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200611 %= Q1H A skl B9 V. vulnificusol]l ™ AB3tetA BAAYESHE EA
D FAA A AnE doprogrt. B A AMSE 55 F 233FE &4, Ad
o3 F, FEAGoA ATt API 20E kit A AT} 157 profile® EFEHJoH, RE
571 ONPGS} Amygdalin A o]tk 209575 W= whAS} viuB 32k F-9o 3|
PCR A& A3} whA: 2065(98.6%) %A, viuBE 1105(52.6%)7F FAdollem, E3] viuB
A F-9lol gk PCR A= 3, ol R, AdHolA EEg 759 48%, 48.5%,
61.1%7F FA<l HAeoem Yyeiwth AgdF 1755 dis A A A" Ay
Imipenem (100.0%), Sulfamethoxazole/trimethoprim (98.9%), Tetracycline, Ciprofloxacin (98.3%),
Ampicillin/sulbactam (97.1%), Chloramphenicol (96.6%), Cefepime (94.9%), Ceftriaxone(94.8%)°]
e JeEha, A sy e I ool ofAlel disl WS deld e
565(32%)%2 d4285(31.5%), A 215(34.4%), ©oJdlF 75(29.2%)%t}.  V.vulnificus
2330 tia] PFGEES A A|3te] dendrogramO. 2 23k A3} 90%ol4e]l AEA 7|FoR
126709 o= F=HAAL, 58%01d FeAds VTR 139 FPo=z EFFHAL
T 15 1047(44.6%)= 71 B2 dFE°] X FHoIRL AFHAY] i +F |
of 71 BWo FFEo] B¥so 10¥83 6ol AFHE AA= 8 Joll 1657(69.6%)2F
137(36.1%) % 7F¢ B2 dFEC] FXath. 7del AT HANA HEH A4FE
9ol frdel &atola 8de 8/ &, 6292 T £, 992 6/ &, 10€2> 570 £,
392 Ul 73S HER

Key Words : V. vulnificus, vwhA, viuB, antibiotic resistance, PFGE

B2 Qg Z o] 1<l Vibrio vulnificuss AT O R a7 Aoke] ulgtE, &<F,
A ZrE oyl F 5ol AMAsa Atk V. wulnificuss 19761 Hollis 5°] t& Vibrio
species®} T E = lactose positive VibrioZlil 3 0| 1979\ Farmer:= ©] 9] vibrio
ko] ARl WA, 2@F ] FAMIl SAE FaL ¢ V. wunificus” 243l TSI TH3).

A AAA R 2o, ofdd], Ao Ao afgelA ol FEHI dom A o]
Huwa ok vt Aes e diQh A%a Aol iy ofsi{, A, g A&l
g AMAstar lom, Sk HAAER B ol W& Aty kel ol Wvl
F& ZoRE By JtH4).

V. vulnificusel] o]gh AR F2 27k JEEHE FAst=H, o9d9 oH [ E
A2 e els o wA e A = = Aol A7 =EEHAS w S
FaAAeltt Ty e FE A Ad3FY FulEA, 19799 A el A
AgHil HQow, + F gk 2 o = 1982\do] H i Eth HBZAHEFTLE
T e] BE 7t wlole e ok v (HAEe] w2 fFHEY oHFE AAEE @Y
tEo] of 5 HAsle EFRH o= Ay

HEg e sidse Wo JgEKwrt v =i ey e dAR A=
Eetar dAxSde]l vehd & w429 01WH AMEEC] 62-79%°] o2& XA
Agtolmz Wel x7]o] Hwtste] A&sHA A gwafoF Frh6). V. vulnificusell  thal
Aol =2 AIAl= quinoloneZll @t A, tetracycline, chloramphenicol©]aZ, ampicillin}
34t cephalosporinA] A3 A|91  moxalactam, cefoperazone, cefomandole> Zr/do] W
FAAE B dvk4).

V. wulnificusell ot ubd s Fe 4y 2cte] AMgEC] P E7] wided A&
Zitko] w9 FQ3slH= & polymerase chain reaction (PCR)S A3kl  cytotoxin—hemolysin
FAAE glafofgtth(1s). o]¢} o] Fle fFHxtet A A AFor FAHE V.
vulnificust =& Aoz o9&gxAL HH OS2 random amplified polymorphic DNA(RAPD)
anaysis(20), amplified fragment length polymorphism(10), pulsed field gel electrophoresis(PFGE, 14)
ol o] &5 Utk
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parahaemolyticust= A+t
Hxa dvk4).

oAM= 20060l Q1A FFEA A &
APl 20E SAHAE AIo} whA F viuB 34 HES
Hl A ekl ar, didato] FA A Aatet p
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V. wvulnificus 23355 thgo =
PCR(ZZEA-AS) AYE
FAAE S LolR izt 33T

=
oo 44

MAERRY  EEd dF 233FE gde= su #EelsAdS 9
o7 Men)x]+= Thiosulfate Citrate Bile—salt Sucrose(TCBS, Difco, USA) 3HdHj x| =
ARg5Fe] Aol HEk(sucrose H]Esl)S &91% & 1% NaClo] X 7F& Nutrient 3H vl <] (NA,
Difco, USA)ell Al 33T},

=
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APl 20E A E9] 93 =

NAY S & Z2UZS g2 9d4dd McFarland No. 05% dE3 % APl 20E
kit(Biomerieux, France)2] wellol| Z}zZ} ®F3la1 37CeolA 20A]7F vl S API 20E kit
manualel] wet 23E 13515t

whA % viuB F3A=}e] PCR AHA}

Azistdgor ol HAYE FFZ Ao cytolysin—hemolysin - - 2F(whA) 2t
siderophore receptor /3ol #oidt= viuB 3 AF F-9lol tigk PCRS A AISHATHT). AME-g
primer= Tablel¥} #il, PCR WS- 94Coll A 587 WAsla 94T 13, 58C 1%, 72T
137k 303 wHES F 72CelA 5 EFste] 4Te AAG v HAV|FEoE
ZAES Fgelstith. x5 & V. wlnificus ATCC 275622 AH-&3}S Tt

ol\

FAA e AE

gAA 744 A &S CLSI(Clinical and Laboratory Standards Institute)2] el whz} 3
O3 FAHE AASHE T NAo =l ks V.vuinificus S H+ MHB(Muller Hinton
Broth, Difco, USA)°] McFarland No. 0.57} H == dE3. HE oz Hd98 ET
MHA(Muller Hinton Agar, Difco, USA) W% Zwe] ZuF vl thg Ao 1087+ W3
% A4 disc(BBL, Becton Dickinson)S 2 E9kt}. 37ColA 24A3F w3l 3
A71E m T2 743kl NCCLS 7|w=dl wel 43t £ Ago] A& FAA
U)2A33% Table3 3 Zo] F 2152 Algsl¥ oy AE=dd #+F= E.coli ATCC 25922
AF-&-3tol T,

PFGES] o3 4248 72X}

PFGE+ Pulse-Net PFGE(Pulse-Net Centers for Disease Control and Prevention, Atlanta, Ga.)<}
A 5o BHAANS ARSIt WA AFFFE NAIA (1% NaCholl HEshe] 37T A
187 24417 wieFsk thS 27 3mle] cell suspension TE buffer(100mM Tris, 100mM EDTA,
pH7.5)° 21, Vitek EBtEAS o]&3lo] 157 17%% A4S Agsch. = 200u00)
proteinase K(20mg/mf stock solution) 1045 ¥ ir, vl FH|3] & 1.2% plug-E agarose(Seakem
Gold agarose, FMC Bio Product) 20049} =313 ¢ plug mold(BIO-RAD, USA)°ll €3l =3t}
Az¥ plug= ES buffer(0.5M EDTA, pH9.0; 1% sodium-lauroyl-sarcosine) 1.5m{<} 40.02°]
proteinase K(20mg/ml stock solution)S F7}ate] 55Tl 1AF FoF wWESA|# a1, HkE-o]
59 plugts BHdSHSE 13], plug wash TE buffer(10mM Tris, ImM EDTA, pH7.5) % 43]
A & Adasx HLUE sk 2 plugs AET T Adasrs 9F58A(NEB,



England) 1040, A|3+& -~ Notl (NEB, England) 3x0 (30unit), BSA(New England Biolabs,
England) 10, B SH5 86 w= Pl 37°ColA] 2417+ &oF BF8-A1 71tk Molecular weight
marker= A}-8-3F Salmonella serovar Braenderup ATCC BAA-664= #|3ta 4 Notl thAl
Xbal(NEB, England) 1.54B0UW)E ¥ol A&ttt Agas vbgo] v whggis
A A3 plugell plug wash TE bufferS 7131910 W agar plug 28-S 2 AEE& Fo Z5 ol
sHES S AE&:AFHY. dHe] Axr By S AASkaL, 1% agarose S oA
AL AAsIAT. AL [M7]9% Aol Y1 CHEF Il Mapper PFGE system(BIO-RAD, USA)E
o] &3t A7 x7(gradient 6.0V/cm, inclued angle 120°, initial time 4.16%, final time 40% )<l
SEEIL 14Tl A 18A3F 7] sklen, EBr(0.5ug/m)E HASlYh. PFGE A=
BioNumeric software(core-Bio)E ©|-&  dendrograms AAdste] #F3te] FARAE
H] LA 5k gl o

2 3

API 20E kit ¥+ Z3}

23372 V. wulnificus® APl 20E kit= 23 3}%] ONPG, Arginine dehydrolase, Lysine
decarboxylase, Ornithine decarboxylase, glucose, amygdalin ©]-8 ZA¥}o| wa} 15712] API profile
g EFEYY. 2 F g 11709 profile 2Eo® UHd:, A 107,
oAilFE 67/, FHFUFE 2R EFIEJY. F47HHEE APl 20E profileS Ay R
1046105 745-(31.8%), 5146105 735(31.3%), 5046105 395(16.7%)w=So 2 LIERLL} Uheksh
AslerA AAHS Bt ONPGSF amygdaline 100% %4 S YEF A TH(Table 2).

whA %2 viuB F3A%xte] PCR #HAI A3

whA%} viuB A F9le disk PCR AgA¥ 20957 S 2067(98.6%)7F 505
bp(whA)oll A WI=Z B, 11057(52.6%)= 205bp(viuB)oll A W=Z eI whA
549 3FE viBE SA4°IYY. viuB AR F9jel uigk PCR YA ZAIE st
Ao F= 27 495-(48%), 167(48.5%)2] WHA A2 445(61.1%) S tH(Table 2).

FAA 4

Al dt 1755 di&l FAA -4 AdS 3 A M =2 eSS B A
Imipenem(100.0%)°] %1 2.1  Sulfamethoxazole/trimethoprim (98.9%), Tetracycline, Ciprofloxacin
(98.3%), Ampicillin/sulbactam  (97.1%), Chloramphenicol  (96.6%), Cefepime (94.9%),
Ceftriaxone(94.8%) <o & uUegth 5% WA S  Cefazolin(46.3%)°] 7F4 Z9ton
Cefoxitin (41.7%), Streptomycin (37.7%), Kanamycin (28.6%), Cephalothine (16.0%) <=°] it}
7 w2 S 29l A= AminoglycosidesAl Q! Streptomycin(14.9%)©] 9131, 1At
Cephalosporin A1 Cefazolin(11.4%), 24t Cephalosporin  7AlQl  Cefoxitin(9.7%), 14t
Quinolones A%l Nalidixic acid(6.2%)s=C 2 WAS HATtHTable 3). A s =& 2
ool kAl diE] WAdS YEld L 567(32%)% olFolAl gl EElE e
287(31.5%), AWML 217(34.4%), 13T+ 77(29.2%) A TH(Table 4).

PFGE®] J3t #3213

V. wulnificus 23352 413 DNAZ Notl AlZtais2 ddsle] PFGEE A Ag ul, 78.2
71135 kb AloleAl 207He] DNA Edo] #AFHFow o] ZAIE  dendrogramO =
A8 0kFig. 1). 90% ol AEAS 71FoZ PFGE patterng EHE Ai} R
126709 FPo= = AL, 58%0]de] FEdES VEo®E 139 F3(A B, C D, E F

G, H I,J K L MOo=E BFaATt 3 17} 10454.6%) 2 7HF Be f4F50] Bxd
ol F8 HE 33F(14.2%), £33 J= 245(10.3%), 53 DE 19578.2%), +3 Cc=

1174.7%) =olAk. &2 F3 | o 7P B2 dFE°] LX39ey 1083 6¢9l
AT HAAA EoH #5FE 165(69.6%), 1357(36.1%)7F 3 Jo| &35kt | 70

=



A HANA EEE F7= 9o FFe Fesla g€ 8 3, 6¥€2> 7 73,
9¢2 671 3, 10¥82 571 79, 3¥€2 Ul F¥& YET
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V. wlnificuss TEHTOZ AilFE XS FWHS Aoy, AtsolA
A8k ATk V. wulnificuse] AEFI LS FrHHEoZ AEY 12 indole?} ornithine
decarboxylaseS 434Fsbar, thekst lipopolysaccharide(LPS) &S UERH, Apghe] A AW S
A7t AE3E 2% indoled}t ornithine decarboxylaseS AAF3FA] ¢Far, FE 29l LPS
FElE Yelo] serovar EZ ®AISHAL, T2 WA A Ydd oz L, Al A=
71817999 e o R HaEa Quk23). ¥ A3 20061 3YH-E 10¥ Abo] QA
Zsteel Aok Aol g L A o Fol A ¥ V. vulnificus 23350 thal APl 20E
kite] ZHAAFS AAstge. 21 Ay HE-E indole WSS UEhge] AEE 10=
FA3F 1, ONPGS} amygdalin 23+ 100% %A o] =2 APl 20E kitE ©]-&3}] V. vulnificus
574 A ONPG A&} amygdalin 18-S AAISHH V. winificus s4E&ES =Y T+ A
Aow AtmErh. 3 API 20E profiles A ET  1046105(31.8%)°F 5146105 (31.3%)7}
H|S23k W& = upgkon}  5146105(55.8%), 5147105(12.8%)7F T2  UERd 20021
AE2 el Al Felgk V. vulnificusell gk AF+AxH5) 2 2001 d A= dfitolA e d V.
vulnificusell th3k AG-ZA321(9) 5146105(61.9%), 5142105(12.3%)¢2F =Fo]l7F AUUTE o=
A 54z A 71 zpol 2 Qe HAs Aotz Azt

WA Tostes 5A40AA e TdRIAfe] gk Aol ofye}t ofe] AApEo] HIFH O
2hgstt). o WYAQAA F  cytolysin—hemolysin(whA)2 £]5491 A E &5 4bolr &5
A2 507 AlX2E &9A7]e sholth A7 Mxway] 549 dHdEE
SAsk=d A Axgelr] Wi ey a4AE &8a(hemolysingt e FET) @

U o fu

AdES dol AgE 4 olA LAY A 2stAIR]l siderophores A4F, 2 -siderophore
E3gAE PAdste] A= eykeke Ae o3t V. wulnificusi

siderophore—Hydroxamate &, phenolate® 12|31 Vulnibactino]2til &= M2 9
siderophoreE  AJAFSITH4). Hill & =l d¥doez V. whificuss LGAN F
cytolysin—hemolysin ~ §d#  ¥9|& PCR WHow  IE3903(13), Eijis<
AT AT RN EEE WS dde® Hill 59 PCR Wy APl 20E ¥
DNA-DNA hybridizationS A2 H]usle] PCR Wi o] 3|U3A7IHEA 2] V. vulnificus
40 fFest Hugyol). & 5% PCRO 93 cytolysin(wh) A= AdS
AZ38H7] ¥ V. wuinificus 7ol o] €& 4 ki Hu3ITH(5). ES Gitika T
HAA V. vulnificusE 7 &37] $138] siderophore receptor Al I3t viuB A A}
WhA 222 F Ao 7Z38l= multiplexed real-time PCR H-S AL-&3}31TH12). Panicker
T2 AT AR dFEY viuB A A gEo]l Hrha B uskglth(19).
I Ao AsstA o w V. wulnificus® SHQ1 A E 20950 s PCRS AAElS o
2067°(98.6%)7F whA <oz Fxo] gt ES dis]l V. wulnificus S8A o]
s BHeRE ol&d F Adss FQl A, viB A GAFE BT whA
GOz 39(48.0%)2 = F(48.5%) Bt NWH(61.1%)°0 viuB ¥ 7 Wol EES=
Ao 2 e

V. wvulnificusoll tHe Aol ofF FAA A HARlA 98-100%° TS
Bl FAAE cloramphenicol, ampicillin, tetracycline Z Yeyd, dvEgEe fAEs
Xz oll=  tetracyclineZl AL Fofrl @A AL ™ Sanford S tetracycline¥}
cephalosporin®] 53488 A3 Chuang 52 V. vulnificus 7 X 5ol cefotaxim3}
minocline®] H3ALE-o] 53] FFdAe| AFadrt Jdvkal silti@). 1Ey F F
ojstd V. wulnificusoll Wk HALSAAFE} HALdEEEE AASMYPor FAHI
A3} ciprofloxacine] 7Hg f-Fetrhal Bl spivh(2). i e A ACA Lo
ol ok &tAl A AP colisting Al9gE dlFEY AE Al s

j
T
[e]

O

o o)



Bt Hasivhe). i AddAe weld o5 diFo] ARE A el w2
Aoz velgton 1A tiel 24t cephalosporinZl 91 Cefazolin(42.3%) % Cefoxitin(48.6%) ¥}
Aminoglycosides 2| 91 Streptomycin(47.4%)°ll ¥ % & A8 BITE Vulnificus 7%
A 8A 2 PFEE tetracycline(98.3%), chloramphenicol(96.6%), ciprofloxacin(98.3%) 5] 4%
S AFAS Hol NEAR AE7sES F38k

FHele oA B os FANESH VS o8 f49 At T2 A9
7L % PFGE W wilAl DNAS fidx JHS BT wad g gloja] dnbA<l
A7 e ol 8T AFaL AN vuds W 2EHa Al Fau A 4=

]
= A
8-0]3}t}H(8). Mahalingam(16)¥} Wong(24):= V. cholerae®} V. parahaemolyticus O3:K69l T &l
PFGE Wi o=z Adds o H8y AdAd e 2445 A ¥ Tamplin 52
A sHAol A Eed V. vulnificusell tHal PFGES} ribotypes A A|8t1S i ribotype©]
A FH2 EAS UelyE whd PFGEE ThFsl 331 wolE deldt £ e
WHo 2 V., wuinificus®] FHAE T Aol =5& F1skSlal, o= V. wulnificus
TF7F AR oAl SATTFIE WY W] Aow FAetH21). Meilan &
RAPD(Randomly Amplified Polymorphic DNA) PCRZ 34=¢} & TollA ®2%k V. vulnificus
2085l tidll 23% ‘e 109 FPo 2 BRI AHH A7]4 zolE e
P ohnt 3€o] o dof Hlg) Ul ez F tgAdol AA YElRta Bkt v.
vulnificus®] FUthokdo]l AHF AU 54 A(source of isolation)d} #HAIQle] ERG o] F=
AHAF2] FAZRA FAF Al 5o wE MT olF 9 = oA Al st
ZAbo] o W ToE FAHFTHI8). B Ao AEmel <Ak B v.
vulnificus 2335=¢l 3l PFGE £41S 3 A3 90% o349 Fsde 7ITo=E 126719
oz BHEAal, 58%0]32 FEeAS 7IeoZ 1379 FEoer BRI +8 17)
1045(44.6%)% 7} B2 d7E0] X3 FFoAn AHAZ] uFE F8 1 o 7
B dFEel wEsIgoy 10897 6¢ AT HA= #F ol 165(69.6%)
1357(36.1%)2 74 B FT7E0] wxsted AFAI FFAbolo FHA gt
AS FAT 5 AT € QqF B 77 FIEEXE AHnd gy 7€L 747
8/ 73, 9/ FES UERlE vhd, 593 398 3, 1) FEoE veERY gE AP
o

=]
Rl
=]
T

< 3

HE HAd7] o]% 3¥o] E®E V. wulnificus7t A o= DNA S3o] Atl= Meilan
518)9] Ay} AdAsh= oz yelwth 84 AAE, 2949 §144 A= 4
2~ ]
T H}\(}?iq—-

F a1 EE
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ABSTRACT: Characteristics of Vibrio vulnificus isolated in Incheon

Bo Young Oh’, Jung Hee Kim, Young Woo Gong, Seung Jegal, Hye Young Kim, Mi Yeon Lee,
Kyoung Wha Hwang, Yeon Ja Koh, Jae Mann Lee, Jong Myoung Go, Yong Hee Kim.

(Incheon Institute of Health and Environment, Sinheung—dong 18-4, Jung-gu, Incheon 400-102,
Korea)

We performed the biochemical characteristics, molecular epidemiologocal analysis, and drug
susceptibility test of V. vulnificus isolates from environmental sources in Incheon. For this study, 233
strains were isolated seawater, sediment, shellfish. V. vulnificus isolates were divided into 15
biochemical groups, which were positive for ONPG and Amygdalin test. Among the 209 strains,
206(98.6%) strains and 110(52.6%) strains revealed positive for vwhA and viuB gene, and the viuB
gene detection rates of V. vulnificus from seawater, shellfish and sediment were 48%, 48.5% and
61.6%, respectively. From disc diffusion test on 175 isolates, most of strains were sensitive to
Imipenem (100.0%), Sulfamethoxazole/trimethoprim (98.9%), Tetracycline, Ciprofloxacin (98.3%),
Ampicillin/sulbactam (97.1%), Chloramphenicol (96.6%), Cefepime (94.9%) and Ceftriaxone(94.8%),
multi-drug resistance rates was 31.5% of seawater, 34.4% of sediment and 29.2% of shellfish. PFGE
was performed on 233 V. vulnificus isolates with the objective of investigating the extent of genetic
diversity of these isolates in our region. We could find that at least 126 different PFGE patterns were
generated according by 90% of similarity and 13 patterns by 58% of similarity. The major cluster was
type 1(44.6%) during the most of the year, and type J was frequent pattern in June and October. There
were 9 distinct PFGE types in July, 8 types in August, 7 types in June, 6 types in September, 5 types
in October and 1 type in March.



Table 1. Oligonucleotide primer sequences used in this study.

Gene Primer Sequence (5° — 3 ) Ar;pzngc(zgg;n
WhA wh F TTCCAACTTCAAACCGAACTATGAC -
(cytolysin-hemolysin) WhR ATTCCAGTCGATGCGAATACGTTG
viuB ViuB F GGTTGGGCACTAAAGGCAGATATA
(vulnibactin 505
utilization protein) viub R CGGCAGTGGACTAATACGCAGC
Table 2. Biochemical characteristics of V. vulnificus isolated from environments.
= e S R
1046005 5 (45 1 (12 3 (83 9 (3.9
1046105 32 (286) 28 (337 13 (3.1 1 (5000 74 (31.8)
1146005 0 0.0 1 @2 o0 (0.0 1 0.4)
1146105 10 (8.9) 6 72 2 (56 18 .7
1146115 0 00 1 (@12) o (00 1 (0.4)
1346105 1 09 0 (0 0 (0.0 1 (0.4)
5006105 1 09 0 (00O 0 (0.0) 1 0.4)
ApF;LfZiEE 5044005 1 09 0 00O 0 (00 1 (0.4)
5046105 24 (21.4) 9 (1080 6 (16.7) 39 (16.7)
5047005 0 0o 1 @2 o0 (00 1 (0.4)
5106105 0 00 0 (00 1 (28 1 0.4)
5146005 4 36) 5 (60 0 (0.0 9 (3.9
5146105 31 (2770 30 (36.1) 11 (306 1 (5000 73 (31.3)
5147005 1 09 0 (0 0 (0.0 1 (0.4)
5147105 2 (18 1 (@2 0 (0.0 3 (1.3)
102 72 33 2 209
PCR WhA 102 (100.0) 71 (98.6) 31 (939 2 (100.0) 206  (98.6)

test
viuB 49 (48.00 44 (61.1) 16 (485 1 (50.0) 110 (52.6)




Table 3. Antimicrobial susceptibility of 175 V. vulnificus isolated from environments.

Antimicrobial agent o _ Disk Percent of strains
Antimicrobial agent content
group (ug) s I R
Penicillins Ampicillin (AM) 10 93.7 29 34
Ticarcillin (TIC) 75 89.1 91 18
for;tf‘rf:t"l?sse Inhibitors 1 icillin/sulbactam (SAM) 10/10 971 17 12
A&c')\;(ié:;”in/calvulanic acid 2010 937 51 12
Cephalosporin
1st generation Cephalothin (CF) 30 78.3 16.0 5.7
Cefazolin (C2) 30 42.3 463 114
2nd generation Cefoxitin (FOX) 30 48.6 417 9.7
Cefotetan (CTT) 30 89.1 80 29
3rd generation Ceftriaxone (CRO) 30 948 46 0.6
Cefotaxime (CTX) 30 920 63 17
4th generation Cefepime (FEP) 30 949 17 34
Carbapenems Imipenem (IPM) 10 1000 0.0 0.0
Aminoglycosides Streptomycin (S) 10 47.4 37.7 149
Kanamycin (K) 30 68.0 286 34
Gentamicin (GM) 10 943 28 29
Amikacin (AN) 30 86.3 8.0 57
Quinolones
1st generation Nalidixic acid (NA) 30 909 29 6.2
2nd generation Ciprofloxacin (CIP) 5 98.3 11 06
Tetracyclines Tetracycline (TE) 30 983 06 1.1
Sulfonamid-trimethoprim St’s'iiq‘fthoxazow trimethoprim 4 555375 989 11 0.0
Chloramphenicol Chloramphenicol (C) 30 9.6 23 1.1




Table 4. Antimicrobial resistance patterns of V. vulnificus strains.

Antimicrobial resistence Strains (%)

11 Am,Sam,Cf,Cz,Fep,Ctt,Ctx,C,Na, Te,Cro (0.6)

10  Am,An,Sam,Cf,Cz, Fep,Ctt,Tic,S,Fox (0.6)

9  Am,An,Cz,Fep,Gm,Tic,S,Amc,Fox 2 (1.0

Am,An,Cf,Cz,Ctt,Na,K,S,Fox

An,Cf,Cz,Gm,S,Fox (0.6)

An,Cf,Cz,Ctt,Fox 3 1.7
An,Cf,Cz,S,Fox

Cf,Cz,Gm,S,Fox

4 An,Na,S,Fox 3 1.7)
Cf,Cz,S,Fox

Cz,Na,S,Fox

3 Cf,Gm,Na
Cz,S,Fox
Ctt,Na,K
C,Na,K

5 (2.9)

2 AnS 11 (6.3)
Cf,.Gm
Cz,S
Fep,S
Fep,Ctx
Ctx,Na
Cip,S
Te,S
K,S
S,Amc

1 Am
An
Cz
Fep
Na
K
S
Fox

29 (16.6)

U N W Wk ONNDNRRERPRRRRPRRPRNDNPRERREPRERPNRPRRPRRPR R RPRP(RPR RPR[RL|PR

0 119 (68.0)

Total 175 (100)




Table 5. Distribution of PFGE clusters for V. vulnificus isolates from environment.

Sampling

Distribution of V.vulnificus isolates in PFGE clusters?

date No. of
(month) A B C D E F G H | I K L M Toml () Clusters
Tod 2 1 11 19 9 12 7 33 104 24 3 5 3 233 (100 13
(%) (0.9 (0.4 47 B2 B9 (52 (3.0 (142) (44.6) (10.3) (1.3) (2.1) (1.3) (100)

3 o o o o o0 0 ©0 o0 1 0 0 0 0 1 (@& 1
(%) (0.0) (0.0) (0.00 (0.00 (0.0)0 (0.00 (0.0) (0.0) (100.0) (0.0) (0.0) (0.0) (0.0) (100)

5 o o o o o0 0 2 0 1 6 0 0 0 24 (103 3
(%)  (0.0) (0.0) (0.00 (0.0)0 (0.00 (0.00 (8.3) (0.0)0 (66.7) (25.0) (0.0) (0.0) (0.0) (100)

6 o o 6 2 0o 0 2 13 1 1 1 0 3 @55 7
(%) (0.0) (0.0) (16.7) (5.6) (0.0) (0.0) (5.6) (36.1) (30.6) (2.8) (0.0) (2.8) (0.0) (100)

7 2 0o 4 & 3 7 3 15 3 0 0 1 0 73 (313 9
(%) (27 (0.00 (655 (110 41) (9.6 (4.1 (205 (41.1) (0.00 (0.0) (1.4) (0.0) (100)

8 o 1 1 4 4 4 0 1 17 1 0 0 0 33 (142 8
(%) (0.0) (3.0) (3.00 (12.1) (12.1) (12.1) (0.00 (3.0) (51.5) (3.0)0 (0.0) (0.0) (0.0) (100)

9 o o o 5 2 0 0O 0 28 0 3 2 3 43 (185 6
(%)  (0.0) (0.0) (0.00 (11.6) 4.7) (0.0)0 (0.0)0 (0.0) (65.1) (0.0) (7.0)0 (4.7) (7.0)0 (100)

o o 0o o0 o0 o 1 0 4 1 1 0 1 0 23 (99 5
(%) (0.0) (0.0) (0.00 (0.00 (0.0) (43) (0.00 (17.4) (4.3) (69.6) (0.0) (4.3) (0.0) (100)

& Clusters obtained through UPGMA analysis of PFGE profiles of all 233 V. vulnificus strains, see Fig.
1.
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CJ: Chojiri, HC: Hwangchungri, CO: coastal water, SW: Seawater, SD: Sediment,
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Fig. 1. UPGMA cluster analysis of PFGE profiles of 233 V.vulnificus strains isolated from
environment. KD: Kodong, DM: Derrimi, SA: Samsanmyen, SD: SeoDo, SU: Sunsuri, OP: Quipori,

SF: Shellfish, AQ: Other.

CH: Changhuri



