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ABSTRACT - Vibrio parahaemolyticus is a major seafood-borne pathogen commonly detected in marine environments.
In Korea, V. parahaemolyticus-induced foodborne illnesses account for 7.5% of bacterial pathogen-related food poisonings.
Moreover, the amount of antimicrobial agents used in aquatic cultures is continuously increasing. In this study, we isolated
V. parahaemolyticus from seafood samples and performed antimicrobial susceptibility tests using the microbroth dilution
method. Furthermore, using whole-genome sequencing, we identified antimicrobial resistance genes, virulence genes, and
sequence types (STs). We could isolate V. parahaemolyticus from 47 (59.5%) of the 79 seafood samples we purchased from
retail markets in Seoul and Chungcheong provinces. Antimicrobial susceptibility tests revealed that 2 and all of the 47 isolates
were ampicillin-resistant (4.3%) and susceptible to all tested antimicrobial agents (100%), respectively. The genotype analysis
revealed that all isolates carried beta-lactam-, tetracycline-, and chloramphenicol-associated antimicrobial resistance genes.
However, we could detect fosfomycin resistance only in one isolate. Concerning the virulence genes, we detected T3SS1 and
T3SS2-associated genes in all and one isolate, respectively. However, we could not detect the #dh and #h genes. Of the 47 iso-
lates, 17 belonged to 15 different STs, including ST 658 with 3 isolates. The rest 30 isolates were identified as 25 new STs. The
results of this study support the need for operating a continuous monitoring system to prevent foodborne illnesses and the
spread of antimicrobial resistance genes in V. parahaemolyticus.
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Materials and Methods

NEPS:

V. parahaemolyticuss TH317] 913l M&-A7 = 2 5
ol A FrERRE 20239 479 T AES
T43R.em, vlRA| S (Venerupis philippinarum) 2871, %

(Mytilus coruscus) 2173, B A Z7N(Cyclina sinensis) 871,
&= (Mactra veneriformis) 671, W3 (Arctica islandica) 671,
A E-(Haliotis) 671, 3 ZN(4dnadara broughtonii) 47, &
79719 HF ARE FHAT. YU AR ofolzut
o] ol W FEE fAsH, dFdE utste] 4
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Vibrio parahaemolyticus?] 23] 91 5%

V. parahaemolyticuse ®2|3t7] $18] AR 25gS
buffered peptone water (BPW, Becton, Dickinson and
Company, Sparks, MD, USA) 225 mL¢} &3 & A&
I Z7HIE @A skfste] 438t AlAT 1§ shaking
incubator®l| 4] 37°C, 100 rpme| Z71 OS2 182447} Hl %3}
Atk F4A1% AlEE CHROMagar™ Vibrio (CHROMagar
Microbiology, Paris, France)ol 4 =23}, 37°Ce 18-
24N 7F W B V. parahaemolyticus® FAE = HEHS
g5ttt Aglst FEE blood agar plate (BAP, Asan
Pharm Co., Whasung, Korea)ol] &4 =2s}e] 37°Cof| 18-
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2] #4FE Sensititre™ KRNV6F Kit (Thermo Fisher
Scientific™, Waltham, MA, USA)E ©]-&3}4] microbroth
dilution methodZ &HIA| WA AAS F3Y3F3 ). Gentamicin
(GEN), streptomycin (STR), chloramphenicol (CHL),
meropenem (MEM), cefoxitin (FOX), cefotaxime (CTX),
ceftazidime (CAZ), cefepime (FEP), amoxicillin/clavulanic acid
(AUG2), ampicillin (AMP), colistin (COL), nalidixic acid
(NAL), trimethoprim/sulfamethoxazole
(SXT), sulfisoxazole (FIS), tetracycline (TET)= 233t 16
o] A A3 e A, RF A2
£ E. coli ATCC 259225 AH&-alqit). 28] #7¢] Ha
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streptomycin (STR)=> MIC,,, MIC,, #tS gl a3t

ciprofloxacin  (CIP),
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Results and Discussion

Vibrio parahaemolyticus?] 22| Y

HFrtEANA FEEHL JE HF AR 797002 HE
4771(59.5%) A V. parahaemolyticus7t T2 = HLoH, A
< AgelM = Fz2l 27, 3 AGedAM = A5S A9
S gl F 4574014 ElE A tk(Table 1), 2 H1E =)
ATE HH, Park 5202 2013 - 20169 RS HF
A& 36671 5 8071(21.9%)NA V. parahaemolyticusE
2393, Jeong 52V WEW 2020 FF T HF AE
16370 5 7371(44.8%)°N X V. parahaemolyticus?’t ZEF
ATk WSt wEby H AT & dF AHE
2HPL W, =W HF{FAAM V. parahaemolyticus®] L H=
7F10d Al 7Kk eS & 5 Ak =¢] 735, Hu

TPl MEWH F=A AvjEE F AR 1127 F 28
71(25.0%), Tran 52 W=2H W EGo|A A== 9 F
A& 2987 5 26071(87.2%)N A V. parahaemolyticus”}t
AZHATL Bt & A5 AME, #4385t 7
A g e Zolo] wat FElE9 zol7t Ag Fe
oy, se] A AHE 2HIE W, HFAM ¥
parahaemolyticus SEA=7F WS- =52 & 4 A} w2t
A, 7ol el Utk e HE FAE 2Ed
S W AEARN V. parahaemolyticus®ll W RUE 2} A
ANl Folrt oy Rom ARBTH,

28] 232 YA W ¢

A A A, B8 dF 477 5 ampicilline]] 25
(43%)7F WS B3lom, o] v Ao =
5 A4S BAtH(Table 2). o1& =) V. parahaemolyticus
of tist eAA Ul A+E EH, Yu 529 AelA b
A AlJAA B3 V. parahaemolyticus 307TdF F
ampicillin W43 188FF(61.0%), trimethoprim WA 1645
(5.2%), streptomycin W/ 97F5(2.9%)7F HILE AL, Kim 5
02 F2E A FoXM EES V parahaemolyticus 65T
% ampicillin WA 6375(96.9%), amikacin WA 197
(29.2%), tetracycline WA 187F(27.7%)S H.IL3IT}. o]
gk o] BHuE] Hls] 2 AFolA YR FAA
WAEES s8] 2 apolE Bl o8 Apo|de o}
Fe] Aol ARE-3E A A AP A

rl

~
N

Z}

2 d g
£ 7159 2ol AnE F UL Zlelth Yu $73% Kim
=2

5299] ollA= Disk Diffusion Susceptibility TestH<
National Committee for Clinical Laboratory Standards 1991d
WS VEoR dAdsidlo, & AFdM s A
7]EE ©]4-3l] Broth Microdilution el €3 MICE

=337 A WAL CLSI 20189 W HS V|Eo g
Fosldth. A2 HZ Y% Mok 529 AFoA+=
B Ao ALE3E U3 AP JES AFESte] =

il
7} FAE FA ool A =S 1V parahaemolyticus
897l el MIC 2+ =43 A3+ ampicillind] )

2

Table 1. Isolation of V. parahaemolyticus from various shellfish samples

Sample source No. of samples

No. of isolates Isolation rate (%)

V. philippinarum 28 22 78.6
M. coruscus 21 8 38.1
C. sinensis 8 8 100
M. veneriformis 6 6 100
A. islandica 6 1 16.7
Haliotis 6 0 0

A. broughtonii 4 2 50
Total 79 47 59.5
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Table 2. Antimicrobial susceptibility test of V. parahaemolyticus isolates

Agents No. of isolates (%) MIC range
Susceptible Intermediate Resistant Test range MIC50 MIC90
Gentamicin 47(100) 0 0 1-64 <1 <1
Streptomycin - - - 16-128 <16 <16
Chloramphenicol 47(100) 0 0 2-64 ) )
Meropenem 47(100) 0 0 0.25-4 <0.25 <0.25
Cefoxitin 47(100) 0 0 1-32 8 8
Cefotaxime 47(100) 0 0 0.5-8 <0.5 <0.5
Ceftazidime 47(100) 0 0 1-16 <1 <1
Cefepime 47(100) 0 0 0.5-16 <0.5 <0.5
Ampicillin 17(36.2) 28(59.6) 2(4.3) 2-64 8 16
Amoxicillin/clavulanic acid 47(100) 0 0 2/1-32/16 <2/1 <2/1
Colistin - - - 2-16 4 >16
Nalidixic acid - - - 2-128 <2 <2
Ciprofloxacin 47(100) 0 0 0.12-16 <0.12 <0.12
Trimethoprim/sulfamethoxazole 47(100) 0 0.12/2.38-4/76  <0.12/2.38  <0.12/2.38
Sulfisoxazole - - - 16-256 128 256
Tetracycline 47(100) 0 0 2-128 <2 <2
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Table 3. Comparison with phenotypic and genotypic antimicrobial resistance

Isolate No."

Phenotype of antimicrobial resistance

Genotype of antimicrobial resistance

SFVS-13, SFVC-23, 27, 52
SFVS-14, SFVC-49

SFVC-21, 22, 24, 25, 28, 29. 35, 36, 37, 38, 39,
41,43, 44, 48, 50, 51, 53, 56, 67, 69, 71, 72, 74,
75,76, 77,78, 79, 80, 81

SFVC-46
SFVC-40
SFVC-14, 45, 54, 55, 64, 65
SFVC-42, 47

Ampicillin

blac g, catC, tet(35)
blagsgp.is catC, tet(35)

blasgp.is catC, tet(35)

blacapp.is> catC, fos, tet(35)
blac,gp.19 catC, tet(35)
blag g 20, catC, tet(35)
blac gp.o4 catC, tet(35)

YSFVS and SFVC isolates indicate they were isolated from samples purchased in Seoul-Gyeonggi and Chungcheong provinces, respectively.
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Fig. 1. Detection of virulence genes in Vibrio parahaemolyticus isolates based on whole genome sequencing analysis. SFVS and SFVC
isolates indicate they were isolated from samples purchased in Seoul-Gyeonggi and Chungcheong provinces, respectively.
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Table 4. Muti-locus sequence type of V. parahaemolyticus isolates

Allelic profiles

Isolate No." Source ST
dnaE gyrB recA dtdS pntA pyrC tnaA
SFVS-13 152 106 17 13 99 171 26 2057
A. broughtonii
SFVS-14 60 264 377 217 134 131 141 NT1?
SFVC-21 6 106 3 17 11 11 23 380
SFVC-22 44 131 436 110 74 479 140 2657
SFVC-23 123 100 127 222 66 7 31 NT2
SFVC-24 9 213 165 185 2 46 1 396
SFVC-25, 74 51 4 77 84 60 8 33 658
SFVC-26 31 334 75 55 4 259 23 NT3
SFVC-27 10 661 25 29 171 86 3015
SFVC-28 209 13 97 69 26 190 33 NT4
SFVC-49 455 566 25 117 46 296 57 NT5
SFVC-50 12 610 286 19 143 47 51 2876
SFVC-51 V. philippinarum 36 285 292 13 49 227 24 2230
SFVC-52 42 104 25 46 142 216 37 NT6
SFVC-53 31 100 127 29 66 11 31 NT7
SFVC-54 382 136 61 180 31 212 54 2708
SFVC-64 3 282 42 44 38 44 24 NT8
SFVC-65 170 224 75 139 117 18 124 424
SFVC-67 26 414 425 13 26 141 23 NT9
SFVC-69 33 84 307 378 276 5 157 NTI10
SFVC-71 51 4 77 84 60 8 33 NTI11
SFVC-72 112 84 218 69 26 90 26 NTI2
SFVC-75 475 104 57 380 61 342 51 NT13
SFVC-29 A. islandica 19 133 103 21 37 103 74 204
SFVC-35 304 84 312 76 35 210 26 NT14
SFVC-36 42 159 3 185 37 438 17 NT15
SFVC-37 51 4 77 84 60 8 33 658
SFVC-38 M. veneriformis 33 543 24 5 10 5 1 3042
SFVC-39 5 370 31 530 163 18 57 NT16
SFVC-40 103 3 465 3 72 82 2 NT17
SFVC-41 71 320 192 132 48 296 24 NT18
SFVC-42, 47 19 74 61 68 151 11 26 NT19
SFVC-43 449 202 4 445 235 413 2 NT20
SFVC-44 C. sinensis 274 106 270 280 46 78 94 980
SFVC-45 93 217 19 166 34 169 NT21
SFVC-46 4 13 11 74 60 23 1276
SFVC-48 81 88 31 355 28 45 217 NT22
SFVC-55 42 251 72 76 45 46 26 NT23
SFVC-56 31 29 61 35 66 3 26 NT24
SFVC-76, 78, 79, 80, 81 M. coruscus 80 25 160 179 26 10 117 NT25
SFVC-77 35 343 89 29 61 188 13 805

YSFVS and SFVC isolates indicate they were isolated from samples purchased in Seoul-Gyeonggi and Chungcheong provinces, respectively.

?Non-typable.
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