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Antimicrobial-resistance Profiles and Virulence Genes of Vibrio para-
haemolyticus Isolated from Seawater in the Wando Area

Tae-Ok Kim, In-Seon Eum, Sang-Man Jo', Hee-dai Kim?
and Kwon-Sam Park*

Department of Food Science and Biotechnology, Kunsan National University, Gunsan 573-701, Korea
'Department of Marine Life and Aquaculture, Kunsan National University, Gunsan 573-701, Korea
’Department of Biotechnology and Biomedicine, Chungbuk Provincial College, Okcheon 373-807, Korea

Sixty-seven Vibrio parahaemolyticus isolates from surface seawater from the Wando area, on the southern coast
of Korea, were analyzed for their susceptibility to 15 different antimicrobials and the presence of virulence genes.
According to the disk diffusion susceptibility test, all of the strains studied were resistant to ampicillin and oxacil-
lin, while decreasing percentages were resistant to vancomycin (64.2%), streptomycin (56.7%), amikacin (31.3%),
kanamycin (22.3%), cephalothin (20.9%), erythromycin (10.4%), ciprofloxacin (4.5%), and tetracycline (3.0%). All
of the strains were susceptible to five antimicrobials: chloramphenicol, gentamycin, nalidixic acid, sulfamethoxazole/
trimethoprim, and trimethoprim. Fifty-nine isolates (88.1%) were resistant to three or more classes of antimicrobial
and defined as multidrug resistant, and two strains were resistant to seven antimicrobial agents. The minimum inhibi-
tory concentration (MIC) of the 67 V. parahaemolyticus isolates to ampicillin and oxacillin ranged from 512-2,048
and 64—512 pg/mL, respectively. All 67 isolates were also examined for the presence of the tdh and trh virulence
genes using the polymerase chain reaction (PCR). However, no isolates possessed either tdh or trh. The VPAO477
(B-lactamase) gene, present in all of the tested strains, was validated as a new specific marker gene in PCR assays for
the accurate detection and identification of V. parahaemolyticus.

Key words: Vibrio parahaemolyticus, Antimicrobial resistance, Virulence genes, Minimum inhibitory concentration

M E Zlpetoll A ARt Fan|He] o] gt AFE Ale 2
52 HEA o= Uy OPU:l s 9 gk A *ﬂ

| B 2] @ (Vibrio parahaemolyticus)= B] B 2] 2 I Fam- A AlFE ALY 16.5% F 8.2%F AFA|SHH, ARzl
ily Vibrionaceae)of] &oh= A2 &4 sl .2 of vt < B, Ardztol| ofo] 39jof Sl Y ?i*é

LA o {FE HAFAY EFE5H 7HE AelH 4= at, Pt At dleto]| o]of 4915 ApA|skaL §)
= A5 =2 AAL B5, R, 23t W v 55 Rk THMEFDS, 2014). 25334t 47 ol viet #il iz e= A
AN S dthe A dAltolth(Sakazakiet  of tigt AH|RFO] A S 7L FUlet] AbE AR D] S
al., 1968; Honda and lida, 1993). 4] & 2] eFEQH A 9] 455 7VeHe Z=Aolch B4 AhRol o5hH =2u] 1ol A7k At
EAXAE 2R of| o5 20021 £-E] 2013W7HA] 12W7F < 5 AH]EE2 20054 49.5 kg, 20074 56.5 kg, 2009 49.8 kg
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22011 53.5 kg= mid ohgo] AbE2 AH] Skl Q17| wfi=
off PAREY] QHAAd S = IR A4 S| 2 sith(Sta-
tistics Korea, 2013).

FHH| P 2= 20] 17T oVFe = sk sh7|odl=
A T3 FHE sliollA HA HEEY 420] 10T ©|
stz oA | sfjrol| Ao HENEE F2435] oA &
o] We B0l AW B 584 Bumee] AUl 5
off HE2}slo] L5ghkal Hi1E o] gltk(Kaneko and Colwell,
1975). 3= & ofulj 7 52 AFAA oA 2ot 2] A4
W2 ok el ARE Bgaka gl ghe v B
2wl 4155 A1) 4 h oA elel o] 44l
v H 7] @ = B YA ool th(Sakazaki et al., 1968; Honda and
lida, 1993). o] o] AYAHSH= D|EA) WA Sk
£ =(thermostable direct hemolysin, TDH), Y EA L=
TH-8-8 5(TDH-related hemolysin, TRH), serine protease 2
type III secretion systems (TTSS 1 & 2)& 53l &H| == 2%
effector THil A o] K irw o] gl o} Jeket WA WA US
of et Arg2 oAl Wol FE3F A4 o]th(Honda and lida,
1993; Lee et al., 2002; Makino et al., 2003; Park et al., 2004;
Kodama et al., 2007; Kodama et al., 2008).

el B ol chket BRe AL AT 52
of A2, Al 2 45 50} BAo AgH T o,
20124 “sHTAH GHAREE(NVRQS, 2009) of oJshd =
A, 42 W e 5 SR A - 2005 o] 2 A A15] 2
ax8h= FA|QI T HI Bl ARE- YA TR 2009 178+,
2010 203E 2 2011 239502 Q3|8 Alggfo] A% =
7¥SIAL Qe A O wpofE| a1 Qlrk. ARE A oA A2
oxytetracycline, erythromycin, amoxicillin, AT}+A 4, cipro-
floxacin, ampicillin <=2 2 HA E| 32 JTHNVRQS, 2009). A]
57| T thabo] FAA) AME-S Qo1 5olA] Theret Ao
WS Uetl= A du| 2 e 0 9 S5 7HsAI7 = itz U
ElFLaz Q1tk(Son et al., 2005; Lee et al., 2007; Oh et al., 2008;
Lee et al., 2009; Ryu et al., 2010; Yu et al., 2010).

Alto] A W/ 227 Bl ol el adel &Jet 3
YA o] E2H8, A A= Y] vk Alszuto] A Bt
/d WSt B A|a gro 2 SRR fE T halet el 9f
Ao deA glom o] HAUZO| T B HiHA o
& AR-g-5to] At Aol WS 2 "ok IS5UA-S Al
o AAA| O] FAH O], EefAn| E(plasmid) Fi= ERHAE
E(transposon)f| i &= W/ 21212 850 ol A7,
WA 2= @A E= plasmid DNA] EARHH(Kuhl
et al,, 1978). 13 54 AletollAl A tHAIWAE A=
encodingstil = integron Alwt AAA| o A] o] 5-Ad-ES 71
DNA ©HH 3l transposonsr 5-5F0] F74F0] g EA| k9] of 4]

2 EAGE o] E=tl 7HE dubAel e Hde F
sto] 55 9 o|F Al o= bk HarE o] QltiRowe-

Bl H2] 2.of Pt 221

Magnus and Mazel, 2002).

2 = Sl A B 2] 7 Al WA
2 A AR Bl dijt 7| 2ARE sk flst
of eh=ao sipoll A et A Hu| Eel e 67 HE WES
= HESHTE T3 AR of| AR B wt ol A WA YE
W= ampicillin & oxacillin 3tA] o]l thaljAl= 2| A5 A|
Tk AESHH

ERIRTE

Aol AHga ] 2] 22 20114 693 E 20124 109
e 2ow el oo 3 sldolA] £elg67
T3 9 AFedu] H 2] @ RIMD2210633 (Makino et al., 2003)
FE TR ARSI At Al A Aol A e E 9
3}0] Escherichia coli ATCC 259229} Staphylococcus aureus
ATCC 25923 A}8-3190t}. all4= 22 Arddu| B a] @ = Al Z3
o] AlAgt v of] &atke] F-2]sFAtHMEDS, 2002). 3= 10
mL%E double strength alkaline peptone water (Merck, Darm-
stadt, Germany) 10 mLo|] &5} 35C of| 4] 18-24A]7F v &
& Thiosulfate-citrate-bile salts (TCBS) agar (Difco, Detroit,
ML, USA)e]| 3 o] 8141 5%810] 3500l 4] 18-244171 ¥
oF59LT. TCBS H A\ Aol AHdu] Hef o 2 g el e 1al
3-5 mm ASA Z24Yo| t)3f oxidase =4 2 API 20E Kit
(BioMerieux, Marcy I'Etoil, France)& AR&-5}0] A351sH4] A
B2 AAstel YHHOR FYulnelo 2 BHAAE B
QAT o Z A HE @ EA o] AREE|TL Q)= foxR (Kim
etal., 1999) ¥ hns(No etal., 2011) 34 x}-2] Z2)-3F+=PCR
assay® 2RIstglom ol A} 7L HE SRIE o
of gtsto] ZFAom FPu|He| e S5t §Y o

o] ZHEa|Z wjAEl] $I5ko] shte] s ARl A SLtel

7N
. ' f" Korea {\/
% A‘Tw’r

ad, N

‘é’: ’Q T127°407 T2ras

@ Heanam
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Fig. 1. Location of sample collection stations in Yeonghueng-ri,
Wando coast, between June 2011 and October 2012.
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Table 1. Primers used in this study
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Target gene Oligonucleotide sequence ':ggl('gg? References
JCeceeTeTToRoNCTC
S STMGSTCICTOACTITIONNG S,
SeSCTI A ITIONCTTOTS
VPA0477 S-ATGAMAGTTATTCCTGTTG-S 852 Lee and Park, 2010

5-TTAACTTTCTTTGTAGTGCTC-3'

B es Zefsiilth 4 4Yr|Ee] 2= Luria-
Bertani (tryptone 1%, yeast-extract 0.5%, NaCl 3%) broth®]]
st 70700 BHSHHEA Aol ALk A
Z 9|3t 715 447 = Takara (Japan)AF2] A%, YA T &
3+ Becton Dickinson (BBL Sensi-Disk, Sparks, MD, USA)
AF2] A&, ampicillin?} oxacillin®] 8 A= Sigma (St. Louis,
MO, USAAFE] A& AHE3H9c

DNA 3Z& primer set

Ago] AM8-3t DNA 528 primers?] 97|44 9 F-&4]
A} DNA 17| 5-& Table 1°f A|A]3}4 ). Primers+= Bioneer
(Daejon, Korea)ol| 2]2] $+4d3}%ict. TDH, TRH, toxR ¥ hns
744 DNA 525 9I3HPCR 272 95T oA 18] 32 d W
4 #.95C 302, 55°C 302, 727C 3022 3 09| 2 o] o] 2
303] BHgsto] DNAE 5351321, VPA0477 (B-lactamase)
FAAR= 95CollA 18] 35 d WA + 95T 30%, 55T 30%,
72°C 182 3 2 510 0] 5 303] §HE5te] DNAE 523}
Stt =5 DNA AHz2 1.5% agarose gelollA] A7]| 95 &
ethidium bromide & ¢4 483}] Vilber Lourmat (Bio-Paint ST4,
France)AHe] Gel-Doc system & &2 ¥H61 3T

gad g Al

2] A 74432 Acar and Goldstein (1991)9] tj A=
A} v NCCLS (National Committee for Clinical Lab-
oratory Standards, 2002)°]l &35} A8 A1 3% 7t
% LB brothol] A|3] w75 3&5}0] 35Tl A st uj o=t
& HrA A A4R 23] AL =5 McFarland 0.55
2435} Muller Hinton Agar (Merck, Germany) 33 o] =2
SEQITh. of 710l AL =tA] Tt 225 312Fsto] 35T o 4] 184
ZhupFet 5 7t hatAlof] o FAE AsAREY] 275 S
ot A3k whEh 7 o BE HIbskSlT ARl At
A+ amikacin (AN; 30 ug), ampicillin (AM; 10 pg), cepha-

lothin (CF; 30 ng), chloramphenicol (C; 30 pg), ciprofloxacin
(CIP; 5 pg), erythromycin (E; 15 pg), gentamicin (GM; 10
ng), kanamycin (K; 30 pg), nalidixic acid (NA; 30 pg), oxa-
cillin (OX; 1 pg), streptomycin (S; 10 pg), sulfamethoxazole/
trimethoprim (SXT; 23.75/1.25 pg), tetracycline (TE; 30 pg),
trimethoprim (T; 5 pg), vancomycin (VA; 30 pug) 5 1552 3+
At 258 AT,

ZALULAX s=Z=(Minimum Inhibitory Concen-—
tration, MIC) &4

AR w9 HaS Al s = vl= NCCLSO| 7] 23}
HH oz =A31ic), Wt Muller Hinton broth (Merck,
Germany)©]l 1 pg/mLolA] 4,096 pg/mL7HA] H=5 d2|gt
ampicillin @ 1 pg/mLAIA] 1,024 pg/mL7HA] =8 ge|st
oxacilling H7Fet & BtEl 2FA[F o] 7} =0 A
7F 71 iR S 2 mLA] E55F3AEE of 7]of) A ¢o] 3% 7t
%l Luria-Bertani (LB) brothof| A SR 21 vl fet Al $latl 3
nLZ FFsto] 35ColA 18AFF 2] vt 3 +F Sl
= Feo = 2Iskint

Znt 9 m3

=OII=I
+
A
m

p
08

©,

T
)

lo
g
oo
o~

H]

T

2|Q0] £4

A He] 2 of T2 o] 39 T3
TDH % TRH SAAS ¥8at7 9l
5 5o B9 Agu e ol of
A BAEe i e Ao nusof gt
(Shirai et al., 1990). L2} A2-& Ao /fEE Qs
o 2 e gu|Ee oA E MUY FHAAE Bkl
= T HEES FOMAIAL Y= FA| o ti(Deepanyali et al.,
2005; Jones et al., 2012; Ellingsen et al., 2013; Gutierrez et al.,
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2013). sl $r2f ARelul el o.0] kg U ok 9 e
SR 294 A1) Fsto] 20119 62 20124 10
Q7R A kgt 29w @2 qigke] EEshRol 4 APL
20B Kt ol gete] 71350] eiulneles Relssich
o5 FHE Ao AR HelS £ 9I8 So] SHA
2 484 = foxR (Kim et al., 1999) 2 hns (No et al., 2011)
FAARe] 2475 PCR assay= 2HQ1sHIT. 71 A3} 67+t
Fo A= o5 FAAE] o4 DNA S&4 a3 AR 2719
DNA ©# o] 201 %]l o1t LA 45tF=o] A= toxR Y hns
AR B 3o SRIEA] RTH(AMR HIAA)). o] At
(xR % hns §07 20| el )] Qe AT Fen| el
27} byl Ao W) |ol Aol ALelA] elolet. 7]
ool elolA] Hu|He o B8 APl 20F Kits 3
ok Asksba] dupuko w FARE AR ZE Eet7] disell AH|
112 27} op ] o] 0 4:0) 7} Alo] EAHE 75 Aol
TR PR NEREE L BE S ERNRE
A ABSP 27K ERSF xR W hns §AAR] ER| G
71 Blake ol WkEA Wasitt szt 6785 S ke
2 90 2 (TDH % TRH)®) E7)§-5-= Table 191 A1
St primerE AF8-510] PCR assay® AESH Aut 67HE #3535
TDH %! TRH #3125 EAr51A] o2 v 4 An|Hef e
2 SIH ATHALR HAAD.

HEH|E2|29] oA LY

S B ofull R 5 TRt EEAIRNA 2Rt FEn| =

Table 2. Antimicrobial susceptibility and resistance of Vibrio para-
haemolyticus isolated from surface seawater in Wando area

No. of isolates

Antimicrobials - X -
Resistant Intermediate Susceptible

Amikacin (AN) 21 35 11
Ampicillin (AM) 67 0 0
Cephalothin (CF) 14 28 25
Chloramphenicol (C) 0 0 67
Ciprofloxacin (CIP) 3 49 15
Erythromycin (E) 7 46 14
Gentamicin (GM) 0 8 59
Kanamycin (K) 15 45 7
Nalidixic acid (NA) 0 3 64
Oxacillin (OX) 67 0 0
Streptomycin (S) 38 22

/STL::EQEthC;ﬁZg;T) 0 2 65
Tetracycline (TE) 2 4 61
Trimethoprim (T) 0 0 67

Vancomycin (VA) 43 1 13

Bl H2] 2.of Pt 223

2= ampicillin, cephalothin, amikacin, cefoxitin, gentamicin,
streptomycin, kanamycin, vancomycin 5] -5 Aol W
4 UEhd #ut ofuet thA] WAte] HERle® 2 A4S
2 B35 o] Qltk(Son et al., 2005; Lee et al., 2009; Ryu et al.,
2010; Han et al., 2012). $F=3< <ol A E2]gt Agu|=
22 6775 o2 1559 Aol it g ol 75
T3 3k 0 2 273 ATh= Table 29 AJA|8FATE 155
9] Al F 1059 FdAl= g5 = B FFo4 WA
< YER %121, chloramphenicol, gentamicin, nalidixic acid,
sulfamethoxazole/trimethoprim ¥ trimethoprim 5 5%2] &
A= A9 Be AolA e Yetlisich 591, AE
ol AREH 679FF AH= ampicillin} oxacillinof] WAS Y
Ef St W&o 52 A 41+ ampicillin} oxacillin
of| o] 430l A W4d-& LFEFY+= vancomycin (64.2%), 38
ol A U4d& UERH = streptomycin (56.7%), 21501 4]
WAS UERY= amikacin (31.3%), 157320l A WAS YEt
Y+ kanamycin (22.4%), cephalothin (20.9%), erythromycin
(10.4%), ciprofloxacin (4.5%) 2! tetracycline (3.0%) =A%
o} & Atoll AR +tA| F vancomycind TLE At
= Pt asS Uehiy 137 SAtole et asel A7) o
ol W Uetll= Adu| B e o7t i Aoz AbmEh

Agof| AMESE 6793 chloramphenicol®} trimethoprim
of = 100% Z4AS YER) SIS H, sulfamethoxazole/trime-
thoprim (97.0%), nalidixic acid (95.5%), tetracycline (91.0%),
gentamicin (88.1%) <=0 = 7/d-S LRSItk o] Aib= 2}
% Aol iRt A Au| B e o WA R A HlEE 21
A, A7) H Eea 50 aQlof whet 2ol 7t k= 7]
E9] A+A el Ao UX|5l= 74 FFo]th(Son et al., 2003; Son
et al., 2005: Lee et al., 2007; Lee and Park, 2010; Ryu et al.,
2010; Han et al., 2012).

GH|IEE|9| TtH| e Y

Aol ARG 6740l gt oA Al Aol ket At
+ Table 39 YEF It} Ampicillin2} oxacillin®] 252] gt
Alofl tHsj Al 67t A W/3(100.0%)& HolH, of7]of| 15
o Al & AA| 359 FtAlel WS Bole #5+= 8F
(11.9%), 452 Al WA Hol= FFE= 267(38.8%),
5%-2] Ao WS Bol= FFe 1957(28.4%), 659 &
dA WS Kol e 477(6.0%) 2 759 Al
WS Hol= vt 2987(3.0%) Atk 3% £ 1L o4
FatAlol el WS Uetls oA WAdS HA 594
(88.1%) % Ads| =2 HE&-S 2|5kl Q)19 tH(Table 3). 7}
=2 HlEo A WX AM-OX-VA-SE 1445
(20.9%) o], TS0 2 AM-OX-VA-S-CF2] 55-55(7.5%) 2
AM-OX-VA-S-K9] 4:#3(6.0%)2 utol=glon 7]el gt
A WA 238 e 353 o] 8FE - w2 Ho| ¢l th(Table 3).




24 S - A - A

ZAHH|E2|22] ampicillin ¥ oxacillin®] ZALS
drlse &3

67450l tgt ampicillin ¥ oxacillin®]] tfgh 2| AHHE- 4|
=2 (MIC)E 243 Z3}= Table 4 9 5] YR SITh. Table
40] L}eRd vte} Zho] ampicillin®] 74, 2,048 pg/mL 2] MIC
£ Uehl= 95 209155(29.8%), 1,024 pg/mlL2] MICE 1}

Table 3. Antimicrobial resistance patterns of Vibrio parahaemolyti-
cus isolated from surface seawater in Wando area

Resistance type No. of resistant strains
AM-OX 67
AM-OX-AN 1
AM-OX-K 2
AM-OX-VA 2

1
1
1

AM-OX-CIP
AM-OX-CF
AM-OX-E
AM-OX-VA-S 14
AM-OX-VA-AN
AM-OX-VA-K
AM-OX-S-AN
AM-OX-S-K
AM-OX-S-CF
AM-OX-VA-CF
AM-OX-AN-K
AM-OX-AN-E
AM-OX-VA-S-CF
AM-OX-VA-S-K
AM-OX-VA-S-AN
AM-OX-VA-S-E
AM-OX-VA-AN-CF
AM-OX-VA-AN-E
AM-OX-VA-AN-K
AM-OX-S-AN-CF
AM-OX-S-K-CIP
AM-OX-VA-S-AN-CF
AM-OX-VA-S-CF-CIP
AM-OX-VA-AN-CF-E
AM-OX-S-AN-K-E
AM-OX-VA-S-AN-K-TE
AM-OX-VA-S-AN-CF-TE
Total 126
AM, ampicillin; OX, oxacillin; AN, amikacin; K, kanamycin; VA,

J OO O SO T 'S B G N RGO GG N T O T NG

vancomycin; CIP, Ciprofloxacin; CF, cephalothin; E, Erythromy-
cin; S, streptomycin; TE, Tetracycline.

Bhis i 2832 A2 41.8%2 AA|5H9L) 512 pg/
mLe] MICE Ueh= #3535 19737(28.4%) STt Al o] AF
3 A gr|Ee] e 6732] ampicillino]] gt 2| g A
SEo] HtA|= 1,184 pg/mLE BH21E 2l cHTable 4). 0] A2t
L Aol A Belgh 4ol He ot ubE 0 2 ampicillin
off AL UrER L Qloks 7)2e] Azl A2 SAtet
TH(Tanil et al., 2005; Lee et al., 2007; Ferrini et al., 2008; Lee
etal., 2009; Lee and Park, 2010; Lee et al., 2011).

E3T oxacilllin of] gt | AEEA A LS 5749 21k, 512
pg/mLe] MICE YE &= o5+ 395(4.5%), 256 pg/mL2]
MICE YEE w55 445(6.0%), 128 ug/mLe] MICE
Uehll= 5= 239t7(34.3%) 3 64 pg/mLe| MICE HE}

L FRE 3TFR(G52%)E HAULR S| BN
117.5 pg/mLE 1= Ith(Table 5). A4 8|2 2] 2 9] oxacil-
lino]] T3t 2] 4852 A% = ampicillino]] B] 3l oF 108} A=
S wE Ao g gelE it

AAn)H 2] 2 o] ampicillin WAJ -3 Z VPA0477 (B-lactamase)
o] Z2-G5= PCR assay= 2H15H A} Ao ALgS nE
WOl A H o ® BRRlE] Qo YR 3t =of| gt PCR assay
A= Fig. 20 Yebli giet. o] Aif= Fgn B e] 2o A5t
= VPAO4TT 302 = AR Hel e A4S iRt 4734
2389 7Fs 4ol A7]Ele,

2 Aol AlgH s oA Eeet 67+ R He| e
= EE ool A ampicillin Y oxacillin®]] WA Ureld Biut
obt e} th=2] gt Aol tafiA = A HA-E o] ke of
U= FollA FhuBe] 2o A /gl et et 2
Ye g 9 FAI7F @ shekar ek ok B3t oheket Al W
3 AR 57 B GAA DNAZ ol A o] EA A 52 ahet
< WARARY] g5 9 A HAYSES ofdfishet & =&

Table 4. Minimum inhibitory concentration (MIC) to ampicillin of
Vibrio parahaemolyticus isolated from surface seawater in Wando
area

MIC to ampicillin (ug/mL) Ratio (%)
2,048 20/67 (29.8)
1,024 28/67 (41.8)
512 19/67 (28.4)

Table 5. Minimum inhibitory concentrations (MIC) to oxacillin of
Vibrio parahaemolyticus isolated from surface seawater in Wando
area

MIC to oxacillin (ug/mL) Ratio (%)
512 3/67 (4.5)
256 4/67 (6.0)
128 23/67 (34.3)
64 37/67 (55.2)
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Fig. 2. Agarose gel electrophoresis of DNA products amplified in
PCR using VPA0477 primers. M, 100 bp ladder marker; lane 1,
RIMD2210633; lane 2, strain 3; lane 3, strain 10; lane 4, strain 41;
lane 5, strain 61; lane 6, strain 17.
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