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ABSTRACT 

To prevent the spread of COVID-19 infection, there is an urgent global 

demand for the protection of daily handling surfaces from viral 

contamination. To combat the present pandemic, nanotechnologists and 

material scientists offer sustainable options for developing antiviral surface 

coatings for various substrates such as fabrics, plastics, metal, wood, and 

food. They develop or propose antiviral surfaces by coating them with 

nanomaterials that interact with the SARS-CoV-2 spike protein to prevent 

the virus from infecting the host cell. It was discovered that polymer 

nanocomposites made from nanoparticles can be used to create useful 

coating materials. The numerous elements of antiviral nanocoatings are 

discussed in this article, including the method of interaction with the Corona 

Virus, the various types of nanocoatings developed for diverse substrates. 
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Introduction 

Pandemics pose a grave threat to human life. Since its 

outbreak in Wuhan, China in December 2019, the 

coronavirus disease 2019 (COVID-19) caused by the 

severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2) has become a global pandemic. SARS-

CoV-2, despite its various mutations, continues to have 

a persistent presence. COVID-19 has claimed the lives 

of 3,742,653 people worldwide as of June 9, 2021, with 

173,609,772 verified cases. The coronavirus SARS-

CoV-2 is the sixth coronavirus to infect humans [1-3].  

Nanomaterials may be able to provide technology for 

the development of universal antiviral coatings. A 

greater understanding of the virus's structure would aid 

in the development of antiviral nanomaterials. 

Coronavirus is a single-stranded RNA virus with an 

enclosed positive sense strand. The coronavirus has a 

diameter of 65–125 nm and is characterised by 

glycoprotein spikes on the outer surface. Coronaviruses 

have crown-like spikes that are responsible for the 

virus's attachment and penetration into host cells. This 

morphological trait underlines the prospect of 

coronavirus-nanomaterial interaction, which will be the 

target of nanotechnologists seeking to combat 

coronavirus. The nanoparticles may prevent SARS-

CoV-2 entrance into the host cell, according to recent 

review papers [4-6]. Employing nanoparticles as 

antiviral coatings for PPEs such as masks and daily 

handling surfaces in residential and public areas to 

protect humans from COVID-19 has significance. 

Nano approach for COVID-19 

In the healthcare environment and in everyday life, 

antiviral surface coatings provide pathogen-free 

surfaces. Textile materials, personal protective 

equipment (PPE), portable electronics, medical gadgets, 

domestic home furnishings, automotive, food 

packaging, and many more applications require similar 

coatings today. Metal nanostructures and metal oxide 

nanostructures have become popular antiviral agents. 

Nanostructured silver (Ag), titanium dioxide (TiO2), 

copper oxide (CuO), zinc oxide (ZnO), and other oxides 

have been shown to have antiviral properties. TiO2 is 

suitable for fabricating antiviral films because of its 

intrinsic sterilising effect caused by photocatalytic 

destruction of microbiological debris [7-9]. The silver 

nanoparticles and nanowires, according to the authors, 
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work against coronavirus by blocking TGEV-induced 

apoptotic signaling cascades. It has been found that the 

liberated copper ions form reactive oxygen species 

(ROS), which entirely destroy the virus in the case of 

copper nanoparticles [10]. 

In addition to nanomaterials' natural antiviral properties, 

hierarchical nano-surfaces have superhydrophobicity, 

which prevents virus adherence. When compared to 

bare surfaces, superhydrophobic materials show a 

considerable reduction in SARS-CoV-2 adhesion of up 

to 99.99995 percent [11]. Because the cytotoxicity of 

metal nanoparticles is a serious concern, researchers are 

focusing more on nanomaterials other than metals and 

metal oxides. Traditional natural medicines have been 

studied in this setting for their ability to combat a variety 

of viral illnesses, including SARS-CoV1 infections. 

Turmeric, an important part of India's traditional 

medical system, has antiviral properties. Curcumin is a 

polyphenol molecule found in turmeric roots that has 

antiviral properties [12,13]. Curcumin carbon dots 

(CDs) are an excellent approach to increase the 

bioavailability of curcumin [14,15]. Du et al. used a 

simple hydrothermal process to synthesise carbon dots 

from curcumin (CCM-CDs) and established their 

inhibitory impact against the pig epidemic diarrhoea 

virus (PEDV) as a coronavirus model. Curcumin was 

used to make less harmful cationic carbon dots with an 

ultra-small size (diameter ca. 1.5 nm), abundant 

hydrophilic groups, and a positive potential (+15.6 

mV). The survival rate of Vero cells subjected to 

various concentrations of CCM-CDs is shown in Fig.1, 

with cell viability above 90% after 24 and 48 hours, 

demonstrating that CCM-CDs have low cytotoxicity. 

Curcumin-derived cationic carbon dots were discovered 

to block all stages of viral infection, including viral 

entrance, virus synthesis of negative-strand RNA, virus 

budding, and the buildup of reactive oxygen species 

(ROS) by PEDV. The positively charged CCM-CD has 

strong electrostatic interactions with PEDV, making it 

difficult for the virus to connect to cells. PEDV titer 

values when exposed to CCM-CDs and EDA-CDs 

suggested that CCM-CDs had superior antiviral efficacy 

than conventional CDs (ethylene diamine (EDA)-CDs) 

[16]. 

 

 

Figure 1: (a) CCK-8 assay was used to assess the effects of different concentrations of CCM-CDs on Vero cell 

viability; (b) the titer of PEDV when exposed or unexposed to 125 g/mL EDA-CDs or CCM-CDs. 

Chitosan nanoparticles are another promising non-toxic 

nanoparticle that could have antiviral properties against 

the Corona virus. Chitosan is a polysaccharide that is 

cationic. The inhibitory activity of N-(2-

hydroxypropyl)-3-trimethylammonium chitosan 

chloride (HTCC) against coronavirus entrance has been 

reported. HTCC's effect against SARS-CoV-2 and 

MERS-CoV has been reported in preliminary studies. 

Coronavirus entry into the host cell is inhibited by the 

electrostatic contact between the cationic polymer and 

the spike protein of the virus [17].  

Nanocoating is future hope for COVID-19 

The use of disinfectants on a daily basis is not a long-

term option for preventing the spread of the corona 

virus. Disinfectants are both environmentally 

unfriendly and short-lived. In this case, developing self-

sanitizing surfaces is a more sensible answer to the 

problem. In this case, nanotechnology might provide a 

permanent coating over everyday handling materials 

(fabrics, glass, metals, plastics, and so on), resulting in 

a virus-free environment. Since early 2020, scientists 

have been working to develop an antiviral coating 

solution that takes advantage of natural antiviral 

properties, as well as the size and shape effects of 

nanomaterials and nanostructures. The commercial 
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medical masks are comprised of three layers of 

polypropylene (PP) non-woven fabric. The outer layer 

filters big particles, the middle layer is a fine particle 

filter media, and the third layer is a direct skin contact 

layer. Commercially available medical masks and 

respirators provide very little protection in some 

situations. Li et al. investigated the effectiveness of 

commercial medical masks and N95 respirators in 2006. 

They discovered that viruses smaller than 100 nm could 

get through both medical masks and respirators. Balazy 

et al. studied the filtering efficacy of N95 respirators and 

surgical masks against airborne viruses in the same 

year. They used bacteriophage MS2 virus (a non-

harmful simulant of numerous infections) in the particle 

size range of 10 to 80 nm to examine the masks' 

collection effectiveness. According to the findings, 

N95-respirators may not always stop penetrating 

particles smaller than 300 nm. As a result, N95 

respirators occasionally failed to provide 95 percent 

protection against airborne viral agents, and some 

surgical masks allowed a considerable fraction of 

airborne viruses to get through. The ineffectiveness of 

medical masks prompted international researchers to 

consider high-performance, reusable medical masks for 

the protection of both the general public and medical 

personnel. Even though a triple-layered medical mask is 

effective at blocking respiratory droplets, it may not be 

able to filter fine droplet nuclei in some cases [18,19]. 

(Fig. 2) 

 

Figure 2: (a) A diagram of the suggested face masks with electrospun nylon-6 nanofibers on a needle-punched nano 

PE substrate, and (b) a photo of the face mask.

Because of the documented shortcomings of 

commercially available medical masks in filtering, 

killing infections, and the risk connected with their 

disposal, researchers have been working to develop 

effective medical masks that are both inexpensive and 

simple to use. To attain this purpose, two basic tactics 

were used. The first is to develop an alternative material 

for commercial face mask textiles, such as electrospun 

polymer nanofibers. For proper heat control, Yang et al. 

developed a user-friendly mask consisting of nanofiber 

on nanoporous polyethylene (fiber/nanoPE). This form 

of nanofiber mask would substantially remove 

breathing difficulties, especially for the elderly and 

those suffering from lung illnesses. The Ag coating on 

the fiber/nanoPE also has a warming effect [20-22]. The 

second strategy is to either modify the fabric's surface 

or coat the fabrics used in commercial face masks with 

a protective coating. Among these efforts, the use of 

antimicrobial protective coatings for fabric layers has 

emerged as a promising method of infection control. 

Some antimicrobial coatings have been applied to 

commercial medical masks and N95 respirators without 

compromising their basic performance. Antimicrobial 

properties are found in some metals and metal oxides. 

Copper oxide was incorporated into disposable N95 

respiratory mask layers by Borkow et al. Copper oxide 

mask layers have antiviral efficacy against the human 

influenza A virus (H1N1) and the avian influenza virus, 

according to the researchers. The mask could lower the 

danger of virus contamination in the environment by 

incorporating antiviral action [23]. 

Copper nanoparticles (CuNPs) are also employed to 

generate photo sterile coatings for commercial masks, 

in addition to graphene nanosheets. Kumar et al. created 

a nonwoven surgical mask with a nanocomposite 

coating of natural bioadhesive polymer (shellac) and 

CuNPs. Shellacs act as a binder for CuNPs in the mask 

fabric in this coating. The mask was created utilising a 

scalable approach that involved spraying 

nanocomposite particles onto the surface of nonwoven 

fibres. CuNPs' combination photocatalytic and 

photothermal effects are responsible for the mask's self-

sterility in this situation [24].  

It is crucial in the current pandemic crisis to incorporate 

self-disinfection capacity into fabrics used in apparel, 
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surgical dressings, beddings, wipes, and other items. 

Hamouda et al. created a silver nanoparticle-treated 

cellulose-based wipe. AgNPs' antiviral activity gave the 

wipe disinfecting properties, and it was successfully 

tested against MERS-CoV, with 48.3% viral 

suppression at 0.0625 L. They recommend using these 

wipes in hospitals and healthcare facilities in the future 

to combat human dangerous viruses, including 

coronavirus. They've also created a low-cost 

antibacterial and antiviral winter jumper with AgNP-

treated cotton yarns [25-29]. 

Aside from masks and textiles, there are a number of 

other materials used in hospitals and other public places 

that must be virus-proof. Consumer electronics and 

smartphone display glass are among them. Hospitals, 

public offices, schools, and public transportation, for 

example, have touchable glass and metal surfaces. A 

universal transparent coating technique has been created 

for face shields, mobile phone screen guards, 

doorknobs, lift buttons, medical instruments, and other 

surfaces without compromising their appearance or 

function. 

Fig.3 depicts nanomaterials-based surface coatings, 

their benefits, and their ability to protect against various 

viruses. 

 
Figure 3: The usage of various nano-coatings on medical, domestic, and other items. 

Nanostructure properties in antiviral coatings 

The ability to use nanostructures for a certain 

application is mostly determined by the intrinsic 

qualities of nanoparticles that are suitable for the task. 

These properties can be tweaked or modified after 

synthesis, or they can be regulated during synthesis. 

Reaction conditions (temperature, pressure, time, rate of 

reaction, and so on), chemical conditions (precursor 

ratio, concentration, mixing rate, and so on), and 

physical conditions (use of precise equipment, 

contamination-free synthesis, purification, and so on) 

all play a role in determining the conditions under which 

desired products are synthesised. As a result, 

methodology is valued, as it is required to attain specific 

features such as size, form, electrical conductivity, 

mechanical, optical, surface, chemical, and 

biocompatibility, among others, depending on their 

practical application. The peculiar sheet-like structure 

of two-dimensional nanostructures has significance in 

biomedical applications. 

Since the viral infection outbreak has grown 

uncontrollable and there is no effective treatment, the 

viral inhibitory potential of nanostructured materials is 

being explored extensively. The application of nano-

https://doi.org/10.31531/jprst.1000166
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systems is through their employment in various types of 

coatings for various applications such as virus 

prevention, contamination avoidance, and transmission 

inhibition. A lot of work has gone into developing 

nanostructures, composites, and hybrids that have 

proven to be better alternatives and ideal prospects for 

antiviral applications [30-37]. 

 
Figure 4: A mechanistic analysis of the effects of antiviral nano-coating on surfaces with and without antiviral nano-

coating. 

Conclusion 

In summary, nanomaterials, in the form of nanocoatings 

on sensitive surfaces, could provide a long-term 

solution for limiting the spread of COVID-19. The 

potential of various nanomaterials, in producing 

antiviral coatings for various substrates is highlighted in 

this review. A combination of two or three of the above 

nanomaterials could have a synergistic antiviral effect 

against the lethal spike virus. 
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