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Rapid and simultaneous detection of Salmonella, Shigella, and
Staphylococcus aureus in food using a multiplex RT-PCR assay
based on immunomagnetic separation
MAKai LIBao-Ming BAIYu CHEN Er-Ning LIU Jie WU Hui-Juan GAO Li-Juan
(Beijing Centre for Physical and Chemical Analysis, Beijing 100089, China)

Abstract: [Objective] This study aimed to develop a rapid and simultaneous detection method for
Salmonella, Shigella, and Staphylococcus (S.) aureus in food. [Methods] Magnetic beads coated
with specific antibodies were used to capture target pathogens from 250 mL at 37 °C. After quick
DNA extraction, multiplex RT-PCR was applied to detect the target pathogens with three sets of
specific primers and probes. [Results] The limit of detections of immunomagnetic separation
(IMS)-multiplex real-time PCR (RT-PCR) method were 2.0 CFU/g for Salmonella, 6.8 CFU/g for
shigella and 9.6 CFU/g for S. aureus. The sensitivity, specificity, and accuracy of this method were
99.2%, 100%, and 99.5%, respectively. One hundred fifty-one samples were tested using the
IMS-multiplex RT-PCR and GB methods, and only one negetive deviation was detected.
[Conclusion] The IMS-multiplex RT-PCR method with high sensitivity, specificity and accuracy
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could enable the simultaneous detection of Salmonella, Shigella, and S. aureus in food within 8 h
and offers the opportunity for a quick response in an emergency when these bacteria are detected.
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Table 1 Specificity of the multiplex real-time PCR primers for different bacterial strains

RT-PC results®

Bacterial strains Source
Salm Shig Stap
Salmonella sp. ATCC 14028 4 = =
CGMCC 1.1552 4F - -
CGMCC 1.1859 I = =
CGMCC 1.1174 + - -
CMCC 50094 + - -
Shigella sp. ATCC 12022 = e —
CGMCC 1.1868 = + -
CGMCC 1.1869 = + -
CMCC 51218 = + =
CMCC 51120 = + -
Staphylococcus aureus ATCC 25923 = — +
CGMCC 1.1476 = = +
CGMCC 1.8000 = = +
CMCC 26001 = = +
CMCC 26003 - = F
CMCC 26112 - = 4
Listeria monocytogenes CMCC 54003 - - -
CMCC 54004 - - -
CMCC 54005 - - -
Escherichia coli CMCC 44113 - - -
CMCC 44001 - - -
Bacillus cereus CMCC 63301-5a - - -
Bacillus subtilis CMCC(B) 63501 - - -
Enterococcus faecalis CGMCC 1.2135 - - -
Streptomyces griseus subsp. griseus CGMCC 4.139 - - -
Micrococcus luteus CMCC 28001 = = =
Pseudomonus aerug CMCC 10104 = = =
Lactobacillus plantarum JCM 1149 = = =
Lactobacillus fermentum JCM 1173 - - -
Lactobacillus paracasei subsp. paracasei NBRC 15889 = - -
Bacillus licheniformis CGMCC 1.91 - - -
Pseudomonas sp. CICC 20071 = = =
Bacteroides fragilis CICC 10398 - - -

Vibrio parahaemolyticus
Streptococcus hemolyticus
Pseudomonas aeruginosa

Clostridium sporogenes

CGMCC 1.1997
CMCC 32004-7a
CMCC 10104
CICC 10385

Note: *: Salm: Salmonella sp.; Shig: Shigella sp.; Stap: Staphylococcus aureus; +: Positive; —: Negative.
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Table 2 Primers and probes for multiplex RT-PCR detection of Salmonella, Shigella and Staphylococcus aureus
Bacteria Primers/probes (5'—3") Product sizes (bp) Genes References
Salmonella sp. GCTATTTTCGTCCGGCATGA 261 NA* [18]
GCGACTATCAGGTTACCGTGGA
FAM-TAGCCAGCGAGGTGAAAACGACAAAGG-BHQ1
Shigella sp. CTTGACCGCCTTTCCGATA 117 ipaH [19-20]
AGCGAAAGACTGCTGTCGAAG
CY3-AACAGGTCGCTGCATGGCTGGAA-BHQ1
S. aureus TTCTTCACGACTAAATAAACGCTCA 160 Sa442 [21]
GGTACTACTAAAGATTATCAAGACGGCT
CY5-CAGAACACAATGTTTCCGATGCAACGT-BHQ2

Salmonella sp. GCTATTTTCGTCCGGCATGA 261 NA? [18]
Note: NA*: Not available.

142 HREHSERHEIRK: 25 ¢ 225 mL 0.5 uL 0.5 uL) 3
NB 10 (10 pumol/L) 0.5-1.0 pL ( 1.0 uL
250 mL 250 mL 0.5 uL 0.5 ul) DNA 1.0 uL
30 min ( 3 DNA 1.0 uL
1.5 mL - 200 pL DNA DNA 1.0 L
DNA DNA 1.0 uL)
1.5 DNA 2B 20 uL 95°C20s 95°C3s 60°C
DNA 1:50 ( ) 30s 40
5 mL NB 37 °C 24 h 1:50 DNA 10 DNA
37 °C 8 h 1 mL 10 PCR SDS v1.4
1 mL DNA G
DNA OD,60/0ODag
DNA —20 °C ImL 1.7 45560
10 100 uL 1.7.1 S RIREHFR AN 1 37
NB 37°C ( 16 21 )
1.6 PCR
(CFU)
- DNA DNA PCR
12 000 r/min - 1.7.2  RIGHIEKYFRAIEREN
DNA 10
1.6 =FRHE=E PCR 3
PCR 20 uL 10 mL 1 mL
TagMan Fast Universal PCR Master Mix (2x) 3 30 min
(2.5 pmol/L)  0.5-1.0 pL ( 1.0 uL 30 min 1 mL PBS -
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3 1 mL 1xPBS 221 33
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Table 3 Determination of LOD and estimation of SE, SP and AC

Inoculation Strains Concegtration level of No. of samples RTPCR resuls

strains (CFU/g) Salm Shig Stap
Salmonella sp. 10' 10 + ND ND
= = 1 ND ND ND
Shigella sp. 10' 10 ND + ND
= = 1 ND ND ND
S. aureus 10' 10 ND ND +
= = 1 ND ND ND
Salmonella sp., Shigella sp., S. aureus® 10° 10 +2 ND ND
- - 1 ND ND ND
Salmonella sp., Shigella sp., S. aureus® 10' 10 + + 4
- - 1 ND ND ND
Salmonella sp., Shigella sp., S. aureus® 10 10 + + +
- - 1 ND ND ND
Salmonella sp., Shigella sp., S. aureus® 10° 10 4 4 A
- - 1 ND ND ND
Total 77

Note: *: Salmonella was detected only in 3 samples, and this group was not used for calculating LOD, SE, SP and AC; ”: Used for limit of
detection test; °: Negative deviations detected; ND: Not detected; —: Negative control.
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1.10  SEPRHE SR 0.992 (y=—3.55x+40.47) DNA
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PCR 0.96 CFU/g ) 3
RT-PCR
1
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Table 4 Specificity detectionof IMBs

Strains
IMBs Giiomp Salmonella sp.C t Shigella sp. — S. aureus —

a A apture apture apture

No. 1 No. 2 ratep(%)b No. 1 No. 2 ratf(%) No. 1 No. 2 rateI:)(%)
Anti-Salmonella 1 3 135 97.83 | 136 4 286 1 97 10 9.35
sp. IMBs 2 4 159 97.55 | 130 2 152 ¢ 100 4 3.85
3 8 124 93.94 | 105 2 187 | 9 21 17.95
4 7 118 9440 | 107 2 1.83 1 100 2 1.96
Anti-Shigella sp. 1 225 22 891 | 5 124 96.12 | 280 10 3.45
IMBs 2 214 21 8.94 ! 4 118 96.72 | 258 19 6.86
3 215 34 13.65 ! 5 127 9621 | 226 17 7.00
4 247 22 8.18 ! 5 119 9597 | 222 23 9.39
Anti-S.  aureus 1 152 25 14.12 P23 2 1.60 8 230 96.64
IMBs 2 192 16 769 & 119 3 246 6 247 97.63
3 203 39 1612 & 127 0 0.00 : 2 232 99.15
4 219 22 9.13 : 108 0 0.00 ! 4 254 98.45

Note: *: No. 1: Total number of colonies in supernatant (CFU/400 pL); No. 2: Total number of colonies in sediment (CFU/400 pL). °:
Capture rate=No. 2/(No. 1 + No. 2).

http://journals.im.ac.cn/wswxtbcn



PCR

2375

A
35.134
34.000

32.000

30.000
S

28.000

26.000

Standard curve

= Salm-Fam-BQ
- Shig-cy3-BQ2
+ Stap-cy5-BQ

24.000
22.261

X0

.

B Delta Rn vs cycle
1.000e+001 Stap N
1.000e+000 it

Salm
1.000e-001

1.000e-002 1.

Delta Rn

1.000e-003 [

1.000e-004
1.000e—005 f

1.000e-006

“1.792 2.000 2.500 3.000 3.500 4.000 4.500 4.959

Log Co

1 S 10 15 20 25 30 35 40
Cycle number

El1 ZERNATEE PCRITEMZKQ)FY EHLZ%(B)
Figure 1 Standard curve (A) and amplification curve (B) for multiplex RT-PCR
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Table S SE, SP and AC of the IMS-multiplex RT-PCR method

Strains
Items : IMS-multiplex RT-PCR
Salmonella sp. Shigella sp. S. aureus

Positive agreement 40 40 39

Negative agreement 27 27 27

Positive deviation 0 0

Negative deviation 0 1

Total number of samples 67 67 67

Sensitivity” (%) 100 100 97.5 99.2

Specificity” (%) 100 100 100 100

Accuracy” (%) 100 100 98.5 99.5
Note: *: SE=[PA/(PA+ND)]x100%; SP=[NA/(NA+PD)]x100%; AC=[(PA+NA)/N]x100%.
2.5 SKRRMEmRAET

GB 151
GB
2 RT-PCR 2
180 nm
GB 3
8 RT-PCR 95%
9 1 GB
DNA
RT-PCR
DNA
. »
3 Wig 1%
DNA [24-26]
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[23] BHQ
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