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Establishment and evaluation of a quantitative real-time PCR assay for
rapid detection of Staphylococcus aureus and methicillin-resistant Staphy-

lococcus aureus

DOU Yu-hong , LIANG Hong, HE Yue, LIU He-lu, LIU Qiong, MA Cai-feng, LI Yu-xia
(Shenzhen Shajing Hospital Af filiated to Guangzhou Medical University , Shenzhen 518104, China)

[Abstract] Objective To establish a quantitative real-time polymerase chain reaction(qPCR) assay for rapid detec-
tion of Staphylococcus aureus (SA) and its mecA gene, rapidly and accurately diagnose SA infection as well as pre-
liminarily determine its drug resistance. Methods Sequences of nuc, atl, icaB, fnbA, hla, and srap genes of SA
were downloaded from NCBI database for screening of markers. and sequence of mecA gene was used for screening
of methicillin-resistant SA (MRSA) ; sequence alignment was conducted by DNA MAN, conserved region of each
gene sequence was employed for designing primers and fluorogenic probes. Simplex and duplex qPCR were estab-
lished, and gene sequences with the best detection performance were screened by clinical and standard strains as
markers, a duplex qPCR system for identifying SA and drug resistance was developed and evaluated. Results The
atl gene(CP009361.1:1010217 — 1010341) and mecA gene (KF058908. 1:1715 — 1843) possessed the best detection
performance, and were used as detection markers in the duplex qPCR system. qPCR system could amplify both tar-
gets in a range of 2. 0 X 10?® copies/mL with a strong linear relationship and lower detection limits for both targets
reached 4 copies/PCR. Among 335 positive culture specimens for SA (including 94 MRSA) from patients, 335 and

94 specimens were detected SA and MRSA by duplex qPCR respectively; among 95 negative culture specimens for
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SA from patients, 17 and 4 specimens were detected SA and MRSA by duplex qPCR respectively, PCR products

were sequenced, the homology with standard strain were all>90%. Time from specimen processing to result repor-

ting was<<2. 0 hours by duplex qPCR method. Conclusion

qPCR method is simple, rapid, sensitive, and specific,

it’s a promising way to improve the diagnostic efficacy of SA infection and achieve the rapid detection, which

contributes to the early precision treatment.

[Key words | Staphylococcus aureus ; methicillin-resistant Sta phylococcus aureus; MRSAj; atl gene; mecA gene;

precision diagnosis; quantitative real-time PCR; qPCR
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Table 1 Primer/probe sequence and fluorogenic labeling of each SA gene
R IR NE 3% ¥ 3 K ARIE (57 ~3") Tm(C) K B (bp)
nuc nuc 1E 17 8] 9 1 GCTGGCATATGTATGGCAAT 56. 30 158
nuc JZ 1789 1 GCATTTGCTGAGCTACTTAGAC 57. 47
nuc HEF FAM-AGGGATGGCTATCAGTAATGTTTCG-HBQI 60. 74
nuc 1E [0 5] 4 2 GCTTAGCGTATATTTATGCTGATG 56. 20 110
nuc JZI7 8] 4) 2 AAGTTGTTCATGTGTATTGTTAGGTTTA 58.18
nuc ¥REF 2 ROX-CAACTTTAGCCAAGCCTTGACGAAC-HBQ2 62.98
atl atl IE1] 5191 TTCGTATCCATTGCATGCTTAAC 57.83 125
atl 1051491 GGTATGACATTAAACCAAGTTGCTC 58. 68
atl %A1 VIC-ACTTACCTGGTACACGTTGTACTTGTGG-HBQI 64. 64
atl 514 2 GTTATGGTATTTCGTGTTTGAGTTAG 56. 90 119
atl 514 2 AAGTTTATCTTATCTCACATGCCCTA 57.97
atl B4R 2 CY5-AACTTTGTTGTTCACTACATCTGCACCTTT-HBQ3 64. 08
icaB icaB IE M 59 1 TGAGTATCTTGATCATATTGCCTGTA 57. 81 124
icaB M54 1 CGGTGATAATTTAATGCCAGAGC 58. 21
icaB %1 FAM-TGGATGGTCATCATATTGCAAATGCAGA-HBQI 63.56
icaB IE 5|4y 2 TGGAATCCGTCCCATCTCTTA 57. 96 170
icaB L[ 514 2 GGCTTGATGAATGACGATAAATTACC 58.92
icaB 4t 2 ROX-AAAGCAGTCACTCCGAACTCCAATGATTAT-HBQ2 64.73
fnbA SnbA IE 159 1 AAACAATAGAAGAAACGGATTCATC 56. 19 118
SnoA I 511 TCAATTGGATTTGATTCCTCAGA 55. 89
SnbA B VIC-TATTGATATCGATTACCATACTGCTGTGGA-HBQI1 62.01
FnbA T B4 2 TCCCATCCCAACAACGATCA 59. 01 80
FnbA B4 2 ATCTTAGGTACGGCATTAGAAAACA 58. 35
SnbA BEEF 2 CY5-ATTGGGAGCAGCATCAGTATTCTTAGGA-HBQ3 63. 81
hla hia IET 591 TGCCATTTTCTTTATCATAAGTGACTA 57.32 92
hila 251401 TGATATTAATATTAAAACCGGTACTACAGA 57. 11
hila %% FAM-ATCACCTGTTTTTACTGTAGTATTGCTTCC-HBQI 62. 00
srap sraP IE 059 1 ATCTAACTCAATGCATCCGTCA 57.59 150
sraP 549 1 GTGCCATTATGTTTAGTCACTTCA 57.51
sraP 51 ROX-ACTGAGATTCACTCGTGCTCGTTGTTG-HBQ2 65. 47
mecA mecA IE [7] 5] 9 1 CAATTTGTCTGCCAGTTTCTCC 58. 09 129
mecA JZIA 5|9 1 CTGATGGTATGCAACAAGTCG 57.34
mecA HEF 1 CY5-AGTTCTGCAGTACCGGATTTGCCA-HBQ3 64. 67
mecA 1E 0] 5] 4 2 CATGAAGATGGCTATCGTGTC 56.59 118
mecA a5 4 2 CTTTAGCATCAATAGTTAGTTGAATATC 55,28
mecA ¥REF 2 FAM-TGTATGTGCGATTGTATTGCTATTATCGTC-HBQ1 62.24
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Table 2 Specimen distribution and MRSA isolation rates of
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Figure 1  Antimicrobial susceptibility testing results of SA
2.3 SAZARBIN M. KA BLEER  SA nuc.atl, W3, WY AR N TR, R MR E

icaB. fnbA hla.srap.mecA KW 5| ¥y & T 0% 45
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Table 3 Screening results of primer/probe for each SA gene

T R B Fa g k(R PHIBOR R R R (Copy/R) ¥ £ (Copy/mL) A A CZD)
nuc JrE 1 3.23 0.98 0.97 4 2X 1028 97.8(91/93) 100. 0093/93)
nuc Jr B 2 3. 14 0. 96 1.05 4 2X 1028 100. 0(93/93) 95.7(89/93)
atl B 1 3.16 0.97 1.03 4 2% 1028 100. 0(93/93) 100. 0(93/93)
atl B 2 3.43 0.93 0.94 40 2X 1038 100. 0(93/93) 98.9(92/93)
icaB B 1 3.18 0.99 1. 01 4 2X 1028 100. 0(93/93) 100. 0093/93)
icaB Bt 2 3.21 0.98 0.98 4 2X 1028 100. 0(93/93) 97.8(91/93)
fnbA B 3.29 0. 96 0. 96 4 2X 1028 100. 0(93/93) 98.9(92/93)
fnbA B2 3.35 0.97 0.95 40 2X 1038 97.8(91/93) 86.0(80/93)
hia FrEE1 3.22 0.98 1.02 4 2X 1028 97.8(91/93) 100. 0(93/93)
srap B 1 3.15 0.95 1. 04 4 2X 1028 97.8(91/93) 100. 0(93/93)
mecA B¢ 1 3.16 0.96 1.03 4 2X 1028 100. 0(58/58) 99.2(127/128)
mecA Fr B 2 3.19 0.99 0.99 4 2X 1028 100. 0(58/58) 95.3(122/128)

VE:SA 93 BR (&

MRSA 32 #, MSSA 61 kk) . CNS 93 £k (& MRCNS 26 ¥k . MSCNS 67 #) ., SA F1 CNS Hviiif 25 ¥k 4 58 bk SUSKE Ky 128 B
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Table 4 Results of routine culture and qPCR in 430 original
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