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Abstract: The global outbreak of coronavirus disease (COVID-19) has set an alarming message for the research and
discovery of new and advance technology. This is possible by either combining the convectional technology with modern
discoveries or initiating new avenues of research using nanotechnology. The vast library of nanomaterials and its
integration into modern technology can offer various possibilities for discovery of nanomedicines, nano-biosensors,
nanocompounds for controlling the sever acute respiratory syndrome coronavirus-2 (SARS-CoV-2) and other similar virus
outbreaks. Here we review the ongoing approaches utilized in detection, treatment and prevention of SARS-CoV-2 and
describe their advantages and drawbacks. Additionally, we provide the new and innovative technology that are currently
being researched or commercialized with the aid of nanomaterials and nanotechnology for disease identification, treatment
and control. We further suggest new research area based on natural product research that can provide new opportunities for
jobs and economic movements during the post-COVID-19 pandemic.
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1. Introduction

Due to the continuous increase in number of
coronavirus disease (COVID-19) cases ever since its
origin in Wuhan, China on December 2019 World
Health Organization (WHO), has characterized
COVID-19 as pandemic on March 2020 (World
Health Organization [WHO], 2020; Li, 2020). The
primary reason that induced the global rise in the
COVID-19 cases were the sudden origin of sever
acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) and the lack of preparedness and technology
to mitigate the spread of the virus. These
technological limitations were observed on the virus
identification, testing and the prevention. Similarly,
the early test for the COVID-19 was mostly based on
clinical characteristics, chest imaging and ruling out
of common bacterial and viral pathogens that caused
pneumonia (Huang, 2020; Yang, 2020). Only at the
later stage, the virus was confirmed as SARS-CoV-2
using real-time reverse transcription polymerase
chain reaction (RT-PCR) (Huang, 2020; Wenjie,
2020). However, the RT-PCR based detection can
take around 3-8 hours (Bustin, 2009, Jewerth, 2020)
and more importantly, the common availability of
RT-PCR reagent kits in pandemic, infrastructure for
installing and measuring large quantity of samples
by RT-PCR and the false positive result in
asymptomatic patient after recovery by RT-PCR
(Udugama, 2020) needs to be considered seriously as
the reproductive number of SARS-CoV-2 is
estimated to be around 3.28 in average (Liu, 2020).
This has thus induced for the development of rapid
(~ 30 min.) and easy to use testing kits outside of
laboratory settings that are based on detection of
human antibodies, blood serum, stool or nasal swabs
generated in response to COVID-19 infection
(Udugama, 2020; Advice. WHO, 2020). However,
many of these test kits works on specific test patterns
and infection stages of the COVID-19 patient.
Hence, WHO has recommended for the development
of nucleic acid and protein based testing and
detection Kits that can be used at the point of care for
COVID-19 diagnostics (Report. WHO, 2020).
Similarly, for the treatment of COVID-19 patients,
29 different therapeutic drugs have been tested
worldwide until April, 2020 (Koch, 2020). Out of
these, few of the drugs like Remdersivir,
Hydroxychloroquine, Chloroquine and Favipiravir
which have already been tested for antiviral and
antimalarial cases have shown promising results
(Koch, 2020; Milken, 2020; CDC, 2019; Zhang,
2020; Jiaxing, 2020, Wang, 2020). However, the use
of drugs also depends on the country of use and upon
the pre-existing medical conditions of COVID-19
patients (Y. Wang, 2020; Thomas, 2020). Together
with detection and treatment, preventive measure
against COVID-19 infection has been initiated by

pharmaceuticals companies, academic institutions
and organizations worldwide (Editorial, 2020;
Public. WHO, 2020). Some of the vaccine
developers like CanSino Biologics, National Institute
of Health and Moderna have already started second
stage clinical trial against COVID-19 (Editorial,
2020; NIH, 2020; Thanh, 2020; N. NIH, 2020,
TNYT, 2020).

More important, the material available and
engineered for COVID-19 pandemic at present has
been tested with conventional materials and
technology. While the outcomes with conventional
technology have not been satisfactory, the use of
widely researched modern materials like quantum
dots, low dimensional semiconductors and
compounds can be possible alternatives at this peak
stage of pandemic. The role of nanomaterials is also
important in SARS-CoV-2 due to the fact that the
viruses itself are core-shell nanostructure confined
within the size of 60-140 nm (Huang, 2020; Hu,
2020; Chan, 2020; Sivasankarapillai, 2020). This
thus allows the nanomaterials to bind, encapsulate
and passivate the virus (Lauster, 2020; Curk, 2017
Martinez, 2011), allowing to study, engineer and
design measures for detection, treatment and
prevention of COVID-19 (Chan, 2020).
Furthermore, the large surface to volume ratio,
variable bandgap, highly luminescent and easy to
integrate nano-dimensional materials offer additional
benefits as compared to bulk (Khan, 2019;
Nanotechnology, 2006) in fabricating detection Kits,
nano-medicines for coronavirus and virus specific
vaccine for SARS-CoV-2 and other emerging
viruses. This review will thus mainly focus on
nanomaterials based technology that are currently
used or being researched to passivate the pandemic
as well as to prevent the COVID-19 and other
possible virus outbreaks.

2. Nanomaterials application in COVID-19
pandemic

SARS-CoV-2 are spherical shaped and nano-
dimensional positive-stranded ribonucleic acid
(RNA) viruses which are encapsulated inside a
helical Nucleocapsid protein shell and enveloped by
lipid membrane and three structural protein
(membrane glycoprotein, nucleocapside protein and
envelop protein) with spike protein on the outer layer
(Li, 2016). This core-shell nano-structure and the
crown-like spike protein outside of the virus surface
in SARS-CoV-2 thus provides opportunities in
engineering drugs, protective coatings and vaccines
against COVID-19. This is because the lipid
membrane can be easily destroyed by even soap
molecules (Jabri, 2020) while the envelop and capsid
can be compromised by physical treatments like UV
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exposure, heating and desiccation as well as by
chemical sanitization using acids, oxidants, alcohols
or surfactants (Huang, 2020, Wigginton, 2020;
Kampf, 2020). Similarly, neutralizing the spike
protein outside the virus surface by antibodies and
vaccines (Nanogrifi, 2020) and the idea of
incorporating  multivalent  binders with  the
pathogens, enveloping the host cell and using the
ligand scaffolds to prevent the pathogens adhesion
(Chan, 2020; Lauster, 2020) are additional nano/bio-
engineering research fields that can be considered

for prevention of COVID-19 and other potential
virus outbreaks as illustrated schematically in Figure
1. Additionally, the recent development of
nanomaterials from Chinese scientists that can
absorb and deactivate the virus with 96.5-99.9%
efficiency can be another important discovery for the
treatment and prevention of SARS-CoV-2 (Global,
2020). These nano-technological developments and
their successful implication in virus identification,
COVID-19 cure and preventive measures will be
discussed in brief in the following sections

(a) (b) (c)

(d) (e)

Figure 1. Nanomaterial for controlling SARS-CoV-2. (a) Schematic showing the SARS-CoV-2 and its constituents. (b)
Insertion of nanoparticles into the SARS-CoV-2 for neutralizing the virus. (¢) Nanomaterials based passivation of SARS-
CoV-2 to control the growth and multiplication of virus. (d) Nanochemical functionalization of spike protein in SARS-CoV-
2. The spike protein are known to be the main component of virus which allows to virus to interact with the human cells. (¢)
Encapsulation of SARS-CoV-2 with nanomaterial or nanocompounds which passivates the virus for growth as well as

preventing the spike protein to functionalize with human cells.

2.1. Nanomaterials for diagnostic of COVID-19

During the early period of COVID-19 pandemic,
lack of information about the virus led to many primary
and secondary viral infectants (Udugama, 2020;
Nanogrifi, 2020). At this primary infection stage, a
combination of computed tomography imaging, whole
genome sequencing and electron microscopy were used
to screen and identify SARS-CoV-2 (Udugama, 2020;
Report, WHO, 2020). However at the later stage, a
number of RT-PCR based testing were used to detect
SARS-CoV-2 genetically (Report, WHO, 2020). The
limitation of mass and rapid testing with RT-PCR as
well as the increasing number of COVID-19 cases
globally led to the research and production of various
diagnostic techniques based on nucleic acid, protein
detected from clinical samples like serum, throat, nasal
and nasopharyngeal swabs, blood and stool (Udugama,
2020). More importantly, many of these diagnostic
modules are based on nanotechnology and nano-bio
engineering techniques.

The major requirement of the testing Kit in this
global pandemic is minimum time required for
measurement, availability of point of care testing and
the easily accessible patients sample for testing
purpose. This can be achieved with rapid diagnostic
test (RDT) that gives result within 30 minutes using
either the blood, stool or nasal swab at the place of
patient convenience. The currently used RDTs works
on a principal where the target antigen from

respiratory tract will bind to specific antibodies
generating a visual signal (Advice, WHO, 2020) or
through direct measurement of the antibiodies in the
blood sample of the COVID-19 infectant (Liu, 2020;
Pan, 2020). However these test can only be used to
identify at some specific stage of infection as well as
these antigen based test can detect various other
respiratory disease giving false positive results thus
limiting the test sensitivity to vary from 38 to 80%
(Advice, WHO, 2020; Zhao, 2020). Hence a more
accurate test based on the direct detection of RNA or
protein in SARS-CoV-2 is required.

One of such rapid diagnostic kits works on the
principal of direct isolation of RNA from patient
sample. Gold and iron oxide nanoparticles are
promising materials which have been extensively
investigated so far (R&M, 2020; HMP, 2020;
Candanosa, 2020). The World Nano Foundation
(WNF) has identified a rapid diagnostic kits based
on colloidal gold nanoparticles. As the second
generation testing kits that has been introduced to
improve the testing accuracy, reliability and rapid
diagnostic of SARS-CoV-2, the antibody assay kit
by WNF uses colloidal gold nanoparticles to detect
the presence of immunoglobulin G and M (IgG and
IgM) antibodies present in test serum (TWNF,
2020). Since metal nanoparticle surfaces can
produce surface plasmon resonance (Jain, 2007) and
various previous studies have used gold
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nanoparticles based plasmons to detect the biological
interaction of deoxyribonucleic acid (DNA) and
RNA (TWNF, 2020; Nguyen, 2015), it is believed
that the colloidal gold based detection kits can
increase the sensitivity of SARS-CoV-2 detection by
more than 1000 fold. Similarly, other development
in the RDT using gold nanoparticles is based on
plasmonic photothermal effect and localized surface
plasmon resonance sensing (Qiu, 2020). As an
alternative to PCR, the team of Jing Wang at
Massachusetts Institute of Technology (MIT) using
thermoplasmonic heat to produce localized surface
plasmon resonance were able to make a DNA probe
that can recognize specific RNA sequence of
COVID-19 and attach them to gold nanoparticles for
detection. Their device can also discriminate
between two similar gene sequences thus providing
accurate diagnostic of SARS-CoV-2 among many
other similar virus sequences.

Besides plasmonic nanomaterials, researchers
have also developed magnetic nanoparticles based
rapid detection Kits using iron oxide nanoparticles.
The magnetic nanoparticles can bind with the
biomolecules like RNA and DNA upon application
of magnetic field (Chen, 2020) thus allowing rapid
and reliable molecular diagnostic of SARS-CoV-2.
One of such developments is Agappe Chitra Magna
produced by Sree Chitra Tirungal Institute for
Medical Sciences and Technology (SCTIMST),
India which captures the RNA from CODID-19
patient using magnetic nanoparticles of iron oxide
(HMP, 2020). These magnetic nanoparticle beads
bind to the viral RNA and upon exposure of the
magnetic field, it gives a highly purified and
concentrated RNA. Also the advantage of large
surface area in nanoparticles allows adequate
quantity of RNA sample needed for analysis,
enhanching the chances of identifying positive cases
accurately. Similarly, Norwegian University of
Science and Technology (NTNU) have developed
tiny iron oxide nanoparticles coated with silica that
can extract RNA from a solution containing the
clinical sample. The solution cracks the virus
releasing biological molecules including RNA. The
silica covered magnetic nanoparticles attaches the
RNA more strongly than isolated nanoparticles
which are later pulled out of solution using magnetic
excitation. This technique can measure 150,000
cases per week which is a major achievement for
convenient and mass testing.

In addition to nanoparticle based detection Kits,
there are emerging research based on 2-dimensional
(2D) materials like graphene, a high conductivity
carbon based materials (Rodgers, 2020; Adhikari,
2016). A Korea research team at Basic Science
Institute, have developed graphene based field-effect
transistor that can detect SARS-CoV-2 in less than one

minute. The antibodies against SARS-CoV-2 attached
on the graphene based biosensor device can detect the
change in electrical current once the purified or
cultured SARS-CoV-2 virus are added to bind with the
antibody. This technique could enable health workers
to rapidly diagnose without complicated and risky
sample preparation steps. However the environmental
stability of 2D materials, the large signal to noise ratio
in electrical devices and the cost of the biosensor are
still some critical issues that have to be reviewed
extensively before its commercialization.

Besides these, there are also some developments
in self-diagnostic test using isothermal amplification
that usages inorganic quantum dots (Udugama,
2020; Kim, 2016; Everywell). These amplification
techniques which enable battery-operated excitation
and smartphone camera for capturing the emission
can be next generation of SARS-CoV-2 detection
research to control the pandemic. Similarly there are
other developments like isothermal amplification
tests, serological tests, lateral flow assay,
electrochemical sensors, paper based systems and
surface enhanced Raman scattering techniques
developed to bring convenient and reliable
diagnostic to control the global pandemic (Udugama,
2020).

2.2. Nanomaterials for treatment of COVID-19
Until the end of May, 2020, none of the countries
around the globe have been successful in establishing a
fixed medicinal treatment for COVID-19 pandemic.
Additionally, the patient’s physical health condition is
one of the prime factors that determine the treatment
procedure (Off, WHO, 2020; Newton, 2020).
According to the WHO’s “Solidarity” clinical trial for
COVID-19 treatments plan, the treatment options
under study are Remdesivir, Lopinavir / Ritonavir,
Lopinavir / Ritonavir with Interferon beta-1 and
Chloroquine or Hydroxychloroguine which were
previously tested for Ebola, human immunio virus
(HIV), sclerosis and malaria treatment (Solidarity,
WHO, 2020). Among these therapeutics, multicenter
clinical trials based cell culture study suggest that
chloroquine displays potential therapeutic efficacy
against COVID-19 (Gao, 2020) with minor side effects
as reported by Chinese health officials (Jiaxing, 2020).
Moreover, Chloroquine has been used in the field of
nanomedicine for investigating the nanoparticle uptake
in cells thus providing information about the
nanoparticle interactions with the cells in presence of
Chloroquine (Hu, 2020). This nanomedicines study can
also provide valuable information about the viral
replication mechanism at early stage of infection. More
importantly, =~ SARS-CoV-2  falls  within  the
nanomaterial size regime of 60-140 nm (Huang, 2020),
showing various possibilities for treatment and
modification using various synthetic nanomaterials.
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Theranostics is one of such newly emerged research
area which involves detecting and neutralizing viruses
using nanodrugs and nanomedicines with focus on
diagnostics and therapy (Jeelani, 2014). This
combination of diagnostic and therapy has great
potential in controlling the COVID-19 pandemic as
synthetic nanomaterials can be used to block the virus
replication in the host, bind the pathogens and host cell,
envelop the entire virus thus preventing all possible
interactions and using ligand scaffolds for surface
modification and functionalization to prevent the
pathogen interception (Figure 1) (Chan, 2020, Lauster,
2020; Martinex, 2011). Additional advantage of
nanomedicine is its ability to move through the human
body in bloodstream without affecting other functions
and more importantly, these nanoparticle in the
nanomedicines can remain in the body to prevent
further viral infection (Nanografi, 2020).

Researchers in Protein Production UK and The
Rosalind Franklin Institute, United Kingdom, have
isolated nanobodies which can bind with the spike
protein of SARS-CoV-2. These high stability
nanobodies are the nanostructured antibodies
extracted in Camelids which can be used to create
highly specific blocker against the virus. Stabilizing
the spikes can also help in better imaging at the
atomic level providing detail knowledge about the
virus for future diagnostic, treatment and prevention
research  (Owens, 2020). Similarly, Elastrin
Therapeutics have developed world’s  first
humanized antibody against Inflammatory Storm, a
condition that specifically damages exposed elastin
fiber in the lungs (Collins, 2020). Since the critical
stage of COVID-19 can damage the lung or generate
lung disease, the treatment process using drug loaded
nanoparticle can repair the elastic fiber in the lungs
providing easy access for air sacs and blood vessels
to deliver oxygen and blood. Similarly, the company
have also developed metal complexes agent to
prevent the reverse hardening of the arteries. These
developments can be highly important to save a
critical patient. Another important experimental
therapies recommended by WHO is using
conventional antibodies and nanobodies to neutralize
the pathogens. For this a Canadian biotech company,
Novobind, are developing next generation antidotes
known as nanobodies. These nanobodies targeted to
SARS-CoV-2 virus are predicted to identify and
stick to the pathogens and neutralize its functions by
enveloping the virus. Hence they can be used for
creating a diagnostic tool or therapeutics against the
SARS-CoV-2 virus. This lack of effective medicine
has also provoked researchers to design drugs using
computer simulations.

Among many potential drugs and therapeutics that
are expected to work but have not been
experimentally tested, can be modeled using

supercomputers. This can narrow down the potential
drug list and narrow down the process of
experimentally testing each drug on patients. One of
such pioneering work is being carried out in
University of lllinois, USA, where peptide inhibitors
that prevents the virus infection in the human cell by
blocking the spike protein of the SARS-CoV-2 has
been simulated (Han, 2020). The research team has
identified 15 amino acids that can directly interact
with the viral spike protein. Among the various
peptides developed, one had showed high stability
and great potential for COVID-19 treatment, which is
now being tested for clinical trials. Similarly, other
development in COVID-19 treatments that are
extensively researched in experimental laboratories
are designing of nanoparticles that are similar in size
to SARS-CoV-2 and can potentially disrupt the
structure of virus thus halting the ability of the virus
to survive and reproduce in human body. However,
reducing the risk of nanoparticles in human body is
also equally important for the long term human
health. Hence considering the benefit of nanoparticles
against the virus as well as its long term side effect,
Thomas Webster in  Northeastern  University,
Chemical Engineering Department have proposed
Iron oxide nanoparticles, which are magnetic
materials and are also important in human body
especially for the synthesis of haemoglobin in red
blood cells (Candanosa, 2020). More importantly, this
magnetic material can be guided for targeted drug
delivery in human organs using external magnetic
field and the left over iron oxide nanoparticles can be
used as an nutrient supplement for anemic cases
during viral infection. Additionally, the idea of using
photoactive nanomaterials to encapsulate the
nanomedicine against SARS-CoV-2 and using
electromagnetic radiation to rupture them at a targeted
sites can be another nondestructive treatment
procedure that can kill the target virus as well as
destroy the nanomaterials (Nanografi, 2020; Shrestha,
2009).

2.3. Nanomaterials for prevention of COVID-19
The long term existence of the SARS-CoV-2 in
the global human community and its consequences
in human health are one of the most challenging
issue faced by the world leaders and health
professionals at present. Since viruses are part of the
ecology and environment, they cannot be eradicated
completely for few centuries. Hence the only
solution at present is to live with them by developing
the human immunity or by developing vaccines to
prevent (suppress) the virus infection (transmission).
WHO have activated an research and development
(R&D) Dblueprint and a public statement for
collaboration against COVID-19 that aims to
accelerate diagnostic and therapeutic along with
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vaccine research in order to fight against COVID-19
and similar other potential virus outbreaks (Public,
WHO, 2020; R&D, WHO, 2020). WHO have also
taken major responsibility in coordinating group of
experts with diverse backgrounds working towards
the development of vaccine for COVID-19 and
supporting information channels between countries.
As of 22 May, 2020, 10 candidates vaccine are in
clinical evaluation while 114 candidate vaccines are
in preclinical evaluation (Draft, WHO, 2020).
Among these CanSino Biological
Incorporation/Beijing Institute of Biotechnology,
Moderna/National Institute of Allergy and Infectious
Diseases (NIAID) have moved into phase 2 of the
clinical evaluation. More importantly, Modera’s
Coronavirus vaccine containing a genetic material
from the virus called messanger RNA (mMRNA) has
shown a safe and strong immune response in 8
healthy volunteers (TNYT, 2020). The vaccine test
among larger group of population will determine the
possibility for the final vaccine approval for global
use and this might take at least 10-15 months. Hence
until the commercial vaccine are available, we need
to rely on the social preventive measures, treatment
procedures and more importantly the past research
and knowledge gained in similar virus outbreaks like
middle east respiratory syndrome coronavirus
(MERS-CoV) and SARS-CoV (Harapan, 2020).

Moreover, the Moderna/NIAID based lipid
nanoparticle encapsulated mRNA vaccine that is
previously studied for SARS-CoV and MERS has
thus been used to stabilize the spike protein in
SARS-CoV-2 (Safety, NIH). Another
nanotechnology based vaccine is being developed by
Novavax, an Indian biotechnology company which
is currently moving into phase 1 of the clinical trial
(Evaluation, NIH). The wuse of glycoprotein
nanoparticles vaccine with or without Matrix-M
immunological agent to improve the long term
vaccine response are being studied currently as a
SARS-CoV-2 vaccine candidate (Matrix-M, 2020).
Similarly, preclinical trial of nanoparticle based on
spike protein and other epitope developed by Saint
Petersburg Research Institute of Vaccine and Serums
in Russia (Draft, WHO, 2020; Russkiy, 2020) and
recently initiated self-assembling protein
nanoparticle research against protein spikes in
SARS-CoV-2 developed by Ufovax, USA are other
nano-technological vaccine candidates that are
expected to have long term and stable results against
COVID-19. Moreover, the successful implication of
nanomaterial and  nano-biotechnology  based
vaccines can motivate researcher to explore the vast
library of widely studied nanoparticles into disease
research.

2.4. Additional preventive measures for COVID-19
based on nanomaterials

Apart from the mandatory and permanent
measure of using vaccine for disease prevention,
there are many physical and social preventive
measures that can be considered against any ongoing
global pandemic. Considering the case of COVID-
19, which are airborne and can be transmitted
through respiratory droplets, faeces and fomites,
strict precaution have to be taken in controlling the
virus transmission (Modes, WHO, 2020). In this
section, we review some of the technology
developed to prevent the virus transmission and the
measures taken with the aid of technology to control
the widespread transmission of the virus in different
part of the world.

During the early infection stage in China, SARS-
CoV-2 were found in air ducts implying the virus
can be transmitted through air conditioning system
(Lu, 2020) and even through the stool of the patient
who have tested negative for COVID-19 (Yong,
2020). Hence precautions should be taken in
household to community level until there is no clear
research based evidence about COVID-19. Hence it
is advised that high efficiency particulate air (HEPA)
filters should be used especially in the isolation area
and hospitals where COVID-19 cases are treated.
This is because HEPA filters are known to be
efficient air filter with filtration efficiency increasing
for particle diameter both less than and greater than
300 nm (NIOSH, 2014). This filter size is well
below the mean diameter of the SARS-COV-2 virus
size (Huang, 2020), hence preventing the airborne
transmission.

Similarly, treatment of water is equally
important together with the air to keep the virus from
community transmission sources. Moreover, the trap
and zap technology developed by a team of
researcher from Rice University have demonstrated
the feasibility of multimedia treatment process of air
filtration and wastewater disinfection using a
nanotechnology approach (NEWT, #EEC-1449500).
Using a few layer graphitic carbon nitride activated
by light, they could selectively absorb virus and
degrade their antibiotic resistance gene, thereby
disabling bacteria and viruses including SARS-CoV-
2. The stainless steel and plastic materials are also an
active host of SARS-CoV-2, surviving for upto 72
hours after application while copper metal and
cations have broad spectrum antiviral effect allowing
the virus to survive only for ~4 hours (van, 2020).
Moreover, replacing many of the widely used
stainless steel with cost-effective copper in
transportation, industries and household purpose is
not feasible at present. Instead, developing of
technology that is cost effective and less vulnerable
is rather preferred. Nano-dimensional titanium
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dioxide (TiOy) is one of such materials which are
extensively used in photocatalysis, solar cell,
targeted drug delivery and elecrochromic research as
they are highly stable, non-toxic and cost effective
(Niraula, 2014; Fujishima, 2000; S. Adhikari, 2015).
The C-Bond Systems together with MACOMA,
USA have thus developed a photocatalytic TiO,
nanoparticle coating that can be used in public
utilities and mass gathering areas (Macoma, 2020).
This coating can be one of the most effective
multidimensional approaches in reducing the spread
of airborne toxins and microscopic allergens
including COVID-19. However, this technology
works on the principal of UV illumination of TiO, to
induce the photocatalytic properties limiting its use
in indoor region. For this, NanoSeptic, USA has
created mineral nano-crystal that can produce a
powerful oxidation reaction. More importantly, this

nanocrystal can be activated by visible light,
fluorescent, light emitting diodes or sunlight,
allowing the oxidation reaction to occur

continuously. This thus provides a convenient and
cost effect solution in disinfecting any organic
contaminants in remote locations.

Another important preventive measure in
controlling the COVID-19 transmission is using
efficient personal protective equipment (PPE) for
general public and frontline health workers. Facial
masks are one of the largely consumed product
besides testing kits and reagents. The important
consideration that should be taken into account when
choosing the facial mask is protection from the
airborne particles of size similar to SARS-CoV-2. The
commonly available surgical masks made of
nonwoven fabrics while N95 masks using a particle
filter capable of blocking at least 95% of airborne
particles larger than 2.5 microns (Smith, 2016) are
needed in large quantities daily. To meet this growing
demand at present, nanotechnology can play an
important role. The less material consumption using
nanomaterials and nanotechnology can also help
provide cost effective and efficient protective measure
during this global pandemic. One of such example of
facial mask research using nanotechnology is led by
Iranian government by initiating west Asia’s largest
N95 mask industry (Statnano, 2020). With the aid of
electrospun nanofiber technology which provides
large surface area for filtering and can also be
functionalized with different chemically active groups
to capture and neutralize the nanosized particles and
infectants (Jalili, 2006), the Iranian government aims
to produce 4 million masks per day for domestic use
and foreign export. Similarly, consideration should be
taken in preparing hazma suits and other PPE like
protective suits, facial shields, gowns, gloves, boots
and goggles. The fabrics used in the suits and gowns
should provide effective barrier to air and water

contaminants especially at the junction areas.
Similarly, for the long term use of the PPE for health
care workers, considerations should be taken in the
flexibility, ventilations, head dissipation and
equipment for communications (Huang, 2020). All
these can be possible with the aid of efficient and
multifunctional low dimensional materials like
guantum dots and 2D materials. The low material
consumption, flexibility, availability of materials from
metallic, magnetic, semiconducting to insulating and
the wide knowledge achieved from the
characterization to device integration research offered
by nanomaterials allows wide prospective for
industrialization and commercialization of protective
materials against airborne, waterborne, inorganic
objects and other  environmental  surfaces
contamination.

3. Discussion
Various past pandemics and alarming infections
against bacteria and viruses have taught the

government, industries, and individuals around the
globe to focus and invest on research and study of
various natural and artificial  phenomenon
continuously. This will help us develop new priorities
for research areas and development which eventually
will help us prepare for many of these global
pandemic yet to arise in the future. Similarly, the area
of materials science research which offers wide
possibilities beyond the limitation of conventional
materials should be prioritized. Understanding the
need of detection, treatment and prevention in any
natural and environmental pandemic can be dealt with
the global community of scientist and researchers
coming together into a common platform of
discussion and sharing of ideas and results. While
developing research priorities for treatment and
prevention, it is also necessary to consider a universal
medicine and vaccine that not only works for the
current infection but also for past and future outbreaks
of similar genomes. Apart from medication and
vaccination, the physical and social research to
develop various preventive measures should also be
equally considered. This combined research plan will
help prepare every individual socially and
psychologically in fighting for bacterial and viral
pandemic and also ease the social human movements.

4. Conclusions

The global demand of smart and efficient
technology has motivated the research and
knowledge capacities of academic and industries.
This has thus provoked the conventional science to
shift towards technological with the aid of nano
dimensional materials. More importantly, disease
research and medicine are most important research
areas that constantly needs innovative science and
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technology not only for the present but for the
possible disease outbreaks in future. In such,
nanomedicine, nanoparticles for targeted drug
delivery, smart biosensor based on nanomaterial and
technology and nanochemical, nanocompound and
nanodevices for passivation and neutralization of
infectants can provide next generation of diagnostic,
treatment and prevention for disease outbreak.
Moreover, the toxicity and long term side effects of
many nanometerials are still not fully explored in
human health. In such, natural product based
medicines and technology having a vast library of
products and long term knowledge about its use and
side effect can be an alternative research area. The
green chemistry synthesis approach in developing
natural product based nano-biomaterials can thus
substitute many of the toxic and hazardous synthetic
nanomaterials, opening new, green and cost effective
research area and industry.
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