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Abstract: Loop-mediated isothermal amplification/(LAMP) was used to detect and analyze virulence-associated genes, thermostable
direct hemolysin (tdh) and thermostable-related hemolysin (trh), in-Vibrio parahaemolyticus strains isolated from commercial shellfish in
Shanghai from August to October, 2014. A total of 180 samples of six common species of shellfish were studied and results were compared
between LAMP and polymerase chain reaction (PCR) assays. The detection rates of tdh and trh genes in Vibrio parahaemolyticus strains from
commercial shellfish were 12.77% and 11.66% using'LAMP as compared to 10.55% and 7.77% by PCR, respectively. Serotyping the isolated
virulent strains revealed two' O3:<K6 serotype-Vibrio parahaemolyticus strains, including one carrying double-positive virulence genes
(tdh+/trh+). Additionally, high similarity was observed between pulsed-field gel electrophoresis (PFGE) bands of two O3: K6 serotype Vibrio
parahaemolyticus strains (similarity > 90%). The results indicate contamination of commercial shellfish in Shanghai by virulent strains of Vibrio
parahaemolyticus, where the emergence of tdh+/trh+ O3:K6 serotype Vibrio parahaemolyticus is a cause for concern. Surveillance needs to be
strengthened, for Vibria parahaemolyticus strains of different serotypes, especially the O3: K6 serotype. Results from the comparison with PCR
assay indicated that LAMP method was suitable for the detection of virulent strains of Vibrio parahaemolyticus in shellfish.

Keywords: Vibrio parahaemolyticus; commercial shellfish; loop-mediated isothermal amplification; thermostable direct hemolysin gene;
thermostable-related hemolysin gene
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Table 1 Primers for tdh and trh genes used for LAMP assay
il 53 (LE%%)
tdh-FIP  gtacctgacgttgtgaatactgattgtctctgacttttggacaaac(F1c-F2)
tdh-BIP

tgacatcctacatgactgtgaacacttatagccagacaccgc(Blc-B2)

tdh-F3 agatattgtttgttgttcgagat(F3)
tdh-B3 aacacagcagaatgaccg(B3)
tdh-LF gtacggttttctttttacattacg(LFc)
tdh-LB aagactatacaatggca(LB)

trh-FIP  ctttctggttataaacatggtacttctataaaagtcttggtttaggettg(F1c-F2)
trh-BIP
trh-FIP2  tctggctataaagatggcectttcaagaatagttctgatttaggcttg(F1c-F2)
trh-BIP2

tataggcgcttaacactttgaacaaagatgtatacggtcaat(B1c-B2)

tataggcgcttaaccattttgataaaagegttcacggtcaat(B1lc-B2)

trh-F3 tgccgctctcatatge(F3)
trh-B3 ggaggactattggacaaac(B3)
trh-LF cggtcttcacaaaatcagag(LFc)
trh-LB acccgcagttgtgaaaaccg(LB)
trh-LB2 gcctgaagtcgtgaaaaccg(LB)

ARSI LAMP 514505 T RV P9I B
tdhA0 trh L 51, ZESI L 2 A S, 2
ANINEIPFT 2 AR5 (3R 1D LAMP 5141 Greiner
Bio One #ft& k. 2 FDA 2004 Bacteriological
Analytical Manual Online Chapter 9 711 PCR &l /572
SRS B B A ICERT 2 ) TR RAE DU PPk 23 A i 00
PCR sz tdh. i34 (% 2) h bk
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TN TREBEARGIRA TR E .
% 2 tdh #0 trh ZE#Y PCR 5147
Table 2 Primers for tdh and trh genes used for PCR assay

dNTP ¥ (1.6 uL)+ 10 uM 5190787 (0.8x2 ul)-
DNA & (0.1pL). EHETF7K (11.9ub), ARk
20 pL. TiAEE 96 °C 5 min; 94 °C 1 min. 55 ‘C 1 min .

e A5 72°C 1 min, % 35/MEH; 72 ‘CAEfH 7 min,
tdh-D3 ccactaccactctcatatge 125 fFRsR
tdh-D5 ggtactaaatggctgacatc ) I SR I3 20 R R 3 B4, (KT
trh-R2 ggctcaaaatggttaagey GB 4789.7-2013 224 E F b, B2
trh-R6 catttcegetetcatatge 5, RIVE I IS ML B I VAT o

1.2.2 DNA HEAi | &

HY 1 mL B A 1.5 mL .08, 14000 r/min
B Imine FF _EIEW, JEIA 1 mL KR AR KR
5o BN S min J5SERIBNVKHREF 2 min.
14000 r/min FE5.0r 5 min. HUETERAE NSEEF DNA
TR -

123 LAMP BE#25

¥ DNA B (tdh A5 1.3 L. trh A830: 2.3 ul)
FEB /K (dh K: 23.7 ul. trh Kl 22.7 ul)
TAEA LAMP BRI 8 &, B 10
UAEEARRFI TR . 2R ET 65 ClHESER
fn# 1 he 1h 5% 80 CLREF 15 min 81k . A
IR AR5 f52 N6 PR R B A EEs e B A B e S
124 PCR B AR

DNA iR (HR5FRER, 1.2 ul) 10X ZEMR(TE

1.2.6 PFGE &#t

B BRI EE A HIE 3.6~4.0 2 H],0 56 € R H
SEARFAR 1% SeaKem Gold IR Sl S e,
HAM K #THAAE, {8 Notd T 37.°C REgD) 3
INET o KSR A E N KR ) [R] 10s-36s, 2R 1
A, WK 6 viem, ke 120 CHLyKi A 19 h,
EFRREAEHITE 14 °C . FILAHIEHIFE 135mA-145
mA Z[f].

2 HREHR

2.1 AW MR 75 4RI AT

MR T RIE L, 72 LK™ i S i bEbl
HHR)180 3 VISEFE L, LAMP A2 RILAFAE 23
ftdh PHPERE SR 21 4 trh BHYERES,, K550

A, 2ul). 25 mM SULEEE (1.6 ul), 2.5'mM 12.77%#1 11.66%.
7 3 tdh f.trh & FJELERY LAMP F PCR TE AR
Table 3 Qualitative detection results for tdh'and trh virulence genes by LAMP and PCR
8 At (Fate 2/ e ma) 9 A (Fad iy R En45) 10 A4 (PR 30 Er$0

Bt (Fabedr 2/ 640

k& LMAP PCR LMAP PCR LMAP PCR LMAP PCR
tdh+ trh+ tdh+ trh+ tdh+ trh+, tdh+  trh+ tdh+ trh+ tdh+ trh+ tdh+ trh+ tdh+ trh+
¥ 3/10 2/10 1/10° 2/10 3/101:2/10.- 2/10 1/10 2/10 3/10 3/10 2/10 8/30 7/30 6/30 5/30
435 0/10 0/10 1/10 0/10 1/10 2/10 0/10 1/10 2/10 2/10 1/710 2/10 3/30  4/30 2/30 3/30
% 2/10 #2/10 2/10 2/10 2/10 3/10 1/10 2/10 2/10 2/10 1/10 1/10 6/30 7/30 4/30 5/30
w0 00 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/10 0/30 0/30 0/30 0/30
¥ 1/10. 0/10. 2/10 0/10 1/10 0/10 2/10 0/10 2/10 0/10 2/10 0/10 4/30 0/30 6/30 0/30
B 1/10 "1/10  0/20 0/10 110 1/10 2/10 1/10 0/10 0/10 0/10 0/10 2/30  3/30 2/30 1/30
44+ 760 5/60 6/60 4/60 8/60 9/60 7/60  5/60 8/60 7/60 7/60 5/60 23/180 21/180 20/180 14/180
#rih %0 1166833 10 6.66 1333 15 1166 8.33 1333 1166 1166 8.33 1277 1166 1111 7.78

=T 4 tah TN trh ZHIEEAY LAMP-MPN 50 PCR-MPN E 24830
Table 4 Quantitative detection results for tdh and trh virulence genes by LAMP-MPN and PCR-MPN

. LAMP Zh LAMP 5£&(MPN/g) PCR 51 PCR £ %(MPN/g)
e tdh trh tdh trh tdh trh tdh trh
FhHA| + + 7.5 >110 + + 4.3 110
L + - 9.3 / + - 4.3 /
L% + + 72 29 + + 36 28
5 N - - / / - - / /
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ZNo
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(1) tdh AT trh 85 7 BE R R S 35 2 v (P<0.01),
AR R AT trh Sl R & B R EA
IMPESRER tdh 25 78R & 80 14 £50h b 75 MR
H— BRI B 1 e DL i R AT A HY
A PS5 77 ik o JRIIT AT DU s £ 3T BH 4
JUZEFES ' LAMP-MPN [ tdh 1 trh J5 [8] (1) 2 545 3
)T PCR-MPNG J5i K AT g A2 LAMP $ARTE 15 Bk
MPN MR PCR BEAA S S R . thsh, A&
e 2R 5N P R 55 AR B
IERTZNIE SN b ey St SR L S 2 L SE RS
LEEENE, OGADRERERE, THICRHEIE
ORRTE o IXAE - ERERE U T R I A IR 5 /T B
PRAAEAE RS R I B S AR e — e I IEAH
Kbk,
22 FHWEHRWAERAFEA L E
AR, O3:K6 RUEF M IR L2 o i
X FZIRAT R, REFFEB S KAEZ R 03:K6 Y
RIVA ARSI R GSRAT . N T2 TR
Fori 2 SR A g PR IEE 25 70 R R IR IS R A, X)

DISSRE AR TRE U AR > B ST . SEIG 4 AE 180 1y
FE s 2 85 96 BREIVE M PEDIE bk . JEAEH T 4
Yy BHYERE S h 20 B4R 3] 5 AREIVE YR 75 /) Bk

(3% 5), FTHWIRHITEFRLME 5.2%, AR 5L
SRR T — MR ) 7 BT PR S
B A PR B P AR L BT HA) 5 8 B A X
BEATHENL, %%H% 2 TSB SR ARG IEIG 77, FX G I
AT LAMP #3725 A, 2B BCR A 1 2 2 4kJF
BT INHEERL T 7 ORI DX I AN o 5 B B T —
ARG E ORISR T R BB T~ AR e
It RPN VR TSR 4>6 HILFL 24 K51
BE, FERTENRE A R R T HEA T AMP Aarl]
T BH A 23 SR R AT P B0 G 5 PV L
IR TE I K

M5 IR LB, EBRERIRE sy B T A
ot AN AR IR DI RIS MRIN B (tdh+/ trh+, tdh-/
trh+) o TX U0 ZE [El= el e il o R B[R] I A7 7E 9
B AT AN F R JEE R B U B PRI AE—E
M2 bR T e B IO Ra R dh T trh 23772
HrEe KT tdh B URERI IR A iy A5 2R
W T T & trh #5E, X ARE2
RN ARSIGE S 1 PiFh trh 28 718514, X trh £
NFER P PTE R R, 53 B ) — TR R W,
MEW el ) B A5 B R R LR 2 R
724 toh A teh #1201 tdh 3003 e K
SRR BRI R . AURSEIG 7> B 5 KT 4245
A trh 3 7)2E 0, A =M I EMRAME tdh 35772
B, SeIess e — g b S FR ARG . f
WFFEN A M HE A Hh 7 5 1) 2 70 TR R R R
RURE, #4 tdh ZEREANE trh BRI R A 2
it 51 FERAT IR I A, A 5
B BRI ) RV A SR P R G AR T 2 R AR AR RE 1Y
FERAATA R o
x5 tah . B trn BNEEEHRN S BERMERSE
Table 5 Isolation of V. parahaemolyticus strains carrying tdh and/or
trh genes and serotype classification

T AL AR wFA  tdh trh
HC20141001-1 O4:K34  + +
eS| HC20141001-2 02K28 - +
HC20141101-1 03:K6 - +
Gk RC20141001-1 03:K6 + +
B SC20141101-1 03:K45 - +

MiER% e REY, 5 BTFHHEKDE 4 DA
[ RIS RS (3R 5). MBAIRIAN 2305 ip 254 85— Ak
03:K6 FUEIAE MR, &R0 BB 40%. 2|
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(FIRIE 5T R B o 2 B 45 2101 O3:K6 B il L P 5
Hagty tdh 802 trh 353N, ARSI gy
AR —FRXE T (ddh+trh) ) O3:K6 BRIz i
JNER o IXFRINZIY P TERE IR b= TRk
ST RN 5| & B R B AR B . TR
BRI ot AR BT = AN R a7 B ) 3 o P SR 5 )
FRAR, A LR A SR 55 ) TR AERE P2 A5
{E=F/S c

2.3 PFGE 2#r

F I B AR AR IO X 4 A (R I3 284 A 1R 7
Mo N T 330 MIERIZKT X 73 Pk O3:K6 AR I
PEINEE, X BT T PFGE 40#1. PFGE 4585
AN [ 7R ) I P I B PRGE A7 B AL AR,
A B AT — AR (B ). MGHRIFN it o 4y
B H I F R 03:K6 Y 45 ) PFGE 4541 TUAH
AR R (590%), BARIISES S REUL . XFPE
03:K6 B E ) PFGE #&i MYt 2 [MIZE BN, 5
Z R O3:K6 B4 B I BUAH LA R AR T — e AR Ak,
X AR R T 5 LT 77 5 DR AR A & B R A R
Tt o WA 23 B HH IR =K B T BRI PFGE 257 R,
A UL S AR (P I T SRR 5 ) R ARSI G
R . XK AR )RR IR A TR Z D22
X 7= A KA ARAT o

M 1 2 3 M 4 5 6 7 M

& 1.5 B9 BEAM 2 PREDEERY PFGE EERZERIKE
Fig.1 PFGE pattern obtained for five isolated strains and two
standard strains
JE£: M, H9812; 1, HC20141001-1; 2, HC20141001-2; 3,
RC20141001-1; 4, HC20141101-1; 5, SC20141101-1; 6,
ATCC17802; 7,ATCC33847.

3 g

3.1 8~10 A _Lifgmimh e Nk Ea i w5 /s
PR tdh AT trh 55 77 258 DA R R TR SR FOAG: HE 2R )
& 12.77%F1 11.66%. HIAh SCERIRIERS =, BBH%
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