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Detection of antibiotics resistance and distribution of resistance genes in
Vibrio parahaemolyticus from cultured shrimp
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(1. Shanghai Ocean University/National Demonstration Center for Experimental Fisheries Science Education/National Pathogen
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Abstract: We used agar dilution method to detect the resistance of 36 strains of Vibrio parahaemolyticus to 16 drugs. And used
PCR amplication and DNA sequencing to detect the antimicrobial resistance to quinolones (gnr4, gnrB, gnrS, gnrVC), phenicols
(cat, optrd, floR, cfr), tetracyclines (tetA, tetB, tetM), sulfonamides (sull, sul2, sul3), aminoglycosides (str4, strB, aadA, aacA), ri-
fampicin (arr), B-lactams (carB) and macrolides (erm). The results indicate that the isolates exhibited high resistance to ampicillin
(88.9%) and sulfamethoxazole (SMZ, 66.7%), all susceptible to neomycin sulfate, gentamicin, ceftriaxone and meropenem. In gener-
al, multi-drug resistance (MDR) was highly prevalent (61.1%), and one isolate was resistant to six antimicrobials. Furthermore,

72.2% and 58.3% of the isolates were primarily mediated by gnrV'C and strB, respectively; and the macrolides and rifamycin resist-
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ant genes were not detected in all the isolates. Obvious mismatch was found between the antimicrobial resistance phenotypes and

genotypes, revealing the complexity of resistance to V. parahaemolyticus.

Key words: Vibrio parahaemolyticus; Antibiotics resistance; Agar dilution method; Multi-antibiotic resistance; Resistance genes
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1.1 EREKIR

36 PREIZ MR 2017—2018 4F M L EAE
X, VL5, fai g 55 4 X AR SR R
T ATIR R B A, M ER-80 C IR AT
80% Hlirh . HUE BHERR N Escherichia coli
ATCC 25922,
1.2 XFIFNZ @

2216E 553758 MH 1555800 H 3 i AEY)
FAREGRAA, LB HFIEHASLI =N H ; PCR
AHIARF (Premix Ex TagTM). DNA Maker DL2000
W FEAEY TR (KIE) AIRAF; PCR IS
JIEPI i b T A BR A Al 7. 16 Fp
VWY . MNVP R (Ciprofloxacin) . WD 2
(Norfloxacin), AifiVb 2 (Enrofloxacin), #ARJE %
(Florfenicol), &% % (Chloramphenicol), +%# %
(Oxytetracycline), Z Vi ZE (Doxycycline). fififi
FHBEME (Sulfamethoxazole). & i #iiAHH (Com-
pound Sulfamethoxazol), K K% & (Gentamicin),
Wil % % (Neomycinsulphate), ZL% % (Erythro-
mycin), Z NP (Ampicillin) . SkAERFS (Ceftri-
axone), FKFHird (Meropenem), F4#F (Rifampi-
cin) S0 H A= TAEY) (i) TRARAW,
1.3 ZAEHke

R MR X 9 28 16 F 24 9y 1) 25 fiak 3% FH
CLSI HEFE i BAE B,
1.3.1 HLRAYIRWRICH S8 CLSI i 259
PIBCTHI 7, SeE T v 24 e il Al s v B AR B
FFH 0.22 pm JEME I PEERER 200 pl 32 37k 14
T, 20 C A7

1.3.2 WEBAH S 80 C HALAI R MK
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B MR 2216E [R5 4E 28 C fHIRE 74
7% 18 ho [FE, H LB REfA$EFR3E, 37 C [HiRH;
Fe R B R R (ATCC25922) 18 h, PRI
PP AT MH MRG0, 28 C (KA
37 C) fEIRFER T, 200 r-min | B BIREL N
0.5 Z R LI (H124 T 10° CFU-mL ") %,

1.3.3 IRyl g ARIEE 1 S 25T
BUR, A5 LR BRI 2, R AR Pk
A2 60 °C 1) MH BEfigdsaedt, WuiRsy, B
T FS P 7 A B8 ) B 2 A, RIS A RS T
P21 MH 5537238 0E R 2s (X RR

1.3.4 RSRS8O R A TR R 50
YOMA 96 fLARH, FH A ST A REBCER B, 4&7EE
g el ORGSO S 11 I I 05 & S Y LSS L/
3ANEAT, BT 28 °C ST 16~20 B,

1.3.5 S5RMHE &gt &SR 1 CLSI i
FERRR M 25 T R, S U i) fe

& E (Minimum inhibitory concentration, MIC) %%
W, OUEREE IR AT 10 B U P52 B A TR ik
1) MIC 455, 27 (w22 W) 55 2 dpr A it . 78
Excel 2010 &A% Hic sk 2525 5 MIC {H.
1.4 THZAEERKDN

DNA #£HUCR FH TIANGEN 4 74 & [ 41385 &
HEATHRIEUG X 25 36 R HEAT PCR 34, (K R
—32, Bl DNA Bt . Em5149 (F). K549 (R)
& 1L, Tag AW 125 ul, LHEKERS 25 ul.
it 25 3 H 5 [ 2 Bk, BARDLER 1, ROV AR
95 °C A% 5 min, 95 °C Z%1% 1 min. 1Bk 40 s
GB JGRIE WL 2), 72 °C SEA GEM B ALK
JEE), 35 AMERG 72 °C ZEf# 10 min, PCR j*
Y12 1% BEREMEEERE 120 V HLUK 30 min J5, JH#E
WA A SR G R, I8 Bk B AE TR
Y TARARA G AT, WPE5RE BLAST 5
CLAT 3 Xt LB SF H I PR

®1 NEAYHRERLE.RIEERRETER AR ERHAERE

Table 1 Dilution range of antibacterial drugs, quality control range of quality control strains and criteria for determination of drug

susceptibility test results

PR Z5Y) i ¢ 71
Antimicrobial Dilution range/(;,lg~mL7')

MICH|ZE b

Judgment standard/(ug'mL ") ATCC25922 [ Hl

Quality control range/(ug-mL )
I

IRV E Ciprofloxacin 0.12~64
W VP 2 Norfloxacin 0.06~32
B 2 Enrofloxacin 0.06~32
e % Florfenicol 0.25~128
S ## Chloramphenicol 0.25~128
+ & Oxytetracycline 0.12~64
Z P& Doxycycline 0.12~64
fil i &M Sulfamethoxazole 5-2 560

& it Compound sulfamethoxazole 0.125/2.375~64/1 216

Tl B 7 2 Neomycin sulfate 0.06~32
PKKFE# Gentamicin 0.06~32
217 & Ergomycin 0.5~512
A Ceftriaxone 0.12~64
ZRPYHR Ampicillin 0.25~128
P K7 F Meropenem 0.125~64
F#F Rifampin 1~512

<1 2 >4 0.004~0.015
<4 8 =16 0.03~0.12
<0.5 1~2 =4 0.03~0.12
<2 4 = 2~8
<3 16 =32 2~8
<4 8 =16 0.5~4
<4 8 =16 0.5~2
<256 - =512 4~32
<2/38 - =4/76 <0.5/9.5
<2 4 >3 0.5~4
<4 8 =16 0.25~1
<0.5 1~4 =3 2~8
<1 2 >4 0.03~0.12
<3 16 =32 2~8
<4 8 =16 0.008~0.06
<1 2 >4 4~16

T — BUAHRII S B

Note: —. Lack of corresponding reference data
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Table 2 Primers sequences of drug resistance genes
JEP PR 1YY (5-3) B KR /AN S Z25 30k
Gene name Primer sequence Annealing temperature/ C Length of product/bp Reference

qnrVCisg TTCTCACATCAGGACTTGC 55 615 [23]
GGAACAATGATTACCCCT

gnrVCysy ATAAAACAGACCAGTTATATGT 55 630 [23]
ACTATTAAACVCTAATTGCTCTA

qnrd ATTTCTCACGCCAGGATTTG 55 516 [24]
GATCGGCAAAGGTTAGGTCA

qnrB GATCGTGAAACGCAGAAAGG 50 469 [25]
ACGATGCCTGGTAGTTGTCC

qnrS ACGACATTCGTCAACTGCAA 52 417 [26]
TAAATTGGCACCCTGTAGGC

tetA TTTCGGGTTCGGGATGGT 55 696 [23]
CAGGCAGAGCAAGTAGAGG

tetM GTGGACAAAGGTACAACGAG 55 405 [23]
CGGTAAAGTTCGTCACACAC

tetB GTCGCGGCATCGGTCAT 55 489 [23]
TTTTTCGCCCCATTTAGTG

Sull GTGACGGTGTTCGGCATTCT 63 779 [23]
TCCGAGAAGGTGATTGCGCT

Sul2 GCGCAGGCGCGTAAGCTGAT 65 793 [27]
CGAAGCGCAGCCGCAATTC

Sul3 GCAACAGTTGGTGCTAAACGAGA 56 578 [23]
AGCAGATGTGATTGATTTGGGAG

strd TGGCAGGAGGAACAGGAGG 54 546 [27]
AGGTCGATCAGACCCGTGC

strB ATCGTCAAGGGATTGAAACC 52 509 [23]
GGATCGTAGAACATATTGGC

aadA GGAGAATGGCAGCGCAAT 55 269 [23]
GTTACTGCGCTGTACCAAT

aacA CTTGGRTGACCTCGGGATC 54 344 [23]
CGATGCTCTATGAGTGGCTAA

erm CCCGAAAAATACGCAAAATTTCAT 55 589 [23]
CCCTGTTTACCCATTTATAAACG

cat ACAACAGCAACGGTACTAGC 52 550 [28]
CAACTTTCACCGATGCCAC

optrA TTCTCACCCAGATATGCC 60 1395 [29]
CGGGATCCCGGCAAACT

floR CTGCTGATGGCTCCTTTC 57 650 [30]
GCCGTGGCGTAACAGAT

cfr GTGAAGCTCTAGCCAACCGTC 55 746 [31]
GCAGCGTCAATATCAATCCC

blacyrp GCTGAGAGCTCATGAAAAAGTTA 55 852 [32]
CGTAGGATCCTTAACTTTATTTGTAGTGC

2 4 5. AEKP= EASILBERIZ T, R . 5N

2.1 ZElER

I 435 ) 36 RRRIE AR X 16 R Wbt i
W 20 L3 3. 36 RREIVA LT B X2 P AR
FRT 2458 fe i (88.9%), HAUR Mlfifie FHEE MK (66.7%)
IR (63.9%), THEEMMLZMWEE (47.2%).
BEAh, AT 25T 25 8 28N T 30%, oot
TR a2 . ORER . LMD K S5
N2 o R St F e K = F 5 il FH P 25
Bt iz FR B IR (Y T 25 SR A i A, A i 2 S 145

(U E RS IOl PR L (19

B 1 2k 36 BRRIVA IMSREEXT 9 28 (16 Fln) HLER 2y
VI 252870 . 5 R BRA 22 (R ER B £
251 (BIXF 3 288 3 2500 BRI 2Y) &
61.1% (22/36), Hdxt 4 2259y 25 IR £
30.6% (11/36), A 1 BRIREXT 6 RBTHE 5Pt 24 .
2.2 WHAEERRINLER

AGIGAG I T 9 KB A FAH S 1 4 it 24
FER s i T S i 2 5L RS R 43 S R g v ©
72.2% (26/36). gnrd 41.7% (15/36) Fl gnrS 36.1%
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Table 3 Antibiotics resistance status of 36 strains of V. parahaemolyticus

ViwZiH

Antimicrobial

[GEST:L7S:3¢

Number of resistant strains

EINEESEY) [GEST:L7S:3¢
Antimicrobial Number of resistant strains
EiEV 2 Enrofloxacin 2 (5.6%)
W & Norfloxacin 6 (16.7%)
IRNTP A Ciprofloxacin 6 (16.7%)
JAAJEH# Florfenicol 4 (11.1%)
S 7 ZF Chloramphenicol 2 (5.6%)

+ %3 Oxytetracycline

Z V¥ & Doxycycline
fisk il A I Sulfamethoxazole

17 (47.2%)
4(11.1%)
24 (66.7%)

2 F5 38 Compound sulfamethoxazole
Wil B % Z Neomycin sulfate

JKKFEZ Gentamicin

2157 & Erythromycin

LA Ceftriaxone

FFPEH Ampicillin

B H5r Meropenem

|48 Rifampin

8 (22.2%)
0(0)
0(0)

23 (63.9%)
0(0)

32 (88.9%)
0(0)

9 (25%)

14
2] 12
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e
& ©° 8
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Number of tolerated antimicrobial species
K1 ZEERGET
Figure 1  Strain distribution of multi-drug resistance

(13/36), gnrB FEFARKINE]; B IS 2 3L A
LA floR 1 cfi Kty , A 35051 11.1% (4/36) .
22.2 (8/36), HAMIZISFELF ARKIE]; DU K
L tetd | tetB F terM (RIAS H 224 IR 16.7%
(6/36), 47.2% (17/36) 1 13.9% (5/36); fififtIs Kk
P Y sul2, K AN 13.9% (5/36); R EMEH
J5iMit 25 3L R A HH 5 B2 strd 44.4% (16/36) . srtB
58.3% (21/36). aadA33.3% (12/36). aacA 16.7%

(6/36); FItERE 2= MG FE D arr KA B-PITE
Wi 25 5L 1R blacgpp 1 1138 47.2% (17/36); KIF
RS . Filfe B 22t 25 5L B R R I 31 (3% 4).
23 THARBEESMAEEREXR

36 PRIV I G i 24 2 4 55 A5 7 BE R A 7y
KFR (R S5) G RULH, T WRR I T 2451,
IR HEA A T 25 55 . [RII, &R R ik %
G PR S I(ENY & S Ess Uae P43 d P 1 P2 SV KT T )
SR B AT R —— X R E R

3 it
3.1 EIAMINERS 16 MINEAYHERMERZE

i 2tk 534

AT FE TR NI R W 2y . R AR
2y, BN BIEE 2555 16 R 254 AT 2540
8 RV LI AR A3, b exid it
BYRESE RN &, B—FfA &, falt

R4 BIBRMMEWARERERR

Table 4 Drug resistance gene carrier rate of V. parahaemolyticus

[ESE-SE LOBIES [ESE-SE
Resistance gene Detection rate/% Resistance gene
gnrvVC 72.2 cfrr
qnrA4 41.7 tetA
qnrB 0 terB
gnrS 36.1 tetM
cat 0 sull
optrd 0 sul2
floR 11.1 sul3

LOBIES i 23N i
Detection rate/% Resistance gene Detection rate/%
222 strd 444
16.7 strB 58.3
472 aadA 333
13.9 aacA 16.7
0 erm 0
13.9 blacrp 472
0 arr 0
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Table 5 Relationship between resistant phenotype of 36 V. parahaemolyticus strains and their carrying genotypes

TR T 243 2 HEAF R 2 E A
Strain Resistance profile Resistance gene
301 NOR-CIP-SXT-CFR-MER-SMZ-E-AMP blac,pp
302 NOR-CIP-SMZ-E-AMP qurVC-blacpg
331 NOR-CIP-SMZ-E-AMP blac,pp
333 SMZ-E-AMP blacrp
335 SMZ-E-AMP qnrVC-tetM-blacpp
337 OTC-SMZ-E-AMP qnrVC-blacpg
338 OTC-SMZ-E-AMP qnrVC-blac,pp
340 OTC-DOX-SMZ-AMP-RA qurVC-blacpg
361 ENR-NOR-CIP-SMZ-AMP gnrVC-aadA-blac,pp
362 ENR-NOR-CIP-SMZ-E-AMP aadA-blacypp
365 NOR-CIP-OTC-SMZ-E-AMP blac,pp
371 OTC-SMZ-SXT-E-AMP qnrVC-sul2-str4-strB-aadA-blac,pp
372 OTC-SMZ-SXT-E-AMP qnrVC-sul2-strA-strB-aadA-blacpp
383 OTC-SMZ-SXT-E-AMP [floR-sul2-strA-strB-blacpp
384 OTC-SMZ-SXT-E-AMP sul2-strA-strB-blacypp
388 FFC-OTC-DOX-SMZ-SXT-AMP-RA qnrVC-tetB-tetM-sul2-blac,pp
389 SMZ-AMP aadA-aacA-blacpp
391 SMZ-E gnrS-strB
392 SMZ-E-AMP qnrVC-tetB-strB
393 OTC-SMZ-SXT-AMP qnrVC-tetB-tetM-strB
394 OTC qnrVC-cfr-tetB-strA-strB
395 AMP qnrVC-qnrA-qnrS-cfr-tetB-strB-aadA
396 OTC-E-AMP-RA tetB-strA-strB
397 AMP-RA qnrVC-gnrA-tetB-strA
398 E-AMP qnrVC-qnrA-qnrS-tetA-str4
399 E gnrVC-qnrA-qnrS-cfr-strB-aadA-aacA
400 E-AMP qnrA-qnrS-tetA-tetB-strA-strB-aadA-aacA
401 E-AMP qnrVC-qnrA-qnrS-cfr-tetA-tetB-strA-strB-aadA
402 AMP qnrVC-qnrA-qnrS-cfi-tetB-strA-strB-aadA-aacA
403 OTC-AMP gnrVCqnrA-qnrS-cfi-tetA-tetB-strA-strB-aadA-aacA
404 AMP-RA qnrVC-qnrA-qnrS-cfr-tetA-tetB-strA-strB-aadA
405 AMP gnrVC-qnrA-qnrS-cfr-tetA-tetB-str A-strB-aacA
406 OTC-SMZ-SXT-E-AMP-RA qnrVC-qnrA-floR-tetB-strA
407 FFC-C-OTC-DOX-SMZ-SXT-E-AMP-RA qnrVC-qnrA-qnrS-floR-tetB-tetM-strB
408 FFC-OTC-SMZ-RA qnrVC-qnrA-qnrS-tetB-str4-strB
409 FFC-C-OTC-DOX-SMZ-E-RA gnrVC-qnrA-qnrS-floR-tetB-tetM-strB

. ENR. Bi#

YPE; NOR. i#RIPE; CIP. ANV E; FFC. FAEE%; C. H&HEE; OTC. 1% EK; DOX. LIHIRE; SMZ. fHlifl FrEmg;

SXT. BJ7#ifi; E. %R ; AMP. 2Nk, RA. FIHEF

Note: ENR. Enrofloxacin; NOR. Norfloxacin; CIP. Ciprofloxacin; FFC. Florfenicol; C. Chloramphenicol; OTC. Oxytetracycline; DOX. Doxy-

cycline; SMZ. Sulfamethoxazole; SXT. Compound Sulfoxime; E. Erythromycin; AMP. Ampicillin; RA. Rifampicin
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