
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Sensors International 2 (2021) 100096
Contents lists available at ScienceDirect

Sensors International

journal homepage: www.keaipublishing.com/en/journals/sensors-international
Role of nanotechnology in facing SARS-CoV-2 pandemic: Solving crux of the
matter with a hopeful arrow in the quiver

Vishnu Sankar Sivasankarapillai, Suba Lakshmi Madaswamy, Ragupathy Dhanusuraman *

Nano Electrochemistry Lab(NEL), Department of Chemistry, National Institute of Technology Puducherry, Karaikal, 609-609, India
A R T I C L E I N F O

Keywords:
Antiviral applications
Carbon nanotubes
COVID-19
Pathophysiology
Quantum dots
SARS-CoV-2
* Corresponding author.
E-mail addresses: ragu.nitpy@gmail.com, ragu@

Production and hosting by E

https://doi.org/10.1016/j.sintl.2021.100096
Received 20 March 2021; Received in revised form
Available online 25 April 2021
2666-3511/© 2021 The Authors. Publishing service
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
A B S T R A C T

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a positive-sense single-stranded RNA virus
species with a zoonotic origin and responsible for the coronavirus disease 2019(COVID-19). This novel virus has
an extremely high infectious rate, which occurs through the contact of contaminated surfaces and also by cough,
sneeze, hand-to-mouth-to-eye contact with an affected person. The progression of infection, which goes beyond
complications of pneumonia to affecting other physiological functions which cause gastrointestinal, Renal, and
neurological complication makes this a life threatening condition. Intense efforts are going across the scientific
community in elucidating various aspects of this virus, such as understanding the pathophysiology of the disease,
molecular biology, and cellular pathways of viral replication. We hope that nanotechnology and material science
can provide a significant contribution to tackle this problem through both diagnostic and therapeutic strategies.
But the area is still in the budding phase, which needs urgent and significant attention. This review provides a
brief idea regarding the various nanotechnological approaches reported for managing COVID-19 infection. The
nanomaterials recently said to have good antiviral activities like Carbon nanotubes (CNTs) and quantum dots
(QDs) were also discussed since they are also in the emerging stage of attaining research interest regarding
antiviral applications.
1. Introduction

Global health scenario rarely faced a severe viral infection like
COVID-19, which adversely affected almost all the aspects of human life.
SARS-CoV-2 became a global pandemic in a very fast mode after its
outbreak in December 2019 at Wuhan of China [1]. The disease stands
first in the list of the most rapidly growing pandemic disease of recent
world history. The genome size of SARS-CoV-2 consists of around 30,000
bases, and they are primarily classified by phylogenetic clustering into
alpha, beta, gamma, and delta coronaviruses [2]. Alpha and beta coro-
naviruses are of significant concern to us because they primarily infect
humans and other mammals. The fatality of these viruses arises due to
severe respiratory tract infections, which can seriously become
life-threatening to patients with other diseases and those with compro-
mised immune system. People who have undergone medical procedures
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like surgery, lifestyle diseases like hypertension, diabetes and cardio-
vascular problems also fall in the high-risk category of SARS-CoV-2
infection. Five days is the mean incubation period of SARS-CoV-2 with
a basic reproduction number range from 1.5 to 4.92 [3]. The World
Health Organization (WHO) declared COVID-19 as a pandemic on March
11, 2020 owing to the effects of the disease it had created across the
global health scenario. Regarding vaccine development, intense clinical
trials are ongoing in which most of them depends on nucleic acids due to
their simpler production when compared to protein-based vaccines. The
most advanced candidates are RNA vaccines targeting the spike (S)
protein, which is considered an attractive target to lead to virus
neutralization by antibodies induced by vaccination [4]. Nonetheless,
more sophisticated vaccines targeting specific epitopes are desirable
given the possibility of inducing undesired immune responses when
full-length viral antigens are used [5]. Therefore, several emerging
il 2021
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Table 2
Various health implications of COVID-19 infections [3].

Sl
No

Organ system
involved

Severe Disease Diagnostic Signs

1 Blood vessels/
Vascular

� Pulmonary embolism
� Large vessel occlusions
� Disseminated

intravascular coagulation

� Elevated D-dimer,
� interleukin-6, other

cytokines, ferritin, and
lactate dehydrogenase

Prolonged PT/PTT
2 Lung/

Respiratory-
Pulmonary

� Severe hypoxemia
� Acute respiratory distress

syndrome (ARDS)
� Respiratory failure and

death (if untreated)

� Decreased % pO2
� Chest X-rays show
� Ground glass obacities

3 Gastrointestinal � Gastrointestinal bleeding
� GI viral dissemination

� Elevated liver enzymes
andbilirubins

� SARS-CoV-2 detection
in stoolsamples

4 Brain/
Neurological

� Cerebrovascular
disease(large vessel
strokes)

� Seizures
� Meningoencephalitis
� Neuropathy
� Guillain Barre Syndrome
� Neurogenic ARDS
� Coma

� Elevated creatine
kinase with myalgia

� Brain MRI show
hyperintensitiesin
regions with infarction
or encephalitis

� SARS-CoV-2 detection
incerebrospinal fluid
or brain tissues in some
patients

5 Kidney/Renal � Renal failure � Tubular necrosis and
SARS-CoV-2 detection
in kidney

6 Heart/Cardiac � Cardiomyopathy
� Acute heart failure

� Elevated cardiac
enzymes

� Abnormal EKG
(Prolonged
QTcintervals, elevated
ST)

� Cardiac-specific
troponin and brain
natriuretic peptide

7 Mental/
Psychiatric

� Exacerbation of
neurological
orpsychiatric disorders
(e.g., Alzheimer's or
Addiction)

� Elevated plasma
calcium and
phosphorus (indicative
of stress)
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vaccinology approaches are emerging to the platform to produce novel
therapeutic approaches which are both safe and easily accessible with
feasible mode of administration (see Tables 1 and 2).

1.1. A brief outlook of SARS-CoV-2: molecular structure and
pathophysiology

SARS-CoV-2 can be considered an enveloped virus that employs lipids
from the host cell to form a new virion. The virus consists of a well-
defined transmembrane protein with an outer phospholipid bilayer
membrane. The unique toxicity and infectivity of SARS-CoV-2 arise from
the assembly of four proteins given below [6]:

The S protein of SARS-CoV-2 is having significant research attention
since it contains the ACE-2- binding receptor in the upper lobular domain
and acts as the vital factor for the entry of virus to the host cell. The lower
realm of the S protein consists of the features required for the fusion of
the virus to the host cell membrane. The structural proteins of SARS-CoV-
2 are schematically represented in Fig. 1.

The process of replication (SARS-CoV-2 replication cycle) of SARS-
CoV-2 virus can be illustrated by dividing into four key steps as
described below [8]:

1.1.1. Attachment entry to the host cell
This step is determined by the spike protein (S) of SARSCoV-2, which

has a strong binding affinity for the ACE-2 receptor. The binding of the S
protein to ACE-2 leads to a proteolytic cleavage with a cellular protein
called transmembrane protease serine 2 (TMPRSS-2). The spike protein
of SARS-CoV-2 belongs to the classic class-I fusion protein, and it is the
focus of interest in research for developing methods to prevent SARS-
CoV-2 infection. Class-I fusion proteins are also found in similar viruses
like influenza and Ebola, and it acts as a protective agent for the fusion
domain by keeping it well intact and inactive until the virus finds a
suitable host cell where it can form a hairpin structure through the
proteolytical activation process. This hairpin structure usually consists of
a stretch of hydrophobic amino acids embedded into the target cell
membrane, which completes the virus's entry to the host cell. Recent
biochemical and crystallographic studies demonstrate the critical role of
ACE-2 receptors in binding and internalization of the viral S protein,
which enhances the importance of developing novel ACE-2 inhibitors
which can act as potential therapeutic agents to fight SARS-CoV-2
infection.

1.1.2. Viral replicase transcription
This step initiates after the successful entry of virus followed by

uncoating the envelope. This involves autoproteolytic cleavage of poly-
proteins pp1a and pp1ab which generates 15–16 nonstructural proteins
(nsps) possessing specific functions. Computational modeling of drug
molecules is focusing on developing molecules that can bind pockets in
RNA-dependent RNA polymerase (RdRP) and proteases.
Table 1
Structural proteins of SARS-CoV-2 virus [6].

Protein name Features

Spike (S) protein � surrounds the viral particle and give the appearance of a
crown (Latin: cor�ona)

� Part of the viral envelope and trimeric with two domains
Nucleocapsid (N)
protein

� protects the viral genome from outer host cells
� Plays an essential role in the morphogenesis phase of the

viral life cycle through making connections with the C-
terminal domain of transmembrane proteins

Membrane matrix (M)
protein

� The most abundant protein on the outside of the viral
membrane

� Part of the viral envelope
� Acts by binding the nucleic acid genome to the inner

surface of the host cell membrane
Envelope (E) proteins � Part of the viral envelope
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1.1.3. Genomic transcription and replication
Studies indicate that the transcription process is complex involving

numerous discontinuous transcription events. Kim et al. reported the
presence of several RNAs which encode unknown ORFs, in addition to 10
known canonical RNAs. The authors were also able to identify 41 po-
tential RNA modification sites with an AAGAA motif. Further in-
vestigations are essential to elucidate the different events associated with
this process and the underlying molecular mechanism.

1.1.4. Translation of structural proteins
Fung et al. reported that structural proteins of coronavirus are sub-

jected to post-translational modifications. Glycosylated S proteins were
implicated in lectin-mediated virion anchoring and M proteins were also
glycosylated.

1.1.5. Assembly and release of the virion
Literature reports the ER-Golgi intermediate compartment (ERGIC) is

the site of assembly of SARS-CoV-2 virion particles as evident from the
studies of other family of coronaviruses. Various structural proteins play
unique functions in this process. M proteins direct protein-protein
interaction, with the scaffold leading to virion morphogenesis, M� S,
and M�N interactions, and facilitating the recruitment of structural
components to the assembly site. Coronavirus particles incorporated into
the ERGIC are transported using smooth-wall vesicles, resulting in
secretory pathway trafficking followed by the final release by exocytosis.
These steps are also relevant from the drug design perspective to discover



Fig. 1. Structural proteins of SARS-CoV-2 [7].
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possible antiviral agents.
1.2. Health implications and therapeutic strategies of SARS-CoV-2

Literature reports the primary transmission route of SARS-CoV-2 is
through the respiratory droplets from infected individuals. Li et al. list
out the possible ways of viral infections to an individual as follows [9]:

1. Through direct body contact with affected individuals
2. Touching eyes, nose, and face with contaminated hands
3. Transferring the virus by touching or smelling feces (very rare

transmission)
4. Contacting contaminated surface

Other forms of transmission are also reported by FDA in which the
Fecal microbiota (FMT) isolated from SARS-CoV-2 positive people may
Fig. 2. Pathophysiology of C
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also be a source for COVID-19 transmission according to recent FDA
guidelines [10]. The stable survival of virus around 72 hours on plastic
and stainless steel, more than 4 hours on copper, and up to 24 hours on
cartons have been reported in the literature, but whether the virus has
the potential to infect a healthy individual after this prolonged survival is
still a matter of debate [11]. The most challenging task about COVID-19
management is diverse symptoms that vary from person to person. There
can be mild symptoms that fail to recognize. In some cases, there may be
severe symptoms that depend on the disease progression. The patho-
physiology of SARS-CoV-2 infection is represented in Fig. 2.

Fever, loss of taste and smell, headache are some of the most common
symptoms of COVID-19 infection which appear 2–14 days after exposure
to SARS-CoV-2 viral particles [13]. Pneumonia-associated breathing
problems will develop in case of severe infections, which progressed into
the lungs and this can lead to hypoxemia which is a life-threatening
condition [14]. Various physiological complications associated with
OVID-19 infection [12].
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COVID-19 disease is summarized in the following table [3]:
The underlying reason for this condition is due to the uncontrolled

cytokine release, which is referred to as ‘Hypercytokinaemia’ (‘Cytokine
storm’) characterized by an elevated neutrophil-to-lymphocyte ratio in
the blood which ultimately leads to multiple organ failure (MOF) and
death [15]. ‘Cytokine storm’ is a common feature of most of the viral
infections and excessive cytokines lead to acute respiratory distress
syndrome’ (ARDS) affecting lung cells [16]. The immune response
pathway underlying COVID-19 infection can be schematically repre-
sented in Fig. 3.

2. Role of nanotechnology in the management of viral diseases

Nanotechnology and material science have already proved their
metal in assisting the conventional medicinal chemistry process through
various aspects like targeted drug delivery [17], drug development per-
spectives etc [18]. Since the most effective strategy to manage viral
diseases is to prevent contamination, appropriate use of nanomaterials
can give potential benefits in this regard. Van Doremalen et al. reported
that the minimum survival rate for SARS-CoV-2 has been found on cop-
per surface compared to other surfaces like plastic and steel. Also later
studies confirmed this result and observed that the viability of the virus
will significantly decrease with an increase in the copper content in case
of alloys [19]. This property was attributed to the release of Reactive
oxygen species (ROS) by Copper nanoparticles and this feature is appli-
cable to other corona viruses reported. Thus the antimicrobial and anti-
viral properties of nanoparticles which are widely reported in scientific
literature become a matter of urgent attention in this regard. Many cat-
egories of nanomaterials including quantum dots [20], nanotubes [21],
metal oxide nanoparticles [22], polymer nanocomposites [23], two
dimensional nanomaterials [24], lipid nanoparticles [25] etc, reported
for their good antimicrobial activities thus came into the platform of
COVID-19 management.

The application and effect of nanomaterials against SARS-CoV-2 virus
are still at the initial phase of exploration, but some studies are available
which investigates the effects of these materials to similar other viruses
like Ebola, SARS etc. Bhattacharjee et al. have initiated such work before
the COVID-19 outbreak in which the metal-grafted graphene oxide (GO),
for the modification of non-woven tissues showed to have very effective
antimicrobial properties [26]. This can be correlated with the good
antimicrobial action of Graphene composites with metals and other
nanoparticles like TiO2. Chen et al. demonstrated that metal-loaded
nanoparticles have good activity against both enveloped and
Fig. 3. Immune response path

4

non-enveloped viruses by using Silver-Graphene nanocomposites [27].
Kr€ahling et al. showed the effectiveness of an antiviral air filtering system
based on SiO2–Ag nanoparticles to protect from contamination of MS2
bacteriophage [28]. Silver (AgNPs) and Gold (AuNPs) nanoparticles are a
few of the widely reported nanoparticles against viruses [29,30]The
antimicrobial applications of Metal and metal oxide nanoparticles are
widely explored and available in literature. In this review, we are
focusing only on some Carbon based nanomaterials which are in the path
of recent emerging research attention as represented in Fig. 4. Exciting
application was attained by carbon based nanomaterials due to their
unique features like excellent biocompatibility [31] environmental
friendly synthesis [32]and feasibility of tuning their properties for
different applications [33]. We discuss details on two significant nano-
materials recently reported for their potent antiviral action and need
significant and urgent attention regarding COVID-19 pandemic.

2.1. Carbon nanotubes (CNT)

Cheng et al. reported an interesting simulation study to investigate
the efficiency of CNT as inhibitors for HIV-1 protease [34]. Molecular
docking and simulation results revealed that CNT could bind the protease
in the active site, which depends on the size of CNT, which results in
inhibiting the function of the protease. This process is strongly deter-
mined by the size of the CNT. A similar computational approach using
CNT was reported by Krishnaraj et al. by selecting three geometrical
variants of CNTs like Armchair, chiral and zigzag CNTs as the docking
targets for HIV- Vpr, Nef, and Gag proteins which are the key proteins
involved in HIV infection [35]. All the CNT models gave good results
with promising binding affinity with the three key proteins, which sug-
gests the application of CNTs as antagonistic agents in HIV research.
Simulation studies that give good results with encapsulation of HIV in-
hibitors with CNT is also reported in the literature [36].

CNT is also reported as a successful nanocarrier for antiviral drugs.
One such study reported the drug carrier property of Single walled car-
bon nanotubes (SWCNTs) using the antiviral drug Ribavirin against grass
carp reovirus, which is a challenge for aquaculture [37]. The survival rate
and infection rates were 29.7% and 50.4% respectively for the pristine
ribavirin treatment group exposed to the highest concentration
(20mg/L) while the survival rate of 96.6% and infection rate of 9.4%
were observed in the group treated with 5mg/L ribavirin-SWCNTs
complex after 12 days along with good retention rate of the drug in or-
gans. Lannazzo et al. have studied antiviral potentiality of highly hy-
drophilic and dispersible carboxylated multi-walled carbon nanotubes
way of SARS-CoV-2 [1].



Fig. 4. Recently reported carbon based nanomaterials against SARS-CoV-2.
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(MWCNTs) using two antiretroviral drugs CHI360 and CHI415,
belonging to a series of active non-nucleoside reverse transcriptase in-
hibitors (RTI), and lamivudine (3 TC), used as anti-HIV agents [38]. It
was observed that the more hydrophilic and dispersible oxidized sam-
ples, showed promising results with IC50 values of 11.43 μg/mL and
4.56 μg/mL respectively. Zhang et al. give the possibility of CNT to be
used as carrier for DNA vaccine since 23.8% increase in the immune
protective effect by SWCNTs for unmodified DNA vaccine [39] Al
Garalleh et al. reported that the antiviral drug Ravastigmine could be
encapsulated by SWCNT having a radius greater than 3.39 Å. SWCNTwas
also reported to have direct effect of reducing the defense mechanism of
influenza A virus H1N1 [40].

Banerjee et al. reported that MWCNT conjugated with Protoporphyrin
IX could reduce the infection rate of Influenza virus on mammalian cells
in the presence of visible light [41]. This work suggests using MWCNT as
ex-vivo antiviral agents due to the feasibility of recovering them from the
solution phase. Bhattacharya successfully revealed the possibility of
fabricating a sensor for viruses based on CNT and able to detect viral
antigen with a titer of 10 TCID/mL [42]. It is important to monitor the
bioavailability of drugmolecule to elucidate the data regarding the drug's
pharmacology and pharmacokinetics and thereby analyze its efficacy
against the target. Atta et al. used Nano-magnetite/ionic liquid crystal
modified carbon nanotubes composite electrode (CNTs/ILC/CNTs/-
FeNPs) for the determination of anti-hepatitis drug Daclatasvir (DAC) in
human serum [43]. The sensor gives good detection for DAC in a wide
concentration range of 0.003 μmol L to 15 μmol L-1. Further, the authors
reported the excellent selectivity and stability of the sensor to detect DAC
with other common antiviral drugs such as Acyclovir and also in the
presence of other interfering species. Similar work was also reported by
Azab and coworkers where they estimated DAC concentration using
nanosensor based on MWCNT, Chitosan and Cobalt nanoparticles [44]
Atta et al. reported MnO/graphene/ionic liquid crystal/carbon nanotube
composite sensor for the determination of antiviral drugs Sofosbuvir
(SOF), ledipasvir (LED) and acyclovir (ACY) [45] Zhu et al. reported that
SWCNTs can significantly enhance the antiviral action of Isoprinosine
against betanodavirus causing the disease viral nervous necrosis, which
seriously affects central nervous system [46]. A recent and very inter-
esting study was reported by Chen and coworkers, which reported that
MWCNTs could modify cytokine and chemokine responses in mouse
model with pandemic influenza a/H1N1 virus [47].

2.2. Quantum dots

Quantum dots are nanocandidates that have been reported widely for
their biomedical applications due to unique optical and electronic fea-
tures making them ideal theranostic agents [48]. Recent literature sug-
gests the extension of their application to respiratory viruses including
human corona virus (HCoV) [49]. Loczechin et al. reports such a study in
5

which application of seven different carbonquantum dots (CQDs) for the
treatment of the human corona virus HCoV-229E has been investigated
[50]. The CQDs prepared through hydrothermal carbonization from
ethylenediamine/citric acid as precursors and chemically functionalized
with boronic acid ligands showed promising antiviral activity which is
concentration dependent and EC50 value of 52�8μg mL-1. TheEC50 value
lowered to 5.2� 0.7 μg mL-1with unmodified CQDs prepared from 4-ami-
nophenylboronic acid as the precursor. Lannazo et al. investigated the
HIV-inhibitory action of water soluble Graphene Quantum Dots (GQDs)
prepared from MWCNTs [51]. This study observed that the conjugate of
GQDs with non-nucleotide reverse transciptase inhibitor CHI499 is
having good activity with an IC50 and EC50 value of 0.09 μg/mL and
0.066 μg/mL respectively. Curcumin is one of the most explored and
classic bioactive compound for its wide range of bioactivity including
anticancer [52], antimicrobial [53], anti-Alzheimers [54] and also as for
boosting the immune system [55]. Lin et al. showed an exciting and very
significant observation where the antiviral activity of Curcumin against
Enterovirus 71 was significantly enhanced when it chemically trans-
formed into CQDs [56]. This result was supported by the protection
against hind-limb paralysis in new-born mice induced by Enterovirus 71.
Artesunate and its derivatives are another categories of compounds that
are reported to have inhibitory action against parasitic organisms
through the formation of dihydroart emisinine via metabolic pathways.
Pooventhiran et al. conducted a computational investigation and
observed that the compound forms stable self-assemblies with
surface-functionalized graphene quantum dots [57]. This complex can be
used to detect the presence of the molecule using analytical methods.

2.3. Nanomaterials against SARS-CoV-2: current status and advancements

To the best of our knowledge, the actions of nanoparticles against
respiratory viruses are not significantly explored. But we actively
encourage readers to employ the already reported wide range of nano-
particles that are having good antiviral action to investigate against
SARS-CoV-2. Significant studies in this perspective can solve the chal-
lenges associated with conventional treatment strategies which arise due
to the resistance of the virus through mutation [58].

The protection from the transmission of viruses through the air is an
effective method used to decrease the infection rate. The virus can
transmit from an infected person through secretions like nasal/saliva
droplets which makes the transmission difficult to manage. It can also be
merged with aerosols present in high amount in the atmosphere. Thus
employing successful preventive methods which prevent the passage of
SARS-CoV-19 into the respiratory tract is equally important, like
searching for therapeutic strategies. Leung et al. developed a good
method which can filter out the aerosol-virus system from the atmo-
sphere [59]. The authors successfully developed an efficient
technology-based on charged Polyvinylidene fluoride (PVDF) nanofiber
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which can capture the target aerosol size set at 100 nm and reduce the
COVID-19 transmission rate. Uniform sized fibers with excellent
morphology and different diameters were fabricated in the work and
later optimized to give good performance by successfully decreasing
pressure drop across the fiber. The authors successfully fabricated one
filter with 90% efficiency and ultralow pressure drop of only 18 Pa
(1.9mm water) while another filter meeting the 30 Pa limit has high
efficiency reaching 94%. This method can be efficiently developed to
make novel filter systems which can protect from not only COVID-19 but
also other chronic airborne viruses and pollutants which can adversely
affect human health. In a subsequent work the authors were able to reach
promising quality factor (efficiency-to-pressure-drop ratio) of about
0.1–0.13 Pa-1. This 6-layer charged PVDF nanofiber filter is more
user-friendly features like breathability than conventional respirators
like N95 [60].

Somvanshi et al. reported detection systems for COVID-19 based on
multifunctional magnetic nanoparticles [61]. The authors developed
Zinc ferrite nanoparticles through combustion method and surface
functionalized with silica and carboxyl-modified polyvinyl alcohol. This
system is successful in automated detection of COVID-19 virus through
RNA-extraction protocol and gives possibilities to develop efficient and
rapid detection systems for molecular level diagnostics of COVID-19.
Hassaniazad et al. reported an interesting work which elucidates the
therapeutic effect of nano micelles containing curcumin and related
immune responses during clinical trials [62]. Another work indicates the
efficiency of curcumin to assist improvement in clinical manifestation
and overall recovery of COVID-19 patients through the increased rate of
inflammatory cytokines especially IL-1β and IL-6 mRNA expression and
cytokine secretion in COVID-19 patients [63]. In this work
nano-curcumin is observed to cause significant decrease in IL-6 and IL-1β
gene expression and secretion in serum without any effect on IL-18
mRNA expression and TNF- α concentration.

TiO2 nanoparticles are one of the well explored metal oxide nano-
materials due to their fascinating potential of applications in various
fields like electronics [64] sensors [65] biomedical sectors [66]. Vadla-
mani et al. made an attempt to make the COVID-19 detection feasible
using Cobalt functionalized TiO2 NPs as electrochemical sensoring
probes [67]. The work involves one pot synthesis of TiO2 NPs through
anodization method and detection of SARS-CoV-2 through sensing the
spike protein present on the surface of the virus. This sensor possesses
good potential for developing into highly sensitive sensing platform with
linear detection range of 14–1400 nM concentration. Possibility of a
similar biosensor was reported using graphene for both bacterial and
viral pathogens which needs significant attention to develop into
point-of-care diagnostics [68]. Wang et al. reports an interesting work
which employs membrane nanoparticles prepared from ACE2-rich cells
to block SARS-CoV-2 infection [69]. The nanomaterial used in the study
is HEK-293T-hACE2 which contains 265.1 ngmg-1 of ACE2 on the sur-
face, which is the main receptor of SARS-CoV-2 S1 protein and mediates
viral entry into host cells. This material is biocompatible and acts as a
nano-antagonist for blocking the entry of virus to the cytoplasm. Many
other nanomaterials are at emerging stage of research which might
possess promising features regarding viral detection ability and inhibi-
tory action on COVID-19 [70]. This include nano-biosensors for the rapid
detection of COVID-19 [71], nanomaterials which can assist the devel-
opment of novel immunization approaches [72] etc. Literature also
suggests the importance of rectifying the poor infrastructural conditions
and limitations of health sector existing in different countries which can
improve the fight against the virus [73,74].

3. Scope and future perspectives

World history rarely witnessed a severe viral pandemic like SARS-
CoV-2 with extremely high infectious rate affecting the global health
sector over the last decades. The virus spread around all over the world
through extremely rapid pace after its outbreak and caused alarming
6

death rate across the globe. COVID-19 thus became the point of focus of
global scientific community and created very high impact in developing
both the diagnostic and therapeutic strategies to tackle the challenges
associated with this infection. Nanomaterials became the first choice of
research interest to solve the novel problems arise in scientific commu-
nity due to their amazing features which we can't attain with bulk ma-
terials. Considering the perspective of COVID-19 pandemic, we feel
material science should be the first choice of preference with special
focus on nanostructured materials. Besides the novel approaches to solve
the challenges of COVID-19 pandemic using various categories of nano-
materials are emerging in scientific literature, the area is still at infant
stage.

We actively encourage researchers to come up with new solutions
with a focus on both diagnosis of the virus like molecular sensors and also
regarding the therapeutic aspects like increasing the bioavailability of
antivirals already proven to have good activity against respiratory vi-
ruses. Genetic mutations of the virus are the most challenging problems
faced by the conventional therapies since the virus cannot be destroyed
using available drug molecules. Drug repurposing thus became an area
which require urgent attention since the already reported drug molecules
can be the potential drug molecules against SARS-CoV-2 with significant
inhibitory action. Automated methods like high throughput screening
(HTS) and computational chemistry approaches can significantly accel-
erate to develop efficient solutions to tackle this challenge. Toxicity of the
nanomaterials is also a benchmark regarding fabricating nanomaterials
for in vivo applications which should be given thorough importance.
Biocompatibility and nanotoxicity aspects should be the screening
criteria which should be given to each of the emerging nanomaterials for
antiviral applications.

4. Conclusion

Scientific community is actively searching for a solution which can
solve the problems associated with COVID-19 pandemic. New studies are
emerging in which the nanomaterials observed to have promising fea-
tures in fighting SARS-CoV-2 virus but the area is still in beginning phase.
There are significant studies reported with other viruses like HIV, influ-
enza, Ebola etc in which the nanotechnology and nanomaterials played a
critical role. This is attributed to both the diagnostic aspects like fabri-
cation of sensors, developing analytical tools to monitor the drug content
etc and the therapeutic aspects like developing drug carrier vehicles,
enhancing the bioactivity of antivirals and even the direct inhibitory
action on viruses. The path for developing good solutions against COVID-
19 pandemic will be easier through making clear understanding on the
biomolecular pathways of viral replication.

Based on the findings that we reported in this review, we would like
to highlight the following points to the readers:

� SARS-CoV-2 is a class of respiratory virus having drastic infection rate
and unclear pathophysiological implications which makes the
COVID-19 pandemic difficult to manage.

� Scientific research regarding material science platforms have been on
the way to develop effective ways to solve the issues regarding SARS-
CoV-2 infection. But the bridge between ‘lab to reality’ is very much
narrow and needs to be modified by inventing novel nanomaterials
which are easy to fabricate and create least adverse effects in
environment.

� Mutations of the virus are making the infection more complex which
limits the application of available drugs not effective. the action of
nanomaterials should be carefully investigated in different mutated
viruses to get a clear scenario of the effectiveness of nanomaterials to
combat COVID-19.

� Eventhough there are materials like CNTs are reported for their good
activity, the toxicity effects of these materials and associated adverse
health effects which are already evident limits their applications in
reality.
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� New materials or combination of materials with least or no toxicity
should be fabricated with urgent attention to solve the issues
regarding prevention and therapeutics of SARS-CoV-2 virus.

We hope this review will help the researchers to get an idea about the
nanomaterials which have proven good antiviral action but not much
explored. Nanomaterials reported against SARS-CoV-2 in the recent
scenario have also discussed to get the updated status about the research.
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