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Chapter 27
Rapid Detection of SARS-CoV-2 Variants 
of Concern by Genomic Surveillance 
Techniques

Paul C. Guest, Steve F. C. Hawkins, and Hassan Rahmoune

Abstract This chapter describes the application of genomic, transcriptomic, pro-
teomic, and metabolomic methods in the study of SARS-CoV-2 variants of concern. 
We also describe the important role of machine learning tools to identify the most 
significant biomarker signatures and discuss the latest point-of-care devices that can 
be used to translate these findings to the physician’s office or to bedside care. The 
main emphasis is placed on increasing our diagnostic capacity and predictability of 
disease outcomes to guide the most appropriate treatment strategies.
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1  Introduction

According to databases such as Worldometer [1] and the Johns Hopkins Institute 
[2], more than 648 million people have been infected by the SARS-CoV-2 virus 
which causes COVID-19 disease and more than 6.6 million of these individuals 
have died (as of December 1, 2022). However, the actual number of infected people 
is likely to be much higher, with some studies estimating that almost 50% of the 
world population has been infected [3]. From early on in the pandemic, it was 
deemed that early, rapid, and accurate detection of COVID-19 disease was critical 
for better management of the crisis, as well as for facilitating better therapeutic 
outcomes, and a lower damaging effect on healthcare and financial systems [4–7]. 
However, at that time, most of the testing for such infectious diseases was per-
formed in centralized laboratories by trained personnel, and it could take up to sev-
eral days for the results of these tests. Given the urgency evidenced by the COVID-19 
pandemic and the threat of future outbreaks, it is clear that there is a need for more 
user-friendly and diagnostic tests that can be used in a point-of-care (POC) capacity. 
Advances made in the areas of microfluidics, miniaturization, and integration have 
now enabled the application of these devices in standard laboratory and clinical 
environments as well as in emergency use scenarios [8–12].

A major obstacle in the use of POC devices occurs at the sample stage. 
Importantly, this should involve as little human interaction as possible as this is 
where errors or biases can be introduced. If there is a rush of infected persons to get 
to the site of testing, as occurred during the early stages of the COVID-19 pandemic 
[13], there is also the chance of cross-infections. One solution to this is that the 
testers visit the prospective patients in their homes or places of work and carry out 
the testing there. Of course this would require trained professionals and for the test-
ing kit to be portable, with a sample-sealing capability to avoid cross- contaminations. 
This would help to minimize the number of false positives and false negatives.

If the test is polymerase chain reaction (PCR)-based, the sample acquisition and 
preparation steps are critical. This is due to the presence of constituents in body 
fluids such as blood serum/plasma [14] and saliva [15] that can inhibit the amplifica-
tion step in PCR [16]. However, there have been advances in overcoming these 
potential effects and making the sample preparation step more PCR-friendly. For 
example, we recently described the use of a commercially available inhibitor- 
tolerant PCR mix which circumvents the need for extraction, allowing for a faster 
and more accurate identification of the infective agent and determination of viral 
load [17, 18]. Multiplex PCR platforms offer a number of advantages of single 
assay systems as they can significantly lower test times, conserve samples, lower 
costs, while allowing for simultaneous analysis of multiple pathogens such as influ-
enza types A and B [17, 19, 20] and different SARS-CoV-2 variants [18, 21, 22]. 
The correct identification of a pathogen using such systems would also allow patient 
stratification or triage for the most appropriate treatment and also provide a means 
of correctly determining across a suspected group of pathogens in the different 
waves of an outbreak and/or the emergence of a new pandemic.

P. C. Guest et al.
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The COVID-19 pandemic has enhanced the need and drive of researchers around 
the world to develop POC devices to enable early diagnosis of SARS-CoV-2 infec-
tion, variant subtyping, and to lay the groundwork in the advent of future pandem-
ics. In this chapter, we describe some of the major developments which have served 
to advance these efforts.

2  The Omicron Variant

The B.1.1.529/BA.1 SARS-CoV-2 variant (termed Omicron by the WHO) was first 
reported on 24 November 2021 [23, 24], with cases appearing in Botswana and then 
South Africa (Fig. 27.1) [23]. By 10 Jan 2022, it had been reported in 89 countries 
and reached a peak infection rate of more than four million cases per day on 21 Jan 
2022 [1, 2, 25]. After this, several Omicron sub-variants evolved which led to fur-
ther smaller waves and perpetuation of the pandemic [26]. Because of the increase 
in diversity and highly infectious nature of this variant, the WHO updated their 
tracking system with a new arm called ‘Omicron sub-variants under monitoring’ to 
help identify the sub-variants which may need to be prioritised in public health 
warnings (Table 27.1) [27].

With 31 or more mutations, Omicron and its sub-variants have the largest num-
ber of spike protein amino acid substitutions compared to the preceding Alpha 
(B.1.1.7), Beta (B.1.351), Gamma (P.1), and Delta (B.1.617.2) variants of concern 
[28, 29]. Approximately half of these mutations in the spike protein occur within the 
receptor-binding domain (RBD) which binds to the angiotensin converting enzyme 

Fig. 27.1 Molecular evolution of SARS-COV-2 with a focus on the omicron strain (phylogeny 
maintained by Nextstrain, enabled by data from GISAID, Image courtesy: https://nextstrain.org/
ncov/open/global/6m)

27 POC Devices for Early Detection of COVID-19
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Table 27.1 Omicron sub-variants under monitoring by the World Health Organization as of 
October 2022

Sub-variant Additional possible spike protein mutations

BA.5 R346X or K444X or V445X or N450D or N460X
BA.2.75 (BA.2 +) K147E, W152R, F157L, I210V, G257S, D339H, G446S, N460K, Q493R 

(reversion)
BA.2.75.2 
(BA.2.75+)

R346T, F486S, D1199N

BJ.1 (BA.2+) V83A, Y144-, H146Q, Q183E, V213E, G339H, R346T, L368I, V445P, 
G446S, S:V483A, F490V, G798D, S1003I

BA.4.6 (BA.4+) R346T, N658S
XBB (BA.2+) V83A, Y144-, H146Q, Q183E, V213E, G252V, G339H, R346T, L368I, 

V445P, G446S, N460K, F486S, F490S
BA.2.3.20 
(BA.2+)

M153T, N164K, H245N, G257D, K444R, N450D, L452M, N460K, E484R

2 (ACE2) receptor on host cells in the infection process [28–30]. In addition, many 
of these mutations are known to alter the binding of antibodies produced by the 
existing vaccines or from previous SARS-CoV-2 infections [31–33].

These changes in properties have led to increasing concerns about the potential 
emergence of newer variants with increased virulence and capacity to escape the 
vaccines. However, as the virus adapts to us, we can also adapt to the virus and help 
to prepare ourselves for a future pandemic like this one or one that is potentially 
even worse. For example, since the virus has evolved to evade the existing vaccines, 
we must follow suit and learn to efficiently and effectively update the vaccination 
programmes to keep pace with these changes. In line with this, Pfizer/BioNTech has 
released two different bivalent vaccines which target both the original Wuhan spike 
protein and either the Omicron BA.1 or BA.4–5 spike proteins, and both of these 
were authorized for use in the European Union in September 2022 [34]. Moderna 
has also released a bivalent vaccine against the Wuhan and the omicron BA.1 spike 
proteins which was also approved in September 2022, as well as one that targets the 
BA.4–5 spike protein, and this is currently under evaluation.

3  Genomic Surveillance

3.1  Next-Generation Sequencing

At the beginning of the pandemic, the SARS-CoV-2 genome was sequenced using 
a metagenomics approach, which basically allowed determination of the full 
genome without any prior knowledge of the sequence. After this, it became possible 
to use more targeted and efficient approaches which involved the design of primers 
for amplification of multiple overlapping sequences to cover the whole SARS- 
CoV- 2 genome. At this stage, the identification of specific variants required the use 

P. C. Guest et al.



495

of various bioinformatics pipelines. New lineages are usually assigned using the 
Nextclade or Pangolin algorithms [35, 36].

Whole genome analysis by next-generation sequencing (NGS) is currently the 
gold standard technique used for identification and monitoring of new SARS-CoV-2 
variants and sub-variants [37]. The method essentially allows parallel sequencing of 
billions of DNA fragments which are combined afterwards by read assembly [38–
40]. This method is typically performed using four basic steps (Fig. 27.2):

 1. Library preparation through random fragmentation of the genome and ligation of 
adapters

 2. Generation of clusters by loading the library into a flow cell for capture of the 
fragments on bound oligonucleotides complementary to the adapters, flowed by 
bridge amplification of each fragment

 3. Reversible terminator sequencing for detection of each nucleotide as it is incor-
porated into a new strand

 4. Data analysis and alignment for detection of single nucleotide polymorphisms, 
mutations, recombination events, and/or phylogenic tree construction

There are also nanopore sequencing methods that allow maximum coverage of the 
SARS-CoV-2 RNA genome via PCR tiling [41, 42]. A method called Midnight 
works through amplification of the genome in overlapping segments of 1000–1200 
base pairs which makes it resistant to amplification dropouts due to mutations. The 
ARTIC method is similar but amplifies the genome in shorter segments of approxi-
mately 400 base pairs. This helps to improve coverage of samples that may be partly 
degraded.

3.2  Real-Time PCR

Once the main viral sequence has been established, there are more rapid and simpler 
techniques for detecting variants of concern. One of the most useful methods for 
this is real-time reverse transcription PCR, which has also been the mainstay in 
COVID-19 screening, diagnostics, and epidemiology [43–45]. This method works 
through the use of sequence-specific primers and fluorescent reporter probes in 
repeated cycles of cDNA amplification. The increase in the fluorescent signal with 
each round of amplification is then related to the amount of viral nucleic acid pres-
ent in the sample. In addition, different primer/probe sets can be used to detect the 
presence or absence of specific variant sequences. For example, we described a 
method which can be used for simultaneous real-time quantitation of the United 
Kingdom, South Africa, and Brazil SARS-CoV-2 variants, which were prominent 
during the first year of the pandemic [18]. Figure 27.3a shows the location of the 
primer and probe sets used to detect these variants in multiplex PCR analyses. In the 
example shown, target failure by both primer/probe sets 1 and 2 would suggest the 
presence of the Alpha variant in the sample. Sole failure of primer/probe set 1 indi-
cates potential presence of Beta and Gamma variants in the sample. Finally, target 

27 POC Devices for Early Detection of COVID-19
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Fig. 27.2 The basic steps of the NGS method. A double-stranded cDNA library is produced by 
reverse transcription of SARS-CoV-2 single-stranded RNA. Two distinct oligonucleotide adapters 
are ligated to the cDNA sequences. The adapters allow binding to complementary oligonucleotides 
linked covalently within the flow cell. Covalently attached cDNA fragments are amplified comple-
mentary to the hybridized cDNA templates. Denaturation leaves the new cDNA strands covalently 
bound to the flow cell and is used to generate multiple copies bridge amplification. This generates 
DNA clusters reading in forward and reverse directions. Removal of the reverse strands leave only 
forward DNA strands which are used for sequencing. Primers hybridized to the cDNA strands and 
fluorescently labelled terminator nucleotides are passed through the cell for sequencing. Finally, 
all sequencing reads are aligned and mapped to the reference genome
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Fig. 27.3 (a) Multiplex qPCR to distinguish the Alpha variant from the Beta and Gamma lineages, 
targeting unique and conserved sites in the full length SARS-CoV-2 genome. (b) Multiplex qPCR 
to distinguish the Delta variant from Omicon BA.1 and BA.1 from BA.2, targeting unique sites in 
the spike protein

success with primer/probe sets 1–3 indicates that none of these variants are present 
but cannot rule out the presence of the other SARS-CoV-2 strains.

Similar approaches have been used to detect the Omicron variant. For example, 
Ayadi et al. described a multiplex PCR screen to distinguish the Delta variant from 
the Omicron BA.1 and BA.2 sub-variants [46]. This was based on the presence or 
absence of unique sequences in the spike protein in each of these lineages. Delta has 
a deletion of the glutamate and phenylalanine residues at amino acid position 
156–157 (ΔEF156–157), Omicron BA.1 has a glutamate-phenylalanine-glutamate 
insert at position 214 (InsEPE-214) and BA.2 has a leucine-proline-proline deletion 
at amino acids 24–26 (ΔLPP24–26). In the scheme shown in Fig. 27.3b, Delta can 
be distinguished from Omicron BA.1 using forward wild type and variant primers 
with a common reverse primer. In a separate reaction, Omicron BA.1 can be distin-
guished from Omicron BA.2 using a similar strategy.

27 POC Devices for Early Detection of COVID-19
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4  Machine Learning

In contrast with classical statistics, machine learning techniques employ algorithms 
which can learn from data to enable predictions using pattern recognition and apply 
this to new datasets. In case of SARS-CoV-2, this could be used to determine how 
specific features such as molecular biomarker patterns in the host are related to a 
specific disease status or outcome, as well as response to therapeutics. These rela-
tionships can be developed in a training set and then deployed to predict outcomes 
in new datasets. One big advantage of these approaches is that the algorithms can be 
retrained in an on-going manner with new input information so that it can be refined 
and adjusted to enhance predictive accuracy.

Deep learning methods have a complex multi-layered structure and require large 
datasets as input, but this allows the prediction of outcomes with high accuracy. 
They are generally constructed of input, hidden, and output layers, with the nodes 
in each layer representing the conversion of input data into a calculated output 
weight in connected nodes in the next layer (Fig. 27.4). The data is passed on from 
layer to layer by an activation function. The hidden layers carry out complex deci-
sions and make changes to the data during this transit, and ultimately relay this 
information to the output layer. This final layer represents a convergence point for 

Outcome

Biomarker A

Biomarker B

Biomarker C

Input Hidden OutputHidden Hidden
Layers

Fig. 27.4 Deep learning showing the input, hidden, and output layers. In the example shown, line 
thickness between nodes in the various layers indicate biomarker features that have the greatest 
impact weight on the final output
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all data from the previous layers and a final predictive value is made [47]. The learn-
ing stage comes from a process called back propagation which involves assigning 
random weights to the input features and performing several more rounds of train-
ing until the most robust combination of input data with the lowest error rate arrives 
at the correct answer [48]. Following this stage, the model is tested to determine 
generalizability to new datasets. For this, the study sample can be partitioned into 
several folds and all but one of these is used in the same iterative way as above to 
train the model. Next, the model is applied repeatedly to each fold that was not 
included to assess overall performance. Higher generalizability can be achieved by 
applying the model to a completely new validation dataset [49, 50].

Machine learning approaches have been used recently to identify robust molecu-
lar signatures comprised of transcriptomic [51], proteomic [51, 52], metabolomic 
[51], and laboratory blood test results [53], for prediction of COVID-19 disease 
severity and outcomes with excellent sensitivity and specificity scores. Along the 
same lines, Sardar et al. developed an artificial intelligence algorithm based on a 
combination of proteomic and clinical biomarkers which had a good overall accu-
racy for prediction of survival outcomes in COVID-19 patents [54]. Also, another 
study used machine learning to construct an algorithm from metabolomics data col-
lected from COVID-19 patients at different time points during the disease course, 
which revealed that a model developed during the earliest phase of the disease was 
successful in determining disease severity in the later stages [55].

Machine learning algorithms have also been used to identify mutations across 
the SARS-CoV-2 variants of concern associated with higher infectivity [56, 57] and 
escape from neutralizing antibodies or the antibodies produced by some of the vac-
cines [58]. Thus, these approaches could be used to assess current and future vari-
ants which would help healthcare workers to manage the disease more effectively.

5  Lab-on-a-Chip Devices

Although miniaturization of the working components is the key to POC devices, 
this can also cause a number of problems such as issues arising from use outside a 
designated laboratory and operation by untrained technicians. However, a number 
of commercialized products have emerged which go some way to overcoming some 
of these issues. One of these was aimed at detection of the Ebola virus during the 
2014–2016 outbreak in West Africa [59, 60]. After the World Health Organization 
(WHO) declared this outbreak a public health emergency of international concern, 
an emergency use scheme was put in place to drive research and development of 
new medical devices for use in public health emergencies [61]. One early success 
was the GeneXpert Ebola PCR assay which took approximately 5 months to develop 
and deploy [62]. This was an automated assay which required application of the 
patient sample into a well on a cartridge, inserting this into a compact reader and 
retrieving the result within 2  h. Another early example was the FilmArray 

27 POC Devices for Early Detection of COVID-19
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BioThreat-E device which was also based on PCR and had a sample application to 
readout time of 1 h [63].

The standard lateral flow device, as applied by the National Health Service in the 
United Kingdom [64, 65], consists of a 7 × 2 cm cassette comprising a sample well 
and an enclosed membrane containing: (1) SARS-CoV-2 nucleocapsid protein anti-
bodies conjugated with colour particles; (2) SARS-CoV-2 nucleocapsid protein 
antibodies bound on a test (T) line; and (3) secondary antibodies which target the 
primary antibodies bound on a control (C) line (Fig. 27.5). If virus is present in the 
sample, this is bound by the detector antibody. The virus-detector antibody complex 
is carried along the membrane by capillary action to the T line, where it is captured 
by nucleocapsid protein antibody. Unbound detector antibody also binds to the sec-
ondary antibody on the C line. This leads to generation of a colour on both the T and 
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Fig. 27.5 Diagram showing the use of the United Kingdom National Health Service lateral flow 
device for detection of the SARS-CoV-2 virus
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C lines as an indicator of a positive result. If the virus is not present in the sample, 
the detector antibodies will flow past the T line without binding to be captured by 
the secondary antibodies on the C line. This results in formation of a coloured line 
in the C region only as an indication of a negative result.

In 2012, Schumacher et al. reported on the development of a marketable, multi- 
parameter LOC system that could be used for POC diagnostics [66]. The system 
consisted of a microfluidic credit card-sized cartridge containing reagent reservoirs, 
integrated pumping and temperature control mechanisms, and an optical transducer. 
After the sample(s) are applied to the appropriate wells, the cartridge is inserted into 
a base unit that contains the essential controlling electronics and an optical system 
with a touch screen for user-friendly control of the assay and analysis of the results.

5.1  LOC Devices for Diagnosis of COVID-19

Early in the pandemic, Cojocaru reported on the development of microchip real- 
time PCR assay for detection of SARS-CoV-2 from nasopharyngeal swab samples 
[67]. This chip contained the primer/probe sets for the SARS-CoV-2 nucleocapsid 
protein gene in a 1.2-μL reaction volume. They validated the assay using reference 
and clinical samples and found a detection limit of one RNA copy per reaction. Cui 
et  al. presented a proof-of-concept study of a microfluidic microwave sensing 
method for diagnosis of COVID-19 [68]. The method employs an immobilized anti-
body on the sensor to immunoprecipitate the virus which results in a detectable 
resonance frequency shift. The device showed 4000 copies/mL sensitivity for 
SARS-CoV-2 virus, and this could be distinguished from the CD4 antigen, MERS- 
CoV, and CoV-HKU1. Another PCR-based LOC device for COVID-19 detection 
and quantitation was described by Yin et al. [69]. This was a droplet microfluidic 
chip capable of multiplex analysis of nine samples with a detection limit of 10 
nucleic acid copies per test and a total run time of 15 min. Zai et al. described devel-
opment of a gravity-driven LOC device for viral nucleic acid diagnosis with 
extraction- free amplification [70]. They validated this by successful detection of 
SARS-CoV-2, influenza A/B, and papillomavirus 16/18 viruses. Parker et  al. 
described the use of an optofluidic lab-in-a-fibre device which combines droplet 
microfluidics with laser-induced fluorescence detection of reverse transcription 
loop-mediated isothermal amplification (RT-LAMP) products for SARS-CoV-2 
diagnostics [71]. The device offers advantages over other LOC systems as fibre 
technology is ideal for enhanced optical coupling. For monitoring and surveillance 
purposes, Donia et al. described the use of a LAMP-based LOC device that they 
used in the detection of SARS-CoV-2 in wastewater samples in COVID-19 
hotspots [72].

Another study described a nanoplasmonic LOC device for rapid and quantitative 
PCR diagnostics [73]. The device consisted of a plasmofluidic chip with glass nano-
pillar arrays with gold islands, gas-permeable microfluidic channels, reaction 
arrays, vacuum cell, and a vapour barrier. This allowed sample loading in less than 
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3  min, and PCR results for the SARS-CoV-2 envelope protein in approximately 
5 min. Stambaugh et al. described an LOC device comprising a bead-based solid 
extraction with sandwich antibody configuration and a fluorescent reporter probe, 
which they validated in detection of both SARS-CoV-2 and influenza A viruses 
from nasopharyngeal swab samples [74]. The multiplexing capability was conferred 
by multispot excitation on a multimode interference waveguide platform, with a 
sensitivity of 30 ng/mL. Another variation on the LOC concept was described by 
Kim et al. to enable detection of antigens at low concentrations [75]. This leveraged 
a rotationally focused flow approach for enhanced sensitivity by wavelength shift of 
optical sensors upon antigen detection in the module. This worked by addition of a 
low-density fluid to focus the target fluid into a microchannel and yielded a sensitiv-
ity of 0.19 fM, which is more sensitive than single flow methods.

5.2  LOC Devices for Detection of SARS-CoV-2 Antibodies

To aid in determinations of immune protection against new SARS-COV-2 variants, 
Rajsri et al. described a rapid quantitative POC assay in an injection-moulded poly-
methyl methacrylate cassette capable of quantifying circulating SARS-CoV-2 anti-
bodies in less than 15 min [76]. Another study reported on the development of a 
3D-printed LOC device with multiplexed electrochemical outputs which allows 
simultaneous detection of SARS-CoV-2 RNA and SARS-CoV-2 immunoglobulins 
in saliva in less than 2 h [77]. Thus, this could be used for both SARS-CoV-2 diag-
nosis and for monitoring antibody responses in immunized or infected persons. 
Along the same lines, Mandal et al. constructed an ultrasonic-guided wave sensor 
designed in a multi-threaded comb shape with cantilever beams for multiplexing 
capability [78]. This showed selectivity and sensitivity for detection of SARS- 
COV- 2 antibodies and could be easily adapted for detection or other antibodies or 
antigens, simultaneously.

5.3  SARS-CoV-2 Disease-associated Effects

We recently described the use of an antibody microarray in combination with an 
LOC system to automate and increase the speed of multiplex immunoassays for 
detection of the SARS-CoV-2 cytokine storm effect [79]. For this, we carried out a 
fully automated LOC immunoassay for detection of C-reactive protein (CRP) in 
blood samples with pumping of all of the usual assay steps within the cartridge and 
data analysis using the base unit. The total assay time after application of the sample 
was 15 min. This is important as most existing multiplex immunoassay protocols 
are impractical in routine laboratory and clinical tests, as these typically involve 
long experimental times with the need for sophisticated laboratory equipment and 
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procedures, as well as trained operators. LOC systems have no such limitations as 
their user-friendly automated platforms incorporate many of the above steps.

Other LOC devices have also been developed to detect changes in biomarkers- 
associated COVID-19 disease effects. Recktenwald et al. developed a LOC device 
called Erysense which can evaluate red blood cell flow properties in samples less 
than 1 μL [80]. Haghayegh et al. described development of a self-powered auto-
mated microfluidic chip which included controls for sample delivery and an electro-
chemical immune-based biosensor, which allowed detection of the SARS-CoV-2 
nucleocapsid protein in phosphate buffer within 15 min [81]. The linear detection 
range was 10–1000 pg/mL with a limit of detection of 3.1 pg/mL. McRae et al. 
described the use of ‘smart diagnostics’ which is powered by the combination of 
miniaturised electronics, cloud-based computing, and machine learning approaches 
in the identification and validation of disease signatures [82]. This method also 
includes deep learning–based inference and clinical decision support, with report-
ing and integration with healthcare records. In line with this, an Internet of Diseases 
(IOD) platform has been developed which links an LOC device for SARS-CoV-2 
diagnosis using saliva samples to diagnostic data in a cloud-based system for dis-
ease control and prevention in a regional manor [83]. Choi et al. demonstrated a 
similar multiplexed LOC PCR device with a linked smartphone application for 
automatic processing and cloud storage [84]. Using this, they were able to carry out 
analysis of nine RNA viruses simultaneously, which included the OC43, 229E, and 
NL63 human coronaviruses, with high linearity and sensitivity. Also, Heithoff et al. 
demonstrated a smartphone-based LAMP assay called smaRT-LAMP for detection 
of SARS-CoV-2 infection, and this showed high concordance with standard RT-PCR 
tests [85].

5.4  LOC Devices for Detection of SARS-CoV-2 Variants

Based on their capability of identifying specific sequences, PCR-based LOC devices 
can be used for identification of SARS-CoV-2 variants. Applying this idea in com-
bination with the system described by Schumacher et al. [66], we recently described 
the development of a microarray LOC device which could be used for diagnosis of 
COVID-19 infections or for sub-typing of SARS-CoV-2 variants (Fig. 27.6) [86]. 
We demonstrated this principle through detection of signal nucleotide polymor-
phisms in methicillin-resistant Staphylococcus aureus (MRSA) using the LOC sys-
tem. Following a PCR stage of 60 min, this resulted in hybridization, washing and 
readout times of less than 15 min. For analyses of the SARS-CoV-2 virus, we sug-
gest use of inhibitor-tolerant PCR mix such as that developed by Meridian 
Bioscience to bypass the RNA extraction step. This step is normally rate limiting 
and may lead to poor recovery and performance of the assay [87]. Kumar et  al. 
described the development of an FnCas9-based CRISPR LOC device for detection 
of SARS-CoV-2 infections as well as the presence of the N501Y mutation present 
in multiple SARS-CoV-2 variants [88]. Another report described the development 
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Fig. 27.6 Diagram showing a rapid LOC PCR analysis of a nasopharyngeal sample in less 
than 90 min

of a microfluidic device capable of discriminating the SARS-CoV-2 Alpha variant 
from both the SARS-CoV-2 original isolate and negative controls in saliva samples 
[89]. The assay was based on RT-LAMP PCR in the detection of spike gene target 
failure as a way of distinguishing the SARS-CoV-2 Alpha variant from the original 
SARS-CoV-2 strain at least 10 copies/μL within 30 min. They validated the perfor-
mance of the test by analysis of 38 saliva specimens, which yielded a sensitivity 
greater than 90% and a specificity of 100%. Another study described the develop-
ment of a similar device that was used successfully to detect SARS-CoV-2 in clini-
cal samples [90].

6  Conclusions and Future Perspectives

In this chapter, we described attempts to control the COVID-19 pandemic through 
application of surveillance methods aimed at detection of new SARS-CoV-2 vari-
ants of concern and prediction of how specific mutational changes alter the trans-
missibility, virulence, and immune evasion capabilities of the virus. Other steps that 
should be taken to prepare us for the next pandemic should include the surveillance 
and early detection of SARS-CoV-2 and other coronavirus strains and variants in 
domesticated and wild animals, considering the zoonotic nature of this virus [91]. 
Although detection of new viral sequences requires whole genome sequencing, 
once this has been achieved, more targeted methods can be applied for monitoring 
variants such as real-time PCR. In addition, omic techniques such as multiplex cyto-
kine screening should be used to determine the effects of new viral strains on the 
host. This would enable development of biomarker testing for prediction of disease 
severity and outcomes to guide the most appropriate treatment course. Future efforts 
should also be directed towards translating these methods onto user-friendly plat-
forms, and even handheld devices enabled by smart technologies, for POC testing 
so that therapeutics could be administered in personalized medicine approach. With 
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this infrastructure in place, we should be able to curtail any future catastrophic 
waves caused by emergence of new SARS-CoV-2 variants and other deadly zoo-
notic viruses.
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