - - - + -
Inositol - - - - -
D-sorbitiol - - - - -
L-rhamnose - - - - -
Sucrose - - - - -
Melibiose - - - - -
Amygdalin - - - - -
L-arabinose - - - - -
Growth on NA with NaCl - - - - -
0% + + + + +
1.5% + + + + +
2% +wW +W +W + +
3% - - - + +
4% - - - + +
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Table 2. Mortality of yellow catfish challenged with the present
isolate (YCK-1) by intraperitoneal or immersion routes at 25C
for 7 days

Bacterial dose . LD

(CFUffishormL) ~ Mortality (%) crysishor mL )
Injection
2.0x107 100
2.0x108 100
3.2x10*
2.0x10° 36.4
2.0x10* 59
Control 0
Immersion for 1 h
2.0x107 100
2.0x106 429
2.5 x10°
2.0x10° 211
2.0x10* 4.0
Control 0

o] =7} FA %o E. jctaluri= 57 = A9, E. tardat) Z1+<]
GEONGGI-01-2 o] W=7} &A= ekope}. wat 2ol
& AFgstol 217 BANol Bk AL 8 o] ofg Q)
NFAAE S AARE A3, L WA ARs =T 22 3.2 % 10
CFU/fish ¥ 2.5 % 10° CFU/mLZ H|a.%] 7)ot LA LEr
W 1cH(Table 2).
Telm el Al G4 e 5 9

U A1) 251 g Sisfel ] 54249 4
FEE A= Ao YoHdS E 1cta1un§ slol w9},

o2 o

B mpe pabehm bkl T el
ol o5 on, x| el ZHAL= Ut
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