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Abstract
This study provides proof of concept of a colorimetric biosensor for influenza H1N1 virus assay based on the CRISPR/
Cas13a system and hybridization chain reaction (HCR). Target RNA of influenza H1N1 virus activated the trans-cleavage 
activity of Cas13a, which cleaved the special RNA sequence (-UUU-) of the probe, further initiating HCR to copiously 
generate G-rich DNA. Abundant G-quadruplex/hemin was formed in the presence of hemin, thus catalyzing a colorimetric 
reaction. The colorimetric biosensor exhibited a linear relationship from 10 pM to 100 nM. The detection limit was 0.152 pM. 
The biosensor specificity was excellent. This new and sensitive detection method for influenza virus is a promising rapid 
influenza diagnostic test.
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Introduction

Influenza virus is an enveloped, segmented, negative-
stranded, single-stranded RNA virus [1]. Most warm-
blooded animals can become the host of influenza virus. 
Influenza virus is a serious threat to human health and has 
historically caused many pandemics, with considerable 
morbidity and mortality worldwide [2]. Currently, influenza 
viruses comprise types A, B, C, and D [3, 4]. Influenza A 
virus is the most severe and deadly. Among them, influenza 
A (H1N1) virus (hereafter influenza H1N1), which has three 
different RNA fragment sequences, can be isolated from 
swine, avian, and humans [5]. In one year, this virus spread 
to 214 countries, causing more than 18,000 deaths world-
wide, and has become a major international public health 
problem [6]. Developing a sensitive, specific, rapid, and reli-
able sensor of H1N1 is essential for controlling outbreaks.

Virus isolation and culture was the gold standard for diag-
nosing influenza virus. This has been supplanted by reverse 
transcriptase polymerase chain reaction (RT-PCR), with 
its superior analytical and clinical sensitivity [7]. Concur-
rently, several traditional detection methods are widely used 
in the detection of influenza virus. These include ELISA 
[8] and protein identification [9]. The traditional detection 
of influenza viruses has improved with time. However, the 
method has some inherent disadvantages. It is complicated 
to perform and require professionally trained personnel or 
sophisticated laboratory instruments. Therefore, this tech-
nique is not suitable for routine healthcare and resource-poor 
areas [10]. Many alternative methods have been assessed for 
the detection of influenza viruses. These include an electro-
chemical immunosensor [11], a surface-enhanced Raman 
scattering–based imaging aptasensor platform [12], fluo-
rescence [13], colorimetric [14], immunochromatographic 
[15], and microfluidic chip [16] approaches. Among them, 
colorimetry is a fast and convenient option that does not 
require advanced instruments.

Despite promising progress in emerging diagnostic tests 
to detect influenza virus, a perfect detection method has yet 
to be developed. Clustered regularly interspaced short palin-
dromic repeats (CRISPR)/Cas systems have attracted a lot of 
attention due to their simplicity. Only one single effector is 
required. The CRISPR-Cas module present in most archaea 
and many bacteria belongs to the adaptive immune system 
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and provides sequence-specific protection to RNA in the 
presence of foreign invading DNA [17]. The CRISPR fam-
ily is used for gene editing and transcriptional regulation 
[18], and is also widely used in biosensing. Examples of the 
latter include detection of DNA [19] and microRNA [20]. 
Cas13a was first proposed in 2016 [21]. Compared with 
the other Cas proteins (Cas9, Cas12a, Cas14), Cas13 can 
directly detect RNA without reverse transcription because 
Cas13a is a single-stranded (ss) RNA-targeted RNase that 
exhibits both cis- and trans-cleavage activities [22]. In par-
ticular, Cas13a can directly and specifically recognize target 
RNA and subsequently activate its trans-cleavage activity. 
The resulting nonspecific cleavage of nearby RNAs makes 
Cas13a more suitable for detection of RNA than other Cas 
proteins. Cas13a is used in a variety of RNA detection meth-
ods, such as microRNA [23], SARS-CoV-2 [24], and RNA 
N6-methyl-adenosine [25].

To further improve analysis performance, the Cas13a 
system has been combined with various signal amplifica-
tion techniques, such as rolling circle amplification (RCA) 
[26], recombinase polymerase amplification (RPA) [27], 
and loop-mediated isothermal amplification (LAMP) [28]. 
Some of these isothermal nucleic acid amplification tech-
niques employ expensive enzymes, some are tedious to 
perform since they require reverse transcription, and the 
correct design of species-specific primers is challenging for 
some. Toehold-mediated strand displacement reactions have 
received extensive attention due to their superior cascade 
properties in terms of cost, programmability, universality, 
and modularity [29]. Hybridization chain reaction (HCR) 
is a toehold-mediated strand displacement reaction first 
developed by Dirks and Pierce [30]. HCR is an enzyme-
free, entropy-driven, isothermal spontaneous DNA assem-
bly process [31]. An ordinary HCR needs three components 
including one DNA initiator and two DNA hairpins, In par-
ticular, two stable DNA hairpins coexist in solution until the 
first hairpin is opened after a promoter strand is introduced. 
The loss of secondary structure leads to the opening of a 
second and similar hairpin. This process is a series of DNA 
assembly events. Ultimately, the HCR forms a nicked dou-
ble helix with many repeating units. Compared with PCR, 
HCR is used for isothermal nucleic acid amplification with-
out cumbersome temperature changes. Compared with RCA 
and LAMP, HCR does not require enzymes and a complex 
primer design, respectively.

Here, we introduce horseradish peroxidase–mimick-
ing DNAzyme (HRP-DNAzyme) to combine Cas13a and 
HCR. HRP-DNAzyme is one of the most commonly used 
catalytic DNAzymes in biosensors and biorecognition. The 
single-stranded guanine-rich nucleic acid and hemin com-
plex components [32] interact to catalyze a redox reaction 
between hydrogen peroxide (H2O2) and 2,2′-azino-bis(3-
ethyl-benzothiozoline)-6-sulfonic acid (ABTS2−) with an 

accompanying color change [33]. This method does not 
require cumbersome instruments and expensive modified 
probes (such as fluorophores, quenchers, methylene blue, 
etc.) to achieve the transduction of analyte recognition events 
into an optical detection mode. The colorimetric biosensor 
amplifies the signal and reduces the experimental conditions 
to visually detect influenza H1N1. We observed an excellent 
linear relationship of the colorimetric biosensor from 10 pM 
to 100 nM, with a detection limit of 0.152 pM. Because 
of the outstanding selectivity of Cas13a, unexpected influ-
enza A virus subtypes can be excluded in the amplifica-
tion reaction. The data presented here demonstrate that this 
Cas13a-based colorimetric biosensor is a promising analyti-
cal method for biological analyses and clinical diagnoses.

Experimental section

Reagents and instruments

All DNA sequences used in this study were synthesized by 
Sangon Biotechnology Co., Ltd. (Shanghai, China). All the 
oligonucleotides are given in Table S1 (see Supplementary 
information Table S1). The HiScribe T7 High Yield RNA 
Synthesis Kit and Monarch RNA Purification Columns 
were obtained from New England BioLabs (Ipswich, MA, 
USA). Trizol Reagent and Dynabeads M-270 Streptavidin 
(magnetic beads [MBs], 2.8 µm in diameter, 10 mg/mL) 
were provided by Thermo Fisher Scientific (Waltham, MA, 
USA). Purified Leptotrichia wade (Lwa)Cas13a protein and 
LwaCas13a buffer were obtained from Tolo Biotech (Shang-
hai, China). RNase inhibitor was obtained from Promega 
Corporation (Madison, WI, USA). Hemin and AzBTS-
(NH4)2 were purchased from Sigma-Aldrich, Inc. (Saint 
Louis, MO, USA). RNase-free water and all chemicals were 
bought from Sangon Biotechnology (Shanghai, China) and 
used without further purification. The allantoic fluid of chick 
embryos infected with influenza H1N1 was stored and pro-
vided by Changchun Veterinary Research Institute, Chinese 
Academy of Agricultural Sciences. Absorbance measure-
ments were measured using a Nano Drop ND-1000 spectro-
photometer (Thermo Fisher Scientific).

Preparation of crispr (cr)RNA and target RNA 
by in vitro transcription

The target RNA sequence was designed according to the 
specific sequence fragment of influenza H1N1. Mature 
LwaCas13a crRNA was designed. It contained a 36-nucleo-
tide (nt) direct repeat sequence and a 25-nt spacer that was 
completely complementary to the target RNA. The crRNA 
and target RNA were synthesized by in vitro transcription 
using T7 RNA polymerase and the HiScribe T7 High Yield 
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RNA Synthesis Kit (New England Biolabs) to transcribe and 
Monarch RNA Cleanup Kit to purify RNA. Two microliters 
of 100 μM T7 promoter, 2 μL of 100 μM ssDNA templates 
containing T7 promoter sequence, and 14 μL RNase-free 
water were incubated at 95 °C for 5 min and then gradi-
ent cooled to 25 °C. The transcription reaction was estab-
lished with the above solution, 2 μL T7 RNA polymerase 
(50 U/μL), and 10 μL NTP Buffer mix (20 mM) at 37 °C 
for 16 h. Then, 2 μL DNaseI (2 U/μL) was added and mixed 
to degrade the DNA in the solution. The concentrations of 
crRNA and target RNA were determined using a Nanodrop 
1000 UV–vis spectrophotometer (Thermo Fisher Scientific) 
and stored at – 80 °C.

Detection of influenza H1N1

Ten microliters of a CRISPR/Cas13a cleavage reaction 
system contained 1 μL of various concentrations of target 
ssRNA, 1 μL of 0.5 μM crRNA, 1 μL of 5 U RNase inhibi-
tor, 1 μL of 0.8 μM Cas13a protein, 2 μL of 1 × Cas13a 
buffer, and 4 μL of 1.25 μM probe I. The mixture was 
incubated at 37 °C for 30 min, followed by deactivation of 
Cas13a enzyme activity at 80 °C for 10 min. Streptavidin-
coated MBs (SA-MBs) were prepared according to stand-
ard methods. Five microliters of a suspension of SA-MBs 
(10 mg/mL) was rinsed three times with 15 µL of PBS buffer 
(0.08 mM NaH2PO4 and 0.02 mM Na2HPO4, pH 7.4). The 
SA-MBs were resuspended in 5 μL Tris–HCl buffer (20 mM 
Tris, 2 mM MgCl2, 200 mM NaCl, 20 mM KCl, pH 7.4). 
The obtained Cas13a cleavage product was added to the sus-
pension of SA-MBs, and the mixture was incubated at 37 °C 
for 10 min. Subsequently, the beads were separated using a 
magnet and the supernatant was transferred to a new centri-
fuge tube. Ten microliters of 2 μM H1 and 10 μL of 1.5 μM 
H2 were added to the solution followed by heating at 37 °C 
for 40 min. Ten microliters of 10 μM hemin was added and 
reacted at 37 °C for 40 min. Finally, 10 μL of 50 mM ABTS 
was added, followed by 10 μL of 40 mM H2O2. The solution 
was incubated at room temperature for 5 min. The absorb-
ance of the resulting samples at a wavelength of 414 nm 
was measured by a Nano Drop ND-1000 spectrophotometer.

Native polyacrylamide gel electrophoresis (PAGE) 
analysis

The products of Cas13a/crRNA trans-cleavage and HCR 
were analyzed using 15% native PAGE. Ten microliters of 
product and 2 μL of 6 × loading buffer were mixed evenly. 
Ten microliters of mixed liquid was loaded in the gel lane. 
The gel was run in 1 × TBE (89 mM Tris, 89 mM boric acid, 
2.0 mM EDTA, pH 8.2) at 180 V for 40 min. The gel was 
dyed by SYBR Green I for 15 min and imaged using a C600 

ultimate western blot imaging system (Azure Biosystems, 
Dublin, CA, USA).

Extraction of total viral RNA from chicken embryo 
allantoid fluid

The allantoic fluid of chick embryos infected with influenza 
H1N1 was collected. The total viral RNA was extracted by 
Trizol method. Two hundred fifty microliters of sample was 
thoroughly mixed with 750 μL of Trizol reagent and allowed 
to stand for 10  min at room temperature. Two hundred 
microliters of chloroform was added and mixed by violent 
oscillation for 30 s and allowed to stand for 10 min at room 
temperature. The solution was centrifuged at 12,000 rpm for 
15 min at 4 °C. At this time, the solution appeared layered. 
Five hundred microliters of the supernatant was transferred to a 
new enzyme-free tube. Five hundred microliters of isopropanol 
was added; the contents were gently inverted several times 
to mix and allowed to stand for 10 min at room temperature. 
After centrifugation at 12,000 rpm for 10 min at 4 °C, the 
supernatant was discarded, and the pellet was resuspended 
in 750 μL of cold 75% ethanol. The mixture was centrifuged 
at 12,000 rpm for 5 min at 4 °C. The supernatant was also 
discarded. Finally, the total viral RNA was resuspended in  
50 μL RNase-free water and stored at – 80 °C.

Results and discussion

Principle of H1N1 influenza detection

Here, we developed a dual signal amplification strategy based 
on Cas13a for a visual assay of influenza H1N1. In the prin-
ciple depicted in Scheme 1, the first step is the recognition 
of H1N1 by the colorimetric biosensor and ensured specific-
ity of the reaction by the CRISPR/Cas13a protein system. 
Target RNA extracted from influenza H1N1 is bound to 
crRNA through base complementation pairing after enter-
ing the interior of the CRISPR/Cas13a protein. This alters 
the protein structure and activates the trans-cleavage abil-
ity of the CRISPR/Cas13a protein. A DNA oligonucleotide 
strand containing three uridine monophosphate was created 
(probe I). The probe was designed to serve as the substrate 
for trans-cleavage of Cas13a/crRNA. DNA probe I consists 
of an I1 strand at the 5′ end, a special RNA sequence (-UUU-) 
in the middle, and an I2 strand at the 3′ end. Modification 
of the I1 strand with biotin allows the strand to initiate the 
HCR. The special RNA sequence (-UUU-) is recognized 
and cut by the CRISPR/Cas13a system. Cas13a is activated 
and cleaves the RNA sequence of probe I, which separates 
the I1 and I2 strands. The SA-MBs are added, and the bio-
tin interacts with SA. The uncleaved probe I and I1 strands 
containing biotin are adsorbed by the SA-MBs, which are 
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then removed from the solution by magnetic separation. After 
adding hairpin DNA H1 and H2, the I2 chain conjugates with 
H1 and opens the H1 hairpin via toehold-mediated strand 
displacement. Hybridization of the I2-H1 complex opens the 
hairpin structure of H2. The opened H2 chain is complemen-
tary to the hairpin H1 chain, which results in the opening of 
the hairpin structure of the H1 strand, thereby initiating the 
HCR. Because the H1 and H2 hairpin structures are continu-
ously opened and assembled, the G-quadruplex fragment of 
H1 is exposed. Subsequently, in the presence of hemin, the 
G-quadruplex structure folds and hemin intercalates into the 
structure to form a DNAzyme. The G-quadruplex DNAzyme 
can catalyze the redox reaction between ABTS2− and H2O2. 
The color of the ABTS solution changes from light green 
to dark green. The resulting colorimetric reaction produces 
a color change of the reaction solution that is visible to the 
naked eye, permitting the ultra-sensitive visual detection of 
influenza H1N1.

Experimental feasibility analysis

To verify the feasibility of the CRISPR/Cas13a cleavage effect, 
the CRISPR/Cas13a cleaved product was examined by PAGE. 
Lanes 1–3 of Fig. 1A respectively contain bands without 
Cas13a, without crRNA, and without target RNA in the com-
plete Cas13a/crRNA trans-cleavage system. Lane 4 contains 
the complete system. In contrast to lane 4, lanes 1–3 displayed 
a pronounced band at the same location. Conversely, the band 
of lane 4 at this location was weaker, with the appearance of 
new bands of cleaved probe I further down in the gel. Only in 

the complete system was the target RNA of influenza H1N1 
able to activate the Cas13a/crRNA trans-cleavage system. In 
addition, the trans-cleavage ability of Cas13a was confirmed 
by PAGE again. As shown in Supplementary information 
Figure S1, a low concentration of H1N1 could activate the 
CRISPR/Cas13a system to cleave a high concentration of 
probe I, and in this range, probe I could be completely cleaved.

Subsequently, the activated Cas13a/crRNA trans-cleavage 
system cleaved the DNA probe I to produce the I1 and I2 
chains. The feasibility of the detection system was verified 
by PAGE. The I2 strand commenced the subsequent HCR 
to generate H1–H2 double helices (Fig. 1B). Lanes 1 and 2 
show that H1 and H2 were both in monomeric form. Lane 3 
displays the situation when H1 and H2 coexist. Lane 4 shows 
a nicked double-helix structure formed when DNA probes I, 
H1, and H2 coexist. Lane 5 and 6 display the co-mixture of 
H1 and H2 after adding the Cas13a/crRNA system and MBs 
in the absence (lane 5) and presence (lane 6) of H1N1 tar-
get RNA. As anticipated, high molecular weight bands with 
extremely low electrophoretic mobility were generated in 
lanes 4 and 6. In contrast, these bands were absent in lanes 3 
and 5. Compared to lanes 1 and 2, the H1 and H2 bands were 
less prominent in lanes 4 and 6, and were absent in lanes 3 
and 5. The findings demonstrate the successful initiation of 
HCR and verifies the separation capability of the MBs for 
further development of the colorimetric biosensor.

G-quadruplex formation, catalysis, and the overall feasi-
bility of the protocol were validated using colorimetry. The 
products in each of the above lanes were incubated with 
hemin, followed by the addition of hemin and ABTS2−. As 

Scheme 1   Schematic illustra-
tion of CRISPR/Cas13a com-
bined with hybridization chain 
reaction for visual detection of 
influenza H1N1
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shown in Fig. 1C, in positive samples and positive control 
samples, the colorless mixture turned green. Only these sam-
ples displayed a significant increase in absorption intensity. 
The absorbance of the positive sample was almost indistin-
guishable from that of the positive control sample.

Optimization of experimental conditions

To maximize the detection of influenza H1N1 viruses, piv-
otal assay factors that needed to be optimized were the con-
centration of Cas13a, CRISPR/Cas13a cleavage tempera-
ture, the concentration ratio of Na+ to K+, the concentration 
of probe I, the concentration ratio of hairpin H1 and H2, 
the concentration of hemin solution, CRISPR/Cas13a cleav-
age time, and HCR time. The ratio of I/I0, in which I is the 
absorbance in the presence of the target RNA and I0 is the 
absorbance in the absence of target RNA, was used to evalu-
ate the performance of the assay parameters.

The concentration of Cas13a/crRNA affected the degree 
of the trans-cleavage of probe I, which influenced the 
amplification efficiency of subsequent HCRs. As shown 
in Fig. 2A, the I/I0 value varied with the concentration of 
Cas13a/crRNA and tended to be stable when the concen-
tration of Cas13a/crRNA was ≥ 0.8 µM. This concentra-
tion was determined to be the optimum concentration of 
Cas13a/crRNA. The I/I0 value changed with the difference 
Cas13a/crRNA trans-cleavage temperature (Fig. 2B). When 
the temperature was 37 ℃, the value of I/I0 was maximum. 
When the temperature value exceeded 37 ℃, there was a 
subsequent decrease in the value of I/I0. The findings indi-
cated that a temperature that was too high would affect 
the activity of the Cas13a protein. Insufficient probe I was 
not conducive to HCRs, while excess probe I increased 
the background signal. The I/I0 value gradually increased 
from 0.25 to 1.75 µM with increasing probe I concentra-
tion (Fig. 2C). When the concentration of probe I exceeded 

Fig. 1   A Nondenaturing 15% 
PAGE analysis of cleavage 
ability of Cas13a for probe I. 
M: 20 bp DNA ladder. Lane 
1: 1 µM target RNA, 0.8 μM 
Cas13a, 1.25 μM I. Lane 2: 
1 µM target RNA, 0.5 μM 
crRNA, 1.25 μM I. Lane 3: 
0.5 μM crRNA, 0.8 μM Cas13a, 
1.25 μM I. Lane 4: 1 µM target 
RNA, 0.5 μM crRNA, 0.8 μM 
Cas13a, 1.25 μM I. B Nonde-
naturing 15% PAGE analysis 
of the ability of magnetic beads 
(MBs) and the result of HCR. 
M: 20 bp DNA ladder. Lane 1: 
2 µM H1. Lane 2: 1.5 µM H2. 
Lane 3: 2 µM H1, 1.5 µM H2. 
Lane 4: 1.25 µM I, 2 µM H1, 
1.5 µM H2. Lane 5: 2 µM H1, 
1.5 µM H2, 1.25 μM I, 10 μg 
MBs, 0.5 μM crRNA, 0.8 μM 
Cas13a. Lane 6: 2 µM H1, 
1.5 µM H2, 1.25 μM I, 10 μg 
MBs, 1 µM target RNA, 0.5 μM 
crRNA, 0.8 μM Cas13a. C Fea-
sibility analysis of the formation 
and catalysis of G-quadruplex. 
Negative control: 2 µM H1, 
1.5 µM H2. Positive control: 
1.25 µM I, 2 µM H1, 1.5 µM 
H2. Negative: 2 µM H1, 1.5 µM 
H2, 1.25 μM I, 10 μg MBs, 
0.5 μM crRNA, 0.8 μM Cas13a. 
Positive: 2 µM H1, 1.5 µM H2, 
1.25 μM I, 10 μg MBs, 1 µM 
target RNA, 0.5 μM crRNA, 
0.8 μM Cas13a
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1.25 μM, there was only a small and negligible increase in 
absorbance. Considering the cost, 1.25 μM was selected as 
the optimum amount of primer probe I added. The effect 
of the concentration between hemin and G-quadruplex was 
also monitored. The I/I0 value initially increased and then 
decreased (Fig. 2D). The I/I0 value reached a maximum 
when the concentration of hemin was 10 µM. The con-
centration was selected as the optimum concentration of 
hemin. The I/I0 value increased as the Cas13a/crRNA trans-
cleavage time increased from 10 to 40 min (Fig. 2E). When 
the trans-cleavage time reached 30 min, further increases 
in time led to a smooth increase in I/I0 followed by a slight 
decrease. Thirty minutes was identified as the best digestion 
time. The I/I0 value increased with increasing HCR time 

and reached a peak at 40 min (Fig. 2F). Forty minutes was 
sufficient for HCR to fully react and was chosen.

The concentration ratio of Na+ and K+, and of hairpin 
H1 and H2, was also optimized. Formation and stabilization 
of G-quadruplexes depended on cations. In the presence of 
monovalent cations such as Na+, K+, NH4

+, Rb+, and others, 
guanylate-rich DNA or RNA could form a stable G-quadru-
plex structure. Of these cations, K+ and Na+ are ubiquitous 
in cells, so the concentration ratio of Na+ and K+ in the buffer 
was optimized. When the concentration ratio of Na+ to K+ 
was 1:10, the absorbance value of the sample was the highest 
(see Supplementary information Figure S2A). The amount 
of G-quadruplex that formed was closely related to hair-
pin H1 and H2. Therefore, the concentration ratio of these 

Fig. 2   Optimization of 
experimental conditions. A 
Cas13a protein concentration. 
B Restriction enzyme digestion 
temperature. C Probe I concen-
tration. D Hemin concentration. 
E Restriction enzyme digestion 
time. F HCR time
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hairpins was optimized. The absorbance value increased with 
increasing concentration ratio. When the concentration ratio 
of hairpin H1 and H2 reached 2:1.5, the absorbance value 
was highest. Further increases of the hairpin H2 concentra-
tion produced significantly decreased absorbance (see Sup-
plementary information Figure S2B). Therefore, the 2:1.5 
concentration ratio of hairpin H1 to H2 was chosen as the 
optimal condition for the experiment.

Sensitivity

The linear range and sensitivity of the developed sens-
ing system for influenza H1N1 detection were measured 
using the optimized experimental conditions. The suscep-
tive response relationships between the concentration of 
the influenza H1N1 target RNA probe and the variance of 
absorption intensity indicated variable absorption intensity 
with increasing concentration of target RNA extracted from 
influenza H1N1 (101, 102, 103, 104, and 105 pM) (Fig. 3A). 
Over the range of 101 ~ 105 pM, good linear correlation 
from signal change and lg (target RNA concentration) was 
observed (Fig. 3B). The regression equation was I/I0 = 1.057 
log10C − 0.1560 (R2 = 0.912). The limit of detection was cal-
culated as 0.152 pM based on 3σ/slope, where σ is the stand-
ard deviation and k represents the slope of the line. Com-
pared with several CRISPR/Cas detection systems, in terms 
of time and sensitivity, our detection method was comparable 
or superior (see Supplementary information Table S2).

Specificity

An excellent virus method has the ability to distinguish 
influenza viruses based on their subtype and high similarity 
sequence. The specificity of the colorimetric biosensor was 
evaluated by four influenza viruses (H3N2, H5N1, H9N2, 
and H7N9) and other three types of probes for base muta-
tion (M1, M2, and M3 represent one base mutation, two 
base mutations, and three base mutations, respectively). As 
shown in Fig. 4, at the same concentration (100 nM), the 
altered signal intensity about influenza viruses in the same 

system and similar sequences did not obviously differ from 
that of the background (no addition of target RNA); only 
H1N1 RNA produced a prominent altered signal. These 
results indicated that the detection method has good speci-
ficity, with good resolution of even a single base mutation.

Analysis of spiked serum samples

Influenza H1N1 virus can be detected in serum following 
infection. To assess the practical feasibility of the developed 
method, different concentrations of H1N1 target RNA probe 
(1, 10, and 100 nM) were added to 10 × diluted serum. The 
H1N1 assay was then performed. The recovery for the 1, 
10, and 100 nM concentrations of H1N1 target RNA probe 
was 83.90%, 104.50%, and 104.77%, respectively. The rela-
tive standard deviation ranged from 0.27 to 6.95% (Table 1). 
These findings suggested the potential value and practicabil-
ity of this colorimetric biosensor to monitor influenza H1N1 
in spiked biological samples.

Fig. 3   A Concentration of 
H1N1 target RNA from 100 nM 
to 10 pM, and the intensity 
of colorimetric change. B 
Analysis of the linear relation-
ship between the concentra-
tion of H1N1 target RNA 
(100 nM ~ 10 pM) and the 
intensity of colorimetric change

Fig. 4   Selectivity of the proposed method using different influenza 
virus RNA targets and different probes for base mutation. The con-
centration of each target RNA was 100 nM, and the other conditions 
remained the same



	 Zhou H. et al.

1 3

Real‑sample analysis

We further examined the applicability and specificity of the 
colorimetric biosensor in detecting target RNA in complicated 
RNA extracts. To verify the accuracy of this sensing method, 
the colorimetric biosensor was used to detect influenza H1N1 
in allantoic fluid of chicken embryo samples. The total RNA of 
the virus at this concentration was extracted from 1.0 × 108 cop-
ies/mL virus titer, according to this experimental method. As 
shown in Fig. 5, the results of the experimental group (infected 
group) and the control group (uninfected group) were signifi-
cantly different. This result demonstrates that this experimen-
tal approach could accurately capture target RNAs in complex 
RNA samples. Therefore, the assay presented in this experi-
ment is a promising tool for the detection of H1N1 influenza 
virus in complex matrices.

Conclusions

We describe the establishment and verification of a CRISPR/
Cas13a-based visual influenza H1N1 viruses label-free and iso-
thermal detection method. An oligonucleotide probe I strand 

was designed as a trans-cleavage substrate for Cas13a/crRNA 
and was used as a primer for HCR after cleavage. Our method 
adopts a dual signal amplification strategy, which can greatly 
increase sensitivity. The novel detection method has a detection 
limit of 0.152 pM for influenza H1N1 with excellent linearity 
between 10 pM and 100 nM. The assay also has excellent speci-
ficity. Other influenza A viruses and highly homologous RNA 
probes with only a single base difference can be clearly distin-
guished. The method does not require a variable-temperature 
environment and special expensive equipment, and is fast and 
efficient. The novel method could be valuable for biological 
research and clinical detection of virus.
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