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Abstract

Due to the common symptoms of COVID-19, patients are similar to influenza-like iliness.
Therefore, the detection method would be crucial to discriminate between SARS-CoV-2
and influenza virus-infected patients. In this study, CRISPR-Cas12a-based detection was
applied for detection of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
influenza A virus, and influenza B virus which would be a practical and attractive application
for screening of patients with COVID-19 and influenza in areas with limited resources. The
limit of detection for SARS-CoV-2, influenza A, and influenza B detection was 10, 102, and
102 copies/reaction, respectively. Moreover, the assays yielded no cross-reactivity against other respiratory viruses. The results
revealed that the detection of influenza virus and SARS-CoV-2 by using RT-RPA and CRISPR-Cas12a technology reaches
96.23% sensitivity and 100% specificity for SARS-CoV-2 detection. The sensitivity for influenza virus A and B detections was
85.07% and 94.87%, respectively. In addition, the specificity for influenza virus A and B detections was approximately 96%. In
conclusion, the RT-RPA with CRISPR-Cas12a assay was an effective method for the screening of influenza viruses and SARS-

Impact statement

In this study, the isothermal RT-RPA and
CRISPR-Cas12a were applied for simple,
rapid turn-around time, and cost-effective
detection of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), influ-
enza A virus (IAV), and influenza B virus
(IBV) which would be practical and attrac-
tive for the screening of patients with
COVID-19 and influenza in rural areas.

CoV-2 which could be applied to detect other infectious diseases in the future.
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Introduction

The pandemic of coronavirus disease starting in 2019
(COVID-19) is caused by the infection of SARS-CoV-2.!
This emerging disease becomes global health problem
and causes major economic loss worldwide. Globally,
there were increasing positive infected cases and deaths
have been reported (https://www.worldometers.info/
coronavirus). The symptoms of COVID-19 are varying
from asymptomatic to severe respiratory failure and
death. The common symptoms of COVID-19 patients are
similar to influenza-like illness including high fever, cough,
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sore throat, headache, and difficultly breathe. In severe
cases, the pneumonia might be found with acute respirato-
ry distress syndrome (ARDS) within a week after infected.?
However, 20% of COVID-19 positive cases are asymptom-
atic but contagious.” According to the similar symptoms
observed between COVID-19 and influenza, the detection
method would be very crucial to discriminate SARS-CoV-2
from influenza viruses-infected patients. One of the
nucleotide-based methods approved by the US Food and
Drug Administration (FDA) for SARS-CoV-2 detection is
CRISPR-based test.* This technique combines recombinase
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polymerase amplification (RPA) with the CRISPR-Cas
system for amplification and detection of specific DNA
target sequences. The Cas protein cleaves the specific target
via recognition of the matching sequences to CRISPR RNA
(crRNA). The presence of a matched DNA sequence activates
the collateral effect of Cas12a; then the fluorescent reporter
will be cleaved from the quencher and then illuminates the
fluorescent signal. Without the need of a specialized instru-
ment, this method can be used at point-of-need area includ-
ing airports, schools, and local community hospi’cals.5

Materials and methods

Primers and CRISPR RNA

The primers and CRISPR RNA (crRNA) specific to IAV and
IBV were designed to target on Matrix (M) gene (Figure 1(a)
and 1(b)), whereas those for SARS-CoV-2 were specific to
Spike (S) gene (Figure 1(c)). The sequences of primers and
crRNA were selected from conserved regions of sequences
available in NCBI (https://www.ncbi.nlm.nih.gov/nuc
core) and GISAID (https:/ /www.gisaid.org/).
Oligonucleotides for crRNA template (4uM) were
annealed to T7 promoter primer (4uM) in 1x T4 DNA
Ligase Buffer (Thermo Scientific,c, USA) and incubated in
the following condition; 95°C for 3min, 65°C for 3min,
42°C for 5min, and 37°C for 45 min. Then crRNA was tran-
scribed by using Riboprobe® In Vitro Transcription Systems
(Promega, USA) according to the manufacturer protocol.
Transcribed crRNA (approximately 40 nucleotides) was
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purified by miRNA isolation kit (Geneaid, Taiwan) and
quantified by Qubit™ microRNA Assay Kit (Thermo
Scientific™, USA).

Reverse transcription recombinase polymerase
amplification

To amplified RNA target, isothermal reverse transcription
and amplification were conducted by RT-RPA technique.
Briefly, each detection assay consisting of 0.48 uM forward
primer, 0.48 uM reverse primer (Table 1), 200 U RevertAid
Reverse Transcriptase (Thermo Scientific'™, USA), and
rehydration buffer was mixed with lyophilized reaction
of the TwistAmp® Basic Kit (TwistAmp®, UK). Then 1 pL
of template and 14 mM MgOAC were added before incu-
bating at 39°C for 30 min followed by heat inactivation at
75°C for 5min.

Limit of detection and cross-reactivity testing

Standard RNA was prepared by using T7 Riboprobe®
in vitro transcription systems (Promega, USA) as previously
described.® The limit of detection was performed in tripli-
cate by using 10-fold serial dilution of each standard in vitro
transcribed RNA (ranging from 107 to 10 copies/reaction)
as templates for RT-RPA with CRISPR-Cas12a. The limit of
detection was observed from reaction tubes containing the
lowest concentration of RNA template that yielded fluores-
cent signal. The assays were tested against several human
respiratory viruses including respiratory syncytial virus,
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Figure 1. Detection of influenza A virus, influenza B virus, and SARS-CoV-2 based on RT-RPA and CRISPR-Cas12a assay. Schematic representation of specific
primers and crRNAs for (a) M gene of influenza A virus, (b) M gene of influenza B virus, and (c) spike gene of SARS-CoV-2. (d) The workflow of the overall process for
rapid detection based on RT-RPA and CRISPR-Cas12a assay within 1 h. (A color version of this figure is available in the online journal.)
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coronaviruses (OC43 and NL63 strains), bocavirus, rhino-
virus, parainfluenza virus, adenovirus, metapneumovirus,
TAV, IBV, and SARS-CoV-2

Sample collection and processing

Nasopharyngeal and/ or throat swab samples were collected
from patients with ILI. The viral RNA was extracted from
200 uL of swab samples by using GenUP™ Virus RNA kit
(BiotechRabbit, German) following manufacturing instruc-
tion. The samples were stored and tested at Center of
Excellence in Clinical Virology, Chulalongkorn University.
All clinical samples in this study were tested with blind.

CRISPR-Cas12a detection

The reaction of CRISPR-Casl2a-based-nucleic acid detec-
tion was consisted of 30nM crRNA, 330nM of EnGen®
Lba Casl2a (Cpfl) (New England Biolabs, USA), 200 nM
fluorescent reporter/quencher probe, 1x NEBuffer 2.0
reaction buffer (New England Biolabs, USA), and 1pL of
RPA product in a final volume of 15puL. For COVID-19
detection, there are two crRNAs to bind to two
specific regions within the spike gene of the SARS-CoV-2
(Figure 1(c)). The Cas reaction was incubated at 39°C for
15min and then the fluorescent signal was visualized by
BIuPAD Dual LED Blue/White Light Transilluminator

(BIO-HELIX, Taiwan) (Figure 1(d)). The interpretation of
the CRISPR-Cas assay was recorded from three independent
persons and then the concordant results obtained from at
least two of three interpreters were used as the end results.

The results of RT-RPA with CRISPR-Cas assay were com-
pared to the qRT-PCR (RdRp, E, and N genes) which served
as the gold standard for diagnosis. The qRT-PCR for IAV,
IBV, and SARS-CoV-2 was performed by using primers/
probes (Table 1), reaction mixtures, and thermal profiles
as previously described.” The performances of the assay
including sensitivity, specificity, positive predictive values
(PPV), negative predictive values (NPV), and accuracy
were calculated by web-based diagnostic test evaluation
calculator implemented in MEDCALC® easy-to-use statis-
tical software (https://www.medcalc.org/calc/diagnos
tic_test.php).

Results

The results revealed that the limit of detection for IAV and
IBV was approximately 10° copies/reaction, whereas the
SARS-CoV-2 can be detected as low as 10 copies/reaction
(Figure 2(a)). For testing of cross-reactivity, the RNA
sample for other seven respiratory viruses was used. The
results demonstrated that the primers of RT-RPA and
crRNA of CRISPR-Casl2a yielded very high specificity

Table 1. Oligonucleotides used for qRT-PCR, RT-RPA, and crRNA production.

Assay Primer name Sequence (5 — 3/ Product size (bp) Ref.
RT-RPA SARS2_spike1-F CCACTGAGAAGTCTAACATAATAAGAGGCTG 201 This study
SARS2_spike1-R AATAAACTCTGAACTCACTTTCCATCCAACT
SARS2_spike2-F AATCTATCAGGCCGGTAGCACACCTTGTAAT 166
SARS2_spike2-R TCCACAAACAGTTGCTGGTGCATGTAGAAGTT
FluA-M-RPA-F ACCGAGGTCGAAACGTATGTTCTCTCTATC 219
FluA-M-RPA-R TCTACGCTGCAGTCCTCGCTCACTGGGCAC
FluB_M-RPA-F CACAATTGCCTACYTGCTTTCATTRACAGAAGA 168
FluB_M-RPA-R GCACCAATTAGTGCTTTCTGTATATCAGTTAAG
GAPDH_RPA-F ACCAGGTGGTCTCCTCTGACTTCAACAGCG 178
GAPDH_RPA-R ATGGCCCACATGGCCTCCAAGGAGTAAGAC
qRT-PCR SARS-CoV2-N-F CACATTGGCACCCGCAATC 128 ’
SARS-CoV2-N-R GAGGAACGAGAAGAGGCTTG
SARS-CoV2-N-P FAM-ACTTCCTCAAGGAACAACATTGCCA-BBQ
SARS-CoV-RdRp-F GTGARATGGTCATGTGTGGCGG 100 7
SARS-CoV-RdRp-R CARATGTTAAASACACTATTAGCATA
SARS-CoV-RdRp-P-Pan FAM-CCAGGTGGWACRTCATCMGGTGATGC-BBQ
SARS-CoV2-RdRp-P FAM-CAGGTGGAACCTCATCAGGAGATGC-BBQ
SARS-CoV2-E-F ACAGGTACGTTAATAGTTAATAGCGT 113 7
SARS-CoV2-E-R ATATTGCAGCAGTACGCACACA
SARS-CoV2-E-P FAM-ACACTAGCCATCCTTACTGCGCTTCG-BBQ
FIUA_M_F CATGGARTGGCTAAAGACAAGACC 126 6
FIUA_M_R AGGGCATTTTGGACAAAKCGTCTA
FIUA_M_P FAM-ACGCTCACCGTGCCCAGT-BHQ1
FluB_MP_F CTCTGTGCTTTRTGCGARAAAC 233
FluB_MP_R CCTTCYCCATTCTTTTGACTTGC
FluB_M_P Cy5-TCAGCAATGAACACAGCAA-BHQ3
crRNA SARS2-S1 UAAUUUCUACUAAGUGUAGAUGAUUCGAAGACCCAGUCCCU This study
SARS2-S2 UAAUUUCUACUAAGUGUAGAUCAAUCAUAUGGUUUCCAACC
FluA-M UAAUUUCUACUAAGUGUAGAUGCCAUUCCAUGAGAGCCUCA
FluB-M UAAUUUCUACUAAGUGUAGAUACCUAGACUCAGCCUUGGAA
GAPDH UAAUUUCUACUAAGUGUAGAUCUGGUAUGACAACGAAUUUG

Note: Bold nucleotide represents LNA residue; Underline sequence represents spacer sequence.
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Figure 2. Detection of SARS-CoV-2, influenza A virus, and influenza B virus based on CRISPR-Cas12a. (a) Limit of detection for influenza A virus, influenza B virus, and
SARS-CoV-2 based on RT-RPA and CRISPR-Cas12a assay. NTC: no template control. (b) Cross-reactivities testing of RT-RPA and CRISPR-Cas12a assay against
several respiratory viruses. RSV: respiratory syncytial virus; HCoV: human coronavirus strains OC43 and NL63; HBoV: human bocavirus; HRV: human rhinovirus; HPIV:
human parainfluenza virus; HAdV: human adenovirus; hMPV: human metapneumovirus; Flu A-H1N1: influenza A virus subtype pH1N1; Flu A-H3N2: influenza A virus
subtype H3N2; Flu B-Vic: influenza B virus Victoria lineage; Flu B-Yam: influenza B virus Yamagata lineage and SARS-CoV-2: severe acute respiratory syndrome
coronavirus 2. (c) Representative results of RT-RPA and CRISPR-Cas12a assay for IAV, IBV, SARS-CoV-2, and GAPDH by testing with RNA extracted from clinical
samples. Samples 1 and 5 were as IAV-positive samples; samples 2 and 6 were IBV-positive samples; samples 3 and 7 were SARS-CoV-2-positive samples; sample 4
was a negative sample; sample 8 was interpreted as inadequate specimen collection. (A color version of this figure is available in the online journal.)

without any cross-reactivity with other respiratory viruses
(Figure 2(b)).

To evaluate the sensitivity, specificity, and diagnostic
accuracy of the assay, 164 and 130 RNA samples were
used for testing with SARS-CoV-2 and influenza viruses,
respectively. Detection of the fluorescent signals obtained
from the assays for IAV, IBV, SARS-CoV-2, and GAPDH
was used for interpretation of the results (Figure 2(c)).
Briefly, samples positive for the SARS-CoV-2 yielded posi-
tive fluorescent signal in the SARS-CoV-2 tube with or
without GAPDH. In the same way, interpretations of influ-
enza A and influenza B would be determined as positive
samples when fluorescent signal was observed in the influ-
enza A or influenza B tube, respectively. When the sample

yielded no fluorescent signal from any tube as well as the
GAPDH internal control, the samples should be deter-
mined as inadequate sample collection.

The results of the assay were compared with the gold
standard detection results from qRT-PCR. The assay for
IAV was tested with 67 [AV-positive samples (Ct 14.0-
39.6; average Ct 29.7) and 63 IAV-negative samples, while
IBV was evaluated with 39 IBV-positive samples (Ct 16.2-
37.1; average Ct 26.8) and 91 IBV-negative samples. Finally,
the detection of SARS-CoV-2 was validated against 53
SARS-CoV-2-positive samples (Ct 10.5-34.7, average Ct
for RdRp, E, and N genes was 24.7, 22.8, 26.1, respectively)
and 111 SARS-CoV-2-negative samples. The performance of
the assay yielded very high specificity (100%), sensitivity
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Table 2. Numbers of samples tested and the performance of each
CRISPR-Cas12a-based assay.

Influenza A Influenza B SARS-CoV-2
Parameters M gene M gene S gene
Total samples 130 130 164
True positive 57 37 51
True negative 61 88 111
False positive 2 3 0
False negative 10 2 2
Sensitivity 85.07% 94.87% 96.23%
Specificity 96.83% 96.70% 100.00%
Diagnostic accuracy 90.77% 96.15% 98.78%

(96.23%), diagnostic accuracy (98.78%) as summarized
in Table 2.

Discussion

The procedure of isothermal amplification (RPA or LAMP)
followed by fluorescent detection based on the CRISPR-Cas
system was recently developed for pathogen detection.®
This study is the first report for RT-RPA and CRISPR-
based assay for influenza virus detection. The turn-
around time of the assay from extracted RNA to fluorescent
detection was approximately 50-60 min. The cost for instru-
ments was approximately 2000 USD including pipettes,
heat blocks, microcentrifuges, and the LED Blue/White
Light Transilluminator. The cost of reagents and consum-
ables for RNA extraction and detection assay was approx-
imately 15-20 USD/sample which is comparatively
cheaper than the Sherlock™ CRISPR SARS-CoV-2 kit
(30 USD/sample). However, the cost might vary depending
on the brands of reagents and instruments in different
countries.

Previously, several assays have been designed for spe-
cific detection of N, E, and RdRp genes of SARS-CoV-2.
Our study focused on the detection of conserved regions
within the S gene of SARS-CoV-2. Although the nucleotide
substitutions might occur within the S gene in the future,
which raises the concerns for the detection assay. Therefore,
two regions of primers and crRNAs within the S gene were
used in the same reaction to avoid the false negative results
due to the mismatch of primers or crRNA. Currently, there
has been no obvious mutation occurring within the primers
and crRNA binding sites for both SAR-CoV-2 and influenza
viruses based on thousands of sequences alignment, imply-
ing that the assay would be effective for detections of those
viruses worldwide.

The detection of SARS-CoV-2 using RT-LAMP and
CRISPR-Cas12a on N gene yielded the limit of detection
approximately 10 copies/puL and 95% sensitivity based on
the evaluation with 83 RNA from clinical samples.’
Besides, RT-RAA couple with CRISPR-Cas12a detection
on RdRp and E gene was reported with the limit of detec-
tion as 10 copies/pL.'">" Our assay for SARS-CoV-2 detec-
tion reached the limit of detection as 10 copies/reaction.
The performance of the assay yielded very high specificity
(100%), sensitivity (96.23%), and diagnostic accuracy
(98.78%) as summarized in Table 2. Recently, the RT-

LAMP with colorimetric assay was developed for direct
on-the-spot detection of SARS-CoV-2 from crude saliva
samples which is very simple and yielded 93% true positive
rate (Ct <28.8 of E gene) and 96.8% true negative rate when
tested with the crude sample,'* whereas our assay provid-
ed 96.23% true positive rate (Ct <34.7 of E gene) and 100%
true negative rate when tested with extracted RNA.

In conclusion, the benefits of the assays include
simple, rapid turn-around time (<1h), cost-effectiveness
(reagents and instruments), and can be applied in areas
with limited resources. The assays would be practical and
attractive for large-scale screening in several populations
and systematic retesting of individuals in order to quaran-
tine infected patients and control the spread of COVID-19
and influenza."
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