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Evaluation of duplex PCR detection kit for detection of Cronobacter
in food samples
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Abstract: [Background] Cronobacter spp. are major foodborne pathogens that need to be intensively
monitored for food safety. At present, with continuous development of the molecular detection technology,
it is very important to develop simple and efficient detection methods for Cronobacter detection in food.
[Objective] Develop duplex PCR detection kit for detecting Cronobacter and evaluate its detecting
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efficacy in food samples. [Methods] Duplex PCR reaction system was optimized and the components of
the kit were confirmed. The main reaction reagents were made into powder pattern by freeze drying. Then
the specificity, sensitivity, repeatability, shelf life and other performance indexes of the kit were evaluated.
[Results] All Cronobacter standard strains and isolated strains were detected positive with two distinct
bands in the target size, while all non-Cronobacter standard strains and isolated strains were detected
negative without target band observed. The detection sensitivity of Cronobacter purified genomic DNA
and pure cultures was respectively 2.3x10"' ng/uL and 3.2x10* CFU/mL. Cronobacter in 65 food samples
was detected. The detection result obtained by the kit was highly consistent with that obtained by
conventional microbial detection method. The intra-batch and inter-batch testing repetition rates were all
100%. The kit had no efficacy loss after 120 h storage at 42 °C and 12 months at 4 °C. [Conclusion] The
kit is stable, reliable, and applicable for rapid detection of Cronobacter in food.

Keywords: Cronobacter, Duplex PCR detection kit, Performance evaluation
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JL, BB GRS | B . SRPEPE /N s 2
Wi R VA B 28 R G A S e , e B A v i BoE
AU i S A R [ PN AN 56 T8 B VAT TR
PRI R A, BAEA R b vd PR S G
JRURS: AR 0, i 22 36 58 B A T A LA 23 A R B
S BT A0 T, DR 6 R S B AT R
W e,

T EAT 2R 5T B AT R ARSI vk, an
GB 4789.40-2016 3£ FEHk e ik | SRS
FEHR PCR L4 | (A 80y 1 22 36 B M G ) 440
K BER R ARG BT ARSI A A R BR
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G E DL AR TS5 R
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1.1 FFE

VEIFRMERI VR . C. sakazakii ATCC29544 ., C.
sakazakii ATCC51329, C. sakazakii A108. /N4
i R BR /R #% FCH (Yersinia enterocolitica) CMCC(B)
52204 . i ¢ {5 A B (Pseudomonas aeruginosa)
ATCC9027 . JFi % & B [C T (Shigella dysenteriae)
CMCC(B)51105 . f5%€ 751 K (Salmonella typhi)
CMCC(B)50071 . 3 [ #7 & 2 #F I (Citrobacter
freundii) ATCC43864 . #f & Zf fd /T B (Bacillus
subtilis) ATCC6633 . K 7 3% % [K I/ O157:H7
(Escherichia coli O157:H7) NTCT12900., Ki#i&4
K H (E. coli) ATCC25922 . % Kz #j % ¥Rk &
(Saphylococcus epidermidis) CMCC(B)26069 ., B+
ZEFUFT 6 (Bacillus cereus) CMCC(B)63303 . 4x 1 {4,
#] % BR 44 (Saphyl ococcus aureus) CMCC(B)26003
R VPR EE (S enteritidis) CMCC(B)50335 ., Fig%
a0 HL 8 A 2 M ¢ @ (Listeria monocytogene)
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Table 1 Sequences of the primers for PCR
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Nl BREEEOHL, Sigma AH]; FEERIRH
VKA, JEa i 7S —AES T 5 SR, Interscience
/A ] ; NanoDrop 2000 #4366 T, Thermo
Fisher Scientific 23 A] .
1.3 7%
1.3.1 XE PCR #&MiEREL

M NCBI (National Center for Biotechnology
Information) $iCH 22 H 48 2R AR B vw 2 5 11 e 57
PEHEIEIA 16S rDNA™HI ompAlE R Scpf, 4
Z P HOR, PR i B ORAT DX 91 50 AR
%) PCR 51¥y, HAAFHIILE 1. F R R
25 FFARE AR DGR TE LA K i A P S 30 B AN R R R
(55 MgCl, ¥ . dNTPs ¥k J¥ . Tag DNA
Polymerase #¢J& . PIXT5 [P BERC L | 1R AR EE LA
Ko SN ARG PRS0 B B (R KOl BE B 42, 43,
44 45 46.47.48.49.50, 51 °C), Lk ATCC29544
DNA Jgfitie, BAAAFEEAT RN, AR
AR R TN

Primers name Sequences (5'—3")

Primer length (bp) Amplified fragment length (bp)

OompA-F CGTTGGTGTTTCCTACCGT
OmpA-R TCAGGGTCGCTTTGTTGA
16SrDNA-F GAACCTTACCTGGTCTTGACA
16SrDNA-R TCGCTTCTCTTTGTATGCG

19 142
18
21 285
19
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(1) TR & . FETCRPREE N IR G 75 20k
TR BRI A G IR & W (045 DNA R G5 .
dNTPs. 5IMET IR, S TRG T, &
TWA P IAT PRV VR, IF4% B R VR TR R T
AT TSR] (2) PHMEXT BE TR 45 . 1ADRS HEE
(A BIRT 7 25 55 F  J5k DR 2 DNA 35 98P I A R B9
HTORAPA, srde Tast, IFEU R TRFH
FAFE]; (3) BT RE Ty A . ORE BREAY R BR
Ui 5 5 VA AT B LR 2H DNA B0 o m AR I (7 T
PRI R, e FRah, UL BRI &1
2 (4) EEWHE . AR BE 9 (NH4)2SO04
MgSOy., Tris-HCI, KCI X Triton X-100 JR 41551,
TR (5) R AN SR
Tris-HCI (pH 8.5). EDTA L)} SDS IR &7153, 4%
BeTF2588H; (6) 6xLoading buffer il 5. HIAHN &
iy EDTA . Hyh . —HRIEEE FF DL B iR
GR35, TR B B 6 RhasdRdl e ik
F&, HAE K 24 Test/£io
1.3.3 £ DNA #REIE

(1) PRI A A M T AR RN 43 25 bk 1 0 6 355 77
VR IAT 30 pL 24, T IFIR 4 99 °C Kk
15 min, 12 000 r/min E§.0> 10 min J5HCE3F, BIAH
$Z DNA Fil, —40 °C IR1F . (2) bttt v
Bk DNA % . M4 GB4789.40-20161, 5
SEBRAESRE 100 g 2% 100 mL & T 900 mL 44 °C ik
() BPW, 36+1 °C 1572 1842 h, HU 1 mL 28BS
FiF 10 mL mLST-Vm R37, 44+0.5 °C 53¢ 4 h, HL
1 mL B35 ERE 1.5 mL TCE L H, 6 000 r/min
B0 Smin, 3 FYE, A 30 uL 2R, T EIT
JG#: 99 °C K% 15 min, 12 000 r/min &5.(> 10 min
JEBC I, BISMAERIAY DNA FESL . (3) N T.i54
FEM A BURLLIR . BT Bils 405 i
W3k 4 FhL 5 £, AR HERUE PR30 7 VR 480
BIHFFEAYE, JFE 100 g 5 100 mL % T 900 mL
44 °C Fi#(K BPW, 36+1 °C #5355 18+2 h, B 1 mL
ZIEEH I FERN T 10 mL mLST-Vm 1%, 44+0.5 °C

Kigk 4 h, BIXPRASE] Sy mLST-Vm A7, 4351
HoinA 1 mL BAMEFERERER, FooMRAIE, M
RAER, A HC1.0 mL il 25 AHN ) DNA Fdd . Hordr,
Z PR TR R 8 LAk . ARPEAF I A el
Ri R h RO MR ES 5, BUPRHER R ATCC29544
EEREIRY), ZHE PR . R, T
SR BE 24k 3.2x10° CFU/mL (17 BRIk .
1.34 $#HRMIAE

BUod B U TR bR HE TR AR 20 B AR AR 50 B i
PIAREDARE . 3 Bibk, 405l L DNA K0, &
BRI S UL 52 70k, B> DNA FRdh R
3ASEATINER, SR B E RS . IS A
R =R ) PH 1 235 5 TR AR B0 8 0 TR AR < 100% o
135 RHEERARE

(1) 2l DNA I : PR HETR#R ATCC29544 #r
ff 35 Y4ERI ] 100 mL TSB Hr, 36+1 °C ¥53%
2442 h, ZY0TE 4 DNA $2BORH] & e B3
AL DNA, FF05E HHJE H 2.3x10% ng/uL.
LI b4l DNA BB E 2.3x10° ng/ul, J54>
BIE 2 pL Ze A S, R A 3 ATl
(2) AREFEML . BURHERFE ATCC29544 s#rfit
Ry, PRE—IAEVEE T 30 mL A HiEh K,
e BT IR A R KB EERR R (4351 M 10,
10, 10°, 10*, 10°, 10°, 107, 10* 0 10° f%), 4
BICRE BRI 100 pL SEA 7 I8 - Al 8. [
UM B 100 L i) % DNA FE 5L, BARJ5 ¥R .
UM B 100 L B F 200 uL KB PCR &+,
6 000 r/min #§.(> 5 min; 7 i, G 2RES I 1.3.3
AU I Y DNA KRS, 439 2 pl 2497 &
R, BoR 3 ATt a0 S 45 S 5 s
BE AL B s Bt TR, A R AR IR .
KRBT TS IR GB4789.2-2016!", %5 &
T IAGE 362 BIR (CF U Y= (A 38551 S8 A e Azl 381 14 e
s BB ALY 100 pL PR I () 5 T /156
1.3.6  SHERERN 75 XL I8 IE

il #8 SZBRRE B AT T 5 YeRE B DNA dE3t
130 iy, Bl et , BeRA 3 AT
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GB4789.40-2016", %f e LA b 1 b 7 v 46000 4%
FEMATGETT AT o T, K H A B =S Ao I3k
o VR G 000 925 359 Ay B 2 248 SR 461 50+ A ARG 0 9 R A o
RGE NI 157 Ay ) 285 SR 5 550 T A it 1 550 100% o
1.3.7 EEEMIUE

BEALBGA & 10 £, 4 Horp BHAE X BE R 1
X AU, A (A1 AN [R) A et . B Ta) . B LA
AL (TERR— VBT, HAh AR SR8 —
), FORI 10 A7, HESEHAG AR,
I A P T A 5 PR 1.2 H 6 Mt iR £
FE Rl — AR 2T, 2233050 mp B Xt BE R B %ot
HES, BROMGIAL 10 ASFA73208, e m
SEOL, DA FCAt R F A2 e A R sl e s I 8 A2
= ] s A A T 2 K50 G R < 100%.
1.3.8 {RBHAYIE

AR 1.3.3 Hifil 45 AU B 20 3.2x10% CFU/mL

A
bp M1 23456 78

2000
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100 ompA

C
bp M1 2 3 45 6 7 8
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1 PCR RNFZFSIMECELHL

16S rDNA
ompA

) BE A B R B, T B 1 mL %R B ) 45 H: DNA
FE, VERIRE b BEHLEIA R & 5 &8 T
4 °C WEifRAF, IFTEIRAE 1. 3. 6. 9 F 12 )]
I [E) 5 B 28 DNA BRI R0 S8 5 BepLE
WA & S &8 T 42 °C B ififr 120 h, If
Sy ITESE 24 h I, £ DNA K5 IR H 5 1R i
faEM . DRk 10 ASPAT S5, A
o I 5 SR o G N A 2% = B e 4 SR 91 /e s )
$x100%.

2 ZR545H
2.1 X E PCR &M RAEL

WAL SEFRAL, BT 20 uL AAE PCR
VR Z (£045 10xPCR buffer, Tag DNA Polymerase,
dNTPs DLW 5| PR G541 5). PCR W 4%
4242 95°C 10 min; 95°C 30's, 58°C30s, 72°C
20's, 30 MEFR; 72 °C 10 min, i, RBIAZR
H X 5 | e e LI 1

2 3 45 6 7 8

bp M1

2 000
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750
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750
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Figure 1 Optimization of primer concentration test for the duplex PCR reaction system

. A: ompA BT PCR 5MvEREMIiL; B: 16SrDNA BAEE PCR 514k BEMli; C: ompA 51¥1HkEE 4 0.1 umol/L, 16SrDNA 3|
Py B SERERE AR D: 16S rDNA 5147¥k 4 0.1 pmol/L, ompA 5143k & 546 AR (L. M: Marker DL2000; 1-8: 4%
2R P B S IR BE 43512 0.01. 0.02, 0.05. 0.07. 0.10, 0.12, 0.15. 0.20 pmol/L.

Note: A: ompA primer concentration test for single PCR; B: 16SrDNA primer concentration test for single PCR; C: The concentration of
ompA primer is 0.1 pmol/L, gradient concentration change test of 16S rDNA primer; D: The concentration of 16S rDNA primer is

0.1 umol/L, gradient concentration change test of 0mpA primer. M: Marker DL2000; 1—-8: The gradient concentrations of primer change
in each group are respectively 0.01, 0.02, 0.05, 0.07, 0.10, 0.12, 0.15, 0.20 pmol/L.
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3 BRTCE UEAT B bR AR ST H AR B
S S B RS, T 29 BRAE TE B TR AT I bR R
PRAE SR IR B E AR Aty LIl 2. 117 #Roe %
VAT TR 43 B TR R (b 276 B AR B 45 P
it , i HAt 235 BRAE 78 2 TR T 20 15 TR AR A
MR B H bR, L3R 2.
23 REERARE

4fi DNA #kJ¥7E 2.3x107'-2.3x10% ng/uL 5, H4y7]
HBUIA S 0 H AR (A 1, W Ry 2.3%107 ng/uL B,
] R 25 HARAT), LR 35 2liBs SR d ik AE
3.2x10*-3.2x107 CFU/mL I}, ¥7] H 308 B 14 H b5

bp

2000

1 000
750
500

250
100

B2 FREEPREF IR ER KGR

Figure 2 Electrophoretic results of PCR product for sensitivity

Note: M: Marker DL2000.

x2 HRMENER
Table 2 Results of specificity

KA (A, WK 3.2x10°-3.2x10° CFU/mL i,
PFPTH I 2% HARA5A), W 4, BE A i
BBR K 3.2x10* CFU/mL.,
2.4  SEROERNT AR X ELIEIE
LR T IEXS 65 M FF b [RIBF HEA ARG, 25
RWORTERLILYR . B LILKK . AT
CLRYh . B 2E W Wb, AR 7 ik ARG o v
FEr 50 100.0% . 100.0% . 90.0%. 100.0% .
100.0%. 100.0%F1 100.0%, &1~ 98.3%, Xf
N5 YAt S A VERR EE R 100.0%, A
LRGN 25 R 5 bRy R A5 R — B R,
%3,

BRI G I B 1 25 S P R e A A U R AR (173 /40) R A2
Strain category Positive strain samples/Total strain samples (n/n) Accordance rate (%)
Cronobacter standard strains 3/3 100
Non-Cronobacter standard strains 0/29 100
Cronobacter isolated strains 117/117 100
Non-Cronobacter isolated strains 0/235 100
B. cereus 0/26 100
E. coli 0/30 100
S aureus 0/21 100
L. monocytogene 0/28 100
P. shigelloides 0/11 100
R. terrigena 0/15 100
Y. enterocolitica 0/13 100
S typhi 0/21 100
B. subtilis 0/12 100
C. jguni 0/17 100
V. parahaemolyticus 0/22 100
E. faecali 0/19 100
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bp M 1

2 3 45 6 7 8

2000

1000

750
500

250
100

3 4 DNA REEMR ik E

Figure 3 Electrophoretic results of purified genomic DNA
PCR product for sensitivity

H: M: Marker DL2000; 1-8: #li DNA #4051 2.3x10%,
2.3x10', 2.3x10°, 2.3x107", 2.3x107%, 2.3x107, 2.3x107*,
2.3x107° ng/uL.

Note: M: Marker DL2000; 1-8: The concentrations of purified
genomic DNA are 2.3x10%, 2.3x10", 2.3x10° 2.3x107", 2.3x107%,
2.3%x1072,2.3x107, 2.3x107° ng/puL, respectively.

*3 RmiEmT PCREMVER

bp

2000

1000
750
500
250
100

B4 HAEFE
Figure 4 Electrophoretic results of pure cultures PCR
product for sensitivity

1¥: M: Marker DL2000; 1-9: Zli5s 3% B &40 3 3.2x107"
3.2x10°, 3.2x10", 3.2x10%, 3.2x10°, 3.2x10*, 3.2x10°, 3.2x10°,
3.2x10” CFU/mL.

Note: M: Marker DL2000; 1-9: The concentrations of pure
cultures are 3.2x107", 3.2x10°, 3.2x10', 3.2x10%, 3.2x10°
3.2x10% 3.2x10°, 3.2x10%, 3.2x107 CFU/mL, respectively.

R BN RSk E

Table 3 The detection results of practical samples by the PCR method

A6 R RO AG A it e (103 /463)

FE b 24 FR Positive cases/Total cases of sample (n/n) K RS
Sample name PCR #:l] BRI TT A Accuracy rate (%)
PCR method Conventional method
SE[REE S Practical samples 4/60 3/60 98.3
Infant milk powder 1/10 1/10 100.0
Infant rice flour 0/10 0/10 100.0
Adult milk powder 2/10 1/10 90.0
Pasteurised milk 0/10 0/10 100.0
Skim milk 1/10 1/10 100.0
Acidophilus milk 0/10 0/10 100.0
TS YR 5/5 5/5 100.0

Artificially contaminated samples

25 ESMHWIE

Ei1A 8 alll L S N[ E P (B2 SO N T NI
BRI B 2650 100%, L3 4 LI
rh, ORI  A R)  HAG I 5T A< 840 100%,
WK s,
2.6 f{REHATGIE

TE 42 °C B 24, 48, 72, 96 Fll
120 h Ji7, HAGMRER AR E] 100%; £ 4 °C 7
By BIMRAE 1. 3. 6. 9 F 12 4N H 5 Bks sk %
Hh 100%. W3 6.

3 wWE4Rw

SRR Az, JUHJE C. sakazakii,
2240 L2 5 g AR, HEGURW m, P %ig)
JLAP ) ot A5 1 it E AR I X 5, ARSI AE SR
T i P S S O A I, S S PR A AR
HRO 5 2 U A BT B FEEARLAE o 2 O T e B AT T
AR ARSI B 47 22 M4 56 151 FDA 4 181 25 20 i T

(Food and Drug Administration-Bacteriological
Analytical Manual, FDA-BAM)#1 GB4789.40-2016!""!

R AR Tk, FEARFERSE . R
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x4 HAEEMSRERPAMERBIB:AMEERHIE (0:n))

Table 4 Results of intra-batch repeatability (positive cases:negative cases (n:n))

BEAESME SH P X HEAE IH P X AR o) A2
Operating conditions Negative control samples Positive control samples Accordance rate (%)
Site 1 0:10 10:0 100
Site 2 0:10 10:0
Site 3 0:10 10:0
Time 1 0:10 10:0 100
Time 2 0:10 10:0
Time 3 0:10 10:0
Personnel 1 0:10 10:0 100
Personnel 2 0:10 10:0
Personnel 3 0:10 10:0
Instrument 1 0:10 10:0 100
Instrument 2 0:10 10:0
Instrument 3 0:10 10:0

x5 HEEEMIEIEPRMELEREIB:AMLEERHIE (n:n))

Table S Results of inter-batch repeatability (positive cases:negative cases (n:n))

E(in/8 [SH AT BEAE: i FH X HRAE i ORI SRS
Batches Negative control samples Positive control samples Accordance rate (%)
20161109 0:10 10:0 100
20161208 0:10 10:0 100
20170111 0:10 10:0 100
20170207 0:10 10:0 100
20170308 0:10 10:0 100
20170410 0:10 10:0 100

*6 IREHIRKER
Table 6 Results of shelf life stability

24 I 235 SR 49 55 ARG 491180 (nim) oAUl &
Parameters Positive cases:Total cases (n:n) Detection efficiency (%)
i AE B[R] (V8B 24 10:10 100
72 10:10 100
96 10:10 100
120 10:10 100
FRAERT R () 1 10:10 100
Time (month) 3 10:10 100
6 10:10 100
9 10:10 100
12 10:10 100

T TEARSRYE | A DL, W [A) R
BPW ., mLST-Vm, BRUG AT . (0 55 57 3 LK A
e F 2 M, BRI AL 5-6 d, T
ZIZEAE B, TR DAL IR R R T
A7, BT R KRER & T A I iAs o T Ik S s Ay
I F 58 B AT A g, B AN P
Bl — 2 5g B A 013 Bk it ik iz B
Jid H Pk 2 (Pulsed field gel electrophoresis, PFGE)

M3 FE LB Wik o 15 51 C. sakazakii #1 C.
malonaticus' ™ ;I F Z i £ ¥ 51 43 B R
(Multilocus sequence typing, MLST)X} M5 H1 43
OB il A B B e VAP L BU I 2 A
Al AF ¥ B BB E K ¥ 41 4 B (Multiple  locus
variable-number tandem repeat analysis, MLVA)X}
W B EIR 62 PRy B A kAT 17 40 BAF
FElV L ALL e SR B, T
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TEAT B T4 (0 L, A I B A SR
BN AN 400 T [ 51 T N 45, TR A 32
ARSI A LA 3 I

PCR HARKEEAC T4, HH
PCR § 44 0 FH 1433k, PCR FARTCIRZEM
Fra7 57 (f1 5 Tag DNA Polymerase . JZ /i Buffer,
dNTPs %), {4&%, BRI 3TZ, Iz
URIAEL GB4789.6-2016"F1 GB4789.12-20161"14%
B B 4 A S AT 22 PCR AT A 56 B 1 3 K
AIE, EHEENIET PCR A MY B0 AL PG
PRALIEAR . FIXT AT Y PCR AN 2 = N Ah
WF9EARZ, i ompA LA PCR 7 46l
C. sakazakii (19771725 %5 cgeA HEPE PR MMS 5t
PIUAISz it 95 PCR ¥k 7 58 % W AT B AG 0 )y 12
S, AR R Tl E i PCR KI5 230K
AP LA B 3% FH A, 24 1 78 S 2 5L 1 B
o FESCBRY RS 5, B YRR S PCR
(Species specific PCR, SSPCR)4%AR! &t
R SRR S 14, 2o A7 B SR W O IS L Tk R 4%
H W B A TCRI AT SE R, IR JO T &2 42 AN A% 1%
e o ELPR A fRT DRl ASHIF 98 ML A =22 i A B 52 A
VEELE B2 IR 0 v B AT R SR SR N 16S
rDNA"IRT ompAlM ) E— 25 25 o e S BUH: 25
RS B, TS i TR PCR RO AR
Ak, It X 220k 384 R H ULEOR T RS v B AR
I3 B TRAR B A2, UE ST AR I A 2 ) s P A 5
P, ARG T BE PCR A 5 BB
PHEAR IO o 380 2 X SEBRAFE Sl A XT E A, L2 IR
P D5 A — B0, WAL AR R AL B rh o S R
GB/T4789.40-2016"", WA SC 1.3.3 ik, Xt
HZREIN 7 (AT A TR SR AR . D94, M IE K
PR AR 2, APl 73 PCR G5
£, FFERFIZ R AR R T B VR A 1 A3 (0
dNTPs Ll K Taq DNA A 5), 4K T LT,
HEATTHARAL R, AR F 5 B AR, A
TR (1) BRI EEB T . A LA B R I

BLEGRARE s (2) HRAERIE, WA S0k S I FEES
W AR 2 R R AR VR R ) AR A B IR
A5 YA s (3) AR AT B S RIS A A

AW UESE T i3858 £ i R AU B, P | dkla)
FRVERSE, I EIATTE 4 °C &4 FigfF ikt
W] (12 ), WATLE 42 °C (4 IR h AE i K ik
5 d, iR s, WIS AR &
KRGT TEMEEE, B2, ABFEIES T %K
MG vERETT K, HLERERIL . R D BAAI
A 5 R T A B A T RS
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