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Multiplex detection of respiratory RNA viruses
without amplification based on CRISPR-
Cas13aimmunochromatographic test strips
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Abstract

Acute respiratory infections, caused by RNA viruses like respiratory syncytial virus, influenza, rhinovirus, and
coronavirus, are major global health threats. Real-time quantitative reverse transcription polymerase chain reaction
(RT-gPCR) is the gold standard for detecting these viruses but is time-consuming, complex, and requires specialized
equipment. There is a need for rapid, convenient, and multi-target detection methods to improve disease
prevention and control. This study developed a multi-target immunochromatographic detection method using
LbuCas13a protein and “band elimination” test strips for detecting SARS-CoV-2 and influenza virus. The method'’s
performance was evaluated by testing known 5 positive and 4 negative samples for SARS-CoV-2 and comparing
results with fluorescent PCR and colloidal gold methods. Detection sensitivity was quantified using digital PCR

and gPCR. The immunochromatographic test strips showed 100% concordance with fluorescent PCR and colloidal
gold methods in initial clinical SARS-CoV-2 detection. Subsequently, we used dual-target immunochromatographic
test strips to detect 9 SARS-CoV-2 positive samples and 9 H3N2 positive samples. However, false negatives were
observed in dual-target detection of SARS-CoV-2 and H3N2 samples, likely due to low sample concentration or
sample degradation. The method had a minimum detection limit of 381.75 copies/uL, as determined by digital
PCR and gPCR. The developed multi-target immunochromatographic detection method offers a rapid, low-cost,
and simple approach for detecting both SARS-CoV-2 and influenza viruses. With high sensitivity, specificity, and
reliability, this method holds promise as a practical tool for RNA virus diagnosis and improving public health
response to respiratory infections.
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Introduction

Acute upper and lower respiratory infections are a major
contributor to the rising global incidence and mortality
rates. The highest risk of infection is primarily among
the elderly, infants and young children, individuals with
chronic diseases, and those with immune disorders.
Respiratory RNA viruses are primary causes of acute
respiratory infections, and can also trigger chronic respi-
ratory diseases, such as asthma and chronic obstruc-
tive pulmonary disease, when they persist in the body
[1]. Common respiratory RNA viruses include influenza
virus, respiratory syncytial virus, coronavirus, and rhino-
virus [2].

The global outbreak of Severe Acute Respiratory Syn-
drome Coronavirus Type 2 (SARS-CoV-2), commonly
known as the coronavirus, has presented significant
public health challenges [3]. As of April 21, 2024, SARS-
CoV-2 has caused 775 million infections and 7.05 mil-
lion deaths worldwide [4]. Given the ongoing spread of
the virus, diagnosis remains a crucial strategy for its pre-
vention and control [5, 6]. Real-time quantitative reverse
transcription polymerase chain reaction (RT-qPCR)
is considered the gold standard for detecting SARS-
CoV-2 due to its high sensitivity and reliability. How-
ever, its time-consuming nature and complexity present
significant challenges, making it impractical for rapid
and efficient virus transmission testing [7, 8]. The anti-
gen detection method utilizing test strips is commonly
employed for field and self-testing of SARS-CoV-2 due to
its simplicity. However, it has limited sensitivity and often
produces false-negative results, particularly in samples
with low pathogen concentrations [9-11]. Therefore, a
portable, highly sensitive, and cost-effective method for
detecting SARS-CoV-2 is needed.

Clustered Regularly Interspaced Short Palindromic
Repeats (CRISPR) technology, a powerful gene editing
tool, has rapidly advanced molecular diagnostics with
the identification of various Cas proteins [12]. Since the
outbreak of COVID-19, various virus detection technolo-
gies based on the CRISPR-Cas system have been devel-
oped [13, 14]. The One-hour Low-cost Multipurpose
Highly Efficient System (HOLMES) and Specific High
Sensitivity Enzymatic Reporter UnLOCKing (SHER-
LOCK) have attracted substantial attention. HOLMES
employs Casl2a to cleave single-stranded DNA, thereby
facilitating signal amplification and detection using
fluorescence-based methods [15]. SHERLOCK utilizes
Casl3a to cleave target RNA, which stimulates non-
specific cleavage of the detection probe, facilitating sig-
nal conversion. The detection results are then displayed
using chromatographic test strips [16]. This method only
requires basic equipment and is straightforward to use,
making it well-suited for on-site virus detection. How-
ever, most current CRISPR detection methods depend on
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target amplification, and reports on multi-target detec-
tion are limited. Furthermore, immunochromatography-
based detection methods often employ colloidal gold as
a detection marker, which can be costly. Colloidal carbon
labeling has been proposed as a cost-effective alternative
for developing immunochromatographic test strips. The
detection background is white, while the deep black color
of colloidal carbon provides excellent visual contrast and
supports large-scale production [17]. Therefore, improv-
ing CRISPR-Cas detection technology and optimizing
detection methods are expected to make CRISPR immu-
nochromatography a reliable on-site detection or self-
inspection method.

This study developed a colloidal carbon immuno-
chromatographic test strip for the detection of respira-
tory RNA viruses using CRISPR-Cas13a for multi-target
detection. The test strip features advantages such as low
cost, portability, and the capability for multi-target detec-
tion of virus, including SARS-CoV-2 and H3N2 influ-
enza. We validated the accuracy and specificity of this
method against RT-qPCR and evaluated its feasibility
with clinical samples. Thus, this test strip represents an
ideal solution for field based or self-testing of respiratory
RNA viruses.

Materials and methods

Sample information

In our study, we used a total of 9 SARS-CoV-2 samples
(5 positive and 4 negative) for the detection specificity,
accuracy, and detection limit analysis of colloidal carbon
test strips. Additionally, for the dual-target immuno-
chromatographic test strips validation, we tested 8 posi-
tive SARS-CoV-2 samples and 8 positive H3N2 samples.
All samples were obtained from the Fuzhou Center for
Disease Control and Prevention and were anonymized,
adhering to ethical guidelines. For inclusion, samples had
to be confirmed positive or negative for SARS-CoV-2 or
Influenza A by RT-qPCR and have sufficient volume for
multiple tests. Samples with ambiguous RT-qPCR results
or insufficient volume were excluded.

Explanation of elimination method

The “elimination method [18]” detection mode, utilizing
colloidal carbon and LbuCasl3a, was employed. Posi-
tive results were indicated by the absence of bands. As
illustrated in Fig. 1, the nucleic acid detection principle
in this study relies on the cleavage capability of Casl3a,
which can be characterized by free RNA. Consequently,
appropriate probes are employed as the primary detec-
tion materials in test strip analysis. The probe is labeled
with FAM at one end and Biotin at the other. The liquid
sample under analysis acts as the mobile phase, initiat-
ing chromatography from the sample pad. At the bind-
ing pad, the biotin-labeled end of the probe binds to the
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Fig. 1 Schematic diagram of the principle of single-fold CRISPR test strip detection

rabbit anti-biotin antibody conjugated with colloidal
carbon. In the presence of a detection target, the probe
is cleaved by the Casl3a. The colloidal carbon-labeled
rabbit anti-biotin antibody is released to the C band
(quality control), where it is captured by the sheep anti-
rabbit secondary antibody, resulting in the formation of
a visible black band. The opposite end of the fragmented
FAM-labeled probe binds to Anti-FAM antibodies at the
T (detection) band but lacks colloidal carbon labeling,
leading to no visible band. In the absence of a detection
target, the intact probe, with colloidal carbon and FAM
antibodies at the T end, resulting in a visible black band
at this location. Regardless of probe cleavage, excess col-
loidal carbon-labeled rabbit anti-biotin antibody will
migrate with the sample. Concurrently, the sheep anti-
rabbit secondary antibody at the C band (quality control)
will capture the colloidal carbon-labeled rabbit anti-bio-
tin antibody, producing a consistent visible black band.
A significant reduction in test line intensity, even if not
complete disappearance, should be considered indicative
of a positive result.

Figure 1 illustrates the basic principle of the “elimina-
tion method” for detecting a single target. This figure
provides a clear explanation of the method, which is
fundamental to understanding the subsequent multiplex
detection of SARS-CoV-2 and Influenza.

Preparation of crRNA

The S gene and N gene sequences of SARS-CoV-2, the M
gene sequences of H3N2 influenza virus were selected
as the target genes, and the corresponding crRNA was
designed according to the principle of base comple-
mentary pairing. Oligos and probes were synthesized by
General Biosystems (Anhui) Co., Ltd.,, China. Detailed
information about these sequences is provided in Supple-
mentary Material, Table S1.

Preparation of crRNA through in vitro transcription.
Taking crRNA1 as an example, a 50 pL reaction contain-
ing 1 pL of crRNA1-oligo (5 pM), 2 pL of crRNA1-For
(10 uM), 2 pL of crRNA1-Rev (10 pM), 25 uL of Megai
Pro Fidelity 2xPCR Master Mix (abm, Canada) and 20 pL
of ddH,0O. The touchdown PCR amplification protocol
consisted of 5 min at 95 °C for pre-denaturation, 9 cycles
of denaturing at 95 °C for 15 s, annealing at 58 °C (with
1 °C decrements from 58 °C to 48 °C at every cycle) for
15 s, and extension at 72 °C for 30 s. This was followed by
a further 25 cycles of denaturing at 95 °C for 15 s, anneal-
ing at 48 °C for 15 s, and extension at 72 °C for 30 s. The
PCR product can be purified with 5 M NaCl and anhy-
drous ethanol. The resulting purified DNA was used as
a template for in vitro transcription. The DNA templates
(2 pg), 4 pL of 10xReaction buffer, 4 uL of T3 RNA poly-
merase (NEB, USA), 0.8 uL of NTP Mix (25 mM each,
NEB, USA) and RNase Inhibitor (1U/uL final, CWBio
(Jiangsu), Co., Ltd., China) was mixed with ddH,O to a
total volume of 40 puL. crRNA was synthesized by incu-
bating the reaction at 37 °C for 16 h in a PCR instrument.
Template DNA was removed from crRNA using DNase I
(Thermo, USA), and the purified crRNA was obtained by
phenol-chloroform extraction.

Preparation and characterization of CRISPR multi-line
colloidal carbon test strips

Colloidal carbon (Nanogen Bio (Beijing) Co., Ltd., China)
was used as the detection marker in immunochromatog-
raphy and conjugated with rabbit anti-biotin antibody
(Sangon Biotech (Shanghai) Co., Ltd., China). A cutting
machine was employed to section the glass cellulose film,
PVC board, nitrate cellulose film, and absorbent strips
(GoldBio (Shanghai) Co., Ltd., China) into sizes suit-
able for assembly. After assembly, a rabbit anti-biotin
antibody conjugated with colloidal carbon was applied
to the glass cellulose film. Detection band antibodies
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and quality control band antibodies were applied to the
nitrocellulose film. The sheep anti-rabbit antibody (San-
gon Biotech (Shanghai) Co., Ltd., China) was selected as
the detection quality control band (C band). To evalu-
ate the performance of multi-line colloidal carbon test
strips, we designed and utilized three specific probes:
FAB-11nt-polyU, DB-poly-11nt, and TB-11nt-polyU. The
FAB-11nt-polyU probe targets T1 band, the DB-poly-
11nt targets T2 band, while the TB-11nt-polyU probe
targets T3 band. The rabbit anti-6-FAM (Sangon Biotech
(Shanghai) Co., Ltd., China), mouse anti-DIG (Abcam,
UK) antibodies and mouse anti-TAMRA (Abcam, UK),
and were chosen for the T1, T2 and T3 detection bands,
respectively. The test strip is configured with the C band,
T1 band, T2 band and T3 band arranged from top to
bottom, starting from the end nearest to the absorbent
paper. After applying the antibodies, dry the strip at 37°C
for 2 h.

Immunochromatographic assay of CRISPR-Cas13a

Use SARS-CoV-2 pseudovirus RNA as a template. The
mixture of 2 pL of Casl3a (3 mg/mL), 1 pL of crRNA1
(500 ng/pL), 1 uL of crRNA2 (500 ng/uL), 1 pL of
crRNA3 (500 ng/pL), 2 uL of Casl3a reaction buffer
with DEPC water to a total volume of 20 puL was incu-
bated at 37°C for 10 min. Then, 50 ng of template RNA,
10 pL of fluorescent labeled probe (40 nM), 8 uL of
10xCas13a reaction buffer, RNase inhibitor (1U/uL final,
CWBio (Jiangsu), Co., Ltd., China) and DEPC water were
added to the 20 pL reaction system above to a total vol-
ume of 100 pL. The mixture was incubated at 37°C for
90 min, followed by a 2 min cooling on ice after the reac-
tion. Insert the test strip and read the test result within
5-10 min for multi-target strip characterization testing.

Prepare six sets of reaction systems for the multi-line
colloidal carbon test strip simulation detection as shown
in Supplementary Material, Table S2. Combine the sys-
tems from three different groups in a 1:1:1 ratio to form
the detection system.

For detecting inactivated SARS-CoV-2 mutants,
N1-crRNA and N2-crRNA were used, and for detect-
ing inactivated H3N2 influenza virus, M1-crRNA and
M2-crRNA were employed, while all other systems
remained unchanged. Refer to Supplementary Material,
Table S3 for the uses of crRNA.

Detection specificity and accuracy

This experiment was performed at Medical Clinical Diag-
nostic Laboratory of Fuzhou Center for Disease Control
and Prevention, a laboratory certified for qPCR clinical
testing in China. Nine inactivated clinical samples were
tested using RT-qPCR, 2019-nCov antigen detection
kit (colloidal gold method, Shanghai BioGerm Medi-
cal Technology Co., Ltd) and immunochromatographic
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Cas13a test strips. The 2019-nCoV nucleic acid detection
kit (Da An Gene Co., Ltd, China) was used for RT-qPCR
analysis according to the manufacturer’s instructions.
In a 25 pL reaction system, 17 pL of PCR reaction solu-
tion A was mixed with 3 pL of PCR reaction solution B
and 5 pL of nucleic acid samples, followed by centrifuga-
tion. Next, the Cq values of the samples were determined
using the SLAN-96P qPCR instrument (Shanghai Hong-
shi Medical Technology Co., Ltd., China). Samples with
Cq values below 40 for N and ORFlab genes and clear
amplification curves were interpreted as negative, while
those lacking Cq values or with Cq values>40 for N and
ORFlab genes, but showing amplification of internal
standard genes, were considered positive.

Detection limit analysis

Preparation of a SARS-CoV-2 RNA standard for RT-
qPCR and droplet digital PCR (ddPCR) via in vitro tran-
scription. A 50 pL reaction containing 25 pL of Megai
Pro Fidelity 2xPCR Master Mix (abm, Canada), 1 uL of
plasmid containing SARS-CoV-2 genome (50 ng/pL, con-
structed by our research team), 2 uL of TWF_1774 (10
uM), 2 pL of TWR_2310 (10 uM), and 20 pL of ddH,O.
The mixture was incubated at 5 min at 95 °C, followed
by 30 cycles of 95 °C for 15 s, 50 °C for 15 s, and 72 °C for
17 s, followed by a final incubation at 5 min at 72 °C. The
purification and in vitro transcription protocols for PCR
products are identical to those described in the “Prepa-
ration of crRNA” section. The concentration of in vitro
transcribed RNA was determined using a NanoDrop
2000 (Thermo, USA).

The RNA standard (10 ng/uL) was diluted 10°-fold to
serve as the template RNA for droplet digital PCR. A sin-
gle-tube reaction system was prepared by mixing 12.5 pL
of qScript XLT One-Step RT-qPCR ToughMix (Quant-
aBio, USA), 0.5 pL of RTqSF (10 pM), 0.5 puL of RTqSR
(10 pM), 0.5 pL of RB-27nt (10 uM), 1 pL of sodium
fluorescein (2.5 puM), 5 uL of template RNA, and 4 pL of
ddH,O. The primer and probe sequences are detailed in
Supplementary Material, Table S4. Amplification condi-
tions included reverse transcription at 50°C for 10 min,
denaturation at 95°C for 3 min, followed by 45 cycles of
95 °C for 15 s and 60 °C for 30 s. The Real-time fluores-
cence intensity was recorded using the Naica™ Crystal
automatic microdrop chip digital PCR instrument (Aper
Biotechnology Co., Ltd, Beijing, China).

SLAN-96 S (Shanghai Hongshi Medical Technol-
ogy Co., Ltd., China). was used for RT-qPCR. RNA was
extracted from inactivated positive clinical samples using
the RNAeasy™ Viral RNA Isolation Kit with Spin Column
(Beyotime Biotechnology, China). The RNA concentra-
tion was measured using a NanoDrop 2000 (Thermo,
USA). DNase I was used to eliminate DNA contamina-
tion. Prepare standard curves using RNA standards with
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the following dilutions: 10 ng/uL, 1 ng/uL, 100 pg/uL, 10
pg/uL, 1 pg/uL, and 100 fg/uL. The reaction system (25
pL) for RT-qPCR included 12.5 pL of 2xGolstar Probe
One Step Buffer, 0.5 pL of RTqSF (10 pM), 0.5 pL of
RTqSR (10 pM), 0.5 pL of RB-27nt (10 uM), and 1 pL of
Golstar Probe One Step EnzymeMix (CWBio (Jiangsu),
Co., Ltd., China), followed by the addition of 10 uL RNA
of clinical samples, and was mixed well. Amplification
conditions included reverse transcription at 45°C for
10 min, denaturation at 95°C for 10 min, followed by 40
cycles of 95 °C for 15 s and 60 °C for 45 s.

Ethical approval

This study was approved by the Fuzhou Center for Dis-
ease Control and Prevention with the approval number:
2,022,007, dated October 14, 2022.

Results
Preparation and characterization of multi-line colloidal
carbon test strips
Colloidal carbon, a novel nanomaterial, appears black
and more visible against a white background. Therefore,
colloidal carbon is employed as a marker for colorimetric
reactions in the lateral flow strips. Multi-target detection
utilizes a “subtraction” approach, where a positive result
is indicated without a black display. This method enables
the placement of multiple detection bands on a single test
strip, allowing for the development of a multi-target col-
loidal carbon test strip.

The pseudovirus with the S gene of the SARS-CoV-2
was used as the detection target, and a multi-line simu-
lation detection verification was performed. The probes
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used in this experiment are FAB-polyU-11nt, DB-poly-
11nt, and TB-polyU-11nt, with each probe correspond-
ing to the presentation of different targets on the test
strip.

The FAB-1lnt-polyU probe targets T1 band, the
DB-poly-11nt targets T2 band, while the TB-11nt-polyU
probe targets T3 band. Figure 2 presents the simulation
detection results of the multi-line immunochromato-
graphic test strip. Test strip O serves as a negative con-
trol. Test strip 1 indicates that the T1, T2, and T3 target
probes have all been cut. Test strip 2 shows that the T2
and T3 target probe has been cut, while the T1 target
probe remains uncut. Test strip 3 shows that the T1 and
T3 target probe has been cut, while the T2 target probe
remains uncut. Test strip 4 shows that the T1 and T2 tar-
get probe has been cut, while the T3 target probe remains
uncut. After cutting, no colloidal carbon enrichment is
observed at the detection site, indicating a positive result.
Conversely, colloidal carbon enrichment is observed at
the detection band of the uncut target, indicating a nega-
tive result. These results align with expectations. The
simulated detection of the multi-line immunochromato-
graphic Cas13a test strip was successful.

Detection specificity and accuracy of colloidal carbon test
strips
Nine inactivated clinical samples were tested using RT-
qPCR, 2019-nCov antigen detection kit (colloidal gold
method), and immunochromatographic Casl3a test
strips to assess the accuracy and specificity of the lat-
ter. The RT-qPCR results are presented in Fig. 3a. The
RT-qPCR results show that the Cq values for the inter-
nal reference gene in all 9 samples are <35, confirming
the consistency and reliability of the test results. Five
samples (sample 2 to 6) were positive, with Cq values for
both the N gene and ORF1 gene < 35. Four samples (sam-
ple 1, sample 7, sample 8 and sample 9) were negative,
with Cq values for either the N gene or ORF1 gene > 35,
or both genes>35. Figure 3b and e display the colloidal
gold detection results for some positive samples, show-
ing bands on both the T and C bands. The colloidal gold
detection result is consistent with the RT-qPCR result.
The immunochromatographic Casl3a test strip devel-
oped in this study was used to detect the test samples. A
band at the C- band indicates that the result is valid. A
lack of a band at the T- band indicates a positive result,
while the presence of a band at the T- band indicates a
negative result. Figure 4 shows a total of 5 positive (2—6)
and 4 negative cases (1, 7, 8 and 9). Figure 4 highlights
the accuracy of our test strips in detecting SARS-CoV-2
in a single-target format, which is crucial for validating
the method’s reliability in a controlled setting. The results
are 100% consistent with the RT-qPCR and colloidal gold
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strips results, demonstrating the accuracy and specificity
of the Cas13a immunoassay.

Detection limit analysis of the immunochromatographic
Cas13a test strip for SARS-CoV-2

The concentration of in vitro transcribed RNA was deter-
mined to be 626 ng/pL using a NanoDrop2000 (Thermo,
USA). Digital PCR experiment was performed to deter-
mine the copy number of the qPCR standard. Figure 5a
shows the one-dimensional ROX channel detection

results. Analysis revealed a uniform distribution and high
peak values for the target sequence among positive drop-
lets. The results were consistent across four replicates,
with minimal error. Based on the number of positive
droplets, the copy number of the qPCR standard (626 ng/
uL), as determined by Crystal Miner (Version:4.0.10.3
calculation), is 1.219 x 1078 copies/uL. The copy number
concentration data of qPCR standard diluted 10”75 fold is
shown in Supplementary Material, Table S5.
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As shown in Fig. 5b, the calibration curve constructed
from RNA standards ranging from 100 fg/uL to 10 ng/
pL exhibited excellent linearity, with an R? value of 0.998,
indicating high precision and reliability of the qPCR
assay. Based on the calibration curve constructed in
Fig. 5b, we determined the mean Ct value of RNA from
SARS-CoV-2 positive samples to be 21.32, as shown in
Fig. 5¢. Based on the results of RT-qPCR and ddPCR, the
copy number of SARS-CoV-2 positive samples was calcu-
lated to be 6108 copies/uL.

The SARS-CoV-2 positive sample was subjected to
gradient dilution to assess the sensitivity of the immu-
nochromatographic Casl3a assay, with results shown in
Fig. 5d. The results indicate that at a sample concentra-
tion of 190 copies/pL (strips 6), colloidal carbon accu-
mulated at the immunochromatographic Casl3a test
band, yielding a negative result. Based on these findings,
the highest sensitivity of the immunochromatographic
Casl3a assay is estimated to be approximately 381.75
copies/pL. The reported limit of detection applies specifi-
cally to SARS-CoV-2 detection and subsequent cleavage

of the reporter probe tagged with biotin and TAMRA.
Variations in tag-antibody affinity (anti TAMRA, FAM
or DIG) and the position of the test line on the strip can
alter the detection limit and should be considered in
future applications.

Immunochromatographic Cas13a test strip is used for
detection of clinic samples of SARS-cov-2 and H3N2
Dual-target colloidal carbon lateral flow immunoassay
test strips were used to detect 8 inactivated SARS-CoV-2
positive samples and 8 inactivated influenza A (H3N2)
positive samples. The results are shown in Fig. 6.

The T1 band corresponds to the TARMA probe detec-
tion group (for SARS-CoV-2); the T2 band corresponds
to the Dig group detection band (for H3N2). The influ-
enza sample on strip 1 (T2 band) and the SARS-CoV-2
sample (T1 band) on strip 7 did not show positive results,
possibly due to low sample concentration or improper
storage leading to degradation. However, all other posi-
tive samples were successfully detected, further vali-
dating the specificity and feasibility of the multi-target
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Fig.6 Immunochromatographic Cas13a test strip results for dual-target detection of inactivated SARS-CoV-2 and H3N2 samples. 0: negative control; 1-8:
T1 band representing SARS-CoV-2 samples 1-8 and T2 band representing H3N2 samples 1-8

colloidal carbon immunochromatographic Cas13a detec-
tion method.

Discussion

The detection of respiratory RNA viruses is crucial
for effective disease management and public health
response. Traditional methods such as real-time quan-
titative reverse transcription polymerase chain reaction
(RT-qPCR) are highly sensitive and specific but require
specialized equipment and technical expertise, limiting
their use in resource-limited settings [19]. In contrast,
CRISPR-Casl3a-based detection methods offer a prom-
ising alternative due to their simplicity, speed, and poten-
tial for multiplex detection [20, 21]. Our study explores
the application of CRISPR-Cas13a in combination with
immunochromatographic test strips for the detection
of respiratory RNA viruses. This method leverages the
unique properties of LbuCas13a, which can cleave cell-
free RNA and target specific RNA sequences [22]. In
initial approach, a positive result was indicated by the
appearance of a band at the “T” line on the test strip.
This “visible band method” allows for easy visual read-
ing of detection results. However, due to the nonspecific
cleavage activity of Casl3a, detecting multiple targets
using the “visible band method” becomes challenging
[23]. To overcome this challenge in multi-target Cas13a
detection, we propose adopting the “band elimination”
approach. In this method, a positive result is indicated
when no band appears at the “T” line. Leveraging Lbu-
Casl3a’s ability to cleave cell-free RNA and target spe-
cific RNA sequences, this study developed multi-target

immunochromatographic strips for visual detection. By
combining Casl3a with immunochromatographic strips,
this study developed the immunochromatographic-
LbuCasl3a detection method. For nine inactivated
SARS-CoV-2 samples, this method demonstrated 100%
consistency with both RT-qPCR and colloidal gold strip
methods. Quantitative analysis of ddPCR and RT-qPCR
results confirmed that the detection limit of this method
is 381.75 copies/uL for SARS-CoV-2 using reporter
probes tagged with Biotin and TAMRA. Finally, the
multi-target immunochromatographic-Cas13a detection
method identified seven positive SARS-CoV-2 samples
and seven positive H3N2 samples from eight inactivated
SARS-CoV-2 variants and eight H3N2 influenza virus
samples. This demonstrates the accuracy and applicabil-
ity of the method. However, increasing the variety and
number of clinical samples tested would enhance its gen-
eralizability, given the limited sample size in this study
[13]. Currently, the detection of SARS-CoV-2 using the
tri-line immunochromatographic Cas13a test strip is sta-
ble, indicating that we have the potential to detect three
targets simultaneously. In conclusion, this CRISPR-based
detection method offers a novel approach for multi-
target sample detection. Furthermore, the method does
not require amplification and does not generate aerosol
contamination, highlighting its significant potential for
future disease diagnostics [24].

In this study, we achieved a detection limit of 381.75
copies/pL, which is significantly higher than that of RT-
qPCR, which typically detects less than 10 copies/uL.
While this difference in sensitivity is notable, it is essential
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to consider the distinct applications and contexts in
which these methods are used. Our assay is designed for
rapid, point-of-care testing, with the potential for out-
door and home use. This design prioritizes accessibil-
ity and ease of use, making it suitable for settings where
resources are limited and rapid screening is crucial. In
contrast, RT-qPCR is typically performed in centralized
laboratory settings within healthcare institutions, requir-
ing sophisticated and expensive instrumentation, as well
as skilled technicians to operate. These differences in cost
and accessibility mean that our assay and RT-qPCR cater
to different needs and have their own strengths and limi-
tations. While our assay may not achieve the same level of
sensitivity as RT-qPCR, its advantages in terms of speed,
ease of use, and affordability make it suitable for situa-
tions where rapid screening and widespread accessibility
are crucial. For example, in community settings or dur-
ing large-scale screening events, our assay can provide
quick results without the need for extensive laboratory
infrastructure. We acknowledge that the higher detec-
tion limit of our assay may pose a risk of missed detection
in samples with low viral loads. However, the practical
implications of this limitation need to be weighed against
the benefits of rapid, accessible testing. Future work will
focus on further optimizing our assay to improve its sen-
sitivity while maintaining its ease of use and affordability.

In this study, we developed a dual-target immunochro-
matographic detection method using LbuCas13a protein
and “band elimination” test strips for detecting SARS-
CoV-2 and H3N2. While the method demonstrated high
sensitivity and specificity in initial clinical samples, we
observed a discrepancy rate of 12.5% (2 out of 16 sam-
ples), with 1 false-negative result for SARS-CoV-2 and 1
for H3N2. This resulted in an overall sensitivity of 87.5%,
which is satisfactory but highlights the need for further
optimization. We believe these false negatives may be
attributed to the following factors: Low Sample Con-
centration: Some clinical samples may have had viral
loads below the detection limit of the colloidal carbon
test strips, resulting in false-negative results [25]. This
is a common issue in immunochromatographic assays,
where sensitivity can be affected by the concentration of
the target analyte. Sample Degradation: Improper stor-
age conditions or prolonged storage times can lead to the
degradation of viral RNA, reducing the effectiveness of
the test strips [26]. Environmental factors such as tem-
perature and humidity can also impact sample stability.
This indicates that this method still has limitations, as its
sensitivity cannot reach the level of RT-qPCR that can
detect 10 copies/uL of virus. These factors are known to
influence the sensitivity of diagnostic tests and should be
carefully considered in future work. For instance, opti-
mizing the sample collection and preservation meth-
ods could help in maintaining the integrity of the viral
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RNA, thereby reducing the likelihood of false-negative
results. To ensure the method’s applicability in diverse
clinical settings, it is crucial to conduct further validation
with a larger sample size, including samples from differ-
ent patient populations and geographical regions. This
will help in assessing the method’s performance under
various conditions and identifying potential sources of
variability. Moreover, incorporating quality control mea-
sures, such as internal controls and regular calibration of
the test strips, will further enhance the reliability of the
detection system.

In addition to the possible reasons for false negatives
mentioned above, we acknowledge that other factors may
also play a role, and we have considered the following
possibilities: It is plausible that non-specific inhibition
could occur due to the collateral activity of Cas13a. While
we did not conduct specific experiments to directly
test this hypothesis, we have reviewed the literature on
Casl3a and found that its collateral activity can indeed
influence assay performance under certain conditions.
For example, studies have shown that the collateral activ-
ity of Cas13a can affect the binding affinity of target RNA
to the Cas13a: crRNA complex and the HEPN-nuclease
activity of Casl3a [27]. Future studies should investigate
this possibility further by incorporating controls that spe-
cifically address Casl3a collateral activity. The design of
the probes, including their concentration and sequence
specificity, is crucial for assay performance. In our cur-
rent study, we used a standard probe design based on
previous successful applications. However, we recog-
nize that further optimization could improve the assay’s
sensitivity and specificity. Specifically, adjusting the
probe concentration or refining the sequence to enhance
specificity might mitigate the occurrence of false nega-
tives. We plan to explore these optimizations in future
work. The reaction conditions, such as incubation time
and enzyme dosage, can significantly impact the assay’s
sensitivity. In our current setup, we followed the manu-
facturer’s recommendations for these parameters. How-
ever, we acknowledge that fine-tuning these conditions
could potentially enhance the assay’s performance. For
example, extending the incubation time or adjusting the
enzyme dosage might improve the detection efficiency.
We suggest that future studies systematically investigate
these parameters to optimize the assay conditions for
better sensitivity.

In conclusion, while our multi-target immunochro-
matographic detection method offers a rapid, low-cost,
and simple approach for detecting SARS-CoV-2 and
influenza viruses, the observed discrepancy rate under-
scores the importance of addressing the factors that
influence its sensitivity. Future work should focus on
optimizing the assay conditions, validating the method
with a larger sample size, and implementing quality
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control measures to ensure its robustness and applicabil-
ity in diverse clinical settings.

The CRISPR-based assay developed in this study offers
several advantages: 1, No target amplification is required,
effectively avoiding aerosol contamination. 2, It enables
the detection of multiple RNA virus targets. 3, The
“band elimination” detection method is used. 4, Colloi-
dal carbon with their distinct black color, facilitate result
interpretation. 5, When the copy number of the virus is
greater than 381.75 copies/pL, it demonstrates 100% con-
sistency with RT-qPCR and colloidal gold test strip meth-
ods for detecting SARS-CoV-2.

In our study, we aimed to develop a multiplex detec-
tion method for RNA virus using CRISPR-Casl3a-
based immunochromatographic test strips. However, we
encountered significant challenges due to the nonspecific
cleavage activity of Casl3a, which can lead to potential
cross-reactivity issues when detecting multiple targets in
the same reaction tube. For example, when both SARS-
CoV-2 and Influenza are present in the same reaction
tube, Cas13a’s collateral cleavage activity can nonspecifi-
cally cleave both FAM and DIG-labeled probes. This col-
lateral activity not only reduces the signal intensity but
also leads to false-positive results, thereby compromis-
ing the accuracy of multiplex detection. To mitigate this
issue, we adopted a strategy where each target was ini-
tially reaction in separate tubes. After individual reaction,
the samples were mixed for detection on the multiplex
test paper strips. This approach effectively minimized the
interference between the two targets during the reaction
and detection process. It is important to note that while
the simultaneous detection of SARS-CoV-2 and Influ-
enza in the same reaction tube is desirable, the likelihood
of co-infection with both viruses is relatively low. More-
over, given the challenges posed by Casl3a’s collateral
activity, our current method is unable to achieve reliable
multiplex detection within the same reaction tube.
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