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Abstract. The novel coronavirus disease 2019 (COVID-19), originally identified in December 2019
Wuhan, China, has propagated to worldwide pandemic, causing many cases of death and morbidity. Since
the development of COVID-19 vaccines is still under experimental stages without public access, different
types of testing and detection ensuring rapid and accurate results are urgently required to prevent delaying
isolation of infected patients. The traditional diagnostic and analytical methods of COVID-19 relied heavily
on nucleic acid and antibody-antigen methods but are subject to assembly bias, restricted by reading length,
showed some false positive/negative results and had a long turnaround time. Hence, three styles of nanopore
sequencing techniques as complementary tools for COVID-19 diagnosis and analysis are introduced. The
long-read nanopore sequencing technology has been adopted in metagenomic and pathological studies of
virosphere including SARS-CoV-2 recently by either metagenomically, directly or indirectly sequencing the
viral genomic RNA of SARS-CoV-2 in real-time to detect infected specimens for early isolation and
treatment, to investigate the transmission and evolutionary routes of SARS-CoV-2 as well as its
pathogenicity and epidemiology. In this article, the Nanopore-Based Metagenomic Sequencing, Direct RNA
Nanopore Sequencing (DRS), and Nanopore Targeted Sequencing (NTS) become the main focus of the
novel COVID-19 detecting analytical methods in sequencing platforms, which are discussed in comparison
with other traditional and popular diagnostic methods. Finally, different types of nanopore sequencing
platforms that are developed by Oxford Nanopore Technologies (ONT) due to various purposes and
demands in viral genomic research are briefly discussed.

Furthermore, the long-read, nanopore-based
Metagenomic sequencing has been used to conduct a

1 Introduction

The global outbreak of COVID-19 pandemic has
resulted in many infections and mortality, and the
infected population is still multiplying. The diagnosis of
COVID-19 relies heavily on nucleic acid testing,
antibody-antigen test, and RT-PCR sequencing test, but
the current suggested methods that are subject to
assembly bias and restricted by reading length also
showed some rate of false negative/positive results, had
long turnaround time, and failed to identify other
respiratory diseases simultaneously. The drawbacks of
current detecting methods lead to misdiagnosis of
patients and hinder the containment of the COVID-19
pandemics to some extent. With the advantages of long-
read, real-time nanopore sequencing of target
amplification regions in the viral genome, the
development of nanopore targeted sequencing (NTS)
was able to simultaneously detect SARS-CoV-2 and
other respiratory viruses with high sensitivity in a short
turnaround time of 6 to10 hours using a limited amount
of viral RNA samples, albeit that the detection limit was
10 standard plasmid copies per reaction [1]. NTS is
approximately 100% specific to SARS-CoV-2, and the
diagnostic results revealed that NTS could identify more
infected patients as real positive with high consensus [1].
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metagenomic and pathological analysis of coronavirus in
real-time by mapping out the full-length genomic
sequence corresponding to its original viral genome for
subsequent analysis and diagnosis. The whole and partial
genome data are stored in the public Genbank available
for research teams around the world. The real-time
Direct RNA Nanopore Sequencing (DRS) was
developed to directly sequence the full-length genomic
RNA and transcriptomes of coronavirus and other
viruses for viral identification at high resolution and
accuracy without prior assembly bias [2]. That is, it
preserves RNA modification that cleverly avoids the
drawbacks of other sequencing methods contained,
including reverse transcription(cDNA) and restriction
from amplified RNA fragments of material input [3]. In
addition to the performance of DRS, all three nanopore
sequencing methods together are capable of effectively
monitoring the mutation & recombination of viral
genome, analyzing the transmission routes, classifying
different strains of SARS-CoV-2 virus, and cross-
detecting other respiratory viruses in the infected
specimens. Therefore, Nanopore sequencing is not only
an applicable and suitable COVID-19 detecting
technique in both clinical context and controlled-lab
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environment, but also provides extended features to
study the pathogenicity and epidemiology of SARS-
CoV-2 to effectively control and comprehend the
pandemic.

Coronaviruses are the family of plus single-stranded
RNA (+ssRNA) viruses with the spike glycoprotein
responsible for the binding of host cell receptors and
subsequent entrance that are consist of four genera:
alphacoronavirus, betacoronavirus, gammacoronavirus,
and deltacoronavirus [4]. The SARS-CoV-2 identified
as the trigger of COVID-19 pandemic belongs to
betacoronavirus, along with SARS-CoV  and
MERS-CoV [5]. The genome structure of SARS-CoV-2
includes four structural proteins: spike (S), membrane
(M), envelope (E), and nucleocapsid (N) proteins [6]. In
clinical practice, diagnosis of COVID-19 infection is
achieved via viral RNA sequence detection primarily
using RT-PCR as one of the NAATS.

2 Limitation of traditional diagnostic
methods of COVID-19 before nanopore
sequencing

It is well studied nowadays that the incubation period of
COVID-19 is 2-7 days [7], sometimes longer up to 14
days, without observable and obvious symptoms. During
this period, the virus can spread from infected or no-
symptom infected carriers to uninfected populations.
Therefore, isolation of infected patients and precise
diagnosis of COVID-19 as soon as possible plays an

important role in controlling the pandemic of COVID-19.

Antibody antigen-based detection methods are fast, but
they are susceptible to factors ranging from the presence
of fibrin, sample hemolysis, bacterial contamination, to
patient’s autoantibodies, leading to a high rate of false
positive. As a result, nucleic acid detection is prioritized
to be the top standard for COVID-19 diagnosis, and
several methods, including RT-PCR sequencing, are
adopted to detect SARS-CoV-2 that causes COVID-19
[8]. In particular, real-time reverse transcription
polymerase chain reaction (RT-qPCR) is currently the
most prevalent diagnostic method to detect
SARS-CoV-2, because RT-qPCR has high specificity, is
relatively economical and efficient that can generate
results for numerous patients simultaneously in less than
2 days. However, it fails to accurately assess and analyze
nucleic acid sequences of amplified gene fragments with
long reading length. Based on the guidelines from PCR
manufactures, a positive SARS-CoV-2 infection can be
confirmed by monitoring one or two gene sites from
viral genomic RNA, such as Spike (S) gene from 21,563
to 25,384 and Nucleocapsid (N) gene around 28,274-
29,533 [9]. In addition, RT-gPCR potentially
demonstrates a relatively high false-negative rate in
clinical settings that promotes the spread of infection by
delaying isolation of patients and thus cannot receive
immediate treatment, causing more transmission of
COVID-19 [10].

3 Nanopore Sequencing Technology

3.1 Sequencing Platforms

Sequencing techniques that are widely used nowadays in
academic research and clinical diagnosis for pathogen
identification and genomic surveillance of virus
evolution [17] provide another popular platform for
detecting the presence (or absence) of various virus
families, including SARS-CoV-2 [18]. The traditional
short-read massively parallel sequencing platform —
Next-generation sequencing (NGS)—that are able to
generate many million copies of short-reads in parallel,
sequenced types of nucleic acids via receiving the
chemical or light signals emitted as nucleotides are
complimentarily base paired with the oligo DNA
templates. For instance, the most widely applied Next-
generation sequencing Illumina has a synthesis model
that requires multiple alternating cycles. It takes less
than minutes to complete each cycle and decode the
optical signals generated by adding a single
complementary nucleotide to each DNA fragment
repeatedly. Depending on the length of bp readouts and
data processing, the full sequencing process requires 1 to
3 days to produce a high sample volume of detection,
which may not be considered as the optimal detection
duration in clinical usage. Noted that until the entire
genome sequencing process ends, the data obtained from
sequencing platforms cannot be examined further. The
traditional short-read massive parallel next-generation
sequencing methods, including Pyrosequencing, Ion
Torrent semiconductor, and Illumina, are restricted by
the read length to 200—400 nucleotides [19]. To illustrate,
the short-read sequencing of highly fragmented viral
RNAs greatly complicates the research of SARS-CoV-2
that potentially has a large family of similar homologous
genomes sharing similar inheritance patterns [20, 21].
Since the mRNA of coronavirus are practically inherited
identically from the homologous genome sequence of
original coronavirus strains, short-read output usually is
challenging assigned to specific sgRNA viruses clearly.
Therefore, the real-time long-read nanopore sequencing
becomes the best candidate to monitor the viral genome
mutation and recombination of SARS-CoV-2 by
performing full-length genomic sequence analysis.

3.2 Nanopore Sequencing methods

Different types of nanopore sequencing technology
follow the same principle of sequencing and detection.
While the SARS-CoV-2 single strand (+)RNA
translocate over a designed nanopore protein, the
fluctuation in currents due to the resistant property of its
RNA molecules are directly detected by nanopore in
real-time (refers to Figure 1.). The nanopore protein,
which is comprised of two units, enzyme motor, and
nanopore reader, incorporated among an electrically
resistant membrane, divides the environment of
electrolyte solution into two compartments [22]. Since
the electrolyte in the solution is equally distributed, all
the potential differences are concentrated inside and
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close to nanopore protein. It indicates that the negatively
charged SARS-CoV-2 RNA molecules in the
electrolytes will only be impacted by different forces
from the electric field and surrounding close to the
nanopore capturing region [23]. The enzyme motor
specifically controls and stabilizes the translocation of
SARS-CoV-2 RNA single strand (also does unwinding if
dsDNA translocate). Once entering the nanopore, the
SARS-CoV-2 ssRNA passes through the pore with a
combination of electrophoretic, electroosmotic and
thermophoretic forces [24]. Meanwhile, the translocation
process of SARS-CoV-2 ssRNA occupies a certain
amount of volume that partially restrain and resist the
flow of ions in the nanopore reader, thereby sensing
continuous sharp current drops by nanopore reader based
on different length and NTS passing through. The
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electrical signal is then decoded to generate a specific
DNA/RNA sequence correspondingly. As a sequence
fragment passing through has been fully decoded,
enzyme motor is detached, waiting for the loading of a
new SARS-CoV-2 RNA strand. The fluctuation of
electrical signal, current drops, in respect to different
nucleotides translocating through nanopore proteins are
recorded in real-time and used immediately for
subsequent sequence analysis [25]. The SARS-CoV-2
ssRNA translocate across nanopores at astonishingly
high speed, about 450 bases per second for DNA and 80
bases per second for RNA. Nanopore sequencing is not
limited by the reading length of viral RNA sequence but
is restricted only by the specific amplified RNA

fragments of the input material [26].
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Figure 1. The side-view demonstration of how nanopore sequencing works. dsSDNA and ssRNA of viral genome follow the same
principle for translocating through nanopore protein except unwinding motor enzyme doesn’t separate single-strand RNA. Nanopore
monitor the fluctuation to an electrical current as a DNA/RNA sequence is moved across a protein nanopore.

3.2.1 Nanopore-based Metagenomic Sequencing

Before the COVID-19 pandemic, nanopore sequencing
has been adopted in metagenomic studies of virosphere
[27] and researches focusing on transmission routes [28,
29]. In the clinical setting, it has also been proved that
the methods of nanoporous metagenomic sequencing are
promising to effectively detect the infections of
respiratory virus and bacteria from affected patients [30].
The bacteria containing antibiotic resistance genes and
pathogens can be determined within a few hours. Unlike
traditional cultivation techniques, the efficiency and
efficacy of real-time generation of nanopore sequencer
are far outweighed other methods. By contrary,
nanopore-based Metagenomic sequencing was used to
identify potential pathogens involved in the diagnosis of
the COVID-19 [31]. It also can perform the routinely
sampling on a certain amount of clinical specimens
infected by SARS-CoV-2 to facilitate rapid genomic
surveillance  of  SARS-CoV-2, comprehensively
understanding its evolutionary pathway, transmission

and pathogenicity [31, 32]. Numerous popular
sequencing protocols based on next-generation
sequencing (NGS) and full-length nanopore sequencing
are being used to rapidly identify the genomic and
transcriptomic sequences of SARS-CoV-2 [33-35]. For
instance, Lu’s team harnessed a combination of Sanger,
[llumina, and Oxford nanopore MinlON sequencing
technologies to generate the metagenomic sequences of
SARS-CoV-2 from six clinical samples in China [33]. In
the United States, Holshue’s team reported the first case
of the COVID-19. Similarly, with the combination of the
Sanger, Illumina, and MinlON nanopore methods, they
also sequenced the metagenome of SARS-CoV-2 RNA
to monitor the entry routes of virus and possible
evolutionary changes in US [34]. Taking advantage of
MinlON nanopore technology for metagenome
sequencing combined with phylogenetic analyses offered
a precious platform to identify the virus and investigate
the entering routes of SARS-CoV-2 when it first
emerged in Brazil, Latin America [35]. By 12/07/2020,
there are more than 112,615 sequence reading archives
and 43,779 Nucleotide records submitted and stored in



E3S Web of Conferences 271, 04024 (2021)
ICEPE 2021

https://doi.org/10.1051/e3scont/202127104024

Genbank. Checking the Genbank at
[https://www.ncbi.nlm.nih.gov/genbank/sars-cov-2-seqs/]
includes many full-length and partial sequences of
SARS-CoV-2 from research teams all over the world.

3.2.2 Direct RNA Nanopore Sequencing (DRS)

To characterize the viral RNAs of coronavirus, nanopore
sequencing are also applied to directly sequence the
transcriptome of coronavirus and the full-length genomic
RNA of coronavirus, called Direct RNA nanopore
sequencing (DRS) [36]. To be more specific regarding to
the DRS technique, many studies have been revealed
that the sequence analyses of RNA virus genomes and
transcriptomes remain challenging because of the
exceptional genetic elasticity and variability of these
viruses, including SARS-CoV-2. Similar to many other
(+)ssRNA viruses, SARS-CoV-2 exhibits high rates of
gene recombination and reassortment [37]. Due to the
high rate of virulence mutation and gene reassortment,
genome replication by viral RNA-dependent RNA
polymerases causes more strains of closely-associated
viruses, known as “quasispecies.” [2] Traditional short-
read sequencing techniques are not well-suited for
reconstructing large volume of full-length haplotypes
(inherited identical original genome) of RNA virus
genomes  firstly, and sgRNAs composed of
noncontiguous genome regions secondly [2]. Previously,
viral transcriptomes were studied with nanopore
sequencing of cDNA that is reversely transcribed from
mRNA templates [38], but the results are subject to the
bias from reverse transcription and amplification. Hence,
the long-read, nanopore-based direct RNA sequencing
(DRS) method, as developed by ONT can be used in
real-time to analyze and detect viral RNAs replicated in
cells infected by the coronavirus, while consistent
RNA modifications in coronavirus can be preserved and
detected using nanopore DRS. As the improvement,
DRS avoids some drawbacks of traditional sequencing
methods, especially the cDNA reverse transcription that
might artificially generate an RNA-RNA chimera to
complicate the differentiation from naturally occurring
version [39], and restriction from amplified fragments of
the input material. With the DRS technique, Adrian’s
team has directly mapped the longest contiguous read
about 26-kb to the viral reference genome of
SARS-CoV-2. By combining Illumina and Oxford
Nanopore sequencing with MinlON sequencer, they also
reconstructed a highly accurate consensus sequence of
the human coronavirus (HCoV)-229E genome about
27.3 kb [39]. The DRS techniques have been proved
effective for viral analysis in many studies that used
DRS to investigate the transcriptome of DNA viruses
HSV [40] and sequence the original genome of Influenza
A virus (Keller et al. 2018), thus indicating that DRS is
also a reliable and suitable method to study SARS-CoV-
2 potentially. These studies exhibited an intricate
arrangement and complexity of viral genome with
preserved RNA modifications [41] and lay a strong
foundation for the future analysis of viral evolutionary
path as well as the mutation rate of coronavirus.

However, the abundance of viral RNAs is relatively in
limited proportion compared with host viral RNAs of
SARS-CoV-2 extracted from clinical samples.
According to the nanopore-based metagenomic
sequencing and Direct RNA nanopore sequencing
methods, a large amount of alignment data is used that
compensate for the limited viral RNA samples to
generate unbiased sequence analysis of viruses genome
and human nucleic acids, resulting in substantial related
costs of money and time-consuming analysis to complete
eventually. For this reason, the recent studies used a
more advanced technique ARTIC method with multiplex
PCR to research the Zika and Ebola [42], and sequence
the whole genome of SARS-CoV-2 from virus extracts
and clinical specimens [43]by evaluating the
overlapping region between multiplex amplicons. The
ARTIC method allowed scientists to further monitor the
pathogenicity, the key mutation in the viral genome
overtime that causes potential evolution, and to track
down its transmission patterns [44]. However, since
huge demands of clinical samples are waiting to be
tested as the ongoing COVID-19 pandemic worsening
that are required for a short turnaround time, some of
these nanopore-based sequencings are partially ill-suited
for clinical diagnose and detection of SARS-CoV-2
outside of the laboratory. We need an extra nanopore
sequencing technique that has an even shorter
turnaround time and cross-detect various respiratory
viruses.

3.2.3 Nanopore Targeted Sequencing (NTS)

In the next part of this article, we want to highlight the
foundation, development, and future expectation of
Nanopore Targeted Sequencing (NTS). Nanopore
sequencing technology dominated by Oxford Nanopore
Technologies (ONT) are relatively new approaches in
the sequencing market and application compare with
other sequencing platforms. Since the emergence of
COVID-19 in China, many research teams from all over
the world were wholeheartedly devoted to academic
research related to diagnosis, detection methods,
genomic & transcriptome sequencing of SARS-CoV-2
for subsequent analysis and pathogenicity studying, and
more importantly, developing effective vaccine
treatment to save as many lives as possible. For the
diagnosis and deep research of SARS-CoV-2, Wang’s
team is dedicated to the development of the Nanopore
Targeted Sequencing (NTS) platform that possesses the
advantages of targeted amplification and long-read
nanopore sequencing in real-time with high sensitivity in
less than 6-10 hours since January 2020 [1].
Simultaneously, NTS is able to detect other respiratory
viruses such as adenovirus, rhinovirus, and influenza
with SARS-CoV-2 together (overlapping symptoms
include fever, short breadth, even pneumonia),
monitoring mutated viral genome at different RNA sites
like ORFla b and N genes, classifying the family of
SARS-CoV-2. Cross infection by more than one
respiratory virus is extremely dangerous to patients
during the COVID-19 pandemics as the symptoms may
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overlap. The coronavirus testing is also prioritized,
causing more false diagnostic results and ignoring other
lethal respiratory viruses' clinical diagnosis for effective
treatment. In fact, the majority of the current detection
methods are using the whole-genome sequencing
platform to perform thousands of tests every day, which
are not that cost-effective and relatively time-consuming
with low throughput. However, the data from these
intensive tests can hardly be harnessed to investigate
virulence mutations, evolution, epidemiology, and
pathogenicity of SARS-CoV-2. Hence, Wang’s team
conducted clinical diagnostic tests with NTS at the
beginning of February [1] to inform clinical treatment
about cross-infection and pave the way for research
teams to further study SARS-CoV-2 effectively,
emphasizing the importance of cross-infection detection
and pandemic control. Many studies exhibited that
multiplex amplicon sequencing is time-saving and more
sensitive to the low-copy small amount of viral RNA in
comparison with nanoporous metagenomic sequencing
and DRS. Therefore, knowing the property of multiplex
amplicon, the design of NTS is based on the amplicon of
11 viral gene fragments and the specific sites of ORFla,
ORF1b (refers to Figure 2.) for amplification found in
SARS-CoV-2 using designed primers, followed by
sequencing of the targeted amplicons on the nanopore
sequencing platform. For sequencing, the targeted
amplicons of viral gene sites in SARS-CoV-2 genome,
the optimal nanopore platform that has the capability to
sequence long-read gene fragments and decodes the

sequencing data output in real-time is considered as the
better candidate [47]. Thus, the SARS-CoV-2 infection
can be rapidly confirmed with this platform of
sequencing targeted amplification sites by frequently
mapping out the viral genome sequence of SARS-CoV-2,
determining the identity of the output sequence, read
numbers, and coverage [1]. The full turnaround time of
NTS can be maintained at 6-10 hours regarding the NTS
method, which is an acceptable time for clinical
application. The identical barcode was attached to two
ends of the PCR product from the same SARS-CoV-2
infected sample using a barcoding PCR step, after the
amplification with multiplex PCR of viral cDNA is
reversely transcribed from total (+)ssRNA of SARS-
CoV-2. Subsequently, the barcoded PCR product was
selected and combined for the preparation of sequencing
library. It is worth to emphasize that by using
commercial kits to directly ligate barcodes to multiplex
PCR products during sequencing library preparation, the
barcoded PCR step can be eliminated to further reduce
full turnaround time (6-10h) and risk of cross-
contamination [1]. Finally, this NTS platform that can
generate long precise nucleic acids allows for
determination if viral RNAs were experiencing gene
reassortment or random mutation among transmission
compared with its strain of origin. All of the advantages
and characteristics of NTS summarized above will
certainly lay the foundation and provide valuable data to
conduct more viral and epidemiological analysis for
other research teams worldwide.
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Figure 2. SARS-CoV-2 viral genome structure containing important gene fragments for virus identification and diagnosis, ORF1a,
ORF1b, Spike (S), Nucleocapsid (M), Membrane (M), and Envelope(E), etc.
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4 Nanopore Product Family

NANOPORE PRODUCT FAMILY

One core technology, real-time, on-demand

Key SmidglON Flongle MinlON GridlON PromethlON
System Price TBC Included in $5K Included n $1K Included in $50K Included in $135K
Starter Pack Starter Pack Starter Pack Starter Pack
Number of channels 200 channels 128 channels 512 channels S5x 512 = 2,560° 48 x 3,000 =
144,000
pr P".' flow cel TBC 1-33Gb 17 - 40 Gb 17 - 40 Gb 125 - 311 Gb
Cument Data — Max Daia
Per Device s e 1]
Cument Dala — Max Data 85-200 Gb 36 -20 o

Figure 3. Nanopore product family: different kinds of nanopore sequencing equipment. Oxford Nanopore Technologies played a
dominant role in the development of Nanopore sequencing instruments in viral genomic research.

Table 1. General function and characteristics of nanopore sequencers from miniature devices to high-throughput installations.
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rapid, real-time .
Same throughput, for smaller . . high-sample
. efficient analysis
nanopore real-time, tests or . number
. . workflows Simple,
. sensing long-read experiments. benchtop
Function . . adaptable to | preconfigure
technology as sequencing Single-use, . . system.
. direct DNA d device —
MinION and for smaller on-demand, or RNA lug in and Same
PromethION. tests or cost efficient . plug workflow as
experiments sequencing sequencing start MinlION at
. . (DRS) running. larger scale
Compatible g
with
MinION and
Flongle flow
cells.
Modular: Up
Suitable for | Pocket-sized, to 48 flow
Designed to quality portable Five cells, each
be the Cost- checks, device for individually with up to
smallest efficient, 96- amplicons, biological addressable 3,000
sequencing well plate smaller analysis flow cell nanopore
Characteristics device and format genomes, up to 512 positions. channels
designed for compatible targeted nanopore Generate as (total up to
use with a with high- regions, or channels. much as 150 144,000)
smartphone throughput those Simple 10- Gb output Flow cells
in any automation. | interested in min sample | from a single | may be run
location. diagnostics/o prep experiment individually
ther tests. available. or
concurrently
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5 Conclusion

The nanopore sequencing is a powerful and accurate
diagnostic  technique for COVID-19 pandemic,
according to the discussion above, including nanopore-
based metagenomic sequencing, direct RNA nanopore
sequencing (DRS), and nanopore targeted sequencing
(NTS). Increasing SARS-CoV-2 infected clinical
specimens that are diagnosed negative or inconclusive
by RT-qPCR or CRISPR-Cas-based detection were
identified as real positive by different types of nanopore
sequencing. All three nanopore sequencing platforms
enable the genomic surveillance of viral RNA mutations
and recombination, transmission pathway monitoring,
and categorization of SARS-CoV-2 to enrich
epidemiological and pathogenetic analyses of many
viruses in the future with up-to-date data. Although
nanopore sequencing platforms for both clinical
diagnosis and research is a novel, -cutting-edge
technology to study SARS-CoV-2, challenges, and
difficulties related to SAR-CoV-2 detection remain
unresolved using nanopore sequencing methods. The
quality and detail interpretation of the nanopore
sequencing data should still accept assistance from
bioinformatic expertise since the available instruments
are at an early stage of development. However, the
potential of nanopore sequencing technology that
provides new insights into different perspectives of viral
replication and evolution has a promising future. For
instance, the future study using nanopore sequencing
could investigate both strands of the RNA genome and
the transcriptome of coronavirus to realize a more
exhaustive understanding. To fully exploit the potential
of nanopore sequencing methods in the future, more
improvement and nanopore-based research are highly
encouraged, by first reducing the high error rate of data
decoding and output currently, which is troublesome to
study viruses that its genome inherited together and
shared from a single parent, like SARS-CoV-2.
Furthermore, the cost of material & library preparation
and turnaround time also could be reduced by applying
barcode adapters and shortening the sequencing
protocols of different nanopore sequencing methods,
such as combining two steps together during sequencing
library preparation. The shorter the sequencing protocols
that still contain all the essential steps, the less
turnaround time for efficient clinical diagnosis can be
achieved which potentially are able to limit RNA
degradation during sequencing library preparation.
Indeed, the turnaround time for NTS, which requires a
more skilful operation, is relatively longer than the
turnaround time of RT-qPCR. Thus we recommend not
only using RT-qPCR and other detection methods to
compensate for the limitation of some nanopore
sequencing platforms, but also having multiple nanopore
sequencing methods (MNS, DRS, NTS) used
cooperatively to tackle the challenges that remained in
the single type. While RT-qPCR can rapidly detect the
presence of SARS-CoV-2 with a high proportion of viral
RNAs, followed by nanopore sequencing methods to

further accurately assess and verify the detection results.
Therefore, intensive research data related to nanopore
sequencing detection of SARS-CoV-2 are encouraged to
collect recently to optimize the accuracy of diagnostic
results for immediate isolation and effectively control
COVID-19 pandemics worldwide. We believe that there
are no absolutely best nanopore sequencing detection
methods or analytical nanopore techniques for clinical
use and research per se, but relatively a better method
depending on different clinical settings, demands, and
requirements.
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