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ARATHr BRI 25356 5 3 5 15 00, Hl 20 207 2751 438 (MLST) Tl R 58 & 8 #4347 i 38 b X AR Y50
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Abstract: To elucidate the molecular epidemiological characteristics of shrimp-derived Vibrios in Nantong area, Vib-
rio strains isolated from 560 diseased shrimp samples collected from large-scale shrimp farms in Nantong area were identi-
fied, and the antimicrobial susceptibility of the isolates was tested by micro-broth dilution method. Based on the whole ge-
nome sequencing technology, the drug resistance genes and virulence genes of the isolates were analyzed, and the epidemi-

ological characteristics of shrimp-derived Vibrios in

oS B HA:2024-12-11 Nantong area were analyzed by multilocus sequence typing
ESTE. W FEELSH LS (2023YFD1800303) (MLST) and phylogenetic tree. The results showed that
EEBNT - M(1997-) , B ILHRER A W54, 28N HE 119 strains of Vibrio were isolated from 560 diseased
AT 5 W T AAH BRI SE . (E-mail ) zpeng1 120805610 shrimp samples, with a detection rate of 21.25%. Among
@ 163.com them, Vibrio alginolyticus was the dominant subtype, ac-
BIWAEE ] ¥4, (E-mail) vethetao@ 163.com; £, ( E-mail ) ran- counting for 73. 95%. The resistance rates of the isolates to

wang@ jaas.ac.cn ampicillin, cephalexin and doxycycline were 73.11%,
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58.82% and 45.38%, respectively. A total of 47 drug resistance genes were detected in the isolates, among which

tet(34) , tet(35) and bla

ampC

had higher detection rates of 97.48% , 88.24% and 61.34% , respectively. The isolates carried

an average of 33 virulence genes, and the numbers of isolates carrying the key cytotoxin-encoding genes hlyA and rixA were

one and seven, respectively. The ST types of the isolates were diverse, and ST388 was a relatively popular ST type. The iso-

lates of V. alginolyticus were divided into one evolutionary branch, and the genetic evolution relationship between the strains

from different sources was close. The isolate 85 and isolate 4 were highly homologous to the V. alginolyticus strains from hu-

man clinical sources. The results of this study can provide a scientific basis for the effective prevention and control of Vibrio

infections in aquaculture in Nantong area.
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SIER Hh 32 B AT B S B Sy @9 1 R | 2 LR
T SN B, HLP 81 43 B (ST) BB Z RE D)
BUSCIR AR X 3 VLI A R 9 A K
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LN R A ZR 93 B, DA 12 3 DX T I o S g 4 B
IR A KT

1 ARSIk

1.1 MEMNS BS54k

2022 429 A E 2023 44 A, NITH ARG E T I
VLTI RN THERTIX (1) 10 224 XU SR 8 e | R4
SR LA IEXT IR FEAR (P 1A 4 9.7 em K 11.7
2)560 17,0 CIRAE, I8 2 5050 = E A7 T bR 43 B8 3%
It BT TG B £ 22 t il (PBS) 2K
PRI AR | TR A% 1 3 ECH B A R B A, B
1 g HYURAFERTIN 3% FBACNBESE A kK
30 CHiFE 12 h WA LRI, T R R $h 7
BEIRER AR SR FEME (TCBS) B g P A b R £k 4k 2 5 77
12 h, BREREDE 0™ SRR %5 A
RO IRETE ; 2RI AL G , R TR P Ay
WKILE—B, PRICATEE 2 1 mL TCBS Wiz
30 CH53% 12 h, BfiJ5FFH 16S RNA 514 (1E 81514
5'-AGAGTTTGATCCTGGCTCAG-3" Fl 2 [f] 5| ¥y 5'-
AGAGTTTGATCCTGGCTCAG-3") A7 3R A i i 2\ 2
i (PCR) ,IfXF PCR =¥ i#E47 16S RNA M5, 4 DU
JPE5 35 NCBI U4 2 9k e 16S rRNA 275 175
HEATARARLA: Eb XS 0 200 B ol g 25 2
1.2 HEAYSRERE

27 3 W m K 5 52 55 % b5 1 22 51 2% ( Clinical
and laboratory standards institute , CLSI) £ {1 55 J
SEARES IR IR A R ATCC 25922 o4 i it 2
Tl PRk, SR Tt PR 2 i B2 A 0 S TR 43 725 Bk T B-
INBERGES DUPR RIS IS T2 | 1o 2
K BRI 6 KASHUIR 245 iy Us Pk o P 25 0
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Table 1 Antimicrobial susceptibility test standard

B2 2144 A Rl

wg/ml) R o fUER S

B-MNBEREE HHRE RV 1.0~256.0 <8 16 =32
KA R KAEF 1.0~256.0 <8 16 =32

SRS 0.5~128.0 <1 2 =4

TR B-INBEER A 1.0~256.0 <8 16 =32

H RS EB R 1.0~256.0 <l 2 =4

IUEAN S EALEIS 3 1.0~256.0 <4 8 =16
Bmspz 1.0~256.0 <4 8 =16

BEMA IR R 1.0~256.0 <4 8 =16
METFTR 2 AN R 1.0~256.0 <2 4 =8
IRAN S FARIEHE 1.0~256.0 <2 4 =8
T &S T g S e 16.0~1 024.0 <256 =512

1.3 MENEERARRSNF

SR ARV 595 R TGuide S32 4 H 3
R BRI AN [ AR AE AR (b 50) A BR A F] ™
ai BRI DNA |, AT LR o AR AR A R 4 B
IR AU TR 1 96 TR FLAR, B 1 mL B,
12 000 r/min#.L> 2 min, F_FIEWINA 400 pl 4147
1L GHA ( Buffer GHA) #1120 pL &M K, 213
TRAT,TE 96 TRALBRIES 1 1A% 7 5L A 300
pL FIREEALL IS T, K 96 FLAR 2B T AR T
EMTRALARCEE I ¥ 0 e 40 A v B2 T (948
FENLE PATHR A LRI Y, B s L IRy
gERUE K 96 TRFLARER 5 FIAEE 11 51 ) DNA W
th, >R M NanoDrop # it 43606 100 & DNA ¥k
J R e B A

JEKS: A A% O 20 B8 JE 4 DNA ZAE 2tk e
YR AR A, 2 F llumina Hiseq 2500 F- & i
A7 AR A R I ), A s 0 5 8 o o 2 il it
UESAGA ZUT I, A P EHEAE SPAdes #44rhitf
TTdi%e,
1.4 =ERFASH

fifi 1 Biostack B4 345 21 1) Ji7 46 7 471 e 46
AT AR AL 4781 Fasta S, 047 E—
AR PRE R Prokka B 4% 42 5 16 31 R 41 )7

SIHEATERE . A Mash v2.1 3RFA N E ) R 50
KEM T iTOL FEL A (hitps ://itol.embl.de/ )
HATIRE RGER B o S % gt AR ik
B3 f5 A9F 5% FF ( Institut Pasteur ) MLST (4% £ ( ht-
tps://bigsdb. pasteur. fr/) F) 4 > & B LR 5F 1) 3
(atpA .gyrB \pyrH .recA) J¥ 5\ 53 M 43 B3 45 21 A I G 2k
HEF53 B (ST) ™ e, 454 Res Finder 54 1%
1 VEDB Finder £ 273 9 G 45117 1O TR 24 2 D3 A
BEIHEM

2 R 55

2.1 FEETEREINERNRITER

560 13 7K 7= 37 58 5 i 4R A AR 43 B S
119 BRINE B BE, K5 30 21, 25% , Horb s e il s
(Vibrio alginolyticus) 88 # &IV .3 ( Vibrio para-
haemolyticus )9 ¥k X SCECIRE ( Vibrio owensii) 7 B |
#25XIE ( Vibrio anguillarum)5 Bk % 5 19K E ( Vibrio
proteolyticus) 5 ¥ . X D [QIN & ( Vibrio campbellii) 3
¥k KUK ( Vibrio metschnikovii) 1 ¥ 7] i 9K 74
(Vibrio fluvialis) 1 .
22 HFRKER

119 BRI 73 2 bk 19 25 P UM 3R 2 s,
OYBERRN T R R R R 2 B BN B
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DI S SEME T T B 24 9 B R R e 2 0, b 4y
BIMRXT R PUAR SR ER 2 PE PR E Y B 2R 88
BN 73, 11% .58, 82% 45, 38% ; 4 B FR X B
MRHTEE R R IE 5 Bl e S s 1 B i 245 6 v 46

A3 5K 34. 45% 24.37% 26. 89% ; 43 B B v 26 %5 45
*®2 MEMZAKE

Table 2 Antimicrobial resistance levels of Vibrio

L ERIRIN N VD 5L I BT 2 AR, 40K 5. 04%
H16. 72% ; JIT A 53 B R SA 6 0 R 22 A0 T 3 2 %
DLESUR Y00 3 Bk (Z Bl 25 bR ) 5 LR
26. 89% , A PR AT 24 I AK

sz AN TR T I P i 245 5% ( 9% ) Bz =

LR WU RN BOCRUGH WEAUGE  SIE KOURIE  Era mwme ()
FRVEAK 73.86 77.78 71.43 60.00 60.00 100.00 100.00 0 73.11
KAEF 61.36 33.33 57.14 40.00 60.00 100.00 100.00 0 58.82
SRS 34.10 33.33 42.86 0 0 0 0 0 30.25
A 51.14 33.33 28.57 20.00 20.00 0 0 0 43.70
B R 5.61 11.11 0 0 0 0 0 0 5.04
ZVIHR 48.86 33.33 42.86 40.00 20.00 100.00 100.00 0 45.38
YIS 0 0 0 0 0 0 0 0 0
TRRH % 36.36 77.78 14.29 0 0 0 100.00 0 34.45
AN A 7.96 11.11 0 0 0 0 0 0 6.72
WK% 26.14 2222 14.29 20.00 20.00 0 0 100.00 24.37
T S g 27.27 22.22 28.57 20.00 20.00 33.33 100.00 0 26.89

2.3 MWHERSH

FIH Res Finder ZTE 119 #R B fR 3L 45
th 47 R 255N, r s B- A RIS (VA RS | Ak
P 2E BRI R DU R K (SR 3), #E
DURR 2T 25 HE IR ter (34) BY4T B AR 116 £, 15 B
BRI 97. 48% 5 41 B MR A1 B- PN Ik Jig S Tt 24 ik A
MRS ik 16 F & bla,,, DR B RRIGAS H 2%
K 61. 34% ; FIEWETT IS 25 5L H =N aph (6)-1d
1 aph (37 )-1b, 5% aph(6)-1d F1 aph (3™ ) -Ib FE
FRAGHKE SR 34 Ry 29, 419% 5 M i i 2 fif 25 Bk P 3 22
H qnrVC &% qnrVC FEPRI TR BE IR 30 4. 20% ; ik
JE TR 25 3 R 2 floR , 75 floR & R B R (46
R R 26. 05% ; ik e IS it 245 36 R 2 B2 sul2,
sul2 JERPE AR IR %50 36.97%, A58 & 9 2
BRI BRI T 253 X blay,, s , I TR B2y
W5 s T 251
24 FBHEBRLSW

5T VFDB Finder 048 2, 119 BR 43 25 bk 35
M 6 K2 117 Fhag L, o B k- 4 7 52 )

FH 33 P (F4), HEBMOCHRE S HEM 43 F, F
BALFEHEE A A A1 AR A O fla flg |
Sl FT che 55 5 ZRBHH AR OC 56 N 32 ZE A0 45 2 f 2 1A
FIHEH mam7 INEIMEEH U g 3E K ompU 2
FEIRPENREE A i L] TipA 5 2 W) AT 56 B g 3
A = AL R R H 2 WS GRS BE A ops A= W BSR4 (R
T C gt I VC_RS04620; 4% Wh 2 G #H 275 1 4
T3 MBS0 2R G0 (T3SS) AR AN 1140 W R 5¢
(T2SS) FIVIZ 43I R G5 (T6SS) , Hirf T3SS1 A
FIFEFAF I L, 3 33 B, Kb verH vopB \vscP 55
07 3 R ARG R > 809% , T2SS # 1 K £ 5N
epsK Fl epsE , T6SS HH OB 1 JE PR K Hh SR, A
RIFE TR S FEN N hep-1 hep-2; SME R LR AU FE
FEE BRI oA | BL N BV IR 2 B ) S
hiyA FIANT $A5 ML 75 FE I elh , Forh racA  hlyA J7
it I RE ) R - B A M R R A R A W] LU
5 T R 20 e S, TR AR
2.5 MLST MRZEZBEHH

AR ESRBN 119 HINE DB ARG AT
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PN 1 TR, INEH A LA 119 BRIRE 43 55
PP 53 BT NG ST BY, nT %430 34 F, 55 4b
66 T A A A ST AL, B0 ST Ay 43 5 ¥k
ST388 % ST421 HIFI ST423 K4y B bk M9y 7 #% .6
RN S Bk, 5 SRR 5. 88% .5. 04% 4. 20% , 15
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Table 3 Distribution of antimicrobial resistance genes

FEART o, 88 M M I I 40 B ik Hh AR i ST AULA
50 #k, B0 ST B4 B #k 0l 43k 20 FAS[E] A ST Y,
Hodr FHAT ST AUk ST388, v v 8 9 18 4 15 bk
5. 68%.,

U 25200 [ESE: 9 SRR ERE (%) || PIEZYIE) i 24 B K FRIEREC KR (%)

G- B blacypp 13 10.92 aac(3’)-IVa 1 0.84
blacrp.is 8 6.72 aph(6)-1d 35 29.41
bla gz 2 1.68 aph(3”)-Ib 35 29.41
bla2 2 1.68 aph(3° )-la 1 0.84
blacrp.ao 69 57.98 aadAl 1 0.84
bla .56 5 4.20 aadA16 4 3.36
blagry.y 1 0.84 IUEA S tet(34) 116 97.48
blag, 1 0.84 tet(35) 105 88.24
blayp. ;s 2 1.68 tet(A) 24 20.17
bla yy, 2 1.68 tet(B) 15 12.61
blapgy 1 0.84 tet(M) 1 0.84
blaygy 1 0.84 tetA(D) 16 13.45
blaggy.; 1 0.84 LIRS oqxA 1 0.84
blayyy 3 2.52 qnrA3 1 0.84
blayyy 9 7.56 qnrA7 1 0.84
blet g 73 61.34 qnrS 1 0.84

[CRNi=s catA 2 1.68 qnrS2 1 0.84
catA2 1 0.84 qnrVC 5 4.20
catA3 3 2.52 qnrVCs 2 1.68
catB 7 5.88 Tk e 2% dfiA27 4 3.36
catC 25 21.01 dfrA31 1 0.84
floR 31 26.05 sull 4 3.36

REM 2 aph(4)-la 1 0.84 sul2 44 36.97
aac(3)-1ld d 2 1.68

FIHT NCBI 046 122 T 309 23 BRia B IR 1) 42
LN ZH PP FIAS BT 5845 2 19 46 BRi BE o i = 25
PP B R G R TN 2 FT7R . 69 HRif ¥
T 1A KA 32, R 2R 2 0 28 T il
I3 38 AR FERERE . AT ST 4 5E 15 B A ¥ 0

PR J3 B bR 85 FIAT BIRE 4 5 )7 AR b DX PR >k Y8 1 7%
FONE VAMO6 .\ VAMO2 v F ] — 4k 4 32, H A AH
7] ST % (ST223) , HLTit 25 3 P 15 75 77 5 D 25 18 A
o Z5 L, K7 FRAE PR AT R BE R AL ZREE A
[ri) DX I B AT T AL R A FT E
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Table 4 Distribution of virulence genes

B S N L W
B HEH R R AL

— L5 /| (%)
B EZ 0 ISR mam?7 86 72.27
JLT RS B pilA 5 4.20
pilC 4 3.36

H S AR 1 5 2 A mshE 8 6.72
A SMERE T U ompU 92 77.31
R 1 I P R R T wpadF 12 10.08
HPEEHEREEE A IipA 35 29.41
GRS YT T A VC_RS04610 6 5.04
YIRS R C VC_RS04620 7 5.88
H 7555 -2 luxS 7 5.88
[INEZ wpsD 3 2.52
vpsE 5 4.20

vpsF 5 4.20

vpsG 4 3.36

vpsH 6 5.04

upsl 4 3.36

vpsJ 6 5.04

HiE cheA 99 83.19
cheB 108 90.76

cheR 88 73.95

cheV 103 86.55

cheW 102 85.71

cheY 5 4.20

cheZ 1 0.84

flaA 97 81.51

flaB 14 11.76

flaC 9 7.56

flaD 10 8.40

flaE 2 1.68

flaG 5 4.20

flal 1 0.84

flgA 1 0.84

flgB 97 81.51

flgC 113 94.96

flgD 103 86.55

gk 107 89.92

flgF 87 73.11

flgG 55 46.22

flgH 7 5.88

flgl 8 6.72

flgK 96 80.67

SfigM 4 3.36

flg0 8 6.72

flgT 1 0.84

flhA 1 0.84
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%3R4 Continued4

= ¥ n

Rt 13 ot R 2 o
— s (%)
flhB 3 2.52
SIhF 12 10.08
fIhG 1 0.84
SliA 8 6.72
fliD 7 5.88
JUE 1 0.84
JUF 22 18.49
JliG 96 80.67
ful 1 0.84
SliK 8 6.72
SuiM 105 88.24
JUN 4 3.36
JuS 2 1.68
flirA 8 6.72
frC 37 31.09
motB 1 0.84
R e 1 R B T38S1 vsC 97 81.51
verD 96 80.67
verG 12 10.08
verH 99 83.19
verR 12 10.08
verV 99 83.19
vecA 12 10.08
virG 12 10.08
exsA 98 82.35
exsD 100 84.03
vscB 12 10.08
vscC 12 10.08
vseD 97 81.51
vscF 12 10.08
vseG 12 10.08
vscH 11 9.24
vsel 99 83.19
vseJ 12 10.08
vscK 12 10.08
vscl, 15 12.61
vseN 15 12.61
vscO 94 78.99
vscP 97 81.51
vscQ 82 68.91
vscR 12 10.08
vseS 12 10.08
vscT 12 10.08
vscU 97 81.51
vseX 2 1.68

vscY 3 2.52
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#3%&4 Continued4

-+ e

VIR sl &L G S 6 Hy

— 2ty It 0 (%)
vopB 98 82.35

vopD 67 56.30

vopN 15 12.61

T3SS1 A & H vopQ) 97 81.51

vopR 12 10.08

vopS 12 10.08

VPA0450 12 10.08

T6SS vasA 1 0.84

vasD 1 0.84

vask 8 6.72

vasG 8 6.72

vaskK 1 0.84

hep-1 11 9.24

hep-2 11 9.24

VCA0109 2 1.68

vgrG-2 1 0.84

T6SS K 4y vgrG-1 7 5.88

vgrG-3 2 1.68

T2SS epsk 69 57.98

epskF 1 0.84

epsl 2 1.68

epsK 97 81.51

ShEER FERLIR P M7 % hiyA 1 0.84
HEFR rtxA 7 5.88

TR FAG I 7 3% tlh 108 90.76

HoAthy Rh e ML PR acfB 1 0.84

3 3 i o B [ PR, DER AR IR T AT v BEAL 6 T S BN

IR E L WA F RPN E 2 —, Hr,
VA RO B A K = 3 B v i B ) D TR 2 — , i
BN R 32 B R N A s A A RE S 1
YR 5 DR ORI A A
I B FIA TR S A EERNE L, AREs R
), A T X R IR SR H R 21.25% , ST
HuIX K = PR G 27 IR — 3, 8 T A
38 VT I8 A8 K SR A R OB T A R
(4.29%) "% B b DR YR 9 T AP v s O e
73.95% , AAFIEIR R AL SO HY . 22 A3 157 51 4 45
SR | p 3 b X R RSB HL AT = sl R
FOr s BB 43 B bk 85 4 B bk 4 5 AN R IR
FI P AR VAMO6 , VAMO2 7£ R4 &k B W LA T 6 —
ARy S, HoR AR TR B ST B (ST223) , FEINAH A &

I 1) AR

K= 5 Hr T B 2 110 15 s, S 00 R
X HL B 2 240 %) s BN A% 4% | L BE & 7% 58 0[] )
FEA | HICER AT 24 7K S R 24 36 PR ) 48 45 e 2
Fha$ FRPAIREE i 24 3 R T2 AR BE 22 36, 457K
FEFRFE AT R B BRER 0 AAE R [ P 2
AN T Hb DX K = R I BRT O T 24 06 T e T R 25T, &
PUSINGAXT B- PN Bt e S 470 1 24 ) P it 24 M Aoy, 38 40
Hi DX ) 5 85 R i 2 33K 5] 100% , % Bi] 54 74
AR PO AR A T 25 R it 709% Y AT K&
B, 73.11% FE AR 58.82% F Ak 43 5 X & R P Ak Sk
AR BA W2, v e DR RBTE W IN s
R LA K = 32508 172 o A O i 3 s X R
SER X ER R AN VD B W T 245 5% R 6. 72% , S5 XBAR A
SR HRAE AN i XK 7 TR IR B T R R A TR U
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WA AN B R R O W Rl [ 22 FOIR; Ik ; O SO0 RN, [ 889175, O s R E A R)
O AHI 47, W ST719; Ml ST642; [ ST584; M ST581; [ ST564; [0 STS35; M ST496; W ST479; ] ST451; [ ST437; Ml ST423; [0 ST421;

[ ST419; [ ST411; [ ST400; [ ST388; [ ST235; [] ST229; [0 ST223; M ST222; [ ST211; [ ST200; [ ST186; M ST184; ] ST167; M ST138;
[ ST125; M ST108; [ ST20; [ ST8Y; [ ST62; [ ST6; [ ST2; M ST86(STHY)

BT IR B kS, AR AN E I 23 B ik ST R, P Bl 2 s BRI BRI

B1 MEREREH
Fig.1 Phylogenetic tree of Vibrio isolates

T 255 AAL (7. 14% ) 5 %t Bt i S5 sl e %) T 285 55 oy
26.89% , = T B #5450 1k GH O £ i IX 5 R R
Vs I I A i e S o A PR T 24 %R (12, 5% ) . i A 4y
T A8 DX I 4 i 24 R 0 R i 2 35 PR A

ASHITFEIN A 12 DX X R SR B A v ]
5 MR FRIA NV B2 S5 AR XHEUR I P 259 Bl 36 R Y
IR G , AT LR BT A B R , [R] a] L
WD 25 PRI = A o ANBIESE 20 18 (v i I o 20 B R
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