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Abstract

Background: Respiratory infectious viruses, such as the novel coronavirus SARS-CoV-2, are highly transmissible and undergo
rapid genetic evolution, which leads to the emergence of multiple subtypes with diverse mutation patterns. However, detecting
and differentiating between these subtypes present significant challenges in the field of respiratory virus surveillance. Methods:
To address these challenges, we developed a novel detection approach that integrates amplification refractory mutation system
PCR (ARMS-PCR) with molecular beacon probes. The ARMS-PCR primers were designed to selectively amplify specific sub-
types by targeting adjacent mutation sites, while the molecular beacon probes allowed for further discrimination of the amplified
products. This combined approach effectively addressed the issues of non-specific binding and improved detection accuracy.
Results: Our method demonstrated high specificity and sensitivity in the identification and differentiation of respiratory virus
subtypes. Using real-time fluorescence PCR, we achieved a detection limit of approximately 106 copies/mL. Moreover, through
the direct analysis of fluorescence signals, we further enhanced the sensitivity to a detection limit of 104 copies/mL. This robust
and accurate detection approach is capable of identifying and differentiating between respiratory virus subtypes, including those
with complex mutation patterns. Conclusions: The integration of ARMS-PCR and molecular beacon probes is a reliable and
efficient solution for the rapid and precise monitoring of evolving respiratory infectious diseases, and it has the potential to
facilitate early diagnosis and effective control measures. Further research is needed to expand the application of this detection

method to other respiratory viruses and optimize its workflow for clinical and public health settings.
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WILD
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Deta  EPLISL_12089695.1 P68IR ACTCAGACTAATTCTTG TAGAGTTATTAGAGTAAGC ~ CCGGCTTAGCTAGTCAATCCATCATTGCCAGCCGG
A
Alpha  EPLISL_120749541 A570D CAACAATTTGGCAGAGACAT  CAGCAACCTGGTTAGAAGTA  CGCACCTGATGCTGTCCGTGATCCACAGACACTTG
TCA T AGATTCTIGACATTACACGGTGCG
CCGCACCTTAACGCCACCAGATTTGCATCTGTTTATG
G339D CGGTGCG
Omicron S37IL/S373P/S375 ACTTGTGCCCTTTTAA AGTGAAAAATGGTGCGA R346K-BA 1.1
F CGCACCTTAACGCCACCAAATTTGCATCTGTTTATG
CGGTGCG
CGCGCCTGTTAGACTCAGTAAGAACACCTGGCGC
BA1 1 gt n2saasog1 K CAACTTCAATGGTTTAGA CATCAGTAGTGTCAGCAA e
TI9LLPPA24-27S  T19LLPPA24-27S-F: TISILPPA24-27S-R: 68-70-BA2BA2.12.1
TATAACCAGAACTCAC TC  AGGGTTATCAAACCTCTTA  CGCTCGTCCCAGAGACATGTATAGCATGGCGAGC
G
BA2 EPLISL_12081490.1 ~ D40SNR408S D405NR408S-F D40SNR408S-R:
TAGAGGTAATGAAGTICTGC ~ TATCTCTCTCAAAAGGTT 1452-BA2
CGACGCTGGTAATTATAATTACCTGTATAGATTGTTT
AGAGCGTCG
BA212. EPLISL 126304721  D40SNR40SS D40SNR408S-F D40SNR40SSR: CCTCGCTGGTAATTATAATTACCAGTATAGATTGTITA
1 L452Q TAGAGGTAATGAAGTCTGC TATCTCTCTCAAAAGGTT GAGCGACG
BA4 TISILPPA24-27S  TISLLPPA24-2TS-F; TISILPPA24275-R: THVGS-701BA4/S
EPIISL_12660507.1  IHV68-70 TATAACCAGAACTCAC TC AGGGTTATCAAACCTCTTA CGCTCGTGGTCCCAGAGATAGCATGGAACCGAGCG
y L45XR-BA4SS
DA s D40SNR403S D40SNR40SSF D40SNRA0SS R: CCTCGAGGGTAATTATAATTACCGGTATAGATTGTITA
EPI_ISL_12659704.1 L4sIR TAGAGGTAATGAAGTCTGC TATCTCTCTCAAAAGGTT GCTCGACG
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