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Comparison of Conventional PCR and Multiplex Real-Time PCR Assay
for Detection of Staphylococcus aureus and Bacillus cereus
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ABSTRACT - In the present study, the performance of different PCR assays was compared for the rapid detection
of S. aureus and B. cereus in ready-to-eat foods such as sandwiches. The limit of detection (LOD) and specificity of
two assays (conventional PCR and real-time PCR) were compared. The LOD of real-time PCR ranged from 10° to 10°
CFU/mL for S. aureus and from 10% to 10° CFU/mL for B. cereus. The LOD of conventional PCR ranged from 10* to
10° CFU/mL for S. aureus and from 10° to 10° CFU/mL for B. cereus. The LOD of real-time PCR assay for S. aureus
and B. cereus in sandwiches ranged from 10* to 10° CFU/mL and from 10° to 10° CFU/mL, while the LOD of conven-
tional PCR was from 10* to 10° CFU/mL and from 10° to 10° CFU/mL, respectively. The LOD of the real-time PCR
was 10-fold higher than that of the conventional PCR. In conclusion, these results show that real-time PCR could be
used as an effective screening test for the rapid detection of S. aureus and B. cereus in sandwiches compared to con-

ventional PCR.
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Real-time PCR X1

Real-time PCR2| 73-9- S. aureus®} B. cereus B5F Tt
A2k 7] E(Kogenbiotech Co., Ltd., Seoul, Korea)E A}
B33t Azl A Zﬂ/\] g iy °ﬂ w2}t 3] template
DNA 5SuLE Yo & 20uLZ FAA5Z7](7500 Fast
real-time PCR, Apphed Biosystems, Carlsbad, CA, USA)
£ AAEAT ¥H-32 multiplexing 2704 50°C 28,
95°C 104, 95°C 15%, 60°C 13#2] cycleZ 40 cycles Ht
ANZoH, F 17 208 FE 225U} 97 vl

Results and Discussion

cPCR¥}real-time PCR2] E0|T 9l ZHESH] H|n
cPCR#} real-time PCRE] E-©| % (specificity)E &2135}7]
sty & 89F S aureus®t 78%F B. cereusEs O
sttt Solm A A3} 7Hzke] T2 Akl EH?'SH
189 2% 593 2345 JYeliAtk(Table 1, 2). &
50 B. cereus & hblC 31, nhed 285, entFM 36—r,
cytK 185, beeT 315, CER 195914 FA o] FZukgo]

<
£ 93l real-time PCR A3+= cPCRY 5% cycles?} & Lo Wk, 285 non-B. cereus dTE0|A = 265047
U3A C, (cycle threshold) %t 35 ©] }O] At ez 4435 BAY. Non-B. cereus W’ Bacillus
I3k thuringiensis 25741 ¢cPCR¥} real-time PCR =5 hbIC,
nhed, entFM, bceTolA Eo]&<0 w85 YeRAUL. B.
Table 1. Specificity between cPCR and real-time PCR assay for the detection of Bacillus cereus
) ) No. of positive strains
Bacteria strains No. of examined strains
hblC nheA entFM cytK bceT CER
Bacillus cereus (n = 50)
B. cereus 50 31 28 36 18 31 19
Non-Bacillus cereus (n = 28)
Bacillus thuringiensis 2 2 1 1 0 2 0
Bacillus spp. 2 0 0 0 0 0 0
Vibrio parahaemolyticus 5 0 0 0 0 0 0
Yersinia enterocolitica 5 0 0 0 0 0 0
Clostridium perfringens 5 0 0 0 0 0 0
Vibrio cholera 5 0 0 0 0 0 0
Staphylococcus aureus 4 0 0 0 0 0 0
Total number of strains 78
Table 2. Specificity between cPCR and real-time PCR assay for the detection of Staphylococcus aureus
Bacteria strains No. of ex.amined No. of positive strains
strains sea seb sec sed see seg seh sei
Staphylococcus aureus (n = 50)
S. aureus 50 23 3 10 4 1 35 4 34
Non-Staphylococcus aureus (n = 39)
Staphylococcus spp. 4 0 0 0 0 0 0 0 0
Campylobacter spp. 3 0 0 0 0 0 0 0 0
Clostridium perfiingens 4 0 0 0 0 0 0 0 0
Yersinia enterocolitica 5 0 0 0 0 0 0 0 0
Bacillus spp. [§ 0 0 0 0 0 0 0 0
Shigella spp. 2 0 0 0 0 0 0 0 0
Vibrio spp. 10 0 0 0 0 0 0 0 0
Salmonella spp. 4 0 0 0 0 0 0 0 0
Listeria monocytogenes 1 0 0 0 0 0 0 0 0

Total number of strains

89
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Table 3. The limit of detection (LOD) of the real-time PCR for toxigenic genes of Staphylococcus aureus and Bacillus cereus

Species Target gene Equation R? LOD (copies/uL)
sea y=-3.42x +37.019 0.999 10
seb y=-3.412x +37.436 0.999 10'
sec y=-3.51x+37.897 0.999 10
Staphylococeus aureus sed y =-3.546x +38.311 0.999 10
see y=-3.501x+37.217 0.997 10°
seg y =-3.533x + 38.227 0.997 10°
seh y =-3.495x + 38.359 0.998 10
sei y =-3.392x + 36.766 0.997 10°
bceT y =-3.356x + 36.763 1.0 10
CER y =-3.248x + 37.566 0.999 10
hblC y =-3.29x +36.523 0.999 10'
Bacillus cereus
nheA y=-3.269x + 35.697 0.999 10
cytK y =-3.334x + 36.638 1.0 10
entFM y=-3.188x +37.051 0.999 10'

Table 4. Comparison of the limit of detection of cPCR and real-time PCR assay in Staphylococcus aureus cultures

Conventional PCR (CFU/mL)

Real-time PCR (CFU/mL)

Target gene

10 10 10° 10* 10° 10° 10' 10 10° 10* 10° 10°

sea - - - - + + - - - - + +
seb - - - + + + - - - + +
sec - - - + + + - - + + + +
sed - - - + + + - - - - + +
see - - - - + + - - + + + +
seg - - - + + + - - + + + +
seh - - - + + + - - + + + +
sei - - - + + + - - + + + +

+: positive test result, -: negative test result.

thuringiensis 5 V5= A5 FHAAE 530 F5471 AZo] 7Festdh gk o] wo] RZH 0.997°1%d %

s = A9 A55S 72 Aty BaFATP?. & YERN AT Table 3).

T3 Rivera 579 A= 7470 B. thuringiensis| 4]

BT nhed 7HAAL oW, AT FFAAM hbIC, beeT cPCRY} real-time PCROJJA QIS H|n

AAE 7HAZ v 592, Hansen

SYE B

G2 oo of A

7 B4

A5l thdk cPCRFreal-

thuringiensis?| A1 hbl A, C, DS} nhe 4, B, CE 13}
L= VA REAC gz >4

S. aureus 89%F5 LR 3 Solx 4 AFAE
87/ S-A A el 3l inclusivity® exclusivity =F 100%%
A AT, Kim 592 & AFoA AMEE S aureus
ATCC 13565 (sea), ATCC 14458 (seb), ATCC 23235 (sed)°l
el 2t sea, seb, sed +AAE &g vl low, 2
AFNME FLs 2345 F2lesich

Real-time PCR W1 7%= ¥7}= multiplexing 7194 S.
aureus® XA FHA} 8FQ sea, seb, sec, sed, seh 74
A= 10 copies/ul ©1™, see, seg, sei A= 1 copy/uL
ATt B. cereus?] 67 ®AHFHAA 5 10 copies/uL7HA]

time PCRS ©] &3l AETIAE LIS w, targeto
w2} 2}o]lE H S TH(Table 4, 5). A& HAE S aureus®)
739 cPCRE 10*10° CFU/mL®|™, real-time PCRS 10°-
10° CFU/mLe]t}. B. cereuss c¢PCR (10°-10° CFU/mL)
0], real-time PCR (10>-10° CFU/mL) 522 7A&%
St A H S Z real-time PCRH©] cPCRY HET} 10H]

oY =2 WHEES Eth

ZMFHAEN cPCRY real-time PCR] AETH H]nl

A ZFoA AEIAE LolrIA AHFoE FAHH
A&l thddS LE9AIA cPCRF real-time PCR A8 S
F3st A3 Table 6, 73 o] AE=HAH
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Table 5. Comparison of the limit of detection of cPCR and real-time PCR assay in Bacillus cereus cultures

Conventional PCR (CFU/mL)

Real-time PCR (CFU/mL)

Target gene
gle 10! 10° 10 10°

1

0’ 10' 10 10° 10

bceT - -
hbiC - -
nheAd - -
CER - -
cytk - -
entl'M - -

+ o+ o+ o+ o+ o+
+ o+ + + + o+

+ o+ o+ o+ o+ o+
+ o+ o+ o+ o+ o+
+ o+ + + + o+
+ o+ o+ o+ o+ o+

+: positive test result, -: negative test result.

Table 6. Comparison between cPCR and real-time PCR assay for the detection of Staphylococcus aureus in sandwich

Conventional PCR (CFU/mL)

Real-time PCR (CFU/mL)

Target gene
gete 10! 10% 10° 10* 10°

—
S
O
—_
[}
C)

10' 10 10° 10*

—
S
=Y

sea - - - -
seb - - -

sec - - -

+ o+ o+

sed - - -
see - - - -
seg - - -
seh - - - -

+ + + + + + + o+

sei - - - -

+ o+ + o+ o+ o+
1
1
1
1
+ o+ o+ o+ o+ o+ o+
+ o+ o+ o+ o+ o+ o+

+ o+ o+ o+

+: positive test result, -: negative test result.

Table 7. Comparison between cPCR and real-time PCR assay for the detection of Bacillus cereus in sandwich

Conventional PCR (CFU/mL)

Real-time PCR (CFU/mL)

Target gene
gete 10 10% 10° 10*

10°

10 10? 10° 10°*

bceT - - -
hblC - - -
nheA - -
CER - - -
cytk - -
entFM - -

+ o+ o+ o+ o+ o+

+ o+ o+ o+ o+ o+

+ o+ +
+ o+ o+ o+ o+ o+
I

+: positive test result, -: negative test result.
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(sed)SF B. cereus (nhed) XS A <lgt tlF-iEo £
o] &l cPCRYET} real-time PCRo] F5o]ike] 77t
UehHA T 3 realtime PCRE -§-A4F SE0hs
A719% #gdo] adHA] &7 w9l conventional PCR

Bt} 2842 WHo® Agd
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o L
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