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Antimicrobial resistance of Edwardsiella tarda, Vibrio spp.,
and Streptococcus spp. isolated from olive
flounder Paralichthys olivaceus
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In this study, we carried out research on the level of single and multi-drug resistance of bacteria isolated
from cultured flounder Paralichthys olivaceus. One hundred sixty one bacteria were isolated from cultured
olive flounder Paralichthys olivaceus in Korea and the isolates consisted of Edwardsiella tarda (n=32),
Vibrio ichthyoenteri (n=37), Vibrio spp. (n=54), Streptococcus parauberis (n=28) and Streptococcus spp.
(n=10). These E. tarda isolates were highly resistant in the order of tetracycline (84.4%) and oxolinic acid
(71.9%). V. ichthyoenteri and Vibrio spp. showed resistance ampicillin (94.6% and 81.5%) and tetracycline
(56.8% and 42.6%). S. parauberis isolates were resistant ampicillin (57.1%), tetracycline (57.1%) and ery-
thromycin (35.7%). Of the isolates, 84.4% of E. tarda, 73.0% of V. ichthyoenteri, 57.4% of Vibrio spp.,
42.8% of S. parauberis and 70.0% of Streptococcus spp. isolates exhibited multi-drug resistance against

more than two antibiotics.
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o] oy Aol theh Al W&ol B B
= A o|th (Choi et al., 1996; Son et al.,
2005; Kim et al., 2006; Park et al., 2009). & A+
ol A& 200433} 20053 oA <kalE
AZRE 22 E Aol s shaAl W] AAr
E AAEkA O A3E 9] A4 e) v
SFALA} 3FATE
M U e
M=o 22| & A

AL 20043 695E 8Y, 20059 6Y3E

8 Afolo] WAe) A wgelN Be)H9)
o BElXele Faleh (24 T, 98, £7),

SATH (Table 1).

O34 Alolls 3242 Edwardsiella tar-
da, 37¢-52] Vibrio ichthyoenteri, 7)€} 54 o5
©] Vibrio spp.7} EJFE|QI O W T1HFA Aol
= 2872] Streptococcus parauberis, 6452]
S. iniae7} ESFE 109522 Streprococcus spp.7t

E A

Table 1. Number of bacterial isolates from aquacultured olive flounder

No. of isolate

Strain
2004 2005 total
Gram negative 54 69 123
Edwardsiella tarda 20 12 32
Vibrio ichthyoenteri 19 18 37
V. alginolyticus 7 8 15
V. compbelli 0 3 3
V. harveyi 2 1 3
V. fischceri 1 4 5
V. mimicus 0 1 1
V. natriegens 0 3 3
V. nigripuchritudo 0 1 1
V. ordalii 1 0 1
V. parahaemoliticus 2 0 2
V. pelagius 0 6 6
V. scophthalmi 0 2 2
V. splendidus 0 4 4
V. tasmanienteri 0 1 1
V. vulnificus 0 1 1
Vibrio sp. 1 5 6
Gram positive 12 26 38
Streptococcus parauberis 21 28
S. iniae 6
Streptococcus Sp. 0 4 4
Total 66 95 161
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B89 E. tarda= API 20E kit (bioMerieux sa.,
France)E AH&-3le] 574 3I3L, Vibrio & M
2 AspsrzE AJAF ZAF & Bergey s manualol]
e} FAE A, Qa7 PCR ¥ (Zlotkin
et al., 1998; Mata et al., 2004) 0.2 =45} t}

shMe| BF

34 disce= Becton Dickinson (BD, USA)9|
A Tt AREsEATh TIEEA Al dt
Al 273 Aol AR 3tAl SR+ ampi-
cillin (AM, 10 ug/disc), ciprofloxacin (CIP, 5 ug
/disc), doxycycline (D, 30 wg/disc), oxolinic acid
(OA, 2 ug/disc), tetracycline (Te, 30 ug/disc)®] 5%
Frolal, TIEE Aol distel= AM (10 wg
/disc), CIP (5 wug/disc), D (30 wg/disc), ery-
thromycin (E, 15 ug/disc), Te (30 weg/disc)e] 5&F
&AMk

st 4 dAIY

Al Al Kirby-Bauer disc diffusion
(Bauer et al., 1966)2 W3l AASIATE 1%
NaCle] 37}% brain heart infusion agar (BHIA)
(BD, USA)o A = e Ao Ed A=
219 (0.85% NaCl)oll 0.5 Macfarland 5%
Herst 5 1000 S 1% NaCle] #7}E muller
Hinton Agar (BD, USA)ell =23} 1 9o 3t

A Y235 HEote] 25ColA 18117 51t
v Fetaach Mg & vehd dSAA e A&
S =743} NCCLS (national committee for clini-
cal laboratory standards)] 7|50 2 WAl (resis-
tant), =7+ WAl (intermediate resistant), 7FA
(susceptible) & -3t BAslgom HEdT
= Escherichia coli ATCC 259225 AFE-&}ith

2 1

E. tarda2) 2K LMS

o] Aol Uigt E. tarda®] W&
Te 84.4%, OA 71.9%, D 68.8% = 3%5 &l+A |
sl 50% o]/¢e] UAdeS Bom AM43.8%
23 CIP 12.5% = VFELTE (Table 2). 7AARE
NFF F 177 G1%) + 557 FetAlel
s Hepil e 27445 (84.4%)= 25
ool Al WS 2 AU 24F
(6.3%)= 5% Al BT WS e
T} (Table 4). 200532 AM (75.0%), Te (91.7%),
D (83.3%), CIP (25.0%)° T3+ WA &2 20043
o] AM (25.0%), Te (80.0%), D (60.0%), CIP
(5.0%)° et W& Eoh =9k 20059
OA (58.3%)° dist A& 2004139 OA
(80.0%)°l that W& Bk Wt 25/ ol
o] gatAle] WAS 2t HE&2 H 84.4%0]

Table 2. Antimicrobial resistance of the isolates obtained from olive flounder during 2004 - 2005

Edwardsiella tarda (%) Vibrio ichthyoenteri (%) Vibrio spp. (%)
Antimicrobizl 2004 2005 Total 2004 2005 Total 2004 2005 Total
agent 0'=20) ©=12) (n=32) m=19) m=18) (n=37) (n=16)  (n=38) (n=54)
Ampcillin 57(25.0) 9(75.0) 14(43.8) 19(100) 16(88.9) 35(94.6)  14(87.5) 30(78.9) 44(81.5)
Tetracycline ~ 16(80.0) 11(91.7) 27(84.4) 13(68.4) 8(44.4) 21(56.8)  8(50.0) 15(39.5) 23(42.6)
Doxycycline  12(60.0) 10(83.3) 22(68.8) 13(68.4) 6(33.3) 19(45.9)  7(43.8) 13(34.2) 20(37.0)
Oxolinicacid  16(80.0) 7(58.3) 23(71.9) 10(52.6) 8(44.4) 18(48.6)  6(37.5) 14(36.8) 20(37.0)
Ciprofloxacin 1(5.0) 3(25.0) 4(125) 7(36.8) 5(27.8) 12(324)  2(125) 13(342) 15(27.8)
* total number

#+ number of isolates
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V. ichthyoenteri®] SHtA| 7474 A1d Ay
AM (94.6%), Te (56.8%), D (45.9%), OA (48.6%)
23 CIP (324%)°] A2 & WSS Y
EP L AU} (Table 2). AN 3745 5 27+
T (713.0%)= 255 oo Al W< 2+
T AU 67F (162%)= 5E7F Ao 2
T UAS JERNAT (Table 4). 200532] AM
(88.9%), Te (44.4%), Doxycycline (33.3%), OA
(44.4%), CIP (27.8%)°ll thet WA&-2 20043 <]
AM (100.0%), Te (68.4%), D (68.4%), OA
(52.6%), CIP (36.8%)°l thgt W/d& Hrl =t
3L 2R ol Al WS 2 e
H 73.0%0]).0.H 2004 (84.2%) E.t} 2005
W (61.3%)°] Sttt

V. ichthyoenteri ©]2]2] Vibrio spp.+= AM
(81.5%), Te (42.6%), OA (37.0%), D (37.0%), CIP
(27.8%)°] A E =2 WAdES YL AU
T} (Table 2). HAFE 5455 = 314 (57.4%)
= 255 o3 Al UAdS 2 AU
5¢F (9.3%)= 5EF FoAld B WS 2
3 UAth (Table 4). 200532 AM (78.9%), Te

o
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©

(39.5%), D (34.2%), OA (36.8%), CIP (34.2%)¢]]
et HAAE&S 200432 AM (87.5%), Te
(39.5%), D (34.2%), OA (36.8%)° tlst UlAd&
BT} 2ory 2005d2] CIP (34.2%)0] et WA
£ 200439 CIP (12.5%)°l thg W/d& Bt
E9TE 257 olFe] Al WS Ze ]
£ W 574% °)Pom 20049 (56.3%)%
20053 (57.9%)°] 4-A}s1Th

HAMTEE MZe &AM M

S. parauberis AN 287F2] A WA
£2 AM (57.1%), Te (46.4%), E (35.7%), D
(21.4%), CIP (143%)°] +AE =A JeEREL
(Table 3) 55 (17.9%)= FAVE 5F279]
Aol sl WAS ZHA] kT 123F (42.9%)
= 255 ol Al WS 2 AL
155 3.6%)+ 557°] tAldl EF WA=
ZE31 QA3 T} (Table 4).

S. parauberis ©]2]2] Streptococcus spp.2] SHt-
A WSS AM (70%), Te, D, Eol| thate] zhzt
60.0%, CIP¢] 50.0% <X& =9t} (Table 3).
AAE 1037 T T37F (70.0%)= 25/ ©1%
o] Al WS ZHL USRI 445 (40.0%)
= 5TF FAd BT WS 2 A

o =~ AR AN
(Table 4).

Table 3. Antimicrobial resistance of gram positive bacteria isolated from olive flounder during 2004 -2005

Streptococcus parauberis (%)

Streptococcus spp. (%)

Antimicrobial

agent 2004 2005 Total 2004 2005 Total
n'=7) (n=21) (n=28) (n=4) (n=6) (n=10)
Ampcillin 37(42.9) 13(61.9) 16(57.1) 3(75.0) 4(66.7) 7(70.0)
Tetracycline 3(42.9) 10(47.6) 13(46.4) 2(50.0) 4(66.7) 6(60.0)
Doxycycline 2(28.6) 4(19.0) 6(21.4) 3(75.0) 3(50.0) 6(60.0)
Ciprofloxacin 0(0.0) 4(19.0) 4(14.3) 3(75.0) 2(33.3) 5(50.0)
Erythromycin 2(28.6) 8(38.1) 10(35.7) 3(75.0) 3(50.0) 6(60.0)

* _total number
#k _number of isolates
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LA

Hojo| A FEE WY Al A WA =
ARE AEE getAlo] e WA S7HE
7] s AT ES Ag 712 AEE Qs
A euEtell A o M) aktAl WAdel
3 B Wgolol A 2] ¥ E. tarda®] °FA|
WAl (Choi et al., 1996), Fx|o|A E2 = S. pa-
rauberis®} S. iniaeo| #3+ EA (Park et al.,
2009)3 7ol UA|Aol A HA Q] AL o
AUTE

o Aol FAol| A E-2]H E. tardav Te,
OA, Dol 68.8-84.4%2] WAES 2t 9o
1999-2001 el 7 B2 ajrteifellA 22
H o=el=o] Te, OAL} Dol 90-100%2] W
&S Zteta B3 (Heo, et al., 2002)01] H]&]
worout 4, Pl=, A FolA € E tar-
das 402 ZAME AA Zdel o] &+ WA
£& Te (7.1%), D (24%), CIP (0%) ©]ATi 8}
= B3 (Stock and Wiedemann, 2001)ol] W3l Te
£ 1194, Doxycycline2 28.71 o)A} =3 #}
Yl o] E. tarda®}t 22] CIP| W3S ZHe Al
T AU E. tarda= B5019} Sl Go]ol

BE g} He 994 Agew 3 £
(1996) -2t 2 Wgojo Al #2lE E
tarda®] FHA HAHEES AM (90%), nalidixic
acid (70%), oxytetracycline (46%)%Z H I35 E

e

o | ollA 2% E. tarda] OA) gt =&
A& FABIRS Y AMo dgk WAdSS
=T oxytetracyclineol] T3k WAl&o] B 2}

o7k AUtk et wWiFgo] AR FRolA &
% E. tarda7} oxytetracyclineol] 91%2] WAl&
LFeff o] (Choi and Kim, 1994) -§-2]uhtol A
2% E. tarda+= quinoloneA] 2} tetracyclines] ¢
Aol thg WA gol Auks] BE Ao W
ok

HEZ| o2 AMol| =2 YAES Ho V
ichthyoenteri= AMO| 94.6%, Vibrio spp.©=
81.5%°] WAE< YeRSlEt -2lvet el

e o

o

3 B - 87 - 4%

©

Qb A FAE ofFolM Eeld BlEE 4to]
AMe] 90% ©o]’de] WAd&S HolAL (Heo et
al., 2002), et o] FEFAFNAM Eejd V.
parahemolyticus= AMol| 97.9%, V. alginolyticus
= AMe] 100%°] WidE&s YERH™ (Son e
al., 2006) olgelote] 9] F4HAET P &
Aol EEE wEI L] 82%7F AMO]
WAlS Hol+= Ferrini ef al. (2008)9] R}
AFSHTE BB L2 ZAME 5579 Al
FoA AMol| 7P =2 WSS UERISIE
B Zanetti et al. (2001)< Vibrio spp.2] AM WA
< Blactamase®] 3} Heo] & Aolet st
%3 Ottaviani et al. (2001)2 V. harveyi, V. algi-
nolyticus, V. parahaemolyticus®] tHH-E-2 p-lac-
tamase AJAJol 9J&) B-lactamA] Ao AL
Zb=thal sigiet] ol Aol vERd HIE
o] AM WA X B-lactamase A5 &
Ho] A& ZOE FSHh o oA v
LQ.39] OA9l 37-48.6%, Teol| 42.6-56.8%, Dol
37-45.9%°] W& Hello] dafistoll A e
H V. parahaemolyticus7} OA9 26.8%, D, Te <}
CIPo| 3.6-6.7%2 WA&S YJeERAAL V algi-
nolyticuss= D9} Teoll 11.7%, CIP9l| 13.3%2] W
&S YeERIIths B3 (Son er al., 2005)9] H
3 W&o &tk o3 Son er al. (2005)2)
Bds gatAlel =& 7137F A2 sl
A B8 Alge] ZAME V. parahaemolyticus 2]
75%, V. alginolyticus 2] 64.2%5 2}A|8}aL U271
ozl ol At Aot gl WAdEol WS
Zolgtal AztEm AMafete] sfigrollA i
Vibrio spp.= oxytetracyclineol] W42 zHA] ¢k
(Lee et al., 2009) A} A3} Algte] F2]o
w2t W&o Zpel7t de= BTt
2004-20053 oA EEE S. parauberis—
Eoll 35.7%, Teol] 464%2] WSS e E
o] AlFEdA e AT SA WS
2 oxytetracycline (35%), D (39%), E (12%) ©|3}3.
(Kim et al., 2006) =Ll By ¥ AFEo] R
YXo A EEE S. parauberis®] E (58%)2} Te
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(63%)°1] 3+ WA8 (Park et al.,2009) Xt} Lol
293, A718 Hol7k Y AR Az,
WA | 1A e] CIPo) gk W
A& quinoloner] dHFA121 OAd] thak WA
& Hoh Uoked OAE 1988 A E ARl
CIPE= 1995UXE A18E o] (Y5238,
2009) ARR-717F0] B CIPS] WA o] W A
2 F5HEh feivere] dAdA ZelE Al
2] CIPol] th3h Wid o] thE tAlel Hls)
gdolor} 9 A~Eg Ao} (Akinbowale ef al.,
2006), o]&z]o} (Ottavinai ef al., 2001)o| 4] £
¥ Vibrio spp.= 8 e YERHA %ot ¢
guzte] CIPell tigh WAdE&o] o=l Hlsl =
ATk FEyEtel A CIP 2008 o] Fol= A
Aol EJX] 947 wiEell Al WAdEe] MES
FA ks 22 AtAl ARl tigk A e
s Do Aew AYzto] Hrh
HAoA 28 Aol 257 o8] A
| TAIWAS zh= B8-S E tarda (84.4%), V.
ichthyoenteri (73.0%), Streptococcus spp. (70.0%),
Vibrio spp. (57.4%), S. parauberis (42.8%)°] )3
ARNHO T 64.6%7F TANAS eI
S CESSE SR BB ERSE RN SEE R R
el Ald2 733%9] tAdES 2L (Ak-
inbowale et al., 2006), -2 2} W Aojo|A] £
¥ E. tarda7} 9%2] THAINA &S 2EoH, AT
TollA FelE Aol 100%2] TS
= Uehdith= A (Kim et al., 2006) 2 =Fo]7} 9}
ov} zARE GEAS) 71 BA ok Fhsl9]
W39 APAR v otk wekEt)
oML AT AN el T2 o
e Aol B WS o) ue) B2
9o A A2 plasmid, WA F 2o}
A HAE AR o] FAA B3] WE
of F7H1l A7 B3k Fiolt sHllth

»

EE

AWES At A5 Fsiith -2
veke] 2] JA| (Paralichthys olivaceus)ol| #|
161457F F2 =YL ZeldFole Edward-
siella tarda (n=32), Vibrio ichthyoenteri (n=37),
Vibrio spp. (n=54), Streptococcus parauberis
(n=28) Z1¥]3L Streptococcus spp. (n=10)7} E3}t
FAT} E. tarda E-BHFE tetracycline (84.4%)
7} oxolinic acid (71.9%)9)] &2 WA&-S Yeh)
Q3L V. ichthyoenteri®} Vibrio spp.~= ampicillin
(94.6%, 81.5%) 3} tetracycline (56.8%, 42.6%) <=
A2 =2 WSS YeRAT) S parauberis
o5+ ampicillin (57.1%), tetracycline
(57.1%), erythromycin (35.7%) A2 =& WA
&8 BTt E tarda®) 84.4%, V. ichthyoenteri 2]
73.0%, Vibrio spp.2] 57.4%, S. parauberis 2]
42.8% “18]3L Streptococcus spp.2] 70.0%7} 2=
T ool gt thAA S veR *iTh

HAR =
o] AT FPFATA(FAAE WA A
7+ RP-2010-AQ-026)2] Aol 2J3] A
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