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Abstract: To survey the virulence gene carrying status, drug sensitivity, and genetic characteristics of Vibrio parahaemolyticus, 26 seafood
samples from three canteens in the Beidaihe area, as well as self-collected samples, were analyzed in August 2021. Four major virulence genes
(tdh, trh, tlh, and toxR) were screened from ten strains of V. parahaemolyticus using PCR and the BD automatic microbial identification and drug
susceptibility analysis system. Next-generation genome sequencing was performed on the isolates. A phylogenetic tree, drug resistance genes, and
virulence genes were constructed based on core SNP sites. The gene carrying rates of t/h, toxR, were 100.00%, 100.00%; none of the isolates carried tdh
or trh. Ten isolates were resistant to aztreonam and moderately sensitive to ampicillin. All the isolates contained the f-lactam resistance gene (CARB-18),
corresponding to the resistance phenotype. One isolate was found to contain mexE, a virulence gene rarely reported in similar studies. Nine sequence
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types were identified. Several V. parahaemolyticus isolates exhibited high homology with local and foreign marine organism isolates. Local V.

parahaemolyticus may pose a threat to human health, and its sources are complex and highly genetically diverse. There may be foreign sources

of V. parahaemolyticus contamination; hence, monitoring needs to be strengthened.
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M KAEVEALE EF 0 (https://www.ncbi.nlm.
nih.gov) 353, HTRREA 5. AWFFCHTH 23
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{87 Snippy (v4:6.0). PO R TAZ O RZ IR S
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B, EIVL I RIMD2210633E A5 k. B
BWA MEM 1.2.012% 5 BRI U =25 RIbR 51,
Freebayes (v1.3.5) PHAF SNPs, Gubbins (v2.4.1) 22
R B2, SNP-sites (v2.5.1) BHEEUZ O
SNP, fH1[]1Q-tree (v2.1.4) PARRAFHGH 5K ABIIAM,
R FH — Pt A T3 A% IR B AR A GAMMA (1) B XA
A, ITOL 3G Chttps:/itol.embl.de/) FEALKR B H .

{8 Ff Resistance Gene Identifier (RGI, v5.1.1) [
et &Pk i 258 % (Comprehensive Antibiotic
Resistance Database , CARD ) POk 4T Lb X . fi# H
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Table 1 List of Vibrio parahaemolyticus genes and primers

AARA R 340 2 AR A3 (5-3%) I ¥F K& /op
16S rDNA-F AGAGTTTGATCCTGGCTCAG
16S rDNA 1500
16S rDNA-R AAGGAGGTGATCCAGCCGCA
o tdh-F ATAAAGACTATACAATGGCAGCGG 140
11
tdh-R GAATAGAACCTTCATCTTCACCAAC
" trh-F TTGGCTTCGATATTTTCAGTATCT 500
i
trh-R CATAACAAACATATGCCCATTTCCG
n tlh-F CGAACGAGAACGCAGACATT 1o
t
tlh-R CTTTGTTGATTTGATCTGGCTG
toxR-F GTCTTCTGACGCAATCGTTG
toxR 180
toxR-F ATACGAGTGGTTGCTGTCATG
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Table 2 Locally and globally diverse Vibrio parahaemolyticus isolates genomes used for phylogenomic analyses available at the National

Center for Biotechnology Information

HARLAR RefSeq/GenBank %35  CFSAN %% ST # ES B AEAREA
029-1(b) GCA_000707045 CFSAN001611 36 USA 1997 E
K1198 GCF 000707885 CFSAN001614 59 USA 2004 E
10292 GCF_000707245 CFSAN001617 50 USA 1997 C
48291 GCF 000707525 CFSAN001618 36 USA 1990 C
F11-3A GCF_000707545 CFSAN001619 36 USA 1988 E
NY-3483 GCF 000707565 CFSAN001620 36 USA 1998 E
K1203 GCF_000707585 CFSANO001173 59 USA 2004 E
98-513-F52 GCF_000707605 CFSAN001160 34 USA 1998 E
10290 GCF-000707625 CFSAN001613 36 USA 1997 C
10329 GCF 000195415 N/A 36 USA 1998 C
RIMD 2210633 GCF 000196095 N/A 3 Japan 1996 C
BB220P GCF 000328405 N/A 88 . Bangladesh 1980 E
AN-5034 GCF 000182385 N/A 3 Bangladesh 1998 unknown
K5030 GCF 000182465 N/A 3 unknown 2005  unknown
PCV08-7 GCF 000347495 N/A 808 Malaysia. 2008 E
Peru-466 GCF 000182345 N/A 3 Peru 1996  unknown
SNUVpS-1 GCF 000315135 N/A 917 Korea 2009 E
3259 GCF 000454245 N/A 479 USA 2007 C
949 GCF 000454455 N/A. 3 USA 2006 C
NIHCB0603 GCF_000454265 N/A 3 Bangladesh 2006 C
NIHCB0757 GCF 000477475 N/A 65  Bangladesh 2006 C
VP-NY4 GCE._000454145 N/A 3 India 1997 C
VP2007-095 GCF 000454165 N/A 631 USA 2007 C
VP232 GCF 000454185 N/A 3 India 1998 C
VP250 GCF 000454225 N/A 3 India 1998 C
12310 GCF 000500755 N/A 36 USA 2006 C
3256 GCF 000519405 N/A 36 USA 2007 C
*BDH2021-2 N/A N/A 472 China 2021 E
*BDH2021-3 N/A N/A 490 China 2021 E
*BDH2021-4 N/A N/A 385 China 2021 E
*BDH2021-11 N/A N/A 413 China 2021 E
*BDH2021-13 N/A N/A 1073 China 2021 E
*BDH2021-18 N/A N/A 890 China 2021 E
*BDH2021-22 N/A N/A 1520 China 2021 E
*BDH2021-12 N/A N/A 1073 China 2021 E
*BDH2021-20 N/A N/A 2481 China 2021 E
*BDH2021-23 N/A N/A 177 China 2021 E
Aea s N

E: NARTRER; * ARG BWEM: C R ThEARER; EXATREHLR; (£B) FDA

Center for Food Safety and Applied Nutrition, CFSAN) ; & %|%£A (Sequence Type, ST) o

2= A e

Fa iz B2 F s (FDA
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Table 3 Detection of Vibrio parahaemolyticus in seafood samples

HARR HAmS ARAF I TA) HAER AAEGR I KX R vidrhgd
BDH2021-02 8.09 i + Vibrio parahaemolyticus
BDH2021-03 8.09 I + Vibrio parahaemolyticus
BDH2021-04 8.09 i + Vibrio parahaemolyticus

BIAER BDH2021-11 8.17 iz + Vibrio parahaemolyticus
BDH2021-12 8.17 Fexb + Vibrio parahaemolyticus
BDH2021-13 8.16 e + Vibrio parahaemolyticus
BDH2021-18 8.15 R F + Vibrio parahaemolyticus
BDH2021-20 8.25 n£ + Vibrio parahaemolyticus

B R A BDH2021-22 8.25 IR + Vibrio parahaemolyticus
BDH2021-23 8.25 B + Vibrio parahaemolyticus

Er ARTR BN, BHEAR A TSR ORMEM, B REAR 8 FLER.

2 GRS

21 WHAEE LR

WITHSE RN 10 Bk B B AE TCBS Br Rk 2 4
BRI MR EREE, B, EW . RIS G
W%, MR, ARUOEENRE Ldag
BIMOE B I L. 1E 3%EAEN = BRI flg it [ B
B, AP AAERRIR R T SR AT
(R PRYE, 75 Bk seie o RIEA F 46 A8y
HEMAH T RAEE RS 16S IDNA E5EL%5 71T,
B E FEAS R HH IR 70 BS bR A RN T KR

FEA Y B4 2 I L3R 3, SRR B B = it R
(1) 26 M FEAH, o 10 AR AR5 85 45 Hh FI R Il L
B, KRN 38.46% feiakE AR 2, KFE6
B, B S ARENEMSN B e 73S RS S 1 5052 R A
iy R S SRR 7V RO K. Xie SR S5
S11 g B b (R gE 2 B S T 39 ARV
MikEE, #HFEHN 7.63%. Ying FEUEREHE 11 4
B 504 Ui EEREA S 98 MREITE MG, A%
N 19.44%. SZAEAFFTER, AHE T IREA AR 4%
A, et EE T H T, Rl R AR A,
T AR G BT X B 5 L) & FH I i

22 HEEBER

Wik 4 fow, HSE ZIBE AN 10 PREE MK
T T 18 PPt R AL, SRR, 7 Ebk
XF 8- Bl pi A 2 A i N 2523 100.00%, 2875
M 25 100.00%, % HAY 16 Fid 2 UK.
b LMK = R AR S5k, T e, K
FEFR G AN R BT AE R R TS A6 T 7K i
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PV RPN 2V LA R ) il R A T A8 Y
—EREW.

R 410 BRENAMIME A KIGLER

Table 4 Antimicrobial resistance of 10 Vibrio parahaemolyticus

isolates
MRS RARAR Tisen amm Re
B2021002  fE#s I R S
B2021003  fE#s I R S
B2021004  FE#s I R S
B2021011  f&#s I R S
B2021012  fE#s I R S
B2021013  #t& I R S
B2021018 &R IF I R S
B2021020 AR I R S
B2021022 EE I R S
B2021023 gk I R S

E: AP RAMG, [ AT, S HER;, LehtFfas
16 At (Rizdmk, Wik, RHVE, AEF. FAFR. &
AW, kFbaths, KRG, KAREE. ATHHEG LR,
AR Z, MEGK AL, £ FHEd. RIEBH/ ke iz,
kiahez, BEEE) o

23 HFAEEBMLER

10 AR EE SN E 2 IR R A K 5. H
R ATTHN, th FERIETT RN 100.00% toxR FEKHEHT
FN100.00%, BT EEIE MK E I AEN tdh 3L
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B¢ trh FER . SASCHIML, Xie RN A E 511 44
B mAE i, RIFTA 7 BRI tdh 70 trh.
Li SB3HE A THRE 15 M0 905 i (R
i FRARE) FEA, 408k wdh. orh BN
BEEE PRI R RR 23 310 9.90%- 19.80%F11 3.96%; Ying 2301
TRAE RGP S BT tdh A ek FEDR A 200 5
9 8.16%H 12.24%; T 20 Mg SR RkIE T M R MK
P T BV LI () sdh R ek 55452855 5904 0.78%F1

0%. (HIRA HF TR, K29 10.00% IR B S tdh
/% trhB2, TEREES> B (KRS tdh FV/EE orh IRV
I 5 B B 5 N S8 B i A i e A R A
PEBST, LIRS R I toxR VR NEFLTE R IR T 1R
2 FE RIS, FLAE R I B (1R RE 85 R 15 TDH. TRH
[ = AR Li SRS TR HE 1) 202 PREIE MK ,
toxR 554 100.00%, X 5 AT 45 B —3.

5 10 BREIEMINER 4 MBHERLEELER

Table 5 Identification results of 4 virulence genes of 10 Vibrio parahaemolyticus

A B 4 AR

g BEHREK R &t
tdh trh tlh toxR
B2021002 P + + 2
B2021003 b + 4 2
B2021004 P + + 2
B2021011 Fesb + + 2
B2021012 P + + 2
B2021013 o + 0 2
B2021018 B ST + + 2
B2021020 EES + + 2
B2021022 EES + + 2
B2021023 EES + + 2
At 0 0 10 10
o F/% 0 0 100.00 100.00

E: ARATAHGAR, ATRAHGER.
24 AFEHEAER

241 BAEAFIEDAT

BRI 51257 (Sequence Type, ST) &5 n
6 fitn, BV INE R —A> w2 IR,
FJLETIH 9 MOAFEIFYST AL (ST413.°ST1073. ST890.
ST490. ST385. ST2481. ST472. ST1520. ST177).
W 1 R RERKEW, GG REARIEEAT T,
10 ¥R7M B FEFR 7 BDH2021-11 5 BDH2021-02, H A 5
R —1%; BDH2021-23 i1l H KA 5 40 B9 R
PR, 55— BRI NSRS REUL, XLk
B FoRIET-ARIE B K IEIRRE A, . HAS, EPRE,
dMPLE s PR R R AR 73 B bk BDH2021-12,
BDH2021-13 NAHFEI ST1073, 3K SIAFL L &,
KRG R RBUR I 514 B R FEA S Bk BDH2021-22
R—%o
242 #HERE ST

P 1 A2 R R A, AR AT 10 BREE T
R 3 B AR 5 B- I IR R 2434 Rl CARB-18, #A 8
CARB-20~ CARB-21, TiZ 5 WX R/ 3 H Bk &

i CARB-21; Z 5 B & VU =K bt
AR 2R TXR; 1 R B (BDH2021-04) &H
P RN IR mexE, HEHEMASH, R
MHRE AR Tt DR T W B TR REAT 18
Pl R ZGELEG, A5 BRI B- 9 ek
PiARE M, WEFRIARTE. SEERSEH
Mif 25 5 Al CARB-18, H 99 e ffi 4 R KRIEH
B-HBEfERG. SA AL, Felipe S5 LG B 2984y
PR — ARG 20 B 1 Bk 2 EL i 245 8 T
¥l ] CARB-18. NCBI $¥5 /27, %F CARB-18
(I8 B ST RIA NG, 75 e Ak ) 2k
A b PoE . 454 ESCTiRm 2R A, it
BE PRI AT e 5 A 70 BT RS H V2 i 5K BT % - P T e
ik ZE T 2 P B 1 R LA

43 Bk BDH2021-04 A [R5 40 B (1) F & w7 1
JNEE, HIER A S P RIS mexE,
FERAE N P ARE R D . P RN S S8 3 1
W2 AN AR, BN 4 B 3 S B e
MPUERMEERNER, BIUEEUHTE s RAR, mexE
TEA 238 P N R A A S R i 2, IR A B
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mexE NS M B 2 EI 2 MR G B2
— 51, HLAE Sy B it 24 B e R A, RS
Kt
243 FEXRT

W 1 PR R, A BN tdhs
trh, X585/ PCR § 1 s2G4h S —5. BIflire
B IX A MR RO, B R 558 BA B0
M, RPFEHAME HRE . AFREKTRERHAH
HIBLH] LB PR, Mahoney S5147HRIE T 8- Z tdh
FV/EL orh R LR P58 23 Bk =28 T Hoe 2 kA
=, WANMRANE AR, AL, BEk, IR Akl
MR mE AR . FTCARR T RHOE R Z 1 tdh.
trh FEHIEEN, BRI R AT RN, T HE
A RE S EEA IR BRI 155 R . A TS 7y Bk

5 EAENA MR, 25 R 2RI H &
PEGUR NI #%EZ  (Mannose-sensitive Hemagglutinin,
MSHA) #HEHIHERA, 7>k BDH2021-11 R &4
mshB. mshC. mshD; 3£ A () BDH2021-12.
BDH2021-13. BDH2021-22 [A & #H mshC. mshD;
KBS BMRIE B A 1 2 i B A OCHE R (flgd  flgN - flgM.
flgB+ motA~ motB~ motY~ lafB- lafE 55). Witz
FHRFE ST (vetD. vetP vetF) TR 13
WA e B N E MSHA B R A GHER DI,
Wk =Mk 29t (Type Three Secretion System,
TTSS) /- FHIEUHTE, MSHA B BAELNE-16 FMMoks
B FTBE J5 %5 Caco-2 AW b 5z 41 B i) £ A ke 28 B4
FHESL, By AR = 85 SIS ] tdh B vk WA RIS SIS 1 75y
for H AR M IR B R R A e, HETHmaiail.

* 6 BIIAMIMER SN RFFITER

Table 6 The multilocus sequence analysis result of Vibrio parahaemolyticus

AT dnaE grB recA dtds pitd pyrC tnad ST
BDH2021-02 7 236 99 26 6 18 26 472
BDH2021-03 118 253 72 76 50 184 54 490
BDH2021-04 150 185 25 160 21 78 26 385
BDH2021-11 47 8 166 19 28 46 121 413
BDH2021-12 117 405 291 353 28 5 26 1073
BDH2021-13 117 405 291 353 28 5 26 1073
BDH2021-18 92 106 25 102 28 3 20 890
BDH2021-20 44 106 252 126 28 268 193 2481
BDH2021-22 4 13 317 38 18 9 23 1520
BDH2021-23 2 1 1 1 1 1 26 177

Tree scale: 0.1 ———

Resistance

D Presence
I: Absence

Virulence

. Presence

!» Absence

Fig.1 Phylogenetic tree and distribution of drug resistance and virulence factors of Vibrio parahaemolyticus from different countries
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