
Vol.:(0123456789)1 3

Journal of Analysis and Testing (2022) 6:353–364 
https://doi.org/10.1007/s41664-022-00232-0

ORIGINAL PAPER

Development of a Handheld Nano‑centrifugal Device for Visual Virus 
Detection

Zi‑Rong Bi1,2 · Meng‑Lu Hu2 · Yong‑Zhong Jiang3 · Er‑Hu Xiong2 · Bo‑Wen Shu4 · Si‑Qi Li6 · Han‑Wei Chen1,5 · 
Xiao‑Hua Chen1,7 · Xiao‑Ming Zhou2

Received: 10 March 2022 / Accepted: 12 May 2022 / Published online: 5 August 2022 
© The Nonferrous Metals Society of China 2022

Abstract
Gold nanoparticles (AuNPs) colorimetric assays based on distance-dependent optical characteristics have been widely 
employed for bioanalysis. However, this assay is not effective for visually detecting low-concentration targets due to the 
faint color change. Here, we developed a handheld nano-centrifugal device which could separate the crosslinked and non-
crosslinked AuNPs. Results showed that the handheld nano-centrifugal device could easily reach more than 6000 r/min within 
10 s simply by stretching and tightening the coiled rope in an appropriate rhythm. Further, combined with the CRISPR/
Cas12a nucleic acids recognition system, a field-deployable colorimetric platform termed handheld nano-centrifugal device 
assisted CRISPR/Cas12a (Hand-CRISPR) has been validated. Moreover, clinical diagnostics applications for Epstein-Barr 
virus (EBV) and severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) detection with high sensitivity and accuracy 
(100% consistency with reverse transcription quantitative real-time polymerase chain reaction (RT-qPCR) test results) have 
been demonstrated. Overall, the Hand-CRISPR platform showed great promise in point-of-care-test (POCT) application, 
expected to become a powerful supplement to the standard nucleic acid testing method in remote or poverty-stricken areas.
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1  Introduction

Rapid, accurate and sensitive nucleic acid detection has been 
considered as one of the most important tools in clinical 
diagnosis, biomedical research, environmental monitor-
ing, food safety, and so on [1–6]. Due to its high sensitiv-
ity and specificity, polymerase chain reaction (PCR) is the 
gold-standard technique for nucleic acid detection. How-
ever, it still has some drawbacks, such as long turnaround 
time, reliance on sophisticated equipment, central lab, and 
skilled technicians. These shortcomings are likely to hin-
der its widespread application, especially in places where 
medical resources and infrastructure are scarce. Therefore, 
it is of great significance to develop a point-of-care (POC) 
molecular diagnostic platform suitable for non-laboratory 
environments [7].

As an easy and cost-effective alternative in the field of 
POC testing, gold nanoparticles (AuNPs)-based colori-
metric assays have attracted considerable research interest 
because they can transform molecular recognition events 
into color changes, which can avoid the complexity in opti-
cal or electrical detection methodologies. Due to the unique 
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distance-dependent optical properties of the AuNPs, the 
colorimetric assay based on AuNPs can be distinguished 
by naked eyes [8]. More recently, researchers have coupled 
this typical colorimetric assay with the clustered regularly 
interspaced short palindromic repeats (CRISPR)/Cas sys-
tem, which not only enhanced the probes universality but 
also greatly improved the sensitivity of molecular detection 
[9–11]. Although similar assays have been widely used in 
the field of nucleic acid detection since its development, a 
common problem is often encountered in practical applica-
tions: when detecting low-concentration targets, only a small 
number of AuNPs are crosslinked and aggregated, while 
most AuNPs are dispersed. Under such situation, the color 
of the AuNPs solution only slightly changed, which will 
lead to a low signal-to-noise ratio. Thus, separation of the 
crosslinked and non-crosslinked AuNPs-DNA probes may 
be a solution for this issue. Since the majority of crosslinked 
AuNPs will form a network-like complex, high-speed cen-
trifugation is a relatively more straightforward and effective 
way to separate the dispersed and the crosslinked AuNPs-
DNA probes. Although the commercial benchtop centrifuge 
has been proven effective in precipitating the crosslinked 
AuNPs [10], its application in POC diagnostics scenarios 
is limited because of its inconvenience and requirement for 
a power supply.

To address the above issues, it is useful to develop sim-
ple and portable tools without an additional power supply, 
and the rotational speed can be comparable to a high-speed 
commercial centrifuge. To enable bio-separation in non-
laboratory settings, the researchers have developed a series 
of human-powered centrifugal platforms for centrifugation 
such as egg-beaters [12], salad-spinners [13], buzzer toys 
[14, 15], and fidget-spinners [16, 17]. Most of these tools 
were successfully applied in the fields of low-speed bio-
separation, such as blood plasma separation and nucleic acid 
extraction [12, 15]. However, to date, with the help of a fully 
human-powered centrifugal device, it remains unknown 
whether it is possible to achieve high-speed separation of 
nano-scale materials.

In this study, inspired by an ancient spinning device-
the buzzer, we engineered a fully human-powered nano-
centrifugal device for conveniently and visually detecting 
nucleic acids. This handheld nano-centrifugal device is an 
electricity-free platform that can effectively transfer manual 
operation into high-speed rotations. Based on the theoreti-
cal analysis and experimental results, we demonstrated that 
this device can effectively separate the crosslinked and non-
crosslinked AuNPs-DNA probes in just 10–20 s, thereby 
obtaining colorimetric results with a high signal-to-noise 
ratio. Furthermore, by successfully combining the handheld 
nano-centrifugal device with the CRISPR/Cas12a system 
(Hand-CRISPR), we developed a low-cost, palm-sized, and 
highly reliable platform for visual virus detection. Using 

this platform, we successfully demonstrated its utility for 
accurate and convenient detection of Epstein-Barr virus 
(EBV) and severe acute respiratory syndrome coronavirus-2 
(SARS-CoV-2). Overall, the Hand-CRISPR we developed 
is a rapid, low-cost, reliable platform without an external 
power supply, which shows great promise in POC applica-
tion, and becomes a powerful supplement to the gold-stand-
ard method in remote or poverty-stricken areas.

2 � Material and Methods

2.1 � Handheld Nano‑Centrifugal Device‑Assisted 
the CRISPR/Cas12a‑Mediated Colorimetric 
(Hand‑CRISPR) Assay

Cas12a/crRNA reaction buffer: 10 mmol/L Tris–HCl (pH 
9.0), 10 mmol/L NaCl, 15 mmol/L MgCl2, 5% PEG-200. A 
20 μL reaction cocktail contained 100 nmol/L LbCas12a, 
200  nmol/L linker ssDNA substrate, and 500  nmol/L 
crRNA. DNA amplified product (2 μL) was added to the 
cocktail and reacted for 20 min. After that, 60 μL of AuNPs-
DNA probes premixed solutions (30 μL of AuNPs-DNA 
probe 1 and 30 μL of AuNPs-DNA probe 2) were added to 
the reaction solution. The cocktails were incubated at room 
temperature for 3 min and centrifuged with the handheld 
nano-centrifugal device for 10–20 s. The supernatant was 
used for direct visualization or UV–vis analysis.

For additional experimental details, please refer to the 
Supporting Information.

3 � Results and Discussion

3.1 � Scheme of the Design of Centrifugation Based 
Colorimetric Assay

DNA functionalized AuNPs can hybridize with ssDNA 
(linker) to form a network-like crosslinked complex, induc-
ing a distinct color change (from red to purple). But in the 
actual detection application, the following three situations 
will be encountered: (i) AuNPs are completely dispersed and 
the solution remains red (in the absence of linker-ssDNA); 
(ii) AuNPs are completely aggregated and the solution 
color turns purple (high concentration of linker-ssDNA);  
(iii) AuNPs are partially aggregated and this is a critical situ-
ation (low concentration of linker-ssDNA). When AuNPs 
are partially aggregated, only faint color change can be 
observed, making it difficult to judge the detection results 
by the naked eye.

To address this issue, here we aim to develop a handheld 
nano-centrifugal device, which could effectively separate 
the crosslinked AuNPs-DNA probes from the AuNPs-DNA 
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monomer via high-speed centrifugation. As shown in 
scheme 1, we first designed a pair of universal AuNPs-DNA 
probes, which could hybridize with ssDNA linker and pro-
duce crosslinked aggregates. After adding the ssDNA linker 
to equal volumes of two premixed AuNPs-DNA probes solu-
tions, the crosslinked AuNPs aggregates would be effec-
tively precipitated to the bottom of the tube by rhythmical 
pulling the ropes of the handheld nano-centrifugal device. 
Thus, with the help of a handheld nano-centrifugal device, 
we hope to realize a colorimetric detection method which is 
more convenient for visual observation.

3.2 � Handheld Nano‑centrifugal Device

The handheld nano-centrifugal device used in this study is 
specifically composed of three parts: a 3D-printed centrifu-
gal disc, a nylon rope, and two 3D-printed handles, as shown 
in Fig. 1a. This handheld nano-centrifugal device is capable 
of holding and effectively spinning down six samples of PCR 
tubes (with a capacity of 0.2 mL) simultaneously without 
resorting to an external power supply, and the manufacturing 
cost is extremely low (< 20 cents). Furthermore, each cham-
ber on the centrifugal disc was designed as three-quarters 

of the hollow cylinder. On one hand, it could fix the PCR 
tube. On the other hand, the operator could directly observe 
the color inside the PCR tube without removing it from the 
device. Then, a nylon rope was used to pass through two 
symmetrical holes in the center of the disc, and each end of 
the rope was tied around a handle. After the PCR tubes were 
firmly clamped at the chamber on the centrifugal disc, the 
tape could additionally be used to ensure that the PCR tubes 
would not become loose.

The schematic diagram of manual centrifugal operation is 
shown in Fig. 1b. We coil the rope in a supercoiled state and 
then apply outward tension to accelerate the centrifugal disc 
to the maximum rotational speed. When the rope is close to 
unwinding, the inertia of the centrifugal disc will drive the 
rope to rewind. By repeating the above cycle, the centrifugal 
disc could quickly reach to the maximum rotational speed.

3.3 � Validation of the Handheld Nano‑centrifugal 
Device

A high-speed benchtop centrifuge experiment was first 
executed to determine the lowest centrifugal speed capable 
of effectively separating the monodisperse and aggregated 

Scheme 1   The design of centrifugation-based colorimetric assay
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AuNPs in a short time. Thus, a 30 s centrifugation experi-
ment was performed with an increment of 1000 r/min per 
time. Based on the color intensity and the UV–vis absorb-
ance measurement, the minimum rotational speed was 
finally determined to be 6000 r/min (Fig. 1c). To guide the 
design of a 3D-printed centrifugal disc (Fig. 1d), it is needed 
to calculate the mean input force ( F

m
 ) required by the opera-

tor when the handheld centrifugal disc reaches the maximum 
angular velocity (  ̇𝜙

max
= 6000 r/min). We assume a weight-

less and inextensible rope with evenly tension distribution. 
Meanwhile, we only consider the constant input force. The 
relationship between the total torque (M) and the angular 
acceleration ( 𝜙̈ ) can be expressed as:

where I is the inertial moment of the disc, I = m × R
d

2 , m 
is the mass of the centrifugal disc, R

d
 is the radius of the 

centrifugal disc.
To find the relationship between ̇𝜙

max
 and F

m
 , we assume 

that the ropes on both sides of the 3D-printed centrifugal 
disc are in the state of zero-twist point reported by Bohr and 
Olsen [18], that is the state where the rope cannot be further 
twisted without compression or forming of a supercoiling 
structure. Prakash et al. defined the angular displacement of 
the handheld centrifugal disc in this state as �

crit
 and based 

on this study [14], the maximum angular velocity can be 
written as:

So, we can write the relationship between ̇𝜙
max

 and F
m

 
simply as:

where R
s
 is the radius of the circular cross section of the 

rope, L is the distance between handle and the centrifugal 
disc.

According to Eq. 3, we can see that F
m

 is related to R
d
 , 

L , m and ̇𝜙
max

.
First, we designed three different sizes of centrifugal 

discs, and the corresponding parameters were shown in 
Table S1. Then, we calculated the mean input force required 
for these three sizes of centrifugal discs to reach 6000 r/min 
according to the parameters in Table S1. Finally, we calcu-
lated that the mean input force 

(

F
m

)

 required for the cen-
trifugal disc with a radius of 3 cm, 4.5 cm, and 6 cm to reach 
6000 r/min were 6.3 N, 23.7 N, and 63.8 N, respectively. It 
can be concluded that the No.1 design of the centrifugal disc 
has a smaller mass, and the operators only need less effort to 
obtain the maximum rotational speed.

(1)M = I × 𝜙̈

(2)̇𝜙
max

= 𝜙
crit

× ω =
L ×

√

𝜋2 − 22

2R
s

∙

�

2F
m
× R2

s

I × L
,

(3)F
m
=

2 ̇𝜙
max

2
× m × R

2

d

L ×
(

𝜋2 − 22
) ,

In addition to theoretically calculating the mean input 
force, we also performed a test on the above three sizes of 
handheld centrifugal discs by validating their separation 
performance of the monodisperse and aggregated AuNPs, 
and the results were shown in Fig. 1e. In the case of ensur-
ing the concentration of ssDNA linker was saturated (Fig. 
S1), only the No. 3 design of the centrifugal disc could not 
effectively separate the crosslinked AuNPs to the bottom of 
the tube. The remaining two sizes of centrifugal discs were 
able to obtain the colorless supernatant within 60 s. After 
taking into account the separation result of the crosslinked 
AuNPs and other parameters such as the mass, cost and F

m
 

of the centrifugal disc (Table S1), we finally selected the 
centrifugal disc with a radius of 3 cm for subsequent experi-
ments (Fig. S2).

3.4 � Construction of a High‑Efficient AuNP 
Colorimetric System

According to the formula of centrifugal force, there is a 
positive correlation between the mass of the object and the 
centrifugal force. Therefore, we considered that variation of 
the diameter of AuNPs may exhibit different centrifugation 
performance of crosslinked AuNPs. We used the sodium 
citrate reduction method to prepare AuNPs with diameter in 
20 nm and 13 nm for comparative analysis (Fig. S3). Both 
AuNPs were functionalized DNA by freeze-based labeling 
methods, as previously reported by our group [19]. Next, 
we aimed to determine the critical concentration of ssDNA 
linker that could cause the full crosslinking of AuNPs-DNA 
probes (13 nm, 20 nm, respectively). In this experiment, 
we used varied ssDNA linker concentrations (0, 10, 20, 30, 
40 and 50 nmol/L) to test the crosslinking behavior of two 
different-sized AuNPs-DNA probe pair (5 nmol/L). After 
high-speed centrifugation through the handheld nano-cen-
trifugation device, a colorless supernatant and low UV–vis 
absorbance at 520 nm indicated that the crosslinking reac-
tion was saturated when the concentrations of ssDNA linker 
were higher than 20 nmol/L for the 20 nm AuNPs. How-
ever, for the 13 nm AuNPs, the ssDNA linker concentra-
tions needed to be higher than 40 nmol/L to obtain a suf-
ficient clean background (Fig. 2a). Further, we tested the 
shortest centrifugation time required for fully separating the 
crosslinked AuNPs-DNA probes using the handheld nano-
centrifugal device. By direct observation and the UV–vis 
measurement (A520/A650 and A530/A650), it was found that the 
20 nm AuNPs crosslinked aggregates could be sufficiently 
separated in only 10 s. By contrast, it took about 30 s to fully 
separate the 13 nm AuNPs crosslinked aggregates (Fig. 2b 
and Fig. S4).

We next evaluated the hybridization performance 
of AuNPs-DNA probes prepared by a poly (A) affin-
ity labeling method. According to the research of Fan 
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et al. [20], with the increase of the number of poly (A), 
the number of oligonucleotides labeled on the surface 
of AuNPs will decrease, resulting in the reduction of 
steric hindrance and the improvement of probe hybridi-
zation efficiency on the surface of AuNPs. Therefore, we 
hypothesized that increasing poly (A) within a specific 
range (A10–A20) could improve the crosslinking reaction 
efficiency between AuNPs-DNA probes. However, for the 
13 nm AuNPs, when the number of poly (A) increased, 

the solution color and UV–vis spectrum peak varied only 
slightly, although the ssDNA linker concentration for 
hybridization was saturated (50 nmol/L). The solution 
color remained unchanged after high-speed centrifuga-
tion with a handheld nano-centrifugal device. By con-
trast, under the same conditions, the solution color and 
UV–vis spectrum peak changed greatly with the help of 
a handheld nano-centrifugal device for the 20 nm AuNPs 
(Fig. 2c and Fig. S5).

Fig. 3   Detection of Epstein-Barr virus by the Hand-CRISPR platform. 
a Schematic diagram of EBNA-1 gene sequence in EB virus recog-
nized by Cas12a/crRNA system followed by colorimetric analysis. b 
Colorimetric analysis of RPA products using a tenfold serial dilution of 
EBV genomic samples. (n = 3 technical replicates, two-tailed Student’s 
test; ns, not significant; **p < 0.01; ***p < 0.001; and ****p < 0.0001; 
error bars represent three different individual experiments. NTC repre-
sents no-template control). c A linear relationship between the UV–vis 
absorbance (A530) and the concentration of EBV genomic DNA. Data 

are represented as mean ± standard error of the difference between 
means of three technical replicates. d Schematic workflow of the Hand-
CRISPR platform applied to rapid detection of EB virus. e The naked-
eye detection of EBV positive samples by the Hand-CRISPR platform. 
f Heat map analysis based on the UV–vis spectrum results. Assessment 
of clinical sample detection (n = 23). The “+” and “−” represent posi-
tive and negative samples, respectively, as confirmed by qPCR
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Given the above phenomenon, we speculated that the 
steric hindrance of DNA probes on the surface of AuNPs 
would decrease as the length of poly (A) increasing, and the 
number of DNA probes labeled on the surface of AuNPs for 
hybridization would lessen at the same time (Fig. 2d). Com-
pared with the improvement of DNA hybridization efficiency 
on the surface of AuNPs, the reduction of DNA probes on 
the surface of AuNPs has a more significant impact on the 
growth in size of the network-like crosslinked complex. 
Therefore, the change of solution color and UV–vis spec-
trum of the 13 nm AuNPs cannot be observed with poly (A) 
increasing. For the 20 nm AuNPs, because the number of 
DNA probes labeled on its surface are saturated for hybridi-
zation, increasing the number of poly (A) would reduce the 
steric hindrance on its surface and significantly improve the 
crosslinking reaction efficiency. In this way, the size of the 
network-like crosslinked complex would become larger at a 
certain incubation time, which was more conducive to sepa-
rate the crosslinked AuNPs-DNA probes and the AuNPs-
DNA monomer through a handheld nano-centrifugal device.

Next, we determined the above inferences by measuring 
the size distribution of hydrated particle size of crosslinked 
AuNPs aggregates, as shown in Fig. S6. First, we used the 
same concentration (50 nmol/L) of ssDNA linker and then 
incubated them for 3 min to test the hydrated particle size. 
The results showed that for the 13 nm AuNPs with poly (A10) 
sequence, the particle size of the network-like crosslinked 
complex is generally in the range of 100–1000 nm, and a 
certain proportion is in the range of 4000–6000 nm. When 
the labeling sequence increased from poly (A10) to poly 
(A20), the crosslinked AuNPs aggregates with a particle 
size greater than 500 nm decreased significantly, but the 
proportion locating at 350 nm increased. On the contrary, 
for the 20 nm AuNPs, the particle size of the network-like 
crosslinked complex increased with the augment of the 
number of poly (A) bases. According to the experimental 
results, the larger the particle size of the crosslinked AuNPs 
aggregates, the easier it is to be precipitated by the handheld 
nano-centrifugal device. Therefore, we finally selected the 
20 nm AuNPs with labeling sequence poly (A15) for subse-
quent detection application.

3.5 � Epstein‑Barr Virus Detection by the  
Hand‑CRISPR Platform

Epstein-Barr virus (EBV) is a kind of human herpes-
virus, listed as a class I carcinogen by the international 
agency for research on cancer [21–23]. The EBV DNA in 
human serum is a useful research and clinical biomarker 
for nasopharyngeal carcinoma and other EBV-related dis-
eases [24–27]. In this part, we combined the colorimetry 
method based on the handheld nano-centrifugal device 
with CRISPR/Cas12a system to detect the EBNA-1 gene 

in EBV DNA. The detection principle is shown in Fig. 3a. 
The designed Cas12a/crRNA complex recognizes a 20 bp 
target sequence in the conserved region (Epstein Barr 
virus nuclear antigen 1) EBNA-1 gene sequence adjacent 
to a TTTA protospacer adjacent motif (PAM) site. Then, 
the trans-cleavage activity is activated, and the universal 
ssDNA linker will be degraded nonspecifically. Therefore, 
in the presence of target DNA, the AuNPs-DNA probes 
are dispersed in solution remaining red. On the contrary, 
in the absence of target DNA, ssDNA linker is intact, and 
the AuNPs-DNA probes will form aggregates by crosslink-
ing reaction. With the aid of a handheld nano-centrifugal 
device, we can identify the detection result by direct obser-
vation of the color change.

The EBV DNA genome sample was extracted from the 
human serum and then amplified with recombinase polymer-
ase amplification (RPA) (20 min). We first used the ampli-
fied products of the EBNA-1 gene as targets to evaluate the 
sensitivity of the Hand-CRISPR platform. The results were 
determined by direct naked-eye observation or UV–vis anal-
ysis. As shown in Fig. 3b, the detection limit obtained by 
RPA was as low as approximately 125 copies of the genome 
sample without optimized amplification parameters. At the 
same time, a linear relationship (R2 = 0.995) was obtained 
between the UV–vis absorbance (A530) and the concentration 
of EBV genomic DNA over the range from 102 to 105 copies 
(Fig. 3c). Next, by calculating the time spent in the entire 
workflow of the rapid on-site detection, we have concluded 
that the Hand-CRISPR platform could complete an EBV 
DNA detection within 45 min (Fig. 3d). Subsequently, we 
assessed the actual utility of our developed platform using 
23 human serum clinical samples, which were previously 
diagnosed using a qPCR method. The results based on direct 
observation and heat map analysis (Fig. 3e and f) showed 
100% consistent with the quantitative polymerase chain 
reaction (qPCR) results (Fig. S7). These results indicate that 
our Hand-CRISPR platform has great application potential 
in POCT scenarios.

Fig. 4   Detection of SARS-CoV-2 by the Hand-CRISPR platform.  
a Schematic diagram of the full-length SARS-CoV-2 genome and the 
amplified region of Orf1ab gene (from 14,019 to 14,200) and N gene 
(from 29,099 to 29,275). b and c Sensitivity analyses of the Orf1ab 
gene and N gene, respectively. d Specificity analysis of the Hand-
CRISPR platform for SARS-CoV-2 and other viruses. (n = 3 technical 
replicates, two-tailed Student’s test; ns, not significant; **, p < 0.01; 
***, p < 0.001; and ****, p < 0.0001; error bars represent three dif-
ferent individual experiments. NTC represents no-template control). 
e Schematic workflow of the Hand-CRISPR platform applied to rapid 
detection of SARS-CoV-2. f Assessment of clinical sample detection 
(n = 20). The heat map represents the values of the UV–vis spectra 
results. The “+” and “−” represent positive and negative samples, 
respectively, as confirmed by RT-qPCR

▶
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3.6 � SARS‑CoV‑2 Detection by the Hand‑CRISPR 
Platform

SARS-CoV-2 RNA detection is the key measure for effective 
control of its widespread transmission [28–34]. Here, we 
aim to apply the low-cost, rapid and reliable Hand-CRISPR 
platform to the rapid detection of SARS-CoV-2 RNA, which 
is expected to be used as a screening platform for SARS-
CoV-2 in remote or poverty-stricken areas. SARS-CoV-2 is 
an enveloped positive-sense RNA virus with a full-length 
RNA genome of nearly 30,000 nucleotides (nt) [35, 36]. In 
this part, we selected the open reading frame 1ab (Orf1ab) 
gene and nucleocapsid (N) gene as the target genes for 
detecting SARS-CoV-2 [31, 37]. Further, we evaluated the 
detection performance of the Hand-CRISPR platform from 
the aspects of sensitivity, specificity and actual utility.

As shown in Fig. 4a, the amplified regions ranged from 
14,019 to 14,200 for Orf1ab gene, and from 29,099 to 
29,275 for N gene were designed. The corresponding crR-
NAs were designed to target two different amplified regions, 
respectively, thus activating the trans-cleavage of the ssDNA 
linker near the CRISPR/Cas12a system nonspecifically. We 
first evaluated the analytical sensitivity of the Hand-CRISPR 
platform by targeting the in vitro transcribed RNA of Orf1ab 
and N genes which had been quantified by droplet digital 
PCR. After the real-time reverse transcription-polymerase 
chain reaction (RT-RPA) reactions, the Orf1ab and N genes 
amplicons were subjected to the CRISPR/Cas12a recogni-
tion, and the experimental results could be obtained by the 
naked-eye observation or UV–vis analysis. We could iden-
tify a limit of detection (LOD) of 73 copies per reaction (20 
μL) for both Orf1ab and N genes (Fig. 4b and Fig. 4c). In 
addition, we further analyzed the specificity of the proposed 
Hand-CRISPR platform. Only RT-RPA test showed that 
SARS-CoV-2, bat coronavirus RaTG13 (bat-SL-CoVZC45), 
and severe acute respiratory syndrome virus (SARS-CoV) 
could not be distinguished well due to these three genome 
sequences were highly homologous [38] (Fig. S8). For-
tunately, with the aid of the CRISPR/Cas12a system, we 
could effectively distinguish SARS-CoV-2 from these two 
viruses and other respiratory viruses, such as MERS-CoV, 
hCoV-229E, RSV-A, RSV-B, IVA, and IVB (Fig. 4d). The 
entire process of using the Hand-CRISPR platform to detect 
SARS-CoV-2 clinical samples was shown in Fig. 4e, and the 
overall turnaround time was less than 1 h.

Furthermore, we applied the platform to detect 20 
clinical nasopharyngeal swab RNA samples of SARS-
CoV-2, provided by the Center for Disease Control and 
Prevention, Hubei Province, China. We first tested these 
20 RNA samples using a clinically approved RT-qPCR kit 
for SARS-CoV-2. The RT-qPCR results showed that 12 
samples were positive and another 8 samples were nega-
tive with simultaneous Orf1ab gene and N gene analyses 

(Fig. S9). Meanwhile, our platform results based on direct 
observation or UV–vis analysis showed that the detection 
results of the N gene were 95% consistent with those of 
RT-qPCR, while the detection results of the Orf1ab gene 
were 100% consistent with those of RT-qPCR (Fig. 4f). It 
is worth noting that No. 13 was a positive sample with Ct 
values of 23.89 (Orf1ab gene) and 23.02 (N gene). How-
ever, the detection results of this platform were positive 
for the Orf1ab gene and negative for the N gene, so it 
was judged as a suspected case. According to the clini-
cal discriminant method, in this case, we needed to retest 
the sample, and the final result of the test was consistent 
with that of the RT-qPCR (Fig. S10). The false-negative 
result for sample No. 13 may due to the insufficient thaw-
ing time. Since the CT value of sample No. 13 was low, 
the possibility of missed detection by this method due to 
low sample concentration could be excluded.

4 � Conclusions

In this work, a low-cost, human-powered and instrument-
free platform was developed for the visual detection of 
viruses. This platform effectively improved AuNPs-based 
colorimetric assays for low-concentration target detec-
tion. In addition, the handheld nano-centrifugal device is 
cost-effective (as low as $0.13 US) and is capable of spin-
ning down six samples simultaneously. By combining the 
CRISPR/Cas12a system with an isothermal amplification 
reaction, such as the RPA method, the entire operation 
process for virus detection can be controlled to less than 
1 h. The accurate diagnosis of EBV and SARS-CoV-2 
further confirmed the reliability and utility of the Hand-
CRISPR platform. A comparison of the Hand-CRISPR 
platform with the other AuNPs-based colorimetric detec-
tion platforms provides further evidence of the improve-
ments of this platform (Table S2). In future, the handheld 
nano-centrifugal device is expected to combine nucleic 
acid extraction for constructing a full-featured nucleic 
acids detection system. Besides, we can also combine 
simpler sample processing methods, such as HUDSON 
(heating unextracted diagnostic samples to obliterate 
nucleases) [39], S-PREP (SHERLOCK parasite rapid 
extraction protocol) [40], PEARL (precipitation-enhanced 
analyte retrieval) [41], FTA card, etc. Overall, this plat-
form is fully capable of serving as a preliminary screen-
ing tool for virus detection in the wild or resource-limited 
areas and has the potential to shine on the stage of rapid 
molecular diagnostics.
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