Volume 15
Number 3
21 January 2023
Pages 839-1442

Nanoscale

rsc.li/nanoscale

:

() Data

4+ Examination

ISSN 2040-3372

™ LOYAL SOCIETY
«p OF CHEMISTRY e i)

Point-of-care nucleic acid tests: assays and devices




7® ROYAL SOCIETY

Nanoscale s OF CHEMISTRY

View Article Online
View Journal | View Issue

MINIREVIEW

Point-of-care nucleic acid tests: assays and

{ M) Check for updates ‘
devices

Cite this: Nanoscale, 2023, 15, 942

Ofer I. Wilner,? Doron Yesodi® and Yossi Weizmann (2 xa.b.

The COVID-19 pandemic (caused by the SARS_CoV_2 virus) has emphasized the need for quick, easy-to-
operate, reliable, and affordable diagnostic tests and devices at the Point-of-Care (POC) for homes/fields/
clinics. Such tests and devices will contribute significantly to the fight against the COVID-19 pandemic
and any future infectious disease epidemic. Often, academic research studies and those from industry
lack knowledge of each other's developments. Here, we introduced DNA Polymerase Chain Reaction
(PCR) and isothermal amplification reactions and reviewed the current commercially available POC
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nucleic acid diagnostic devices. In addition, we reviewed the history and the recent advancements in an
effort to develop reliable, quick, portable, cost-effective, and automatic point-of-care nucleic acid diag-
nostic devices, from sample to result. The purpose of this paper is to bridge the gap between academia
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1. Introduction

Nucleic acid testing (NAT) techniques, which include the
detection and quantification of a target nucleic acid, have
become the most dominant and reliable techniques for detect-
ing pathogens.” These tests include a few steps: sample col-
lection, nucleic acid extraction, amplification of the target
nucleic acid (either by PCR® or by isothermal amplification
reactions®), and its monitoring, usually by optical or electrical
means.”® If the target nucleic acid is RNA, then, prior to
amplification, RNA is reverse transcribed to cDNA and then
analyzed.” Traditionally, the purification of nucleic acids
includes a few steps: cell membrane rupture, binding of
nucleic acids to an ion exchange column (usually positively
charged silica particles), washing of unbound material from
the column, and finally, elution of nucleic acids from the
column.® In the 1990s, NATs embarked on a means to diag-
nose AIDS and hepatitis C virus (HCV) epidemics. German
transfusion centers were the first to start in-house NAT testing
in pools of up to 96 samples for HCV, hepatitis B virus (HBV),
and human immunodeficiency virus-1 (HIV-1).° In 1990, Manz
et al. published a study on the development of a silicon chip-
based automatic device for the pretreatment, separation, and
sensing of nucleic acids.'® Until recently, NAT for infectious
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and industry and to share important knowledge on this subject.

diseases has almost exclusively been performed in centralized
laboratories using heavy instrumentation, which requires
skilled personnel."* A limit of detection (LOD) of <100 copies
per ml of the pathogen is often needed for reliable detection,
which requires amplification of the target nucleic acid through
a polymerization process (although 1 copy of the target nucleic
acid is sometimes sufficient for valid detection). Amplification
take place by a polymerase chain reaction (PCR) mechanism or
isothermal amplification. During the past few years, several
systems for identifying pathogens at the POC, using portable
equipment, have been developed; the most prominent are
lateral-flow antigen-antibody assays and nucleic acid tests.
Antigen-antibody tests, which rely on a recognition event
between antibodies and a pathogen’s antigen, are simple to
use, quick, and require neither sophisticated instrumentation
nor a skilled operator. However, they suffer from an insuffi-
cient detection limit and a high level of false results. On the
other hand, most molecular diagnostic nucleic acid tests rely
on amplification (PCR or isothermal nucleic acid amplification
methods) of the target nucleic acid and thus require more
sophisticated diagnostic equipment. These assays are extre-
mely accurate and sensitive: they can potentially identify a
single copy of a pathogen in a given sample. Traditionally,
only skilled personnel could operate them (since nucleic acid
extraction and amplification, which are required, are cumber-
some). In the early 1990s, DNA purification was time-consum-
ing, bulky, and required the use of toxic and hazardous
reagents. However, the advent of solid phase extraction tech-
niques and the availability of commercial kits for quick and
reliable DNA extraction significantly contributed to the devel-
opment of automated and miniaturized nucleic acid sensing

This journal is © The Royal Society of Chemistry 2023
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devices (from sample to result). DNA extraction can be per-
formed manually by a skilled laboratory operator or by auto-
mated systems (such as Qiagen’s QIAsymphony SP/AS,
TissueLyzer 1I, EZ2 Connect, EZ1 Advanced XL, QIAcube
Connect TissueRuptor II, QIAcube HT, ThermoFisher’s
AutoMater Express, and KingFisher systems as well as
Geneture’s AMY 32 and AMY 96). Several techniques have been
developed for nucleic acid amplification with PCR;®'**?
however, cycling through a series of defined temperatures is
the most popular. A few isothermal techniques,'*'® which
amplify the target nucleic acid, also exist. Several reviews have
been published lately that discuss POC diagnostic systems for
SARS_CoV_2 and other pathogens.''”>> In recent years,
many commercially available automated nucleic acid detection
systems have been developed. Here, we will review recent devel-
opments and instruments, explain different nucleic acid
amplification techniques used for diagnostics, present several
state-of-the-art commercially available nucleic acid detection
systems, and discuss the technology behind each one. In
addition, we will analyze different methods to miniaturize the
existing bench-top laboratory nucleic acid testing instruments
in order to develop portable POC detection systems. First, we
will present PCR and isothermal amplification techniques in
detail; then we will introduce nine POC commercially available
testing devices and compare their mechanisms. Finally, we
will discuss future developments in this field.

2. DNA amplification

2.1 Polymerase chain reaction (PCR)

The polymerase chain reaction is a technique to exponentially
amplify nucleic acids (DNA and RNA). PCR was invented in
Cetus laboratories (later bought by Roche), by Kary B. Mullis
and co. in 1983 followed by a publication in Science in 1985.>
Since then, it has become the most common method for
nucleic acid amplification. It requires a set of two primers,
which are DNA molecules of ca. 20 bases; they are designed
specifically to bind to and initiate amplification of a target
DNA molecule by a DNA polymerase (Fig. 1).
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Thermal cycling involves repeated heating and cooling
steps. Each successful PCR cycle, which involves three steps
(denaturation, annealing, and extension of the target DNA),
doubles the amount of DNA with which it began. Normally, for
a reliable PCR test, 30-40 cycles of amplification are required,
a process that takes minutes to hours. One of the aims of the
POC testing devices is to reduce the time required to obtain a
reliable result.

2.1.1. Denaturation. This step involves heating the sample
to almost a water boiling temperature (95° C), which denatures
the double-stranded DNA (breaking the hydrogen bonds
between the two DNA strands). The two separated single
strands serve as the initiators for synthesizing two new com-
plete double strands of DNA.

2.1.2. Annealing. DNA primers bind to their complemen-
tary sequences on the target DNA strands. The primers set the
starting point for a DNA polymerase to initiate DNA polymeriz-
ation, normally at ca. 48-52 °C. In a PCR test, the primers’
sequence determines the selectivity and specificity of the
assay. The primers should be fully complementary to the
target DNA and have as little as possible cross-complementar-
ity to other DNA (or cDNA) sequences from other organisms.

2.1.3. Extension. A DNA polymerase synthesizes two new
complete DNA strands. This step is usually set for the optimal
enzyme temperature, which in conventional PCR reactions is
around 68-72 °C. A new cycle of PCR is, then, ready to begin
with double the amount of DNA of the previous cycle. The
cycles continue until the requisite quantity of DNA is
obtained.

Since PCR requires a set of specific primers that are comp-
lementary to the target DNA sequence, the extension step will
not proceed if the reaction’s mixture lacks the desired target
DNA. This led to the development of PCR tests. A “closed”
question is asked (for example, if the DNA of a certain patho-
gen exists in a sample) and by using appropriate primers and
other PCR components (e.g. DNA polymerase, dNTPs and
salts), one can follow the DNA amplification process in real
time or by endpoint analysis, and decide whether the patho-
gen’s target nucleic acid existed in a sample. This led to quan-
titative PCR tests (qPCR) that can quantitatively determine the
number of target (pathogen) nucleic acid copies in a sample.

Polymerase Chain Reaction
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Fig. 1 The PCR reaction mechanism. A set of two primers anneal to the target DNA. A DNA polymerase extends the newly synthesized strand, and a

new cycle begins. Each cycle doubles the number of DNA strands.
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Most qPCR systems rely on the fluorescence of intercalating
dyes that indicate the amplification of DNA, or on that of fluo-
rescent probes that fluoresce only when the PCR takes place
(TagMan- Thermo Fisher Scientific Inc.). Prior to any amplifi-
cation technique, nucleic acid molecules must be extracted
from the tested sample. One of the drawbacks of PCR is the
high temperatures required for strand separation, which led to
the use of DNA polymerases from thermophilic bacteria.”*
However, this also requires relatively heavy instrumentation
(thermocyclers), a fact that restricts its use at the POC. To
develop PCR testing devices that can function at the POC,
scientists and engineers have developed solutions that do not
require thermocyclers. One solution, continuous flow PCR,>
involves running the sample between different compartments
with constant temperatures (one for denaturation, one for
annealing, and another for extension) that allow PCR to
proceed. Another way is to develop amplification techniques
that operate at a constant temperature, i.e., isothermal amplifi-
cation. Several isothermal amplification techniques have
become common practice and are found in several POC
nucleic acid diagnostic systems. Important to mention that,
still, PCR is superior to all isothermal amplification methods
in terms of accuracy and sensitivity.

2.2 Isothermal amplification techniques

Here, we will discuss several isothermal amplification methods
that can replace PCR amplification for use in POC devices.

2.2.1 Loop-mediated isothermal amplification (LAMP).
Invented by Notomi and co-workers in 2000,>° this reaction
uses two or three sets of primers (which increase selectivity)
that recognize six or eight distinct sequences on the DNA
target, as well as a DNA polymerase with a high strand displa-
cement activity (peeling off the complementary to the template
strand while synthesizing a new strand). The amplification
process normally occurs at 60-65 °C. Typically, 4 different
primers are used to amplify 6 distinct regions on the target
gene, which increases the specificity, Fig. 2. The amplification
product can be visualized either by optical systems, which
usually detect intercalating dyes or fluorescent probes or by
naked eye, for example, by measuring the turbidity caused by
magnesium pyrophosphate precipitation. Both approaches can
lead to real-time measurements. The reaction can amplify 10°
copies of the target DNA in less than an hour. Designing
appropriate primers for LAMP is often a challenge and usually,
specially designed software is used. Another issue with LAMP
is multiplexing. Whereas in PCR the choice of primers for
different pathogens is straightforward, the large number of
primers required for LAMP adds complexity to the design and
increases the likelihood of primer-primer dimers, which
might result in false positives. Importantly, LAMP generates a
series of concatemers of the target region, giving rise to a
ladder pattern in the gel electrophoresis analysis rather than a
single band generated by PCR. Most POC devices, presented
here, that use isothermal amplification techniques, are LAMP-
based. Although LAMP has shown potential for POC diagnos-
tics thanks to recent developments with speed and electricity-
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free systems, there remains some room for improvement when
it comes to sample integration for microfluidics and POC
friendly signal read-outs (unlike PCR which uses Tagman
probes for real-time analysis, LAMP lacks this ability). Another
disadvantage of LAMP is that increasing the number of
primers raises the false positive rate. Sample integration for
microfluidics and POC-friendly signal read-outs is also a
challenge.”””*® In 2017, Oloniniyi et al. used six primers to
improve LAMP assay times (less than 20 min) for five different
ebolaviruses using RT-LAMP> later, Nanayakkara et al.,
demonstrated the ability to reduce a LAMP assay for the detec-
tion of MRSA by 15 min, by increasing the number of primers
from four to six.’® Recently, an RT-LAMP assay for the detec-
tion of SARS_CoV_2 from Yan et al., that also utilized a six-
primer system, was reported.*'

2.2.2 Helicase-dependent amplification (HDA). First pre-
sented in 2009 by Jeong et al., the helicase-dependent amplifi-
cation utilizes the separation activity of helicase (and single-
stranded binding proteins (SSBs)) to separate two hybridized
strands of DNA, followed by primer annealing and amplifica-
tion of the DNA template by a DNA polymerase.*” The helicase
unwinding activity replaces the heat-dependent dsDNA
unwinding that is used in PCR. This system requires two
primers for exponential amplification. The reaction tempera-
ture is commonly 65 °C. HDA assays for Chlamydia trachoma-
tis, Neisseria gonorrheae and Trichomonas vaginalis were
developed by the group of Klapperich.>*7*

The application of two nucleic acid isothermal amplifica-
tion methods-reverse transcription helicase dependent ampli-
fication (RT-HDA) and reverse transcription loop-mediated
amplification (RT-LAMP), combined with a lateral flow assay,
for the rapid detection of SARS_CoV_2, was presented by
Zasada et al.>® (Fig. 3).

2.2.3 Strand displacement amplification (SDA). SDA was
first introduced in 1992 by Walker et al.>” SDA utilizes a DNA
polymerase with strand displacement activity and a nicking
enzyme. A DNA primer is used as initiator for the polymerase
amplification of complementary DNA strands. The primer
includes a nicking site for the nicking enzyme that is used in
the assay. DNA polymerase identifies the nicking site and
starts a polymerization process while peeling off the hybri-
dized strand (it polymerizes towards the 3’ end of the newly
synthesized strand, from the nicking site). The nick site is
regenerated with any cycle of polymerization (after annealing
of a new primer). This technology can result in exponential
amplification, by designing two primers that hybridize to two
complementary DNA strands. The enzymes that are used in
this assay determine the appropriate temperature for it to
proceed, normally at 37 °C. Usually, a pre-heating step for
denaturation of the dsDNA is required (Fig. 3).

2.2.4 Recombinase polymerase amplification (RPA). In
2006, Armes and co-workers introduced an interesting solution
to avoid temperature changes in order to separate two DNA
strands and to allow primer annealing.?® The recombination
activity of a recombinase enzyme (and SSBs binding to the
DNA) was used to anneal DNA primers. Recombinases can

This journal is © The Royal Society of Chemistry 2023
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Fig. 2 Schematic representation of LAMP. The reaction mixture consists of dNTPs mix, a DNA polymerase, a fluorescent dye, primers and a DNA
template. Six different regions on the dsDNA template are targeted by several primers. The reaction begins upon binding of the FIP to the F2c region
and followed by polymerization of DNA by a DNA polymerase. F3 binds to its complementary region and replaces the newly synthesized DNA strand.
Similarly, BIP and B3 operate as reverse primers. Displaced strands form dumbbell-shaped structures. FIP and BIP, then, bind to the dumbbell-
shaped regions structures and form loops. Double-stem DNA loops are formed by elongation that is formed by a DNA polymerase and displace the
original strand, which in turn, reform the dumbbell-shaped structures and undergo another round of amplification. FIP and BIP, then, initiate
another strand displacement on the double-stem DNA loops. DNA structures of different lengths are amplified by repeated rounds of the reaction.
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Isothermal amplification techniques. Top left, schematics of the RPA process. Primers and recombinases bind to the dsDNA template, recruit

DNA polymerase with SSBs, and initiate DNA amplification. Top right, the SDA mechanism. DNA primers, nicking enzymes, and strand displacement
polymerases amplify dsDNA. Bottom, the HDA reaction. Helicase unwinds dsDNA, followed by SSB binding, primer annealing, and DNA

polymerization.

946 | Nanoscale, 2023, 15, 942-952

This journal is © The Royal Society of Chemistry 2023


https://doi.org/10.1039/d2nr05385c

Published on 07 December 2022. Downloaded on 5/17/2024 2:49:00 AM.

Nanoscale

Table 1 Summary of the isothermal amplification techniques
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Single/
Amplifi- multiple Reaction
cation amplification Reaction Detection limit time
method products temp. (°C) (copies) (minutes) Advantages Drawbacks
PCR Single 95/48-52/ 1(Optimally, 20-60 + Sensitivity « Heavy equipment
68-72 PCR identifies (thermocyclers)
a single target « Accuracy
copy) « Exponential amplification
LAMP Multiple 60-65 ~10 30-60 « Does not require « Primer’s design
thermocyclers
« Difficulty in multiplex
amplification
HDA Single 65 ~10 60-120 + Does not require « High error rate
thermocyclers
« Simple primer design - Expensive proteins and enzymes
+ No initial heating steps
SDA Single 37 (Usually ~20 10-60 « Does not require « Nuclease selection is complex
requires thermocyclers
initial + Power saving (operates ata « Inefficient in long sequences
heating 95) single low temperature) « Usually Requires initial heating
RPA Single 37-42 ~20 30-60 « Does not require « Expensive proteins and enzymes
thermocyclers

pair oligonucleotide primers with a homologous sequence in
duplex DNA, which allows forward and reverse primers to
anneal to the ends of the DNA template strands.** RPA can
produce amplicons of 1 kb and typically it is performed at
37-42 °C. In recent years, RPA has become a promising tech-
nique for pathogen detection. Ma et al. developed a porcine
delta coronavirus and an RPA detection system for the influ-
enza A virus that required a short (20 minutes) amplification
step,*®*! (Fig. 3).

Table 1 summarizes the different isothermal amplification
techniques. A few other isothermal amplification methods,
such as Rolling Circle Amplification (RCA), Whole Genome
Amplification (WGA), and nucleic acid sequence-based ampli-
fication (NASBA), also exist.**™**

3. Nucleic acid POC from sample to
result diagnostic systems

Here, we will present a few state-of-the-art POC nucleic acid
testing devices. All the devices presented here have been devel-
oped in the last couple of decades. We will discuss the bio-
chemical reactions used for DNA amplification in each system,
as well as the sensing element in each device. In addition, we
will try to evaluate the advantages and drawbacks of each
system. Some of the information presented here has been col-
lected from commercial websites, some from scientific papers,
and other information from published patents. All prices are
as of October 2022.

3.1 Lucira health

This Californian enterprise has developed the first US Food
and Drug Administration (FDA) - approved “at home” end-

This journal is © The Royal Society of Chemistry 2023

« Simple primer design
« Power saving

point SARS_CoV_2 nucleic acid test on a battery-operated
device.*” The Lucira SARS_CoV_2 kit utilizes reverse transcrip-
tase (RT)-LAMP isothermal amplification and is highly accu-
rate. For example, the SARS_CoV_2 test obtained 100% positive
accuracy and 96.7% accuracy for negative results.*” The heater
of the system is also used for membranes rupture and release
of nucleic acids. The SARS_CoV_2 test uses two internal con-
trols: one to check the validity of the device and one to check
for a human gene: the other 3 chambers check for
SARS_CoV_2. The amplification is followed by color changes of
halochromic agents, due to pH changes that result from
nucleic acid amplification (DNA polymerization releases
protons that change the pH). The device is an endpoint system
and the results are qualitative. For the SARS_CoV_2 test, the
results are expected within thirty minutes. As of October 2022,
the price of a SARS_CoV_2 Case of 24 Single-Use Test Kits is
$1800. However, this device suffers from the drawbacks of
LAMP (the amplification mechanism), such as lower sensitivity
and specificity, compared with PCR. Moreover, the results are
not obtained in real time.

3.2 Cue health

Located in San Diego, USA, Cue has developed a hand-held
POC self-test, nucleic acid diagnostic device.*® Cue’s techno-
logy involves an isothermal amplification (the isothermal tech-
nique is unspecified). According to a published patent,*” it can
be assumed that the amplification process includes biotin —
and Horse Radish Peroxidase (HRP) - labeled primers. The
biotin moiety is probably used to bind the amplicons to strep-
tavidin-modified surfaces, and the HRP enzyme is used for col-
orimetric detection. The system is an endpoint qualitative
(YES/NO) reporting system (it does not report in real time),
and it is cartridge based (extraction, amplification, and detec-
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ance for SARS_CoV_2 and for Valley fever tests.®® Being a PCR-
based device, this is a very accurate system with 100% reprodu-
cibility. Further FDA clearance of additional clinical speci-
mens, at a later date, would enhance the diagnostic capabili-
ties of the assay.®*

3.8 Visby Medical

Visby Medical (California, USA) developed a hand-held porta-
ble POC testing device.®® Nucleic acids are PCR amplified. The
SARS_CoV_2 test and the sexually transmitted diseases panel
tests are FDA approved.®® Results for the COVID-19 test are
obtained within thirty minutes. The device accommodates a
single disposable test cartridge that includes the reagents
needed for cell lysis and nucleic acid extraction as well as for
DNA amplification and detection. The detection is of an in-
soluble colored product. One disadvantage of this device is the
generation of waste, which is an issue that should be
addressed. The company is exploring recycling components to
reduce the generated waste.®”

3.9 Genomadix cube

This Canadian enterprise (formerly Spartan Bioscience)®®
developed a portable, PCR testing device for POC settings. The
system is designed for SARS_CoV_2, Legionella, and the
genetic CYP2C19% testings. The sensing technology is optical.
The cube genetic testing assay revealed a sensitivity of
~99-100%.”° The results are qualitative (endpoint). The need
for thermocyclers for the PCR reaction limits further miniatur-
ization of the device.

Table 2 summarizes the central parameters (the amplifica-
tion technique, detection technology, time of the assay, accu-
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racy of the test, device targets, and price) of the different
devices mentioned above. All the devices are targeted to a test
time of less than thirty minutes: five systems are PCR based,
and three or four amplify the target nucleic acid by LAMP. An
optical detection method is used in all systems described here.

4. Discussion

In this article, we discussed in detail 9 POC diagnostic devices
that we found most interesting. There are, however, numerous
other sample-to-result nucleic acid testing POC systems and
other diagnostic systems for laboratory use that are worth men-
tioning. These systems include Cepheid Genexpert systems,
Biomerieux’s Biofire, Roche’s cobas Liat, Qiagen’s QIAstat Dx,
DNAe’s LiDia-seq platform, Oxford Nanopore Technologies’
LAMPORE, HOLOGIC’s Panther fusion, MolBio Truelab,
NeuMoDx, and Quidel’s Solana. Unlike heavy benchtop instru-
ments that can analyze tens of samples in parallel, the POC
devices, presented here, are designed to test only single or few
samples at a time. The limiting factor regarding the number of
tests per device depends mostly on the detection technology,
which in all POC devices, presented here, is optical sensing;
this is difficult to miniaturize more than has already been
done in the existing systems. By using different detection
technologies, such as nanopores or nanowires, further minia-
turization can take place and hundreds or thousands of
different PCR/isothermal tests could be performed simul-
taneously, using a hand-held device. In recent years, several
scientific reports on portable POC nucleic acid assays have
been published. An automated device that can sense 300 RNA

Table 2 A summary of the main features of the different POC systems discussed in the manuscript

Accuracy (and

detection limit if Price ($) (as of

Device Amplification Detection method Time (min) published) Tests October 2022)
Lucira RT-LAMP Color change due <30 96-98% SARS_CoV_2 Case of 24 single
to pH change Detection limit-1 use test kits -
copy per ul 1800
Cue Isothermal (not Horse Radish 20 97.8% SARS_CoV_2 Reader + 3
specified) Peroxidase coloring cartridges - 444
Genedrive RT-LAMP Fluorescent dye <30 98% MT-RNRI; SARS_CoV_2; Unpublished
HCV
Accula (TFS) OSCAR Dye-labeled <30 100% Influenza B; RSV; Strep  Dock - 371.5
amplicons bind to A
a lateral flow strip Detection limit - 475 SARS_CoV_2 9 cassettes —
copies per ml 69.6
ID NOW LAMP Fluorescently 13 87-98% SARS_CoV_2; Influenza  Pack of 24 tests -
(Abott) labeled probes A &B; RSV; Strep A 2 2080
m-PIMA PCR/RT-PCR Fluorescently 70 95% HIV (not in the USA) 50 tests — 1250
(Abott) labeled probes
DxNA PCR/RT-PCR Fluorescence Less than 99.6-100% SARS_CoV_2; Valley Unpublished
Genestat 1.5 hours for the Detection limit - fever;
Coccidioides test 10 genomic coccidioidomycosis
equivalent quantity
(GEq) per ml
Viby Med PCR/RT-PCR Insoluble colored <30 95-100% SARS_CoV_2 Unpublished
product
Genomadix PCR/RT-PCR Optical detection ~60 99-100% SARS_CoV_2; CYP2C19;  Unpublished
cube Legionella

This journal is © The Royal Society of Chemistry 2023
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copies per reaction of the SARS_CoV_2 virus, using the LAMP
reaction in a single cartridge, and that can accommodate 104
saliva samples simultaneously, in 35 minutes, was reported by
Deng et al.”" Elsewhere, a SARS_CoV_2 sensing system that uti-
lizes the LAMP reaction for accurate and sensitive detection
(0.44-1.09 copies per pl) was presented.”> Another portable,
rapid, on-cartridge device that uses magneto-fluidic purifi-
cation and PCR testing for detecting Neisseria gonorrhoeae (a
sexually transmitted disease) was developed.”> The CRISPR
technology, which has revolutionized molecular biology, has
gained considerable attention in the development effort of
diagnostic assays. In 2020, a rapid (<40 min), easy-to-
implement, and accurate CRISPR-Casl2-based lateral flow
assay for detecting SARS_CoV_2 from respiratory swab RNA
extracts was developed by Broughton et al.”*

Another CRISPR system, the Cas-12a-based system, which
utilizes DNA functionalized with gold nanoparticles (AuNPs)
for the amplification-free detection of cell-free DNA with high
sensitivity and specificity in 30 minutes, was developed.”
Elsewhere, a Cas12a naked-eye colorimetric detection system
for SARS_CoV_2 was developed by Xie et al.”® Cas 13 was also
used for detecting bacterial nucleic acids in droplet
microarrays.””

We foresee a dominant role for POC nucleic acid testing
devices in the future. However, due to the lack of massive par-
allelism in the above-mentioned devices and due to the skilled
expertise required for appropriate sample collection, there will
still be a need for central diagnostic facilities that include
heavy laboratory equipment. Agriculture is another field in
which it might be easier to incorporate these POC testing
devices. The POC devices mentioned above can be relatively
easily transformed to sense plants and animals’ pathogens as
well as those of domestic pets. Among the variety of startups
in this field, Sensona, Inc. (co-founded by one of the authors
of this manuscript (Y. W.)) is especially interesting; it has been
developing a POC PCR testing device that uses propriety gold
nanoparticle technology for rapid heating and cooling of the
sample. Importantly, it achieves a full PCR analysis in ca. 90
seconds, as opposed to tens of minutes in commonly used
PCR devices. This dramatic shortening of the reaction time
might enable a significant increase in the number of tests per
instrument per day. We anticipate that in the near future,
nucleic-acid POC diagnostic devices will become prevalent in
private homes, clinics, and rural places.
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