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Abstract: People worldwide are experiencing the most dangerous situation concerning the novel severe 

acute respiratory syndrome known as coronavirus-2 (SARS-CoV-2), commonly referred to as the novel 

coronavirus disease-2019 (CoViD-19). Since late December 2019, an epidemic of coronavirus disease 

2019 (CoViD-19) occurred in Wuhan, China, and rapidly spread to almost all parts of China. With the 

growing global burden of the CoViD-19 pandemic, scientists, researchers, and healthcare-related 

organizations constantly work for a viable vaccine or therapeutics, scalable detection methods, personal 

protection devices, and novel effective medical solutions. Nanotechnology has recently considerably 

addressed the many clinical and public healthcare issues that have emerged from the CoViD-19 

pandemic. The main focus of this current review article is to explore the possibility and potential of 

nanotechnology to combat this global pandemic and ongoing mitigation techniques and strategies. 

Furthermore, novel nanotechnology-based products are currently being developed for the prevention, 

diagnostic, treatment of CoViD-19, which various researchers or healthcare organizations invent. 
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1. Introduction 

Coronavirus disease 2019 (CoViD-19) is a single-stranded (ss) RNA genome that was 

newly identified in Wuhan, China, in December 2019 and quickly spread across China and 

around the world [1,2]. Since, then the disease has spread to 213 countries and regions, with 

more than 4.8 million confirmed cases and more than 320,188 deaths as of May 18, 2020 [3]. 

On January 30, 2020, CoViD-19 patients presented (fever, cough, and difficulty in breath) and 

other symptoms such as pneumonia, fatigue, and diarrhea [4]. In the past 18 years, several viral 

infectious diseases have been reported, including severe acute respiratory syndrome 

coronavirus (SARS-CoV) in 2002-2003 and H1N1 influenza in 2009 [5, 6]. In 2012, middle 

east respiratory syndrome coronavirus (MERS-CoV) was reported for the first time in the 

region of Saudi Arabia [7, 8]. Since the spread of this novel virus worldwide, the World Health 

Organization (WHO) has stated a 6th public health emergency of international concern for 

coronavirus disease [9]. As compared to SARS-CoV, the CoViD-19 has shown enhanced levels 

of pandemic and transmission risk, as the effective estimated reproduction number (R0) of 

CoViD-19 or SARS-CoV-2 (2-3.5) was found to be more than the earlier reported effective R0 

of SARS-CoV (1.77) during the early period [10]. Also, the low R0 has been reported for 
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MERS-CoV, which is 0.7. The results from various laboratories have also revealed that 

CoViD-19 exhibits pathogenesis and behavioral conditions similar to those of beta-CoV genera 

recognized in bats located in a group of SARS or SARS-like CoV [11].  

 
Figure 1. Illustration of nanotechnology-based prevention, diagnosis, and treatment for CoViD-19. 

 

The SARS-CoV-2 fits the largest family of the RNA viruses, and its RNA genome 

ranges from ~125 nanometers or 0.125 microns in size. It is a positive single-stranded (++ss) 

enveloped RNA virus with a 5’-cap structure and 3’-poly-A tail [12]. The newly identified 

virus has four important structural proteins, such as  (E) the envelope protein, (M) the 

membrane protein, (S) the spike protein, and (N) the nucleocapsid protein, which is necessary 

to normalize the function and viral structure [13]. Among them, N and S are the most important. 

The nucleocapsid protein (N) helps to develop the capsid and all of the viral structure 

appropriately, and the Spike (S) protein of SARS-CoV-2 and SARS-CoV enter human alveolar 

epithelial cells by connecting to the angiotensin-converting-2 receptor [14]. It undergoes 

structural changes to merge with the host, allowing viral genes to enter the host cell. At present, 

there are no vaccines or antibodies, or drugs available for CoViD-19. However, a research 

effort is currently underway to develop a vaccine or antibodies against attenuation of the 

coronavirus, and some may be available in a short time [15]. As one of the game-changers of 

the past many years, nanotechnology holds great promise for bringing revolutionary solutions 

to a wide range of issues regarding the monitoring, testing, and treatment of SARS-CoV-2 or 

CoViD -19, in which nanotechnologists undoubtedly play a major role [16, 17]. This article 

summarizes the different nanotechnology products available to fight against the coronavirus 

developed by researchers, scientists, and healthcare organizations. Figure 1 also illustrated the 

nanotechnology-based prevention, diagnosis, and treatment for CoViD-19. 

2. Nanotechnology-based Prevention Strategy against CoViD-19 

 Nanotechnology likely holds huge potential in the prevention of coronavirus. 

Nanotechnology could help the fight against covid-19 through different prevention strategies, 

such as developing nano-based vaccination to protect against infectious agents, the design of 

protective equipment to enhance the safety of healthcare workers, and the development of 

nanotech-based effective disinfectant and surface coating technology. 
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2.1. Nanotechnology-based vaccine candidates. 

Nanotechnology-based vaccine candidates tonix pharmaceuticals and their research 

collaboration have developed three vaccine candidates, termed TNX-1810, TNX-1820, and 

TNX-1830 based on horsepox virus vaccine (Virosomesbased vaccine) that designed to express 

Spike Protein (S) from the virus that causes CoViD-19 [18]. It is believed that nanotechnology 

is used to design a nanometer-scale viral vector to deliver vaccine agents to protect against 

infectious agents. [19]. CanSino Biological Inc., Beijing Institute of Biotechnology, CanSino 

Biological Inc., Beijing Institute of Biotechnology, China has developed a genetically modified 

vaccine candidate based on type 5 adenovirus (Ad5-nCoV) to expel type S protein, which is 

proposed to prevent the Coronavirus disease. In addition, they also designed a nanometer-scale 

viral vector to deliver vaccine agents to the human cell [20]. Jenssen Pharmaceutical has 

designed a viral vector based on nanotechnology to deliver a vaccination agent. Jenssen's 

vaccination program will use Janssen AdVac® and PER® technologies to invent recombinant 

vaccines against life-threatening infectious diseases (eg CoViD-19) [21]. The company name 

Ufovax has successfully designed self-assembled protein nanoparticles based on a vaccine 

technology that works against CoViD-19. The nanoparticle vaccine might stimulate the human 

immune structure to quickly generate antibodies to neutralize the SARS-CoV-2 protein [22]. 

The University of Queensland has synthesized the self-formed polypeptide to shape an artificial 

enclosed virus fusion protein complex. This nanotechnology-based vaccine has been developed 

to lock the S protein in a form that allows the immune system to recognize and then neutralize 

the virus [23]. Novavax trained the CoViD-19 vaccine candidate using recombinant F proteins 

that are self-assembled in nanoparticle technology to create antigens obtained from the 

advanced protein of the coronavirus. Novavax plans to use its patented adjuvant Matrix-M ™ 

with its SARS-CoV-2 vaccine candidate to improve immune responses [24]. Moderma Inc. 

created the mV-RNA-1273 vaccine agent technology against CoViD-19. In this technology, 

the stretching of the RNA necessary to prepare the vaccine is first synthesized using lipid 

nanoparticles (LNP) [25]. Arcturus has developed the STARR™ technological platform, which 

combines self-replicating RNA with a non-viral delivery system of advanced nanoparticles to 

produce proteins inside the human body. Due to the excellent immune response and sustained 

protein expression, Arcturus’ STARR™ Technology is expected to build a vaccine response at 

much lower doses than conventional mRNA vaccines [26].  This could lead to the capability 

to treat many more people with a single batch of manufactured products, thereby significantly 

increasing efficacy and reducing the time required to produce enough amounts of vaccine for 

mass populations [27]. Entos Pharmaceuticals uses a neutral Liposome formulation with the 

high efficiency of the fusogenic protein-based delivery technology that uses a facile fusion 

mechanism to transfer its genetic payload directly inside the cells. This formulation will create 

long-standing immunity against infection by viruses such as CoViD-19 [28]. At the University 

of Waterloo, the Mediphage Research Group has created a nasal vaccine to encourage an 

immune response in the cavity of the nasal and target tissues of the lower respiratory tract. In 

addition, they use VLPs to mimic the natural structure of viruses [29]. GeoVax, Inc. has created 

the self-building of the virus-like particle in the cells whose platform is to build vaccine 

candidates using genetic sequences from the current CoViD-2019 pandemic [30]. Medicago 

invented a vaccine based on virus-like nanoparticles derived from plants, permitting them to 

be recognized by the immune system. The Medicago and Infectious Disease Research Centre, 

Laval University, uses this invention to develop antibodies against CoViD-19 [31]. All these 
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nanotechnology-based vaccine candidates are in the preclinical evaluation or the regulatory 

stage. 

2.2. Nanomaterials-based respiratory masks and air filtration systems. 

The Ahmedabad Textile Industry Research Association (ATIRA) and Defence 

Research and Development Organization (DRDO) have invented 5-layered N-99 masks with 

the use of a nanoweb filter with advanced two layers of nano-mesh [32]. One of the company's 

name LIGC has recently manufactured a laser-induced graphene-based reusable respirator face 

mask that can conduct e- charge to kill the trapped pathogens in the mask's filter effective in 

eliminating 99 % of particles [33]. Directa Plus PLC has shown that the graphene material can 

be used to produce masks, gloves, and gowns for the CoViD19 pandemic due to its non-toxic 

and bacteriostatic properties. Promethean Particles Ltd has collaborated with textile companies 

to synthesize antimicrobial copper nanoparticles based on non-woven fabrics to resistant 

against CoViD-19 [34]. Czech nanofiber technology has invented innovative masks that have 

the capacity to isolating and killing viruses. Their product name ReSpimask provides efficient 

protection of the human respiratory tract against air pollution, viruses, and bacteria, as it 

captures 99.9% of airborne particles. This technology uses the combination of nanofiber and 

copper nanoparticles (CuO) to combat the CoViD-19 [35]. Integricote Inc. and the University 

of Houston have designed the hydrophobic coating manufactured almost a decade ago to 

increase the capability of surgical masks to protect against transmission of the virus, which is 

now using to determine a way to offer more protection against SARS and CoViD-19 [36]. 

MVX Prime Ltd. fabricates a self-cleaning sanitizing surgical nano mask that is confirmed to 

kill 99.9% of all pathogens that come into contact. The Nano Mask has a size ranging between 

1-2 mm that is powerful towards coronavirus and enormous value in preventing infection and 

disease reduction [37]. Anson Nano-Biotechnology has designed safe, reusable masks that 

include the nanosilver fabric lining the masks, which can help protect users from 

microorganisms so that the NPs constantly release ions capable of killing viruses and bacteria 

[38]. XTiO2 presents XTITM Active Nano-based face mask, which can deliver effective 

protection against germs, bacteria, and viruses transmitted by air. The outer layer of TiO2 can 

be refreshed by direct exposure to sunlight (UV) to kill the accumulated germs [39]. The 

company copper3D produces a facial mask that comprises 3 layers of non-woven 

polypropylene infused with 5% copper oxide nanoparticles, having high antimicrobial, 

antiviral, and antibacterial properties [40]. The products manufactured by Metamasks are made 

from natural and affordable nanofibers using an exclusive coconut nanocarbon filter, which 

inhibits up to 99.99% of toxic air pollution from entering the body [41]. The researchers at the 

Queensland University of Technology (QUT) have prepared an incredibly breathable cellulose-

based nanofiber that is capable of removing virus-size nanoparticles [42]. The company name 

Mack Antonoff HVAC and Turn-Key Environmental Consultants sells has designed a 

nanotechnology-based air filtration system that can capture 99.5% of pathogens in its network 

of nanofibers [33]. The University of South Florida's newly designed air purification device 

based on photochemical oxidation technology called Molekule, which was used to test against 

coronavirus in March 2020, can effectively destroy air pollutants, including bacteria viruses, 

and mold spores [43]. 
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2.3. Nanomaterials-based commercial disinfectants technology.  

Nano4life Europe has created a surface sanitizer capable of instantly killing the surface 

pathogens such as viruses, bacteria, and fungus. Thus, the Nano4-Hygienenlife does not kill 

cells by absorbing the wall of pathogens; it acts from the inside. It is a physical effect by which 

the cells are instantly killed once they met the external surface [44]. FN Nano Inc., a company, 

has developed a novel TiO2-based photocatalytic nanocoating, which can break down and 

eliminate the pathogens such as viruses, bacteria, and mold on its surface exposed to light [45]. 

The Indian start-up We innovate Biosolutions named has developed non-alcoholic colloidal 

silver nanoparticles, which can disinfect hands and surface where the novel coronavirus may 

survive from several hours to several days [46]. Hong Kong University of Science and 

Technology (HKUST) has developed a disinfectant solution that can protect surfaces for up to 

90 days and kill the coronavirus and other microorganisms [47]. At Marmo Service,  which 

deals with nanotechnology, the name of the company has developed transparent disinfectant 

solutions based on nanotechnology to eliminate the coronavirus. This innovation is composed 

of TiO2 and Ag nanoparticles, allowing the surface to self-sterilize for up to two years [48]. 

The other nanotechnology-based disinfectant companies such as Dongyang Nanotech Co,  M9 

Ltd., Shepros Sds bhd,  Nanogist Co., Ltd, Lion Corporation, Silver MSM, and Claypia Co., 

Ltd, are produced soaps incorporated into the nanosilver, having antiviral and antibacterial 

properties. 

3. Nanomaterials Based Diagnosis for CoViD-19 

Various organizations are already working on designing a highly sensitive and selective 

nanosensor for rapid detection of infection or immunological responses. The companies 

Mologic Ltd UK and SureScreen Diagnostics Ltd UK have developed test strips based on gold 

nanoparticles to detect coronavirus, IgG, and IgM biomarkers up to 97.8% and 99.65% of 

accuracy, respectively, which are released on contact with antibodies implanted in the strip 

[49]. This approach is much like that of the pregnancy test. One of the proprietary 

nanotechnology firms Sona Nanotech has developed the rapid screening test for the CoViD-

19. They developed a fast lateral-flow test for the CoViD-19 patients. The test is expected to 

produce outcomes in 5-15 minutes and is predictable to price less than $50. [50].  The 

Department of Clinical and Molecular Medicine, Norway, and the Department of Chemical 

Engineering, in collaboration with St. Olavs Hospital, is building on this affinity to develop a 

new method using nanoparticles coated with silica (Si -Fe2O3) [51]. The solution incorporates 

materials that open the virus so that the material can be extracted. The virus RNA in the solution 

is attracted to the magnetic NPs coated with silica. The next phase is to use a magnet to extract 

the RNA-covered particles from the solution. It can then recognize the genetic code from the 

RNA and match it to the coronavirus [51]. 

4. Treatment of CoViD-19 Using Nanotechnology 

The various institutions are developing new drugs with enhanced activity, decreased 

toxicity, and sustained release to combat the coronavirus. Northwestern University (NU) and 

the Massachusetts Institute of Technology (MIT) have developed a novel nanostructure-based 

engineered peptide that could potentially eliminate and deactivate the virus as well as prevent 

its infection of human cells [52]. They have been working on millions of peptides in a 

nanostructure that becomes the transporter of valuable drugs. The drug's relatable chemistry 
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and the carrier allow researchers to construct nanostructures that defend the peptide drug as it 

travels through the body before it kills the coronavirus [53].  Bioavanta LLC and Bosti Trading 

LTD have designed biocompatible chitosan-based nanoparticles that strongly stick to epithelial 

tissue of the lung and ensure prolonged release [33]. Extensive preclinical tests, carried out by 

the academic partners of Bioavanta-Bosti, have shown that the Novochizol is a safe and 

effective nano-drug; in particular, it is an ideal intrapulmonary administration system [54]. All 

these nanotechnology-based treatments are in the preclinical evaluation phase or the regulatory 

stage. 

5. Conclusions 

 The CoViD-19 pandemic is spreading worldwide at an alarming rate. It has caused 

more infections and deaths than SARS or MERS. Nanotechnology and nanomaterials can 

significantly address the various clinical and public health challenges from the CoViD-19 

pandemic. In this review, we analyze and examine the nanotechnology-based products that are 

currently being developed and deployed for the diagnosis, prevention, and treatment of CoViD-

19. Nanotechnology and nanomaterials have enough potential and possibilities to contribute to 

this global pandemic and ongoing combat strategy. 
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