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Application of multiplex real-time quantitative PCR technology in rapid detection of
pathogenic bacteria on face masks

JIANG Yan-Jie, ZHANG Hui, YING Ke, LING Ming’

(Jinhua Institute for Food and Drug Inspection, Jinhua 321000, China)

ABSTRACT: Objective This study aims to develop a rapid detection method based on multiplex real-time quantitative
PCR technology for accurate identification and quantification of common pathogenic bacteria on face masks, to assess
the hygienic condition of masks and control nosocomial infections. Methods Using TagMan probe-based real-time
fluorescence quantitative PCR as the core technology, specific primers and fluorescently labeled probes were designed and
optimized for simultaneous quantification of specific gene sequences from three pathogens through one-tube multiplex
detection. The experiment began by screening specific target genes and sequences from the NCBI database and designing
primers and probes. Subsequently, quality testing of primers and probes was conducted, and standard samples were prepared
through amplification of specific sequences and TA cloning. Finally, standard curves were established, and mask samples
were tested. Results  After optimizing experimental conditions, an efficient and stable multiplex real-time quantitative PCR
detection system was successfully established. The detection efficiency of standard samples for three pathogens was evaluated
at different concentration gradients. The detection data showed that the primers and probes had high specificity for target
pathogens, and the amplification efficiency and signal intensity met experimental requirements. In the detection of mask
samples, the method accurately quantified the genomic DNA copy numbers of Pseudomonas aeruginosa, Staphylococcus
aureus, and Streptococcus hemolyticus, thereby assessing the degree of microbial contamination on masks. Conclusion The
rapid detection method for pathogenic bacteria on masks based on multiplex real-time quantitative PCR technology
demonstrates high sensitivity, specificity, and speed, providing strong technical support for clinical and public health
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monitoring. This method can be applied to hygiene monitoring in hospital environments and assessing the hygienic condition
of daily-use masks, helping to prevent the spread of infectious diseases and enhance public health safety.
KEY WORDS: multiplex real-time quantitative PCR; face masks; microbial contamination; Pseudomonas aeruginosa; rapid
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Table 1 Primer and probe design and specificity verification results
i H il AR B TR S O RER I IR ER TR
S Y RRE 75 Pseudomonas-66F SA-nuc87F Streptococcus-159F
BLAST $¢ 5-k LuxT 100% 100% 100%
HE PCR 24 Kt 100% [ 50/50 Kt 100% [ 50/50 ] Kt % 100% [ 50/50 ]
PR 95.23% 93.67% 94.85%
559 (RFU) 20.32+245 19.88 +2.56 20.15 £ 2.60
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i LA Fh PCR SO 55 1F, i r T —4F N 2 A {4
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95.23% Z[H], &5 iREEHIEAE 19.88~20.32 RFU Z [H],
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Table 2 Evaluation of real-time quantitative PCR amplification
efficiency and signal intensity

TR PHZCR(%)  FE50E (RFU) C, {36
il 2 A LR R 9523+ 1.15 20.32+2.45 18.04~28.23
SO AERE  93.67+£1.22 19.88 £2.56 17.85~27.94
T IMERE R 94.85+ 1.37 20.15 +2.60 18.12~28.36
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F3HIH T £ EH A E B PCR RV IR 1 e 410k
TP IE Sy 0.4 pmol/L , R FIASE AR L1 0.2 pmol/L.
AR, MgCl, e 3.5 mmol/L, dNTP ¥ 0.2 mmol/L .
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Table 3  Optimization results of triplex multiplex real-time
quantitative PCR reaction system
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12 8 PCR 1A 22 HAT = B2 v A T Sk

4
Table 4 Preparation of standard series and standard curve data for
different pathogens
T -
sy OOEIUBL L e e ek
(copies/uL)

FGHRAIE 1x10°~1x10° 0997  -3.321  35.858  95.23
SEEBAEIRE 1x10~1x10° 0994  -3364 36.077  93.67
TRIMPEREERE  1x10°%~1x10° 0996  -3.338  36.028  94.85
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Table 5 Preparation of standard series and standard curve data for different pathogens
[/ 5 D BGE il 45 Bk DNA W (ng/ul)  FRifERRZRRER  prifkdh A s ARG P
A AU 1x10°~1x107 20.35+1.23 2332 39.58 0.998 <0.001
4 (0 A BR 5x10'~5x10° 18.47+1.08 -3.28 40.05 0.997 <0.001
A I PEREER B 1x10°~1x10° 22.85+1.45 -3.35 38.95 0.999 <0.001
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