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Distribution and Antibiotic Resistance of Vibrio spp. Isolated from Fishery
Products and Coastal Areas in Gyeongsangnam-do

Jin Yeong Tak, Jeong Gil Park, Ji-Young Um, Su Wan Choi, Na Lam Hwang, Mi Suk Kim* and Jae Dong Kim

Gyeongsangnam-do Institute of Health and Environment, Jinju 52732, Republic of Korea

Vibrio spp. are aquatic bacteria that are ubiquitous in warm estuarine and marine environments. Especially, V. vulni-
ficus and V. cholerae are currently known to cause potentially fatal infections in humans. This study investigated the
distribution and antibiotic resistance of V. vulnificus and V. cholerae isolated from coastal areas of Gyeongsangnam-
do in 2022. A total of 252 samples of water, shellfish and coastal sediment were collected from 7 locations along the
coast, and 124 samples of fishery products were collected from markets. Among the 252 samples, forty-four V. vulni-
ficus (11.7%) and fourteen V. cholerae non-O1/mnon-0139 (3.7%), none of which carried the ctx gene, were isolated.
Out of the 124 samples, 6 (4.8%) tested positive for V. vulnificus and V. cholerae was not detected. The isolation
rates of V. vulnificus and V. cholerae showed a significant correlation with environmental factors such as seawater
temperature and salinity. In an antibiotic resistance test, V. vulnificus was susceptible to amikacin, gentamicin, imipe-
nem trimethoprim/sulfamethoxazole, and ciprofloxacin, but resistant to cefoxitin (100.0%), followed by tetracycline
(9.1%). Multidrug resistance was also observed. Continuous monitoring of Vibrio pathogens with water temperature
and salinity is expected to help reduce the outbreaks, and rational use of antibiotic agents is needed to prevent the
accession of antibiotic-resistant microorganisms in aquatic ecosystems.
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Hadong Goseong
34°95'17.7"N 127°88'13.6"E  35°04'81.1"N 128°38'56.4"E
-~ Changwon
35°09'93.0"N 128°50'98.5"E
13
Geoje
34°90'45.8"N 128°50'70.8"E
< a0

Tongyeong

Namhaé Sacheon 34°86'63.8"N 128°40'56.1"E

34°91'48.1"N 127°85'07.0"E  34°98'07.8"N 128°04'54.1"E

Fig. 1. Sampling locations for the monitoring of Vibrio spp. in
Gyengsangnam-do.

(Table 1).
HE2[dd 22 3Es Flet STl

AHH 35t 34 A A 500 mLE- 0.45 um membranes filter (Ad-
vantec, Tokyo, Japan)2 o]3} 3 62| £ alkaline peptone wa-
ter (APW; pH 8.4, 2% NaCl) 25 mLof| ¥ qict. AH T} s 7=

Table 1. The number of fishery products collected from the market
in Gyeongsangnam-do

No. of samples

Month Sampling sites X -
Fish Shellfish
Namhae 5 5
Mar. Sacheon 8 8
Tongyeong 8 7
Masan 6 7
Jul. Sacheon 5 6
Tongyeong 8 9
Changwon 6 10
Nov. Sacheon 5 7
Tongyeong 7 7
Total 58 66
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APW 90 mLE #7}s}o] F 100 mLE 9= &, 37°C uljo)7|
of Aryke] g o] siFetd Wl A HIE e oo AT A
A AR Ul A(KDCA, 2018)0]] w2t 7-84|7F Hj
A7

S5 oJ97 % ol F obvhu] 2], 2 4 A 9 U oF 25
g} 9}l 72] h& KRS oF 25 g | F|5}0] TEMPO SACS
- 2(Biomerieux, Craponne, France)oll @ it} Z18]31 APW
225 mLE A7}5lo] BagMixer 400 (Interscience, Saint Nom
la Brétéche, France) .= w2360l Wy-5t3ich 13 5714
Z210.8 37°C ujF7] ol 182417 uj kA Fi Tt

HEZ|RF 22| STS ?let [t

S5 v oFel-& CHROMagar™ Vibrio (CHROMagar, Par-
is, France) v 2| o]l &4 €41 dsto] 37°Cof| A 18-24A]71 vl
. o, e Hehe AR Aste] BEF
100 uLol 7}sto] #E & Heating Block (MaXtable H10-set;
Daihan Scientific, Wonju, Korea) 2= 100°Cof|A] 155 7}& 3}
37 12,000 rpm, 5571 Q4152251 Tt AF59-2 conventional
PCRE ¢J3t template DNAZ AME-314 T}

HEZ|7 22| SYS 7IE SAREXA

ron

Pathogenic Bacteria Detection kit ( Vibrio) (GeNet Bio, Dae-
jeon, Korea)E o]-§sto] HA] H| B0 25 4519
o, 7 4 §ARE V. cholerae® hlyA, V. vulnificus®)
vvhA©°|H, A7) Zkz+ 329 bp, 507 bpXiTt. Primer/mix 15
uLo]l template DNA 5 uLE %7}l ProFlex 96 well (Life
Technologies, Singapore) 71715 AM&-5}¢] PCRS =3l5}%
o}
PCR WS 2L 50°CollA 38, 95°CollA 10&7F Pre-
denaturation2 3}th 712]3l 95°Col|A4] 30% Denaturation,
68°CoJlA4] annealing/extensionS 4527t 353] HHE51% 0,
Z]%F 72°Coll A 5871 Elongation $+ 5] QIAxcel (QIAGEN,
Hiden,Germany)2 217|952 53l 5% Aba< Felskeinh

V. cholerae®| hlyA 327} &R1H w2 Zd| 2} H4x(chol-
era toxin, CTX) At +57E ZA8H] Y310 PowerChek™
Vibrio Multi I Real-time PCR Kit (Kogene Biotech, Seoul,
Korea)2 ctx AR} 248 712 428851 ). Kit U] primix
= 15 uLol Y1 template DNA 5 uLZ #7}5Fo] ABI 7500
Fast Real-time PCR (Thermo Fisher Scientific, Waltham, MA,
USA) 71715 A8} Real-time PCR-Z 4345} %t}

PCR Bhg- 2712 50°Cof| 4] 2532} 95°CellA] 10+ Z27|9k3-
T, 95°C 1522} 60°C 125 353] WHEsto] fd4 S22 2
Qlakeick. A} 2412 33 threshold cycle o]3d of, HE= &
it A AR Savh shels el e vl
< 47] Y8 CHROMagar™ Vibrio (CHROMagar) v 2] o]] 7]
o ujskeich

gk - Tkt -

Al - A

HlEzled 2ol SHS st Holus

—_ =

2% NaClo] 7} Tryptic Soy Agar (Difco, Franklin Lakes,
NJ, USA) vl z] ol A ZQ1 = 3 2ha A8 5}o] DensiCHEK
instrument (Biomerieux)E ©]-8-5}4] McFarland No. 0.62.2
dAeelal JF A Akt 4% +AS VITEK GN
Card (Biomerieux)of] Z<53F & VITEK 2 system (Biomer-
ieux)E o|-§sto] WA HEe e #F5 T4 o,
A2 %= 90% o)Fd ol & = H7gsHiet

SR 24 ZA

SRA A W WA HAR= VITEK 2 system (Biomer-
ieux)2] ASTN169 & ARgsto] A@aigich, w4 Halat
dFE 2% NaClo] 714 Tryptic Soy Agar (Difco)ol] H&5
SFo] 37°Col| A 18-24A17F vl k3t 3 0.45% salined] F-7-A|
7] McFarland No. 0.62.2 WH= & o] 19l 145 uL& A28
3 mL 0.45% saline®] ¥ ¢ vortexingd}$it}. 1 & VITEK 2
compact (Biomerieux) S AME-510] FAIA| A ARS8
o}, thAt A A = ampicillin, amoxicillin/clavulanic acid, am-
picillin/sulbactam, cefazolin, cefoxitin, imipenem, ciprofloxa-
cin, amikacin, gentamicin, tetracycline, chloramphenicol,
trimethoprim/sulfamethoxazole 12&0]t}. A, S7HA
2 A o] e+-2 Clinical and Laboratory Standards Institute
(CLSD)?] 7|z whe} 4 3H At CLSI, 2020).

Xzol SAX E4

WA v B e ot FeEy A e ddEe IAE Yot
1 7] 2814 Microsoft excel 20162] Pearson?] AFHA4=E o]
Boto] AHEAE SF T B TF o] S-S ttestE ARE-
st o, FAA 5942 P-value} 0.05 o]s} gF wf f-&
g Aoz wsigick

12719 3 7189 =2 W A& BiskE £33 ch(Fig.
2). 22 F A 42°CollA| F|aL 33.1°C7HA] §skE-g Bt
77 29| 42 FYgH(median) S 18.6-19.8°C2] ¥ $jor,
A9 ¥ 9](interquartile range, IQR)= 114, #A|, ARo]
9.0-25.9°C W& th2 - E(11.1-25.3°C) e} Lot

S = 2] 25.0 psu (practical salinity units)o]] A &7 37.0
psuZbA] W= gl om, gk 33.5-35.2 psuo|H, AR
B9 335-36.1 psudA|9E 114 2| AL 31.7-34.8 psui T
E AR W2 =25 Bt AA|, 31 A vpiR
AR W91 Zholl Al He] "olzl EolX|(outlier, 7} 27.9, 25.6,
25.0 psu)7t SAE =T, ol 799 AFHE AR o
H oheF] -2 sl A H o' st adt Ao R wg
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Fig. 2. Distribution of marine environmental factor measure-
ments (A, temperature; B, salinity) at seven locations. GJ, Geoje;
GS, Goseong; NH, Namhae; SC, Sacheon; CW, Changwon; TY,
Tongyeong; HD, Hadong.
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291 ol e o, 53] 4ol SUg g

eIy HEAoF 2ol e

A sjokstAol A 41 25249 AA F 387(14.7%)°l
A HjB e sfEFol EE= 9L, 1471(5.6%)0 A HIE g
S Zghto] 2 H Tt cix SHARE 7R S A 2| ekt
= —bv'—ﬂ T ] ot E—':r H|-2- A A Zd| ek (V. cholerae non-O1

2 non-0139) 2.2 &1 & Q] ct.

B B HE] 050 42o] AL, PEZ} HolAl - 49
o A e, S071<d TR Relgol el 9%
X2 9T, o F 108RElE 205 3 HerkFig
3). 7-990] & 2ol %S n ol o] 3]
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Fig. 3. The tendency and relation of pathogenic Vibrio spp. isola-
tion with marine environmental factors. A, Temperature of seawa-
ter; B, Salinity.

© EFF] AR A 2k 18°CRT W 2T oflA] £
2le /\F"ﬂ ]‘:’ 2o jdFte] E2] 2r=7F HAf Hopx| 1
A= Ao 2 391 E| ¢l th(Nam and Lee, 2013; Hwang and Lee,

2014). o] QJ 17(2.6%), 72 671(15.8%), 82 971(23.7%),
9 1221G1.6%)714] A4 Z7Feleh. o] o] 2
I 22 AT 7ol gt fr1Ee] Yol HlE e gt F4
of] Zgtet o] A= Stk dtE T 109, 11922126
7A(15.8%), 271(5.3%) 0.2 74 o}: AFE Bt oo} e
A= 7990 AA 2 2 2E&E Bo|tprt 109 5| 74}
= 7129 Aot Y|k th(Na et al., 2015).

H-SA Fdlet2 £ 25279 HAl 5 62 114 dllof
A A EeE o] TYoll= 671(42.9%) 0 & 7HY =2 s
= 7153tk ololA 8ol 471(28.6%) 0.2 HefE[glom, 9
4, 108 ¥ 12¥90f= 22 1A(7.1%) 2.2 E2|= i) vl
A Yokt 23} 7] Hatel FatstA APEEQl Ee
&5 Heou durt YAH O R sttt 7-8Yof| Hat o4
o] Bl Hof, T 59 9 FFol v AR Hel
th(Fig. 3).

SHYBHAQIRIQ} BE2|QR Lof ARHEA

WA v o3 5 BEea sjsg el 4s
QAT B0lol7] 91 AFRHEAS SN Table 2). 412k
BAo] AMGE WAL U 27 Helea U e, G
27472 st

vl 8| e sjd@IHFut =2 7He] A= (1)0.7210] 9
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Fig. 4. A color-coded map of Gyeongsangnam-do for the cumulative Vibrio spp. isolates. Purple/gray colored areas indicate spatial clusters

with high/low Vibrio spp. isolates, respectively. A, V. vulnificus; B, V. cholerae non-O1 and non-O139.

o, W1 SAA Zeleke] 49w (H0.6902 (HABA] £
a7 Lrepae.

Bl H2] 0 e e Bga Pelo] ol AR A 9o
o, SloFebd U] EAsHs vl e oL s LETt S

= = F7hske, QA ALY 7t FolekE AutA 7t
U= AL etk Aol A xJsHltH(Roux etal., 2015).

s WA v e oot o] EelEat 39| A E Y
Wom, vl He] @ i d it O] AeAg= (-)0.9410]H,
Hl-6 A FeleRt ] 8- ()0.746 0.2 (1) 2] dAat/d o] f-2ofst
Al vkttt 71E Atol A vl B el e s dFt S410] s
o] Ao} 5-0] AHA-S B 31 (Oliver et al., 1983), HIE0] &
YEo] Hrrb g AR oA o Fef&o] et =& A
AH T8 A o= SR1E Y tH(Kelly, 1982).

E3T Kelly (1982), Kaspar and Tamlin (1993)2] <10l A &
T s W B e dt o AEC] 3L B4 ¢
T ool A= wt7h A ThaL B agh Anke) FAReE At
£ A3t

el B2aloF XY 2alsE
S ol A &) vl He] e s E St vle- g Eeleht 7

Table 2. The correlation coefficient between the pathogenic Vibrio
spp. and environmental factors

Environmental _ . Vibrio cholerae
factors Vibrio vuinificus non-O1 and non-0139
Temperature 0.721** 0.690*

Salinity -0.941* -0.746**

*P-value<0.05. **P-value<0.01.

7N A7 ol A A S ghelst I th(Fig. 4, Table 3). w25
v B2 e i E8F+ F 387 5 shet a4dollA] 1071(26.3%)
o & 7p gro] B ik 1 th o 2= AR 97(23.7%),
al| 57(13.2%), AA| 271(5.3%), EQ 7 LA 17(2.6%)
w082 FeE Qo AR o8 o] A5 sfjekgtg o A H]
B2 e 82t B8 (63.2%)°] =StTthFig. 4A).

H| SR Ze|eht & 147 2 AP 47(28.6%) 02 714
wol Hel=qleh 1 ohEo 2 A 371(21.4%), 181} 5%
oflAl 271(14.3%) =el=olom, AA|, dafet skeelAl 17
(7.1%)% &) =] }lch(Fig. 4B).

a3t 3HE Aol A] v E 2] @ s Fto] thar Ee| =S|
9, -S4 St Bl e Wokt) o] Aol = 42
I A= 9of o2 FH 3 2219] JIFS WS 0 R Ko
o, ofo] gt F=7HA 1 B4 o] @5}t

Table 3. Regional distribution of Vibrio spp. isolated from the ma-
rine environment of Gyeongsangnam-do

No. of isolates (%)

Sampling sites Vibrio cholerae

Vibrio vulnificus non-O1 and non-0139

Goseong 10 (26.3) 2(14.3)
Geoje 2 (5.3) 1(7.1)
Namhae 5(13.2) 1(7.1)
Sacheon 9(23.7) 4 (28.6)
Changwon 1(2.6) 3(21.4)
Tongyeong 1(2.6) 2 (14.3)
Hadong 10 (26.3) 1(7.1)
Total 38 (15.1) 14 (5.6)
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Fig. 5. Relative proportion of Vibrio spp. isolated from marine en-
vironment samples.

slokehgolA] el HEE e fEFSFo] A4 TRE £
2] P AT B, sl A] 2271(56.8%) 0= 7 ol &
2=gleh 1 ooz A A 117(29.7%), FolA 57
(13.5%) 2.2 22| = {tkFig. 5). IS5 Zel2ht2 sl
A 1271(85.7%), 704 271(14.3%) 0.2 Ee] =) glct A4z o
2 P vjB e oo 53] dlollA] w2 EEle Belrt
£ ol Aot dAsh= AIHE B 4= A THLee et al, 2021).
7S HIFe HEZ|2r 22| oig

5 oElF F 1247 oA BlEe e HESHFE F 61
(4.8%)0] B o Fo| A Bl =gl o, FF=AErh, &,
FA, o], 5, FHOE thet oSl A YTt 18y
HH 2| Zdeht o= okt A9 52| Aol A
= APHollA gk HAOA 571(4.0%) 22 71 Wol &2
o, Foll A= 17 (0.8%)0] 2] ¥ k. sl =g ol A
H| H 2] @ 3oH9] el uR7 A = 3oz e =] A] &
kom, 7Holl= 471(3.2%), 119 271(1.6%)°] &2] =] Tt
V. wulinificus 48X Z+H

SfeAold BeE vpele BEsd 385§
oA Eeld B fEFH 615 YR 1259
YAl tisto] T8 E U/ A A A TS Table 40f LR
Act.

He2¥ 4445 T%F amikacin, ciprofloxacin, gentamicin,
imipenem, trimethoprim/sulfamethoxazole®] 571 YA
100%< 73S Hof A 8A= S & 4= lqleh 1
L 3FYA| cefoxitine 445(100.0%)0]] 2% WAS LERY
{10, o]0 tetracycline 4w-55(9.1%), ampicillin¥} ampi-
cillin/sulbactam= 2+-5+(4.5%)°l A& YeF 31t Cefazo-

A W 54 631

lin& 9+t5%(20.5%), chloramphenicol- 2+(4.5%), amoxi-
cillin/clavulanic acid+ 15+552.2%)o1 4] 57 WAL Rl &
A &= gl gict.

B A= 2019994 20209 SHEE S, AHoA &
23k v|BE e e @3 5ol gk A A AR A
cefoxitin, cefazolin, ampicillin®]] Z+2}+ 85.5%, 6.0%, 3.5% U]
e Ul Qs Bl (Lee et al., 2021)2}F 20143 4] 2015
W AR sl A Ao A RejE v E e e sE S5 o
ol thfgt A YA Adl AT} cefoxitine]] 85.7%, ampicillno]]
14.3% WA Yetd lck= R il(Haetal., 2017)2F 343+ 4
= ekl gle 3HA19F Yoon et al. (2020)2 $Hbol| A He
St V. vulnificus 185 %= cefoxitin®]] 17+52(94.4%)7} W43
S YEFY AR, ampicillin, chloramphenicol ¥ tetracycline
5 145:9] Aol el A= 2 A Akt dte A s o
T7F A Aol YehbA] efqkthar HarskQich =g A A &
oro] kAol A Ba]¥l 169+5-= trimethoprim (6.3%)°]%= ]
3 YEFH AR, ampicilinol = 2= w+77F WS ey
] 9kQFrtal B 3l (Yang et al., 2017) 31%13L, Kang et al. (2013)
& Ao Al ol A e Bl e ot F 287 o F
2371 w35(82.1%) 2] ampicillin®]] =2 WAS B35 9]
A 22 A ol E et E2F wtof| whet Wi Zfol&
Bl A v Ee oqt & Y57 WIS 2479 4+

Table 4. Antimicrobial susceptibility and resistance of Vibrio vul-
nificus strains isolated from coastal area and fishery products in
Gyeongsangnam-do

No. of isolates

Antimicrobial Antibiotics  Coastal area (38") Seafood (6')
agents class
S I R S I R

Penicillin Ampicillin 37 - 1 5 -1

Amoxicill?n/ . 38 - ) 5 1 -
B-lactam Clavulanic acid
combination  Ampicillin/

Sulbactam - 5 - 1

Cefazolin 32 6 - 3 3 -
Cephems B

Cefoxitin 38 - 38 - - 6
Carbapenem Imipenem 38 - - 6 - -
Amlnoglyco_ AmlkaCIn 38 - - 6 - =
side Gentamicin 38 - - 6 - -
Quinolone Ciprofloxacin 38 - - 6 - -
Tetracycline  Tetracycline 35 - 3 5 - 1
Phenicol Chloramphenicol 37 1 - 51 -

Folate pathway Trimethoprim/
antagonist Sulfamethoxazole

'Were total number of isolates. S, Susceptibility; I, Intermediate
resistance; R, Resistance.

38 - - 6 - -




632 219 - U - 9 - A

ok UG - A% - AAE

Table 5. Multidrug resistance patterns of Vibrio vulnificus by number of resistant or intermediate-resistant antibiotics

Site / Date Antibiotic resistance patterns No. of antibiotics
Hadong / 2022. Oct. AMP-SAM-CHL-FOX-TET 5
Sacheon / 2022. Nov. AMP-AMC-SAM-CHL-FOX-TET 6

AMP, Ampicillin; AMC, Amoxicillin/Clavulanic Acid; SAM, Ampicillin/Sulbactam; CHL, Chloramphenicol; FOX, Cefoxitin; TET, Tet-

racycline.

A7 Bolu 7 Fon R Y53t 4 9n(Neel et al,
2007), s et7 WSkl oJet Al & A1 27 2o ofgt A
TH(Kang et al., 2013)ufj 521 Ao =2 A2 HT},

H| B 2] @ 3l EF5t 44t 2ol /S LrEhd cefoxitin €]
of i 9 S 71 5 A HE SRl HH, 8l
oFslA o A Beldt 42 315 471(44.4%), AHH 271(22.2%),
waflek a4, shEol 17(11.1%)4 ghl= ek, -8 of 7ol
A e v B B E 4 o B AP ol A E2E 8L
o}

ol A o r ERdl HH, g 571(38.5%), A
471(30.8%), 1% 471(30.8%) 0= Q1= SIch U4 2 3t

e 7H = e A 9 s, AR AP A A 9] of 7
of| A o Hef E| qlek. A e Aol HarE e vl He] o uf
G5 A A9 FA A E AP A S o] QI 109HE S Ay
B F424] 7]8)0] 45607 H=olA M & Holth
(KDCA, 2022).

Fito] 170 3A ol Wde UetaL 9o, 2744] o4
o] Aol FAl WS UEh e AW/t 44+t S|
A 25 (4.5%) = YEbEth WA B SUES Hol= &
KA Azl whet EE BRS A F 2709 siEo] gl
| ck(Table 5). 109 sh& A3t 114 AR -8 ol FollAl
HaE o, 352 S 2 ampicillin, ampicillin/sulbactam,
cefoxitin, tetracyclineo]] Uj4do] ¢1%11l amoxicillin/clavulanic
acid®} chloramphenicol®] &7 Al o] 213t

v Eg e yd83o] =+ =2 3A] cephalosporin, chlor-
amphenicol, fluoroquinolone7] ¥ tetracyclineZ| YA = |
Z3hcha &ef A ¢lok(Kim and Hong, 2012). S7H4< vret

© AR A RA| oFA] A7} FE5] UERA] o2 4§
o], 180 o7} B RSHA AL A WA 5 EAA
Z1 4= QIck(Rodloff et al., 2008; Hamdani et al., 2020). &
o A+= chloramphenicol®]] tigt Z7hj/d o] 2550l 4] 2.
1, tetracyclineo]] Tt W/d o] 4at=oll 4] ZR1=SITt. o= &
A5 2 AFEE= A5 A tisiA WA 2 S
e 4 9l2-S shelglong ujE e ydSo 7y
4o iR 7| 2A R 2 S8E 4 ol Aotk
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