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At mg' REw® AR RERT FRR
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Q. JTHREWAEMTIT 7R TR 510070)
G. AR YVEDRHEABRA R R FEK 526238)

B E: [88])] A THIANFEEY EHALAMP)Y XMATE O157:H7 (Escherichia coli
O157:H7)brig A XA & ey £ 20id, [ ) MR P A mliXf) & ai4d de . REE. £ 84,
BRIRBAVA BAE A4 M, F 5% F R LR, (4R XKWAFH O157:HT 47 4H
MRAE Su A A FRdE, dERMATE O157:H7 47 E BMRAF 348 M H A M, REIH X XR A,
KA EREARIETR A 29 CFU; #ZXA 6945 7. RBEBEA L SHER T F AR EA KRS
H—;, XA ENHHEARAFRARAFLOENE L RIS 100%, *IKH E B 4754
Fo b BRI M E H A 94%. KA ETE 4 °CHRAE IANAvA L, FETHATERIRMAS 72 h vA
L. (48] ZRA SR, RULS, TAWY, MG651@, RNERBE. T, &
A TR & KIMAFE O157:HT a4l & K.
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Evaluation of loop-mediated isothermal amplification based kits for
rapid detection of Escherichia coli O157:H7
ZHOU Yang' WAN Qiang' CAI Zhi-He® LU Mian-Fei' WU Qing-Ping®* LI Jian-Shun’
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Abstract: [Objective] To evaluate the efficacy of loop-mediated isothermal amplification (LAMP)
based kits for rapid detection of Escherichia coli O157:H7. [Methods] Specificity, sensitivity,
repeatability and stability of the kits were evaluated, and the result detected by LAMP kits was
compared with the detection result by traditional microbiological detection method in practical
samples. [Results] All E. coli O157:H7 standard strain samples were detected positive, while all
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non-E. coli O157:H7 samples were detected negative, showing that the detection had no cross
reaction. The minimum test limit of the kit was 29 CFU. Detection specificity, accuracy and
sensitivity of the kit were preeminent, and the detection result was highly consistent with that
obtained by traditional microbiological detection method. The detecting repetition rate for high
concentration of target bacteria and negative bacteria samples detected by the kits was 100%, and the
inter-batch testing repetition rate for low concentration of target bacteria samples was 94%. This kit
could be preserved for more than 9 months at 4 °C, and it remained its efficacy after a variable
temperature storage for more than 72 h. [Conclusion] The kit has high specificity, sensitivity,
repeatability and easy storage characteristics, which make it applicable for rapid detection of E. coli

O157:H7.

Keywords: Escherichia coli O157:H7, Loop-mediated isothermal amplification, Rapid detection kit,

Evaluation

KT (Escherichia coli) O157:H7 J&HiR
A QT H I3 A B B AR, 51 R LU
V5 FE s IR gt KIBFT R 0157:H7
AR ZE, R EIEIEERE . AKIEPEALHRE L
R N7 2 b AL 1 45, o DU U Pk A 496 o o 3%
i B ATAE SR, R B K 2 B X 2 B K AT T
O157:H7 YRl , — BN oW H B 00N
WIS EY IS, JF R IR hE2
K., ZHETE 7-9 A KIpFH 0157:H7 ATk
L Fir A AR B B B, FEE L RN N R
AR, JFH S5 R ZR-EMIE AR, NI
P PR B 25 A A (HUS) AR T B I /)N Al o 20 1
SHA(TTP), HAT &30 . st s, ®
1EHHT, woR LA KB E 0157:H7 IRy
AL, DRI A DG R L S 1 il 22 B v A
XPE b . KIERSE R RIS . CYETE N T
ZR R O157:H7 #all )5k, FEAHRA
1R GE 55 R HE (R AR ) o B e L TR S
K B SEE Ty . BRI RR | RS 4
AR BERY HE(PCRFE AL (A X 88 )5 ik K B
AN A . BRAER e AR B B L AN AR
A, I HZRRIESCE A, X LA 2 7E 5L
J2 IR ) PR AR T 5 3K o

A FEIRY B R (Loop-mediated isothermal
amplification, LAMP)J&H Notomi %F 2000 4FFF
R — B A AR SR B R AR R B
AR 2 AT WX S | ) R B B
%) Bst (Bacillus stearothermophilus) DNA R4,

RETE 65 °C oA IR %A 11 5 [ IR 5 45 A 45
BIFATRE B RN, R E R, KK
WA T OV E], AR RUE . R
o 00 3 11 K g Y o A 45 328 AR F oAt 43 A D
P, PO T BOR (R 7 ot o 5 L2
BN PR AN T R . ST, AR IR E A A
K JRAT M ARER AR S, AT W] ) 5L T
LAMP $i AR KGHFF B O157:H7 B i 55 &
F4 1 R ARG DU J5T £ 7K P AT R PRAN . RO
[ A = R B, X R B I K B
Ol157:H7 WIReSetk . R . HERE . EREM.
PR A B s de g e SR HEA T i, PPN T il
BT EARE SRR O157:H7 &
e 3

1 MRSk
L1 EZMRFH

E. coli O157:H7 ATCC 35150, E. coli O157:H7
ATCC 43889, E. coli O157:H7 ATCC 700728 E. coli
O157:H7 NTCT 12900, E. coli O157:H7 CMCC(B)
44828 | 4 ¥ {0 ) % BR B (Staphylococcus  aureus)
ATCC 25923 . A [G ik B8 [K 6 (Shigella  flexneri)
CMCC(B) 51572 . 4 2% % 5§ 18 (Pseudomonas
aeruginosa) ATCC 9027 . &7 K 6 (Enterococcus
faecaliy ATCC 29212 . PR IR Ji% #F B (Enterobacter
sakazakii) ATCC 29544 . &l % IfiL £ 9K & (Vibrio
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parahaemolyticus) ATCC 17802, FAAZ A A= 2= 1
¢ (Listeria monocytogene) ATCC 19115, IR VM)
X # (Salmonella enteritidis) ATCC 13076, ;=S kT
& (Enterobacter aerogenes) ATCC 13048, Z AV I
P 5% BK & (Beta-hemolytic  streptococcus) ATCC
21059 . it I (Bacillus subtilisy CMCC(B)
63501, E. coli CMCC(B) 44102 F0lfii 4 i Bk B
(Streptococcus pneumoniae) CMCC(B) 31001 #J1)™
ARG VIR R Al

KIGFFH O157:H7 (1) LAMP HRs G751 65
IE 5 (4110 20150313, 20150412, 20150511,
20150610, 20150712), FHASCH MG, HAZ L
AT . . DA R
PR R L BT B B 1 R R S BUIR(TSA)
MR EC WH(mEC). ek R INFLEEE HEBHiEH:
FHCT-SMAC)., —WHEBUR(TSL) . AR R bR
FIA%-MUG (MUG-LST) . SULEEHAT . #24
Peta il . KIFFFE O157:H7 ISWii i . MID A {1k %
AR A AR . 0157 BaBEH AR
A YRR R A Al R

PR R e 8 N HBIX T KB | 1
BARFE. BN B ARIE AR KRR
PEATRIRE, LRGN S SIS . RS L SRR R 2
328 14 M AERMEE A
1.2 EEME

Shock Mixer-1 # = H 4z 7 A &b b 4% |
HKP-9172A BIHIRIESRA . WBK-4B /KR RA
AR FRHARA R 3K15 G mm
BLOHL, fEE Sigma /AH]; DYY-6B Hfa A HL
UKAX, Jbstiis—{X&8) 5 Easy Spiral BURERERD
1Y, B Interscience 2~ H) o
1.3 7%
1.3.1 #REEME DNA #HGdH & Bt
FiFeW, PRBCEIRETEE T 50 pL 24, R
PZJE 99 °C /K 15 min, 12 000 r/min .0 10 min

JEHC R, RICAAHERPRMER AR DNA A4, —40 °C
TRAFE

1.3.2  KFRMEM DNA $l&: MASHEREMHS
B 25 g BT 225 mL mEC W7, iR
GB/T4789.36-2008 { £ fifs 1w £ ¥ 27 46 36 K A 1
O157:H7/NM #a:5 ) Ul it T i b B T, B
AR 1 mL 3] 1.5 mL JCR .0 H, 6 000 r/min
B 5 ming 37 B3, A 30 uL W@k, BEIR5E
99 °C 7K 15 min, 12 000 r/min 5.0> 10 min, B
W, BIASFESHIIE DNA, —40 °C RAE4 .

1.3.3 HRMHRE: H 5 HRABHFH O157:H7 Frif
FRRAN 13 BRAEKIAT R O157:H7 ArifERtk, 2091
il % H DNA #ih. BMPRIERE DNA A5 R H]
3 ASEATINGL, ERAE T vk e AR S B A
(http://www.huankai.com/product/detail 105017001 _
100001015 1001111539 91255 html)i#F47, 3 5iH|
B TR A BEPERE ST E SN I Y B NI S 2
LAY, RRBLL AN

1.3.4 REEIRLE: BOCHTH O157:H7 FrifE bk
NTCT12900 it 55524 , PRI—FRIET E T 30 mL
ARk, IRGES), MR SREEH S, I
2 PR PRGBS, BB 51 107, 101
10°, 10°, 10*, 10°, 10°, 107, 10° £, Z3%IHLA
R IR RS RO F BER S0 uL S TIEIEE. [
BECCL EAS [ RS E AR B T 25 DNA K,
BRI R o3 S AT BRI B 50 pL
BT 200 pL FWiKE PCR &, 6 000 r/min &.0>
5min; F B3, WA 12.5 uL 385 & i at e 2
W, FEOrRIFIG4 99 °C K 15 min, 12 000 r/min
B30 10 min, B F T BIAS 48ANF6 BEAE 5004 TRTB0 T
XTI DNA HHARFE AL . FHRIAFF R O157:H7 s
AT G, BCCL EAHAR DNA A5 2.5 pl gE1 7
i, Hr 0 DNA HEACR 8 AT, Hik
IR A PHPERE ST b, SN I Y B R S 2
SRR, RN Fidh, SniehEEE
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J2 R ARG DU B2 45 A il S A O, 55 8l ik
Tixt b, IR A ERR I R . WiE I EUr L2
GB4789.2-2010 { £ &b A= 1y 27 K6 56 7 7% s B
2 ) U AR SR AR 16 PR (CFU)=(AS i 1
DU BRI 2] 1) e B A RS AR 50 pl DRATIROGT z 1)
TR/,

1.3.5 SEEREESRAGII: B 25 g ZACHL )R HURE S B
F 225 mL mEC Pz, 36+1 °C 43535 5% 10 h #1
18 ho B 10 h IREFRIR LI E AR I DNA FE i,
FH LAMP 2050 &3 i, B 18 h IR =
GB/T4789.36-2008 J5 {4 1l X ] 5¢ i ¥4 ik
%0, SRIG gt BREERE: (1) Kb
R S =12 R SRS R AL GEASIN 734 R BAPE4S
TAVBUAL GRS Ty 1 B 45 R 1 50 100%5 (2)
x4 7R R =123 0] SRS R AL GE AN i34 R BH
PEGE RATE AL BRI T3k A FRE S5 A%< 100% ;

(3) o A =R S A g A I i1
Shy BRI 45 A B8 -+12 3270 SRS R e A 734
SRy B 5 A 550/ Bk A DU B A it 4911 60< 100% , - B
e 78 12 ) A I AN AR G A D v A R —
Hk,

1.3.6 EEEMWIE: S 1.3.4 WRRERINZ
W EBCR A O157:H7 FRUER#E NTCT12900
BEEERIRY), PRE—FRTAVE B T 30 mL AEFER K
th, GRS, MRS RGE T, IR
Zo e I KRB 10 F1 10° 45, 2 IS5 3R L
FAR ) DNA KL, 430 4E e e AR & H
PR TR AT IURE &b, 53 ARG TR A FRER K AR A [ P A
WIFE AL . LA b 5 HE R R &, Bt
YA B LA b B ) RS RS DUARE L R o
(8 B A DR R A (it B BFI PR ARG DU ARE it 45 2.5 uL #E 4T
M3, B0y DNA KR 10 P47k, Hr,
FHe 18] = Fk P G I FE AT P = R) s HE P A DU A
B/ K< 100%

1.3.7 RBREAGEIE: HU S HERKH A5 & 8 T

4°C 17, BT AR 1. 3. 6. 9 A 12 N H ik
FREHLGIN, $IH 1.3.6 FIOREf HARBRE SR
SREINRE S, AR AR A 10 A EA TR
1.3.8 FREMEINIE: K 5 HEiH rks I & Sk
AR B TR &R, 16 42 °C THEfF 96 h, 4524 h
X AR ARSI R St — vk, I 1.3.6
(B B E RS BRAR SV E AR 5, Ak ik
FIEH 10 P47 3050 & o0 1R B AR 1k
WA 1,

14 FitFH*

K SPSS 19.0 A1 rGeit2F e 3 44,
TR BOR PR EZE (X +)FRom , HEAT ¢ Kol THE00E
BHUAT 2 1086, P<0.05 Fn 2R AR X,

2 GREH
2.1 HEMIRE

S BRKIAAT BT O157:H7 ARk BMAR i 1 8 7R
Bk, RIS PEYE; 0 13 MRAE KT
O157:H7 brifE BMRAE Sh AT SOy i i A £ 6, B
SR BAE T LA P T EE R 8, Wk
1 FEl 2,

Temperature (°C)

10 20 30 40 50 60 70 80 90 100
1 (h)

1 RFEPORRET ik

Figure 1 Temperature variation curve of the kit
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Table 1 Effect of specificity

e R4 PR RS = GioalllEr
Serial No. Strain Strain No. Detection result
1 E. coli O157:H7 ATCC35150 +
E. coli O157:H7 ATCC43889 +
3 E. coli O157:H7 ATCC700728 =
4 E. coli O157:H7 NTCT12900 4
5 E. coli O157:H7 CMCC(B)44828 4
6 S. aureus ATCC25923 -
7 S. flexneri CMCC(B)51572 =
8 P. aeruginosa ATCC9027 =
9 E. faecali ATCC29212 =
10 E. sakazakii ATCC29544 -
11 V. parahaemolyticus ATCC17802 -
12 L. monocytogene ATCCI19115 =
13 S. enteritidis ATCC13076 -
14 E. aerogenes ATCC13048 -
15 B. hemolytic streptococcus ATCC21059 -
16 B. subtilis CMCC(B)63501 =
17 E. coli CMCC(B)44102 =
18 S. pneumonia CMCC(B)31001 =

: +: LAMP &l @R Bl RIW5O0Ek, FIE; —: LAMP &SR B E AL, Bt
Note: +: Positive with obvious fluorescent green; —: Negative with no color changes.

1 2 3 4 5 6
7 8 9 10 11 12

— — - - - -
13 14 15 16 17 18
B2 HRHRKEAER
Figure 2 Effects of change in color for specificity
TE: P2 AN SO X RS 552 1 P A AR S AH XL

Note: Each reaction tube in figure 2 corresponding to serial number
of standard strains in table 1.

22 REERRK

B ERE 10°-10° IF, X617 (RRG-I AE 44 s /s
G o e gk e, B RGN B 5 R R A RTE
107=10% i, b7 ARG A 7% S 17 i FA P R 41 1
RIS BA T, LR 3, DL ESPArmiatss 5 —3,

10° 100 10° 10° 10* 10° 10° 107 10°

3 RYEABERER

Figure 3 Chromogenic result for sensitivity

R AR A FEL ARG LA A [ B A Xz A S
Yy, R 4 B, ARTREBAEEL 10° iR Shs g
R B R ABRIR 25, 4 R iR S ik
R 29 CFU (W RAE%CH 10°).
2.3 SEgam A AR LR

WX 3 28 14 MR TR, 25
B, FERSREE . BERMEER ST, %
T 7 A X AL G A I D 2 A R AU SN
100% , A5 H R BE 53971 0 89.6% . 96.9%F1 93.8%,
SRS L HERAFE S 92.9% (35 2), MUK F Ry
ARSI 285 SR LA B i — e, HAR K L
2 K 3,
24 EEMIIE

SXof e B ) B B R BH P R i B AGEI H 1%
TR B 1] LA KA AN E A2 565 100%; IR
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bp M 10°10'10° 10°10°10°10° 107 10° PR 1) E R B RE S R 5 st St A
FE R 90%. 90%. 100%. 100%F1 90%,
HEEIRE I B %N 94%, L& 4,

2.5 {RBEAGE

2000 PR 5T HA A 25 T 403 9 B A RS e o s ¥4 g
1990 PR Bk (0, AN R ORAF B 1] B A I A5 26 34 oy
500 100%, #tba)2 5 A 8.(P>0.05), ULk 5.
100 2.6 FEEHRIE
4 EREUERDE G R Bk R HBEFDLAN ]t ) B3 P JT A D 2 vy i Y57 e 1 B
Figure 4 Electrophoretic results of LAMP product in Btk ANEIEER R B AR 100%,
ensievicy tes HERI2E A 3.(P>0.05), 1% 6.

Note: M: DL2000 marker.

F2 ZRFEERNENTREFEHEEFFE. SHREEUARSHERE

Table 2 The detection specificity, detection sensitivity and detection accuracy of the kits compared with the traditional
microbiological detection methods

FEERZE R o H R S ot R A6t A
Sample type Detection specificity (%) Detection sensitivity (%) Detection accuracy (%)
A5 A il i Meat and meat products 86.1 100 89.6
B Vegetable 96.7 100 96.9
R i Quick-frozen food 92.3 100 93.8
41t Total 91.3 100 92.9

&3 AR 5 R 57 E N R (PAMELE R OIEUBAT BT B H d b1 (n/n)]

Table 3 The detection results of practical samples by using the kits and the traditional microbiological detection method
(positive cases/total cases of sample (n/n))

(sl FE 44 7R TZIAG A (w7 ol
Sample’s type Sample’s name By the kits By the traditional methods

A5 P i) 6/8 4/8
Meat and meat products EA| 1/8 1/8

4R 2/8 1/8

XA 6/8 5/8

A 0/8 0/8

K TR 2/8 1/8

it 17/48 12/48
Bk PULT A 0/8 0/8
Vegetable 3 1/8 1/8

Ei 1/8 0/8

# I 1/8 1/8

At 3/32 2/32
B BF 4/8 2/8
Quick-frozen food VRS R 1/8 1/8

A8 2/8 2/8

B aEES 1/8 1/8
&1t Total 8/32 6/32
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Table 4 Results of repeatability (positive cases/negative cases (n/n))

W FRTEAS DI dh AR BEAS A 1o Y LA
Batches Negative samples Low concentration samples High concentration samples
20150313 0/10 9/1 10/0
20150412 0/10 9/1 10/0
20150511 0/10 10/0 10/0
20150610 0/10 10/0 10/0
20160712 0/10 9/1 10/0

*5 REHKKER

Table S Results of shelf life stability

[T o FACE
Time (months) uorescent green cases/Total cases (n/n) Detection efficiency (%)
20150313 20150412 20150511 20150610 20150712
1 10/10 10/10 10/10 10/10 10/10 100
3 10/10 10/10 10/10 10/10 10/10 100
6 10/10 10/10 10/10 10/10 10/10 100
9 10/10 10/10 10/10 10/10 10/10 100
12 10/10 10/10 10/10 10/10 10/10 100

*6 TEMMIESR

Table 6 Results of stability

e FEER I EFhA 15%
LA TEL AT Positi\f i:js{iijf\i iﬁfi ) KB
Time (h) 20150313 20150412 20150511 20150610 20150712 Detection efficiency (%)
24 10/10 10/10 10/10 10/10 10/10 100
48 10/10 10/10 10/10 10/10 10/10 100
72 10/10 10/10 10/10 10/10 10/10 100
96 10/10 10/10 10/10 10/10 10/10 100
3 g RLE o 5 £ B RN PR, T TCHA B

MRCR . APl T 28T, Rl i 2%
AR T A . PR BTIBRIE SE g R B,
PG GTE 4 °C Z%0F T RERRAFRLIRITRN 9 S H),

LAMP HiARJE— Rl BRI IR Y AR, T
Rl . R, PHRCRARILT PCR HiR.
(AR R AR R BN 251, — et R 25 A B G

BRI, BUFBAEE B, Nz LAMP b
W PCR WAL, w1k s et
B TR SRR S T EOR IR . R X
] (Y5 e, SR BE 2 R & A o 53 91k, 72 LAMP
RVARZ A, AR TR R R A (U LAMP 5]
Y. dNTPs, Bst DNA K&, JUHIEFHAZL NS
Bst DNA REMERTE-20 °C KM,

BN ERIORAF S B[] 5 8 A 2 R (0-42 °C)ft
SEMERHIESC I FRBH , 120070 & Bl N A K i ) (238
72 ) PI R i (42 CCO)MREE A7, R PEET

NI TRz i, (HATRIERIACR, A
WAL S K alig . SV b, a0 S REiE
N R R, R RO @, BRI T
FHRLBEAS, BN . 340, X LAMP b4
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R, ZRIHSE R 21 R, FEAuEs
B B RE e P VRS I X 8 L B I = ok 2%, LA
R 2 AR A SN =4, W LAMP AR R p
() Mg™ " 255 [N P W) SRR IR 4G A TE AR R IR EE ,
AFEIRIY, (HABHZEEAMEIE, T BIY
PRESHN 5 KN P AUE DNA ] 254798644k SYBR
Green I Yoo, UNA 4 34~ Wit , RN ARLREA, )2,
Rt Rz gept s s, HEVERT ROV G
TR, Sxit AN IR T5 e AT RERE
FAb S 255 . ARBISE R FH A B AL AR 55 B
Z-Mn” TR, ARG BRI R,
FES I RTIAFE 87, 4l S | vl 5

% %5 K W FF B O157:H7 # % 2 B GB/
T4789.36-2008"), fn— Btz FH A S S50 2 AR
PERMAFFR O157:H7 ByRGFRFE | IESERHE L B
PRRHE | T 2A 00 R T IR (P % 5 S il Ek
AR AR WX KIAFF B O157:H7 HE Tk et
REE, ARG R e SR Tk PRk 3R, ks
REPERORL R A B PRSI AR B T, DLk
AR 2 HAERHG (— M 3-5 d), B2k
R RS5O TR A, 340, Frife
H B B 1 4 [ SR 9 G S8 43 B A3 6 7 e 3
FAEA B VIDAS (X% AT AT e OB 2
GoE AT BRI 53 5 42 F SIs I A ARG 28 S 0 2
PIUERH PCR & 8 A A R DNA A Re S
BORFIWT HARE IAFAE, DL T8 2030
10, B RS R 2%, RHIEXELITE
SR AN HES o SRMTASR A SR KT 1
O157:H7 $EER L5 9, FEMEIR AT Al s
SR I A A T BT R 30 0 PR AR
HCE SRS DNA, Iz i3 s v it fal X 50 min
ZeAr), I H AT EAEE T IR A 25 5, iz A
SR IAIEZE BRI ZIR R S R . RIUE
WERA R . TR PSR AR T

BEAh, FIRASEGR G S A Gekr I 5 6 R4 B
B MBI A SE PR SRR S T IRIE AN, 2SR A
ARE R —E0E . TR KRR 0157:H7

AU R MR SEBRAS I A ] REDRRE R4
A HEMCREAESERZE R REE, m
GB/T4789.36-2008""1 v 1 1] 3 1t 17 1 96 28 0 Bk 41l
P FE S BAn i T8 4, DAPE i A I &%
RN AR H) Eob e Ay B iE 1 S R AR AR
LS, HE—BIRmss R, B>, ARS
FR R A A I3 70 T 1 PO e
YRG0 )5 EE AR AR VS P R PR 5, IESE
Tz & RE NS A A I 2 B s R ) 52K
HAT B AT 5

2 % x uk
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