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ARTICLE INFO ABSTRACT

Keywords: Nucleic acid detection is important for clinical diagnostics; however, it is challenging to perform genetic testing
Genetic test at the point-of-care due to the tedious steps involved in DNA extraction and the risk of cross-contamination from
Cassette

amplicons. To achieve a fully-automated and contamination-free nucleic acid detection, we propose a closed-
type cassette system which enables the following steps to be operated automatically and sequentially: sample
preparation based on magnetic beads, target amplification using multiplex polymerase chain reaction, and
colorimetric detection of amplicons using a serial invasive reaction coupled with the aggregation of gold
nanoparticle probes. The cassette was designed to be round and closed, and 10 targets in a sample could be
simultaneously detected by the naked eye or using a spectrophotometer in the system. In addition, a cassette-
driven device was fabricated to transfer reagents between wells, to control the temperature of each reaction,
and to sense the colour in the detection wells. The cassette system was sensitive enough to detect 10 genotypes at
5 single nucleotide polymorphism sites related to the anticoagulant’s usage, by using a 0.5 pL blood sample. The
accuracy of the system was evaluated by detecting 12 whole blood samples, and the results obtained were
consistent with those obtained using pyrosequencing. The cassette is airtight and the whole system is fully
automatic; the only manual operation is the addition of the sample to the cassette, performing point-of-care
genetic testing in a sample-in/answer-out way.

Point-of-care
Colorimetric detection
Magnetic separation

1. Introduction regular genetic testing is time-consuming and labour-intensive, and
thus, not suitable for a point-of-care-test (POCT) in a resource-limited

Genetic testing is an important tool in disease diagnosis [1], path- environment.

ogen detection [2], personalised medicine [3] and forensic medicine
[4]. Along with the increasing number of genetic biomarkers discovered
[5], genetic testing has become essential in clinical diagnosis. At the
moment, many kinds of genetic testing methods have been developed,
such as polymerase chain reaction (PCR)-based technologies [6] and
isothermal amplification methods [7,8]. Most of them require the
following steps: nucleic acid extraction, amplification and amplicon
identification. Unlike an immunoassay for protein detection, each of
these steps should be accomplished in an isolated room in a qualified
biosafety lab and operated by a specially trained person. Therefore,

In many cases, genetic testing results need to be quickly obtained at
the point-of-care. For example, doctors need to know the cytochrome
P450 2C19 (CYP2C19) genotype of a stroke patient as soon as possible to
help choose the right anticoagulant and the corresponding dosage [9].
Therefore, the development of a fully automated POCT system for
detecting nucleic acids is preferable in a situation where qualified staff
and a biosafety lab are unavailable. The common POCT method in-
tegrates the sample preparation, target DNA amplification and the
amplicon identification steps into one. Currently, many microfluidic
chip-based POCT devices have been developed [10-15], showing the
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potential to detect nucleic acids on site. However, these have some
drawbacks, such as the small sample processing volume, the open
operation system, the usual single-plex detection, the need of a sensitive
sensing system for target identification; thus, their clinical application is
very limited.

Nucleic acid detection in a qualified biosafety lab is the gold standard
for molecular diagnosis. The best POCT strategy is to simulate all the lab-
based operation steps necessary for DNA detection in a cassette. A
cassette-based POCT is superior to a chip-based POCT in clinical diag-
nosis, due to the complete integration of all the detection processes
(similar to that in a regular biolab) into an airtight cassette. Therefore,
several cassette-based POCTs have been approved for clinical use by the
Food and Drug Administration for pathogen detection in the USA, such
as the GeneXpert® [16-18], iCubate® [19,20], FilmArray® [21,22],
among others. However, they are mostly based on fluorescence for
amplicon detection, leading to a complicated instrumentation since they
require the use of laser irradiation and a light sensor system.

As the naked eye is a good enough sensor, colorimetric detection is
an instrument-free type of detection, which is very suitable for POCT
[23-25]. Lateral flow strip is a cheap and simple way for colorimetri-
cally detecting amplicons, and has been used for POCT in no-airtight
devices [26,27]. However, the transfer of amplicons into the strip is
needed after amplification, which limits the use of the lateral flow strip
in POCTs based on an airtight cassette. On the other hand, the lateral
flow detection is amplicon-sensitive; thus, it is very hard to achieve
single-base resolution. It is also difficult to couple this method with
multiplexing amplification, which is needed in most clinical diagnosis
(for example, in multiple pathogen detection and multiple single
nucleotide polymorphism (SNP) typing) for simultaneously detecting
multiple existing targets in a sample.

Previously, we have proposed a method of colorimetric detection of
nucleic acids based on a serial invasive reaction coupled with the ag-
gregation of gold nanoparticle probes (AuNPs) [28]. Benefitting from
the high specificity of the invasive reaction and the unambiguous
identification of the colour change due to the aggregation of the nano-
particle probes, amplicons from PCR or loop-mediated isothermal
amplification could be identified with one-base resolution by the naked
eye [28,29], showing a good performance in the detection of genotypes,
circulating tumour DNAs, and pathogens [30,31]. Although this
AuNPs-based colorimetric assay only needs a common PCR engine, an
additional DNA extraction step is still required, which limits the appli-
cation of the method to POCTs.

Herein, we aimed to integrate the DNA extraction step, the amplifi-
cation and the AuNPs-based colorimetric identification into a closed-
type cassette to achieve a sample-in/answer-out POCT. The system
was designed to be able to automatically transfer reagents between
wells, and to sequentially run the DNA extraction, multiplex PCR
amplification, serial invasive reaction and colour generation. The colour
of the AuNPs in each detection well can be sensed by the naked eye or
using a spectrophotometric scanning module in the system. The pro-
posed cassette-based POCT enables the simultaneous detection of 10
targets with a single-base resolution.

2. Materials and methods
2.1. Design and fabrication of the cassette

The cassette is an airtight and cylindrical cavity composed of a base
plate and an outer case (Fig. 1).There are 23 wells on the base plate,
including a sample preparation well, two PCR amplification wells, 10
product detection wells and 10 reagent storage wells. The reagents can
be sealed in individual wells with aluminium foil in advance. The outer
case of the cassette is equipped with a spindle that can rotate and move
vertically, driving a pipette connected to the bottom of the spindle to
transfer liquid between wells on the base. The pipetting of the reagents
in each well is achieved by using a pump, which is on the outer case and
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Fig. 1. 3-D model of the cassette used for the POCT. The cassette consists of a
base plate with 23 wells specified with different colours to illustrate their
function (on the right), an outer case, a pipette, a pump, a spindle, a sliding lid,
a plug and a sample loading hole.

is connected to the pipette by a soft silica tube. The outer case is
designed to be tall on one side and low on the other. A sample loading
hole is located on the low side, and the sample is added to the sample
extraction well on the base plate through this hole. After adding a
sample, the sample-loading hole is sealed with a plug, and subsequently
covered with a sliding lid to fix the plug, this way ensuring that the
cassette is airtightly sealed during the test. Moreover, sealing rings are
used at the connection regions of each part to prevent air leaks. Except
for the silica soft tube and the sealing rings, all parts of the cassette are
manufactured using injection moulding. The base plate, the plug and the
pipette are made of polypropylene, and the other parts are made of 3-
aminopropyltriethoxysilane. The whole cassette is disposable, and a
new cassette should be used for every sample.

2.2. Design and fabrication of the device

The whole device mainly includes a reagents transferring module,
temperature controlling modules and an absorption spectrum measuring
module (Fig. 2). The reagents transferring module is composed of three
servo motors and some connection parts to drive the spindle and the
pump plunger of the cassette. Two of the three servo motors are con-
nected to the spindle and in charge of the rotation and vertical move-
ment of the spindle, which drives the pipette to move inside the cassette.
By using a program to control the rotation angle and stroke of the two
servo motors, it is possible to control the precise position of the pipette
inside the cassette. The other servo motor is responsible for controlling
the precise movement of the pump plunger, so that different volumes of
reagents can be pipetted in each well. Three separate semiconductor-
based temperature controlling modules are employed to precisely

Y Reagents
el transferring
a—

' 'h_l

Amplification

Detection
wells

Extraction
well s

Absorption
spectrum
measuring module

Temperature
controlling
modules

Fig. 2. Image of the cassette-driven device, including the reagents transferring
module, temperature controlling modules and absorption spectrum measuring
module. The pipetting and the transferring of reagents were operated using the
servo motors. The base plate containing the extraction wells, amplification
wells and detection wells is heated and cooled down by the temperature con-
trolling modules.
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control the temperature required for nucleic acid extraction, amplifi-
cation, and detection. The detection results are read out using a com-
mercial spectrophotometer (Nanjing Wins Technology Company
Limited, China) embedded in the instrument to monitor the colour
produced by the AuNPs. A light emitting diode (LED) with an emission
spectrum ranging from 420 nm to 660 nm was set on one side of the
detection well near the centre of the temperature controlling module,
and the other side was connected to the spectrophotometer through an
optical fibre to determine the absorption spectrum. The detection well in
the cassette is located between the LED and the optical fibre.

2.3. DNA extraction

A whole blood DNA extraction kit (TianLong Science and Technol-
ogy, Xi’an, China) was used for DNA extraction, including the sample
lysis buffer, washing buffer I, washing buffer II, elution buffer, protease
K (20 mg/mL) and magnetic beads, which were pre-stored in well-1,
well-23, well-19, well-6, well-21 and well-17, respectively. After add-
ing 50 pL of blood sample to well-1, the sample loading hole was closed,
and the cassette was put into the device. The reagent transferring
module of the device drove the pipette in the cassette for DNA extrac-
tion, and the temperature controlling module under the well-1 was in
charge of controlling the sample incubation temperature. Firstly, 10 pL
of protease K in well-21 and 8 uL. of magnetic beads in well-17 were
transferred to well-1 and mixed well by using the pipette. After incu-
bation at 56°C for 15 min, a permanent magnet was moved close to well-
1 by using a motor (as shown in Fig. 3) and the magnetic beads were
assembled in well-1. One minute later, the suspension was moved to the
waste well (well-2) and 240 pL of washing buffer I from well-23 were
added to well-1 by using the pipette. Then, the permanent magnet was
moved away from well-1, and the magnetic beads were suspended in the
washing buffer I by using the pipette. The permanent magnet was moved
close to well-1 to assemble the beads again. One minute later, the sus-
pension was moved to the waste well (well-2) and 240 pL of washing
buffer II from well-19 were added to the well-1 by using the pipette.
Then, the permanent magnet was moved away from well-1, and the
magnetic beads were suspended in the washing buffer II by pipetting.
The permanent magnet was moved close to well-1 to assemble the beads.
After removing the suspension in well-1, 100 pL of elution buffer from
well-6 were added to well-1, and the permanent magnet was moved
away from well-1. After incubation at 65°C for 5min, the purified
nucleic acid was eluted. A volume of 5pL of eluted solution was
respectively transferred to the amplification wells (well-12 and well-13)
for PCR.

2.4. Multiplex PCR
Multiplex PCR was performed in well-12 and well-13. The PCR

mixture contained 1x Master mix (QIAGEN Multiples PCR Kit, Qiagen,
Germany), 0.25pM each primer for amplifying CYP2C19*2, *3,

Permanent
magnet

Motor

Fig. 3. 3-D model of the magnet control mode, consisting of a permanent
magnet and a motor for driving. The motor controls the permanent magnet to
approach or move away from the extraction well, along the red dotted line.
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cytochrome P450 2C9 (CYP2C9)*2, *3, and vitamin K epoxide reductase 1
(VKORC1) fragments (the sequences are shown in Table S1) and 20 pL of
mineral oil was pre-stored in well-12 and well-13. After adding 5 pL of
the eluted solution to the amplification wells (the total volume of the
reaction mixture was 20 pL, excluding the mineral oil), PCR was per-
formed using the following conditions: 95°C for 5min, 40 cycles of
94 °C for 30s, 63°C for 90 s, 72 °C for 60 s, followed by 72 °C for 5 min,
and 98 °C for 5 min. After the PCR, 60 pL of Hy0 from well-8 were added
to each amplification well and mixed well for the product detection step.

2.5. Serial invasive reactions

The PCR products were detected using a serial invasive reaction
coupled with the aggregation of AuNPs. The serial invasive reactions
were performed in well-3, well-5, well-7, well-9, well-11, well-14, well-
16, well-18, well-20 and well-22 using 20 pL of the reaction mixture
containing 1x reaction buffer (10 mM 3-morpholinopropane sulfonic
acid, pH 7.5, 0.5% polyethylene glycol sorbitan monolaurate 20, 0.5%
nonidet P-40, 10% bovine serum albumin, 30 mM MgCl,, 0.5 mM KCl,
10% polyethylene glycol 8000, 15 U of archaeoglobus fulgidus flap
endonuclease 1 (FEN1) (prepared in our lab), 0.1 pM upstream probes,
0.1 pM downstream probes and 0.2 pM hairpin probe (the sequences of
the probes are shown in Table S1). A volume of 5 pL of diluted PCR
products was transferred to the 10 detection wells and the serial invasive
reaction was performed at 85 °C for 1 min, followed by 63 °C for 16 min.

2.6. AuNPs hybridisation reaction

After the serial invasive reaction, 5 pL of NaCl (4 M) stored in well-10
and 6 uL of AuNPs stored in well-4 were transferred to each of the
detection wells. The reaction was performed at 55 °C for 40 min. When
the temperature of the detection wells reached 55 °C, the absorption
spectrum of each detection well was measured using a spectrophotom-
eter and used as a blank control. After the reaction, the absorption
spectrum of each detection well was measured again. The detection
results could be identified either by analysing the absorption spectrum
of each detection well, or by observing the colour of each well based on
the naked eye.

3. Results and discussion
3.1. DNA extraction efficiency

Sample preparation is a key step for a successful genetic test, because
the quality and the quantity of an extracted DNA template may affect the
detection results. Our system stores the reagents from the magnetic
beads-based blood DNA extraction kit in the cassette for sample prepa-
ration. After loading a sample into the DNA extraction well from the
loading hole, the system automatically performs all the extraction steps
in the airtight cassette. To ensure the accuracy of the detection, the DNA
extraction efficiency using the cassette should be as high as that ach-
ieved using the conventional manual operation in a conventional lab.
This was evaluated by extracting the DNA from a 50 pL blood sample
with the proposed cassette system and the suggested manual operation,
respectively. The concentrations of the extracted DNA obtained using
the two methods were compared by using an independent t-test (n = 3).
As shown in Fig. 4A, no significant concentration differences (calculated
with the absorbance at 260 nm) of the extracted DNA using the 2
methods were observed. Moreover, no significant difference was found
between the cycle threshold (Cy) values of quantitative PCR for ampli-
fying the VKORC]1 gene fragment in the DNA templates extracted using
the two methods (Fig. 4B). Therefore, the DNA extraction efficiency by
the cassette was similar to that using the suggested kit procedure.

Currently, there are various commercialised devices for an automatic
DNA extraction, but most of them are not in an airtight format. Our
proposed system achieved an automatic DNA extraction using an air-
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Fig. 4. The concentration (A) and C; values (B) of the gDNA extracted automatically using the cassette and manually, using the kit. The VKORC1 gene fragment was

amplified using quantitative PCR (n = 3).

tight closed cassette; thus, the risk of cross contamination from ampli-
cons was prevented. We believe that our airtight cassette system is very
suitable for POCT.

3.2. Multiplex PCR in the cassette

Usually, the detection of multiple targets in a sample is needed; thus,
multiplex PCR should be carried out for simultaneously amplifying
fragments containing the target regions. The difficulty of multiplex PCR
optimisation increased, along with the increase of the multiplex level.
The cassette has 10 detection wells; thus, a multiplex PCR that detects 10
targets is needed. To simplify the optimisation process of the multiplex
PCR, we designed two wells for PCR, for example, each for 5-plex PCR, if
necessary. Regarding the genotyping, a 5-plex PCR was used for
detecting 10 genotypes at 5 SNPs. A prerequisite for a successful
multiplex PCR is the design of optimal primer pairs. The key for the
design is to optimise the length and the GC content of the primers. In
principle, the probability of a nonspecific binding is lower at higher
annealing temperatures (for which the activity of Taq DNA polymerase
is optimized); thus, here, longer primers with a higher melting tem-
perature (64 - 68 °C) and an appropriate GC content (40 - 60%) were
designed for 5-plex PCR. The optimal annealing temperature (63 °C) was
determined by performing a gradient PCR. It is worth to emphasise that
the templates with a high degree of secondary structure due to GC-rich
regions may lead to an unsuccessful multiplex PCR; thus, the use of
additives, such as Q-solution in the QIAGEN multiplex PCR kit, in
multiplex PCR is recommended.

To verify the performance of multiplex PCR in the cassette, pre-
extracted genomic DNA samples, which were serially diluted to
different concentrations, were amplified using the cassette system and a
conventional PCR engine. Amplicons from both instruments were ana-
lysed using electrophoresis (Fig. 5). It was observed that all five different
target DNAs were successfully amplified in the cassette (Fig. 5A), even at
a concentration of 5 copies genomic DNA/pL. This result is similar to

A
gDNA (copies/pL)

DNA
500 50 5 0.5 NTC Marker

—300 bp
CYP2C19*2(196 bp;— e —200 bp
CYP2C19*3(151 bp)— e —150 bp
CYP2C9*3(101 bp)— - « —100 bp
VKORC1(87 bp)—
CYP2C9*2(80 bp) —50 bp

that obtained using a conventional PCR engine (Fig. 5B), indicating that
the temperature controlling module of our system could meet the
multiplex PCR requirements.

3.3. AuNPs aggregation-assisted serial invasive reaction for amplicon
identification in the cassette

To identify each target in the amplicons from multiplex PCR, serial
invasive reaction, which has a one-base resolution, was employed.
Moreover, AuNPs were used as an indicator of colorimetric detection.

To illustrate this method, the simultaneous genotyping of multiple
SNPs was employed as an example. As shown in Fig. S1, an upstream
probe (UP) and an SNP-specific downstream probe (DP-W/DP-M) forms
a three-base overlapping structure at the SNP site if the amplicons
completely match the probes. FEN1 recognises the structure and cleaves
the DP to release the 5'-flap fragment, which is captured by a hairpin
probe to form another three-base overlapping structure, causing the
cleavage of the hairpin probe by FEN1. Then, AuNPs are added into the
detection wells using the pipette in the cassette to generate the signals.
The cleaved hairpin probe cannot bridge two gold nanoparticle probes,
so that no aggregation occurs; thus, a red colour appears in the detection
well. On the contrary, if the amplicons do not match the probes, no
cleavage occurs, and the AuNPs aggregate, leading to a colourless so-
lution in the detection well. Therefore, the genotyping results could be
readily obtained by observing the solution colour in each of the detec-
tion wells by the naked eye or automatically, using a spectrophotometer
in the cassette system.

The demonstration of multiplex PCR combined with AuNPs
aggregation-assisted serial invasive reaction in the cassette was carried
out by detecting 10 genotypes at 5 SNPs. The genotypes of a purified
genomic DNA sample with the concentration of 5 copies/uL were
automatically detected in the cassette. As shown in Fig. 6A, B,
CYP2C19*2, *3 and VKORC1 were heterozygotes, and CYP2C9*2 and *3
were homozygotes of the wild-type, consistent with the results from the

DNA
gDNA (copies/pL) 500 50 5 0.5 0.05NTC Marker
P
« —300 bp
CYP2C19*2(196 bp)— = —200 bp
CYP2C19*3(161 bp)— wee . . —150 bp
CYP2C9*3(101 bp)— - —100 bp
VKORC1(87 bp)~~
CYP2C9*2(80 bp) —50 bp

Fig. 5. Electropherograms of multiplex PCR amplicons using different concentrations of genomic DNA templates, using our cassette system (A) and a conventional

PCR engine (B).



T. Dong et al.

Absorbance

o

Sensors and Actuators: B. Chemical 327 (2021) 128919

CYP2C19*2-W
CYP2C19*2-M
CYP2C19*3-W
CYP2C19*3-M
CYP2C9*2-W
CYP2C9*2-M
CYP2C9*3-W
CYP2C9*3-M
VKORC1-W
VKORC1-M

500 550 7 600
Wavelength (nm|

=— CYP2C19*2-W
== CYP2C19*2-M

Absorbance

T T 1 == CYP2C19*3-W
500 550 0 = CYP2C19*3-M
Wavelength (nm) — CYP2C9*2-W
= CYP2C972-M
= CYP2C9*3-W
= CYP2C9*3-M
= VKORC1-W
== VKORC1-M

Fig. 6. The genotyping results of a genomic DNA sample at 5 copies/pL using multiplex PCR combined with AuNPs aggregation assisted the serial invasive reaction
using the cassette (A, B) and a traditional PCR engine (C, D). A: images of detection wells in the cassette; B: absorption spectra of the corresponding detection wells in
the cassette; C: images of the tubes from the genotyping reactions performed using a traditional PCR engine. D: absorption spectra of the corresponding tubes in C.

same reactions manually performed using a conventional PCR engine
(Fig. 6C, D). Therefore, the cassette system could achieve an accurate
target identification using multiplex PCR combined with a serial inva-
sive reaction and AuNPs aggregation.

3.4. The detection limit of the cassette system

The cassette system could accurately detect the genotypes of the
purified genomic DNA sample with a concentration of 5 copies/pL, but
the detection limit of the cassette for running the whole steps should be
verified from the starting material, the blood. Blood samples with a
volume of 0.1, 0.2, 0.5, 1 and 5 pL were dispensed into the cassettes, and
all the steps from the genomic DNA extraction to target identification
were automatically and sequentially ran. As shown in Fig. 7 and Fig. S2,
our proposed cassette system is sensitive enough to get accurate geno-
typing results of all 5 SNPs using 0.5 pL of a blood sample, while a 0.1 pL
blood sample could not yield any positive results. Although we found a
weak signal in some detection wells (VKORC1-W, VKORCI1-M,
CYP2C19*2-W and CYP2C19*2-M in Fig. 7) when the blood sample
volume used was 0.2 pL, to obtain accurate and reproducible results
using the cassette system, a volume of 0.5 pL of whole blood, at least, is
required, similar to that using manual operation (Fig. S3). Therefore, it

S S

5V J\? o o
The volume 0'9 0'9 2 °
of blood Qv _\Q"‘ _\q"' _\Q"'
sample (uL) © [9) [9) 9

-5 |-

Fig. 7. Images of detection wells in the cassettes for genotyping 5 SNPs using
blood samples with the following volumes: 0.1, 0.2, 0.5, 1 and 5 pL.

is possible to use fingertip blood for on-site genotyping using the cassette
system.

3.5. Feasibility of the detection of clinical samples

Although the detection limit of the cassette system was sufficient for
the genotyping of 5 SNPs using 0.5 pL of whole blood, further verifica-
tion of the system using more clinical samples was necessary. A total of
12 blood samples were tested using the cassette system, and the results
were compared with those using pyrosequencing. As shown in Table 1,

Table 1
The comparison of the genotyping results of 12 clinical samples detected using
the cassette system and pyrosequencing.

Genes Methods Genotyping results
Cassette system
GG GA AA Total
CYP2C19*2 Pyrosequencing gi g g g g
AA 0 0 0 0
Total 3 9 0 12
Cassette system
GG GA AA Total
CYP2C19*3 Pyrosequencing gi (1)1 (1) g 1 !
AA 0 0 0 0
Total 11 1 0 12
Cassette system
CC CT TT Total
CYP2C9*2 Pyrosequencing gg (1)2 g g (1)2
TT 0 0 0 0
Total 12 0 0 12
Cassette system
AA AC CcC Total
CYP2C9*3 Pyrosequencing :2 (1)2 g g (1)2
CcC 0 0 0 0
Total 12 0 0 12
Cassette system
GG GA AA Total
VKORC1 Pyrosequencing gi g g (9) Z
AA 0 0 0 0
Total 0 3 9 12
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the genotypes of 12 samples detected automatically using the cassette
were consistent with those using pyrosequencing, indicating that the
cassette system could accurately detect the genotypes of the clinical
samples. Different from pyrosequencing, which requires four physically
separated regions for reagent preparation, sample extraction, PCR
amplification, and amplicons sequencing, the cassette system can
automatically and sequentially run all the steps, from DNA extraction to
target identification. Therefore, the cassette system has a potential to be
used as a POCT of DNA.

4. Conclusions

We have developed a cassette-based POCT, which is able to auto-
matically and sequentially perform the whole genetic testing process in a
closed-type cassette. The only manual operation required during the test
is the addition of a sample to the sample well in the cassette; thus, no
professionally trained personnel nor a qualified lab are needed for
testing. In addition, the airtight cassette minimises the cross-
contamination risk from the amplicon’s aerogel. Our fully automatic
POCT system has a sensitivity similar to that obtained using manual
operation in a lab, and on-site genotyping using fingertip blood is
possible. This system is very suitable for genotype-guided medication in
an emergency room, and resource-limited medical regions, such as the
clinic and community medical centres.

Most importantly, the sequence identification and signal generation
are universal, and could be principally used to identify any DNA targets
in the cassette. During the development of the method, the only time-
consuming step is the optimisation of multiplex PCR. By using com-
mercialised multiplex PCR kits, we believe that it is not difficult to
amplify 10 targets with two sets of multiplex PCRs in 2 wells. Further
studies using the cassette-based POCT for the detection of multiple
pathogens are in progress. We believe that our system could be an
effective tool for rapidly detecting pathogens of infectious diseases (such
as COVID-19) on-site.
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