
Review Article

Kamrun Nahar Fatema, Suresh Sagadevan, Ju Yong Cho, Won Kweon Jang, and Won-Chun Oh*

Graphene-based nanocomposite using new
modeling molecular dynamic simulations for
proposed neutralizing mechanism and real-time
sensing of COVID-19
https://doi.org/10.1515/ntrev-2022-0093
received August 18, 2021; accepted February 17, 2022

Abstract: A new virus, the coronavirus (COVID-19), is
causing serious respiratory infections in humans. Rapid,
specific, and sensitive diagnostic techniques for early-
stage detection of SARS-CoV-2 viral protein are developing
as a necessary response for effective smart diagnostics,
treatment optimization, and exploration of therapeutics
with better effectiveness in the fight against the COVID-19
pandemic. Keeping the considerations mentioned above,
we propose a new modeling graphene nanocomposite-
based biosensing device for detecting COVID-19 at the
site of the epidemic as the best way to manage the pan-
demic. It is important to address the problems of COVID-19
management. With the challenges and aspects of COVID-
19 management in mind, we present in this review a
collective approach involving electrochemical COVID-19
biosensing required for early-stage COVID-19 diagnosis
and the direct interaction with viral surface glycoproteins
and metal nanoparticles that can enter cells and neutra-
lize viruses by interacting directly with the viral genome
(ribonucleic acid), which identifies the COVID-19 spike
protein and antiviral procedure including virus inactiva-
tion, host cell receptor inactivation, electrostatic entrap-
ment, and physicochemical destruction of viral species by

nucleotide ring opening. The interactions between the
graphene composite and virus may be boosted by func-
tionalization of the carbon surface and decoration of
metallic components that enhance these interactions. Our
proposed new modeling molecular dynamic simulation-
based neutralizing mechanism and real-time detection
of COVID-19 on graphene nanocomposite-based biosen-
sors are suitable for point-of-care diagnostic applica-
tions, and this sensing platform can be modified for
the early diagnosis of severe viral infections using real
samples. For the potential application, the suggested
one is the chemical reaction and bond breaking between
the metallic component and molecule of COVID19 with
computer simulation data.
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1 Introduction

Coronavirus disease 2019 (COVID-19) is a recently emer-
ging disease associated with severe respiratory trouble.
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Global recovery from COVID-19 infectionmay be hampered
by more recent SARS-CoV-2 mutations. If the SARS-CoV-2
virus continues to replicate, evolve, and disseminate,
new strains of the virus will certainly emerge. Recent
studies in India have shown that the new strains of
SARS-CoV-2 that are worrisome are more lethal and
spread more quickly than the original strain. These
new strains have been found in the United Kingdom,
Brazil, South Africa, and the United States [1–10].

Recent research discovered that COVID-19 uses angio-
tensin-converting enzyme II (ACE2) as a cellular receptor
[11,12]. The genome of the respiratory infection virus
codes for two surface glycoproteins (proteins G and F)
was discovered on the viral envelope. Silver nanoparticles
bind to glycoproteins found in viral films that are cysteine-
rich, and these can effectively bind to thiol groups found
in cysteine buildups. This interaction keeps the viral
molecule at a safe distance from an endosome and helps
internalize silver nanoparticles that inhibit viral protein
replication, and joins them to the viral glycoprotein
to avoid viral coating. Based on previously published
research facility conventions [13–15], RT-PCR is cur-
rently being used to detect COVID-19. Atomic determi-
nation with RT-PCR takes at most 3 h, counting the viral
ribonucleic acid (RNA) arrangement. Furthermore, the
RNA planning step can have an impact on demonstra-
tive precision.

Nanotechnology has played a key role in recent
biomedical and bioengineering breakthroughs, such as
developing and implementing therapeutic nanomaterials
for cancer diagnostics and treatment, drug delivery, and
tissue engineering. As a result, researchers worldwide
have recently used various approaches to improve results
by introducing some new properties into this graphene
sheet. The incorporation of metal nanoparticles in the
graphene sheet is one of the most prevalent approaches.
Researchers are very interested in metal nanoparticles
because of their potential applications in various sectors.
Similarly, nanotechnology and nanoscience may open new
avenues in the fight against many pathogens, including
COVID-19, by various methods, including virus detec-
tion, viral illness diagnosis, and nanovaccines, such as
lipid nanoparticles, for the prevention and/or treatment
of infections.

Among the numerous symptomatic approaches cur-
rently available, graphene-based biosensing devices pos-
sess a few advantages, including the ability to create
extremely delicate and momentary estimations by uti-
lizing small amounts of analytes [16,17]. Graphene-based

biosensors may be useful in clinical decision-making,
point-of-care testing, on-site location, and sensitive imm-
unological determination [18]. It has proven to be a valu-
able fabric at various detection stages due to its exceptional
properties, which include high electronic conductivity, high
carrier portability, and a large zone [19–21]. In general,
there are two methods for using nanomaterials against
viruses. One strategy considers a virus-neutralizing external
stimulation. The interaction of virus surfaces with the
nanomaterial utilized as an antiviral drug is the subject
of another approach. As a result, studying the interac-
tions of graphene materials with viruses should be a
priority. The antibacterial activity of graphene nanoma-
terials can be explained by many processes, including
membrane, oxidative, and/or photothermal stresses, charge
transfer, and the entrapment impact of graphene mate-
rials on specific bacterial species. Due to large dispari-
ties in virus (2–300 nm) and bacteria (500–5,000 nm)
size, viral studies are more difficult and expensive to
undertake in contrast to bacteria.

Graphene-based biosensors can detect surface changes
and provide an ideal detecting environment for ultrasen-
sitive and low-noise locations. Silver nanoparticles (Ag-
NPs) are among the most used metal nanoparticles due
to their superior electrical, electrochemical, and detecting
properties compared to other metal nanoparticles. Because
cells treated with silver nanoparticles do not affect viral
replication, Ag-NPs inactivate the virus before it enters
the cell [22]. Because of its extraordinary chemical and
physical properties, silver-enhanced graphene is one
of the most widely used materials in various fields,
including detection, energy storage, drugs, and busi-
ness. The decoration of such metal nanoparticles on
the graphene sheet can enhance the properties of the
graphene sheet to many fold times with their applica-
tions in various fields [23–28].

In that view, we developed a graphene-based biosen-
sing device equipped with a COVID-19 spike counter-
acting agent for use as a COVID-19 infection location
stage. It was immobilized onto the developed device via
N-hydroxysuccinimide (NHS) ester, a skilled interface
coupling operator used as a linker. Most importantly,
we confirmed the neutralizing mechanism and real-time
detection of COVID-19 on a graphene nanocomposite-
based biosensor using new modeling molecular dynamic
simulations, which has the potential for clinical applica-
tion by identifying COVID-19 antigen proteins in the
transport medium used for blood serum, refined COVID-
19 infection, and COVID-19 infection from clinical tests.
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These findings demonstrate the successful development
of a COVID-19 graphene nanocomposite sensor based on
the integration of a COVID-19 spike counteracting agent
with a graphene nanocomposite, enabling extremely sen-
sitive location of the COVID-19 infection in clinical tests.

2 Urgency of diagnosis of COVID-19
The standard for COVID-19 nonintrusive conclusion is
the location of viral nucleic acid [29–44]. In any case,
because of the discovery of SARS-CoV-2, nucleic acid
has high specificity and low affectability, there may be
false-negative results and the testing time may be lengthy
[44–60]. For the detection of COVID-19, real-time switch
transcriptase-PCR (RT-PCR) is now preferred [61,62]. Cor-
onavirus tests are based on genomic detection and immu-
noglobulin detection (serology). Identifying the infection
in humans is based on hereditary material specific to
COVID-19 infections in a person’s nasopharyngeal secre-
tions and test units use a wide range of strategies that
identifies a specific portion of the viral genome [63–71].
The tissue swabbed is stacked into a standard response
vial. This enables other reagents, such as synthesized
RNA attaching to specific small portions of the viral
genome, to access the infection. This small bound-up
strand of the viral genome and reagent is then replicated
numerous times for minutes to hours. At that point,
another reagent specifically ties to each reproduced her-
editary complex. This reagent contains a bound marker
that, when enough replicated complexes are made, can
be identified by the machines on their sensors. Positive
results can occur in minutes to days, depending on how
many infections are detected in the test [72–84]. Alterna-
tively, if the test detects no viral material after a set period
(minutes to days), the result may be a negative test. The
subjective result of these tests is that either the individual
is infected with COVID-19 and capable of transmitting the
illness (a positive test) or the individual is negative for the
infection [85–96]. This test cannot determine whether a
person is resistant to previous infection, has yet to be
discovered, or is still at risk [72].

Human antibodies are divided into five isotypes (IgM,
IgD, IgG, IgA, and IgE) based on their H chains, which
provide each isotype with distinct characteristics and
roles. Immunoglobulin location tests are based on the
subjective detection of IgM and IgG antibodies that
are specifically produced by the body in response to
COVID-19 infection [72]. IgM is typically the primary

anti-inflammatory agent type produced by the body in
response to the disease. At that point, the IgG antibody
is produced, which replaces IgM as the dominant coun-
teracting agent in response to the disease. Contamina-
tions are combated by IgM and IgG antibodies that target
antigens on the surface of the SARS-nCoV-2 infection.
Immunoglobulin tests commonly use viral antigens to
distinguish IgM and/or IgG antibodies against these
antigens. If either complex is bound to the stable anti-
IgM or anti-IgG, it will be captured and a signal is pro-
duced as a result. The results should be studied within
10 min and no longer than 15 min. This can tell whether
the result has been discovered previously or has never
been discovered for COVID-19. As a result, we proposed
developing a graphene-based biosensing device that
is functionalized with a COVID-19 spike counteracting
agent for use as a COVID-19 infection location stage.

2.1 Design of the graphene-based COVID-19
sensor

2.1.1 Instruments

Morphologies were studied utilizing scanning electron
microscopy (SEM) (JSM-76710F; JEOL, Tokyo, Japan),
transmission electron microscopy (TEM) (JEM-4010; JEOL,
Tokyo, Japan), and high-resolution TEM (JSM-76710F;
JEOL, Tokyo, Japan) at 300 kV accelerating voltage (PG201,
Potentiostat, Galvanostat, Volta lab™, Radiometer, Denmark),
A computer simulation was performed using Spartan 14
software.

2.1.2 Selection of the antigen and validation of the
antibody

COVID-19 encodes four auxiliary proteins: spike, envelope,
lattice, and nucleocapsid [8,97]. The spike protein is best
suited for use as a symptomatic antigen because it is a
major transmembrane protein of the infection and is
highly immunogenic. Furthermore, the spike protein
exhibits amino corrosive grouping differences among
coronaviruses, enabling the discovery of the COVID-19
antigen [4,8,9,11,14,15,98,99]. To distinguish this infec-
tion, a COVID-19 spike counteracting agent was used as
a receptor. Immobilizing the COVID-19 spike counteracting
agent onto a graphene nanocomposite-based biosensor
recently confirmed the execution of this agent by the
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enzyme-linked immunosorbent assay (ELISA). The findings
revealed that the antagonist is bound to the COVID-19
spike protein but not to the MERS-CoV spike protein or
bovine serum albumin (BSA). These perceptions confirm
that the antagonist is for the COVID-19 spike protein
and is thus appropriate for recognizing COVID-19. The
binding agent location constraints within the ELISA
stage were 4 ng/mL [8].

2.1.3 Preparation of the COVID-19 sensor

We used electrical estimations to determine the proximity
of the COVID-19 spike counteracting agent on the gra-
phene surface. Figure 1 depicts the CV and current–voltage
(I–V) plots for the graphene nanocomposite-based bio-
sensor during a recent run from 0.2 to +0.2 V after con-
necting Escherichia coli. The slopes (dI/dV) decreased after
PBASE functionalization and immobilization of the coun-
teracting agent onto the graphene channel. Thus, our
proposed sensor case makes the incline fruitful presen-
tation of the COVID-19 spike counteracting agent more

plausible. As a result, our proposed sensor case makes
the incline fruitful presentation of the COVID-19 spike
counteracting agent more plausible by an electrical flag
with the COVID-19 sensor.

2.1.4 Fabrication of the graphene-based sensor

Graphene nanocomposite-based thin films were devel-
oped using the traditional doctor-blade method [58].
For the modified doctor-blade method, sample paste
was prepared as follows: First, the synthesized material
powder (1.1 g) was mixed with ethylcellulose and acetone
(1.5mL) in a mortar for 15min. The FTO glass was shielded
through the sample paste to make a thin film. Afterward,
the film was dried in open air for 35 min. One drop of
lubricating oil was put onto the film surface and stabi-
lized at 374 K in the oven for 25 min to reduce cracks. The
lubricating oil on the film will enable sensor/chip devices
to prevent the loss of species from droplets and contam-
ination of surfaces at points where films may break
[59,100,101].

Figure 1: Graphene quaternary nanocomposite-based sensor and cv–iv curve.
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3 Results and discussion

3.1 Proposed COVID-19 sensor

Graphene-based materials are used in various biomedical
applications, including virus detection, personal pro-
tective equipment such as masks, gowns, and gloves,
and antiviral applications. The interaction of the virus
with graphene-based materials is a prevalent subject in
these studies. Compared with graphene, the presence
of oxygen on the edges and basal planes of GO increases
its hydrophilicity, water dispersibility, and attachability.
Antiviral agent binding to virus species is aided by the
presence of surface functional groups on graphene mate-
rials. In contrast, molecular dynamics simulations have
verified graphene’s binding capabilities, indicating a high
binding efficiency between pristine multilayer graphene
generated by mechanical exfoliation and the SARS-CoV-2
virus’s spike receptor-binding region.

Our proposed sensor case described the incline fruitful
presentation of the COVID-19 spike counteracting agent.
The geometry of the COVID-19 sensor was planned to use a
graphene nanocomposite-based biosensor channel conju-
gated to the COVID-19 spike counteracting agent, andPBS
(pH 7.4) buffer as the electrolyte to maintain the effective
impact. In this, we report novel composites of silver
nanoparticles (Ag-NPs), probably, covalently connected
to thiol-functionalized GO (Figure 4a), with a COVID-19
counteracting agent, and our reenactment result too pre-
sents the modeling of the atomic structure of the GO, NSH,
Ag, and our proposed component effectively (Figure 4b).
First, thiolation of GO sheets was carried out through
amide bonds, specifically securing the carboxylate locales
of GO, empowering thiol bunches unreservedly accessible
to covalently connect to Ag-NPs. Because of their high
solidity, for example, against hydrolysis, amide bonds
are unusually close to the composition of natural frame-
works, such as protein building bonds, which is why they
are often found together in natural structures. Functiona-
lization through amide bonds was fulfilled by the coupling
response utilizing NHS, under mild conditions, at room
temperature and fluid medium the chemical functionaliza-
tion of GO to get covalently reinforced NPs [61]. The fluid
arrangement seems to distinguish COVID-19 based on the
changes in the channel surface potential and comparing
the impacts on the electrical reaction. We measured the
exchange curves of the graphene-based sensor after each
alteration cycle (Figure 5a). However, the exchange bend
was shifted in the other direction, with the hypothesis
being that the positive charge of the counteracting agent

had an n-doping influence on the graphene after the coun-
teracting agent had been immobilized by the exchange
bend. Besides, the direct I−V plots displayed profoundly
steady Ohmic contact, showing that the COVID-19 sensor
gave a dependable electrical signal for locating the target
analytes (COVID-19 antigen protein, refined COVID-19
infection, or COVID-19 infection from clinical tests).

In this study, we proposed a graphene nanocomposite-
based biosensor. We custom-fitted the graphene sensor sur-
face for the label-free location of the COVID-19 antigen by
chemically adjusting graphene with antibodies. Figure 4(a)
shows the graphene film exposed to the serum test, con-
ducting channels were used. The electrical properties of
graphene exposed to the antigen-containing serum and
those of graphene that was not exposed show differences.
To the best of our knowledge, the twofold conductance
peak has not yet been used in biosensing applications.
The appearance of this highlight and how it changes
when an antigen is presented to the graphene surface
allow for their discovery.

3.2 Working principle of the COVID-19
sensor

In the COVID-19 immunosensor realization and planning,
the biosensor consists of a competitive immunoassay per-
formed on graphene nanocomposite cathodes to enable
the multiplexed detection of distinct COVID-19 antigens;
however, our proposed cathodes can also be used to
immobilize COVID-19 antigens for moremultiplexed detec-
tion in the future. It is worth noting that the cost of our
proposed terminal is extremely low. In this article, we
proposed using a COVID-19 counteracting agent as a
biomarker for sensor development. This protein con-
tains 719 amino acids and has an estimated atomic
weight of 79.9 kDa. The biosensor is based on circular
competition between the free infection virus within the
test and the immobilized COVID-19 counteracting agent
for a fixed concentration of the included antigen in the
test. After each step, the location measured the dimin-
ishment peak current of the PBS redox couple. The
binding of the antigen to the immobilized counteracting
agent would result in a decrease in the CV peak current.
This decrease in the top current is attributed to the
anode surface’s scope with the measured bulky antibo-
dies (the antibodies in common have an atomic weight
of roughly 150 kDa). This scope of the surface with the
counteracting agent obstructs the access of the PBS
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redox couple to the conductive surface and thus reduces
the electron exchange productivity, resulting in a decrease
in current. The sensor reaction is then identified by obser-
ving the change in the peak current when different con-
centrations of the COVID-19 antigen are added.

3.3 Real-time detection of the COVID-19
antigen protein

Figure 2 shows the COVID-19 RNA structure. Nucleobases
are susceptible to oxidation, which is mediated by radical
and nonradical receptive oxygen species. The N-oxide
arrangement is peculiar from the point of metal coordi-
nation because it reduces the basicity of the nitrogen
included. Within the setting of nucleobases, the presence
of an extra oxygen atom at the ring nitrogen changes
the coordination chemistry, compared to the unmodified
nucleobase. We can observe from Figure 2 that COVID-19
is a single-stranded RNA-enveloped virus [64]. An RNA-
based metagenomic next-generation sequencing approach
has been applied to characterize its entire genome, which
is 29,881 bp in length (GenBank no. MN908947), encoding
9860 amino acids [102]. Gene fragments express structural
and nonstructural proteins. The S, E, M, and N genes
encode structural proteins, whereas nonstructural proteins,

such as 3-chymotrypsin-like protease, papain-like protease,
and RNA-dependent RNA polymerase, are encoded by the
open reading frame region [103] (Figure 3).

Many glycosylated S proteins cover the surface of
SARS-CoV-2 and bind to the host cell receptor angio-
tensin-converting enzyme 2 (ACE2), mediating viral cell
entry [104]. When the S protein binds to the receptor, TM
protease serine 2 (TMPRSS2), a type 2 TM serine protease
located on the host cell membrane, promotes virus entry
into the cell by activating the S protein. Once the virus
enters the cell, the viral RNA is released, polyproteins are
translated from the RNA genome, and replication and
transcription of the viral RNA genome occur via protein
cleavage and assembly of the replicase–transcriptase
complex. Viral RNA is replicated, and structural proteins
are synthesized, assembled, and packaged in the host cell,
after which viral particles are released [96,97,105,106].

We can assess the sensor’s energetic reaction to the
spike protein to examine the execution of the COVID-19
graphene nanocomposite-based sensor. To begin, we
determined the sensor’s LOD for the spike protein. The
sensor responded to 0.2 L of COVID-19 spike protein in
PBS, which indicates the sensor’s LOD. However, without
the graphene-based gadget with COVID-19 spike protein
conjugation, there was no significant flag change after
the presentation of different test concentrations (orange
and dark lines in the figure). The control study shows that

Figure 2: COVID-19 RNA structure [16].
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Figure 3: (a) Schematic presentation of the synthesis of N9-propyladenine N1-oxide with silver possible coordination mode, model
structure, and (b) electron density, interaction potential, and dynamic simulation of GO, NSH, Ag and GO, Ag and adenine.
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the COVID-19 spike protein is required for authoritative
with the COVID-19 antigen. Furthermore, the COVID-19
graphene nanocomposite-based sensor was extremely sen-
sitive for spike antigen protein. In the clinic, COVID-19 is
determined using nasopharyngeal swabs suspended in
a common transport medium (UTM). The UTM contains
various reagents that will influence sensor execution, such
as Hank’s adjusted salts and BSA. Therefore, we tested the
graphene nanocomposite-based sensor’s response to anti-
gens. The results revealed that the graphene nanocompo-
site-based sensor appears to effectively identify COVID-19
spike antigen proteins at concentrations as low as 0.1 μL.
This demonstrates that the COVID-19 graphene nano-
composite-based sensor can detect antigens in clinical
tests without any prior planning or processing. To further
investigate the normalized affectability of the COVID-19
graphene nanocomposite-based sensor, the changes in
affectability as a function of COVID-19 antigen protein
concentration were characterized by fitting each data
point, as shown in Figure 4. This finding indicates that
the graphene nanocomposite-based sensor has the poten-
tial to be used for COVID-19 detection.

3.4 New modeling for molecular dynamic
simulations

Graphene materials’ antiviral properties could be explained
by their chemical/physical interactions with viruses.
According to this, the opposite surface charges of anti-
viral species (GO and GO–Ag) on one side and both viruses
on the other could induce graphene materials and viruses
to bind together. GO could interact with the enclosed
virus’s lipid components in this situation. In both enclosed
and nonenveloped viruses, the binding of Ag and –SH
groups of viral proteins offers additional interaction. This
binding is essential for IBDV infection management. In the
case of GO–Ag and nonenveloped viruses, GO nanosheets
play a minor role in the nanocomposite’s overall antiviral
activity. GO, on the other hand, helps the antiviral agent’s
overall efficacy by providing a substrate for silver particles
to spread evenly and without noticeable agglomeration.

In this article, Figure 4(a) presents the novel com-
posites of silver nanoparticles (Ag-NPs), linked to thiol-
functionalized GO, with COVID 19 acting as a counteracting
agent, and our result shows the modeling of the atomic

Figure 4: (a) Schematic presentation of the COVD-19 viral antigen binding with graphene nanocomposite sensor with coordination with
antibody, (b) proposed binding mechanism, and (c) adenine ring opening by silver nanoparticles on the graphene surface.
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Figure 5: (a) Overall steps for the targeted COV19 –Antibody –NH− + –S−, or COO−, or −O-bonding formation of the GO-based composites;
(b) model structure, electron density, interaction potential and dynamic simulation.
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structure of the GO, NHS, Ag, and our proposed compo-
nent effectively in Figure 4(b).

To begin, focused thiolation of GO sheets was per-
formed using amide bonds, specifically securing the car-
boxylate locales of GO, making thiol bunches open to
covalently connect to Ag NPs. Indeed, amide bonds are
peculiarly due to their high solidity, for example, against
hydrolysis, advocating their closeness within the compo-
sition of natural frameworks, e.g., protein building bonds.
The coupling response utilizing NHS under mild con-
ditions, at room temperature, and in a fluid medium
for the chemical functionalization of GO to obtain cova-
lently reinforced NPs was completed [107–110]. The fluid
arrangement appears to distinguish COVID-19 based on
changes in channel surface potentials and comparing
impacts on the electrical reaction. We measured the gra-
phene-based sensor’s exchange curves after each cycle.
However, the exchange rate was moved in the opposite
direction, implying that the positive charge of the counter-
acting agent had an n-doping impact on graphene after
the counteracting agent was immobilized. Furthermore,
the direct IV plots demonstrated profoundly consistent
Ohmic contact, indicating that the COVID-19 sensor pro-
vided a reliable electrical signal for the location of the target
analytes (COVID-19 antigen protein, refined COVID-19
infection, or COVID-19 infection from clinical tests).

Figure 5(a and b) depicts the binding of N9-propyla-
denine N1-oxide with silver conceivable coordination
mode, showing structure (b) depicts GO, Ag, and adenine
to contemplate the electron thickness, interaction, and
energetic behavior of these useful materials. To find an
electron in the vicinity of a molecule or particle of GO,
Ag, or adenine, graphical representations of electron
thickness were performed using a computer program.
Locations of extensive electron thickness are frequently
found around the particles as well as their holding in GO,
Ag, and adenine particles. Electron thickness is related to
chemical bonds and electronic properties. Furthermore,
the electron thickness provides more information about
the atomic estimate of the band structure of GO and Ag.
It is concluded that GO and Ag showed large electron
thickness, which is included in the bond arrangement
with adenine. The GO, Ag, and Adenine interaction
potential outline may be used to distinguish between
the interaction vitality. This indicates that the charge
exchange potential has the effect of bringing the states
closer to the GO and Ag surface. Furthermore, the active
recreation of GO, Ag, and adenine was used to investi-
gate the behavior of a single layer of graphene at Ag
(Figure 6).

3.5 Proposed neutralizing mechanism

COVID-19 viruses are among the biggest threats to hum-
anity, with the current pandemic showing how these patho-
gens can shut down countries, halt entire industries, and
cause untold human suffering as they spread through
communities. COVID-19 viruses have also evolved in such
a way that they are difficult to neutralization [111–113]. The
odd makeup of these infectious agents is part of what
makes them difficult to defeat. Compared to other patho-
gens, such as bacteria, viruses are minuscule. Because
they have none of the hallmarks of living things a meta-
bolism or the ability to reproduce on their own, for
example, they are harder to target with drugs. Antibio-
tics, which are used to fight bacterial infections, attack
the bacteria’s cell walls, block protein production, and
stop bacteria from reproducing. However, they are not
effective against viral infections because viruses do not
carry out any of these processes on their own. Rather,
viruses need to invade and take over host cells to
replicate.

Various emerging infectious diseases caused by viruses,
including severe acute respiratory syndrome coronavirus
COVID19. Silver nanoparticles (Ag-NPs) have been pro-
ven to be the most effective antimicrobial agents against
bacteria and viruses because of their high surface-area-to-
volume ratio and unique chemical and physical proper-
ties, even though they have shown cytotoxicity at high
concentrations The major antiviral mechanism of Ag-NPs
has not been investigated extensively, but the most fre-
quently observed method by which Ag-NPs may inhibit
viruses is the physical binding between the virus and
Ag-NPs to block the entry of the viruses into cells. Ag-
NPs could inhibit the in vitro production of viral RNA and
extracellular virions by interacting with the viral particles.

Figure 6: Graphene-based COVID-19 proposed sensor; the sensor
system is working as real time in droplet transmission conditions or
with sample drops obtained from cases.
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Ag NPs bind to glycoproteins early in viral infection and
inhibit binding and fusion. Because Ag-NPs have a natural
tendency to bind the disulfide bonds in each monomer of
hemagglutinin protein on the surface of virus and block its
host receptor binding sites, Ag-NPs can inhibit the absorp-
tion of virus. Numerous factors can determine the antiviral
efficacy of Ag-NPs, including size, shape, and capping
agents. Previous studies have found that the most effective
size of Ag-NPs is <10 nm and that a spherical shape is
superior to a tubular shape or aggregation. Furthermore,
previous studies have revealed that capping agents lim-
iting the release of free Ag-NPs would exhibit lower viral
inhibition. Therefore, a novel material for the capping and
support agents of Ag-NPs is required for a superior appli-
cation of Ag-NPs.

Graphene, a single atomic plane of graphene with
two-dimensional extension, is promising as a next-gen-
eration nanomaterial due to its unique high carrier mobi-
lity, effective optical transparency, large surface area,
and biocompatibility. GO is employed in the production
of graphene family nanomaterials for various applications.
The antibacterial activity of well-dispersed GO sheets has
been evaluated, and a few studies have reported that gra-
phene-based materials can inhibit the entry and replica-
tion of enveloped DNA virus (herpesvirus) and RNA virus
(coronavirus) in their target cells. The pertinent findings
of previous studies on the nanocomposites formed by
Ag-NPs and GO sheets against bacteria can be applied to
investigations of the antiviral activity of nanocomposites
composed of GO sheets and Ag-NPs (GO–Ag). The GO
sheets can serve as a supporting and stabilizing agent in
preventing the agglomeration of the Ag-NPs and conse-
quently in preventing a reduction of the antibacterial
activity. The Ag-NPs supported on GO sheets showed a
spherical-like morphology and an average size of 7.5 nm,
which is suitable for antiviral activity. The most significant
advantage of GO–Ag nanocomposites over free Ag-NPs is
that the immobilization of Ag-NPs on GO sheets prevents
the movement of the nanoparticles, thus increasing the
material’s biocompatibility and reducing the toxicological
effects and the environmental impact associated with
metallic nanoparticles. In addition, the GO–Ag matrix
is highly dispersible in water, contains a large specific
surface area, shows excellent bactericidal activity at
extremely low concentrations, and exhibits no corrosive
characteristics [12,102,114–125].

Graphene materials, including RNA and DNA viruses,
showoutstanding antiviral inhibitory effects against enclosed
and nonenveloped viruses. These properties, which are
related to the surfaces’ physicochemical features, can be
used to control the COVID-19 pandemic. It is important

that graphene materials have the ability to be functio-
nalized and used as a substrate for the homogeneous
loading of various antiviral drugs. The surface area,
charge density, concentration of graphene materials,
the kind and size of loaded particles, as well as the
type and degree of functional groups are all factors to
be considered. Graphene materials’ antiviral properties
are influenced by their features. However, virus charac-
teristics such as enveloped or nonenveloped viruses, as
well as the period of nanomaterial use (virus pre-treat-
ment, virus co-treatment, cell pre-, and post-treatment)
all have a role in defining the antiviral activity of gra-
phene-based materials.

4 Conclusion

According to this study, developing a biosensor for point-
of-care (POC) COVID-19 detection is of utmost importance.
Overall, a smart sensor for SARS-CoV-2 virus protein
detection is discussed carefully and critically in this review.
We proposed the new modeling for real-time detecting
and neutralizing mechanism of COVID-19, with gra-
phene-based nanocomposite in the base of computer
simulation. A graphene nanocomposite-based sensor
for COVID-19 detection in which a COVID-19 spike coun-
teracting agent is conjugated to a graphene sheet serves
as the detecting region and generates a significant elec-
trical signal. Through the use of two unique points of
rate, the sensor was able to distinguish between COVID-19
virus in a clinical sample with neutralizing mechanism.
As a result, in clinical tests, our functionalized graphene-
based sensor platform provides a basic, quick, and extre-
mely responsive position of the COVID-19 virus. This
proposed graphene nanocomposite biosensor can pro-
vide a dependable and simple conclusion step in real
time to increase the virus concentration in clinical sam-
ples and reduce the load on PCR-based tests. As a result,
this review concentrated on the antiviral properties of
selected nanomaterials, with special emphasis on gra-
phene-based materials. Finally, graphene-based materials
can have multifunctional properties, sensing and neutra-
lizing, hence boosting their efficiency in environmental
protection.
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