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Antimicrobial Resistance and Minimum Inhibitory Concentrations of
Vibrio parahaemolyticus Strains Isolated from Seawater and Commer-
cial Fisheries

Eui-Dong Cho, Hee-Dai Kim' and Kwon-Sam Park*
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Eighty-three Vibrio parahaemolyticus isolates from surface seawater in Gomso Bay on the west coast of Korea, and
commercial fisheries from Gunsan fisheries center were analyzed for the presence of virulence genes and susceptibil-
ity to 30 different antimicrobials. All 83 isolates were examined for the presence of two virulence genes (tdh or trh)
using polymerase chain reaction; however, neither gene was found in any of the isolates. A disk diffusion susceptibil-
ity test, showed that all of the strains studied were resistant to clindamycin, oxacillin, ticarcillin, and vancomycin,
and also revealed varying levels of resistance to ampicillin (98.8%), penicillin G (95.2%), streptomycin (20.5%),
cefoxitin (14.5%), amikacin (6.0%), cephalothin (4.8%), and erythromycin (3.6%). However, all of the strains were
susceptible to 19 other antimicrobial agents, including cefepime, cefotaxime, chloramphenicol, gentamycin, nalidixic
acid, sulfamethoxazole/trimethoprim, and trimethoprim. All 83 isolates (100%) were resistant to five or more classes
of antimicrobials, and two strains exhibited resistance to ten antimicrobial agents. The average minimum inhibitory
concentrations against V. parahaemolyticus of clindamycin, oxacillin, ticarcillin, and vancomycin were 55.9, 98.3,
499.3, and 44.3 pg/mL, respectively. These results provide new insight into the necessity for seawater sanitation in
Gomso Bay and commercial fisheries, and provide evidence to help reduce the risk of contamination by antimicro-
bial-resistant bacteria.
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of] 0] &= 712 effector THY A W type VI (T6SS) secretion
systems 50| HILE| o] Ql o} A egt B/ AU Fof et
A oA B35 A4 o]t Honda and lida, 1993; Park et
al., 2000; Park et al., 2004; Letchumanan et al., 2014; Wang et
al., 2015; Li et al., 2019).

HYAH A o] % thefet TR0 Al E Al FE9
A&7, Aol 9 A5 5o HA 02 AR E AL QLo A
S2Q1 A o] AREE Aol E sl e HH Ee e
ol A TRt Al Wt S7H 7HeAl7 e A b
Elutaz itk H a1 e 37 QIth(Lee et al., 2007; Lee et al., 2009;
Ryuetal.,2010; Kim et al., 2014; Kang et al., 2016; Kim et al.,
2016; Ryu et al., 2017; Kang et al., 2018). A H] 22| 2.5t
A 7 =& WS Uehe 3+tAl == ampicillin, rifampi-
cin, streptomycin, vancomycin 5-¢] E 1% 0] It Ottaviani
etal., 2013; Lopatek et al., 2015; Xie et al., 2015; Kang et al.,
2018).

Aleto] =tAl WS 20| = ol &8l maxof] o3k o
A B3], #4 <t =29 sk Alzute] gtA £
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o T
ot Aog defA glom o5 HAYZO| T T 5FH
O 7 2-g5to] At atAlol WA 20Al Flti(Martinez et
al., 2009; Munita and Arias, 2016). Z5 WAL A<+ G214 9]
GAA} ¥o] & plasmid E-= transposon®] w7 &)= 444
Ako] g 5of ol A7 WA F-- A= A DNA (deoxy-
ribonucleic acid) =+ plasmid DNA®| ZA|gtcH(Kuhl et al.,
1978). 1% &/ Altell Al Al SHAWd-R-a47E A =
o] Q1= integron> Allxt G Ao A] ©]-5/dS 71<] DNA T
2l transposon-- F5t0] FAALY] g EATHR] o A Tk HA|
Hel= o] FH = YRt e g Heks Fote] 55 2 olF A
O 2 Sk Tk B 1% o] ¢lth(Rowe-Magnus and Mazel,
2002).
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A9 gli= A7 oleh =tAl Wkl Aej ohel 9l 4ikso) oF
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2018 8U7E] 2018 129712 FAHPAREAE o A A HE]
9k ol RolA elat 597 L WU fAA FRE
slola}] 9]kl AHain|H el o RIMD2210633 (Makino et
al,, 2003) 2 TH3996 (Park et al., 2000)2 % FF& AL
sHiet. &t A A= Beloll= Escherichia coli ATCC
259228} Staphylococcus aureus ATCC 25923 55 A-8-5F
Aot AR 2 95 245 4 Takara (Otsu, Japan)Ak
9] A| &, H#A| t] 22 3= Becton Dickinson (BBL Sensi-Disk,
Sparks, MD, USA)ALS] A& 9 215§ oAl Sigma (St
Louis, MO, USA)AFS] Al &S ARE-3HA T

ygHEe|eHol 22| X ST

S B AT PARE el A Ee] eat o] B AlEe
of|A] A[AIRE W] of] ko] E2]3FRAtHMEDS, 2019). 41t
3 S A o] §510] A7 2 B Als ol 45t
o, A3 SAHEE 0] F Ago] 2914 ofo] Auto] ol
10°C o5k A5t A AgAR $7 ALEatsct 14 AR
+ phosphate buffered saline (PBS; 140 mM NaCl, 5 mM an-
hydrous Na,HPO, and 1.5 mM KH,PO,; pH 7.4)& %7}5}]
w213} % alkaline peptone water (pH 8.5; 2% NaCl &)l &
Z£3}09] 35+ 1.0°COllA] 16-18A]71 1l 9F5}o] thiosulfate-citrate-
bile salts (TCBS) agar (Difco, Detroit, MI, USA)of BiZo] =
HZ 3 354+ 1.0°Col|A] 18-24A]7F vljekal4ict. TCBS HjZ] o]
A gu|He] eqt o2 FAEE AP 2Q1 2-3 mm =7]9] 4
EA RS A S 2 toxR (Kimetal., 1999) 2 hns (No et al.,
2011) F4#F2] 24 525 PCR (polymerase chain reaction)
assay Bolstglon] & 9z ZAv} selgl #ae] @e
o] HFHoR FPuEe|eHor A5t Y +59
I 22 HiAls] ffste] shuhe] AlmoA= T wto]
FnHeeatis Eeetginh o] ke A Ee
Q2 Luria-Bertani (tryptone 1%, yeast-extract 0.5%, NaCl
3%) brothell Wik 3 HF = 15%7} HE 2 @aE ey
S #7781 cryovial storage box (Simport, Canada)®| ¥ ¢
-80°Cell kst A g ofl ARg-8FIT.

DNA 3Z& primer set

Aol AHEEH DNA 53-8 primers®] A714d 9 535
DNA =Z7] 52 Table 2] YEFN G2 ™, primers+= Bioneer
(Dacjon, Korea)of| A 43131 tt. TDH, TRH, toxR % hns
A2} 5ES 93 PCR 242 95°Coll A 3871 13] 4 WA &
95°C 30%, 55°C 30%, 72°C 30%= 3t ]2 3}o] o]= 30
3] HkEStol DNAS S3shqith ZLeu AguHe]eqto
B-lactamase (VPA0477) 42K Lee et al., 2011)+= o}2 2=H
2 5 Y3 extension A7 72°Coll A 127F AAIGH o] o}
2t} FZ% DNA AHE2 1.5% agarose gelo| A A7| 9% &
ethidium bromide 2 4443}] Vilber Lourmat (Bio-Paint ST4,
France)Al Gel-Doc system @& &-2135}i ),
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Z4E Aol theh 2] wt-29] /-2 Acar and Goldstein
(1991)9] fazghibg o &2 AJFsgieh A9 3% %71 LB
brotho]l A% 55 F3te] 35+ 1.0°Cofl A s %1% Hi
& 5 ot AP A A 23] A A5kl 5= McFarland No.
0.52 233t 7] 0.4 mme] Muller Hinton agar (Merck,
Germany) 3ol 5 = SFGIT. o 7|0 HAF FatA] v~
A5 12516 35+ 1.0°CA 16A17F Bl 3 2 gatAlof <]
ol B AR 27|15 SH kL < Aol whet 2
574 AF-E H7sl itk AR @t A= amikacin (AK; 30 pg),
ampicillin (AMP; 10 pg), cefepime (FEP; 30 pg), cefotaxime
(CTX; 30 pg), cefotetan (CTT; 30 pg), cefoxitin (FOX; 30
ng), cefuroxime (CXM; 30 pg), ceftriaxone (CRO; 30 pg),
cephalothin (KF; 30 pg), cephazolin (KZ; 30 pg), chloram-
phenicol (C; 30 ng), ciprofloxacin (CIP; 5 ng), clindamycin
(CGC; 2 pg), erythromyecin (E; 15 ng), gentamicin (GN; 10 pg),
imipenem (IPM; 10 pg), kanamycin (K; 30 pg), nalidixic acid
(NA; 30 pg), nitrofurantoin (F; 100 pg), norfloxacin (NOR;
10 pg), oxacillin (OX; 1 pg), penicillin (P; 10 pg), pipemidic
acid (PIP; 20 pg), rifampin (RD; 5 pg), streptomycin (S; 10
ng), sulfamethoxazole/trimethoprim (SXT; 23.75/1.25 pg),
tetracycline (TE; 30 png), ticarcillin (TIC; 75 pg), trimethoprim

Table 1. Coordinates of sampling stations (St.) in Gomso Bay, west
coast of Korea, from June 2018 to October 2018

) Coordinate
Station - -
Latitude Longitude

St.1 35°33'22.00" 126°30'30.00"
St.2 35°33'38.00" 126°31'50.00"
St.3 35°34'34.00" 126°33'23.00"
St4 35°33'54.00" 126°34'32.00"
St.5 35°34'09.00" 126°36'13.00"

Table 2. Primers used in this study
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Fig. 1. Location of sampling stations in Gomso Bay, west coast of
Korea, from June 2018 to October 2018.

(W; 5 ng), vancomycin (VA; 30 pg) 5 305-2] dtA A3
£ ARgskglth

| AEEANSE(Minimum Inhibitory
Concentration, MIC) &3

24880 )5 NCCLS (2002)0]] 7]Z3ko] 1]
o2 =As14ct. E+H Muller Hinton broth (Merck, Ger-
many)°l| 2,048 pg/mLof|A] 1 ug/mL7bA] A¥HA w5 g
S dHAIE A7 & et ATl 7 F R0 A
7FA7HE WA E 2 mLA 25kt of 7)ol Al o] 3% 7t
%l LB brothol| 4] 51249 2 v FRt AlE Y 3 pLa HEstod]
352 1.0°Col A 16-18A1ZF A X] vl et - oF F-4] o] Fz {<t
o 7 ZQIsto] ksl E = E SA6HT

m

st AR S0l E2lot HEH(E2| | £Y
A
T
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A 9 A EE HES] $I5to] 20184 62 E

Target gene Oligonucleotide sequence Amplicon size (bp) Reference
ok - AAGGAGTCTTGTGOATGGTG 3 299 Kim ot al. 1999
s STCeTeTCTACTITIeoHC
o -CATAACAAACATATGCCOATTTO00- 486 Lee and Park, 2010
s 5 AACGGGAGCCTTTTTAAMGAAGA.S 465 Notal, 201
VPA0477 S-CCTCATCGAGAAACAAACAT-3 760 Lee et al., 2011

5-AGTGCTCTAAAATCAGTTGG-3'
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109714 A5 Faxvke 9 9] 570 2| %] (Fig. 1 9 Table 1)l A
e 18] F 2571 sl AlmollA] 24wt5=2] FAH| B ] eatS
=25 ieh T3 2018'd 8YFE] 129 7HA] A4 HEAlE
A QA ZF 15A| = 9] vpx| et dl wiglof| A 125 9 13+F,
25X 79] Hofoll A 194+, 7t 8AIR S| &, A B Aetol A
247} 59t & T9AmOA 5990 FEu|He evts He
SholTh. v Bl eato el AlFEAolA A s W
ol el ALK sl o] B4 AlstalA Al @ ety
W Z, toxR (Kim et al., 1999) Y hns (No et al., 2011) -F-4 A}
o] 2A F-7= geIsklon & RS Hfole ot ae 2
FTHOoE AYu|He| eqt o7 FA5Hl ek AatelA] AR oA
= dn|He] et o 2 SRIEIA|TE toxR B hns +3414H] 5
0] SRRIE| ] QRIAL ofmigt AXE e 4t 5 A9
St U 2] 8330l A= toxR 2 hns 7-7A12] o4 DNA &
Z AHE 5 U3 2712 DNA T o] &l x| o] Agof] A8
AHCAT} v A A, v He] oo of T A Q1 g f-42k
o] TDH 9 TRH 3-47+e] B34S PCR assay= HE3H 2
1, ol B AR SEo] gelE vk, &
2]% 83350l A= TDH E= TRH FAA7F F2ZE7] 4%
tHAZ rAA)). s> E= olull 52 2 el Al Ee
Qo] 2 B AR EAeo] il R Alom W
1% 0] Qlth(Sakazaki et al., 1968; Shirai et al., 1990; Honda
and Tida, 1993). -2ue}o] 79, e ¢1etal 9 o] sl 4l o]
s ol A 2Rt A n| B e otS st o= WA Rt
O] HAAS RIS A, sfroll A 23k 98+t 4| TRH
FAAL B oA 5= 5.1%8] ¥ TDH -34F 23 A
W ASEHA Een, ojufu Rl Eefgt A He
2519 TDH 2 TRH §-4A} 2§ A 4575 1.7% D 3.5%
ol Ao g Atk Bk QJok(Park et al., 2018). E3F &
oo Bl 2raanhef| o o slj<pof A 2] gk A n| He| eat o] 7
%, TDH % TRH §744}F B4 A o= AEEA okt
= H 3% QIthKim et al., 2014; Kim et al., 2016). Z|Lojl=
colony hybridization, &4 Zz}o|HE A3 PCR assay 2!
loop-mediated isothermal amplification (LAMP) 5 A28 4
= WY AR Qleke] 2 el A B eatollA B
A FARE BRokL Qe o HEES Eo AL e+
ANlgks a1k Itk (Deepanjali et al., 2005; Jones et al., 2012;
Ellingsen et al., 2013; Gutierrez et al., 2013; Letchumanan et
al, 2014). 222 0.2 o A of| ARgRE FaNts]o o £
s W Al AR A B $ 839 5-2] Au|He] gt
YA =4(TDH = TRH) A4S HA-6HA] o2 vl
R e SRS KR ) A Rl o e s

yeula R0l S Uy U4

Sl & AT ol 5 TRt AR A et A
B ] 242 amikacin, ampicillin, cephalothin, cefoxitin, gen-

1

(

ot

o - st

tamicin, kanamycin, rifampin, streptomycin 2 vancomycin
9 &= FaAlel e webd Eat obdzh At
Y HEHIEE 2 7107 HIE0o] ¢l om(Lee et al., 2009;
Ryu et al.,, 2010; Han et al., 2012; Kim et al., 2014; Kang et
al., 2016; Kim et al., 2016), A 2 =& WAS el =t
A 2+ ampicillin, rifampicin, streptomycin, vancomycin 5-°]

Table 3. Antimicrobial susceptibility and resistance of Vibrio para-
haemolyticus isolated from seawater and commercial fisheries

Disc No. of isolates
Antimicrobials content ) Interme- Suscep-

(ng) Resistant “yinie” tible
Amikacin (AK) 30 5 0 78
Ampicillin (AMP) 10 82 0 1
Cefepime (FEP) 30 0 3 80
Cefotaxime (CTX) 30 0 1 82
Cefotetan (CTT) 30 0 4 79
Cefoxitin (FOX) 30 12 9 62
Cefuroxime (CXM) 30 0 5 78
Ceftriaxone (CRO) 30 0 0 83
Cephalothin (KF) 30 4 0 79
Cephazolin (KZ) 30 0 8 75
Chloramphenicol (C) 30 0 0 83
Ciprofloxacin (CIP) 5 0 6 77
Clindamycin (CC) 2 83 0 0
Erythromycin (E) 15 3 5 75
Gentamicin (GN) 10 0 4 79
Imipenem (IPM) 10 0 0 83
Kanamycin (K) 30 0 3 80
Nalidixic acid (NA) 30 0 0 83
Nitrofurantoin (F) 100 0 17 66
Norfloxacin (NOR) 10 0 7 76
Oxacillin (OX) 1 83 0
Penicillin G (P) 10 81 0
Pipemidic acid (PIP) 20 3 80
Rifampin (RD) 5 6 77
Streptomycin (S) 10 17 3 63
Swmerosdel 3 0 0w
Tetracycline (TE) 30 0 2 81
Ticarcillin (TIC) 75 83 0 0
Trimethoprim (W) 5 0 2 81
Vancomycin (VA) 30 83 0 0
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B 15 o] It Ottaviani et al., 2013; Lopatek et al., 2015; Xie
etal., 2015; Kang et al., 2018).

TR 0] 3 Bl E AT 4bE ol A R
2] et 83t FatAlol tiEh Ag o RE e

o 111

H]
= dee= FE 9
37] 91stel 3052 WA AHgstel faashpgon
Aslglom I Aut= Table 30 YeRHSIch 3059 gt
Z 1139 YRAL 377 AR Bl AR FRolH WS
UrERd Bhd U A] 1959 ftAls B ol e
e it AdEo] %2 dtAlE= clindamycin, oxacillin,
ticarcillin, vancomycin, ampicillin, penicillin G, streptomy-

o 2 Jl)l'

cin, cefoxitin, amikacin, cephalothin & erythromycin <=A] %1
t}. Clindamyecin, oxacillin, ticarcillin ¥ vancomycin2- 100%
WS YERY™, ampicillin (98.8%), penicillin G (95.2%),
streptomycin (20.5%), cefoxitin (14.5%), amikacin (6.0%),
cephalothin (4.8%) Y erythromycin (3.6%)°] $itt. Cefepime
£ 2337 1959 gt Aol deiA = e = A= U
Rl i}, Fej el whE Al WS AR, s &
A B 2et2 Hat 6.08F2] FatAlol WS UEhH,
HpR| ek, W), Hof, 2, WA ® oA 23 AR He e
T ZVZF W4t 6.36, 6.77, 6.52, 6.20, 7.60 L 6.5052] 3F4A|
of A2 Ueh it BANA Zefgt e 2e] et 7F

B Aol WS e, siroll A 2Rt A EH =
P eqte thE el e atol vlsl tha A2 FetA|

of Wde Uet ek ol= QI &4k B A SollA A
BEAL Q= A9 B S TFEA 0l A EH, 2+
FatAloll tiet A Be] eqte] W 9 AeAd e &
o, ) A7) 9 o] 42 59| aclo] uhet ol gleh 7]
Z0o] ArAute} YA 2 SARSE A aS Lel a2 9lck(Lee and
Park, 2010; Ryu et al., 2010; Han et al., 2012; Kim et al., 2014;
Kang et al., 2016; Kim et al., 2016; Kang et al., 2017).

S Ao ARERE 83toll TRt Bt Al WA ol
3t A1}= Table 49} 2t} Clindamycin, oxacillin, streptomy-
cin, ticarcillin ¥ vancomycing X8 552] Aol WA
e w5 1955(1.2%) 0], ampicillin, clindamycin,
oxacillin, penicillin G, ticarcillin ¥ vancomycing 2335t 6
] Al WS Uetils ot 5745(68.7%) = H4
H|H 2| 051 0] 7H ARHAQl b+tAl W ez vl Al
Ampicillin, clindamycin, oxacillin, penicillin G, streptomycin,
ticarcillin 2 vancomycing ZE§3t 759] alutAof A& W
= o= 99 +(10.8%) = FHlA = w2 o=t Al WA o
ArolH, T2 2 ampicillin, clindamycin, cefoxitin, oxacillin,
penicillin G, ticarcillin 2 vancomycin 2%}0] 63t5%(7.2%)2
nhots|go.n] 7ok Al Ul e v 295 olshe v
Holuf, HAIA gt A7 3t 1059] FatAlol WA=
UERHIL QltK(Table 4). A7HA] o2 4Tk o] %5 8
AT AR A E R A B et 24 55 ool

Of

i

ot
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A Z e 1059] Aol W& Wb AL Sl HollA] 3+t
Al A o] A2/ - A ekar ek Tt o] of Zro] thA
WS Yetf = o] 2= T 902 {ol == SR
of| A7} =] o] §lo] Fjgol| EAsH= A EH H e 2
Gt A WS S H QA Al WS 2 Sl
7} B65131 9= plasmid DNA7} A 8] H 2] @ gtof| 4= 2]
Zol7t AAAY Tz dljroll SR oh= e H| B ] @ Fo] B
2]l bacteriophage]] EA k= Al WA-F- A7 A B
2] @qtoll =8 A Aol & Foll WS D531 7 A
o] 2 HE . il H o8 A B el o o] FYA WA &
ol et A+t= wouk WARAA | Bt At A=
of| A o] Fgol wat Ao B a2 HAT Aot

Uy Smof et YFHIEE|uo| FAEIAH

S

c-°l’

i

o

Ml o

r:l.l

=
o
tlo
T

= 115 =t Aol gt
T 5 =A% A31}= Table 52} 7t} Amikacino] W
Uel= 53-52] MIC= 32-128 pg/mLo| o (F
96.0 ug/mL), T2 et Y A] 78+ MIC= 4
pg/mL o]3t2 =A% 91t Ampicillino] WAL Uehfs=
0] MICE 128-2,048 ug/mL 4232 © & 2,048 ug/mL2] MIC
2 Jehfle 335 395(3.6%), 1,024 ug/mLe] MICE 1+
R = 55 4395(51.8%), 512 ug/mLe] MICE L}E}lﬂ
t T 289F5(33.8%), 256 ug/mLe] MICE Uehy=
F= T15(8.4%) 2 128 pg/mLo MICE Yehfj= #3= 1
#(1.2%)2 Ha MICE= 810.1 pg/mLo] it o] gqg %}

P e 0 2] A

12
2
off

g
= O
=
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Table 4. Antimicrobial resistance patterns of Vibrio parahaemolyti-
cus isolated from seawater and commercial fisheries

Resistance type No. of resistant strains
CC-OX-S-TIC-VA 1

AMP-CC-OX-P-TIC-VA 57
AMP-CC-OX-S-TIC-VA 1
AMP-CC-FOX-OX-P-TIC-VA 6
AMP-CC-KF-OX-P-TIC-VA 1
AMP-CC-OX-P-S-TIC-VA 9
AK-AMP-CC-OX-P-S-TIC-VA 2
AMP-CC-E-FOX-OX-P-TIC-VA 1
AK-AMP-CC-FOX-OX-P-S-TIC-VA 2
AMP-CC-E-FOX-KF-OX-P-TIC-VA 1
AK-AMP-CC-FOX-KF-OX-P-S-TIC-VA 1
AMP-CC-E-FOX-KF-OX-P-S-TIC-VA 1

Total 83
AK, amikacin; AMP, ampicillin; CC, clindamycin; E, erythromy-

cin; FOX, cefoxitin; KF, cephalothin; OX, oxacillin; P, penicillin
G; S, streptomycin; TIC, ticarcillin; VA, vancomycin.
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Fu|H e a2 ARHA S 2 ampicillino]] 1k /A LrER
3 Qlehe 7120] ATke} A ® QAFheh(Tanil et al., 2005;
Lee etal., 2009; Lee and Park, 2010; Kim et al., 2014; Kim et
al., 2016). A -2l A4 v 2 2] 242 ampicillin®] ok MIC
O] = >256-24 ug/mL o] ¥ 9|¢ith= Zk(Pazhani et al.,
2014) 9 37 G2 Agu|H 2] 5+2] ampicillino]] thg+ MIC
9] F% =400 pg/mLo| Frh= 2]=+2] A7KSilva et al., 2018)
Hp 2 Aol ARgRE w2f ampicillinof tgt F<k MIC7F
b Aol 4 A4S Acka giekenh, Ampicillinel 244
S UehE 1935(1.2%) 9] MICE= 2.0 pg/mLo| itk 74
= Uetlle 55 230k Al o]l ARERE BE w50l 4] am-
picillin £3} 372101 B-lactamase2} 4541 0] = VPA0477
$77}e] B440] PCR assayo] 2Ja) S1EQ{ch(AT 1]7)
A]). VPA0477 §-AAE H-8-5131 1 2™ A & ampicillin®]] 7
AL e B 235 VPAMTT §A14] ol olg
A} Em M Ay o] EAR Q18] B-lactamase?] & o] %
& B7E51 AV B5E5k0] ampicillinol] 748 UeRdTH
31 g,

Clindamycin®l] WS UelH+= 83452 MICE= 32-128
pg/mL $3oln] Hak MICE 559 pg/mLz ¥k
Erythromycino] Ul43-€ LrERI= 33#5:2] MICE= 32-256 pg/

ot

o - st

mL =02 Byt MIC+= 138.7 pg/mLE SRIE| oW, T
438 PR 8035:0] MICE= 4 pg/mL 0|31 BHol|glct.
Cefoxitinol]] W& Uet= 12F5-2] MIC= 32-128 pg/mL
(Bt 42.7 pg/mL)°| ™, cephalothin]l WS Hehi= 4
2] MICE 64-512 pg/mL <=2=(H+F 208.0 pg/mL)o|w 7+
S48 Uehlhs #50] MICE: 4 pg/mL ofs}ol .

Penicillin Gofl WAS UehfE= 81452 MICE 32-2,048
ng/mL (T 869.5 pg/mL)o|m 2H44< ek 5
S MICE 4 pg/mL ©|ste]t}. Streptomycind]| W& LHERH
L 17952 MICE 32-128 pg/mL $23(8 4 56.5 pg/mL)o]
o] 7HAdS YERE 7529 MICE= 4 pg/mL o|3}olt), BE
ol A WA-S Y+ oxacillin, ticarcillin 2 vancomycin
o WAS Yehfs #5229 MICE 32-512 ug/mL, 32-1,024
pg/mL W 16-512 pg/mL =520|H Ho MICE 98.3 pg/mL,
499.3 pg/mL 2 44.3 pg/mLE Q1= g)Th,

A 0 2 A H| B 2] 292 ampicillin, penicillin G, ticar-
cillin 9 cephalothin -5-2] &4 of| th 3 4= MIC7} vl - -2
BhH amikacin, clindamycin, erythromycin, cefoxitin, oxacil-
lin, streptomycin, vancomycin 5-2] &atAof digt MICE 4
Ao g he A o7 3lelw] gt Table 5). & AlFlol Al3%

Table 5. Minimum inhibitory concentration of Vibrio parahaemolyticus isolated from seawater and commercial fisheries

/mL
Antimicrobials Mg
2 4 8 16 32 64 128 256 512 1,024 2,048
. 64 14 1 1 3
Amikacin (77.1%) (16.9%) (1.2%) (1.2%) (3.6%)
- 1 1 7 28 43 3
Ampicillin (1.2%) (1.2%) (8.4%) (33.8%) (51.8%) (3.6%)
. , 25 56 2
Cindamycin (30.1%) (67.5%) (2.4%)
. 49 26 5 1 1 1
Eyihromyein (59 19) (313%) (6.0%) (1.2%) (12%) (1.2%)
" 2 28 41 10 1 1
Cefoxitin (24%) (33.7%) (49.4%) (121%) (1.2%) (1.2%)
. 55 24 1 2 1
Cephalothin (66.3%) (28.9%) (1.2%) (2.4%) (1.2%)
Oxacillin 70 420 310 1° 2°
(8.4%) (50.7%) (37.3%) (1.2%) (2.4%)
-— 1 1 1 2 1 8 15 49 5
Penicillin G (12%)  (1.2%) (12%) (24%) (12%) (9.6%) (18.1%) (59.1%) (6.0%)
. 4 62 8 7 2
Streptomycin (4.8%) (74.7%) (96%) (8:5%) (2.4%)
Ticarcillin ! 0 30 230 430 1 3o
(1.2%)  (3.6%) (27.7%) (51.8%) (15.7%)
. 18 58 4 1 2
Vancomycin (21.7%) (69.9%) (4.8%) (1.2%)  (2.4%)
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