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Antimicrobial Resistance and Minimum Inhibitory Concentrations of
Vibrio parahaemolyticus Strains Isolated from Gomso Bay, Korea

Tae-Ok Kim, In-Seon Um, Hee-Dai Kim' and Kwon-Sam Park*

Department of Food Science and Biotechnology, Kunsan National University, Gunsan 54150, Korea
'Department of Biotechnology and Biomedicine, Chungbuk Provincial College, Cheongju 28160, Korea

Seventy-nine Vibrio parahaemolyticus isolates from surface seawater from Gomso Bay, west coast of Korea, were
analyzed for the presence of virulence genes and their susceptibility to 30 different antimicrobials. All 79 isolates
were examined for the presence of two virulence genes (tdh or trh) using polymerase chain reaction (PCR); how-
ever, no isolates possessed either the tdh or trh gene. According to a disk diffusion susceptibility test, all of the
strains studied were resistant to oxacillin, penicillin, and vancomycin, followed by ticarcillin (97.5%), ampicillin
(96.2%), clindamycin (86.1%), erythromycin (10.1%), streptomycin (7.6%), cefoxitin (6.3%), amikacin (2.5%), and
cephalothin (2.5%). However, all of the strains were susceptible to 19 other antimicrobials including cefepime, ce-
fotaxime, chloramphenicol, gentamycin, nalidixic acid, sulfamethoxazole/trimethoprim, and trimethoprim. All 79
isolates (100%) were resistant to four or more classes of antimicrobials, and two strains exhibited resistance to eight
antimicrobial agents. The average minimum inhibitory concentrations (MICs) for V. parahaemolyticus for ampicil-
lin, penicillin, ticarcillin, and vacomycin were 946.5, 1,305.9, 1,032.3, and 45.0 ug/mL, respectively.

Key words: Vibrio parahaemolyticus, Antimicrobial resistance, Virulence genes, Minimum inhibitory concentration,
Gomso Bay
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FEAL A S HYF O R B Em 7] ol Al A Ash o] o Aot A2l B =4 W E /-8 S(thermostable
of L H¥ oHj{FE YATAY E5woHA 7HE A2l H 4 direct hemolysin, TDH), &4 88 % 7¢-88 5(TDH-re-
= AT 2 58, AL AR, 23 3 r|d 52 FRkst lated hemolysin, TRH) ¥ type III secretion systems (TTSS 1
= 9998 Y 4E itk As s Y3lAltolti(Honda A 2)E 5ol 8| 5= 2HF effector T & 5-o] Halk]o] §lo
and lida, 1993; Zhang and Orth, 2013). 4}552]oF5QHA] 4] U geket M /d A US| Bt e obdl e R A

EOLHA R E 0] A=A o o5HH 2006 E 2015d o|th(Honda and lida, 1993; Park et al., 2004; Letchumanan et
7HA] 10 5-9F -2 uatol| A A st AAu| B el eof &gt 4] al., 2014; Wang et al., 2015). 3l|4= E= o] a5 5 A A o] A]
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v /g w9l WhH AlF ARLY] 3R} 7ol A Rl
Apelul pe) o oy M el SHAE BaelT s Ao
e ] Qlti(Sakazaki et al., 1968; Honda and lida, 1993). u}

eh) guluel o] 18] B L 7|2 Aok 4
ol A5 Fo Al el e A4 24 Beks HUA §4
A2 WESHE FPulHel 00 342 ejsior 3 Bast ol

=)
°
i
r
E
)
)
i
ful
o0
sk
ofN
41
10
oot

bt A= A 559
A&, A 9 JAE53 5 HA o2 AME AL QI A
Al fref AEnEe e
ol A theFet AtAl Wtel S7HE 7 Al AR UE
L3l Qltk(Son et al., 2005; Lee et al., 2007; Oh et al., 2008;
Lee et al., 2009; Ryu et al., 2010; Yu et al., 2010; Kim et al.,
2014; Kang etal., 2016; Kim et al., 2016). Alto] 4] WA
= 27| E= o] ol maol ofgh A9 E8AS)
ot 520§ Al Zute) gt A by WSk 9 Al g
FA Y] 5 52 vhFst ' ol opt A o= oA 9l
ol& HAUFO] W5 E= HHA 02 Ag5lo] Aot
Aloll W/d= 2HA Ht. 85 W2 Al dAA 9] 542k
o], plasmid E+= transposon®]] W} 7] =l+= WAl-8- 4219 3=
of &fsfj A7|w, W 2= AAA| E= plasmido]] EAH7E
CHKuhl et al., 1978). 213 37 Alatoll A A ThAlW R
AR7FAFA=lo] QL= integron Al F A Aol A 0] 54 7}
%1 DNA T2l transposong F5to] 53442 gt EA| 9]0
A Th2 BA B9l o] Fuld] ubHom AT Folol 5
% 9l o] Al#0.2 ARk B3 5]of 9lrhRowe-Magnus
and Mazel, 2002).
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W] A Bavklole] B3 sl A F2ld geulne]
© 7970} WA G704 952 slelaly] Sletel Beuln
2] 2 RIMD2210633 (Makino et al., 2003) 2! TH3996 (Park
etal,, 2000)E #= w2 ARSI FtAl A =
2|5 $J3}o] Escherichia coli ATCC 259222} Staphylococcus
aureus ATCC 25923 AH&-5ISITE R4 S35 93 25

4 Takara (Otsu, Japan)ARe] A&, A )23+ Bec-
ton Dickinson (BBL Sensi-Disk, Sparks, MD, USA)A}2] A|
# 4 7}% A= Sigma (St. Louis, MO, USA)AFR] A&
= ARg-SFSIT

yguEee 22 % H

=<

2

5 ol An| B 0= AlFE oA AAIE o &
3to] Ea]5}dtHMFDS, 2016). E5 84 A9 0]-8-5}
24712 WA A% 5 28] A9 obo] 2o
ol 4T Gt AFAR $7 Aol AHg sttt
4 10 mLE double strength alkaline peptone water (Merck,
Darmstadt, Germany) 10 mLo] 3} 357 Col|A] 18-244]
7+ vj%F & thiosulfate-citrate-bile-salts (TCBS) agar (Difco,
Detroit, MI, USA)o]l HiFo]& & & 35T of|A] 18-24A17F
ufjFskSiTt. TCBS HiA| ol A A n| He] e & 327 w= A E 4]
0] 3-5 mm 37| 2] A=A 222 triple sugar iron agar (Difco,
Detroit, MI, USA)°f| &3l 35T ol 4] 24417 vljoFst & =
&40l 7h-3-2 Y Ell+= w5 API 20E system (BioMerieux,
Marcy-I'Etoil, France) 2.2 AJS}sH4 AJ¢l& AA|5To] AA}4]
o7 FYrHeler ST 3 FYrEe e 4
o851 Q)&= toxR (Kim et al., 1999) & hns (No et al., 2011)
SRR 27 45 PCR assay® 018t o] £ S47t
EA7E ElE o] Bteke] HFA R AHu|HYe R F
ottt T w79 FE 2l S uiAlsl] flsto] shte] &
G Aol A 7F w0 A He] enhs Felsteitt 570l
&= AYH| 28] 2+ Luria-Bertani (tryptone 1%, yeast-ex-
tract 0.5%, NaCl 3%) brotho]] Hj%F & 2% 5= 15%7} H=
2 HatH F2A-E H71sk] cryovial storage box (Simport,
Canada)ol| g o] -80C of] st A A7 of] ARE-SH T

DNA 3Z& primer set

g ol AHEREDNA 53-8 primers®] 97144 4 ol 5%
DNA =7]| 52 Table 13} Zt}. Primers+= Bioneer (Dagjon,
Korea)o] ©JF] g4d351%itt TDH, TRH, toxR Y H-NS -4
Z} DNA 522 $13F PCR 2712 95T ol|4] 383 13] &
A & 95T 30%, 55C 30%, 72°C 3025 g T2 sl o]
£ 303] BHESto] DNAS 53313t 555 DNA Ak
1.5% agarose gelof| 4] 7] %95 2 ethidium bromide= A5}
o] Vilber Lourmat (Bio-Paint ST4, France)A} Gel-Doc system
o= 2lsHich

S 4N A

o —

21 Ao tigt ZeAd-S Acar and Goldstein (1991)9]
g A3 8ARH Y} o]= NCCLS (National Committee for Clini-
cal Laboratory Standards, 2002)°]| &3}o] Algsl3ict 4
3% 27}E) LB brothol] A8 F5-2 HE5t0] 35T A 515
vl uljorst & "ot A2 G42 23] A5 HES McFar-
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Table 1. Primers used in this study

Target gene Oligonucleotide sequence Amplicon size (bp) Reference
I Caat et 158
TSSO,
S TIGSCTICONATITIOASTAOTY

land No. 0.52 2A3}] F7] 0.4 mm<] Muller Hinton agar
(Merck, Germany) 3ol o2 = 3h3ich. of 7]l Al &
A Y25 31AFs] 35T oA 16-18A17F i Fgt & 2+ g
Aol Sl FAH AR 2715 SAsHL BE AE
of uke} 3 AARE F7IskTE Al FtAl= amikacin
(AK; 30 pg), ampicillin (AMP; 10 pg), cefepime (FEP; 30
ng), cefotaxime (CTX; 30 pg), cefotetan (CTT; 30 pg), cefox-
itin (FOX; 30 ng), cefuroxime (CXM; 30 pg), ceftriaxone
(CRO; 30 pg), cephalothin (KF; 30 pg), cephazolin (KZ; 30
ng), chloramphenicol (C; 30 pg), ciprofloxacin (CIP; 5 pg),
clindamycin (CC; 2 pg), erythromycin (E; 15 pg), gentamicin
(GN; 10 pg), imipenem (IPM; 10 pg), kanamycin (K; 30 pg),
nalidixic acid (NA; 30 pg), nitrofurantoin (F; 100 pg), nor-
floxacin (NOR; 10 pg), oxacillin (OX; 1 pg), penicillin (P; 10
ug), pipemidic acid (PIP; 20 pg), rifampin (RD; 5 pg), strep-
tomycin (S; 10 pg), sulfamethoxazole/trimethoprim (SXT;
23.75/1.25 pg), tetracycline (TE; 30 pg), ticarcillin (TIC; 75
ug), trimethoprim (W; 5 pg), vancomycin (VA; 30 pg) 5 30
F0) A T1228 AFg st

Z| A=A S = (Minimum Inhibitory Concentration,
MIC) &3

F] 2SI A| 5+ v]= NCCLS (National Committee for
Clinical Laboratory Standards, 2002)0f 7] Z3}o] o2 =
Asl4ct. ¥ Muller Hinton broth (Merck, Germany)of|
2,048 ug/mLolA] | pgmL7H) Aub S8 Sefat dd)
£ A7iet & e LA 7F FE9] shtAI7E 7t
2 w012 2 mLY a9l of7]o] 40| 3% H7}E LB
brothel 4 1524 41 vjokeh A 94 3 uLE HEshe] 350
A I8AITE A A] vl kRt 9= o F-4] o] Flm SQho & 2Rlsto] Z
AU A SRS 23T,

Zn Y DY
A0 #E5cieo M 22/8t FFH|E2(e0 £
s

s frell A e 2.9 GbAl W R Fag ol

Gochang

Fig. 1. Location of sampling stations in Gomso Bay, Korea, from
June 2014 to October 2015.

FEE AE] Y5te] 20149 695E 2015 109714 A
5 54N 107] A1l A 102] Al 25 A3 5] 5 10074
< AlR oA 7992 AH| e o5 Eefsint. s A
H A2 Fig. 16 debl glct. A B 9] Hel= A5
Ao A AAeh= Wl whel AA|stglon 42 gokehA
Al 9 G5k Wb 2 foxR (Kim et al., 1999) 2 hns (No
etal, 2011) f-4AFe] 22 f-F= 2Rlsiglon = fAAE
H{olhs o5 2ASHoR FeuHe e g F4s3 11
A} 7990l A= toxR X hns 773219 o4 DNA 53 AF
B3} 5Y3g 3719 DNA o] A7]95 23k FRI= ek
Abz A A]). EFeRA Al oA Aeu|Ee e 2 5 F e
L toxR B hns A} B Z350] SRIEA] b2 6wt
e HEe et opd Ao = Ay = Q7] o Adof] ARG-SEHA| ¢k
o, A g EE O Atoll A A el e TS AekelA 4
eto 2 FA%H Abe7F W] wiioll Adu|He] et obd
H| B2 0 &0 e Ao 235E 7hs/do] diFHct. ot
ohA] Aeu|E e @9 Fe] 9 59 S =ol7] flalA
= AstelA AxpEnt ofu el toxR 9 hns - AHS] EA
7HA] 218k Alo] WrEA] Z @ shral ek ok Weld 74
k9] B542 PCR assay® AESH 23}, RFAFoA= H
A e SZo] gl B, 2l H 7970l A= TDH
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E TRH 94471 228 355 QUTHHE 0lA14), 87
Sl vz o0 Wely $HA HER o e Ao
2 R % o] 9191 © U (Shirai et al., 1990), Z|Lofl= A2 #
= W) /= Qlste] 2 el AanHe] oA ¥
SRS BRI Gl 0] AERS EOAT o 34
o|tH(Deepanjali et al., 2005; Jones et al., 2012; Ellingsen et
al., 2013; Gutierrez et al., 2013; Kang et al., 2016; Kim et al.,
2016). AR 02 Zart so] Fxa|rol A Held 797
B fAAE BAH) b M UA gk
A Ao gl e

IgH|22|20| gAY &Y

Sl R oful i 5 TRt SR A ROl A RefRt | He
@ += amikacin, ampicillin, cephalothin, cefoxitin, gentami-
cin, kanamycin, rifampin, streptomycin % vancomycin 2]
9= Aol WAL e B ohet ci 2ol A
S HEE 22 703 BiE o] QItk(Son et al., 2005; Lee et
al., 2009; Ryu et al., 2010; Han et al., 2012; Kim et al., 2014;
Kang et al., 2016; Kim et al., 2016). 25 3| 3fjrof| A &
23t AP B @ 7995 o= 30 FOf atAlol gt
A R E Haagibi o g S431 Aik= Table 291 &
ok 3059 FRAl F 115 FAE 199F B R 7
FollA WS veb e, U A] 195-2] Aol a4
= BE oA S UESioh WAdEol =& It

A+ oxacillin, penicillin, vancomycin, ticarcillin, ampicillin,

021 .
2 T

clindamyecin, erythromycin, streptomycin, cefoxitin, amikacin
4 cephalothin <=4 Rt W48~ oxacillin, penicillin 2 van-
comycin< 100%2] W43 LEFY ™, ticarcillin (97.5%), am-
picillin (96.2%), clindamycin (86.1%), erythromycin (10.1%),
streptomycin (7.6%), cefoxitin (6.3%), amikacin (2.5%) 2
cephalothin (2.5%) ©] $it}. Cefotaximes 325 1959 gt
Alofl tai A= He et Aads UE St o] Ak 3
Aol Hire ofg] Aufet SA th=A] ohglon, Zk5 iAol
gt Au Ee| oo g 9 g vle2 e, e A7
222 A4 5o el wheh Apo| 7} Stk 718 A-A
2} oA 2 L A]8= A tH(Son et al., 2005: Lee et al., 2007,
Lee and Park, 2010; Ryu et al., 2010; Han et al., 2012; Kim et
al., 2014; Kang et al., 2106; Kim et al., 2016). T3+ A& o] A}
B3 799t ol ek FtAl WA ol ¥t 2 3= Table 334
2t 4% atAlol Wie Uehdls ot 19(1.3%) %
o, 559 FatAlol W= Yetll= wt5= 99t(11.4%),
652] tAlol WS Uetle o= 54155(68.4%), 75
o] Al WS Yehlls w5+ 13985(16.5%) 4 8%
o] FtAlol WAdate 29t7(2.5%) 2 Tt itk 7MY w2
Q= O] A WA 282 AMP-CC-OX-P-TIC-VAZ 50+
F(63.3%)0|9 o, Tt} 22 AMP-OX-P-TIC-VAL 84+

Table 2. Antimicrobial susceptibility and resistance of Vibrio para-
haemolyticus strains isolated from surface seawater in Gomso Bay

Disc No. of isolates
Antimicrobials content Resis- Intermedi- Suscep-

(M9)  tant ate tible
Amikacin (AK) 30 2 4 73
Ampicillin (AMP) 10 76 3 0
Cefepime (FEP) 30 0 2 77
Cefotaxime (CTX) 30 0 0 79
Cefotetan (CTT) 30 0 2 77
Cefoxitin (FOX) 30 5 16 58
Cefuroxime (CXM) 30 0 5 74
Ceftriaxone (CRO) 30 0 0 79
Cephalothin (KF) 30 2 7 70
Cephazolin (KZ) 30 0 1 68
Chloramphenicol (C) 30 0 1 78
Ciprofloxacin (CIP) 5 0 8 71
Clindamycin (CC) 2 68 1 0
Erythromycin (E) 15 8 6 65
Gentamicin (GN) 10 0 1 78
Imipenem (IPM) 10 0 0 79
Kanamycin (K) 30 0 1 78
Nalidixic acid (NA) 30 0 1 78
Nitrofurantoin (F) 100 0 22 57
Norfloxacin (NOR) 10 0 3 76
Oxacillin (OX) 1 79 0 0
Penicillin (P) 10 79 0
Pipemidic acid (PIP) 20 0 2 77
Rifampin (RD) 5 0 4 75
Streptomycin (S) 10 6 2 71
Seey 3 0 o1
Tetracycline (TE) 30 0 1 78
Ticarcillin (TIC) 75 77 2 0
Trimethoprim (W) 5 0 2 7
Vancomycin (VA) 30 79 0 0

(10.1%) 2 AMP-CC-OX-P-S-TIC-VAZ 69F(7.6%)Z T}
oslglom 7k Al WA 23 WEL 475 ofshe whe
o] gir(Table 3). 2140 2 B2t o)od Eaaleol 4 £e)
SEAGH| HE| 9. 24 45 olAe] AhAlo] U ekl
QIehe ol A AlZA e v Sickar shec. o] 2] chA
K2 Uehi i ol 42 BAho 2 2lul S4R9<140] 7
A7 o] glof 34 ol Al nel et Al WA
2 35ahA S|, G4 WAS 23 9l 7t BAs
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Table 3. Antimicrobial resistance patterns of Vibrio parahaemolyti-
cus strains isolated from surface seawater in Gomso Bay

QA= plasmid7F A B| B .o =3 2] Aol 7} IIAY
fi4=ol] 22 51= A H] H 2] 9. 9] E0] 4] 2] bacteriophage]|

ol

ot N rlr K

Resistance type No. of resistant strains A= BhtA| WA AR A v Boa] Qof £H 7] ZHo|=
CC-OX-P-VA 1 S WA RS FES A Ao 2T,
AMP-OX-P-TIC-VA 8 XH|HE| Q0| FAMSAN=E EX
CC-FOX-OX-P-VA 1

AMP-E-OX-P-TIC-VA 2 —%—ﬁ A]%E% ’é‘xéé__]: éﬂ}% Table 41]' 7E]—E]' AInlkaCll'loﬂ IHAEJ

& U= 2952 MICE= 32 ¥ 16 pg/mLol o, 74
& YERflE U] 77 F52] MICE | pg/mL o|3l2 245
et Ampicilline] W/d-& Uehf= w52 MIC7F 2,048 ng/
mL3l #F= 85(10.1%), 1,024 pg/mL ] MICS YR =
TFE= 4185(51.9%), 512 pg/mLe] MICE Ueh= 355
263-7+(32.9%) 2 256 pg/mLe] MICE Y= F= 1
+ (1.3%)= stetE|glon gads vehll= 3¢(3.8%)2

AMP-CC-OX-P-TIC-VA 50
AMP-KF-OX-P-TIC-VA 1
AMP-CC-OX-P-S-TIC-VA 6
AMP-CC-E-OX-P-TIC-VA 3
AMP-CC-FOX-OX-P-TIC-VA 3
AMP-CC-KF-OX-P-TIC-VA 1
AK-AMP-CC-E-OX-P-TIC-VA 1 MIC 2.0 pg/mLo] e}
AMP-CC-E-FOX-OX-P-TIC-VA 1 Ampicilline]] Y-S LFehf= F20] MICS] B2 946.5
Total ° ng/mL2 ShelE|9ich. o] ATk Al Aol A Lalgh gu]R
A.K, amikacin; A.I\./IP, ampicillin; C.C’ clindamyc.in.; E, ewthrgmy- 2ot Qo ampicillind] = WAS LERRR 9ok
cin; FOX, cefoxitin; KF, cephalothin; OX, oxacillin; P, penicillin; i _ .
S, streptomycin; TIC, ticarcillin; VA, vancomycin. = 719 Aol thA| = f-AFsHItH(Tanil et al., 2005; Lee et
al., 2009; Lee and Park, 2010; Kim et al., 2014). Clindamycin
o] YWAS Yet= #5322 MICE 4|2 Yol B4 16.0 ng/

Table 4. Minimum inhibitory concentration of Vibrio parahaemolyticus strains isolated from surface seawater in Gomso Bay

Antimicrobial b
ntimicrobials
1 2 4 8 16 32 64 128 256 512 1,024 2,048
Amikacin " ! 1
(97.4%) (1.3%) (1.3%)
i 3 1 26 41 8
Ampicillin (3.8%) (1.3%) (32.9%) (51.9%) (10.1%)
. . 1 26 29 13
Cindamycin (13.9%) (32.9%) (36.7%) (16.5%)
. 71 3 4 1
Erythromycin (89.8%) (3.8%) (5.1%) (1.3%)
Cefoxitin 4 > 2
(93.7%) (3.8%) (2.5%)
. 16 61 2
Cephalothin (20.3%) (77.2%) (2.5%)
- 31 42 6
Oxacillin (39.2%) (53.2%) (7.6%)
o 4 6 41 28
Penicillin (5.1%) (7.6%) (51.9%) (35.4%)
. 73 5 1
Streptomycin (92.4%) (6.3%) (1.3%)
Ticarcillin 2 1 2 v ¥
(2.5%) (1.3%) (29.1%) (50.6%) (16.5%)
v . 6 43 30
'ancomycin

(7.6%) (54.4%) (38.0%)
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mLE 2R01E] ¢l on] Al UEhl= 115252 MICE 2.0
ug/mLo| Tt E3F erythromycin, streptomycin % cefoxitin
of thgt MIC+= "¢ W& F== 3= glct. Cephalothind]
gt MIC+= 4t 256 ng/mL2 &<91% ] 2, oxacillin®] %
o+ MIC+= 225.2 pg/mLE E91%] %It} Penicillin ¥ ticarcil-
linol] T3k MICL tiA| 2 =0 =2 B 1,305.9 pg/mL 2
1,032.3 pg/mL2 3Hel% %l o™, vancomycin®] tfgt MIC=
45.0 pgmLz BRIEQIck, ATFH 0 2 Fedu]He] 9 ampi
cillin, penicillin, ticarcillin oxacillin ¥ cephalothin 5-2] &t
Aol A= MIC7}F A2 &2 ¥ amikacin, clindamy-
cin, erythromycin, cefoxitin, streptomycin, vancomycin 2]
MIC= A 0. &2 v 71 0 & 2191 ¥ ¢l th(Table 4).
2 Aol AlgE Fart oA 27t 79+
HIHE| 2= 4% o)/ 9] FetAlol Wide vehd #ut ofyet
ampicillin, penicillin, ¥ ticarcillin®f] st MIC+= tE 3+t
Aol vl thA| &= 52 A 0= SRlE Qe T3t vh=0] FatA|
of thafi A= W/ EAr d/fol BshE of Qlrh= HolA A4
H| H 2] @ Of gl<tA| W/doll et F3t mUE P2 st
AL Tk HEo] Tkt Al WA Ak 5 9 o
A1A) DNAZl A o EA 7 52 mhohd U d-f-3dxke &=
2 2t HAYES oldfish=t 2 =gl 2 Aoz 7|tETh

£ 39
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