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Establishment and evaluation of a one—tube RT-RPA/CRISPR assay for

rapid detection of influenza A (H1N1) virus
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Abstract: Objective To establish a one—tube assay based on reverse transcription recombinase polymerase amplification (RT-
RPA) and clustered regularly interspaced short palindromic repeats and CRISPR-associated protein system (CRISPR/Cas12a)
(OTRRC). Methods An OTRRC -based detection workflow for influenza A HIN1 virus was established and optimized.
According to different signal readout modes, two detection formats were developed, including fluorescence —based detection
(OTRRC-FD) and lateral flow immunoassay—based detection (OTRRC-LFIA). The sensitivity and specificity of both methods
were systematically evaluated using plasmids and pseudoviruses as templates, followed by validation using clinical samples.
Results The OTRRC-FD method detected as low as 2.8x10™ copies/pl of standard plasmid template within 20 min and 1.71x
10° copies/pl of pseudovirus template within 30 min. The OTRRC-LFIA method detected 10" copies/ul of standard plasmid
template within 25 min and 10" copies/pl of pseudovirus template within 35 min. No cross—reactivity was observed with SARS-
CoV-2, IBV-Victoria or respiratory syncytial virus (RSV). In clinical sample testing, the sensitivities of the OTRRC-FD and
OTRRC-LFIA methods were 95% and 90%, respectively, with a specificity of 100% for both methods. The agreements with
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real—time quantitative polymerase chain reaction (RT-qPCR) were 97.19% for OTRRC-FD and 94.56% for OTRRC-LFIA.
Conclusion In this study, an OTRRC method for the detection of influenza A HIN1 virus was successfully established, and

visual readout was achieved using lateral flow strips. This method features rapid detection, high sensitivity, and good specificity,

and demonstrated favorable applicability in clinical sample testing. The detection results showed good agreement with the gold

standard RT-qPCR, highlighting the potential of this assay as an efficient point-of—care testing (POCT) tool.

Keywords: HIN1 influenza virus; Recombinant polymerase amplification; CRISPR/Cas12a; Lateral flow immunoassay
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Figure 1 Experimental principle and process
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Table 1 Standard plasmids and primers for conserved genes of influenza A (HIN1) virus

Es JFA1(5°—3")
EF' i (ﬁL catggaatggctaaagacaagaccaatctigtcacctetgactaagggaattttaggatttgtettcacgetcacegtgeccagtgagegaggactgeagegtagacgetttgtccaaaatgecctaaatggg
}E‘Zﬁ% M E—g ﬁﬁ: *IL aatggooacccgaacaacatggatagageagttaaactatacaagaagetcaaaag ataacgttccatgggoccaaggaggtotcactaagcetattcaactggtgeacttgecagttgeatggecct
(PP633608.1) catatacaacaggatgggaacagigaccacagaagetgcetittggtctagtgtgtgecactigtgaacagatigetgaticacageateggtetcacagacagatggetactaccaccatecactaatcagg e
HINT atgaaaacagaatggtgctggcetageactacggeaaaggctatggaacagatgectggatcgagtgaacaggeageggageccatggaggtigetaatcagactaggeagatggtacatgea
F1/3 cglagacgetitgtccaaaatgecctaaat
2 agegtagacgetttgtccaaaatgecctaa
R1/2 cagcttetgtggteactgttcecateetgt

R3 aaagcagcttctgtggteactgttcecate
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OTRRC-LFIA LLH & HINT 3780 75 1500 B M AR A
) R

1.4.7.3 Rt 5% HA HINT J/E L K
5 | FECAH ) AR RAI AAE R (1) P I T8 JER S a : 1) 4 A
5 A& (IAV-HIN1.SARS-CoV-2.IBV-Victoria % .
RSV) BBR BEAM (10° copies/wl ) #E4 70 &, FHME4H
L DEPC AbHKACE B 5 . #& BEE ST 1Y OTRRC 74
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5 B RERIR R L5 0 £ AR IER BE Victoria A1 5
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Figure 2 Primer screening results (12% Native—PAGE

electrophoresis)
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Figure 3 Conditional optimization results
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2.3 R HEAM BT T

2.3.1  LUTRE A AR 4 R SR A

2.3.1.1 OTRRC-FD 7%  DAFR AR A T R 5%
I3HT o AKZE 2.8 x 107" copies/wl I HINT 37 J85 75
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1x10¢
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e IR P<0.001 ;%% F£om P<0.001;5* FoR P<0.05; ZFH
G275 Usns TRk P>0.05; 2 B A HA G445 50,
4 DAFRCMASEAR Y OTRRC-FD 74 R AU 4347
Figure 4 Sensitivity analysis of OTRRC-FD with a plasmid as

template
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Figure 5 Sensitivity analysis of the OTRRC-LFIA with a plasmid

as template
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Figure 6 Sensitivity analysis of OTRRC—FD using pseudoviruses

as templates
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Figure 7 Specificity analysis of OTRRC—FD using pseudoviruses

as templates
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Figure 8 Sensitivity and specificity analysis of the OTRRC-LFIA

using pseudovirus as templates
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Figure 9 Comparison of the results of OTRRC and RT-qPCR assay for the detection of clinical samples
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