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Application and evaluation of duplex polymerase chain reaction for rapid screening
of epidemic Vibrio parahaemolyticus strains
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(1. Shanghai Municipal Center for Disease Control and Prevention, Shanghai 200336, China;
2. School of Public Health, Fudan University, Shanghai 200032, China)

Abstract ; Objective To establish and evaluate a duplex polymerase chain reaction (DPCR) system of species-specific
tlh gene and typical virulence gene (tdhl_ 368) of Vibrio parahaemolyticus ( VP). Methods The DPCR system was
evaluated by single blind method for specificity and sensitivity, and the field methodological evaluation was carried out by
artificially contaminated samples, diarrhea fecal samples and aquatic products. Results The developed method had high
specificity (100% ) and high sensitivity ( = 1.5 ng/pl). No significant difference in the VP positive rate of diarrhea
samples and aquatic products detected by this method and culture method. This method confirmed that the VP epidemic
strain within diarrhea samples was 93. 5% (29/31); DPCR could report VP epidemic clones within 24 hours with diarrhea
specimens and 4-8 hours after enrichment of artificially contaminated samples. Conclusion DPCR combined with routine

bacterial enrichment method could shorten the reporting time of monitoring and processing time of emergency samples,

DPCR could help improve the prediction, early warning and traceability of VP epidemic clones, and improve the efficiency

of public health disposal and control.
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(KREMAR) o B E A WK (APW) AR
LB - M AR TR A A A IR R B £ TRE W
AR (TCBS) VIR 8 3R F #2 . 3% NaCl & 57
SRR P AR X W A b T T R e BT A PG, B
B (H AR Takara) , VP 20 BUIL3E ( H AR A BE) , &
o P FLEE PCR PR W A0 AH G 51 9 ( Ll AR T A
Yy TR A0 A BR2 \)) BT A R 3 1 A RO A
il
L1200 A ik

ARWAMTFE VP-DPCR FIHIE 30 #k VP 1= bk 2
FI L 9 T 0 BT 47 L B R LR R PG, VP
WK S UL 1. % MESCHRE SR I 9 s 2

FIAT SERE ZR AT W L odh 5 HERR S5 PE PCR (group
specific PCR, GS-PCR) [d] I} B ) o 5286 %8 7 16 F
B BAIVE T BR (15 AR ) - ¥ SR (8 12-90) (18 K
OB E (CGMCC 11801)  # 2% 9K B ( ATCC
33653) .01 #f IR /RHEE LKA (SCDC 2016-8) | B
WIAFF R (& 214-88) (K7 ¥ Ay 1# (CICC 10907) |
e AT TE (ATCC 51329) (M5 FF 27 LT 1 (CMCC
63303) JEEBAL LB (ATCC 14029) | R €1
I TE (ATCC 14028 (JSSM 16154 ) ¥ 4% 41 fifg 14 A= 22
iR (ATCC 19115) 25 i 45 if 1§ ( ATCC 33291) |
4 (A 45 BRI (ATCC 6538) i 95 35 B 1 (CMCC
51105)

#F 1 DPCR G Jy vk 5L 46 ZIPAH BT VP AR S 515

Table 1  Background information of VP strains used for laboratory evaluation of DPCR assay

i Tk LR 1K 375 7 tdh trh GS-PCR HiATHk
1 127-96 1996 b 03:K6 + - + 2
2 JiT 88 2012 LR 03:K6 + - + i
3 03959/3 2012 g AT 03 :K7 + - + 2
4 F542 2011 I ¥ 5% 2 010 :K60 + - ¥ =N
5 F346 2012 g 01:K36 n _ + 7
6 1717 2012 ¥ H 01:K25 + - + R
7 1200154 2012 - g 3% 01:KUT + - + 7
8 qpvp120023 2012 | i 03 :KUT + - ¥ I
9 1201412 2012 g B 04 :K68 + - + iA
10 VP140897 2014 g B 04 :KUT + - + 2
11 VP 140988 2014 A T 08 :K41 + - + 72
12 VP 140987 2014 Neki=2 70 03:K6 + - + K
13 VP141285 2014 i L 010 :K60 + - + B2
14 VP160114 2016 VR 01:K36 + - + 7
15 VP160115 2016 1T 03:K6 + - + A
16 AQ4037 1985 H 4 03:K6 - — F
17 42-88 1987 LrEd 03:K6 - - %
18 163-86 1986 LT 01:K25 + - - 7
19 i 353 1983 LT 04:K8 + - - 75
20 229-91 1991 g 03:K6 - - + &
21 828-1 2012 I ¥ 55 ] 04 :K9 + - _ &
22 i 1120 2011 R 04:K12 + + - 7
23 PD417 2012 AR 03:K29 + - - e
24 F270 2011 g 01:K33 - - - %
25 VP141114 2014 ¥ 04:K12 + + - %
26 VP141167 2014 AT, 02 :K3 + _ _ 7
27 VP 140160 2014 7Rt 02:K28 - - - i
28 VP160255 2016 [ AR L 04:K8 + - - &
29 VP160250 2016 gL 01:K64 - - + &
30 ATCC 17802 1950 H 7 01:K1 + - - 7
1.2 Jrik it Prime STAR Max DNA Polymerase 5 {4 2 fi F1 3%
1.2.1 VP-DPCR &R LA AT vk 57 W Taq FEHEAT IR R L8 5 AL, SO iR & R ok

PEPE VP 5 St g A 3L D ok )5 50 R VP IR
Fibk g i 3 N 1dh1_368" . 5| 4y)¥ %138 i BLAST
FELk 5 GenBank HHi it Xt , R % B 5 b 47 Fft 4%
W2 e S AETEAERE S 45 &, HLEGHIE DPCR & & m] 15
RUATHARE tdhl _368 FMAE R ATHY VP ¥ 51, 1lh
1 tdh1_368 #1724 43 ) Ky 450 1 208 bp, fii & 51
WL R B 5B T KA 10 pmol /L i {4 i ik i . 3

M (55.58.62.64 °C) 5| W)k B4 & 55 K &% i
B Ak . AR BE 52 ¥ e 51 ) LA ¢ S 80, W
2, VP-DPCR #AF Ui 8 « B bk % % A1 DNA $2 Bt
(P R B2 R0 T BF 48 LG I 1l B B - A, 36 C 4557 18 ~
24 h, PR 2~3 DA EIE T 100 pl K L& F
KIRA), %8 95 °C 10 min /5 F 12 000 r/min &
A5 min, b g WK DNA B AR ) 5 B vk B S ul
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DPCR =¥yl 2 pl IEEZE sh i s 20 1R 20, A 1%
BENEBEBERE (0. 1 wg/mlIRAL L 88 ) , LK & 0PN

0. 5XTBE, KL JE 4 6 V/cm, B 3k i [d] 30 min, B
He @ BT ISR

2 PCRIIYEHAMMSE

Table 2 Primer pairs and their parameters

519 FH(5'-3") F=¥)/bp SCHik
F: GTAAAGGTCTCTGACTTTTGGAC

tdh 270 (4]
R: TGGAATAGAACCTTCATCTTCACC
F: TTGGCTTCGATATTTTCAGTATCT

wrh 486 [4]
R: CATAACAAACATATGCCCATTTCC
F: TAATGAGGTAGAAACA

t0xR-S 651 (6]
R. ACGTAACGGGCCTACA
F. GTCATTCTGCTGTGTTCGTAAAATCGTG

tdh1_368 ZBF5E 208 [5]
R: AAAAACGATTCTTTGTTGGATATACACATTACCAA

} F: AAAGCGGATTATGCAGAAGCACTG
ilh A TF5E 450 [4]

=

: GCTACTTTCTAGCATTTTCTCTGC

1.2.2 DPCR WyS28 & M

{81 1 2% B MR PE U DPCR A R 5 1 F0 R i
S PEIRUE T 30 f& VP ORI 15 BRAE VP B AR, R
FHERE RN A 2 2% T bk 508 4 5, DL TR 28 18 7K
R X BR 4 B DPCR AL AL S5 i B 64T 5 R U 56
UE: BEEL VP RIAAT R (VP160115) , &2 75 5 H K I
S FE K B ,95 °C 403 10 min, 12 000 r/min 55
O 5 ming, B E I WAE Ry 4% R B B AT 3% 2 B JE A
e, I AZ 1% e G 0 AL 3 Ot I A% PR WAk 32 522 10 £%
Tofs T 8, LA T 2 10 K Ry [ 1 %o R, 4% B DPCR G
fbIE R HEAT o
1.2.3  DPCR RYBEALINARFE bh 1505 PF

ik VP K F T4k (VP160115) 2 3%NaCl & 3
T Ak 18 h 555 , LA K IR B iR 2% vp 3h i W VR 10 1%
BhEERG B, BB 1071 1077 107530 B ML 47 XK AR
TR, THET- 34 20 TR B 7 SR R LR VR MR B 3 )
710" [10° [10°CFU/ml () VP B 4 1 ml, 43 5l m

A 25 g R P T T DL B T Ak BEAR PRLRE i (RE AL 28
GB 4789. 7—2013( £ jif % 4 [/ 5 b i £ 5 =9
SRS U BV MR AR ) T N VP B ) | £
A 225 ml {5 APW, DUAE BRER K AE a5 (st g, A
T YA (36+1) °C (150 r/min 47 R IR ¥ 35 5+ .
HIPH 4.6.8.10,18 h, & W HFF W 1 ml, 17 1 W
DNA $2 1, Bt 1.5 pl #47 DPCR &, i 560 & &
3,
1.2.4  DPCR Kl R I8 V5 b A 46 900

2016 4F 6~9 H , Peff LI HLIX 6 218 15 Wil o4
B= [, I 75 Wa 5 9 A Ak 266 191, 50 15 H B DPCR
FUH o3 8 7 1 2T T 3% NaCl ) APW
(36+1)C K537 6 h J5HL 100 b 38 1 9 48 BOR 8 0F
17 DPCR, [A] B X £ 43 &5 TCBS F1 R & 4 4, T
(36£1) CHE 57 18~24 h, PRHUA] 5B 78 #% 17 4= 164
AN, X AF A VPR B RRAE & dE AT udh, GS-
PCR .trh 3 77 5 A5 R ATRR AN, WAL 1,

GB/T 4789.7—2013 DPCR¥: WS 271—2007
v A
1d | 25 g(m1)+225 ml 3% NaCl APW | R TFEFMHTCBSHINE 864 7R
(3611)”0,343}1\1/ ¥ : ¥
2d | TCBSEIK B & PR |—> YRS ANTT SRR 9K, IR, SR, AR
(36+1)°C, 18~24 h\L B ATDPCRAEGH \l/
sa | wmEEEERONGTA | e | FI/RGAME |

(36+1)C, 18~24 h\l,

EEr

4d |'fwta§ﬁ£% 3% NaCl TSAFI & i & 41775 |
I
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Technical completion roadmap of DPCR and conventional culture

for detecting diarrhea specimens and marketing aquatic products
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1.2.5 DPCR AT 7K ™ i A it A

2016 4F WIS FRIRAT 2=, e HE 2 SR T A B
737 F 8 R 30 g /K A 7= i, B A0 2 2 R ik
S LR NS, A4S DL A AR £ 2 i R
(AN 7808 L A ve sy & 7/ 0 AR5 R O R 113177
AR, AL FEFE A 25 g (ml), fil 3% NaCl 1y APW
225 ml Al 1:10 R 21k, (36+1)C 1537 18 h J5 #k
SO VR P e AR AR R B B AR DT I
R 1 ml, 10 000 r/min .0 5 min J5F 1§, U0
TEMA 100 pl K 28 5K IR 1R 2,95 C B
10 min, 12 000 r/min B.[> 5 min, | % & DNA &
Me 47 DPCR ki, WLIET 1,

2 #R
2.1 DPCR &K%

PEHL 15 #k VP Rf7 bk i 17 DPCR K & L fk
I, 7E LR MR DNA R4 B K R 5 28w Ik
FLRG A PCR TR W, LR 45 fF: 95 C 3 min
(95 °C A5 4 30 s;62 CiB & 1 min; 72 °C %E fif
1 min) FRAEER 30 ¥K,72 CHEH 5 min, 4 CHEHF,
25 wl SR MR F % AR FLE PCR BRI 12.5 pl,
tlh 1 1dh1_368 b TSI 1 wl,DNA #ifz 1.5 ul,
PUKTR 25 B ok AbRAR R 2 25 plo 15 #k VP RIRAT
MRTE S 21 DPCR [N AR FR (B FE 5| W BE . DNA 5
B R KGR ) ALROCR WL 2,

VE A R ECE S B 0 Tag W5 1~ 15 20 BIRERIE 1A 15 bk VP RIEAT bR
12 DPCR {5 ol s O FCBG A G0 Tag ] A ALK P8 3

Figure 2 Electrophoretic mapping of high fidelity enzyme and common Taq enzyme in DPCR system

2.2 DPCR %7 5 M Fn 2

HUH LK 30 Bk VP AT 15 BRAE VP OB BRI B
5,30 Bk VP 15 BRAE VP BRARZE R TC F . 30 £k
VP ) 15 8k VP AT AR 1Y tlh F1 tdh1_368 5 % 11
PE IS Bk VP AW AT BR Y Sh ol BAPE, Ho4r 15 #R4E
VP TR PR B AR 55 GiE s 34 2 B, B DPCR 77 325 1 4
SR 100% 5 A K B BH 4 A B 4 45 5 . DPCR
() R B BERE VP RIATIE (VP160115) | A5 4 ik B
1E 150 (15 1. 5 ng/ wl ¥4 B4 1 55k, B AR ok 2
9 0.15 ng/pl R H B8 B B 1 454, #l € DPCR
X VP RAT BB AR 2 1.5 ng/pl,
2.3 DPCR AAELUIMARAE fb (1) [m]fSc A )

135 HDLAN 1 A AR R 22 APW 34 1R 85 57, Y
VP KW ATHE B Mk BE S 10° CFU/ml B, 34 5 4 h |5
DPCR B aJ IS i 47 4% (tdh1_368) JEH 6 h J5 K5 57
HEUESE VP B 49 EA R R 10° A1 10" CFU/ml i,
W45 8 h J5 DPCR AT UESC AT #E (1dh1_368) Ff3d 1 15
FRIRUESE VP R o
2.4 DPCR TE I PR AR A 1Y N FEA

2016 4 6~9 H 6 F M 5 I B (14 17 V5 95 1] bs AR

3L 266 fy, 2 HEIK T LI W E 24 h § DPCR JESE
31 AnbRA Ay ddh BAYE, Hovr 29 43 28 KmAT bk (edhl _
368 BHME) s MBS R 3 d Je Wik 31 iy s A VP [
PEIFRG T AR, PRI 11.7% . VP WHRE wrh
tdh .GS-PCR B 0iF : Horp i1y 29 k4 VP R yiAT#K, i
93. 5% , 5 JF2F 45 5 5 DPCR i2 W7 — %31 #k VP i
Wi 4 FhmiE Y .03 1 K6 (22 #k) Al 04 : K68 (7 #k ) £F
GENC M VP @ AT bk R A, 04 - KUT (1 #k) Al
03:K5(1 #k) Ky VP AN WA AT #E, W3 3.

# 3 DPCR MIH Mo B F L AFIGRE G AR E

LA A
Table 3 Application of DPCR in clinical specimens and

serology identification

DPCR GS-PCR+ GS-PCR- it
tdh+/trh- tdh-/trh- tdh+/irh-

tdh1_368+/tlh+ 29 0 0 03:K6(22).04:K68(7)

tdh1_368-/tlh+ 0 1 1 04 :KUT(1),03:K5(1)

2.5 DPCR fei 8 K™ il B9 5 3

30 43 5 K™ b 239 W 5 DPCR IR 37 i 4G
. DPCR fE 24 h WAt 20 3 B ko VP B,
143 Jd DUAE: i A HH O RO AT Bk (edh1 _368) 5 15 F7 ik
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5 dJEUESE 20 BR¥ N VP AETAT AR, R MR DL
B E VP R FAT bR BAR P 0 I a4 R — 2
{H DPCR 758 B DURE fh A7 A2 VP R FAT R 75 S 9 ¥
1EAlBE

3 it

%48 GS-PCR ILHi 5 VP K AT VR AT4R 2 i
ey VP bR, SR @R BT
W), B SRR R B 2 W Y . BRETE R VP A
L 375 789 45 2 g 9 1A) ) bR v Ak o B SRR, IR & HE VP
BHEMERRM AT EIEH. A& K
GS-PCRILR - 4 5 i 4 B 42235 1fL 2 (TDH ) 3 K 2
ST PCR & X VP 347 #, Bl GS-PCR #1 TDH
[7) A BEP BT 5 SR RATRR S o AR RIS AR
P2 R IET 1dh1_368 (19 VP RIRATHRHE 45 4
PRSI VP I Fh i S S0 5T I BT L R g o
VP 2 Wit 22, [ 251 VP A7 bk (3 KIAT#R)
() DPCR, 285050 % DR A7 T bk (CFRF S MR BB ) |
RN AR A b [ | T o A R0 7K 7™ b A i B 5 1
He Xt 25 5 4 1T 52 i DPCR [ R FHTEMY o H 4 23
1o AT A )P Ok i ke VPR AT R R AR RS o
00 7 2 A R A S % N

21k B H AR (VP BN AN ) B3E DPCR 278 A
YT 51 9 A ) DPCR R 1k 28 HL A AR - 14 79301
— 3, W1 2E IR B2 W VP ORI BRI AT R AR .
R DU V3 Sk 3 h 3 1 382 SR X I PR A
FEARIY VP I TAE . AR Z A T A 5T it H =
% TR R AN B A7 AE — 8 Sy PR [ ek B A ok A
) P A N

AR YK DPCR {4 2 7 FH A8 15 9 191 14 18 TR ot
ATHERR 2 R T B AR 2 A VP EE A AR 1k 5
[l A 12 WA L] VP (AT R ) A9 SCSR R A4y
05 % B ARG T T 300, DT A R %R &R R X
BRI G B IR B R I 3 2 43 T
FeAR Koy 757 WA F BT 2B VP B AT w b,
FAl AP AL E VP SR AL AR, AR
DPCR M 1 143 b DURE & oGt VPR AT Bk 1 3% 9%
AR REIESE VP G R A L4 R : DPCR R Pk A
L W7 1 AR R IR TE B VP AT vE e 5 e,
SER X IRAT v B A B 5 LAY S O ok T Bk — B i
5%, LA, & DPCR & & kil , 45 & 0+ PCR g
i o7 FH - JRURSE T Aty 0 DU G 10 42 45 45 35, 4 J 3 K% 5%
FOR B AT R0

AW SIS, Ll AT 3 VP S
1593151 90% LA b AT Rt A7 bk AT 06, 1 g it i 3l
1 DL 527K 7= i b A T R R AT R T U A A 4

RS o FHR LT AL I VP L #, DPCRHAT PR |
HEBR U] VP R AT A AR AT bk i 2 3R A AR
P o R T 1 M DX TR 53 R ) 5 9 e B ke 8 B v
A GE TS Y I LA ARG HE 4 BT 45 B R F A A I H
AT BRAN L2 BB IR T IS R

B BT AR B o R LR AR X AT
FEVETF K SRS D A S 48 2 5B )

5% 3k
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