Incorporating Nanomaterials into Masks to Better Protect against COVID-19
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As of November 2022, COVID-19 is still a health threat on a global scale.1 Despite the rapid invention and distribution of vaccines and post-infection treatments that have helped mitigate the impact of the virus, the amount of deaths COVID-19 has caused is staggering. According to the Center for Disease Control and Prevention (CDC) approximately 2,500 people still die of COVID-19 each week to with the total death count in the US approaching 1.1 million total deaths.2 SARS-CoV-2, the virus that causes COVID-19, is in the family of highly infectious coronaviridae viruses that include Middle East respiratory syndrome (MERS) and severe acute respiratory syndrome (SARS).  Despite the relation to other well-known coronaviruses, the long-term health implications of COVID-19 infections are still unclear.1
[image: ]	Masking is the second-best way to prevent the spread of COVID-19 following social isolation.3 There are many types of masks on the market, including cloth masks, medical grade surgical masks, N95 respirators and more. Although both cloth masks and surgical masks are slightly effective in preventing the spread of viruses, N95 respirators offer better protection for a relatively low monetary cost.  When compared to not wearing a mask at all, a person is 56% less likely to catch COVID-19 if they wear a cloth mask, 66% less likely if they wear a surgical mask, and 83% less likely if they wear a N95 respirator.3 Because of their higher level of protection, N95 respirators were recommended for U.S. medical personnel involved in treating COVID-19 patients.4
N95 masks are a relatively recent innovation, they were  developed and patented in 1995 by Peter Tsai from the Department of Material Science and Engineering at the University of Tennessee.5 N95 masks are made of multiple layers of melt-blown polypropylene fibers, which serve as both a mechanical barrier to prevent aerosols from entering the respiratory track and a Coulombic barrier as the fibers carry small charges.6 Although N95 masks are effective in trapping the COVID-19 virus, they cannot inactivate viruses, which makes it possible for contaminated masks to shed virus and cause new infections.4 Polypropylene has no inherent anti-viral activity, but certain metals, such as zinc, copper, and silver do.  These metals have the potential to disrupt a virus’s phospholipid bilayer, destroying the genetic material stored within and inactivating the virus entirely.7Figure 1. The reactive blade coating process. 8

	To create better masking technology that actively inactivates virus particles and further combat the COVID-19 pandemic, researchers have begun to incorporate metal nanoparticles into existing mask technologies to produce a mask that is more effective in protecting against COVID-19. In 2021, Abulikemu et al. coated a polypropene mask in with silver nanoparticles and measured the mask’s resulting antimicrobial properties. Thin layers of both oleylamine reducing ink and silver precursor solution (AgNO3) were deposited on the surface of the mask by a reactive blade coating process (Fig. 1). After a heat treatment, silver nanoparticles were deposited on the mask as shown by SEM imaging. 
Swatches of this material were subsequently exposed to aliquots of a viral load solution containing a SARs-CoV-2 analog, HCoV-229E. After a pre-determined exposure time, the mask swatches were washed with viral recovery solution to collect the remaining virus. Cells were exposed to this virus solution and then were incubated and cultured; the amount of viral activity was compared to a control. Abulikemu et al. determined that a 30-minute exposure of the virus to the mask coated with silver nanoparticles significantly decreased the infectivity of the virus by about a factor of 2, as measured by plaque forming units per milliliter (PFU/mL). Shorter exposure times of 1 and 10 minutes were far less effective in inactivating the virus.8 
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Description automatically generated with medium confidence]	In April 2021, Jung et al. investigated commercially available KF94 (Korea’s equivalent to an N95) masks coated with a copper thin film were effective in inactivating the COVID-19 virus.  To increase the adhesion of the copper to the polypropylene fibers of the mask, the authors first exposed the mask to an oxygen ion beam and then coated the fibers with copper through direct current magnetron sputtering. It was expected that the oxygen ions should increase adhesion by reacting with the polypropylene and causing the formation of a metal oxide interlayer (Fig. 2a, 2b). The adhesion of the copper film to the mask was tested by using Scotch® tape to try to peel off the copper film. For an untreated mask, a significant amount of copper stuck to the tape (Fig. 2c), whereas when it was applied to a treated mask, only a few copper-coated mask filaments were removed, demonstrating that the oxygen treatment did increase the adhesion of the copper. (Fig. 2d). 
To test the antiviral properties of the copper-coated mask, a viral solution was added to a mask swatch and left to incubate for one hour. After incubation, the virus was recovered from the mask and transferred into Vero cells which were cultured for 48 hours. A polymerase chain reaction (PCR) assay was carried out to amplify selected gene sequences to determine whether the SARs-CoV-2 was still active after the contact with the mask. It was determined that no virus survived contact with the copper-coated mask. This reduction in viral activity was confirmed by means of an immunochemical fluorescence assay, which showed a 75% reduction in RNA replication.9 Figure 2. Tape adhesion testing with 
(a) non-oxygen treated copper coated mask
(b) oxygen treated copper coated mask
(c) tape surface of non-oxygen treated mask
(d) tape surface of oxygen treated mask
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Description automatically generated]	In December 2021, Gonzales et al. studied the anti-viral properties of a polypropylene mask containing embedded zinc oxide nanoparticles. The mask sample was immersed in a solution of zinc acetate, the solution was removed, and the solution saturated mask was heated to induce nucleation and growth of zinc oxide nanoparticles on the polypropylene filaments (Fig. 3).  A longevity test showed that the zinc oxide nanoparticles were well adhered: there was no impact on the nanoparticle loading after 100 wash cycles. Figure 3. SEM images of (a) an untreated polypropylene filament and (b) a zinc oxide treated polypropylene filament
a
b

To test the antiviral properties of the nanoparticle impregnated mask, TGEV, a SARS-CoV-2 analog, was placed onto the mask 10, 30, or 60 minutes. TCID50 titration analyses showed that the amount of active virus decreased by 99.9% after being in contact with the zinc oxide nanoparticle treated mask for 10 minutes and by >99.9% after longer times. This finding was corroborated by the PCR analyses, which indicated that the number of virus genome copies had been reduced by >90%. This discrepancy is likely due to the ability of PCR to detect inactive but intact RNA resulting from the nanoparticle-induced dissolution of the virus capsid without destroying the genomic material.10,11
	Although all three papers demonstrated incorporation of nanomaterials resulted in masks that showed the ability to deactivate the COVID-19 virus further experimentation must be done to assess both the acute and chronic health risk associated with breathing in metal or metal oxide nanoparticles. FDA approval would have to be obtained before any of these treated masks could be marketed and used by the public. If this obstacle can be overcome, however, nanoparticle-decorated masks and filtration technology could become a powerful tool to protect against COVID-19 and other similar viruses that pose a significant risk to public health.
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