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Abstract

The diagnosis of novel coronavirus (COVID-19) has gained the spotlight of the world’s scientific community since December
2019 and it remains an important issue due to the emergence of novel variants around the globe. Early diagnosis of coro-
navirus is captious to prevent and hard to control. This pandemic can be eradicated by implementing suppressing strategies
which can lead to better outcomes and more lives being saved. Therefore, the analysis showed that COVID-19 can only be
managed by adopting public health measures, such as testing, isolation and social distancing. Much work has been done to
diagnose coronavirus. Various testing technologies have been developed, opted and modified for rapid and accurate detec-
tion. The advanced molecular diagnosis relies on the detection of SARS-CoV-2 as it has been considered the main causative
agent of this pandemic. Studies have shown that several molecular tests are considered essential for the confirmation of
coronavirus infection. Various serology-based tests are also used in the detection and diagnosis of coronavirus including
point-of-care assays and high-throughput enzyme immunoassays that aid in the diagnosis of COVID-19. Both these assays
are time-consuming and have less diagnostic accuracy. Nanotechnology has the potential to develop new strategies to combat
COVID-19 by developing diagnostics and therapeutics. In this review, we have focused on the nanotechnology-based detec-
tion techniques including nanoparticles and biosensors to obstruct the spread of SARS-CoV-2.
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Introduction

The viral pneumonia of exotic etiology, commonly recog-
nized as a coronavirus (COVID-19), was found in Wuhan,
Hubei Province, China and was broadcast to health profes-
sionals on 29 December 2019. This hallmark was affiliated
with China’s largest seafood and animal market (Garcia
Reyes 2013; Yan et al. 2020). Coronavirus is the mem-
ber of subfamily “Coronavirinae” (Family: coronaviridae,
Order: nidovirales) that contains four genera a-coronavirus
(a-CoV), B-coronavirus (B-CoV), y-coronavirus (y-CoV)
and A-coronavirus (A-CoV). However, beta-CoV is the
most important group, as this group mainly has humans
as a host for pathogenic viruses including SARS-CoV-2
(2019), SARS-CoV (2002-2004) and MERS-CoV
(2012-2013) (Kim et al. 2008). Several reports have found
that the main origin of COVID-19 is the Chinese chrysan-
themum bat because this virus has the highest sequence
similarity with bat coronavirus RatG13 that was formerly
recognized in horseshoe bats (belonged to the family Rhi-
nolophidae) in Yunnan, China (Yan et al. 2020). Pangolin
is considered as the intermediate host for SARS-CoV-2.
Data derived from less than 1 k meta-genomic samples
from the pangolin species suggest that pangolin coronavi-
rus shows 99% sequence similarity with the current etio-
logical agent (coronavirus) (Cortegiani et al. 2020; Zhang
et al. 2020a, b).

Genetic sequence analysis possesses 79% sequence
resemblance between SARS coronavirus and novel SARS-
CoV-2, it also recognized two specific antigenic deter-
minants on the SARS coronavirus S (spike) protein i.e.,
amino acids residues 447-458 and 789-799. Basic Local
Alignment Search Tool (BLAST) analysis of SARS-CoV-2
spike protein showed approximately 75% homology with
SARS-CoV (Yan et al. 2020). Hoffman et al., (Hofmann
and Pohlmann 2004) reported that both SARS-CoV and
novel SARS-CoV-2 adhere to the surface of angiotensin-
converting enzyme 2 (ACE2) receptor to gain entry into
the host cell (Wang et al. 2020; Zhang et al. 2020a, b),
it is also dependent on cellular protease TMPRSS2 for
priming (Qi et al. 2020). Studies have found similarities
between SARS-CoV-2 and previously reported coronavi-
rus. Xu et al. reported that the 3-dimensional structure
of S protein of both viruses has 76.5% sequence resem-
blance in their amino acid sequence (Zhang et al. 2020a,
b). Wan et al., also reported that the glutamine residue
in the SARS-CoV-2 receptor-binding domain can be
identified by the critical lysine amino acid residue on the
human angiotensin-converting enzyme 2 receptor. The fur-
ther analysis reported that the efficiency of SARS-CoV-2
conjugated onto the surface of ACE2 receptor is higher
as compared to the original SARS-CoV and it also has
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a greater ability for human-to-human transmission (Cor-
tegiani et al. 2020). This novel virus can also enhance
its infection rate by relying on the co-receptor and other
accessory membrane proteins (Tetro 2020). Phylogenetic
tree analysis of complete genome sequence confirmed that
SARS-CoV-2 is dissimilar from the previous two species
of coronavirus (SARS-CoV and MERS-CoV) (Qi et al.
2020). Both viruses showed an almost similar mecha-
nism of transmission in human hosts. Similarly, a newly
emerged virus is transferred to humans from the live ani-
mal market of Wuhan (Lu et al. 2020).

The genomic sequence of coronavirus (CoVs) is a posi-
tive-sense single-stranded RNA (+ssRNA) having cap struc-
ture at 5’ and poly-A tail at 3°. A set of sub-genomic RNAs
(sgRNAs) are formed from ssRNA by reverse transcription
complex in a way of discontinues transcription (Chen et al.
2020). All these sub-genomic RNAs have a general leader
sequence at 5 and terminal sequence at 3°. The transcrip-
tion termination and subsequent acquisition of a leader RNA
occur at transcription regularity sequences (TRS), and pre-
sent between the open reading frames. These sub-genomic
RNAs are translated into SARS-CoV-2 proteins (V’kovski
et al. 2021; Zhang et al. 2021). The genome and sub-genome
of COVs have at least six (6) open reading frames (ORFs).
The first ORF (ORFsla/lb) is almost 2/3rd of the whole
genomic sequence length and has the ability to encode
16 non-structural proteins (nsp-16). The first frameshift
between ORFla and ORF1b results in the formation of 2
polypeptides ppla/b, they both help to encode the chymo-
trypsin like protease (3CLpro) or main protease (PLPs)
into 16 non-structural proteins. Other than ORFs, one-third
(1/3rd) genome of 3’ terminal encodes four structural pro-
teins including envelope (E), nucleocapsid (N), membrane
(M) and spike (S) protein (Yan and Wu 2021). Homo-tri-
metric S protein plays an important role in the adhesion of
virus to the human surface receptor. M protein has three
transmembrane domains. Many cellular proteases like furin
and TMPRSS?2 are helpful for the proteolytic cleavage of
the spike protein at the S1/S2 site. First, the S1 subunit will
ligate to the ACE2 receptor and second, the S2 subunit will
show interaction with the membrane. Moreover, the spike
glycoprotein will interact with another cleavage site (S2)
which is present within the S2 domain, and its proteolysis
will enclose the hydrophobic side chains ultimately facilitat-
ing the fusion of viral and host membranes where the viral
genome will start the infection cycle. The entry of the deadly
known virus SARS-CoV-2 and its infection cycle include the
following diagrammatical cascade (Fig. 1). The E protein
is required for the assembly, release and pathogenesis of
the virus. The nucleocapsid protein has two domains and
these domains are able to bind to the viral RNA genomic
sequence via various mechanisms. Nucleocapsid protein
can also attach to the nsp-3, it can package the genome and
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Fig.1 Mechanism of SARS-CoV-2 entry in human hosts: initiation
of viral entry and infection require the binding of a viral protein onto
the surface of the target cell. The entry of coronavirus into the host
cell is mediated by the spike glycoprotein which is composed of two

virons and help the interferon and viral encoded receptor of
RNA interference (RNAi), which are helpful for the repli-
cation of viral activity. Besides these four main structural
proteins, other coronaviruses can also encode the specialized
structural and auxiliary proteins (Schoeman et al. 2020). The
overall genomic size of CoV is approximately 30 kb and is
considered to be the largest among all other RNA viruses,
and is two times larger than the second largest RNA virus.
The 3°-5’ exoribonuclease activity is exceptional only for
coronaviruses and it is considered to be useful as a proof-
reading part of the reverse transcription complex (Romano
et al. 2020).

Conventional diagnosis techniques
for COVID-19

Diagnosis of viral antigens has always been challenging for
the entire world. RNA viruses accumulate variations in their
genomes, their rate of mutation is much higher as compared
to DNA viruses which result in the formulation of false-
negative results. SARS-CoV-2 is hard to detect, as their
symptoms are similar to many other pathogenic agents like
para-influenza viruses, respiratory syncytial viruses. Testing
has become the most important factor to ensure the health-
care demand. A lot of research work has been done to devise
the diagnostics for coronavirus. Several detection strategies
are available to detect different strains of coronavirus. The
most accurate technique for the detection of this etiological
agent is RT-PCR as it is cost-effective and completely reli-
able but it has notable limitations (1) the sample collection
may not be tolerated by the patients, commonly by children
and elderly patients, (2) some of the RT-PCR tests showed
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units (S1 and S2). S1 is responsible for the binding of angiotensin-
converting enzyme 2 (ACE2) on the host cell, whereas S2 will medi-
ate the membrane fusion

larger sensitivity issues (3) high operational cost of RT-PCR.
Several serological-based techniques are being introduced
for the detection of COVID-19. Some point-of-care (POC)
tests are also being opted for monitoring the SARS-CoV-2
infection. But these assays are less preferable over the newly
developed nano-based detection methods because of certain
limitations including greater procedural work, cost-ineffec-
tiveness and larger sensitivity issues.

Detection of COVID-19 by nanoparticles
Gold nanoparticles

Nanoparticles (NPs) have the potential to diagnose corona-
virus in the human genome with good accuracy. Serological
detections are preferable over the molecular-based detection
because of its cost-effectiveness and less procedural time.
Gold nanoparticle-based point-of-care (POC) devices are
highly efficient to recognize IgG, IgM and IgA antibody
responses in human hosts against coronavirus structural
proteins named spike 1 and 2 along with nucleocapsid N
protein (Huang et al. 2020; Shaw et al. 2020). To diagnose
the coronavirus genome, gold nanoparticles showed special
characteristics like less sample consumption, more stability
and biocompatibility, low cost of test, no use of expensive
instruments and fast reaction rate (Ranjan et al. 2021). In
this novel technology, antibody arrays coupled with gold
nanoparticles (AuNP) were used which have the tendency
to find out antigenic proteins in nasal swab samples (Fig. 2)
(Huang et al. 2020; Shaw et al. 2020; Wen et al. 2020). For
this, a highly sensitive (Fig. 4) gold NPs-based lateral-flow
chromatographic (AuNP-LF) assay was developed (Fig. 3).
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Fig.2 Mechanism of nanoparticles-based SARS-CoV-2 detection

A, Structure of the AuNPs-LF strip

-r 3 -

Test Cootrol
Line Line

B. Positive detection of the AuNPs-LF strip
o
C. Negative detection of the AuNPs-LF strip
—
Fig. 3 Detection of SARS-CoV-2 by AuNps-LF strip

Gold nanoparticles were characterized under transmission
electron microscopy for the determination of their size and
morphology (Huang et al. 2020; Shaw et al. 2020). The IgG
anti-mouse antibody and recombinant nucleocapsid (N)
protein of coronavirus were developed (Fig. 3) and decon-
taminated using sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS—PAGE) (Lopandic¢ et al. 2021). The
next step was the conjugation of gold nanoparticles with
anti-human IgM antibodies under optimized reaction condi-
tions. AuNP-based LF strips were then formed having one
nitrocellulose membrane and three rectangular pads that are
4
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(1) sample (2) conjugate and (3) absorbent, each pad var-
ies in size and diameter. The recombinant N protein and
IgG anti-mouse antibody were then clogged with the nitro-
cellulose membrane of the lateral-flow strip. Bioconjugate
(AuNP +IgM antibody) was bound to the conjugate pad.
The sample pad was restricted for a serum sample. All these
pads were blocked using BSA (bovine serum albumin) buffer
after the immobilization of compounds on respective pads
and dried at 37 °C for at least 1-2 h (Huang et al. 2020; Wen
et al. 2020). For detection, the sample was first applied onto
the sample pad. IgM antibody in blood serum is captured by
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Graphene
Sensitivity : 85.5%
Specificity : 46.2%
LOD : 200 copiez/ml
Time : 3) min i

Quantum Dot
Sensitivity : 20%
Specificity : 100%
LOD: 0.1 pg/ml
Time : 1 hour

Fig.4 Different nanoparticles for the detection of SARS-CoV-2

the bio-conjugate, then it forms a bioconjugate (AuNP +IgM
antibody)-IgM complex on the conjugate pad and moved
toward the nitrocellulose membrane. If the resulting com-
pound binds with SARS-CoV-2 N protein, then positive
results will form, while negative results will appear when
the resulting compound binds with an anti-mouse IgG anti-
body on the analytical membrane of the assay strip (Huang
et al. 2020).

Silver nanoparticles

Silver (Ag) has a comprehensive antimicrobial activity
against different bacterial, fungal and viral species. Accord-
ing to researchers, it is believed that, unlike other antibiotics,
microorganisms have less tendency to generate resistance
against silver nanoparticles (AgNPs) which is the ubiqui-
tous fear of nowadays (Du et al. 2020; McKaya 2020) and
in this context, AgNPs assumed to be more effective against
SARS-CoV-2 for its inhibition (Jeremiah et al. 2020). Ag™*
ions inhibit the growth of viruses by suppressing the elec-
tron transport mechanisms and by restricting the respiratory
enzymes hence hinder the process of DNA function (McK-
aya 2020). In an overt manner, the potential antiviral activity
of AgNPs on novel coronavirus was checked using different
sizes and concentrations of AgNPs. The veroE6 cell line
was cultured and virus propagation was made by taking the
nasophyrengl swab sample from COVID-19-infected patient
(Fig. 2). 96-well plates were fertilized with 5x 1074 cells,
then dissolved in 10% FBS/DMEM and allowed to mature
overnight. After that, supernatants were extracted and then
added in corresponding virus-diluted wells. Incubation was

Silver

Sensitivity : 57.6%
Specificity : 99.5%
LOD : 5x10epfu/ml
Time : 15 min

Magnetic
Sensitivity : 88.66%
Specificity : 20.63%
LOD : 10pfu/ml
Time : 15 min

Gold

Sensitivity : 100%
Specificity : 93.3%
LOD:43nm
Time : 2 min

done at 37 °C for 96 h. Median tissue culture-infecting dose
and multiplicity of infection (MOI) were determined by
quadruplicated test and desired concentration of silver nano-
particles was made. Cell Titer-Glo cell viability assay was
done and luminescence intensities were detected by Glo-
Max. RT-qPCR was used to quantify viral copies from the
culture supernatant. Results show that AgNPs exhibit cyto-
toxicity by the formation of reactive oxygen species (ROS)
at the best level from 20 ppm veroE6 cells. Diameter around
10 nm was efficient for the inhibition of newly emerged virus
at a concentration ranging from 1 to 10 ppm, while cytotox-
icity can be seen at the concentration of 20 ppm. Luciferase-
based pseudo-virus entry assay spills the beans on AgNps
potential for inhibiting the viral entry process by disrupting
viral integrity (Jeremiah et al. 2020). Filtering medium also
plays a pivotal role in suppressing the spread of COVID-
19 by limiting their circulation, but it cannot inactivate and
suppress the proliferation of these viruses. Ag nanoparticles
can be used to inactivate the SARS-CoV-2 virus on filtering
media. In a study, the virucidal effects of Ag nanoparticles
were conducted by depositing two disposable facial FFP3
masks with a thin sputtered antimicrobial silver nanoclus-
ter in pure Argon. Scanning electron microscopy was used
to find out the structure and content of viral coating on
masks. RNA taken from COVID-19 patients was added on
coated and non-coated mask pieces. After adding strains,
pieces were incubated in Petri dishes. Both samples were
autoclaved and sterilized. The second experiment was done
without sterilization under a laminar flow hood to check the
maximum working capacity of Ag nanoparticles. After 1 h
and 30 min, 100 pl from the first experiment and 200 ul
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from the second experiment were conjugated on all mask
pieces, to obtain the inoculum. 50 pl inoculum with two-
fold serial dilution was added to six wells of bottom tissue
culture micro-titer plate. For the observation of structural
changes, staining can be done using a crystal violet solution.
In the end, the blue color indicates the absence of viable
virus which is surely a sign of virucidal effects of AgNPs in
mask resulting in the reduction of titer of SARS-CoV-2 to
zero. It will increase the shelf life of filtering media with less
waste production related to disposal (Balagna et al., 2020).

Magnetic nanoparticles

Nanoparticles in the treatment of viral infections showed
very effective and promising results. The antimicrobial
activity of metallic oxide nanoparticles having a good limit
of detection (Fig. 4) was recently reported (Abo-zeid and
Williams 2020). The production of reactive oxygen species
(ROS) has antimicrobial properties, they oxidize multiple
sites of microorganisms, resulting in cell death due to non-
resistive activity (Abo-zeid et al. 2020). The antimicrobial
activity of iron oxide nanoparticles against various viruses
have also been reported (Abo-zeid and Williams 2020; Pau-
novic et al. 2020) and investigated against HIN1 (Kumar
et al. 2019), dengue virus (Murugan et al. 2017) and rota-
virus (Gutierrez et al. 2009). The potential antiviral activ-
ity of iron oxide nanoparticles on HCV and SARS-CoV-2
has been declared by molecular docking studies. This
reveals the effective interaction of Fe,O, and Fe;0, with
the receptor-binding domain of novel coronavirus and HCV
glycoproteins, E1 and E2. Fe,0; binds with HCV E1 and
E2 and makes a stabilized complex, while Fe;O, coupled
with S1-RBD antigen. These interactions may cause con-
formational changes in virus structure and also influence the
antiviral activity (Abo-zeid and Williams 2020).

Graphene nanoparticles

Graphite, an sp® hybridized allotropic form of carbon is
arranged in a honeycomb lattice-like specialized structure to
form graphene-based nano-sheets (Raval et al. 2020). These
nano-sheets possess characteristic features including light-
weight, unique physical, chemical, optical, thermal and elec-
trical properties along with specialized surface functionality,
surface-enhanced Raman scattering, high surface-to-mass
ratio and large surface area, which is useful for the biosens-
ing and imaging of viral antigens in human hosts (Alphan-
déry 2020; Vermisoglou et al. 2020). Graphene-based nano-
particle (GBNs) acts as a diagnostic tool for the diagnosis of
human coronavirus (SARS-CoV-2). Scientists can modify
the surface of graphene nanoparticles by adding functional
groups to enhance their sensitivity and specificity. Graphene
is linked with other compounds to form graphene-based
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complexes like reduced graphene, functionalized graphene
and graphene oxide which are useful for biomedical pro-
cedures, drug delivery and several therapeutic purposes
(Alphandéry 2020; Cordaro et al. 2020). Physicochemical
and mechanical exfoliation-based top—down approaches are
used for the synthesis of GBNs (Cordaro et al. 2020; Seo
et al. 2020). For the mechanical shear exfoliation method,
graphite flakes were added in 25 ml acetone solution for
almost 45 min. After this, the whole soaked mixture was
centrifuged for 10 min at 1000 rpm. The supernatant was
separated and washed with demineralized water and then
dried under 80 °C for 12 h (Cordaro et al. 2020). For the
detection of SARS-CoV-2, a blood serum/saliva sample was
placed on the chip of the wireless device. A linker probe
named 1-pyrenebutyric acid N-hydroxysuccinimide was
used for the conjugation of anti SARS-CoV-2 spike antibody
(S) onto the surface of graphene nanoparticles. To visualize
the presence of a virus, electrochemical calculations were
used and its detection is based on the voltage meter that is
the part of the sensing device. The voltage of the device was
checked before and after the immobilization of the S anti-
body. If the needle of the voltage meter moves downward, it
means the virus is present in the sample. The lower limit of
detection of SARS-CoV-2 from this method was 200 copies/
ml (Fig. 4) (Seo et al. 2020).

Lipid nanoparticles

Nanotechnology-based challenges and the therapeutic devel-
opment against SARS-CoV-2 are not different from other
diseases (Kostarelos 2020). There are some similar vaccine
developmental strategies against the previously known coro-
naviruses, i.e. SARS and MERS (Nicogossian 2012). Sci-
entists can target-specific cellular and intracellular activities
which are involved in the physiopathology of SARS-CoV-2.
The controlled nanocarrier drug release is the best solution
to mitigate viral rebounds during the treatment of viral infec-
tions (Sago et al. 2018). Thus, nanomedicine-based strate-
gies can improve the therapeutic development against the
SARS-CoV-2. In nanomedicine research, many challenges
may occur in the nanomedicine developmental purposes
(Szebeni et al. 2018), and for this, more efficient payload
lump repression is required (Qi et al. 2017). Nanoparticles
with some lipids, polylactide and aurora B kinase inhibitor
develop very enthusiastic results that minimize the toxicity
of the infection (Ashton et al. 2016). There are also some
limitations in their systematic circulation with nano- and
nucleic acid-based drug delivery (Draz et al. 2014; Ku et al.
2016). In nanobiotechnology, lipid nanoparticles contain-
ing siRNA help to prevent the disease (Adams et al. 2018).
There are also many examples of lipid-based nanoparticles
that assist in antiviral activities like mesoporous silica lipid
nanoparticles help in the inhibition of some viral activities
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and increase the circulating time and biocompatibility by
in vivo process (LaBauve et al. 2018). Nanocarriers can also
prevent the systemic immunotoxicity of protein-based drugs
and promote immuno-oncology therapeutics (Zhang et al.
2020a, b).

Quantum dots

Quantum dots (QDs) are useful for the diagnosis of differ-
ent therapeutic diseases. QDs are not only helpful in the
targeted delivery of drugs to treat infectious agents but are
also used for the imaging of various microorganisms (Mani-
vannan and Ponnuchamy 2020). They have the potential to
combat the novel deadly coronavirus. They act as semicon-
ductor nanomaterials and imaging probes for the biosensing
of numerous microbes, as they generate fluorescence due
to the pathogenic response (Boles et al. 2016). QDs having
photostability, good specificity (Fig. 4), thermal stability,
low toxicity and higher biocompatibility are useful for bio-
logical activities (Ahmed et al. 2018). Quantum dots interact
with the structural protein of a novel coronavirus named
"S" and interfere with the replication machinery of the viral
genome (Huang 2008; Ting et al. 2018). Conjugation of
specific functional groups with quantum dots exerts appro-
priate properties which affect the viral genome replication
when binding to the SARS-CoV-2 receptor (Huang 2008).
Carbon-based quantum dots (CDs) were previously used for
the detection of viral species. CDs formed by the hydrother-
mal method were immobilized with boric acid and formed a
bioconjugate which entered into the viral genome and acti-
vated the production of interferon-alpha genes to silence the
spike protein of coronavirus and obstruct the accumulation
of reactive oxygen species in the cell. (Loczechin et al. 2019;
Chen and Liang 2020). A combination of QDs with ultra-
sensitive lateral-flow chromatographic assay and transcrip-
tion activators could significantly enhance the specificity
and live cell imaging functionality of the assay (Iannazzo
et al. 2018).

Newly developed chiral zirconium quantum dots (Zr
QDs) from the IV B group of the periodic table have gained
the spotlight because of their high chirality and low toxicity
(Liu et al. 2016). Zr QDs were previously synthesized by
the conjugation of Zr Nps with ascorbic acid and the result-
ing compound was kept in the autoclave at 150 °C for 1 h.
Cytotoxicity of Zr QDs was checked by methylthiazolyldi-
phenyl-tetrazolium (MTT) assay on the C6 glioma cells
of the rat. Zr QDs coupled with anti-infectious bronchitis
virus (IBV) to form a bioconjugate (Ahmed et al. 2018).
Magnetic nanoparticles immobilized with gold (Au) plas-
monic element that were then attached with bioconjugate (Zr
QDs + (IBV) coronavirus antibodies), these nanoparticles
would typically increase the fluorescence up to 25% when
attach with Zr QDs (Liu et al. 2016; Ahmed et al. 2018).

An additional magnet was used to separate the magneto-
plasmonic fluorescent and analyte concentration can easily
be measured by photoluminescence intensity. IBV showed
higher fluorescence and absorbance peak with bioconjugate
(Zr QDs + (IBV) coronavirus antibodies), all this would
confirm the presence of an analyte in the reaction mixture.
This test was more sensitive as compared to the conventional
immunological ELIZA-based assay (Ahmed et al. 2018).

Detection of COVID-19 through biosensors
Carbon nanotube-based nanosensors

Most chronically ill, immunosuppressed, diabetic, demen-
tia, and aged patients are more susceptible to infection
with SARS-CoV-2. Another great discovery has shown the
fact that the dopamine-release mechanism in the central
nervous system helps in the entry and propagation of the
SARS-CoV-2. The patient having COVID-19 can also feel
the acquaintance of cytokine storm syndrome, which is the
symptom of blood—brain barrier breakage. Such cases are
exceptional, but in the case of COVID-19, it is still unclear.
Dopamine may cause up-regulation of viral entry and
downregulation of the immune system response during the
disease period and ultimately increase the shelf life of this
etiological agent. As a result of this, the virus starts attack-
ing the macrophages during early infection stages; however,
dopamine agonists can suppress this activity. SARS-CoV-2
can increase its survival by taking the advantage of dopa-
minergic receptors (Khalefah and Khalifah 2020). For the
detection, neurotransmitters including dopamine, fibrino-
gen (f), and serotonin type of nanoparticles are being engi-
neered because of their prominent role in biological sensing,
imaging, and delivery applications. Carbon single-walled
nanotube-based nanosensors (SWCNT) can potentially
detect such neurotransmitters rapidly because rapid protein
binding events occur on the nanoparticle surface resulting in
the detection of neurotransmitters (Pinals et al. 2020). In a
study conducted with a bioinformatics MEM web tool (multi
experiment matrix), the correlation links between messenger
RNA (mRNA) levels along with large numerals of human
microarray datasets were allowed to combine and integrate
which surprisingly resulted in the statistically important
co-expression link between ACE2 and Dopa Decarboxylate
(DDC), while serotonin and dopamine provided significant
proof that dopamine and serotonin levels are involved in the
pathophysiology of COVID-19 (Nataf 2020). The screen-
ing process of single-walled carbon nanotubes was prepared
in recent research to use against a panel of human blood
proteins to detect fibrinogen along with high selectivity
with fluorescence. A unique multi-walled carbon nanotube
(MWCNT) has been made as a stable and most precise
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electrochemical sensor consisting of Zn—Ni (Zinc—Nickel)
bimetallic nanoalloys. The characterization of this sensor
has been performed by various physical techniques, such as
XRD, XPS, TEM and Raman. They indicated that the sen-
sor is capable of outstanding properties, such as structural
durability, rich pore channels, and large surface area, which
facilitated the mass transfer and conduction of electrons for
the detection of neurotransmitters (dopamine and uric acid).
In this study, the efficiency of MWCNT was enhanced by the
help of f-MWCNT which was used as a supporting agent to
determine dopamine, uric acid and ascorbic acid levels in
the host body (Savk et al. 2019a).

Studies suggested that novel SARS-CoV-2 antibody
functionalized with SWCNT-based FET biosensor has been
developed to identify the antibodies of SARS-CoV-2 in less
than 5 min with a high level of specificity and ultrasensi-
tivity (Shao et al. 2021). For the sake of improved target
sensing and optical imaging, covalent surface modifications
could be done on single-walled carbon nanotubes SWCNT.
As reported, covalent modifications can enhance the dis-
persion of hydrophobic SWCNTs in an aqueous solution to
perform their delivery purposes and work as nanosensors.
SWCNTs after covalent modifications maintain the intrin-
sic fluorescence response towards its analyte for particular
nanosensors (Chio et al. 2020). An experimental analysis
reported that non-photo bleaching fluorescent array-based
SWCNT has been used to study the cellular dopamine efflux
from PC12 neuroprogenitor cells. As it is believed cells
communicate with each other using the waves of chemical
concentrations. So this attribution of cells has been used
to analyze the working of carbon-based sensors which not
only indicate the chemical dopamine efflux but also give
information about the cell morphology and its influence on
the release sites (Kruss et al. 2017).

Wearable electronics with artificial intelligence

In this recent era, technology has been modified according
to the needs of the twenty-first century. The newly devel-
oped technology has done manipulation in biosensors, all
these electronic labs on a chip device can be inserted into
wearable devices, so that coronavirus symptoms and other
physiological factors like body’s internal temperature, oxy-
gen saturation, palpitations and breathlessness can be eas-
ily monitored in a real time (Mujawar et al. 2020). Wear-
able devices have excellent adherence capability, positive
and negative predictive values and show good sensitivity
and specificity ratios (Hansora et al. 2015). Modifications
in biosensors are always being made to enhance their sen-
sitivity for clinical applications including the diagnosis
of SARS-CoV-2. Artificial intelligence is a deep learning
program that has the potential to copy human physical
and chemical parameters by computers that then analyze
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and interpret data accordingly. An advanced technology,
isothermal nucleic acid amplification used as an alterna-
tive to RT-PCR which helps to get rid of several cycles of
temperature and a positive result could be easily obtained
within 5 min and negative results might be obtained within
13 min. Wearable and non-wearable biosensors based on
optical, thermal, electrochemical and piezoelectric prop-
erties have shown potential in diagnostic testing of cho-
lesterol, infectious diseases, blood glucose, triglyceride
and many others. Additionally, researchers are working
to enhance their sensitivity and specificity ratios even
at pico-molar stages using new and efficient technolo-
gies (Van Vliet et al. 2010). For the detection of infec-
tious pathogens including alpha, beta and delta strains of
COVID-19, sensitivity level up to femtomolar level is also
emerging, this will ultimately be helpful in the early-stage
detection of target-specific biomarkers at very low level.

Wearable electrical microsensors are referred to as the
first generation of smart sensing devices. While second-
generation sensing devices are considered as electrical
and optical devices. Nanosensors are considered as the
third-generation electrical devices; these devices are more
flexible and biocompatible as compared to others (Li
et al. 2020; Wu et al. 2020). These rechargeable wearable
devices can be worn on the chest, upper and lower arm,
legs and on other parts of the body for 22-23 h, result-
ing in the identification of severe COVID-19 symptoms
(Hansora et al. 2015). Nanowires-based biosensors have
also been discovered which utilize antibody mimic pro-
teins to diagnose SARS-CoV-2. Patients who are posi-
tive or at high risk of COVID-19 are directed to attach
the wearable biosensors to get remote monitoring at their
homes. COVID-19 patients can use everion which is one
of the arm-based wearable devices and is used to check
heart rate, oxygen saturation, skin blood perfusion, body
temperature, electrochemical activity, activities related to
cough, and barometric pressure. Additionally, COVID-
19 patients are instructed to note their cough sounds and
report their developing physical factors through mobile
phone devices. The obtained results will then be trans-
ferred to cloud storage and further processing will be done
using artificial intelligence-based bio-vital platform for
SARS-CoV-2 detection. The mobile phones of the recent
era have the potential to easily record and manage data,
while data analysis and data sharing can be performed
by artificial intelligence-based internet of medical things
(IoMT) through this E, (electronics) health would then be
converted into I (Intelligent) health.

Paper-based electrochemical biosensor chip

The diagnosis of SARS-CoV-2 at a larger extent to down-
regulate its spread is the exigency of the time. During the
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deadly COVID-19 pandemic, electrochemical platforms
have shown the potential to recognize significant limita-
tions of conventional diagnostic platforms including accu-
racy, affordability, sensitivity, and portability. Despite other
limitations, electrochemical biosensors are proving their
worth at the initial stages and responding in a good way. On
the other hand, electrochemical techniques are good in use
because of their properties like cost-effectiveness, simplic-
ity of service, rapid response with high sensitivity, minia-
turization, and easy to use in the molecular diagnostic field
(Pashchenko et al. 2018).

An electrochemical biosensor has been prepared using
antisense oligonucleotides for the ultrasensitive, quick, and
quantitative discovery of SARS-CoV-2 in less than 5 min
which ultimately overcome the disadvantages of the other
two methods of detection being done in the market (Alafeef
et al. 2020). This effective electrochemical biosensor chip
has gold nanoparticles (AnNPs) which were capped to the
extent with antisense oligonucleotides (ssDNA) directed to
target the nucleocapsid phosphoprotein (N gene) of the virus.
The sensing probe has been set in a conjugated form on a
paper-based electrochemical device (Alafeef et al. 2020).
In a study, samples were collected from Vero cells infected
with SARS-CoV-2 having a sensitivity of 231 copies/ul —1
copy/ul. The electrochemical biosensor was successful in the
detection of the target SARS-CoV-2 with 100% specificity,
accuracy, and sensitivity in less than 5 minutes. The main
performance of this sensor is its limit of detection (LOD).
Due to this feature, the LOD of the target as substrate can
distinguish from its absence with a pre-defined and pre-set-
tled confidence level which is usually 99%. The LOD could
easily be calculated based on the statistics obtained from
the slop of the sensor and blank measurement points. This
electrochemical biosensor could be the best source to quan-
tify the viral RNA load, which is an important quantitative
indicator and is pointing towards the progression of infec-
tion. These sensors could be effectively used at the hospitals
or even at home for rapid testing with modifications like
sensors attached with LED screens and microcontrollers or
through a smartphone via WIFI or Bluetooth (Pashchenko
et al. 2018).

Magnetic biosensor

Magnetic nanosensing represents different branches of bio-
sensing and magnetic areas in the current time. Different
platforms are using magnetic nanomaterials as subsidiaries
to enhance virus detection. In magnetic biosensors, the mag-
netic nanoparticles as magnetic tags are functionalized with
antibodies or DNA/RNA probes that can efficiently bind to
the target analytes specifically. Magnetic tags convert these
concentrations into signals. In comparison to electrochemi-
cal, optical, and plasmonic biosensing, magnetic biosensing

makes low noise in the background due to this reason the
greater part of the biological environment enables an accu-
rate and effective detection process (Wu et al. 2020).

In research, rapid detection of the viral genome includ-
ing + ssRNA and spike protein S of SARS- CoV-2 with a
giant magnetoresistive (GMR) biosensor has been devel-
oped. Magnetic biosensors with magnetic tags usually mag-
netic nanoparticles (MNPs) are widely being used because of
their small size, high coercivity, mono-dispersity, and super
magnetic behavior, high magnetic susceptibility, and low
temperature. MNPs are known for the detection of deadly
respiratory pathogens. There are several methods to make
magnetic nanoparticles like wet chemical, template-directed
microemulsion, thermal decomposition, solid-state, depo-
sition method, spray pyrolysis, self-assembly, and lithog-
raphy. However, these methods have demerits due to their
irregular shape and the possibility of contamination at the
time of synthesis. Microemulsion, chemical vapor deposi-
tion and arc discharge are declared as suitable methods for
biomedical applications by MNPs till today. Functionaliza-
tion of MNPs is a major important step after synthesis to
improve the defects from its surface with the help of grafting
of inorganic coating. Without functionalization, MNPs can
restrict bio-detection, bio-imaging, bio-sensing, and bio-
medicine mechanisms. For the enhancement of the stability
of MNPs, some organic compounds are being used like gly-
cine, carboxylate and acropolis. The basic principle of GMR
biosensors is the changing of magnetization by altering the
electrical resistance from high to low. Due to the spin col-
lision at the interface between the pathogen to be detected
and MNPs. With the increase in the spin collision, the elec-
trical resistance decreases which ultimately increases the
magnetization in the interface between MNPs and protein,
by performing the proper calibration to the infected body.
After getting signals, results can be obtained with low cost,
low noise production, and less time consumption (Aminul
Islam and Ziaul Ahsan 2020).

Nanoparticle-based biosensor combined
with reverse transcription-loop mediated
isothermal amplification (RT-LAMP)

A newly developed biosensor named lateral flow coupled
with molecular-based amplification method shows remark-
able advantages for the identification of SARS-CoV-2
in hospitalized patient samples (Zhu et al. 2020). This
point-of-care device has unique physicochemical proper-
ties including excellent robustness, good sensitivity and
specificity values, cost-effectiveness, good reliability and
a lower limit of detection. For diagnosis, human coronavi-
rus genes ORFlab and N from oropharynx swab samples
were amplified using two RT-LAMP primers. The five end
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of the ORFlab gene was labeled with fluorescein, while
digoxigenin was used to label the five end of N gene of
coronavirus. Three ends of both genes were labeled with a
bio-conjugate (biotin + streptavidin) (Zhu et al. 2020). The
lateral-flow assay comprises four parts including an inlet
pad, conjugating pad, middle nitrocellulose membrane and
an absorbent pad (Fig. 5). A swab sample was inserted onto
the inlet (sample pad) along with a running buffer, which
was then absorbed by the lateral-flow biosensor (LFB). The
nitrocellulose membrane has three sections represented by
control, line 1 and line 2. Antibodies extracted from sheep
(anti-digoxigenin) and rabbit (anti-fluorescein) were being
attached to the nitrocellulose membrane along with labeled
bovine serum albumin. To develop lateral-flow assay (LFA),
streptavidin protein coupled with nanoparticles then loaded
over the conjugated pad (Kaewphinit et al. 2013; Banerjee
and Jaiswal 2018; Zhu et al. 2020). The developed LFA has
the ability to identify SARS-CoV-2 genes.

Results were determined through lateral-flow biosensor
using primers labeled with biotin, digoxin and fluorescein.
ORF1lab gene was captured by anti-fluorescein antibody in
the line 1 region of nitrocellulose membrane (NM) while
N gene was captured by anti-digoxigenin antibody in test
line 2 region of NM. Bovine serum albumin was immobi-
lized on the control line of NM. Bio-conjugate coupled with

A

SA-DPNs  Ami-FITC Anti- Dig Biotin-BSA

nanoparticles was captured by the bovine serum (Kaewphinit
et al. 2013; Zhu et al. 2020). All this explains the complete
flow of the amplification products through the lateral-flow
biosensor. For positive results, all three sections of the nitro-
cellulose membrane showed red lines simultaneously and
if the red line appears only on the control line, then this
would indicate the absence of the desired gene in the sample
mixture. Both genes were detected due to the presence of
nanoparticles (Banerjee and Jaiswal 2018; Zhu et al. 2020).
This lab on a chip device is highly sensitive and specific
and has a lower limit of detection approximately equal to 12
copies/reaction. The overall detection is completed within
1 h (Mukama et al. 2020; Zhu et al. 2020).

FET biosensor

Biosensors are point-of-care (POC) devices that play a sig-
nificant role in the detection of biological analytes including
viruses (Saylan et al. 2019). The diagnosis done by biosen-
sors is fast, reliable and cost-effective as compared to other
molecular-based detection methods (Pohanka and Skladal
2008). When COVID-19 occurred in late December 2019,
detection of this etiological agent was very laborious at that
time, although RT-PCR was the gold standard for the identi-
fication of SARS-CoV-2, detection through this method was
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time-consuming and costly (Arevalo-Rodriguez et al. 2020).
Field effect transistor (FET) has significant importance in
this regard. This immunological-based biosensing device has
a greater limit of detection (1Fg/mL) instead of other molec-
ular assays. The sensitivity and specificity of SARS-CoV-2
could enhance by the conjugation of nanoparticles (Seo et al.
2020). Specifically, graphene-based nanosheets are used in
FET biosensor devices because of their unique character-
istics like; greater surface area, good heat, electrical and
optical conductivity (Torrente-Rodriguez et al. 2020). Gra-
phene is light weighted material having a hexagonal mon-
olayer lattice-type sp2 hybridized structure (Yin et al. 2020).
This graphene-based biosensor was specifically designed to
diagnose spike protein of SARS-CoV-2. Multiple sample
types including nasopharyngeal swab, oropharyngeal swab,
throat swabs and blood samples can be used for the detec-
tion of SARS-CoV-2 (Seo et al. 2020). For the fabrication
of graphene sheets onto the biosensor, first, graphene was
attached to the SiO, surface by the wet transfer method.
Polymethyl methacrylate (PMMA) was then centrifuged for
10 s at 500 rpm onto the graphene sheets. The copper foil
was used to immobilize the polymethyl methacrylate over
the graphene layer. When copper foil was fully implanted
onto the graphene sheet, then PMMA layers were wiped off
using microscope glass slides. Secondly, the PMMA scaf-
fold was loaded over the SiO, substrate and dried overnight
and then it was removed using alcohol. Finally, isopropanol
washing was done after the fabrication of graphene onto
the substrate surface (Kuila et al. 2011; Seo et al. 2020).
Through photolithography, the immobilized graphene was
copied horizontally. The resulting biosensor was dipped into
pyrene butanoic acid succidymidyl ester (PBASE) at 25 °C
for 60 min and then washed with deionized water and phos-
phate buffer saline (Wu et al. 2017; Seo et al. 2020). After
this, SARS-CoV-2 spike antibody was exposed to graphene-
based biosensor device. The thermal evaporation method
was used to generate copper electrodes onto the graphene
layer. For the characterization of graphene sheets, Raman
spectroscopy and high-resolution electron microscopy were
selected. Electrical measurements were observed by a semi-
conductor detector that showed the presence or absence of
the coronavirus spike protein through mapping images (Seo
et al. 2020; Yin et al. 2020).

COVID-19 detection by surface enhanced raman
spectroscopy

Advancement in the technological era has introduced a
microfluidic chip-based biosensing device named Surface
Enhanced Raman Spectroscopy (SERS). This device has the
potential to detect and analyze the chemistry of various sub-
stances (Moore et al. 2018). SERS is considered as the most
promising tool for the diagnosis of SARS-CoV-2 (Henry

et al. 2016). This technology has become a viable alternative
to the RT-PCR-based molecular diagnostic assay. Surface
Enhanced Raman Spectroscopy is a surface tender approach
that reinforce Raman scattering by absorbing different mol-
ecules on nanostructures including Au/Ag or carbon nano-
tubes (Maneeprakorn et al. 2016). This technology is widely
used for the detection of various biomarkers (Wang et al.
2014). This lab on a chip device is preferable over the con-
ventional techniques as it can provide highly selective, accu-
rate, cost-effective, fast and ultrasensitive detection of viral
antigens (Zhu et al. 2011). This point-of-care (POC) device
does not need any special sample preparation protocols and
has the ability to detect even a single molecule and traces
of antigens under critical situations. For real-time detection
of COVID-19 from bodily fluids including nasopharyngeal
swabs, oral swabs and sputum samples, a specially designed
microfluidic chip having microchannels coupled with either
Ag functionalized-based Raman Spectroscopy strips or Au/
Ag functionalized carbon nanotubes was used (Shanmukh
et al. 2006; Sivashanmugan et al. 2017). Studies suggested
that carbon nanotubes have the potential to capture patho-
genic substances and keep the virus alive and its structure
stable, all this can be achieved using Raman Spectroscopy
(Zhu et al. 2011). 3D PDMS-based microfluidic assay hav-
ing small filter membrane and detection chamber coupled
with gold functionalized SERS strip was intended for rapid
diagnosis of COVID-19 patients. Vertically arranged carbon
nanotubes combined with a microfluidic disk can also be
used for detection purpose. Raman signal would enhance
the nanoparticles present in the detection chamber, all this
can easily be analyzed by the artificial intelligence-based
algorithm that was added before the start of the detection
process. To predict the specificity of the captured antigen,
this biosensing device at first captured the antigen by the
vertically aligned nanotubes and then did the characteriza-
tion of the trapped antigen using any molecular analyses
(Lee and Choi 2019; Jadhav et al. 2021).

Conclusion

SARS-CoV-2 has been continuously spreading all over the
globe since, December 2019. Scientists are ambitiously
working to detect, kill and reduce its pathogenic effects
using different amplification, serological and point-of-
care devices. Nanotechnology has provided a platform for
the scientific community to work together and to produce
good strategies for the eradication of the SARS-CoV-2
pandemic. Nanoparticles and biosensors are considered as
a hallmark in the detection of SARS-CoV-2 due to their
high-throughput and robust mode of action. However,
much knowledge is required to understand the nano-tech-
nological-based interactions between nano-bio-sensing
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and SARS-CoV-2 infection. In this review, we highlighted
different nanoparticles and biosensor devices that have the
potential to combat the current pandemic (COVID-19).
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