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Abstract

Rapid diagnosis of infectious diseases and up-to-the-minute commencement of
relevant treatments are important factors that not only promote positive changes
in the clinical scenario but also the health of the mass at large. Surpassing the
time-consuming conventional, straightforward in vitro methods for diagnosing
infectious diseases, biosensors have shown their tremendous potential in the
recent era. Current developments concerning biosensing technologies bring
point-of-care diagnostics to the forefront. This proves to be advantageous over
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conventional practices that demand centralized laboratory facilities, experienced
personnel, and colossal machinery. Currently, the infectious pandemic caused by
the spreading of the novel coronavirus has created an unprecedented adverse
effect on both the global economy and health security. The current situation of
growing cases of infection despite several measures and the unavailability of
testing kits to diagnose every suspected case point toward the need of urgent
upgradation of the conventional diagnostic approaches to advanced, robust, and
cost-effective diagnosis. Increasing demand in viral vigilance and directive regu-
latory steps toward the disease transmission also reveals the need for rapid as well
as sensitive devices for viral diagnosis. From the last several decades, biosensors
for their noteworthy sensitivity and specificity have been considered as a
promising and potent tool for precise and quantifiable detection of viruses.
Current developments in genetic engineering inclusive the genetic manipulation
and material engineering have introduced several approaches to enhance sensi-
tivity, selectivity, and the overall recognition efficiency of biosensors. This
chapter presents an overview of the biosensing methodologies, especially focus-
ing on various labeled and label-free techniques that have been used in the past
and are being reported in the recent era for diagnosis.
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1 Introduction

Since the beginning of the twentieth century, outbreaks due to viruses specifically
leading to respiratory diseases have caused a major setback. The spread of such
viruses at a huge epidemiological scale poses as a serious threat toward the seven
billion health and wealth (Donnelly et al. 2019; Knobler et al. 2004; Memish et al.
2020; Ozili and Arun 2020; Wu et al. 2020). Tracing down the outbreak history, the
severe acute respiratory syndrome coronavirus (SARS-CoV) was first reported in the
year 2002. Ten years later in 2012, the middle-east respiratory syndrome coronavirus
(MERS-CoV) again caused a major threat (Zumla et al. 2015). Following which, the
more recent outbreak of the SARS-Coronavirus 2 (SARS-CoV-2) has affirmed the
fact that despite mankind’s substantial efforts to improve diagnosis, treatment, and
prevention strategies toward communicable diseases for the last ten decades, novel
contagions remain an inevitable challenge toward global health issues (Fauci and
Morens 2012; França et al. 2013). Over the period, the foremost challenge to contain
such emerging contagions includes the evolution of novel infectious promoters with
the rapid spreading of diseases over the human population.

Similar to several pathogenic diagnosis procedures, methods concerning SARS,
MERS, and SARS-CoV-2 detection count on various laboratory-based evaluations
like electron and cryo-electron microscopy (Gui et al. 2017), in vitro growth and
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quantification (Coleman and Frieman 2015; Hui et al. 2004; Matsuyama et al. 2020),
immunological assays (Kogaki et al. 2005; Lau et al. 2004; Lee et al. 2017), and
amplification of nucleic acid (Corman et al. 2020; Shen et al. 2020; Cotten et al.
2013; Liu et al. 2020) accompanied with radiological analysis (Gogna et al. 2014;
Hamimi 2016; Hosseiny et al. 2020; Jardon et al. 2019; Lin et al. 2005; Nasir et al.
2020). The basic dependency upon these in vitro diagnostic procedures is also
documented with several shortcomings. For instance, microscopic analysis and
radio-imaging deal with inadequate sensitivity, and culturing viral strains in vitro
is rather challenging (Yu et al. 2020). Moreover, enzyme-based immunological
assays and approaches for nucleic-acid amplification involving polymerase chain
reaction (PCR) are often time-consuming and necessitate exhaustive sample prepa-
ration steps while falling short to produce multiple detections at a time (Ben-Assa
et al. 2020; Chow 2004; Kurstjens et al. 2020). PCR also requires sophistication in
sample preparation, which on rare instances might pose false-negative results for
tests (Li et al. 2020a; Pan et al. 2020; Xiao et al. 2020).

To date, for diagnosing several coronaviruses, the typical protocol has been
followed which involves the collection of biological samples (nasopharyngeal
swab, sputum, blood and in some cases tissue swabs) and delivering to a high-
equipped laboratory facility for further processing which desires involvement of
practiced personnel (Chandra 2020; Chow 2004; Kurstjens et al. 2020). Till the test
results become available (usually in days), clinicians deliver experimental antimi-
crobial treatments to the patients, which further complicates the delivery of
evidence-based attention in such cases.

Biosensors break the trend of such cumbersome procedures and can be labeled as
one of the best examples of a simple, miniaturized analytical tool that converts the
molecular recognition of an analyte of interest into a quantifiable signal through a
transducer (Bhatnagar et al. 2018; Chandra 2013; Kumar et al. 2019a, b, c; Mahato
et al. 2018a, b, c; Mahato and Chandra 2019). Biosensor reportedly offers inexpen-
sive, rapid, easy-to-detect platform with high sensitivity to effectively identify
pathogens for various infectious diseases and, therefore, has proven potent to deliver
point-of-care detection (Chua et al. 2011; Kashish et al. 2017; Pejcic et al. 2006;
Chandra et al. 2017; Sin et al. 2014; Purohit et al. 2019a, b, c, 2020a, b; Mahato et al.
2020a, b; Kumar et al. 2019a, b, c). Moreover, it also provides a low limit of
detection and device portability, consumes less energy, and demands lesser reagents
(Prasad et al. 2016; Purohit et al. 2019a, b, c, 2020a, b; Mahato et al. 2019, 2020a, b;
Kumar et al. 2019a, b, c). Structural upgradation and enhancement using micro
\nanotechnologies have significantly improved the biosensor capability for
executing complex assays (molecular, genetic, etc.) for the detection of various
infectious diseases (Dai and Choi 2013; Mahato et al. 2018a, b, c; Polizzi 2019;
Vaddiraju et al. 2010). Biosensor-based immunoassays enhance the detection sensi-
tivity toward pathogen-specific antigens, while multiplex recognition of host-
immune response improves the inclusive specificity compared to the conventional
diagnostic procedures (Chandra 2020). Additionally, system assimilation also
allows varying evaluation strategies to assimilate both pathogen-specific targets
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along with biomarker’s illustrative host-immune interaction responses at varying
phases of infection (Mohan et al. 2011; Chandra 2016).

In this chapter, we have focused specifically on the up-to-date biosensor
technologies for the detection of coronavirus diseases concentrating on various
signal transducer along with their potent medical paraphrase. We have discussed
the detection strategies in two distinctive sections in label-free and labeled
biosensors (Fig. 1). Briefly, label-free sensors directly analyze the occurrence of
an analyte via biochemical reactions (Hunt and Armani 2010; Rapp et al. 2010;
Chandra 2020), whereas, for labeled sensors, the analyte is sandwiched in-between
the biorecognition molecule and the explicitly labeled detector agent for signal
output (Ju et al. 2011). So far, only a few reports have been published concerning
biosensor-based detection of human coronaviruses. Here, we have tried to highlight
those biosensors in a nutshell.

2 Label-Free Biosensor

A label-free biosensor analyzes intrinsic physicochemical property, such as charge,
size, molecular weight, interfacial capacitance, resistance, refractive index, or elec-
trical impedance of the target analyte to detect its presence in the test sample (Cooper
2009; Daniels and Pourmand 2007; Choudhary et al. 2016). Label-free biosensors
warrant for a single recognition element. Assay simplification by virtue of this
method is hence immense, specifically cutting reagent cost and saving assay time.
Also, small molecular targets, owing to their size and reasons of obscurity within the
binding region of the capturing element, are often not suitable for a labeled assay.
These too can be seamlessly used with this method. Additionally, these label-free

Fig. 1 Types of biosensors conventionally used for viral detection
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systems can carry out quantitative measurements of molecular in real-time. Consid-
ering such an advantage, continuous data recording is available. The longevity of
target analytes is also increased by label-free biosensing, owing to the use of analytes
in their original form devoid of any modifications. The use of label-free biosensing
techniques and their applications in several infectious diseases has been discussed
below, by categorizing the type of signal generated by the transducer element.

2.1 Electrical Transducer

Electrical transducer-based detection methodologies comprehensively support the
broad-spectrum approaches for subtle, miniaturized, and portable biomarker recog-
nition procedures. This is done as it can be easily integrated within standard
electronic microfabrication setups and will have the swift emerging capability in
microfluidics. It can also perform the simplistic yet diversified heterogeneous detec-
tion of several biomolecules even in a limited volume of samples making it utterly
advantageous with minimal production cost within a bench top or handheld system
(Luo and Davis 2013; Baranwal and Chandra 2018). Ishikawa et al. in a study have
shown that antibody mimic proteins, a type of affinity binding agents developed by
in vitro selection methods, can be employed as biorecognition elements in
nanobiosensors (Ishikawa et al. 2009). Here they have developed a sensor
constructed on ln2O3 nanowires and improvised it using an antibody mimic protein
(AMP), a class of affinity binding agents produced by in vitro selection techniques.
They have used fibronectin-based protein as an example of such AMPs. The sensor
demonstrates to have a selective affinity toward the SARS biomarker nuclear
(N) protein (Fig. 2) even in subnanomolar concentration. The sensitivity of the
sensing device is also comparable to the contemporary immunosensing detection
techniques, favorably reduces the time consumption, and excludes any involvement

Fig. 2 Fibronectin is immobilized on the surface of an In2O3 nanowire as a capturing agent. The
highlighted sections (red) are fibronectin with the engineered peptide sequence. It recognizes and
binds the nucleocapsid (N) protein of the SARS-CoV. (Image reused with permission from
Ishikawa et al. 2009)
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of labeling agents. This study also demonstrated the potential of nanobiosensors. It
can be used as an accurate, convenient, and rapid tool to measure the variable entities
associated to complex biological systems, such as antigen-antibody, ligand-protein,
oligonucleotide interaction, etc.

Again in an experiment, Layqah et al. have created and demonstrated a new
one-of-a-kind competitive electrochemical immunosensor on a carbon array elec-
trode (DEP). Further, the DEP was modified using gold nanoparticle (AuNP) which
enhances the electron transfer efficiency and the electrode surface area which in turn
increases the overall sensitivity of the sensor (Layqah and Eissa 2019). For a
constant amount of antibody concentration added to the sample, the viral strain
and the predetermined MERS-CoV protein compete with each other. The antigen-
antibody-affinity interaction generates the signal necessitates for detection. Briefly,
the response from the sensor was assessed by evaluating alteration in the highest
amperage/peak current of the square wave voltammetry signal while gradually
increasing the MERS-CoV antigen concentrations. The recorded results revealed a
lower limit of detection value and a higher tendency of selectivity toward the other
flu proteins with adequate stability. Moreover, the used DEP array electrodes are
disposable, environment friendly, as well as cost-effective.

2.2 Plasmonic Transducer

Plasmonic biosensing provides swift, label-free probing of biological analytes in
real-time. This method of biosensing can aid in the detection of very small-sized
molecules at ultralow concentrations hence acting as excellent devices for point-of-
care analysis (Mejía-Salazar and Oliveira 2018). These biosensors can be divided
into two classes: one that uses thin metal films and the other that uses disjunct
inorganic plasmon resonant nanostructures. There are different sensing techniques
for each class, and additionally, a combination of both classes of the sensors can also
be employed in certain platforms. The extensively used plasmonic biosensor uses
“surface plasmon resonance” (SPR), which is a film-based sensor and purposed to
characterize the interactions between biomolecules.

Qiu et al. recently have reported constructing a highly sensitive, canonical dual-
functioning plasmonic biosensor that exhibits swift responsive diagnostic ability for
SARS-CoV-2 detection (Qiu et al. 2020). The concept of the dual-functional
plasmonic biosensor is to integrate the plasmonic photothermal (PPT) effect with
localized surface plasmon resonance (LSPR) sensing platform on a two-dimensional
gold nano-island (AuNI) chip. Here, two different wavelengths are projected at two
different angles of incidence to stimulate the PPT effect and LSPR, which viciously
improved the sensitivity, stability, and reliability of the device. The LSPR sensing
unit is modulated to obtain real-time and label-free detection of the viral sequences
of SARS-CoV-2, such as RdRp-COVID, ORF1ab-COVID, and E genes. Further-
more, the augmentation on the AuNI chips using the in situ PPT increases the
specificity of the device to detect nucleic acid sequences by enhancing the
hybridization kinetics. It is anticipated that associating the in situ PPT augmentation
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technique can precisely distinguish the sequence similarity, for RdRp genes from
SARS-CoV and SARS-CoV-2. The LOD value of the biosensor was recorded as low
to the concentration of 0.22 pM toward the selected SARS-CoV-2 sequences.
Considering the pandemic circumstantial of COVID-19, the purposed dual-
functional LSPR biosensor has claimed to deliver a consistent platform with ease
of implementation. This new cutting-edge technology will certainly introduce a new
trail for diagnosis besides the currently available conforming medical tests and the
prolonged PCR analysis.

2.3 Field-Effect Transistor (FET)

The field-effect transistor (FET)-based biosensing devices have revealed quite a lot
of advantageous properties compared to the other presently viable diagnostic
methods. It has the capability of making exceptionally sensitive as well as rapid
quantifications even for a little quantity of analytes (Janissen et al. 2017; Liu et al.
2019). These biosensors are determined as potentially worthwhile for medical
diagnosis, point-of-care testing, and on-site detection applications. Seo et al. in a
recent study have constructed a graphene-based FET biosensor functionalized with
the SARS-CoV-2 spike antibody to detect the SARS-CoV-2 virus (Seo et al. 2020).
Graphene-based biosensors can sense the variations of the surrounding on their
surface while sustaining an optimal sensing environment intended for ultrasensitive
and low-noise recognition. For the purpose, the SARS-CoV-2 spike antibody has
been immobilized on the construct using a probe linker, 1-pyrenebutyric acid
N-hydroxysuccinimide ester (PANHS). PANHS is an aromatic hydrocarbon and
an indeed effective interface coupling agent. The sensor was subjected for in vitro
studies on cultured SARS-CoV-2 strain and on associate clinical samples, i.e.,
nasopharyngeal swabs (Fig. 3). It claims to detect the specific SARS-CoV-2 antigen
protein effectively recording the LOD of 1 fg/mL. Further, they have also reported
testing the specificity of the sensor by distinguishing the SARS-CoV-2 antigen
protein from the MERS-CoV efficiently.

3 Labeled Biosensors

Label-based biosensing essays are one of the most popular and prospering methods
of biosensing nowadays. In label-based biosensors, the analyte molecule gets
sandwiched between an immobilized capturing agent on a solid surface (i.e.,
micro/nanoparticles, electrodes, sensor-chips, etc.) and detecting agents which are
typically tagged with signaling molecules, like luminescence molecules,
nanoparticles, enzymes, or fluorophores (Baranwal et al. 2016; Chandra et al.
2010). Generally, the receptor (capture and detector) molecules have distinguished
binding sites, which as a result enhances device specificity and reduces background
noise. A typical example of ELISA-based biosensing assay uses sandwich immuno-
assay for the diagnosis of various infectious diseases. It uses an antibody as a
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captured molecule and another enzymatically modified fluorescence tagged antibody
to catalyze the translation reaction of the chromogenic substrate to a visually
distinctive colored product. The formed color products are then compared based
on their optical densities and the concentration of analytes.

Label-based biosensors explore mechanical, optical, and electrical transducers
attached to a signal-tagged molecule. The example of such interactions between
sensor and tag includes optical, magneto-resistive, and electrochemical biosensors.
Further, detection of fluorescence, luminescent tags, and colorimetric evaluation is
done by optical sensors. Electrochemical biosensors detect redox reactions with the
help of enzyme tags, whereas magnetically tag-aided detections are done by
magneto-resistive biosensors. These assemblies quantitatively and semi-
quantitatively detect analytes by relating the signal produced to the amount of
analyte captured.

3.1 Optical Biosensor

Optical biosensors are applied to a wide array of performance in the field of
detection. These not only include the detection of biological systems to promote
ground-breaking advances in diagnostics but also improvements in drug discoveries
and environmental supervision. Including the additional advantages of higher sensi-
tivity, reliability, robustness, and integrity, optical biosensors also support to avoid
the complication of pretreatment and probable influence on the nature of target
molecules. Antibody-based immunosensors are the most viable optical sensors that
are employed for the detection of pathogens (Byrne et al. 2009). Polyclonal,
monoclonal, and recombinant antibodies have been often selected for
immunodiagnostics and biomarker detection. This technique is known as an
immunochromatographic test (ICT) (Kogaki et al. 2005). ICT works generally
based on a sandwich format by means of double antigens or double antibodies.
For the rapid detection of SARS-CoV, Tyson Bioresearch, Inc., Taipei, Taiwan,
developed an immunogold-based ICT device by incorporating the recombinant N
protein antigen of SARS-CoV in the test (Wu et al. 2004). The construction of the
ICT device is such that a nitrocellulose strip is present, wherein a detection zone is
allocated at the top. This is where an anti-mouse IgG and SARS-CoV N protein is
present in an immobilized state onto the control and test line. In the middle, the strip
consists of mouse IgG and SARS-CoV N protein teamed with gold nanoparticles
serving as the detector/locator. Two wells for the sample and the buffer are present at
the bottom. For the assay, a neat serum sample and testing buffer are added to the
sample and the buffer well, respectively. An antibody-antigen-gold complex is
formed if the sample comprises specific antibodies to SARS-CoV. After lateral
flow along the membrane, the colored complex of antibodies-antigen-gold gets
accumulated on the test line, and a red color becomes apparent to the naked eye.
Two parallel red lines are seen on a positive result; the control line implies that the
device is working fine, and the test line indicates the presence of the SARS-CoV
antibody in the serum sample. In case of a contrary result, the red line will only be
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seen on the control region. The test is invalid if red color is found only at the test line
or no lines are visible at all. Following a very similar mechanism, Sino Biological,
Beijing, China, had released the first ICT kits for the detection of SARS-CoV-2 N
and S proteins (Web reference 1).

Huang et al. previously in a study explained the generation of a dual-monoclonal-
antibody system tagged with glutathione S-transferase (GST) to apply against
SARS-CoV N protein (Huang et al. 2004). Detection of a low concentration
GST-N protein (15 ng/mL and 1 ng/mL in PBS and diluted serum, respectively)
was accomplished by the use of conventional antigen capture ELISA initially. Later
on, an ultrasensitive localized surface plasmon coupled fluorescence (LSPCF)
fiberoptic biosensor was developed to further augment the process of detection.
After this development, the detection of GST-N in PBS was recorded at the lowest
concentration of 0.1 pg/mL. The LOD recorded for 10-fold diluted human serum
was 0.1 pg/mL, that is, comparable to that of in raw serum sample (1 pg/mL). The
application of LSPCF enhanced the sensitivity of detection by 104-fold by making
use of the same monoclonal antibodies. Taking into account the limit of detection
and cost-effectiveness, the use of LSPCF always proved to be a preferred method for
SARS-CoV N protein detection from serum sample. Fluorescence can be enhanced
and excited by LSPs with greater efficiency close to the GNP surface. As over 40
fluorophores excite simultaneously that are presented on each fluorescence probe
collectively amplifies the fluorescence signal. In the coming era, LSPCF will also
show immense possibilities through utilizing the promising chip-based evaluation to
measure serum protein levels both qualitatively and quantitatively. On contrasting
with conventional setups, the LSPCF fiber-optic biosensors can detect fluorescence
signals near the reaction region and hence accentuate the collection of fluorescence
(Chang et al. 2009; Hsieh et al. 2007). Owing to this elevated quantitative capability
and sensitivity, this technique can be employed for easy and prompt identification of
diseases.

Recently, based on lateral flow assay, Li et al. developed a point-of-care immu-
noassay kit to detect IgM and IgG antibodies simultaneously in human blood within
15 min (Fig. 4) (Z. Li et al. 2020b). They had reported a clinical trial involving eight
hospitals and Chinese CDC agencies corroborating the kit’s medical efficiency. The
results were promising and show the rapid detection of antibodies with greater
sensitivity and specificity. Owing to excellent results, it is now being authorized to
be used in hospitals, clinics, and laboratories and, thus, become a compelling
medium in the fight against SARS-CoV-2.

3.2 Genosensor

In the recent era, the generations of nano-biosensors and their different usage
protocol have shown a curve of evolution nevertheless. Such an example of a sensor
is a genosensor. A genosensor is a typical gene-based sensor that exploits
immobilized genetic probes as the recognition element to evaluate specific binding
processes that involves the formation of hybrids, i.e., DNA–DNA or DNA–RNA
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hybrids, and the interactions between ligand molecules or proteins and DNA at the
sensing surface. Further, genosensors can be classified into the following types. A
receptor-based genosensor, consisting of a bioreceptor probe, that is typically small
oligonucleotide sequences. In the case of an aptamer-based genosensor, the aptamer
is made up of a sequence of synthetic oligonucleotides that is rendered immobile at
the transducer surface, and in due course of time for their affinity, these oligonucleo-
tide sequences acknowledge the nucleic acids analyte by creating complementary
duplexes. Additionally, nanocomposites/nanoparticles can be tagged and coupled
with genosensors to collectively improve the process of immobilization and the
overall sensitivity of the oligonucleotide sequence on the surface of the transducer.
In a study, Abad-Valle et al. had reported designing a simple, sensitive, and cost-
effective miniaturized homemade device. It was based on a structural framework
made of thin gold film for electrochemical detection in fewer volumes (Abad-Valle
et al. 2005). They employed the construct for further development of genosensors
especially in the detection of the specific sequence of a SARS-CoV virus. The DNA
probe was immobilized on the gold surface, and the process was carried out through
a thiol group linked at the 30 end with an aliphatic spacer. The parameters that
affected the immobilization were studied using a double-labeled (biotinylated and
thiolated) DNA strand. Enzymatic detection was carried out by alkaline
phosphatase-labeled streptavidin. Also, blocking with 1-hexanethiol produced
well-defined signals. Subsequently, the solvent was evaporated to achieve optimum
results, favoring immobilization while avoiding hybridization. A low limit of detec-
tion (6 pM) concerning the previously reported analogous schemes in literature was
achieved on enzymatic hydrolysis of 3-indoxyl phosphate. The specificity of the
assessment was verified using a 3-base mismatch DNA strand, where a strong
inequity was reported while retaining 1 h of hybridization period and 50% of
formamide in the buffer. The group has also specified to study in detail the processes
to discriminate the 2-base and 1-base mismatching strands as a prospect.

3.3 Luciferase-Based Sensors

Kilianski et al. have reported developing a luciferase-based biosensor to detect
MERS-CoV. They employed the biosensor construct for expressing the two
MERS-CoV-specific biomarkers, the papain-like protease (PLpro), and the 3-chy-
motrypsin-like protease (3CLpro) while monitoring their activity in vitro simulta-
neously (Kilianski et al. 2013). It has been demonstrated that the biosensor
recognizes the expressed PLpro in MERS-CoV while processing the recognized
CoV-PLpro cleavage site, RLKGG. However, because of the divergent amino acid
sequence in the binding site of the drug, the already in-use CoV-PLpro inhibitors
were not able to block MERS-CoV PLpro activity. Again, they utilize the luciferase-
based biosensors together with the recognized 3CLpro cleavage site VRLQS to
understand the activity of 3CLpro, by expressing the protease affixed with nonstruc-
tural protein 4 (nsp4) and the amino-terminal portion of nsp6. They have also
determined that similar to SARS-CoV and murine CoV, a small-molecule inhibitor
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inhibits the replication process in the case of MERS-CoV 3CLpro and inhibits the
activity. As a whole, the developed biosensor assays involving the proteases permit
rapid identification as well as the evaluation of the protease inhibitors and viral
protease activity, respectively. It is anticipated that to assess protease activity, the
expression of MERS-CoV PLpro and 3CLpro is effective. Luciferase-based biosen-
sor supports such expression of PL and CLpro that in turn enable swift identification
of the replication inhibiting small molecule that is specific to MERS-CoV. Accord-
ingly, it may also prove its compelling aspects over other coronaviruses.

4 Conclusion

Biosensing methodologies have shown enormous advancements for viral detection
in terms of rapid analysis with low LOD, wide linear detection range, high sensitiv-
ity, and specificity. The need to develop point-of-care diagnostic devices for rapid,
sensitive, and cost-effective screening even for multiple samples at a time explains
the necessity of biosensors. It also rationalizes the increase in demand for compelling
epidemiological surveillance along with high-throughput screening tests. So far
biosensing techniques despite having such beneficial properties remain inceptive
for commercialized diagnosis of infectious diseases. Biosensors when compared
with other diagnostics come with an added advantage of being one of the most
compact and handheld devices. This makes biosensors probably the best among the
race of diagnostic tools. Infectious diseases in urban and suburban areas spread like
wildfire in a very short duration of time; hence regulation of such outbreaks becomes
a reason for concern. Hence, such rapid miniaturized tests may overcome such
delinquency with effective enactment toward initial disease control and would also
waive off delayed diagnosis as seen in conventional procedures. Furthermore, novel
and technologically advanced nano-sized materials, composites, and polymers with
significant biocompatibility also are recognized to provide improved specificity and
stability to affinity reagents. It is for a fact that the current advances in technology
would accelerate the development of biosensors into such a tool of profound
magnificence that it will be a milestone in diagnostics and infection surveillance in
medical setups and laboratories.
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