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Profiles of Virulence Genes and Antimicrobial Resistance of }7brio vulnificus
Strains Isolated from Seawater and Fisheries
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"Department of Biotechnology and Biomedicine, Chungbuk Provincial College, Cheongju 28160, Korea

We isolated 28 Vibrio vulnificus strains from seawater and fisheries and investigated the positive rate of eight viru-
lence genes. Additionally, we evaluated the susceptibility of these strains to 25 antimicrobials. The positive rates of
fur, vwhA, tcp, rtxA, vegC, viuB, vvp, and acfA were 100, 92.9, 92.9, 67.9, 64.3, 25.0, 14.3, and 7.1%, respectively.
A disk diffusion susceptibility test revealed that, all the investigated strains had the highest resistance to amoxicillin
and oxacillin, followed by that to streptomycin (96.4%), cefoxitin (92.9%), clindamycin (82.1%), amikacin (67.9%),
vancomycin (46.4%), nalidixic acid (7.1%), penicillin G (7.1%), and ampicillin (3.6%). Moreover, they were suscep-
tible to 10 other antimicrobials, including cefotaxime, chloramphenicol, erythromycin, gentamicin, and rifampicin.
Notably, amoxicillin, oxacillin, and streptomycin had average minimum inhibitory concentrations of 132.6, 603.4,
and 23.1 ug/mL against V. vulnificus, respectively. These observations provide new insights regarding the necessity
for sanitation of commercial fisheries and can potentially, help reduce the risk posed by fisheries contaminated with
bacteria resistant to antimicrobials.
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V. vulnificusi= <32-0] 9°Co| 4] 31°C Atol9] sfi4= & 7]
A F&2 AZEY] 220] 18°C oAtol| A= ghikslA| Z4l56}
A9E10°C o]8}e] =20 A= 574 B7Fs 3 20 8 st
(Kaspar and Tamplin, 1993), ¥+-& =7} 15-25 psu (practi-
cal salinity unit) AFo] €] Zof| A= 2 FAISEA]RE 30 psu o] /o]
] o] 9] = FAE| Zagttal HiaE o] Jti(Motes

BB 2] @& Vibrionaceaey} Vibriod:o] 13 24 H3xx}
Mt o2 4, 714 9 sflrol| A AEEY V. cholerae, V. vul-
nificus, V. parahaemolyticus, V. mimicus, V. fluvialis, V. hol-
lisac 5 1278 A3 = o] o WS fUSHE el Ha

2loato 2 Bk o] ¢lck(Balows et al., 1991; Thompson et I§

al., 2004; Baker-Austin et al., 2018). {4l v]E a0 4fof 9 etal.,, 1998). V. vulnificusol] 23t 7+¢8 o] ol 2. &% =7
A AESE HAA A o= i AgskaL glom Seuetel A= 7 X ol 59 sAE A Foll o3t BT A e 9 E A
2=V, cholerae), B E.2] 23| @5V, vulnificus) B 7 £ 53 A Aedoln, S Y, 3 58, AR 9E

HH SolH 7R}, Y, RPIAF AT B VA
SA7E o] ol HAET AFFES 50% o]l AR B

GH| B2 2491 ( V. parahaemolyticusy 7+aH 2] o= 4 -2
of] et W Eofl LAt 22 A2 A, A3gar e 9 A

ZEAFOZ A Qsto] Belska QILtKDCA, 2021; MFDS,

%] o] QIth(Brauns et al., 1991; Jones and Oliver, 2009; Mat-
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Vibrio vulnificus2] 4

sumoto et al., 2010; Oliver, 2015). V. vulnificus®] 9 Y
A - AA}= hemolysin gene (vvhA), RTX toxin gene (rtxA),
siderophore-encoding gene (viuB), virulence-correlated gene
(vegC), ferric uptake regulator gene (fur), metalloprotease
gene (vvp), toxin co-regulated pilus gene (tcp) & accessory
colonization factor protein gene (acfA) 5-°] o0, HAA
© ojg] Qlape] Bt 2hgo] oJ5k Aoz kel A lrkBogard
and Oliver, 2007; Jones and Oliver, 2009; Oliver, 2015; Baker-
Austin and Oliver, 2018; Li et al., 2019; Pettis and Mukerji,
2020; Yuan et al., 2020).

A ahe] A o] B o <fsh 2011 5E] 2019W71A] 29
Az 2ol A 9A8EE V. valnificusl] 23 A= & 460 0.
= 897} 9€ o] 65.2%2] BT A S o AP A= 2177
O 2 APFE247.2%°] JTHKDCA, 2021).

715 28k Q19 sk ee] ootz kA W s 9)
on] Qisza| slokgig o] Wake shabglel ute) elA wa
2l 0:3to] O3 AFE A W 2 M THs A 1 ol
A3 9l Algolch. wheb A vl e oo ofat AlEE
AFIL 9 7heg A8 A3k SlaIAE S8 ) 91

AT V. vulnificuse] 9] 2 A o3& 913 71242
2 AF57] $Isto] B4 2 4HE o4 Belat V. vulnificuse]
WA S HE W A WS Akt

Aol AR V. vulnificus= 20189 447-E 2018W 11¥
A A& Fant W HA 319(Cho and Park, 2019) 87 74
Aol 3 sllp(Fig. 1)ollAl Ee)gh 57} 20189 6€+-H
2018 119712 A alfidE 2249 ZHAabpAkEAllE of A
AIHE| L Ql= F 4170 AHE(F 0] 107, BEATEE 57, ¥ S
2, et 57, 74Abm] 47, 23] 43, 5] 47, A 2 F
Al 7] 270)oll A Eelgt 2345 A gHet 28+ Y &
A2 475 B3] 98t V. vulnificus KCCM 41665 o5
£ ARgsaitt. A A A= deEloll= Escherichia coli
ATCC 259228} Staphylococcus aureus ATCC 25923 455
ARg-a9lT.

V. wulnificus®| 22| ¥ &3

S 9 AR A] V. vulnificuse] £2] W FH ok} 2
o] ArJsl4tt. Al= 25-30 goll 9ulleF2] phosphate buffered sa-
line (PBS; 140 mM NaCl, 5 mM anhydrous Na,HPO, and 1.5
mM KH,PO,; pH 7.4)& 75131 287F #8381 5 10 mLE 2%
NaClo| 37} double strength alkaline peptone water (APW;

24 A L FA By 919

Fig. 1. Location of sampling stations in Gomso bay and Byeonsan
area, the west coast of Korea, from April 2018 to November 2018.

pH 8.5) 10 mLoj| &34 2.1, <=+ 10 mL double strength
alkaline peptone water (APW; pH 8.5)°] 10 mLE &3}
35+1.0°Cof|A] 16-18A]7F vljoFalstt. uljoFol-e thiosulfate-
citrate-bile salts (TCBS) agar (Difco, Detroit, MI, USA)of| =Y
Fo|2 HE T 35+1.0°Col|A] 18-24A]7t vljeks}sict. TCBS
iR oAV vulnificus® A E= A8 2Q] 2-3 mm F7]9]
A Hes o Eeste] VV2055918 574 2HKim et al.,
2015)2] &4 575 PCR assay= &215}] V. vulnificus= 5
7431tk PCR assay & 913+ % DNA FH| = vl 1 mLE
eppendorf tube (AXYGEN Inc., Union City, CA, USA)e|| #
3H % 10,770 gol| A 27 A4l R efsto] 5-dS Al AsL of
710l et 55> 100 pLS 7ksko] FE 5 100°CollA 102 &
e starl 5ol A 27 4171 210,770 gofl A 127 A4 &
2]alo] AEH-S PCR assay S 93t template DNAZ A5}
At} PCR 2712 94°C 557} 13] & A 5 94°C 30%, 64°C
30% U 72°C 3025 g th9] & 3hef 253] RHE 5 72°CellA] 10
7} 13] 2718 DNAS ZZ5}%chKim et al., 2015). PCR
2 GeneAmp PCR system 9700 (Applied Biosystems, Fos-
ter City, CA, USA)S ARg-3lo] 423835192 PCR product
10 pLE 1.5% agarose gelof] 217|195 3 ethidium bromide
2 JAI3}0] Vilber Lourmat (Bio-Paint ST4; Marne-la-Vallée,
France)Al Gel-Doc system©. 2 DNA 32 o] HE 3153
ok 540 ¢k7H V. vulnificus= HE 5k 15%7} HEE
5 S A AE 715} cryovial storage box (Simport, Be-
loeil QC, Canada)®] g o] -80°Col| B3I HA| AFof A&-3}
At AR FZ2 95t 715 G 4~ Takara (Otsu, Japan)AL
O Al &S AHE-8H3l o1, 885 AT Sheep blood agar plate
(ASAN Pharm Co., Ltd., Hwasung, Korea)ol] A& w5 4
0] 35+1.0°Coll A 18417 Bl - g $ho] /] o] H2 &
5= 2elskelrt.
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V. vulnificus®] 8% /3 AR &40l AHE-SE primers
9] 7144, 5= DNA =17] Y annealing == 5 Table 1
o] YEF 2.1, primers+= Bioneer (Daejon, Korea)Alof 2]
2] Hdskoieh AR template DNA= 57gofl ARE-3H 213t
TS A AMEBF o, PCR 27104 53 A=0] 1.0 kb
o]l vwp & tep FAAF9] extension AJ7H> 12027t AAI6}
aom, 7[et {719 extension Al 3027F AASHIT
PCR product= 1.5% agarose gelollA] 47195 & ethidium
bromide® FM35}o] Vilber Lourmat (Bio-Paint ST4, Marne-
la-Vallée, France)Al Gel-Doc system &2 &-015}3] T},

Shad g Al

A& w59 3F+A| 4412 Becton Dickinson (BBL Sensi-
Disk, Sparks, MD, USA)ALS] &}tA| t]A= A& AR5}
o] Acar and Goldstein (1991)2] YAz O 2 AJF8HS
t}. LB broth (tryptone 1.0%, yeast-extract 0.5%, NaCl 3%)°f|
A F5E 3E610] 35+1.0°Coll A 31524 e wljoF 5 oA
+ PBS (140 mM NaCl, 5 mM anhydrous Na,HPO, and 1.5
mM KH,PO,; pH 7.4)& 23] |45} 5 %5 McFarland No.
0.52 2A3}o] =7 0.4 mme] Mueller Hinton agar (Becton,
Dickinson and Company, Sparks, MD, USA) H3tof| Hat5
2B o8 o2 FFIqh of 7)ol HAL Al J A5 1)
o] 35£2.0°CollA] 16-18A17F ulF 5 7} <A o] &fsf 4
B AsARge] 2715 S5k AlY 52 Al A,
743 9 YA 9] A== Clinical and Laboratory Standards

Table 1. Primers used in this study

5 - 7

Institute (CLSI, 2010)2] 7]l whet g sttt Al A
+ amikacin (30 pg), amoxicillin (25 pg), ampicillin (10 pg),
cefotaxime (30 pg), cefoxitin (30 pg), cefuroxime (30 pg),
ceftriaxone (30 pg), cephalothin (30 pg), cephazolin (30 pg),
chloramphenicol (30 pg), ciprofloxacin (5 pg), clindamycin (2
ng), erythromycin (15 pg), gentamicin (10 pg), kanamycin (30
pg), nalidixic acid (30 pg), nitrofurantoin (100 pg), norfloxa-
cin (10 pg), oxacillin (1 pg), penicillin G (10 pg), rifampicin (5
ng), streptomycin (10 pg), tetracycline (30 pg), ticarcillin (75
pg) 2 vancomyein (30 pg) 5 255 9] &tA| ] A5 AR5}
& tt. Multiple antimicrobial resistance (MAR) index+= W4
= Uetdie oA 5 Aol ARS-3 A FtAl o= ve
Pz Antska

FAHSAMSZ(Minimum Inhibitory
Concentration, MIC)2| &H

FatsoAdls=s 457 9t Fd+tAl= Sigma (St
Louis, MO, USA)AF2] A|&-2 A[8-5}9 Clinical and Labora-
tory Standards Institute (CLSI, 2010)0]] 7] %3t i o &2 =4
314t} "Hot% Mueller Hinton broth (Becton, Dickinson and
Company, Sparks, MD, USA)of| 2,048 pg/mLof|A] 1 pg/mL
7HA| AR FEE Gt FHAIE AR 3 B 4%
Aol ZF o] tAI7E H7HE HiAIE 2 mLA 755
Sk o710l A gl 3% 47Hel LB brotholl A SR A vk
S AT 3 g HEsto] 3542.0°CollA] 16-18417F A
HjQF & o 4] ofF= Sete 2 Siglste] AUl s e

Gene Sequence (5'-3") Amplicon size (bp)  Annealing temperature (°C)  Reference
5-CAGCCGGACGTCGTCCATTTTG-3' Kim et al.

V2055918 5 ATGAGTAAGCGTCCGACGCGT-3 484 64 (2015)

A 5_-TTCCAACTTCAAACCGAACTATGAC-3' 205 6 Brasher et al.
5 ATTCCAGTCGATGCGAATACGTTG-3' (1998)

B 5-GGTTGGGCACTAAAGGCAGATATA-3' S04 6 Panicker et al.
5. CGGCAGTGGACTAATACGCAGC-3 (2004)
5'-AGCTGCCGATAGCGATCT-3' Rosche et al.

vege 5_-CGCTTAGGATGATCGGTG-3' 278 56 (2005)

A 5-TCGAATACCACAGCCGTAGC-3' 470 58 Yoon et al.
5_CACCATTAACGCGAGAGCAT-3' (2020)

. 5. CGGAATTCATGTCAGACAATAACCAAG-3' 450 55 Lietal.
5.CCGCTCGAGTTAGTTCTTACGTTTATGT-3 (2019)
5-ACACTTCTTGCGTTACTTG-3' Lietal.

aciA 5-ACTTGCTTGGCTTTGATT-3' 320 % (2019)

» 5 -CGGATCCATGAAACACAACCAACGT-3' 830 55 Lietal.

P 5-CCGCTCGAGTCAATATTGAAGCTTTA-3' ’ (2019)

o 5.CCTTCTCGTCCCTTTATG-3 1 069 55 Lietal.

5'-CTTCCGAACCTTTATTGC-3'

(2019)




Vibrio vulnificus®]

Zn 9 D3

4 2 £AE0M V. wulnificus?l 22| Y SH

2018'd 455 1197HA] AebEte 3Aanka) B4k 319 9] 8
7N AHA i 18] - 64719] £F <ol Al 1052 V.
vulnificusE £-2]5}cHCho and Park, 2019). =40k 2 ¥
Ak 3| o] 323 sfl4roll A V. vulnificus+= 3.6-23 MPN/100 mL
9] ol A HEE oM (HEE-220.3%), 7oA 109 A
0]9] 422:0] 20°C o|/d9] sfi=el| A &%= $ItHCho and Park,
2019). E3F =AHE-2- 2018 6€H-E] 1197HA] dHAR=AREAL
HoflA] 43t 1071 Hojoll A 2835, 471 7HAm| ol A 6,
47 A oA 29k, 571 BER| ol A 6FF, 571 WRtoll A 44F
5, 570 Aol A 7o, 270 WAl A 295, 470 ] ol A] 3
o, 270 A7) 0|4 3T 5 T 417 A AR A 61
@59 V. vulnificusg 225ttt Y AlBA BEg V.
vulnificus= 8% 4 A Hfd Aol whet H{4
o] FUgt Aol 19 ARkl Y| 5= v A
sto] ol el 124, sll= el 5o, vhAE, 4rx] 9 wig)
e 7k 2w, 7EAk, axef, A7), WA 9 ] el 2t
1574 2 289t5 2|54k =5 A g of| ARE-5FIT

V. wulnificus®| H¥d MR 2A

3= L Aol A Be|gh 2845 V. vulnificuso] Tig 8%
WA §HRHvvhA, viuB, vegC, XA, firr, actA, vwp 2 tep)
A -7+ PCR assayZ 43519121 71 Av}= Table 2
R it B4 AT 2855 V. vulnificuss 15014 7%
A A2 B & 107 15 o8 BRE A S
WA SAR(vvhA, vegC, iixA, fur D tep)yS B85}
= type 6°] 113F52(39.3%) 2 7 =& R=E UEt

S 9 A WA 921

d AR (vvhA, viuB, vegC, rtxA, fur 2 tep)
A= type 9= 5¢F(17.9%)=2 th2ol i) 78
A

Jo

(vvhA, viuB, vegC, rtxA, fur, acfA 4 tep)& H-5-5h=type 10
o) 1FG.O% 0 WA FHAE RGEE fr (100%),
WhA (92.9%), tep (92.9%), rixA (67.9%), vegC (64.3%),
vitB (25.0%), vvp (143%) 9 acfA (7.1%) % EH1E 5t} o)
oo} SAHE S Bslo] el SU70] g8 ARe B
¥ WhAS} tcp §A10] A9, SAHE frof BE R P4
whel s el B 30 OIS A} vl
WA 44HE ol 16227 B 15504 A1 vhel ahe
o - 3ol 4 28] ol olek. viuB, vp L acfA 440
A= AL 7 6757, 4 5 250l A Pl vh
foh B 1RO AR viuB S AAE 593k Lot vp
o acfA A= B= oA S0l ik A o= sl
W Sabgol X Hela 2825 V. vulnificus®] 8 B4
A= fur, vwhA, tep, rixA X vegCRl A2 FRIE o
Stk AkE el ool A HEA AR BaAdol
A2 =A ekt QUARIS sfekeb oA &elgt 209+
Z V. vulnificusS A S 2 YA Skl vvhA U viuBe)
ZH5-2 PCRE AES AT}, vwwhAk 20675(98.6%) 2
ViuB= 110835(52.6%)7} AFA o] Qth= 5 117} 90.0{(Oh et
al., 2007), S-2juhet =t Ate] 1457]4 7 9] dlj<mol|A] &
28t V. vulnificus= 20173 =2} 2018 =0 Z+2} 15.82% 4
21.81% H|&= HEE o, A 42 whA] HEE
©13.17% 2 19.40%0] Q1 tH= B 117} QIth(Lee et al., 2019).
Aepde A 99 o], 317 ks 9 ehxfol 4] ek 23
== V. vulnificus®l| 3t S4 AR rtxA, viuB 4 vwhA)E
PCR} real-time PCRZ 243t A1} viuBe} vwvhA §-A A=
100% F/d& et Ao, rixA -8 2= 199F5(82.6%)°ll

Table 2. Virulence gene patterns of V. vulnificus strains isolated from seawater and fisheries

Virulence No. of strains - Virulence gene

type vwhA viuB vegC rtxA fur acfA wp tcp
1 2 -1 - - - +2 - - -
2 2 + - - - + - - +
3 1 + - - + + - - +
4 1 + - - - + + - +
5 3 + - - - + - + +
6 1 + - + + + - - +
7 1 + - - + + - + +
8 1 + + + - + - - +
9 5 + + + + + - - +
10 1 + + + + + + - +
Detection rate (%) 92.9 25.0 64.3 67.9 100.0 71 14.3 92.9

! -, negative. 2+, positive.
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A oFAdo]qlth= At QltH(Yoon et al., 2020). 2 - Ay}
o} 7129] ArAtol| A V. vulnificus®] YA SHxF] B
Aol zfo]7t Uz o] = Eel e, wElA 7] E EE A Fol o
27] 2ol Ao g k=l E3)F 28+WF V. vulnificuse] |-
5 AFA 267 oAl F9loll B-§8 5= HErAITE
ol Al B-2]3t vwwhA v RG 233 a-8 852 YR
CHAT} Bl A A)).

V. vulnificus® &4

M

OII

Huds # Wg

Bl E AT AREOl| A Eejeh 28+ V. vulnificusE o
Ao g 25% 0] gatAlol it A H A Ade Haa
b o7 BASEGl o n 11 A k= Table 3o UERAIch A
Aol ARERE 289 F-0] AR Tz U7 7= 25F Al 5
1559] gatAlofl WS Holw W/AdE-2 amoxicillin (100%),
oxacillin (100%), streptomycin (96.4%), cefoxitin (92.9%),
clindamycin (82.1%), amikacin (67.9%), vancomycin (46.4%),

02
0z

HI

5 - 7

nalidixic acid (7.1%), penicillin G (7.1%), ampicillin (3.6%),
cephalothin (3.6%), cephazolin (3.6%), kanamycin (3.6%),
norfloxacin (3.6%), ¥ ticarcillin (3.6%) <At} 2Lt
cefotaxime, cefuroxime, ceftriaxone, chloramphenicol, cipro-
floxacin, erythromycin, gentamicin, nitrofurantoin, rifampicin
4 tetracycline 5 1059 Aol = e A7 A= U
e 52 °~1°ﬂ w2 YA FEA o] 4 24 8.0, HhY

2 ul Zpu] s 7.0, Aol 6.7%, 42, A7) W 7]

= 6.0%, s & H-H%“’ 5.0% A YA= 4.052] g=tAol W
35 HeEPl Siek
S X sf|ofglA ol A Ea|st 23343 V. vulnificusE thAt

© &2 21%9] glutAl thgt WAL HESH A3} streptomycin
(14.9%), cefazolin (11.4%), cefoxitin (9.7%), nalidixic acid
(6.2%), amikacin X cephalothin (5.7%)°]™, imipenem3}
sulfamethoxazole/trimethoprimoll = 7<0AlS UEllith= W
17} 9lo.m(Oh et al., 2007), S-2]uteh AAE Adts)l o] 5]

Table 3. Antimicrobial susceptibility and resistance of V. vulnificus strains isolated from seawater and fisheries

Disc content

No. of isolates

Antimicrobials

(H9) Resistant Intermediate Susceptible
Amikacin (AK) 30 19 0 9
Amoxicillin (AML) 25 28 0 0
Ampicillin (AMP) 10 1 0 27
Cefotaxime (CTX) 30 0 2 26
Cefoxitin (FOX) 30 26 2 0
Cefuroxime (CXM) 30 0 0 28
Ceftriaxone (CRO) 30 0 0 28
Cephalothin (KF) 30 1 1 26
Cephazolin (KZ) 30 1 0 27
Chloramphenicol (C) 30 0 0 28
Ciprofloxacin (CIP) 5 0 0 28
Clindamycin (CC) 2 23 5 0
Erythromycin (E) 15 0 0 28
Gentamicin (GN) 10 0 0 28
Kanamycin (K) 30 1 21 6
Nalidixic acid (NA) 30 2 0 28
Nitrofurantoin (F) 100 0 1 27
Norfloxacin (NOR) 10 1 0 27
Oxacillin (OX) 1 28 0 0
Penicillin G (P) 10 2 0 26
Rifampicin (RD) 5 0 0 28
Streptomycin (S) 10 27 1 0
Tetracycline (TE) 30 0 1 27
Ticarcillin (TIC) 75 1 0 27
Vancomycin (VA) 30 13 1 4




Vibrio vulnificus®]

o= EFAENA 23 165 V. vulnificuss T
© &2 AAIRE 19%-9] A of) et W/d-2 piperacillin (6.3%),
trimethoprim (6.3%) ! rifampin (93.7%)°]™, ampicilling
S 1659 FtAlole e F7F Aotk At
%= lth(Yang et al., 2017). EFAfol| 4] &2t 18 V. vulnifi-
cuss 1550 F=tAlE 22 WS 248 A3, cefoxitin
o 183t 5 17+15(94.4%)7F WS e A9k ampicillin,
chloramphenicol %! tetracycline 5 14%2] &A|o] thafj A=
W= w7 gl vk A3t 9ltk(Yoon et al., 2020).
E3F o] Alof FAFOA el 529t V. vulnificusE
o g 759 Aol thgt Wae HES 23} ampicillin
(63.5%), penicillin (63.5%), bacitracin (55.8%), erythromycin
(38.5%), streptomycin (28.8%), tetracycline (25.0%) 4 van-
comycin (53.5%)¢] A% Qlti(Amalina et al., 2019). &
T Avkel 7129 A Aol = ARERE Al TRl A ot
o] zpo| 7} qleke A 21 Aol thgt V. vulnificus®] W
3 W Aol Al Aol 7k Qled ol e, A7 R &
244 Fol th=7] w2l Ao = etk

S WS Uett= 155 =tAlol thigt A ddof AR8-3t 28
ol gt Al WA A Table 400 e Sict. gt
Al W8 2 3F0NA 13F7H4] 12879 thast =39 W
A S LR AL Q1= amoxicillin-oxacillin-streptomycin
3%0 Al Wie Uetle e 15E5(3.6%)°]H
MAR index+ 0.122 2915 itt. Amoxicillin-clindamycin-
cefoxitin-oxacillin %%} % amoxicillin-cefoxitin-oxacillin-
streptomycin 23] =tAl] WS U= #5241

A

d AR B A A

923

0] MAR index= 0.169]21t}. Amikacin-amoxicilline-
clindamycin-oxacillin-streptomycin - 3%}, amikacin-amox-
icilline-cefoxitin-oxacillin-streptomycin 23+ % amoxicil-
line-clindamycin-cefoxitin-oxacillin-streptomycin 23} 5%
o] Aol WS Yetdl= #5195, 295 9 3¢
o] MAR index+= 0.200]%it}. 639] 3+tA| =, amikacin-
amoxicilline-clindamycin-cefoxitin-oxacillin-streptomycin 2
amoxicilline-clindamycin-cefoxitin-oxacillin-streptomycin-
2777k e veRg
t}.  Amikacin-amoxicilline-clindamycin-cefoxitin-oxacillin-
streptomycin-vancomycin 72| Ao WAL UeR)
£ FEE BRFFQBO%)E A B A NES e
zgto g 3lE it Amikacin-amoxicilline-clindamycin-

vancomycin 2% 69 2

cefoxitin-nalidixic  acid-oxacillin-streptomycin-vancomycin
2 amoxicilline-cefoxitin-cephalothin-cephazolin-oxacillin-
penicillin G-streptomycin-vancomycin 232 Z} 152 &+
A= k. 7P B2 @t Al ofl A& Yehdl= 1t Aol
A B8]t =2 amikacin-amoxicilline-ampicillin-clindamy-
cin-cefoxitin-kanamycin-nalidixic acid-norfloxacin-oxacillin-
penicillin G-streptomycin-ticarcillin-vancomycin 13 &4
o] A2 Lelfn MAR index= 0.522 2Hol=|Qlch. A2
O &2 Al o] ARR-3F 2845 V. vulnificus= B+ 6.2%2] 3}
Aol W= 2ot ok oA thAviAg o] A4S ti+g
Aoz PehE

A aFatAloll tigt V. vulnificus®] 2480415 24

152hE WA Uehis 155 G2 Aol Bfgt V. vulnificus

Table 4. Antimicrobial resistance patterns and multiple antimicrobial resistance (MAR) indices of V. vulnificus strains isolated from sea-

water and fisheries

Antimicrobial resistant pattern No. of resistant strains MAR index
AML-OX-S 1 0.12
AML-CC-FOX-OX 1 0.16
AML-FOX-OX-S 1 0.16
AK-AML-CC-OX-S 1 0.20
AK-AML-FOX-OX-S 2 0.20
AML-CC-FOX-OX-S 3 0.20
AK-AML-CC-FOX-OX-S 6 0.24
AML-CC-FOX-OX-S-VA 2 0.24
AK-AML-CC-FOX-OX-S-VA 8 0.28
AK-AML-CC-FOX-NA-OX-S-VA 1 0.32
AML-FOX-KF-KZ-OX-P-S-VA 1 0.32
AK-AML-AMP-CC-FOX-K-NA-NOR-OX-P-S-TIC-VA 1 0.52
Total 28

AK, amikacin; AML, amoxicillin; AMP, ampicillin; CC, clindamycin; FOX, cefoxitin; K, kanamycin; KF, cephalothin; KZ, cephazolin;

NA, nalidixic acid; NOR, norfloxacin; OX, oxacillin; P, penicillin G; S, streptomycin; TIC, ticarcillin; VA, vancomycin; MAR, multiple

antimicrobial resistance.
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Table 5. Minimum inhibitory concentration of V. vulnificus strains isolated from seawater and fisheries

/mL
Antimicrobials Mg
1 2 4 8 16 32 64 128 256 512 1,024
- 9 19
Amikacin (32.1%) (67.9%)
Amoxicillin 260 20
(92.9%) (7.1%)
Ampicillin 10 250 10 1°
(3.6%) (89.2%) (3.6%) (3.6%)
i, 2 26
Cefoxitin (7.1%) (92.9%)
. 14 12 1 1
Cephalothin (50.0%) (42.8%) (3.6%) (3.6%)
. 27 1
Cephazolin (96.4%) (3.6%)
Clindamycin ° 0 4 0 8 o 110
(17.8%) (14.3%) (28.6%) (39.3%)
Kanamycin e ) 210 10
(21.4%) (75.0%) (3.6%)
S 20 5 1 2
Nalidixic acid (71.4%) (17.9%) (3.6%) (7.1%)
. 26 1 1
Norfloxacin (92.8%) (3.6%) (3.6%)
Oxacillin y 0 140 8 0
(21.4%) (50.0%) (28.6%)
- 15 1 1 1
Penicillin G (53.5%) (39.3) (3.6%) (3.6%)
. 1 14 13
Streptomycin (3.6%) (50.0%) (46.4%)
" 6 21 1
Ticarcillin (21.4%) (75.0%) (3.6%)
Vancomycin : 5 0 2 :

(14.3%) (39.3%) (35.7%) (7.1%)

(3.6%)

O] HAUEAAEEE S4S A= Table 5ol YeRf It
Amikacinol] W& Yeh= 197358 MIC= 32 pg/mLo| ™
U 2] 974529] MICE: 16 pug/mL 3208 A8 ey
9lth. Amoxicillinol] WA-S Ul = 267+5-2] MIC:= 64 pg/
mLo| ¢ oL 27450 MIC:= 1,024 pg/mLE 1% WA et
itk Ampicillinof] W42 Yehfl= 157522 MICE 1,024
pg/mL=E 1% WAS Yepd v 2] 27952 MIC=
<1-4 pg/mL= 73S el it Cefoxitin®]] o3l 32 pg/
mLe] MICE YEt = 269+ WS YeRd BHA 16 pg/
mL 8| MICE Y= 2+F5= 7423 ]¢itt. Cephalothin®]|
tiaf 128 pg/mLe] MICE Wet = 1at= W/ &1 Wi v
A #F= 4-16 pg/mLe| MICE Ueh= 7h4=4dolt}. Cep-
hazolin®] th3}] 128 pg/mLe] MICE YElY = 145 WA
ol WhH Ui A = #5220 MICE: 16 pg/mLE 74248 Uehy
{itt. Clindamycin®] WS LEE 23952 Hot MICE

22.3 pg/mLolm 43S Uehl= w522 Bat MIC= 4 pg/
mLe 2 g2lEgltt. Kanamycin, nalidixic acid ¥ norfloxa-
cinoll W& Uetli= ZF 194522] MIC+= 32, 128 2 16 pg/
mL 2 SAE It T3k, 2830 A W/d-& UEbl = oxacil-
lin& 256-1,028 pg/mL ¥ $]o] ], B MICE 603.4 pg/mLE
S = o] 19 =2 MICE YEt Sl 25FellA WA= o
Ell= penicillin Gof| ok A2 256-512 pg/mL HY = =
A2l on], 24 59 MICE 2-4 pg/ml 42320] 91k 27
oA W3S UERY = streptomycin®] gt W2 16-32
ug/mL H 9|2 Hi MICE 23.7 pg/mLE ZA =gl o, 7k
3 52 MICE 8 pg/mL =0 Utk 15t5=0] A W/d & Let
Y= ticarcillino]] that A4S 512 pg/mLol™ A4 F52]
MIC+= 8-16 pg/mLE Z74 = let. 137520 A WAdS e
+= vancomycin®]] thet W42 32-128 pg/mLolw] Zh=A4 3
O MIC+= 8-16 pg/mL= S = Qlct. A4 0 2 sl 9 Al



Vibrio vulnificus®] ¥4

PAHE oA B2t 2835 V. vulnificus= amoxicillin, ampi-
cillin, cephalothin, cephazolin, nalidixic acid, oxacillin, peni-
cillin G ¥ ticarcillin 52| &Ao diallA+= MIC7} 100.0
pg/mL oA 0 2 =2 HHH amikacin, cefoxitin, clindamycin,
kanamycin, norfloxacin, strepyomycin ¥ vancomycin 52
Ao gt MICE: 100.0 pg/mL o|8}& Atz o g v
Aoz gRRIE Utk Table 5). V. vulnificus®] W/ gF=tA|ol o
ot Hadk oAl s o] Bt 7129 AFAnrt §l7] wiell
2 Aytet vl Argstr|ofl= ol gwo] Sl Aotk AR V.
vulnificus 7% A A2+ cefotaxime, minocycline, cipro-
floxacin, chloramphenicol, tertracycline 5-2] A7} AR5
I QoK (Kim and Hong, 2012), & A A Y} = F3R0] A
MIC7}<1.0 pg/mL= Z2 ¥ rifampicin ¥ erythromycin®= V.
vulnificus®] | BA| 2 8838k A o 2 ylche o},

Al AL

O] =RL 2021 U= A
2| ol 2J3te] ATE AL

At el al <Akl el AR A S o1y
o
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