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ABSTRACT 
The epidemic of acute respiratory infection of coronavirus as COVID-19 has shaken up the world. At the time of 
writing on 15th September 2020 213 nations all around the globe have reported a total of 32,755,000confirmed cases 
of coronavirus COVID-19 that originated from Wuhan, China, with a death toll of 4.7 million deaths? The corona 
epidemic has posed a serious threat to the existence of mankind with global pressure on healthcare sectors. None of 
the aspects of the existence of societies is unaffected by COVID-19, be it jobs, industries, economy, education, 
societal, research sector, with rapidly mounting death tolls being a wake-up call for global health. It is very much 
necessary for the mankind that whole of the scientific world come together with new methods, technologies, 
medicines and vaccines to curb the spread of this deadly disease. Currently, there is no precise and accurate 
treatment method available for COVID-19, but a wide range of studies are going on exploring all the possible 
antiviral solutions. Meanwhile among various fields of science and technology nanotechnology has great potential 
and can play an important role by providing effective solutions for diagnosis, detection, sensing, treatment and 
protection against COVID-19. The nanoscale and large surface area of nanoparticles can be very effective in various 
stages of coronavirus treatment.  The article aims to highlight the major prospective contributions and solutions that 
nanotechnology can fetch to alleviate the chronic COVID-19 pandemic. 
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INTRODUCTION 
We all knew that something like this will come. Ample alarming signals were pointing towards the 
possible threat of a viral or bacterial pandemic because of our unplanned urbanization, industrialization, 
animal trading chemical-based agriculture practices and un-scrutinized import and export activities.  We 
failed to realize and recognize the warning signs through various viral outbreaks like swine flu, avian 
influenza, SARS, MERS in the last twenty years and ultimately were outplayed by the beautiful viral 
nanocreatures.1,2 Though experts around the globe have been scrutinizing the scenarios and were working 
on developing strategies to counter intended or accidental microbial explosion, we could not assure, rapid 
and effective implementation of these strategies.  The novel coronavirus infectious disease labeled as 
(COVID-19) by WHO, was first reported on December 31st, 2019 in the Wuhan city of China.3,4 COVID-
19 was found to be caused by the SARS-CoV-2 virus. Coronavirus attacks the lower and upper 
respiratory tracts of patients with symptoms like flu-like fever, exhaustion, dry cough and breathing 
problems.5,6 Cases with no or very mild symptoms have also been reported which took around 14 days to 
reflect after the exposure to the virus, and it has also been found that an asymptomatic human may also 
shed the virus making people infected.   
The existence graph of COVID-19 can be summarized into the following points:7-9 

 Pneumonia of an unidentified cause detected in Wuhan, China on 31st December 2019. 
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 On February 11, 2020, WHO announced a name for this disease as coronavirus disease COVID-
19? 

 The outbreak was affirmed as a public health crisis of international concern on 30th January 
2020. 

 

Since then, COVID-19 is taking countries under its effect in a very drastic manner. WHO is working 
round the clock to investigate the statistics, prepare and manage specialist systems, offer counseling and 
guidance, coordinate with nations and increase supplies.10-12 
 
Why use of Nanotechnology for COVID-19? 
This coronavirus pandemic is not the first challenge in front of the world and the continuous research for 
new technological developments and their deployment is the key tool to fight against it. Nano-based 
technological solutions can be utilized for the detection, treatment, and prevention of coronavirus. The 
subject of discussion is a question of the ability of nanoparticles to hinder the attachment of virus with the 
host cell9 and the solution comes in the form of hybridization of metal NPs with antiviral medicines 
resulting in the target-based precise delivery with enhanced efficiency.13-15 Viruses can be considered as 
very smart and proficient nanoparticles with a deception characteristic of hijacking and transmitting their 
genetic code into the target cell. These nanoscale viral particles when manhandled can lead to big havoc 
and devastation to mankind. Nanotechnology-based medical equipment can be of enormous help to 
healthcare professionals. Metal nanocomposites can be exceptionally helpful for the controlled and 
sustained release of medicines.16-19  
The nanotechnology could be helpful against COVID-19 in four key phases  
1. during the phase of diagnosis 
2. during the phase of drug delivery in infected ones  
3. during the phase of disinfection  
4. during the phase of restraining the immune response of infected ones 
Nano-inventions may well lend a hand in the following ways20-22 

 

Nanotechnology Solutions for COVID-19 
Nanotechnology has the potential to comprehensively contribute to the fight with COVID-19 because the 
specific characteristics of nanoparticles can render the pathogens inoperative before they entered the host 
cell. Nanotechnologists from all around the world are working round the clock to deal with this global 
health emergency. In the pursuit of a vaccine for COVID-19 continues, researchers working in the area of 
nanotechnology have joined the battle against it. The COVID-19 crisis has mustered the scientific 
community in such a challenging way like never before.23,24 Nanotechnology has diverse applications 
ranging from electronics, electrical, material sciences, chemical science, environmental, medical, and 
biological, textile engineering, and computational science, etc. 
  

Table-1: Role of Nanotechnology for a Fight with COVID- 19 
 
 
 
 
 
 
 
 

 
 A SiO2 and silver nanoparticles based anti-viral air filter was recently being developed15,25 
 TiO2 and Ag nanoparticle-based solutions were being used for disinfecting streets in Italy26,28 
 For maintaining transparency in testing and immunization processes, Quantum Materials Corp, a 

US-based Production Company proclaimed the production of a QDX HealthID block-chain 
supported COVID-19 immunity passpotrts.27 

 

Role Solutions provided by Nanotechnology 
Detection Nanosensors to detect pathogens 
Prevention 

 
Nanofibre based respirators 

Nanomaterials based vaccines 
Nanosols as disinfectants 

Treatment Nanomedicines Nanoparticle for drug 
delivery 
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Table-2: Applications of Nanomaterials to Combat COVID- 19 30 
Nanomaterial Area of Application 

Metallic nanoparticles Virus protected Surface coating 
Nanofibres Equipment for facemask protection 

Ag and Cu oxide nanoparticles Face masks 
Copper and iodine nanoparticles, 

SiO2 and silver nanoparticles 
Virus inactive material for masks, filters, gowns, 

shoe covers, and gloves 
CeO2 nanoparticles Skin protection and decontamination treatment 

Electrospun PTFE nano-fibre Respiratory filter (99.999% efficiency) 
Polyvinylidene fluoride resin (PVDF) nano-fibers Facemasks 

Nanofibres of polypropylene Facemasks enclosed with pathogen collectors 
copper nanoparticles infused in polyester For packaging paper and cardboards 

Polyamidoamine nanoparticles antiviral Face masks with antiviral proprieties 
 

Nanosensors for Detecting COVID- 19 
Rapid and efficient diagnostics is the next step towards slowing the spread of COVID-19. 
Nanotechnology can provide rapid and cost-effective diagnostic methods with the help of nanosensors. 
The current testing methodology for COVID-19 involves the analysis of swabs through reverse 
transcription-polymerase chain reaction (RT-PCR) test.31-33 The use of nanoparticles could provide a more 
immediate ‘on-site’ test result. Field-effect transistors are graphene-based biosensing device which can be 
used as an alternative to RT-PCR test. Gold nanoparticles in combination with the appropriate receptor 
can be used in nano biosensors, to detect viral cells selectively.  
 

Table-3: Nanosensors to detect COVID- 19 
Viruses Sensor Type Detection Speed 

SARS-CoV-2 
 

Gold nanoparticles 15 minutes34 
Polystyrene nanoparticles loaded with 

lanthanides 
10 minutes35 

Zinc ferrite nanoparticles 15 minutes (RNA extraction and 
RT-PCR process)36 

Streptavidin-coated polymeric 
nanoparticles 

60 min for entire diagnosis37 

Magnetic nanoparticles with polyamino 
ester coating 

20 minutes (purification and RT-
PCR process)38 

Nanoplasmonic resonance sensor 6–10 hours39 
SARS-CoV-2 along with 

other viruses infecting 
the respiratory system 

Nanopore target sequencing 15 minutes40 

 

PPE Kits made from Nanomaterials 
World Health Organization has advised using personal protective equipment to check the spread of 
COVID-19 infection. But the face masks generally being used have their limitations in terms of 
durability, usage, and filtration capacity.41-43 Nanomaterials are also being utilized for producing personal 
protective equipment to control the spread of COVID-19. Nanofibres can be used to make reusable, 
durable, breathable fabrics for personal protective equipment, having the capability of catching nanoscale 
droplets.44  Graphene can be used in fabrics to produce lightweight, fire-resistant, UV radiation resistant 
PPEs which can block the microbes from transiting through. Silver nanoparticles can be highly useful and 
effective in this respect, with the capability of restricting the viruses through filters.45-47 
 

Table-4: Personal Protective Equipment from Nanomaterials48 
PPE Company Product Name Nanomaterial Used 

Masks 
Nexera Medical-Canada 

The Guardian masks- (reusable, 
with valve, without valve) 

Blend of silver and copper 
nanoparticles 

 Defense Series-Respirator 
masks 

ESpin Technologies, Inc.- Surgical Masks- Nanofibres 
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USA 
MVX Prime Ltd. Self-cleaning MVX Nano Mask Titanium and silver zeolite 

nanoparticles 

Gloves 

TEXAMED® GmbH-
Germany 

PADYCARE® silver nanoparticles 

MapaSpontex- United 
Kingdom 

Everyday Protect Gloves L silver nanoparticles 

GAMA HEALTHCARE 
LTD. 

Chlorhexidine wash gloves silver nanoparticles 

 

Nanotechnology-based Vaccine Candidates  
To win the fight against COVID-19, researchers all over the world are working day and night to develop a 
successful vaccine.  The vaccine is generally an inactive variety of a virus that behaves as an antigen to 
prepare and guide our immune system to develop antibodies.49 During delivery, sometimes the vaccine 
loses its efficiency by breaks down prematurely before reaching the target spot. Nanomaterials have 
emerged as a perfect base for designing vaccines against viral infectious diseases. Viruses and 
Nanoparticles function at the same size range, and this unique attribute strengthens the role of 
nanotechnology in immune-engineering technologies and vaccine development. Nanotechnology can be 
beneficial in designing vaccines for COVID19 as nanomaterials can be a best-suited candidate for the 
delivery of antigens in target cells in the form of imitation to virus and as an adjuvant.50-53 Nanoparticles 
can disrupt the structure of coronavirus and can hinder their binding to the receptors and transmission in 
the human body. The inexorable increase in the number of COVID-19 cases all over the world laid the 
foundation for the amalgamation of nanotechnologies and vaccine candidates into human clinical trials. 
Nanoparticle-based vaccines have many advantages in terms of their cost-effectiveness, storage, large-
scale production and are safer as compared to live attenuated and in-activated strains.54,55 This 
encapsulation of vaccines protects them from decomposition and can make them more effective if decked 
up with target-specific molecules. Various vaccines based on nanotechnology are using mRNA, DNA, 
lipid and protein build-ups and are in various phases of human trial.56-58 
  

Table-5: Vaccine Candidate based on Nanomaterials59 
Type of Vaccine Name of the Developer Company Status of Clinical Trial 

Recombinant SARS-CoV-2 glycoprotein 
nanoparticle 

Novavax Phase 1/2 

Lipid Nanoparticle encapsulated mRNA BioNJTech 
FosumPharma 

Pfizer 

Phase 1/2 

Lipid Nanoparticle -nCoVsaRNA Imperial College London Phase 1 
Lipid Nanoparticle encapsulated mRNA Moderna/NIAID Phase 3 

LNPs combined with mRNA CanSino Biologics (China) 
Precision NanoSystems (Canada) 

University of Tokyo (Japan) 

Pre-clinical 

LNPs formulated with DPX platform, 
containing peptides epitopes from SARS-CoV-

2 S protein 

IMV, Inc. (Canada) Pre-clinical 

LNPs formulated with recombinant S protein 
and other epitopes from SARS-CoV-2 

St. Petersburg Scientific Research 
Institute of Vaccines and Serums 

(Russia) 

Pre-clinical 

LNPs loading mRNA encoding functional 
proteins from SARS-CoV-2 

Translate Bio (United States) 
Sanofi Pasteur (United States) 

Pre-clinical 

LNPs formulated with recombinant vesicular 
stomatitis virus (rVSV) 

BIOCAD (Russia) Pre-clinical 

A virus-like particle with features of SARS-
CoV-2 S protein obtruding from a protein 

nanoparticle platform 

Ufovax, LLC (United States) Pre-clinical 
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UQ`S molecular clamp technology, ViroclinicsXplore (Netherlands) Pre-clinical 
Recombinant vaccine containing COVID-19 S 

proteins 
LakePharma, Inc. (United States) Pre-clinical 

Recombinant vaccine using AdVac® 
technology 

Janssen Pharmaceuticals, Inc. 
(Belgium) 

Pre-clinical 

LNPs loading mRNA encoding the receptor-
binding domain of SARS-CoV-2 S protein 

Fudan University (China) 
Shanghai JiaoTong University (China) 

RNACureBiopharma (China) 

Pre-clinical 

 

Nanotechnology for Drug Delivery 
Researchers working in the area of nano-medicine have succeeded in constructing a range of nanosystems 
that can impersonate the high contagion rate and gene transfer capacity of viral vectors. In the perspective 
of nano-medicines various nanomaterials like dendrimer, micelles, liposomes, quantum dots, polymeric 
nanoparticles, carbon nanotube, and mesoporous silica nanoparticles have been designed and employed in 
various aspects of drug delivery.60,61 The exploitation of nanomaterials for drug delivery faces the 
challenge of decomposition of the virus-compound complex on dilution, which leaves the virus-free to 
replicate and grow. This restraint can be overcome by synthesizing specially designed nanoparticles 
having the ability to irreversibly curb the infectivity of the virus by destructing the virion.62,63 
Nanocarriers can improve the competency of the delivery of immune-suppressants by precisely targeting 
immune cells, protecting the non-target cells reducing the dosage of the drug required, and likely side 
effects. Magnetic nanoparticles can be directed by the external magnetic field to particularly target the 
respiratory organs with viral infections. A nanoparticle can be used as a carrier to encapsulate nucleic acid 
encoding the antigen. Nanoparticles as nano-carriers offer stability can grant inherent, synchronized and 
targeted delivery of both adjuvant and antigen.64-66   

Dendrimer Miscelle Liposome

Mesoporous Silica Nanoparticles

Quantum Dot

Carbon Nano TubePolymeric Nanoparticles

 
Fig.-1: Applications of Nanomaterials to Combat COVID- 19 

 

Risk Assessment and Management 
At present, no cure for COVID-19 is available yet. But scientists all over the world are focused to develop 
a vaccine and a secure and efficient cure for COVID-19. The specific surface property of nanomaterials 
dramatically amplifies their reactivity, leading to extreme alterations in their toxic effects. Most of the 
risks associated with nanomaterials are inadequately analyzed.67,68 Experts all over the world have 
emphasized safety assessments and evaluation of the health and environmental effects of nanoproducts 
across their life cycle. Owing to the antimicrobial properties of silver and copper these metal 
nanoparticles along with other substituents are widely being used for disinfection and decontamination. A 
range of polymeric and inorganic nanoparticles are being explored as carriers for drug delivery and nano 
vaccines for curing and preventing the COVID-19 infection.69-71 Nanoparticles could induce harmful 
effects in humans, animals and environmental constitution. They can affect the immune system, central 
nervous system, gastrointestinal system, in humans, can get accumulated in organism, might cause 
noxious effects in aquatic ecosystems.72-75 During this COVID19 emergency, scientists should focus on 
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analyzing the potential risks of nanomaterials being used for disinfection, prevention, treatment to suggest 
clear rules, regulations and guidelines to assure the safety of the creator, user and the environment. 
 
Future Prospectives 
The significance of nanotechnology in combating viral infections is not adequately being investigated. 
One of the potential perspectives of nanotechnology is exploiting nanomaterials to deal with the 
resistance generated because of the growth of a new viral strain due to shifts in peripheral protein 
sequence.76,77 Nanotechnology can be considered imperative in (i) creating nano-based sensors for 
designing rapid tests of COVID-1978,79, and (ii) producing novel theranostic tools and nano-based 
medications. For the target-based and precise delivery of medicines in the ventilated patients, 
biodegradable nano-carriers can be of great help.80,81 Owing to the great surface characteristics of 
nanoparticles nano-based antimicrobial surfaces, packaging and coating materials, fabrics, personal 
protection equipment can be developed.82,83 Gold, silver and Ag-Cu nanoparticles can be explored to 
inhibit the viral penetration and spread and single-walled CNTs as nanocarriers for antiviral drugs across 
the cell membranes.84-87 Magnetically routed Iron NPs might be used for precise targeting of respiratory 
organs of infected patients.88, 89 Chloroquine and hydroxychloroquine can be complexed with Cu, Fe, Zn, 
Ni nanoparticles for antiviral formulations.90-94 These are just a few of the possible research avenues to be 
explored further. Though numerous high-quality research is going on using metal nanoparticles as 
antimicrobial agents, still the concerns related to their low yield, toxicological apprehensions,95-97 costs, 
environmental effects and stability are restricting their marketing and broad acceptance.98-101 The 
insightful part being played by nanotechnology is irrefutable, but nanomaterials might lead to serious 
concerns about the health of the respiratory organs. Efficacious amalgamation therapeutic methods 
incorporating nano-medicine co-delivery schemes, though, can be a promising alternative in the fight 
against the diverse mutants of COVID-19.102-106 
 

CONCLUSION 
COVID-19 pandemic can be managed through the concurrent implementation of the key principles of 
early diagnosis and continuous monitoring. Early detection with consistent monitoring and targeting of 
COVID-19 cases may well aid the treatment and management of the patients, health workers, policemen, 
people related to essential services and the hot-spot areas as well. Therefore, we all should aim to find a 
cure for COVID-19, if not curable, we should focus on controlling the symptoms to improve the lives of 
those infected. The views expressed in this article are the perspectives and need to be worked on.  The 
scientific community needs to research on developing antivirals derived from chloroquinone and 
hydroxychloro- quinine based metal nanomaterials. Exploring the uncharted anti-viral characteristics of 
nanomaterials may be an effective approach to combat the COVID-19 pandemic. The researchers 
working on nanomaterials must exploit nanoprinciples to face this continuing global health emergency. 
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