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Introduction
It was discovered in December 2019 that COVID-19 is caused by 

SARS-CoV-2 (the new coronavirus originally discovered in Wuhan, 
China [1, 2]. An important feature of the virus is its ability to rapidly 
change in order to adapt to different epidemiological settings [3]. The 
diagnosis and treatment of people with COVID-19 are complicated 
by the disease’s heterogeneity, which makes it difficult for medical 
practitioners to narrow down the underlying cause. All kinds of 
techniques and approaches are needed to understand the host-pathogen 
interaction and illness in order to produce successful medications and 
therapies. By offering vaccinations and carriers based on nanoparticles, 
nanomedicine has the potential to reduce the disease burden [4, 5]. A 
range of diseases, including respiratory viruses, papillomavirus, herpes 
virus and HIV, have been successfully treated with nanotechnology in 
preclinical investigations. To help with the COVID-19, nanotechnology 
is a top priority in this situation. The nano-regime encompasses all 
substances with a diameter less than one micrometre. The virus’s size 
is identical to that of the nanomaterial, making it efficient in attacking 
it. Moreover, the tiny size of the nanomaterials allows them to be 
excellent delivery moieties, facilitating targeted drug and gene delivery 
and modification, and also enhancing interactions between analyte and 
sensor i.e. permitting rapid and accurate viral detection [6, 7].

Nanotechnology Strategies for Disinfection of Surfaces and 
PPE

As a highly contagious virus, COVID-19 may spread via a variety 
of vectors [8]. Micro-droplets released primarily by individuals or 
surfaces contaminated with SARS-CoV-2 have been established in 
recent research to be the primary mode of SARS-CoV-2 transmission. 
Depending on the surface, the human coronavirus can remain for 
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up to 9 days and at temperatures exceeding 30°C, according to the 
study of Kampf G (2020) [9]. Using personal protective equipment 
(PPE) and disinfectants and sanitizers is critical in this situation 
[10]. In order to reduce the risk of exposure to pathogens, the World 
Health Organization (WHO) suggests using physical and chemical 
variables, such as masks and hygienic personal care practises, as 
well as disinfection of frequently-touched surfaces. When this is 
not possible, it is vital to design disinfectants and sanitizers that can 
withstand repeated washing and friction, and that are non-toxic in 
addition to long-lasting. Engineered water nanostructures (EWNS) 
based on electrospray and aqueous suspension ionisation of several 
active substances were produced by Vaze N, et al. (2019) [11]. There 
was a considerable decrease in pathogen concentration, according to 
the findings (including H1N1 influenza). Based on titanium dioxide 
and silver nanoparticles, Nanotech Surface Company produces a 
disinfection composition. When it comes to disinfecting surfaces, 
a business claims that its compound was employed during the 
COVID-19 epidemic. Surfaces such as door knobs, elevator buttons, 
and mobile phones remain germ-free thanks to the nanoparticles’ 
oxidation reaction, which is potentialized by light.

Antiviral disinfectants and surface coatings that can inactivate 
and prevent the spread of COVID-19 can be developed using 
nanotechnology. This includes the design of infection-safe personal 
protective equipment (PPE) for healthcare workers, and the 
development of effective antiviral disinfectants and surface coatings. 
Textiles used in personal protective equipment (PPE) can be made 
antibacterial with the use of nanoparticles [12, 13]. In order to inhibit 
the growth of microbes on clothing, this method has been employed. 
Controlling microbes by the oxidation of the microbial membrane 
can be achieved on surfaces modified by nanoscale biocides, such as 
quaternary ammonium or quaternary phosphonium salts, polymers 
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or peptides. When utilised in filters or membranes, silica hybrid silver 
nanoparticles can give superior protection against tiny particles (50 
nm) than typical surgical facemasks [14].

There are two advantages of using nanomaterial in facemasks. 
Filtering and microbicidal agents in facemasks prevent infections 
from entering and destroying them. Second, after viruses have been 
eliminated in contact with the masks, it is safer to handle the material 
after its usage. This reduces the risk of contamination during the 
undressing procedure. Additionally, the patents on this technology 
allow for the development of various types of personal protective 
equipment (PPE) that can assist prevent the transmission of diseases, 
such as visiting aprons, medical and lab jackets, bedsheets and foot 
protection [14, 15].

Nanotechnology Strategies in Diagnosing COVID-19

For diagnostic applications, metallic nanoparticles are more 
commonly used. When AuNPs (gold nanoparticles) coated with 
antisense oligonucleotides interact with RNA specimens within 10 
minutes, selective naked-eye detection of COVID-19 is achievable. 
Detection and diagnosis of COVID-19 positive cases is possible 
without the use of specialised instruments and equipment. A major 
constraint in the diagnosis of persons arises when a viral load is first 
represented or when a mutation develops during the propagation 
phase [16]. Many biosensors now incorporate nanotechnology-based 
probes [17], which increase the analytical sensitivity for diagnosis by 
obtaining electrical, optical, or catalytical capabilities from the sensor’s 
usage of nanomaterials [18, 19]. It was found that gold nanoparticles 
functionalized with thiol-modified surface-modified probes, which 
hybridise with their target, did not aggregate with salts and therefore 
did not undergo colour change, and this platform can therefore be 
easily adapted for the diagnosis of infectious diseases such as the 
bacterium COVID-19 [20].

Nanotechnology Based Treatments for COVID-19 Infections 
and Vaccine Development

Nano therapeutic materials have been created to increase the 
effectiveness of COVID-19 therapy. Some examples of these include 
the development of biodegradable nanoparticles that are nontoxic and 
stable, surface modification of nanoparticles by conjugation of PEG 
to capping agents and targeting moieties to minimise adverse effects 
of therapy, and the fabrication and testing of polymeric nanoparticles 
with rapid and high mucus penetration features. When it comes to 
the treatment of coronavirus infection, potential antiviral agents and 
drug delivery platforms such titanium dioxide, silver colloid and 
diphyllin nanoparticles are among the nanomaterials being studied 
[21, 22]. When used in conjunction with nano-based gene therapy 
such as small interfering RNAs (siRNAs), coronavirus replication 
can be drastically reduced [23, 24]. Nanoparticles, including as 
dendrimers, liposomes, carbon nanotubes, polymer-based materials, 
and inorganic nanoparticles, can be combined with different antigens 
in nano-based immunotherapy [25]. Gold nanoparticles coated with 
the swine transmissible gastroenteritis virus have been utilised to 
activate macrophages, promote interferon production, and boost anti-
coronavirus neutralising antibody levels in vaccinated individuals [26, 
27]. Encapsulated in positively charged LNPs (lipid nanoparticles), the 
COVID-19 mRNA-based vaccines (manufactured by BioNTech-Pfizer 
and Moderna) are resistant to RNase-mediated degradation, stable 
self-assembling particles that may be given through numerous routes.

Future Strategies by Nanotechnology for COVID-19

Coronavirus antiviral treatment is becoming more dependent on 
nanotechnology. Nanomaterials have been designed to enhance the 
transport of bio therapeutics through the physiological barriers. To 
tackle existing and future mutant coronaviruses, a wide spectrum of 
prospective nanodevices, such as nanosensors, nanobased vaccinations 
and smart nanomedicines, provides considerable promise.
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