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Rapid Detection of Three Foodborne Pathogenic Bacteria in School
Catering by Isothermal Multiple Self-matching-initiated
Amplification Technique

JIAO Qiang', CHEN Wansheng', ZHOU Nan', ZHANG Qingfa?, LIU Zhiyong""

(1.Henan Province Food Inspection Research Institute, Key Laboratory of Food Safety Quick Testing and Smart
Supervision Technology for State Regulation, Zhengzhou 450000, China;
2.Guangzhou DI’ AO Bio-technology Co., Ltd., Guangzhou 510507, China)

Abstract: Objective: In this paper, a detection method suitable for rapid identification of three pathogenic bacteria from
food in the school catering was studied. Method: Based on isothermal multiple self-matching-initiated amplification
technology (IMSA), strain-specific primers were designed for Salmonella invA gene, Escherichia coli O157:H7/NM rfbE
gene and Listeria monocytogenes prfA gene to test the sensitivity, specificity, shortest enrichment time, and minimum
detection limit of bacterial content. Food microbiology inspection according to National Food Safety Standards (GB/T
4789.4-2016, GB/T 4789.30-2016, GB/T 4789.36-2016) were the reference methods, and compared the consistency of the
two methods. Result: The results showed that the sensitivity of our method to Salmonella, Escherichia coli O157:H7/NM
and Listeria monocytogenes were 2.14x10°, 2.79x10° and 3.62x10° CFU/mL respectively, the specificity was 100%, the
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shortest enrichment time of artificial contamination were 6, 8 and 8 hours respectively. The detection limits of the lowest

bacteria content were 2.14, 2.79 and 3.62 CFU/25 g respectively, and the consistency of the results of 74 food samples

using IMSA method and the reference method was 100%. Conclusion: IMSA technology of pathogenic bacteria detection in

food had the advantage of having high sensitivity, strong specificity and accurate results, which could complete the

detection of three pathogenic bacteria in food in a short time and was suitable for the rapid identification of pathogenic

bacteria in school catering.

Key words: Salmonella; Escherichia coli O157:H7/NM; Listeria monocytogenes; isothermal multiple self-matching-

initiated amplification
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VEE O R P 1R SR
1 MRS
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Table 1  Strains information
=] Wtk SCA TR BRI T SR Ll e
1 RAGZER DT IR Salmonella typhimurium  ATCC14028

2 Rty [K# 0157:H7/NM Escherichia coli 0157:H7/NM ATCC43888

3 M AEZECRRIRTE  Listeria monocytogenes ~ ATCC19111
4 B A i Enterobacter sakazakii ~ ATCC29544
5 PR Enterobacter aerogenes ~ ATCC13048
6 UL B2 o] Bacillus subtilis ATCC6633
7 A B R Pseudomonas aeruginosa  ATCC27853
8 YA P Pseudomonas fluorescens ATCC13525
9 I M AEREER TR Hemolytic streptococcus ~ ATCC21059
10 A e ORI ERTH Staphylococcus aureus ATCC6538
11 /NH%s R ER ARG Yersinia enterocolitica ~ ATCC23715
12 25 s i Campylobacter jejuni ~ ATCC33291
13 AEFLINE Vibrio cholerae ATCC14035
14 IR Vibrio vulnificus ATCC27562
15 I P Vibrio parahaemolyticus ~ ATCC17802
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1.2.1 SIS 6 R3S GenBank A AR TS
[TERE invd 3L C& [ 5: EU348365.1) . KiniRar
G O157:H7/NM #fbE 3 K (& ik 5. S83460.1) |
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Table 2 Primer sequence
U897 519 51YFHI(5-3") K3 (bp)
. CCGGCAATAGCGTCACCT
DSF-invd TGAAGCGTACTGGAAAGGG 37
FiTimd  CATTATTATCTTTGTGAACTT 3
. AAGCCAGCTTTACGGTTC
L, SteFeind TTGGCGGTATTTCGGTGGG 19
muv.
steR-invA CCGGCAATAGCGTCACCTT 19
RiToimg  AAGTTCACAAAGATAATAATGTA al
. TAAGTAGACAGGGCGGAG
. TTGGCGGTATTTCGGTGGGAT
DSR-invA CACCAATGGTCAGCATG 38

TCAGCTTGTTCTAACTGGGCTA
DSF-1fbE GGATTAGCTGTACATAGGCAAT a4

CACGAAAACGTGAAATTGCTGT

FIT-rfbE TGGCATGACGTTATAGGC 40
oF steF-rfbE AACAGTCTTGTACAAGTCCACA 2
£ steR-7fPE TCAGCTTGTTCTAACTGGGCTA 2
CAGCAATTTCACGTTTTCGTGTC
RIT-rfbE TGCGGTCCTAGTTAGAAT 4l
AACAGTCTTGTACAAGTCCAC
DSRBE GAGTACATTGGCATCGTGT 4
TGATGGTCCCGTTCTCGCTA
DSF-prf4 TGAACGCTCAAGCAGAAG 38
CTACAAAGGGGCTTTCGTTATC
FIT-prf4 CAATGGGATCCACAAGAAT 4
“ steF-prfd  TGATACAGAAACATCGGTTGGC 2
PIE seRprfd  TGATGGTCCCGTTCTCGCTA 20
ATAACGAAAGCCCCTTTGTAG
RIT-prfA - G ATAACGTATGCGGTAGC 4l

DSkt TOATACAGAAACATCGGTTGGCA
P GCTAGACTGTATGAAACTTGT

1.2.2 FEARTUNEEANEE  AEICHSAF T, FREL 25 g(mL)
BREAS, TR 225 mL 5535 5L 00 JO T 4 B A4S
1, L 1000 r/min 3455 2~3 min, ¥ 2 500 mL #EEHR
P, F 30=1 °C 8% 36+1 °C NEGFR.

1.2.3 MBI DNA $2H B3 ISR, 10000xg
B0 2 min J5 3 _BIEW, ULIE PN 100 pL 40 B
DNA 2B, IREIR > )5, 100 °C 4b# 10~15 min,
10000xg &.0> 2 min, WH VB 309 EP &P, B
7 DNA A5 .

1.2.4 IMSA ¥ #n;  Beiil {4 %R : 10xThermo-
Pol ZZ vh#% 2.5 uL, 10 mmol/L dNTPs 4 pL, 5 mol/L
GHEmE 5 ul, 150 mol/L HifiRsk 1 uL, 8U Bst KA1l
1 pL, 10 pmol/L DsF/DsR 0.5 upL, 20 pmol/L. SteF/
SteR 1 puL, 40 umol/L FIT/RIT 1 uL, DNA #ifiz 2 uL,
FhEESliZK 2 25 pL . BECHIL R N RIR G5, B
ANE IR 3 56K MY Deaou-308C 1, 2 W 5514
A 63 °C. 45 min.

1.2.5 RWARBUESEER: SIS IR 10 RS
MR 107°, ¥4 3 G B B AU, B 100 pL
AT T, A E 2 DNEE . RIS
R EL 1 mL 3E4T DNA $H, I 017 0w R 8UE

IMSA i, FHK PR R BS FoRVE AT, AR
MMZE ST = AP E LSRR IMSA J7 ki) REUE
1.2.6 #ESEpEscs 20k 15 BREE AR, 48 1 mL 5%
FEW BT DNA $2HL, I 7R 51 IMSA &, FH
KB 22 88 T RAVE M BT R AREAG I 45 5S4
A TEERUR R IMSA J7 iR
1.2.7  FEAS I S 07 1 B A TR R A5 PR AL AG: L B
LK TR, 53R IMSA Kl
TR VPTG S B PE 0 B b4 1AL, 43 BIRREX 25 g
A 225 mL IS HE K. SR EC AL RZELR
WEE N LB, SR 5 5 28 Mo b B a2 v N
2.14x10° CFU/mL 1 F A% FE€ 7 16 VB T QTR L 2,79
10° CFU/mL Py R GE O157:H7/NM Fll 3.62x%
10° CFU/mL B9 BAR% AN itg 338 A= 2= e QB A% 20 BT T
W0 fEEEFRRS, 2B 1 mL DA B XT 5 i 8% 57
Ferpr, BUAGTEZIEVNTTIGE T 36+1 °C 3537 4. 6.8 h,
KRG AICHE O157:H7/NM T 36+1 °C 153+ 6. 8.
10 h, FAAZ A MBS A 2SRRGB T 30+1 °C 1% 3% 6.
8. 10 ho #5FIE] S HEL 1 mL B2 1T DNA $2HY,
FEUEAT IMSA K, FH K B 14 25 88 7 7K R BT
T8 ARPEAGIN 285 SR =P IR EBOR B IMSA JF
TR B 18 TR TR TR ARG 5 T A S B
1.2.8 BRI  EJCHE A R, K 74 4y
BREAS S BIBRER 25 g(mL) BN 225 mL Y% rhiE
HK . LR EC R D A ZEIRIE BRI % LB 1, 2%
A /K BIREAS T 3621 °C 353% 6 h, LKL EC A
RIREAS T 361 °C 14537 8 h, ZE[CHEE A% LB AUFE
ZARTF 301 °C B55% 8 he BFFR4E S 45AH 1 mL 155%
WAEHL DNA, #E17T IMSA K5 [RlEs, $22 8 = prb7 37
#: GB 4789.4-2016 . GB4789.30-2016 F1 GB4789.36-
2016 43 5%F 74 HIREASHEATU0 1) QP . BAAZ 40 i 3
A ZEHTRE L A B KB IR A G O157:H7/NM £
SUL I S 1 A R0 W Tl B St L =) S SR |
IMSA J75 5 EbREE IR0 — 20k
1.3 HIEAIE

BEAEEA IMSA K AN AR RS IR 50 560 45 H1 4
2 WK, AS BRI 2SS 28 3 2 E i i REFR bt
e AR Iis

#3 gtk
Table 3 Statistical analysis method

TH EbREFREIAYE BRI R ait

IMSAL[HYE A B A+B
IMSAE:BIPE C D C+D
it A+C B+D N=A+B+C+D

H: —EE=(A+D)/N,
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B IR M M E N 2.14x10° CFU/mL, KI5 15 75 IR T
O157:H7/NM 45 F2 e BE R 2.79x10° CFU/mL,
PR A LG AR 2 T A BB 1Y 2l By IR MR OUR B N
3.62x10° CFU/mL., 3 10 5L RS, X451
BERGREW AT IMSA K, G5 R 4nE 1 s . #ES7
YD TGRS . RIGIRA G O157:H7/NM., HAZ4niE
P A=W FQ R IMS A ARG 725 B9 4 TR VR 58 F0URE 43
Bk 2.14x10%, 2.79%x10°, 3.62x10> CFU/mL,
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Fig.l Sensitivity of three bacterial solutions
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NM; C: B 21 M 34 A= 2R W R EQ B 1~12 4K 10°, 108,
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POpii

22 HFERMS
X 15 ¥R AL ET IR T IMSA K, 2551
anE 2 P R . SV TR . KB A G
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732155 AR B T ) B AR AR S P 0 P 3 i
2%, HA PR O B i 2, RS rER 3] 100% .
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Fig.2 Specificity of IMSA to detect three bacterial
A: PTG, B: KAy [WH O157:H7/NM, C: HA% 4l
B A= 2R TRR LRI 1~16 ARUCH B ZE B v 1T IRTE . R
A [T 0157:H7/NM., A% 40 Jfa 4 A= 2 [CRR EC TR L FRUR i A
[T 77 N N T 0 8 R N GESS AN (N N &SN )
W CHU IMPERERR G . 0 (VR4 BRI L /MBS I R UK R
IR =t rE . ERLE . QMG . B I A
XTI

0 5 10

10° CFU/mL LA - IREAS I RS 2 46 ) BRAJ 5E 17 i
VOITEGHE, AN T IS5 A 2.14x10°" CFU/mL AYFE
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o 8000 Fig.4 IMSA test results of artificially contaminated Escheri-
;%- chia coli O157:H7/NM cultured for 6 h (A), 8 h (B), 10 h (C)
#6000 s 1~6 4RUKCH 2.79x10°, 2.79x107, 2.79%10', 2.79x10°, 2.79x
= 4 .
Z 000 107" CFU/mL FIBHH:XT AR
2000 A 12000
5 10 15 20 25 30 35 40 45 10000
A ] (min) 3000 |
K3 ANLi5RRAFEREDTCERETE 4 h(A) ., 6h(B). 2 6000
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Fig.3 IMSA test results of artificially contaminated Salmonella & 4000
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IR ] 2 6 h, S R EA LRy 2.14% B 10000
10° CFU/25 g. HE57. IMSA J7ikhil K875 [G S0
W O157:H7/NM 45 R AN 4 IR, S /8 38 Bt a2y @ 7000 1
8 h, FAR A B RG HI R g 2.79%10° CFU/25 g 7 z P A
Ay IMSA Jr A I SR AZ 40 M A= 2= Bir ke QB 45 SR an }_; 4000
Kl 5 R, S B BRI [E] 28 8 h, SR B A H R = ;ggg
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ig 60001 monocytogenes cultured for 6 h (A), 8 h (B), 10 h (C)
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Kl 25 hn=e 4 pros . Hob 4 3 REAS R H 7 1Y
IMSA 7R VP T TICEE, 5 SRS IR AR 45 5
—3; 3 UYREASKS H K IR Ay ER B O157:H7/NM, 5
FEIAREE TR AR I 25 5350 1 A ARASAS: H PRAZ 41 it
I 2 AR R FQ B, 5 PR 4% 95 15 A ARG I 4% SR — 3
FH AT UL, IMSA U7 5 AR B 512 10— B0 = ik
100%, BEEHEENT. AT IMSA J5 32560 TR & e s op
VPTG . KIm¥a4 G O157:H7/NM FEAZ 4l i
T A 2 RE QB A IR A I RSCR

K4 PIRIERENES RS

Table 4 Statistical analysis table of test results of two methods

EpRETRE EbRIR o

E{ELN S| rees B
IMSAE R 4 0 4
TR IMSAZLBAYE 0 70 70
&it 7 70 74
L IMSAHME 3 0 3
jgg;%ﬁ /ENEI\'T IMSAERAH: 0 71 71
it 3 71 74
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