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This study investigated the prevalence of Vibrio parahaemolyticus in the oyster Crassostrea gigas, which is com-
monly consumed raw. The presence of virulence factors and the antimicrobial susceptibility of isolates were also
investigated. The overall prevalence rate of V. parahaemolyticus in oysters was 37.5% (36/96) and the range of con-
centrations was 30—11,000 MPN/100 g. PCR-based assays indicated that 9.6% (11/115) of the isolates were positive
for the thermostable direct hemolysin-related hemolysin gene (¢rh), while none of the isolates were positive for the
thermostable direct hemolysin gene (tdh). The Multiple Antibiotics Resistance (MAR) index was measured for 16
common antimicrobial agents and 46.1% (53/115) of the isolates had a MAR index > 0.2. The MAR index ranged
from 0.07 to 0.73. The highest MAR index was observed with strain s150608, isolated in June 2015, which exhibited
resistance to 11 antimicrobial agents. Our results demonstrate that oysters are high-risk sources of V. parahaemolyti-
cus, although no antimicrobial agent was being used to promote growth or to treat bacterial infections in the sampled
oyster-growing areas.
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IR SARROIA A 25t SISE7HE XS]
EAAL YL A 54 RN Eh A4 Be

ZdH| B8] @ Vibrio parahaemolyticusyS 1574, T3
A}, BGA 2HFO 2 )40k sHpagel del BEskE ey
A AFO R RAYS AFY FARS AL o3
AFste] wAlisk= |4 Aol =9 ]lstelth(Su and Liu,
2007; Gode-Potratz et al., 2011; Ceccarelli et al., 2013; Zarei
et al., 2012; Zhang and Orth, 2013; KFDA, 2016). 27| o=
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$2 AR A YIS =459 tHMalcolm et al., 2015).

FujBe et ¢ HEE arskal ot
QibHo 2 vl de UERel S Al U4
o] & Aoz &y A Qltk(Shaw et al., 2014; Yu et al., 2014).
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eyt @3 717E A, A E AkeRA] Eofoll A A9 3t
SORE-S ek Aol ket FAl WA #7h Be
G=)a ks Fko] Al7] = L Qlrk(Cabello et al., 2013).
ol )3k FA-E obAlo} 2|o] 4:AtakA] Boo] A oxytetracy-
cline, tetracycline, quinolone, sulphonamides®} trimethoprim
5ol A A Slol AI5A Q1 ARE-E o kAL, Al WA
| He eqto] LuetE HIES g, Tejlo]x[otet F
= SollA] = o] glrhs & AR $F o|tiOhet al.,
2011; Rico et al., 2012; Sani et al., 2013; Xu et al., 2014; Yano
etal, 2014; Yuetal., 2014). 3+ 277 of| A E2]|H FFH| 2]
Lt BT A A HUA Altol U8 Aol thsiA
= S 7 Aloleks 987t 22 gt AL ek (Okamoto
et al., 2009; Letchumanan et al., 2015). o]+ =7}of w}2} 2}
o7} Qleut vl o HAF A 2E s Aol AREE
+= gt A o]l cephalothin, cefuroxime, cefotaxime ceftazidime,
tetracycline, doxycycline¥} fluoroquinolone 5-¢] 2£3}=] o Q)
o0 QR Julop] Hopol ARl FEAIRH BUsAL
A Al G o] 7] wjEo]th(Tang et al., 2002).
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oA FAE L YA S F= 28I s Al &
Abre] SAIQLA Bhu o} sHAIA| U4 Telo] Wa s A as 3
BEhTA ARl e] o Bae el kB ok 9 4
A Wd S0l thstel A=k

oo

oz

Mz W e
& A2

Ao B 2] @ F(Vibrio parahaemolyticus) 225 9]5}]
20149 1478 20159 124704 M3fiel o7 ik ol A
AE 47 A QA ST A L AU bl A
=(Crassostrea gigas)= W2 A F]5}to] A|2 2 3FAT gl&F A

= Bt 87]0] AFTE F- 10T olst2 Ak A dadd
2 pRbsto] ARESHATE Aol AR = Al 2= S 9671 %
ok AR AFH Al slepe] 23t fis e YSI 556 multi-
probe system (Yellow Springs, YSI Life Science, OH, USA)
= ARg-ste] @Rl A S5k
yep|oaloFel Bal 5N U MY

A4 H]) 2 2] @ 5+2 Bacteriological Analytical Manual 2] ¥
ol W} 3 tube MPNWH 0 & AR A8 A A5} TH(Elliot et
al.,, 2005). o245 A|ARE £ o5} 9ol 200 goil phosphate
buffered saline (PBS: 140 mM NaCl, 5 mM anhydrous Na,H-
PO,, and 1.5 mM KH,PO, pH 7.4y 2H}] H]-&& 7}ste] o
23} skglet. 1E]ar 80 mLe] PBSof #4920 g& H7}sto]
109) 514018 wh5o] A2 sjeirh. 540 olgsie] 100
o, 1,000 5 G418 7} 514 891 w5 of Mg aleich. 2

FAA WAEA 117

34 thA 2 alkaline peptone water (pH 8.5+0.2, 2% NaCl
)7t E01%0= 370 Ald el 242 35 35+0.5C
A 18-24A7F S+ vl oFskgict. vljoFst 3 Thiosulfate Citrate
Bile Salt Agar (TCBS agar, Difco)ol] &4 =s}o], 35T o
A 18-24X71 vl eFseict. AR A2l FEA Hehs =dsto
Triple Sugar Iron Agar (Difco)oll 53}l 35Col| Al 24A|7F
HioFet &, AP Al v UEhl= 5 o= 54
& AT SEAIE = WA AlE, 42T ESAIE,
ONPG (O-nitrophenyl-B-D-galacto-pyranoside) A& 2 API
20E system (BioMerieux, Marcy-1"Etoile, France)2 ©|-8-5}1%1
o, 16S rDNA HE 714 gL E45}o] GeneBankol 5
FEo] Ql= FHHEe] 29t9] 16S rDNA 97| A d3} 4573
& vimelo] Shyalsich. 44T Fdunel oo By
B A9 d Bl SelE SRS S AlREe B
2] oo A A|FTO & Slo] 1 = F|ote] 2 EHo

16S rDNA 7578 H|aL Bl Sa F304 ZolS 9lsto] £+t
2 2% A go] FHa-5l Triple Soy Broth (TSB, Oxoid, UK.)
10 mLof| FE5ko] 37Tl A 18-24 A7 iRt £ QlAamp
DNA Mini Kit (Qiagen, Hilden, Germany)E ©]-8-5}%] DNA
£ FE319 22]H DNAE AR off 714] -18Tofl B3
sk}, Hal¥l DNAZEE 16S rDNA ZZof&= universal
primer (Macrogen, Korea)& A5 0.0 E4 34291 tdh
9 frh gene @] S0l 242 VPD-1/VPD-22} VPR-1/VPR-2
(Takara, Japan) S A-8-5FAth PCR-2 5% DNA 5 uL, deoxy-
nucleoside triphosphate mixture (1 mM dATP, | mM dCTP, 1
mM dTTP, | mM dGTP) 2 uL, 10 x PCR €9 5 uL, primer
(100 pmol/uL) 1 uL, Taq polymerase 1.25 US £33t &, &
F3]E 50 uL2 2A3}3L Thermal Cycle (Takara, Japan)=
94°Co A 60%, 60TOA 60Z, 727TollA 60Z2] Z70||A
353] ¥HEsto] AAlst9itt 524 PCR AHE-2 DE/QIAxcel
advanced system (Qiagen, Germany)S- ©]-83}o] amplicon =L
71 & ERISFATH(16S rDNA, 663 bp; tdh, 251 bp; trh, 250 bp).

ShH gad Al

o] A E AHn| B oot <A A Bkl Acar
and Goldstein (1991)2] t] A= AL o] 831 9iT). 2k #5-
£ Muller Hinton Broth (Merck, Germany)o]] 453t 3 35C
of| ] 18-24A17F 74 vl ¥l o o vl ¥l ¢ -5 =& McFarland
No. 0.5% 3]4 zAstqict. 3|44 o widdE vlg] 1% &
T7F HEE AlgS A71e 7 4 mme] Muller Hinton Agar
(Merck, Germany) H7tof] @35t 3 A 2of 57} HFx| 5}
FAHE FpA7]AL A A (e 8 mm)E F FE T 15
2 oluioll AAIZITE A9 utAl= ampicilling B39 15
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Z 10A19-& AFE-S9TH(Table 1). 34 AT S 112HA] 7]
Muller Hinton Agar B3-S 35T, 16-18A|17F w3t o2 #
2] 4] A3t (inhibition zone)2] A7|E caliperZ &4 35}o
Table 19]] A A1 7]Z(CLSL, 2015)0] wle} 24242 B4 819
o}, A Aol Ax A E 9J6ke] Escherichia coli ATCC
259208 tjx o2 AMgStel 2 Al Ao et o7t
= gelshoir.

MAR (Multiple Antibiotic Resistance) Index

o]t =2 FtAlof tiet FA A A=E Hlastr| flste]
Ee|atFol gt MAR index & tha A4 of wat AHEs}9]
th(Krumperman, 1983).
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o17)4] T Bl WS dehd A0 A, e
A& ol A5 FtA 9] & 7|40tk

=1/t

2ot H

2

3} 4l
S =

yEHEE|T HE

rol

=4 QA 298

eu|Ee] oot A AAIH 07 sk Algs Alite] ¢
SO0 8 S} pAREOA B W Fes A, A9, AR
R A8 EAR T th2A BAlEa glei(Martinez-
Urtaza et al., 2008; Zarei et al., 2012). ©] A7Lo|A= A5|
oF Ak 9FAl Z(Crassostrea gigas) (n=96)2 T4+ 2 alkaline

7 - oblet - v - 0.2

e REECREE 2

peptone waterol| Z5to] AT A
A 4 24
A

wF7HE Y em 1157] 57} 2E4 o2 A = ek &
HejHe et o2 S E M= 72|59 16S rDNA F4& ¢17]
A Y9-& GeneBAnkel| 525 Vibrio parahaemolyticus RIMD
22106332 16S rDNA €71 A 3} 99% o]AFe] AFEAS H Y
tH(Makino et al., 2003).

2014 o= 7E7E 109704 AR A ZolA HEE
AL FA7|= FHHEEeqto] HEHA eker(<30
MPN/100 g), 2015 = olli= 645 10| 7HA] A 4]
=4 HEHUckFig. 1). FHn|He|eqto] HEH A7]2
T2220T o) oItk Al® F A5 Bt HEES 2014
o 33.3% (16/48) 12|11 2015H 9] 41.6% (20/48)°] &3
o}, 22ar RFHAFE AEeolle Aoz ik 4 =l
A AAH| B Q9] F+= 30-11,000 MPN/100 g H9E
yel?len 20154 (30-4,600 MPN/100 g)ofl H]5ke] 2014
H(62-11,000 MPN/100 g)of] tha 2 A% ¥ S Ve gict
(Fig. 1).

o] Atoll A AHu|He] & HEEE ko] thefeh pAkEol
A Arn|He] @ HE80] 48-55% A THe Ha1e} S50 of 3
FrollAl HEE0] 47.2% Atk KL Hof o W2 Zlojm, o]
ol =34k Aol Al Fafqt FA ZollA FAH e e
53 72.5%2 B3 A3 @2 2o 7} 9l itk (Chakraborty
et al., 2008; Chao et al., 2009; Yu et al., 2014; Letchumanen

1o

Table 1. Tested antimicrobial agents and breakpoints for the interpretation of the disk diffusion method

Disc potency Zone diameter interpretive standards (mm)

Class Antimicrobial agent (Hg/disk) Susceptible  Intermediate Resistant
Penicillins Ampicillin (AM) 10 217 14-16 <13
Cephalosporins Cefotaxime (CTX) 30 >23 15-22 <14

Cefotetan (CTT) 30 216 13-15 <12
Cefepime (CEP) 30 218 15-17 <14
Cephalothin (KF/CF) 30 218 15-17 <14
Aminoglycosides Streptomycin (S) 10 215 12-14 .yl
Gentamicin (CN/GM) 10 215 13-14 <12
Kanamycin (K) 30 218 14-17 <13
Fluoroquinolones Ciprofloxacin (CIP) 5 221 16-20 <15
Quinolones Nalidixic acid (NA) 30 219 14-18 <13
Sulfonamides Sulphamethoxazole-Trimethoprim (SXT)  1.25/23.75 216 11-15 <10
Phenicols Chloramphenicol (C) 30 =18 13-17 <12
Tetracyclines Tetracyclin (TE) 30 215 12-14 <M
Ansamycins Rifampin (RD/RA) 5 220 17-19 <16
Macrorides Erythromycin (E) 15 223 14-22 <13
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o] oA n|= CDC7} HlEE e F95 X5 AME
S 13t cefotaxime, gentamicin, sulfamethoxazole-trime-
thoprim 5 1652 &-A|(Table 1)E o]&s}to] E2jw A
H| 22| 0510 ghatAof thek 73S 2AFSHtH(Daniels et
al., 2000; Shaw et al., 2014). 2|52 94.8%7} ampicillin
ol WS Yef S, cephalothin (53.9%), streptomycin

Water Temp. (C

V. parahaemolyticus (MPN/100

Fig. 1. Monthly prevalence of Vibrio parahaemolyticus in oysters
Crassostrea gigas collected at the west coast of Korea. Limit of the

detection = 30 MPN/100 g. Table 3. Antimicrobial resistance of V. parahaemolyticus isolates
from oysters Crassostrea gigas
et al., 2015). 3+ n]=to] Chesapeake Bayol| A A F|at = Al Antimicrobial agent No. of isolates (%)'
mollA A Ee| et HEE0] 100%ths Hae Sl Susceptible Intermediate  Resistant
(Parveen et al., 2008). o]= Akl A== v EeE| e Ampicillin (AM) 2(1.7) 4(3.5) 109 (94.8)
9] &7t thFsE AQtal H 9] e ol S o A A Cefotaxime (CTX) 87 (75.7)  28(24.3) 0(0)
ool i E v FE% AR E FH kA skt 719l Cefotetan (CTT) 98(85.2) 17 (14.8) 0(0)
&} o] A2tk (WHO/FAO, 2002; Kirs et al., 2011). Cefepime (CEP) 101 (87.8) 10 (8.7) 4(3.5)
w, %ﬂ?o%zoé Hased L1545 %ifrxjx}(tdh/ Cephalothin (KF/CF) 20 (17.4)  33(28.7)  62(53.9)
lTh gene) E‘l:l“g_a‘ ——‘Z—}‘]'?ﬂ— 7&“_”}9 LH oF'ifé %@%‘i Tl";t(-_lxl'?l tdh Streptomycin (S) 46 (400) 0 (0) 69 (600)
gene WA T YT RA BEEE U ahgene (ol 767 20252 8(70)
o [e] ‘]_l:lr_ el = i 0 .
EOETr?_ L 11'1ELT(92A’)E L]'E]-‘,d'li}(?‘able 2) Kanamycin (K) 30 (26.1) 73 (63.5) 12 (0.4)
F23 obxlo} A efollA] ol5ol ) Al Slatd wh W ah Y el 3@ 544
o o Ciprofloxacin (CIP) . . .
gene B Adu|He| 99| ulgo] oF 0-6% ekl Hil Naiidixic acid (NA 111 (96.6) 2(17) 2017)
%31 Qlti(DePaola et al., 2000; Vuddhakul et al., 2000; Alam alidixic acid (NA)
¢al., 2002; Hervio-Heathetal,, 2002; Haley ctal, 2014; Yuet  SuPhamethoxazole- - 109(348) — 6(5.2) 00
e1 ai’014 X me}rVq C; eaL Of; a].:j a]g,; a] ez i ;01] 1 " ]u ; Trimethoprim (SXT)
al., . Aubd o 2 2odu| H g @ o] AR A &5 ,
- )CE e o°;'0 N o o Chloramphenicol (C) 113 (98.3) 2(1.7) 0(0)
SHU B 7 RS 7 A ohyRhal A Ql Tetracyclin (TE) 008701 14 (121 09
v ol #79 RelF 5 b Y whgene 53R AR fR] Lo oo (67.0) 14(121) 09
2 14 Mo v1te] 7] ¢b7] ujEo]ch(Panicker etal, P 18(15.7)  42(365) — 55(47.8)
Erythromycin (E) 1(0.9) 98(852)  16(13.9)

2004; Deepanjali et al., 2005; Canizalez-Roman et al., 2011;
Gutierrez West et al., 2013; Johnson et al., 2008; Yamamoto et
al., 2008; Malcolm et al., 2015). L84} S U= AR

Ithe ratio of the numbers of strains susceptible/intermediate resis-
tant/resistant to the tested antimicrobial agents to total numbers of
tested isolates expressed as a fraction of 100.

Table 2. Presence of virulence factors in V. parahaemolyticus isolates from oysters Crassostrea gigas

No. of isolates

2014 2015 Total

Jul Aug Sep Oct Jun Jul Aug Sep Oct (%)
trh 0 5 2 4 0 0 0 0 0 11 (9.6%)
tdh 0 0 0 0 0 0 0 0 0 0 (0.0%)

None 16 14 21 9 3 11 16 8 6 104 (90.4%)
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Table 4. Antibiograms and MAR indices of the V. parahaemolyti-
cus isolates from oysters Crassostrea gigas

Antibiograms

No.of MAR

No. of isolates index

Antimicrobial agents antimicrobials

AM 17

CF 1 2 20 0.07
S 1

AM/CF 15

AM/E 2

AM/GM 1

AM/K 2

AM/RA 2 11 42 013
AM/S 9

CF/s 1

RA/CF 1
AM/CF/RA

AM/CF/S

AM/GM/CF 3
AM/RAJE

AM/RA/S

AM/CF/E/S

AM/CF/KIS

AM/GM/CF/S

AM/RA/CF/GM

AM/RA/CF/K 4
AM/RA/CF/S

AM/RA/CIP/CF

AM/RAJE/CF

AM/RA/K/S

AM/RA/CIP/CFIK

AM/RA/S/CFICTT

AM/RA/S/CF/K

AM/RA/S/E/IGM

AM/RA/CIP/CF/KIS 6
AM/CF/GM/E/RA/NAIKIS
CF/GM/E/RAICIP/CTT/K/S

AM/TE/CF/GM/E/RAICIP/
CTT/INA/K/S

AM, Ampicillin; C, Chloramphenicol; CEP, Cefepime; CIP, Cip-
rofloxacin; GM, Gentamicin; CTT, Cefotetan; CTX, Cefotaxime;
E, Erythromycin; K, Kanamycin; CF, Cephalothin; NA, Nalidixic
acid; RA, Rifampin; S, Streptomycin; SXT, Sulphamethoxazole-

-
—_

24 0.20

20 0.27

5 033

1 040

S A A A N D a0 2N Y AN DY

2 053

1 1 1 073

Trimethoprim; TE, Tetracyclin.

e REECREE 2

(60.0)7 rifampin (47.8)] s> WH/d&-S E % ch(Table 3). 71
2] 11 cefotaxime, cefotetan, sulfamethoxazole-trimethoprim}
tetracyclin®ll = 7/ E= 57 WS Yeb Slot

ARz A Zel g H| H 2] 4t 9] -2 ampicillin W/d o]l
et Bale A Zot & 4 9lon, T Q1S 1A A
B2A I} o] whE Y 508 Hi= 9% Qlrh(Okuda
et al., 1997; Han et al., 2007; Oh et al., 2011; Al-Othrubi et
al., 2014; Sudha et al., 2014). E3} sulfamethoxazole-trime-
thoprim¥} tetracyclinol] =2 7rp/dS Hel Ail= 4k
= o= o ohE AR Aket fARSHH(Han et al., 2007,
Sahilah et al., 2014; Sudha et al., 2014; Letchumanen et al.,
2015). 18|37 2] #52] MAR index § 9]+ 0.07-0.732 L}
Elytth(Table 4). 714 =2 MAR index& ®.2l o5+ 20154
69 YA H AQbo| A Fe]H FHu]| He] 2w (s150608) . = 11
7Ne] FtAlol WS yebi ot 1e]a 2ef=t5=2] 46.1%
(53/115)7} MAR index 0.2 |42 YERY Q1T

Krumperman (1983)2 MAR index 0.2E a9 A|Z7} 1 9
A= 2ol IS Al oS AFste Ve es
A HE STk AAIE o] Zhe Aebgo] qle AtA 7|
ofuetaL st e, tAlE ARESE] FAE A-FolA &
2 A gHEe] 2512 50% ©]/Fo] MAR index 0.2 o)/t
Bt HE aregtehd, o4 =ofl4 MAR index 0.2
oS e AHu| B e] e+to] Hlgo] AL frAlsHA UiE
Wiz Qlof AR = FARol et 2 Solld 29
o JgS Wl Qlth= Ao & F=FtK(Furtula et al., 2013;
Letchumanen et al., 2015).

HHZ e o 5 A= WSS 4 A&y 1
HoRRE 5T 4 qloks Bk glon, A7 EA
sko] Qi Aol A EAATH @57 FUEl= A ollA] EelH
Fn|He| e gt &Aoo W HE S UE
Itk B a1 Qlth(Neela et al., 2007; Oh et al., 2009). A A} %]
7k Q1gtel 9135t glom ofubAle] Al S4e 7hal 3
2o AL 245 AFE delge] AY i AARA Yol 8
Al SAARE ZF WA 1A A v A = A Q)
&k AbEo]7] wisoll AT AR} -5t 5 THA o A 2
ok 914 7t o] FojAoR & A o2 AR EL

Al AL

o = 2016W%® =AYl SARSEAARY
(R2016059)°] A 102 =385 o] ¢l=u] A|¢dofl A}
=YL
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