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We investigated the distribution, molecular characteristics, and antimicrobial resistance of Vibrio vulnificus isolated
from seawater at Gadeok Island, the Republic of Korea between June to October. Interestingly no isolates were de-
tected between December to February. The detection rate of V. vulnificus was high (80-100%) from July to September
2019 and from June to September 2020. This coincided with the relatively low salinity of the seawater, which ranged
from 7.8-29.9 practical salinity units for that period. Additionally, V. vulnificus had a high detection rate at sampling
stations near the Nakdong river. The detection rates of virulence genes, such as vvhA, viuB, and vcgC, among the
isolates were 97.1%, 44.1%, and 57.4% in 2019 and 100%, 43.0%, and 50.0% in 2020, respectively. Notably, viuB
and vegC were detected in V. vulnificus isolated between June to October when water temperature was above 20°C.
The antimicrobial susceptibility analysis of 80 isolates revealed that most of the strains were susceptible to most an-
timicrobial agents. However, some isolates showed intermediate resistance to cefepime (18.8%), cefoxitin (58.8%),
and erythromycin (22.5%). Of note, 3.8% of the tested strains were resistant to cefoxitin. The minimum inhibitory
concentration of highly cefoxitin-resistant strains was determined to be less than 32 pg/mL.
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dl4= 2] V. vulnificus®] A

o 65.6%= 717 =STHKCDC, 2019b).

2HH, o524kt 554t SollA At Al7E - 15| AL
£ 531 Qloj(Kiimmerer, 2009; KDCA, 2021b), 5}~ 2]A+ 5
T, 7HE e A e iR o SR ol A W dE E ohA
WAl HIH A 4512 ItH(Oh and Park, 2009; Seong
etal,2013). 7L A3} G570 2 G- E = ohle e FAF
A AstgE, shpA 2 W 9 Hl4 FolAE ARFAE
Zlo] H&o] Ha1E] 1 §ltk(Jeong et al., 2014). V. vulnificus)
85 AAIF 2 84, 8, A, ol FollA] ampicillin, gen-
tamicin, penicillin ¥ tetracycline 52| Aol WAlo] Hil
%31 ¢)31(Elmahdi et al., 2016), = | A = Haljotal A 39k
o A Be2]%l w32 ciprofloxacin, rifampin, streptomycin 5
Al Y do] E9lE Al Qltk(Hwang et al., 2007; Yang et al.,
2017). 3t sl e} 2SS 22t V. vulnifi-
cus 4 7|€} Vibrio spp.ol| 4] Tk g=tA| WA F-a44= 24l
Sk B 1% ¢JtH(Okoh and Igbinosa, 2010).
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A2 s/t Vovulnificus®] Aol f2let 2732 A8 4
2o] mpgk Ao HEE] ST o] AtollA] 7HE =
ARt V. vulnificusi= Bt 20] 15.2°C o] wf &=l
o, A W -8R 5 whAE Vovalnificus7t HEE = B

7|7kl ERI=|Yl e viuBe} vegC= w2 HEE°] 57
3L B[E e dE ehx} o] g2 699 = HEE
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AE Hhg o &2 Bk 7|7kl A4 22 s oA EelE V.
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34> A1 22| F+= Oh et al. (2020)0] A7 X F o T3}
e AAJSFTHFig. 1). 5, 7Y &= AL 10704 (FF 9714 2
AR 7)ol A bt A= ol sia=E AT $ 7-10CE &
AJske] eRbsEAAL, =8 (2, 92 W pH)2 YSI 1030
(YSI Inc., Yellow Springs, OH, USA)E o|-85}o] Ao A =
#1519 tHOh et al., 2020).
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Fig. 1. Sampling stations of seawater at Gadeok Island Coast in
South Korea.

Magar, Paris, France)ol| 2185t 23} V. vulnificus= 57
&= A 2o] sl PCR (polymerase chain reaction) £-4]-2 Al
AlaF9ATt. 1 A3t FAdol tiste] X]2(most probable num-
ber, MPN/100 mL)Z A3}, V. vulnificus w2 £-2] 51t
(Oh et al., 2020).

HolM T SFAt 8ol Y PCR £74

=

2|3t w+5E Luria-Bertani broth (NEOGEN, Lansing, MI,
USA)ol A uljoFste] DNAE $=%(Genomic DNA extrac-
tion kit; Bioneer, Daejeon, Korea)dlil, o]& FH L2 3}
vvhA, viuB & vegCO| A ¥l 44 575 PCR HH&-
© 2 stolstgich. Aol AHEE primersh PCR 24 2718 o]
2 oo 4] A A2k o] wkel 218§3HIEHOh et al., 2020).
A ded Al

wel% V. ovalnificusol] tiste] Haks AR = A] b= 2 Al
9]8}11 Acar and Godlstein (1991)2] T AF 84S 0] 85}
A A Al AAlsEIT 22+t S 1% NaCle] 3
7}#l Mueller-Hinton broth (Difco, Sparks, MD, USA)el| &
SFaL 35°C, 18-24 A1 v gt &, 0|5 1% WAl Aol AE
3} Br=5& McFarland No. 0.52 3]43}31, 4 mm F742] 1%
NaCl2 53-8 Mueller-Hinton agar (Difco) % Hol] HH%
o= £ sgich wjaolo] FHEES SEH A g
A 3(0OXOID, Basingstoke, Hants, UK)E g3kl 112FA| A
35°C, 16-18A|7t wjeksto] FAA BT 9] 2715 S5kl
Pt A= 180 thsto] AlFS A AI5F31aL(Table 1), Clinical
and Laboratory Standards Institute (CLSI, 2015, 2018b)°]] <+
Astol 744 ojrig Btk B4 aa AHel S
4] 8tole CLSIONA] 71431 Q)= E. coli ATCC 25922 o]
g3fe] AAlstch
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St ZAHSAXSE(minimum inhibitory
concentration, MIC) &3

Eelatol| A WA o] g1 El= gt Aol thake] CLSI(2018a)2)
broth micro-dilution] 0.2 ZAHE-A 5= A2 AA|s)
&t} Microplateo]] 1% NaCl& %713t Mueller-Hinton broth
£ 751 64 pg/mLof| A 0.125 pg/mL7HA] A E = HduhA]
FLTt Aaste s FAIE M7k o719 1% NaClx
SF8-31 tryptic soy agar B ZH(Difco)ol] EA151o] 35°C, 18-244]
Zr Rt Al et 5 1% Bt A Aol McFarland No. 0.5 7
T2 HERE S A2t 3]4sko] 106 CFU/mLo] === 2745}
1, 3|7} 27} microplate wellol] 1:1 H|-& 2 FZ35}9]c).
2|3k 0] =7} 5% 10° CFU/ML (2~8 X 10° CFU/mL ¥
o7} H =2 HE% microplateE 35°C, 16-20A|7F v ofs}od
9] F4j0] Sl AAUSAAFES SIstark ATl 4
w3ka] FF= E. coli ATCC 259225 0]8-319 .
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W Bt =29 W7 9.7-262°Col L, AR9| 9 B
14.2-33.8 psuc| 121, 31A|Q1 7-99 | Bt gH0] 14.2-29.9
psuz ChE AlF E ot Y3Ith(Oh et al., 2020). 2020 9] 79
A Bt 422.0] W97} 10.5-28.2°CE 8Yo] 71 =11, 2
o] 714 WSkTH(Fig. 2A). HE-2] 7% B+t 7.8-32.0 psu H <]
of| A 2¢o] 7H w9ka1, 790l 7P Wkt 2020 dHA| 71
ket M5 2lal 7, 8 9 94o] Hat FEo] HlwA ¢
2 742 20199 fAfeR ot 1L =A]7F 742 7.843.33,
13.0+5.63 2 192+4.53 psu® ¢ W =1w0] dBo| &7
7t 82| Elo] 2}o]2 K ATH(Fig. 2B). 0| 2]3t A= Park et al.
(2019)0] 7FE &2 AQE Bljl=oll A SHA| 7397t 2 7| 7to] G&
o] W& B gt Avket fAlsE S LER Gict. g, A
A S 29] 79 24oll 24X B4 17.2-17.9CL&
A 9 A R E A ket 9Eo 7920201
7HE 537 970 27 o] Het 25.0-26.9 psuz 7FE = AE 10
w272 30.6 psulitt Wrof 20197} 5 A3 F kS LhE
AT A A,
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Fig. 2. Monthly variation of seawater temperature (A), salinity (B)
and monthly detection rate of Vibrio vulinificus (C) isolated from
seawater in Gadeok Island Coast.

T2 15.5-26.2°Colglom Hat & 15.5°C n|Tho A= 4
25| A &FTH(Oh et al., 2020). 2020 &) 74> A Hot 42
0] 20.4-28.2°Co| 9 H 69 F-E 109 Atoofl ool HE= STt
Bt 2 ol whet -luhel Atoll A V. vulnificus®] HE
A)7|7} ek oka B 3E 3 9o w(KCDC, 2019b), oA &
T A= 3] AZo] B 1% QJTHOh et al., 2020). 22 3]
oAl H 4~ 15.5°C¢1 20199 39} 1140l V. vulnificus7}
AEEAANE 2020 393 1190 = Bt =20] 16.3C 4
164°CRE 4=20] thd 453kl o o] HEE A= ottt
31 80-100%2] =2 HEES HQl 9= 201992 7-9¢
012121420201 2] 79 6-9U & =] Q=] o] = A -
7F S7FelHA A A o= dEo] Wekd )7kt dAskoiTt.
Park et al. (2019)%] 235 HA g At dl= W 7o A
6-9Y0ll V. vulnificus7} At 2 0. 2 =74 %% %131, Cho and
Park (2019)2 Hauto| A 795E 1097HA] V. vulnificus?};
HEE QL Barsto] 2 AL Avkel §-ARH T

ol F|do|A V. vulnificus®] 2= 20194 <3.0-2,100
MPN/100 mL2] ¥ 9]o| A HEE 9L 9 o5 U & Y57
SH7F ok - = AT 2] azgko] 2,100 MPN/100 mLo] 1
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Fig. 3. Range and geometric mean of Vibrio vulnificus isolated
from seawater in Gadeok Island Coast. Detection limits were 3.0
MPN/100 mL seawater.

©K(Oh et al., 2020), 202018 2] 7-$-0fl+= <3.0-240 MPN/100
mL oA HEE o] a4 o] Ao r Wokd 7, 84
2 odw T3] o2 g vlwd o AdEel T2 F 29
Z}ol= Gl Atk(Fig. 3). Motes et al. (1998)-2 North and South
Carolina®] =4 AA7F -5 3 MPN/g uleteld V. vulni-
ficus®] A7} =015 TR Qe FEo] Wobs S wf YA
02 10° MPN/gQ 20519cka Haste] 2 9129] o]
A Ardatel fArgt ol Jlglom, A& A G AdE
oflMe G5 w2 FE7t oFFE oAl fAEE A S
2 4 EItHOh et al., 2020). FHA FAFE S HAF AE S =0
A V. vulnificus®] A% 4227} 3.6-9.1 MPN/100 mLo| ¢t}
L= Cho and Park (2019) . 119} v wah of, 7} = E5 AokS
V. vulnificus7} At A 0.2 =0 w2 Bysle oF 2 9)r),

2020 A} A\ AH V vulnificus?] AE&L 7HE T S5
018t 97 A Aol A] 25.0-41.7%2] ¥FAH 7FH & AF 10HS
16.7%% A Yep AR B AA]) o) Ao fARE 7432
LFERY 2131(Oh et al., 2020), 7V = 53 ¢gto] Yis7tol
FO 2 V. vulnificus®] 5ol f2]gt $2 270 FAE
4= Qlrh.

ZeldFol Ed #E 78Xt profile

—

of ﬂlr

u

Ko
=

2019 19€95E 2020 129712 v A5t 8} A] Zol| A
223t V vulnificus= 5 AR A FE J322 A= I
FE A9t & 154 #3772l =)

V. vulnificus®] Q4 B 421 vwhAL} viuB 9 vegC
ol thated 2019 o] E-2)3t V. vulnificus 68 =0l 4 ZF2} 66
T(97.1%), 30 TF5(44.1%) X 39 37(57.4%)7} 1= 9]
31(Oh et al., 2020), 2020 of| F-2|5F 867K He]FFoll A= 2t
7} 86 T(100%), 37 T5(43.0%) L 43 3(50.0%)7} &+
A=Ak viuBe} vegC= 20199 6-9€0] AEE UL, &
0] 20°C m|qto|HA HEEC] W2 393} 1192 A2HA &
4THOh et al., 2020). 2020H-E H 3t 4=2-0] 20°C 0|40 Al
V. vulnificus’} 725 6-10¥€0] AZE Q0w =2 u|AA)),

p1)
ool

YA WA 915

ol Ejubete] HH 2| QS SRt 2 WASH= A7)
2} Aol FARIATHKCDC, 2019b). vwhA+ V. vulnificus®]
hemolysin/cytolysin 3420|311, viuB= V. vulnificus®] ferric
vulnibactin receptor=2A] &2 o] 718t F5= A 2 -2 vul-
nibacting A= Ao 2 A4 21tk(Shin, 2013; Chung et
al., 2016). vegC= Qo A == B = 42k
2 Q4420 168 IRNA B 484 W viuB $7412} 2elo] 9]
b= B 317} i ch(Han et al., 2009; Cam et al., 2019). & &
AT} U8 0] o4-9] 4-2.0] 20°C ole] AE B &
712¢ofl= viuB 2 vegC RS 7H4A clinical type w271 5
Tkt of A1719] a8 Bk F7he} i) ol Ao,
2 AbgE)

22|12 V. wiinificus @F9| N Z4A U
LA SE(MIC)

7HE & B4 oA Belet V. vulnificusol tjsho] B3 5
YA S w5 A Q]SHL 5 80 w5 A= <A
1850l thsto] /S =<lsk3ith(Table 1). Disk ik o
2 A3t A} cefepime, cefoxitin Y erythromycin®]| tfjs}o]
217F 15 F5(18.8%), 47 F7(58.8%) L 18 F5(22.5%)0] A
5 Aol ERIE 1L, cefoxitin®]] thale] 3 35(3.8%) N A]
i/do] ghel=| ik, 1 9] Aol te A= 25 v g o

b

EN

Table 1. Antimicrobial susceptibilities of Vibrio vulnificus isolated
from seawater at Gadeok Island Coast

i No. of isolates
Antimicrobial agents Disc content NNO. o Isolates

(ug) S I R
Amikacin 30 80 0 O
Amoxicillin/Clavulanate 20/10 80 0 O
Ampicillin 10 80 0 O
Ampicillin/Sulbactam 10/10 80 0 O
Cefazolin 30 80 0 O
Cefepime 30 65 15 0
Cefotaxime 30 80 0 O
Cefoxitin 30 30 47 3
Chloramphenicol 30 80 0 O
Ciprofloxacin 5 80 0 O
Erythromycin 15 62 18 0
Gentamicin 10 80 0 O
Imipenem 10 80 0 O
Nalidixic acid 30 80 0 O
Piperacillin 100 80 0 O
Tetracycline 30 80 0 O
Trimethoprim 5 80 0 O
Trimethoprim/Sulfamethoxazole 1.25/23.75 80 0 O
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Table 2. Minimum inhibitory concentration (MIC) of cefoxitin for
some strains that expressed intermediate or resistance on the anti-
microbial disk among the Vibrio vulnificus isolated from seawater
at Gadeok Island Coast

MIC (pg/mL) 8 16 32

5/41 (12.2%) 28/41 (68.3%) 8/41 (19.5%)

Cefoxitin

ERiSict 2 ZAPETHE Yoon et al. (2020)0] HEA|S 32}
Eelatoll A 15%0] tieh tAl WAl A3t cefoxitine]]
AU B Fe WA e Zake}t fAksHSITE Hwang
et al. (2007)% Q1 2o sfjeratA oA Eelst V. vulnificus
5 | F5o] 21% SFotA| = cefoxiting EEHSH 1/\1]EH a2
At cephalosporin®} aminoglycoside| Ao 4 5% ©|
Aro] Wgo) e mslel 3 Aol SAlssch. T
Yang et al. (20172 AA] Aot 3+ He|tEof A piperacil-
lin, trimethoprim, rifampin ¥ ciprofloxacinof| 4] 55 ©]4}2]
Wo] SHQIEIE T 3o 2 Aok 0] U5E). A7 92
= 4;90] “ﬁfi}i’ V. vulnificus 5E°] 27,8 X 94|
5 oA F5 ol WdEol B &4 YEkt Oh and
Park (2009)°] F=A] O]"T‘x']‘j/];g— A 1 sho A 23t oY
5] AltollA 0] =2 ALY YWAEC] Ao R =
Utk Harek fARE ZAeS Uetigich 69 9 1093} &
o] A& Eol A o & w2 doi= cefoxitin T 57| T+
Ao ARt F-5 ool W d o] 1% JATHAFRRIAA]). vl H 2]
L ujE 29| x| 2= 32 34 cephalosporin, fluoroquinolone
4 tetracyclineZ| &A= 2| &3tk 4841 I+=H|(KDCA,
2021a), 7F4 & F5 Abel A £t V. vulnificuse ©& %
Aol chgt WA gl Al o= SR1 | Yl
2, cefoxitino]] tht F5HA 2 WS Yetd= ol
tiote] AU AATE S AT AR A, 2 5
A HFE AR 41 o F 5 F(12.2%)= MIC7F 8
ug/mLo| 1L, 28 F(68.3%)= 16 pg/mLo|glom, 8 7
(19.5%)%= 32 pg/mL2& 2ol 9ItHTable 2). CLSI (2015)
7]&of| w2 cefoxitine]] it Vibrio spp.2] MIC7} 16 pg/
mLo|H S5 WA SR B3 32 pg/mL o)A o Yoz 7
7¥8}aL 9t} Cho and Park (2019)-2 240k 3jj4= 2 A] 52k o] )
Fo| A E2]et V. parahaemolyticus?] cefoxitin®]] tjgt MIC7}
128 pg/mL712] 2RIETha s, oloh v]wat uj 7heE
ARt A Eefgt V. vulnificus= W A7t =2 4= 2l
5]7\] 01—01—1:]_
7= S A%k 98 skl f1AIsk %‘#%d 1 &
olgh X2 2 EA o2 Q13| V. vulnificus?] o) £& 348
2AJE0, 2 W S 0] 710] FEE|L 61086 T}l 1
QA SHAE AT Qo] vz oA S 5 Qs
V. vulnificus®] HZ°| Z715F et B3 D 3lutAo tislo]
5 ool Hido] ERlEof s, Astas 9 sleA 27t

Of

]

Ei ajeE B JfEE SR fHE ooy 3
A EEes =4 —SH% < Qe v 2 V vulnificus

el me|go] a7,

o] B2 o021 E B
o] oJ5}e] ALE| L
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