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1. Background

Incidents of viral outbreaks have increased at an alarming rate over
the past decade. The most recent human coronavirus known as COVID-19
(SARS-CoV-2) has already spread around the world [1]. However, the ra-
tio between mortality and number of infections seems to be lower in
this case in comparison to other human coronaviruses (such as severe
acute respiratory syndrome coronavirus (SARS-CoV) and Middle East re-
spiratory syndrome coronavirus (MERS-CoV) [2,3]. These outbreaks have
tested the limits of healthcare systems and have posed serious questions
about management using conventional therapies and diagnostic tools.
In this regard, the use of nanotechnology offers new opportunities for
the development of novel strategies in terms of prevention, diagnosis
and treatment of COVID-19 and other viral infections [4].

Corona viruses belong to the subfamily, viz, Coronavirinae, which
are enveloped and spherical viruses with a single-stranded RNA ‘ge-
nome’. The recent outbreak of the novel beta-coronavirus responsible
for COVID-19 in Wuhan, China, is probably associated with a seafood
market. According to WHO's report [5], there had been over 80 million
confirmed cases of COVID-19 globally by 16 June 2020, resulting in over
1.7 million deaths. However, compared to SARS-CoV, the human-to-hu-
man transmission of SARS-CoV-2 is much faster, which has already re-
sulted in its spread around the world and led the WHO to declare the
outbreak as a global pandemic on 11 March 2020 [6-9]. Although the
number of infected patients is continuously increasing, consistent ef-
forts are being made to develop more number of effective, targeted
and safe drugs and vaccines to control this virus. Some scientists have
been looking into the similarity of transmission between the novel
SARS-CoV-2 and SARS-CoV to develop drugs targeted towards highly
conserved key proteins, such as those involved in viral replication and
proliferation. Examples of these proteins are spike, viral, and envelope
proteins, as well as RNA proteases. Most of the currently available drugs
for the treatment of viral infections fall in one of the followings class-
es: antiviral therapies, immune therapy, anti-inflammatory therapy, and
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other treatments. However, the development of new drugs is lagging
the need for them because of the long process necessary to prove their
efficacy and safety [10]. To overcome the limitations and to improve an-
tiviral treatments, multidisciplinary research efforts are required toward
the development of alternative antiviral therapies, targeting different
phases in the viral replication cycle. In this regard, nanotechnology has
attracted increasing attention and has already been investigated for po-
tential use in prevention and/or treatment of viral infections [11].
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2. What is NANOTECHNOLOGY ?

In the face of the corona virus pandemic, it is time for the nanotech-
nology to shine and build on its experience with nano-scale materials
and drug delivery to provide knowledge and tools for COVID-19 vaccine
and therapeutic development [12,13].
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As the quest for a COVID-19 vaccine continues, researchers working in
other areas of science such as nanotechnology have joined the battle

against the virus.

The ongoing COVID-19 crisis does not mark the first time that
nanomaterials have been highlighted for their ability to limit the spread
of viruses. Surfaces coated with polymers containing nanoparticles of
metals such as copper can release metal ions, which are known for their
antiviral activity and have already been suggested for use in certain ar-
eas. Nanotechnology offers a safer alternative to the use of toxic chemi-
cals such as disinfectants in medical settings. Such coatings are far more
convenient than other non-toxic disinfectant measures such as irradia-
tion with Ultraviolet (UV) light [14-16]. These nanomaterial coatings and
alloys confer antiviral and antibacterial properties through the release
of ions, which disrupt the operation of living cells.
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Characteristics of Nanotechnology and Nanomaterials [12]
¢ Improved and virus disabling air filtration.

* Low-cost, scalable detection methods for the detection of viral par-
ticles

¢ Enhanced personal protection equipment (PPE) including face-
masks.

* New antiviral vaccine and drug delivery platforms.

¢ New therapeutic solutions.

Nanoparticles’ Design for Virus Inhibition

Nanomaterials can be designed to have different functional groups
on the surface and to bond with specific cell receptors, and these ap-
proaches can be used to block the contact of the virus with target cells.
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Working Principle

Nanotechnology could help the fight against COVID-19 through dif-
ferent approaches, such as avoiding viral contamination and spray by:

a. Design of infection-safe Personal Protective Equipment (PPE) to en-
hance the safety of healthcare workers and development of effec-
tive antiviral disinfectants and surface coatings, which are able to
inactivate the virus and prevent its spread.

b. Design of highly specific and sensitive nano-based sensors to quick-
ly identify the infection or immunological response.

c. Development of new drugs, with enhanced activity, decreased tox-
icity and sustained release, as well as tissue-target, for example, to
the lungs.

d. Development of a nano-based vaccination to boost humoral and
cellular immune responses.

This is where nanotechnology offers a lot of opportunities for the
development of more efficient and promising disinfectant systems.

Potential of Nanotherapeutics
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Development of Nanomaterials for PPE

According the United States Centres for Disease Control and Pre-
vention (CDC), the main factors for the spread of COVID-19 is close con-
tact (person-to-person) and respiratory droplets produced by infected
persons. The use of appropriate PPE, such as masks and gloves, is also
important to combat the spread of the coronavirus [17-20]. However,
there are many issues regarding the availability and appropriateness of
PPE products, for example facemasks not fitting properly or not suitable
for restricting airborne viral particles. Nanotechnology is offering new
materials that are more comfortable, resistant, and safer means for pro-
tection against biological and chemical risks. Facemasks, lab or medical
aprons and others have been nanoengineered to provide new functions.
For instance, hydrophobicity and antimicrobial activity without affect-
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ing the material’s texture or breathability. The hydrophobicity of PPE
products can provide an effective barrier on its own against airborne
droplets emitted during coughing or sneezing.

The use of nanomaterials can build antimicrobial properties in tex-
tiles used in PPE. This strategy has been used to prevent the growth
of microorganisms in clothes. The surfaces modified by nanoscale bio-
cides, such as quaternary ammonium or quaternary phosphonium salts,
polymers or peptides, can control microorganisms through oxidation of
the microbial membrane.

One of the best examples of how nanotechnology can improve per-
sonal protection is the production of facemasks. Traditional facemasks
have a gap between the fibers, averaging 10-30 um that is inadequate
for avoiding virus contact, and the reduction of this gap between the
fibers cause a reduction of breath and increases of both temperature
and pressure, making it uncomfortable for the user. Many frontline
healthcare workers have been suffering from skin damage due to the
continuous use of facemasks. The use of nanomaterials, such as nanofi-
bers, can reduce breathing resistance and drop the pressure to provide
wearing comfort, but at the same time protect against small particles
(<50 nm). This provides much better protection than traditional surgi-
cal facemasks, which do not offer protection against particles 10-80 nm
in size. This use of nanomaterial for facemasks has two positive points.
First, facemask protection works as a filter plus microbicidal agent, re-
sulting in blocking and inactivating/killing the pathogens. Second, the
management of this material after its use becomes safer. Once the big-
gest part of pathogens is destroyed in contact with the masks, it reduc-
es the probability of contamination during the undressing process. For
gloves, some products, based on silver nanoparticles, are available and
are sold for their antibacterial effects [21-25].
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3. Global NANOTECHNOLOGY Market

Nanotechnology continues to have a broad and fundamental impact
on nearly all sectors of the global economy, namely electronics, energy,
biomedical, cosmetics, defense, automotive and agriculture among oth-
ers. Nanotechnology continues to have a broad and fundamental impact
on nearly all sectors of the global economy, namely electronics, energy,
biomedical, cosmetics, defense, automotive and agriculture among oth-
ers. The global nanotechnology market is expected to exceed US$ 125
Billion mark by 2024.

Global Nanotechnology Market & Forecast to 2024 - By Component

* By component, the nanomaterials captured highest share of the
global nanotechnology market.

* Nanoparticles holds over 85% share of the global nanomaterials
market.

¢ The nanotools accounted for second highest share of the nanotech-
nology market.

¢ Nanolithography tools dominate the global nanotools component
market.

* Nanodevices segment captured least share of the global nanotech-
nology market.

Global Nanotechnology Market & Forecast to 2024 - By Applications
¢ The top three applications of nanotechnology are electronics, ener-
gy and biomedical. Together, they account for over 70% share of the

global nanotechnology market.
* The largest application for nanotechnology is electronics.

* The energy application captured second highest share of the nano-
technology market, being followed by biomedical application.

* The cosmetic industry is one of the most enthusiastic early adopt-
ers of nanotechnology.

* The global defence application market for nanotechnologies was
valued at nearly US$ 3 Billion in 2017.

* Automotive application captured nearly 5% share of the global nan-
otechnology market.
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4. Conclusion

Nanotechnology through its numerous applications is an efficient
and cost-effective tool to be used to improve these tests for detection
of SARS-CoV-2. A variety of nanomaterials, including metallic nanopar-
ticles, polymeric nanoparticles, silica nanoparticles, carbon nanotubes,
and quantum dots, are already used for virus detection. For the develop-
ment of these systems for virus detection, the surface of the nanoparti-
cle was modified with biomolecules derived from the virus, for example
DNA, RNA, antibody, antigen (hemagglutinin antigen HIN1), peptide or
pentabody (avian influenza virus—pVHH3B). The high surface and vol-
ume ratios of nanomaterials improve the interactions between the sen-
sor and the analyte, increasing the detection limit and decreasing the
detection time.

Therefore, the use of nano-based formulations has indicated a
great potential for the control of viral infections, where nanoparticles
can both enhance the efficacy of an antiviral drug and also reduce its
toxicity. Nanotechnology has also been used to enhance the efficacy of
antiviral drugs by overcoming their low bioavailability. nanotechnology
has already been shown to enhance diagnostics, protection and thera-
pies in other viral infections; therefore, there is a good chance that, with
more R&D, it will revolutionize the fight against COVID-19 or any other
future outbreaks, offering processes, materials and tools to enhance
sensitivity, speed and reliability of diagnosis, as well as providing more
efficacious options for therapies.
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