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2.1 Introduction

In December 2019, a disease linked to the coronavirus (CoV) was iden-
tified in the capital of China’s Wuhan [1]. When seen under an electron
microscope, CoVs, which are enveloped positive-sense RNA viruses, ap-
pear like crown-shaped viruses. There are four subtypes of CoVs such as
(a) alpha, (b) beta, (c) delta and, (d) gamma CoV. Coronavirus disease is
caused by the extreme acute respiratory syndrome coronavirus 2, which
is caused by a beta coronavirus (-CoVs or Beta-CoVs) (SARS-CoV-2). In-
fected people may have a fever of 38° C, cough, and shortness of breath
[2]. WHO officially called COVID-19, an abbreviated form of coronavirus
disease 2019, on February 12, 2020. The original name for the virus was
2019-nCoV that caused the COVID-19 pneumonia epidemic. Coronavirus,
which resembles SARS (bat-SL-CoVZC45 and bat-SL-CoVZXC21) and was
later renamed severe acute respiratory syndrome coronavirus-2, or SARS-
CoV-2, owing to its close genetic relation (88% similarity) with two bat-
originated viruses. Besides that, the SARS-CoV-2 has a genetic resemblance
of 79% to SARS-CoV and 50% to the Middle East Respiratory Syndrome
Coronavirus (MERS-CoV) [3]. COVID-19 was declared a pandemic by
the WHO on March 11, 2020, indicating a significant risk of global con-
tamination and the need for precautions. Droplets and direct contact are
the leading modes of SARS-CoV-2 transmission among humans, as per
reports from affected countries [4]. Relevant genes for viral replication,
nucleocapsid formation, and spike formation are located in the ORF1
downstream regions of all coronaviruses. The coronavirus’s outer surface
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glycoprotein spikes are responsible for the virus’s attachment and entrance
into host cells. The virus can infect many hosts because its RBD, that is,
the receptor-binding domain is roughly connected. Coronavirus’s entry
mechanism is dependent upon cellular proteases such as-human airway
trypsin-like protease (HAT), cathepsins, and transmembrane protease ser-
ine 2 (TMPRSS2), which split the spike protein and trigger more pene-
tration changes. SARS-CoV-2 has the classic coronavirus structure with
spike protein and also expresses RNA polymerase, 3-chymotrypsin-like
protease, papain-like protease, helicase, glycoprotein, and accessory pro-
teins, among other polyprotein, nucleoproteins, and membrane proteins
[5]. To maintain van der Waals forces, the SARS-CoV-2 spike protein has a
three-dimensional structure in the receptor-binding domain.

2.1.1 Life cycle of SARS-CoV-2

As the S protein binds to the cellular receptor ACE2, SARS-CoV-2
begins its life cycle in host cells [6]. After receptor binding, the conforma-
tion change in the S protein induces viral envelope fusion with the cell
membrane via an endosomal pathway. The SARS-CoV-2 then injects RNA
into the host cell. Ppla and 1ab are viral replicase polyproteins that are
encoded into genome RNA and then cleaved into small products by viral
proteinases. The polymerase produces a sequence of subgenomic mRNAs,
which are then converted into viral proteins, using the discontinuous
transcription. Virions are formed in the endoplasmic reticulum and Golgi
by combining viral proteins and genome RNA, which are then transferred
by vesicles and released from the cell [7]. Diagrammatic representation of
SARS-CoV-2 life cycle is shown in Fig. 2.1.

Coronavirus has a high transmitting ability which makes it impossible
to deter and control [8]. Since there is no clear vaccine/antiviral therapy
for coronavirus, it is important to get a diagnosis as soon as possible to
decrease the chance of severe difficulties and mortality [9]. When it comes
to detection techniques, the whole world depends on a single conven-
tional tool, that is, RI-PCR, this diagnostic test gives various benefits like-
reproducibility, accuracy, sensitivity and it detect the virus at the initial
stage and can be used on weak immunity patients, although it has dis-
advantages in that it takes experience and is expensive due to the cum-
bersome instrument used. One significant disadvantage of this approach
is that diverse temperature is needed for diverse reaction cycles, which
make it challenging to use at the point-of-care (POC). As a result, POC
instruments for on-site diagnosis have become increasingly important [10].
Improvements in POC diagnosis, chip- or paper-based biosensors have
been established for quick analysis of transmittable infections. Based on
colorimetric, fluorescent, or electrochemical identification methods, they
are commonly used to identify- nucleic acids, antibodies/antigens, in basic
samples like- blood, saliva and, sputum. They have a variety of benefits,
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FIGURE 2.1 Entry of SARS-CoV2 inside the cell through receptor, translation, and repli-
cation of virus inside the cell, the release of viral components through exocytosis to infect the
other cells.

including being cost-effective, responsive, and precise, accessible, fast and
durable, less instruments and deliverable to end-users (ASSURED). The
outcome can be achieved quickly and easily, allowing for quick decision-
making and reducing the chance of human-to-human transmission [11].
The most recent developments in POC biosensors to detect coronavirus are
reviewed in this chapter, along with the benefits of lab-on-chip biosensors
are also discussed, as well as the commercially available COVID-19 lab-
on-chip biosensors. Fig. 2.2 represents the different diagnosis approaches
to detect COVID-19 infection.

2.2 LOC biosensor (overview and fabrication)

Amid all analytical methods, the biosensor was confirmed as one of
the progressive systems [12]. A biosensor is a bioanalytical instrument
that contains a recognition feature as well as a transducing device. The
word “biosensor” refers to a common diagnostic method that consists of
biocomponents like protein, enzyme, antibody, and so on. Clark and Lyons
invented the first biosensor in 1962 [13]. Since then, there has been incred-
ible progress in both science and biosensor use, including emerging tech-
nologies including bioelectronics/electrochemistry and nanotechnology. A
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FIGURE 2.2 Different diagnosis approaches of COVID-19.

biosensor is made up of three parts: a recognizing unit, a signal transducer,
and a signal amplifier that transmits and demonstrates the data. The recog-
nition element identifies a signal from the surroundings in an analyte form,
which is then converted to a measured electric output by the transducer
[14]. A well-defined COVID-19 biosensor along with its components is
represented in Fig. 2.3. Biosensors should be thought of as an innovative di-
agnostic instrument with all of the advantages of high sensitivity, accuracy,
and low volume. Biology and electronics are combined to make the system
more available, digital, and to create a small-scale multiplexed system [15].

Biosensors’ enormous promise in medical diagnostics has prompted
researchers to evolve this technology and develop novel techniques over
time. The popularity of biosensors in medical diagnostics is focused on
their ability to identify a wide variety of biomolecules. However, meeting
efficiency demands while maintaining simplicity and affordability remains
a significant challenge. The ultimate aim is to bring POC research to remote
areas around the world, especially in developed countries. It involves
continuous technological advancements in multiplexing, fabrication, and
miniaturization of biosensor instruments in order to provide lab-on-chip-
diagnosis systems to the public [16]. Lab-on-chip technology refers to ap-
proaches that conduct numerous laboratory activities on a small scale like-
preparation of chemicals and analysis which helps it to make a handheld
and portable instrument. To put it another way, a lab-on-chip is a method
for scaling one or many laboratory operations down to chip size. This
chip can be anything from a few millimeters to a few square centimeters
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in size. The fusion of fluidics, circuitry, optics, and biosensors is known
as LOC [17]. Compactness, portability, modularity, reconfigurability, inte-
grated computing, automatic sample handling, low electronic noise, min-
imal power consumption, and simple component integration are some of
the noteworthy technological advantages of lab-on-chip systems. Besides
that, lab-on-chip systems can accommodate a broad variety of processes,
including sampling, routing, transport, dispensing, and combining, with
less moving or rotating parts, extending the device’s flexibility and lifetime
[18].

2.3 LOC fabrication

Micro and nanoscale LOC applications have been made possible thanks
to advancements in microfluidic and microfabrication processes. Based
on the liquid propulsion concept, microfluidic-LOC systems are divided
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into five categories: (a) capillary, (b) pressure-driven, (c) centrifugal, (d)
acoustic-driven, and (e) electrokinetic. Various fabrication approaches are
used to make lab-on-chip-based devices by using different materials such
as polymeric, glass, and, silicon [19]. Similarly, there are numerous fab-
rication approaches for LOC and paper-based microfluidic tools like-
wax printing, alkyl ketene dimer (AKD) printing, flexographic printing,
and layer-by-layer 3D affixing, polydimethylsiloxane (PDMS) plotting,
wax/inkjet/wax screen printing, wax dipping, plasma treatment, pho-
tolithography, deposition, etching, and lift-off lithography [20]. Moreover,
a patterning method called soft-lithography is mainly considered for soft
materials such as PDMS, Replica molding, microcontact printing, and
microtransfer molding are all examples of soft lithography [21]. However,
metal lift-off lithography has been generally used for patterning noble
metal thin films like- gold, silver, tantalum, nickel, or iron, which are tough
to be imprinted by traditional techniques [22]. Another technique used in
the fabrication is the screen printing technique. In Fig. 2.4 printing method
is described. This method utilizes carbon conductive ink as a substrate.

Squeeze

screen

<— Paper electrodes

FIGURE 2.4 Fabrication method of lab on chip based biosensor to detect COVID-19.
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TABLE 2.1 LOC fabrication materials and methods [12,23,25].

Materials Techniques of fabrication

Polyurethane Soft lithography

Polydimethylsiloxane Soft lithography

Poly(methyl methacrylate) Simple hot embossing method.

Surface oxidized silicon Chemical dry etching

Glass Isotropic wet etching and chemical dry etching
Paper Screen printing

TABLE 2.2 Commercially available primers/probe of SARS CoV-2.

Gene Developed
target | Primer/probe | Sequences (5-3") by Reference
RdRp | nCoV IP2 Fw | ATGAGCTTAGTCCTGTTG Institut [22]

Pasteur
nCoV IP2 Rv | CTCCCTTTGTTGTGTTGT

IP2 probe HEXAGATGTCTTGTGCTGCCGGTAPHQ!

Carbon conductive ink was squeezed on the screen so that the electrodes
were imprinted on the surface of the paper [23]. Table 2.1 represents the
fabrication methods along with their materials.

2.4 Conventional method to detect COVID-19

2.4.1 Reverse transcription-PCR

Conventionally, this is a gold standard approach to detect coronavirus
[26]. To identify the virus, this molecular detection method evaluates the
nucleic acids found in the sample. Real-time RT-PCR reaction is the most
widely utilized laboratory identification tool for the clinical detection of vi-
ral diseases, like- SARS-CoV and MERS-CoV, which have been diagnosed
and monitored using the same technique. Commercially available primers
and probes of SARS-CoV-2 for RT-PCR are mentioned in Table 2.2 [27].

2.4.2 Digital PCR (dPCR)

Vogelstein and Kinzler were the first to mention the term “dPCR” in
1999 [29]. The principle of this technique, before amplification its partition
the mixture of PCR into various independent subreactions to analyze the
original target molecule’s numbers by calculating the partitions which
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show the PCR results (+ve and -ve) and after amplification it determines
the Poisson distribution. Commonly, this method can be divided into
two terms like- (a) chip-based dPCR (b) droplet-based dPCR [30]. This
digital PCR is also suitable for the diagnosis of coronavirus, like- [31] and
[32] utilizes d-polymerase chain reaction in context with SARS-CoV-2.

2.4.3 CT-SCAN

This technique is more trustworthy, convenient and faster to classify
and assess COVID-19 as compared to PCR. Thorax computer tomography
can be used at the initial stage of COVID-19 patients because it is present
in almost every clinic. The essential point seen in the images of CT scan
is- crazy paving pattern, ground-glass opacities, reticular pattern, and
consolidation in COVID-19 patients [33]. Zhao et al. demonstrated the
association between the CT-scan outcomes and the medical situations of
coronavirus by collecting the data of 101 COVID-19 pneumonia cases from
Hunan, China. After collecting, detailing of all the basic imaging features
is compared and assessed [34].

2.4.4 CRISPR-based technologies

This method offers an attractive opportunity to permit good alternatives
or development to detect COVID-19 by providing a sensitive, specific, and
speedy assay. This technique mainly involved the CRISPER-Cas system
which used proteins as CRISPR effectors named Cas12/cas13. In this assay
these proteins play a very crucial role, which helps in COVID-19 detection
[35]. Currently, many researchers used these methods like- Lucia C et al,,
which stated this CRISPR-Cas 12 assay to diagnose synthetic SARS-Cov-
2 RNA sequence [36] (Table 2.3), which comprises all the conventional
methods along with their disadvantages.

As a result of the aforementioned drawbacks, these methods are ineffec-
tive in situations requiring rapid screening in populated areas where large
quantities of samples must be checked.

2.5 Lab-on-chip based biosensors to detect COVID-19

2.5.1 Electrochemical biosensor

Basically, in this device electrochemically transducer is involved along
with electrodes that are chemically modified, and the material was used
either semiconducting or conducting which is mainly coated with a bio-
chemical film [42]. This device is one of the novel techniques to detect viral
antigens/nucleic acids. This electrochemical biosensor mainly focuses on
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TABLE 2.3 Limitations of conventional methods.

Conventional

methods Limitations References

RT-PCR Requires qualified and educated personnel, as well as [37]
facilities, and results take at least 6-24 hours.

CT-SCAN Costly, exposes patients to a high dose of radiation, and [38]
may be confused, leading to disease-mismanagement.

dPCR The major drawbacks of using digital PCR to reliably [40]
measuring the proviral DNA or RNA reservoir are false
positive results. dPCR assays may be to blame for the
sensitivity limitations and cost is high.

CRISPR Specificity is very low and a poor selection of delivery tools | [41]
is all factors that limit its ability to reach its full potential.

providing a point of care testing (POCT) to the users. There are so many
advantages of electrochemical biosensor over conventional as it is cheap,
easy to handle, and have time-saving testing. In this current pandemic,
this device is really becoming a challenge to detect COVID-19 as it gives a
patient —ve or +ve results within minutes or one hour [43]. Many scientists
from all over the world used electrochemical biosensors to detect COVID-
19 and to make them economically good such as Alafeef et al. used paper in
electrochemical biosensor chips to diagnose genetic material SARS-CoV-2
digitally in very little time, that is, 5 minutes. This research is concluded
that this paper-based electrochemical chip biosensor is very inexpensive,
easily handle, and assessable [44]. To make this testing more advanced
Zhao et al. used a smartphone for the detection of SARS-CoV-2 RNA.
In this, the author used a super-sandwich type electrochemical biosen-
sor and utilizes calixarene-functionalized GO and the outcome ratios are
higher while compare to RT-qPCR, which makes it ultrasensitive testing. In
this, author used calixarene-functionalized graphene oxide [45], however,
there are so many functionalized materials is used by many authors like-
Vadlamani et al. used cobalt-functionalized titanium dioxide nanotubes in
an electrochemical biosensor to detect S-receptor binding domain protein
(SARS-CoV-2) [46]. To make their research effective and unique scientists
try to do new experiments by using different materials and combined with
electrochemical biosensors such as Fabiani et al. coupled the magnetic
beads with screen printed electrodes which are based on carbon black
nanomaterials in an electrochemical immunoassay to detect SARS-CoV-2
(S/N proteins) in the patient saliva [47]. While another author, Chai bun
et al. describes an electrochemical biosensor to detect SARS-CoV-2 based
on isothermal RCA that is, rolling circle amplification later the amplicons
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of RCA are hybridized by using probes and functionalized via redox-
active labels which can be easily detectable [48]. On the other hand, Funari
et al. built an optomicrofluidic chip-based electrochemical biosensor by
utilizing gold nano spike for detected antibodies of SARS-CoV-2 spike
protein [49].

2.5.2 Plasmonic biosensor

Plasmonic biosensing is one of those methods that have the ability to
detect the sample at very low concentrations. In this method, label-free
diagnosis of bioanalytical targets can be done in context with a point of
care testing [50]. Plasmonic biosensor is also known as SPR that is, surface
plasmonic resonance. This device can become an indispensable instru-
ment in the field of medical sciences, which can also be used to diagnose
COVID-19 [51]. Using SPR biosensing technology, Masson’s research
group recently announced the use of human serum samples without
dilution for the detection of nucleocapsid antibodies specific for SARS-
CoV-2 [52]. This SPR-based sensor was recently identified for detecting
nucleocapsid antibodies specific for SARS-CoV-2 in undiluted human
serum rather than oropharyngeal swab. Anti-SARS-CoV-2 antibodies were
detected in the nM range using an SPR sensor coated with a peptide
monolayer and functionalized with SARS-CoV-2 nucleocapsid recombi-
nant protein. As a result, this bioassay is fast and label-free, and it can
diagnose samples in as little as 15 minutes after sample or sensor touch [53].
Many scientists work on this plasmonic biosensor to detect COVID-19 as
it gives numerous advantages as compared to the RT-PCR such as Peng
X et al. developed a near-infrared region plasmonic biosensor to detect
SARS-COV-2 along with their S protein and integrated with a telluride-
MOS; layer with transparent indium tin oxide, which shows great results
in term of identification and capturing that helps to detect SARS-CoV-2
and S protein [54]. A plasmonic biosensor is also improved by coupling this
biosensor with other methods like Qiu et al., combining these two methods
-plasmonic photothermal and localized surface plasmon resonance and
term as—-dual-functional plasmonic biosensor. The sensitivity is increased
by utilizing 2D gold Nis that is, nanoislands, and thermoplasmic heating is
done for better results which makes it a novel technique [55]. Pig sera were
used by Bong JH et al. to purify antibodies against Coronavirus 2 nucleo-
protein (NP) (SARS-CoV-2). After isolation of the antibody fraction using
a protein-A axis, the final yield of purified antibodies against SARS-CoV-2
NPs from 1 mL of pig sera was determined to be 0.26-0.05% (absolute total
of 143.4 25.2 ng, n = 5). The binding processes of the isolated antibodies
were tested using immunoassay and immune-staining. An SPR biosensor
with isolated antibodies against SARS-CoV-2 NPs was used to detect
SARS-CoV-2, MERS-CoV, and CoV strain 229E in the culture fluid [56].
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2.5.3 Lateral flow assay (LFA) principle

In 1956, the first time detection (semiquantitative) of glucose in the urine
is done by the paper device. One of the popular applications of LFA is the
pregnancy kit [57].

Lateral flow tests (LFTs) are an example of a tool that can be used with-
out any special equipment, expertise, or experience [58]. The LFAs/LFTS
are well-known POC instruments that have recently emerged as the most
striking tools for qualitative, semiquantitative, and even quantitative iden-
tification of multiple analytes, particularly biomarkers. The World Health
Organization’s (WHO) ASSURED guidelines stipulate that all POC devices
must meet certain requirements, including being (a) affordable, (b) sensi-
tive, (c) specific, (d) user-friendly, (e) rapid and durable, (f) equipment-
free, and (g) delivered to end-users [59]. The cost-effectiveness is achieved
primarily by the use of cellulosic materials and plastic supports. Simple
process and result explanation, on the other hand, satisfy the requirements
of the end-user. Lateral flow assay is very easy for the users. The main
protocol to perform this assay is done by adding the sample on the sample
pad where it characterized the sample. To make it suitable for the ideal
detection after the sample pad, the sample is moved to another pad called
a conjugate pad where several interactions take place then the sample
is passed to the membrane which mainly consists of two lines that is,
test line and control line. At last, the sample reached the absorbent pad
where it offers sufficient bed volume to complete the sample flow. After
the incubation step, the single line is visible on the pad which defines the
+ve/-ve results of this test. A general diagrammatic representation of LFA
is shown in Fig. 2.5 [60].

Likewise, this assay is also suitable and simple for the detection of
COVID-19 by dropping the COVID patients” blood samples on the pad.
Then buffer is used which makes the sample movable. Then the antibodies
are bind to the chemicals which are against SARS-CoV-2. As the sample



36 2. Lab-on-paper based devices for COVID-19 sensors

Lateral flow assay set up for COVID-19

Sample loading
Buffer loading

Sample incubation

Antibody-antigen
recognition

COVID-19 antibody
detection

Control antibody detection

[
[
]
[
|
|
|
[
[
[
[
|
|
[
|
[
[
[
J
[
[
[
|
[
Interpreting results :
v

1
1
|
1
[
I
I
1
1
1
I
1
l
I
I
1
1
1
1
I
I
I
I
1
1
;

FIGURE 2.6 Flow chart of LFA to detect COVID-19.

moves through the device then the test and control lines (sometimes it may
be three lines depending upon the antibodies) capture the antibodies and
give color, which interprets the results of this device. The flow chart of
LFA set up for the detection of COVID-19 is shown in Fig. 2.6 [61]. Again
in 2020, LFA was employed by a group of scientists for detecting COVID-
19 antibodies. About 11 LFA were compared and characterized for their
performance in a population. Two cohorts were employed—-350 blood
donors from past influenza-affected ones and 110 samples from past nega-
tive PCR tested ones. Nine out of 11 showed a specificity of less than 88%,
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while five of them showed sensitivity as same as ELISA. And only one of 11
fulfilled both of the situations. Therefore it was concluded from the study
that this needs more negative cohorts and more positive diverse COVID-19
positive samples [62]. The first time a surface-enhanced Raman scattering-
based LFA was utilized to diagnose COVID-19 by Liu H et al. As high-
performance SERS tags, a new SiO2@Ag nanocomposite labeled with dual
layers of DTNB was used. With the SERS-LFIA, anti-SARS-CoV-2 IgM and
IgG can be detected simultaneously and with high sensitivity. The SERS-
LFIA was shown to be 100% accurate and precise in a study of 68 clinical
serum samples [63]. Broughton JP et al. reported the rapid diagnosis of
SARS-CoV-2 with the help of CRISPR (clustered regularly interspaced
short palindromic repeats)-based DETECTR method followed by LFA as-
say. Sampling is done by extracting the RNA from the respiratory swab.
The RT-PCR method is also used to compare the results from both methods.
(SARS-CoV-2 DETECTR, RT-LAMP/Cas12 — LOD - 10 copies/uL input,
CDC SARS-CoV-2CoV-2 q RT-PCR—4.2 copies/pL input) [64].

2.5.4 Colorimetric assay

It is one of the simple and cheap methods of detection. Hence, it can
make very easy on-site/real-time diagnosis [65]. Chow FW et al. are diag-
nosed SARS-CoV-2 with the help of a colorimetric assay that leads to color
change, and then results can be seen via naked eyes, for this, it established
a one-step colorimetric reverse-transcriptional loop-mediated isothermal
amplification assay (COVID-19-LAMP) and detect SARS-CoV-2 with the
LOD-42 copies per reaction [66]. Lalli MA et al. are demonstrated a rapid
and RNA extraction-free detection of SARS CoV-2 in the human sam-
ples with the help of colorimetric RT-LAMP (reverse- transcription loop-
mediated isothermal amplification) with the limit of detection- 59 particle
copies per reaction. This research also highlights the flexibility of LAMP as-
say implementation using three outcomes- (a) Naked-eye colorimetric, (b)
spectrometry, and (c) real-time fluorescence [67]. Garcia et al. introduced a
versatile, colorimetric RT-lamp assay for the detection of SARS-CoV-2 RNA
in samples by targeting gene N through a specific sequences primer set N15
(sequences are presented in Table 2.4). The results can be diagnosed as soon
as 9 minutes after the reaction begin and obtain close to 100% sensitivity
within 60 minutes with LOD of 200 copies of SARS-CoV-2 RNA /reaction
and study was compared with RT-qPCR [68]. Nawattanapaiboon et al.
developed a one-pot visual diagnosis platform to detect coronavirus SARS-
CoV-2 with the help of colorimetric RI-LAMP with the LOD- 250 copies of
SARS-CoV-2 RNA /reaction and this assay require only 1 hour throughout
the practical along with 99.86% accuracy [69]. Gonzalez et al. are developed
a colorimetric LAMP assay to detect SARS-CoV-2 nucleic acids in the range
of 62-2 x 10° DNA copies. They utilize synthetic samples (with 100%
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TABLE 2.4 Primer set for the detection for SARS CoV-2.

Length |Gene

Set |Primer! |[Sequence (5"—3") (nt) position Reference
N15* |F3 AGATCACATTGGCACCCG 18 28,703-28,915 |[68]
B3 CCATTGCCAGCCATTCTAGC 20
FIP TGCTCCCTTCTGCGTAGAAGCCA- |41
ATGCTGCAATCGTGCTAC
BIP GGCGGCAGTCAAGCCTCTTCCCT- |39
ACTGCTGCCTGGAGTT
LF GCAATGTTGTTCCTTGAGGAAGTT |24
LB CCTCATCACGTAGTCGCAACAG |22

accuracy) and RNA extracts from the COVID patients (sensitivity- 92.85%,
specificity- 81.25%) [70]. Another author Moon et al. used this colorimetric
assay to detect SARS-CoV-2 NI, N2, N3 genes, and drug-resistance pHINI
by utilizing CRISPER/dCAS-9 [70].

Various biosensors based on lab on a chip for the diagnosis of COVID-19
are summarized in Table 2.5, along with their strengths and limitations.

2.6 Conclusion and future aspects

Diagnosis is a big issue in today’s world, particularly in heavily pop-
ulated countries. If the COVID-19 disease has been identified, the dis-
ease’s treatment and spread can be effectively managed. As a result, there
is a crucial need to create a low-cost new technique, such as lab-on-
chip biosensors, for a quick point of care diagnosis, so that patients can
quickly quarantine/self-isolate, significantly reducing the risk of further
infection. While neither traditional methods (qRT-PCR) nor lab-on-chip
based biosensors is perfect instruments for COVID-19 diagnosis, these
techniques should be used in tandem. Lab-on-chip biosensors, such as
LFA, electrochemical, colorimetric approaches, on the other hand, are more
compact, allowing for field use since they do not necessitate the use of
laboratory equipment. Rather than nucleic acids, these systems seem to
rely on detecting antibodies to and antigens upon the virus itself. On a
small platform, these innovations demonstrate promise as a replacement
for serology studies. On the other hand, plasmonic biosensors require
a good laboratory setup but offer greater productivity, permitting the
detection of several samples at the same time. The electrochemical and
plasmonic assays have the quickest readout among all the lab-on-chip



TABLE 2.5 Various types of labs-on-chip based biosensor along with their strengths and limitations.

Electrochemical biosensor,

Plasmonic biosensor

Lateral flow assay

Colorimetric assay

Strengths

Limitations

— Electrochemical biosensors
will deliver a more affordable
price per analysis than RT-PCR.

— The manufacturing of
biosensors takes a longer time.
— In case of multiple sequential
reactions, the biosensor
response time often increases.

— Miniaturization, low cost, and
user friendliness are all trends in
SPR sensor interface design. It
enables label-free,
high-reliability, sensitivity, and
real-time measurement.

— Small analytes are not
appropriate for examination
with the SPR. Rather small
analytes yield very small
responses since the SPR
measures the mass of the
compounds that bind to the
sensor surface.

— Very low relative cost, can be
done at the point of treatment or
at home, is simple to use, and
produces fast results.

- Extensive monitoring of
cross-reactivity with other
immune responses is needed, as
is variation in test specificity
between manufacturers.

— The technology is latest, and
the evidence for its accuracy in
diagnosing coronaviruses is still
being assessed.

— Easy operation
— Rapid detection.

- Highly stable at room
temperature.

— Requires careful

cross-reactivity testing with
other immune responses, as
well as a laboratory setting.

— Limited sensitivity
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TABLE 2.6 Summary of LOC biosensor based on their principle/transducer for COVID-19 detection.

Lab-on-chip
biosensors Principle/transducer Detection Response time Limit of detection References
Electrochemical | Paper-based electrochemical sensor | SARS-CoV-2 5 minutes 6.9 copies/uL [68]
chip
Isothermal rolling circle SARS-COV-2 (N and | Less than 2 hours |1 copy/uL [48]
amplification (RCA) S genes)
Cobalt-functionalized TiO2 SARS-CoV-2 (spike [46]
nanotubes (Co-TNTs) -RBD)
Electrochemical immunoassay SARS-CoV-2 (Spike | 30 minutes 19 ng/mL for S and 8 ng/mL for | [47]
and nucleocapsid) N protein
Ultrasensitive electrochemical SARS-CoV-2 RNA 200 copies/mL [34]
Optomicrofluidic chip based Antibody of 2 hours ~0.5p.m [49]
electrochemical biosensor SARS-CoV-2 spike
protein
Plasmonic A novel NIR plasmonic biosesnor by | SARS-CoV-2 and its Linear detection range or S and [54]
combining promising 2D S protein SARS-CoV-2 —s ~0-301.67 nM
tellurene-MoS2-COOH van der and ~0-67.8762 nM respectively.
Waals heterostructure with
plasmonic ITO film
A dual-functional plasmonic SARS-CoV-2 0.22 pM [55]
biosensor combining the plasmonic
photothermal (PPT) effect and
localized surface plamon resonance
(LSPR) sensing transduction
SPR biosensor Coronavirus 2 1.02 pM [56]

nucleoprotein

(continued on next page)
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LFA

Colorimetric

Clinical characterization of Eleven
LFA

SERS-based LFA

CRISPER-cas12 based LFA

A one step colorimetric
reverse-transcriptional
loop-mediated isothermal
amplification assay

RT-LAMP
RT-LAMP

RT-LAMP

LAMP
CRISPER/d cas-9

SARS-CoV-2

Covid-19

SARS-CoV-2
SARS-CoV-2 RNA

SARS-CoV-2

ORFlab and N genes

RNA- dependent
RNA polymerase
gene (RdRp)

N protein

N1.n2.n3 genes

30 minutes

60 minutes

60 minutes

50 minutes

~2 hours

LOD is 800 times higher than that
of standard Au NPS-based LFIA
for target IgM/IgG. And the LOD
of SERS is 1 pg per mL

10 copies per pL input
42 copies

59 copies

200 copies of SARS-CoV-2
RNA /reaction

125 copies per reaction of
SARS-CoV-2 RNA

62-2 x 10° DNA copies
30 pM

[47]

[63]

[64]
[66]

[67]
[68]

[69]

[70]
[71]
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biosensor technologies, however, the LFA and colorimetric biosensor takes
time to develop a response perception diagnosis.
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Abstract

In December 2019, a disease linked to the coronavirus (CoV) was identified
in the capital of China’s Wuhan. When seen under an electron microscope,
CoVs, which are enveloped positive-sense RNA viruses, appear like crown-
shaped viruses. There are four subtypes of CoVs such as (a) alpha, (b) beta,
(c) delta, (d) gamma CoV. Coronavirus disease is caused by the extreme acute
respiratory syndrome coronavirus 2, which is caused by a beta coronavirus
(-CoVs or Beta-CoVs) (SARS-CoV-2). Infected people may have fever of
38°C, cough, and shortness of breath. WHO officially called COVID-19, an
abbreviated form of coronavirus disease 2019, on February 12, 2020.
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