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Abstract

Herein, we have summarized and argued about biomarkers
and indicators used for the detection of severe acute respira-
tory syndrome coronavirus 2. Antibody detection methods are
not considered suitable to screen individuals at early stages
and asymptomatic cases. The diagnosis of coronavirus dis-
ease 2019 using biomarkers and indicators at point-of-care
level is much crucial. Therefore, it is urgently needed to
develop rapid and sensitive detection methods which can
target antigens. We have critically elaborated key role of bio-
sensors to cope the outbreak situation. In this review, the
importance of biosensors including electrochemical, surface
enhanced Raman scattering, field-effect transistor, and surface
plasmon resonance biosensors in the detection of severe
acute respiratory syndrome coronavirus 2 has been under-
scored. Finally, we have outlined pros and cons of diagnostic
approaches and future directions.
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Introduction

The coronavirus disease 2019 (COVID-19) caused by
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) was declared as pandemic on 13 March 2020. It
has not only become the leading cause of mortalities
around the globe but has also become the unexpected
socioeconomic burden [1]. Since the COVID-19
outbreak reported in early December 2019 in Wuhan,
millions of people have been infected, thousands of
them died, and even the economy of many countries has
halted [2]. The transmission of virus may occur through
breathing, aerosols particles, and direct touching of
abiotic surfaces. There are also evidences of virus
transmission through fecal because the SARS-CoV-2 has
been found in feces samples. The transfer of virus
through asymptomatic patients has also been observed
in many cases [3,4]. In this regards, World Health
Organization has urged the scientific community to
carry out huge amount of diagnostic tests to curb the
spread of virus because testing is an important tool to
understand the epidemiology of the outbreak. Further-
more, fast diagnostic testing is very crucial in making
prompt decisions to treat and isolate the infected pa-
tients which can ultimately slow down the transmission
of infectious disease.

The testing platforms together with the risk man-
agement and the health-care system are vital re-
sponses in all outbreaks. In this outbreak, three
different types of diagnosis tests are being used
including (i) chest computed tomography (CT) scan
along with clinical indications, (ii) RNA detection
using reverse transcription-polymerase chain reaction
(RT-PCR) assay, and (iii) lateral flow assays, full
automatic chemiluminescence method, enzyme-linked
immunosorbent assay for the determination of anti-
bodies [5]. Nevertheless, there are some drawbacks
related to CT scan method such as the use of CT
scan diagnosis is limited to big hospitals, rural hos-
pitals do not have the facility of CT scan, well-trained
radiologists are required to analyze the images of CT
scan, and CT scan method cannot distinguish
whether the infection is caused by SARS-CoV-2 or
any other virus. On contrary, RT-PCR is a time
consuming assay that may take 4 h to execute one
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test and possesses great possibility of false-negative
results. The patients with initial false-negative test
results can transmit the virus to healthy individuals
while preventing the proper control of infection. In
the meantime, antibody response appears at about
10th day after the onset of symptoms so all the assays
that can target antibodies cannot be reliable in case
of early diagnosis and identification of asymptomatic

Figure 1
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individuals. The false-positive results are also most
likely owing to the interference caused by other
proteins that are present in serological samples.

The more precise and targeted detection of the virus
can be carried out using biosensor-based approaches.
The technology that exists behind the testing is bio-
sensing platforms that apply the strategy of
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Structure of SARS-CoV-2 and detection approaches. (a) Schematic illustration of SARS-CoV-2 structure and four structural proteins. (b) Schematic
illustration of currently used diagnostic techniques and possible biosensing platforms for COVID-19. COVID-19, coronavirus disease 2019; SARS-CoV-2,

severe acute respiratory syndrome coronavirus 2.
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biorecognition elements or binding target molecules in a
particular way for the detection of biological analytes
[6,7]. This type of binding acts as transducers which
create measurable signals either directly through
impedance measurements, surface plasmon resonance,
or labeling the molecules such as enzymes/optical
compounds [8,9]. In this review, we have summarized
the biosensor-based technologies which are able to
detect SARS-CoV-2 effectively. Fig. 1 shows the ideal
schematic illustration of SARS-CoV-2. The possible
biomarkers, biochemical indicators, and samples have
been discussed in details. Here we have emphasized the
highly sensitive biosensors for diagnosing COVID-19. In
addition, electrochemical (EC) biosensors are the
superb diagnostic podiums which support sample
preparation-free sensing in different biological environ-
ments, pathogen present on surface of object and
detection possibilities via wireless actuation. The
innovation in biosensing technologies can escalate the
possibilities of early diagnosis and therapeutic window
of COVID-19 worldwide.

Current biomarkers and indicators for
SARS-CoV-2

There are several biomarkers and indicators that can be
used for the detection of SARS-CoV-2.

Single-stranded RNA

Single-stranded RNA is very crucial biomarker which is
used to detect SARS-CoV-2. Generally, conserved or
fully expressed genes are the desired targets for RT-
PCR assays [5,10]. There are some special primers
that can specifically target these genes with high
sensitivity in detecting SARS-CoV-2 while rule out the
detection of other similar types of viruses including
Middle East respiratory syndrome (MERS), (OC43 and
229 E) and influenza [11]. Three different kinds of
novel RT-PCR assays were developed that targeted N
and S genes of SARS-CoV-2 and also compared with
each other [12]. The excellent sensitivity was achieved
while using nasopharyngeal samples and no cross-
reactivity with other coronaviruses was observed.

Antigen

The diagnosis of COVID-19 may also be carried out by
using the structural proteins such as S, M, E, and N
proteins (Figure 1A) as antigens. Expectedly, SARS-CoV-
2 has 28 different types of proteins [13]. It has been
reported in several studies that M and E proteins are very
crucial in assembling the virus structure [14]. The S
protein is of much importance that combines with host
cells and receptor-binding domain of S protein interacts
with ACEZ receptors. It is more likely that S and N
proteins could be imperative antigen biomarkers which
might be used for the detection of SARS-CoV-2 because
the same proteins have also been used previously in
various methods for the detection of SARS-CoV [15,16].

Recently, Jiang et al. [17] fabricated the proteome
microarray using 18 of 28 proteins and used it to monitor
antibody responses. The patients in recovering stage
show full antibodies response to proteome particularly
to protein N, S1 but not S2. Moreover, detection tech-
nique based on viral proteins has also been investigated
using lateral flow assays for the diagnosis of COVID-19.

Antibody

The diagnosis of COVID-19 can also be carried out by
detecting specific antibodies to SARS-CoV-2 in sero-
logical samples of patients. It is well documented that
IgM responses early to the viral infection, whereas [gG
responses late to the infection or long-term immunity
[18]. A study executed by Zhang az a/. [19] showed that
the detection of IgM and IgG could be carried out in the
patients after five days of appearance of symptoms.
Another study conducted for the detection of [gM and
IgG in nucleic confirmed patients revealed different
percentages of antibodies at different stages of COVID-
19 infection, for instance, 11.1% at early stage up to 7th
day, 92.9% at medium stage up to 14th day, and 96.8% at
later stage after 15th day of the onset of symptoms [20].
Till this end, the diagnosis of COVID-19 using anti-
bodies detection assays is not reliable. The antibody
detection can be helpful for the patients at recovering
phase and much crucial for the design of vaccine
because its exact level correlates with virus neutraliza-
tion titer [18].

Artificial intelligence—based detection of other
biomarkers

There are some other biomarkers as well that can be
monitored for the diagnosis of COVID-19 including
blood and urine samples, infection index, hemaggluti-
nation level, blood gas index, and cytokine levels.
Table 1 presents the possible biomarkers and indicators
used for the diagnosis of COVID-19 pneumonia. These
biomarkers and indicators are very essential where RT-
PCR method is not enough to confirm the patient
with onset symptoms. The artificial intelligence tech-
nology is very effective in reducing the man-made de-
cision which may ultimately enhance the diagnosis and
prediction [21]. The severe COVID-19—infected
people have high level of lymphopenia and a proin-
flammatory cytokine storm compared with mild infec-
tion persons.

Current biosensor candidates for SARS-
CoV-2 detection

A biosensor is defined as an analytical tool consisting of a
transducer portion and a biological element. Besides the
clinically used approaches for the diagnostics purposes
in hospitals, various biosensor-based technologies are
being developed, and some have already been estab-
lished for the diagnosis of COVID-19 pneumonia.
Figure 1B shows the schematic illustration of currently
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Table 1

Emerging diagnosis biomarkers and indicators which are being used for COVID-19 diagnostics and prognosis.

Sample Remarks POC

Mode of action

Biomarker/indicators

Only available in urban hospitals

CT scan of chest

Clinically observed symptoms

Virus genome and protein

Lungs

High rate of false-negative outcomes, required highly

Throat/pharyngeal/oropharyngeal swab, BALF,

RNA, whole virus, and antigen

sensitive approches
Possibility of false-positive results

urine, aerosols

Human blood

Response of immunity

Antibody

Ability to prognose severity of COVID-19

Human blood

Cytokine storm in human body

Other biomarkers (cytokine)

POC, Point-of-care.
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used diagnostic techniques and possible biosensing
platforms for COVID-19, (i) COVID-19 patient, (ii)
sampling ways, (iii) biomarkers and indicators, (iv)
diagnostic methods, (v) promising biosensors. Bio-
sensors being capable for continuous monitoring of
biomarkers would be potential candidates for diagnosing
patients affected with COVID-19 with mild to critical
conditions and evaluating the success rate of anti-
inflammation therapies [22]. Although the nucleic acid
testing and antibody detection using RT-PCR and
enzyme-linked immunosorbent assay, respectively, have
been well developed, these approaches still suffer from
some practical limitations. Therefore, biosensors are the
ideal alternative tools which show rapid response, high
accuracy, enhanced sensitivity with early detection
possibilities, particularly the probability of being driven
with smartphones [23]. There are various types of bio-
sensors such as fluorescence-based biosensor, colori-
metric, localized surface plasmon resonance (LSPR),
surface-enhanced Raman scattering (SERS), quartz
crystal microbalance, field-effect transistor (FET)-
based and EC biosensors that are being developed or
used for the diagnosis of COVID-19 [24—26]. However,
the most frequently used biosensors in this COVID-19
pandemic include LSPR, FET, EC and SERS
biosensors.

Plasmonic biosensors

The surface plasmonic resonance (SPR) biosensors are
now essential tools and have obtained the key role in
characterizing and quantifying bio-analytical targets
both in life science and pharmaceutical research. These
biosensors are label-free, highly sensitive and can be
applied to different types of clinically interested target
analytes. The SPR biosensors have also been used for
the detection of antibody of SARS-CoV using a protein
which was created by genetically fusing gold binding
polypeptides to a SARS coronaviral surface antigen [27].
Recently, Masson’s research group has reported the use
of human serum sample without dilution for the
detection of nucleocapsid antibodies which are specific
against the SARS-CoV-2 using SPR biosensing tech-
nology [28]. The peptide monolayer was successfully
coated on SPR biosensor and further functionalized with
virus nucleocapsid protein which was finally able to
detect SARS-CoV-2 antibodies at nanomolar level. The
portable SPR instrument was used to carry out the
bioassay. The working mechanism is that when the
sensor is exposed to SARS-CoV-2, the immune system
gives response by expressing antibodies at levels which
can be detected and monitored to find out the patients
immunized against SARS-CoV-2 and support the efforts
for vaccine development strategically. By exactly
detecting the antibodies, we can assist the vaccine
development and evaluation of individuals that have
become immune to SARS-CoV-2. Moreover, Wang’s
research group has demonstrated that the dual-

www.sciencedirect.com
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functional plasmonic biosensor constructed up using
combined effects of plasmonic photothermal (PPT) and
LLSPR have provided encouraging COVID-19 diagnosis
capabilities [29]. Two-dimensional gold nanoislands
(AuNIs) combined with complementary DNA receptors
can detect selective sequence from SARS-CoV-2 by
hybridizing nucleic acid as shown in Figure 2A. The
detection abilities were further enhanced through the
generation of plasmonic heat on the same surface of
AuNIs when they started to illuminate at their plas-
monic resonance frequency. The locally generated PPT
heat has the ability to increase  situ hybridization
temperature which in turn enables differentiation of two
same gene sequences. This dual-functionalized LLSPR
biosensor has presented superb sensing performance in
the detection of selective SARS-CoV-2 sequence with
low detection limit of 0.22 pM as well as allowed accu-
rate determination of particular target in a multigene
mixture.

FET-based biosensing

Considering the availability of current diagnostic ap-
proaches, FET-based biosensing platforms have many
promising benefits such as capability to be very sensitive

Figure 2

and to detect small volume of target analyte instanta-
neously. These biosensors have potential use in clinical
analysis, point-of-care tests, and on-site diagnostics
[30]. Graphene with the hexagonal carbon atoms
exposed on its surface, being electronically conductive,
having high charge mobility and specific surface area,
has proved to be ultrasensitive in sensing systems owing
to its capability to detect nearby variations on their
surface and to provide an ideal sensing platform.
Therefore, graphene-based FET biosensors are very
important to carry out the immunological diagnosis with
high sensitivity. In this regard, Seo and co-workers have
successfully fabricated a device based on FET tech-
nology for the detection of SARS-CoV-2 in clinical
specimens as shown in Figure 2B [31]. The graphene
sheets of the FET were conjugated with specific anti-
bodies against SARS-CoV-2 spike protein in order to
construct the biosensor.

The sensing aptitude of the biosensor was evaluated
using antigen protein, self-cultured virus, and nasopha-
ryngeal swab samples taken from people infected with
COVID-19 pneumonia. The FET biosensor was able to
detect SARS-CoV-2 spike protein 1 fg/mL in phosphate-

1 P1BC
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Plasmonic photothermal biosensors in SARS-CoV-2 detection. (a) Scheme and (b) experimental setup of the dual-functional PPT-enhanced LSPR
biosensor, (c) concentrations of several viral oligos measured using LSPR biosensor, (b) Schematic representation of FET-based biosensor for COVID-19
diagnosis [31]. FET, field-effect transistor; PPT, plasmonic photothermal; LSPR, localized surface plasmon resonance. For figure 2A: Qiu G, Gai Z, Tao Y,
Schmitt J, Kullak-Ublick GA, Wang J: Dualfunctional plasmonic photothermal biosensors for highly accurate severe acute respiratory syndrome coro-
navirus 2 detection. ACS Nano 2020, 14:5268—5277. Note: further permissions related to the material excerpted should be directed to the ACS: https://
pubs.acs.org/doi/10.1021/acsnano.0c02439 (for the article DOI: 10.1021/acsnano.0c02439). For figure 2B: Rapid Detection of COVID-19 Causative
Virus (SARS-CoV-2) in Human Nasopharyngeal Swab Specimens Using Field-Effect Transistor-Based Biosensor (ACS Nano 2020, 14, 4, 5135—-5142).
Note: further permissions related to the material excerpted should be directed to the ACS: https://pubs.acs.org/doi/10.1021/acsnano.0c02823 (for the

article DOI: 10.1021/acsnano.0c02823).
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buffer saline and 100 fg/mL clinical transport medium.
In addition, FET biosensor performed very well in
detection of SARCoV-2 in self-cultured medium and
nasopharyngeal swab samples with detection limits of
1.6 x 10! plaque-forming units/mL (pfu/mL) and
2.42 x 10° copies/mL. Interestingly, the fabricated
biosensing device showed no any quantifiable cross-
reactivity with MERS-CoV antigen.

EC biosensors

EC biosensors have attained much attention of the
analytical researchers because of their simplicity, low
cost, ease in miniaturization and bulk fabrication. They
have also point-of-care usability at homes or at clinics
[32—34]. Due to the absence of any vaccine or specific
drugs available for the treatment of COVID-19 infec-
tion, early diagnostics are the only way to manage and
combat with this virus. The MERS-CoV and other
human CoV have been detected by Eissa’s research
group using recombinant spike protein S1 which acted
as a biomarker for MERS-CoV and the design of multi-
plexed electrode array has been presented in Figure 3A.
The bioassay with turnout of 20 min achieved low
detection limits of 0.4 pg/mL and 1 pg/mL for human
CoV and MERS-CoV, respectively [35]. The fabricated
EC immunosensor was fruitfully employed in spiked
nasal samples and no any obvious interference was

Figure 3
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measured in the presence of influenza A and B. Another
simple, economical, and easy-to-use EC genosensor was
constructed on gold films by Abad-Valle et al. [36] for
the detection of SARS-CoV gene. The genosensor
achieved a detection limit of 6 pM for this DNA
sequence applying square wave voltammetry.

Recently, Gandhi’s research group fabricated an in-
house built biosensor device (eCovSens) and
compared it with commercially available potentiostatic
device for the diagnosis of COVID-19 spike antigen
protein (COVID-19 Ag). The performance was also
evaluated in spiked saliva specimens. To fabricate
potentiostatic biosensor, fluorine-doped tin oxide elec-
trode (FTO) was decorated with AuNPs and immobi-
lized with COVID-19 monoclonal antibody (COVID-19
Ab) to determine the variation in electrical conductivity
as shown in Figure 3B. Similarly, to construct eCovSens,
screen-printed carbon electrode was immobilized with
COVID-19 Ab to determine the variation in electrical
conductivity as presented by Figure 3C [37]. Both the
FTO-based immunosensor and screen-printed carbon
electrode—based biosensor showed superb efficiency in
detecting COVID-19 Ag in the range of 1 fM to 1 pM.
The eCovSens and potentiostatic devices displayed
detection limits of 90 fM and 120 fM, respectively, in
spiked saliva specimens. The as-fabricated eCovSens
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Electrochemical biosensors in SARS-CoV-2 detection. (a) Chip array, immunosensor fabrication process, and detection of viruses [35]. (b) The modi-
fication process of FTO electrode and its working in three electrodes system. (¢) Schematic representation of in-house built EC eCovSens device [37].

FTO, fluorine-doped tin oxide electrode; EC, electrochemical.
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device is able to rapidly detect COVID-19 Ag within
10—30 s. Therefore, this platform can be used as an
alternate diagnostic device to detect traces of COVID-
19 Ag in saliva samples of infected persons with
enhanced selectivity and specificity. The eCovSens
device is very economical, portable, and uses very less
voltage 1.3—3 Vand even can be operated with battery,
therefore possesses the ability to be used as point-of-
care diagnostics.

SERS-based biosensors

The SERS-based biosensors have fascinated immense
attention of the researchers because of highly sensitive
and quantitative determination of analyte using SERS-
encoded nanoparticles (SERS tags) as an alternative of
colloidal gold to report signal. There are three basic
parts of SERS tags; Au/Ag nanoparticle as Raman
enhanced substrate, adsorbed Raman reporter dyes to
produce characteristic SERS signals, and specific anti-
bodies to bind targets. Wang et al. [38] used Fe;O4@Ag
nanoparticles as magnetic SERS nanotags to fabricate
SERS-based biosensor to simultaneously detect two
respiratory track viruses such as influenza A (H1N1) and
human adenovirus as shown in Figure 4. The lowest
limits of detections measured with SERS-based
biosensor were 50 pfu/mL and 10 pfu/mlL for HIN1
and human adenovirus, respectively. The sensitivity of

Figure 4

biosensor was 2000 times higher than sensitivity of
commonly used colloidal gold strip method. The pro-
posed biosensor is able to use directly for the analysis of
biological samples without any pretreatment. Moreover,
SERS-based biosensor was constructed using porous
carbon substrate coated with Ag nanoparticles for the
detection of three different kinds of viruses including
porcine circovirus type 2, porcine parvovirus, and
porcine pseudorabies virus [39]. The low possible con—
centration detected with this biosensor was 1 x 107
copies/mL for these three viruses. The SERS spectra
enabled the discrimination of viruses.

Comparison among various diagnostic
approaches

The different approaches used for the diagnosis of
COVID-19 have their own pros and cons considering
various parameters. In Table 2, we have compared all the
possible diagnostic techniques.

In the previous table, “A” describes the different stages,
for example, sensitivity was 11.1%, during the early stage
of patient from 1to 7 days after onset of symptoms,
92.9% during the intermediate stage of patient from 8 to
14 days after onset of symptoms and 96.8% at late stage
of patient.
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SERS biosensors in the detection of respiratory viruses. (a) Preparation of antibody-modified Fe;0,@Ag nanotags. (b) Mechanistic representation of

magnetic SERS-based biosensor for the detection of respiratory viruses [38].
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Table 2

Comparison among all the possible diagnostic techniques for COVID-19.
Technique Apparatus Time required Sensitivity Limit of detection  Reference
Chest CT scan CT machine - 97%, 25%, - [40]
RT-PCR PCR apparatus 4 h 71% = [41]
MNPs with RT-PCR PCR apparatus Around 30 min — 10 copies [42]
Colorimetric assay Water bath 30 min 97.6% - [43]
ELISA reder ELISA machine 2 h 87.3% - [44]
LFICS Au-NPs colloid (IgM + IgG) POC strip <15 min (11.1%, 92.9%" 96.8%)" — [45]
Chemiluminescence (total Ab) Automatic analyzer - 86.9%, 99.2% - [46]
Plasmonic biosensor Dual-functional LSPR System — 3.7 RNA copies 0.22 pM [29]
Electrochemical biosensor Electrochemical work station Few min - 90 fM [37]
Field-effect transistor—based Semiconductor analyzer - - 2.42 x 102 copies/mL [31]

biosensor

ELISA, enzyme-linked immunosorbent assay; POC, point-of-care.

Table 3

The key immunomodulators that have been proposed to manage COVID-19 inflammation.

Immunomodulators Target Mode of action

Hydroxy chloroquine Not specific It suppresses the activation of T cells in the body

Corticosteroids Not specific It binds to receptor to increase or decrease the transcription of
inflammation genes

Immunoglobulins Not specific It binds to Fc receptors

Convalescent plasma Not specific Unknown

Azithromycin Not specific It suppresses proinflammatory response

Baricitinib JAK It inhibits the Janus kinase (JAK)

Anakinra IL-1 Antagonist of the IL-1 receptor

Tocilizumab IL-6 It binds to IL-6 receptor which ultimately block the interaction with gp130

Biosensor-oriented treatments

The previous treatment of patients affected with SARS-
CoV-1 and MERS with corticosteroids gave disparate
results that is why World Health Organization has
discouraged the usage of corticosteroids for COVID-19
treatment. However some reports show good results if
they are administered at cautious doses [47,48]. Kinetic
profile of cytokine-like IL.-6 can convey important data
which further can guide the onset of corticosteroids
therapy and regulate the doses to lower the inflamma-
tion while keeping side effects at minimum level [49].
The severely COVID-19—infected people have high
level of lymphopenia and a proinflammatory cytokine
storm compared with mild infection persons. Table 3
shows some other anti-inflammatory therapies that can
take advantages from biosensor-based guide for admin-
istration of hydroxychloroquine [50], immunoglobulins,
azithromycin [51], and convalescent plasma treatments
[52]. Other drugs such as tocilizumab [53] or anakinra
[54] have also anti-inflammatory effects for COVID-19.
The mechanism of these treatments is to halt the
particular proinflammatory signaling pathways. These
drugs can be administrated using some analogous

techniques ‘companion diagnostics’ which are used for
cancer care. The exact monitoring of specific proin-
flammatory factors would guide how to administrate
these drugs. For instance, the mechanism of tocilizumab
is to bind with receptor IL-6 and hinder the interaction
with membrane binding that consequently stops the
stimulation of downstream Janus kinase accountable for
signal cascading [55]. These blockers of IL6-mediated
inflammatory response including tocilizumab and sari-
lumab must be directed by measuring IL.-6 [56,57]. Tt is
well documented that antibodies are crucial in the
treatment of unwanted cytokine excrete conditions in
immune anticancer treatments. Moreover, measuring
serial IL.-6 shows that after appropriately administrating
tocilizumab there is small upsurge in IL-6 after the
decrease in time [56]. The aforementioned studies
show that the improvement of inflammatory infections
can be monitored by executing kinetic measurements of
biomarkers.

Conclusions and future outlooks
In conclusion, early detection and diagnosis techniques
are mandatory to enhance the control on infection,
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treatment, and vaccine research. Recently, chest CT
scan method, RT-PCR, and lateral flow assays are being
used for the diagnosis of COVID-19 pneumonia.
Ominously, numerous suspected individuals may not be
confirmed and isolated timely owing to overloaded work
in hospitals at severe outbreak zones. Therefore, extra
trustworthy, quick response, economical, and broadly
accessible analytical devices or diagnostic approaches
are crucially required. We have critically reviewed and
argued the biomarkers and indicators used for COVID-
19 diagnostics or SARS-CoV-2 detection. In this
regards, biosensors are powerful tools in early diagnosis
of COVID-19 infection via targeting virus antigens to
assess the clinical progress and offer awareness on
severity and critical trends of infection. Specifically, the
importance of EC biosensors, SERS-based biosensors,
FE'T-based biosensors, and SPR-based biosensors in the
diagnosis of COVID-19 is emphasized.

The multiplex biosensors could be the alternate ap-
proaches to improve the accurateness of virus detection if
the combined detection of various biomarkers is carried
out. The reliability and reproducibility of biosensors
should be further enhanced by developing the platforms
which enable machine learning—based signal processing
and direct readout of results. For asymptomatic cases, in-
house built biosensor devices should be readily available
for everybody to confirm the presence or absence of
SARS-CoV-2 in individuals anywhere and everywhere.
The biosensors have capability of being on-site, rapid and
highly sensitive to target virus antigen which can ulti-
mately pave the way for early diagnosis of COVID-19.
They can screen the people at hospitals, airports, and
other most crowded areas. The usage of nanoparticles
combined with EC diagnostic methods is promising in
detection of viruses. There should be development in
nanomaterials and nanotechnologies to advance bio-
sensors with excellent sensitivity and selectivity for
detecting virus antigens. Technologically advanced
smartphone-based biosensing devices and calorimetric
strips to target antibodies or antigens should be devel-
oped immediately to control quickly spreading SARS-
CoV-2—associated COVID-19 pandemic. The wearable
biosensors are able to monitor the patients continuously,
a much-desired feature of biosensors.
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