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Researchers Develop Nanofibrous Filters That Can Capture and Kill
Airborne Coronaviruses Under Visible Light Irradiation

2021-08-12
A new study discusses the development of highly efficient
photosensitized electrospun nanofibrous membranes that are capable of
capturing and inactivating coronavirus aerosols. The study also reveals
the mechanism of photooxidation and inactivation of coronaviruses at a
molecular level.

The World Health Organization (WHO) and the United States Centers for Disease Control and
Prevention (CDC) have recognized airborne transmission of the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). SARS-CoV-2 is a highly infectious ribonucleic acid
(RNA) virus that was first reported in Wuhan, China in December 2019. Owing to the rapid
outbreak of SARS-CoV-2 across the globe, the WHO announced the coronavirus disease 2019
(COVID-19) to be a pandemic in March 2020.

Scientists have claimed that SARS-CoV-2 aerosols could remain active in the air for up to
several hours. People are therefore encouraged to use physical barriers such as face masks
and face shields to reduce the transmission of SARS-CoV-2 through aerosols. This policy has
been substantiated by several peer-reviewed studies confirming that the use of face masks
significantly reduces the transmission of SARS-CoV-2.

Electrospun membranes

One of the most promising fiber production techniques is electrospinning. This technique has
been used to develop non-woven, ultrafine fibrous membranes that have the ability of
filtering out aerosols.

The pore size of the electrospun membranes ranges from tens of nanometers (nm) to several
micrometers (µm). The increased surface area and porosity of these membranes create an
excellent material for the development of superior aerosol filters. These electrospun
membranes can further improve aerosol filtration via electrostatic attraction.
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A previous study has shown that electrospun membranes could trap up to 99.9% of
coronavirus aerosols, whose size was comparable to most penetrating particles in mechanical
air filtration. To date, the air filters based on electrospun membranes, which are currently
available in the market, can efficiently capture virus aerosols but cannot inactivate them.
This may lead to secondary contamination.

Photosensitized electrospun nanofibrous membranes

A new study published on the preprint server bioRxiv discusses the development of highly
efficient photosensitized electrospun nanofibrous membranes that are capable of capturing
and inactivating coronavirus aerosols. The current study also reveals the mechanism of
photooxidation and inactivation of coronaviruses at a molecular level.

Herein, the researchers used dye photosensitizers as antimicrobial additives for
electrospinning. The photosensitizers get excited upon exposure to visible light and
subsequently produce highly reactive singlet oxygen that can effectively kill viruses. Two of
the main advantages associated with this technique are that it is a cost-effective and safe
approach for the removal of virus aerosols.

Some dye photosensitizers such as Rose Bengal (RB) have received approval from the U.S.
Food and Drug Administration (FDA) for biomedical applications. Previous research has shown
RB to be the most photoreactive dye additive for membrane fabrication with virucidal
activity.

The authors of this study also demonstrated self-cleaning features in the newly developed
photoreactive electrospun filter under ambient conditions. This filter can be used in wind-
ranging air filtration applications such as respirators, face masks, and indoor filters.

For the most efficient activity, the researchers optimized the composition of the
photoreactive electrospun nanofibrous membranes so that they could offer superior sodium
chloride (NaCl) filtration. The membranes were also designed to allow for the highest
production of reactive singlet oxygen when in the presence of visible light irradiation.

(a) Photos and SEM images of PVDF15-RB membranes after aging. Scale bars in the SEM images are 5 µm;
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(b) first-order decay rate constants of MHV-A59 infectivity in droplets and the
corresponding 1O2 production on fresh and aged PVDF15-RB membranes. All tests of virus inactivation
and 1O2 production were conducted under the irradiation of simulated reading light. Error bars for the

infectivity decay rate constant represent the standard error of the negative slope of the linear regression
of common logarithm of infectivity versus light exposure duration, and error bars for the steady-

state 1O2 concentration represent the standard deviation of triplicate measurements.

Evaluating the antiviral efficacy

Hydrophilic photosensitizers were also incorporated into the hydrophobic polyvinylidene
difluoride (PVDF) in an effort to protect the photosensitizer from leaching. The presence of RB
in the filter rapidly inactivated about 98.9% of the murine hepatitis virus aerosols (MHV26
A59) within fifteen minutes of irradiation with reading light. MHV26 A59 is regarded as a
coronavirus surrogate for SARS-CoV-2.

When the filter was immersed in water for six hours, minimal RB release was recorded,
thereby suggesting that moisture from human breath or ambient air will not have a
significant effect on photosensitizer leaching. Therefore, this photoreactive nanofibrous
membrane could be used in both face masks as well as indoor air filters.

The researchers emphasized the importance of analyzing the pressure drop in the filtration to
understand the breathability or energy consumption in filtration. Typically, the diameter of
nanofibers surges with an increase in the PVDF concentration.

In this study, the fiber diameter of the newly developed ultrafine membrane was reported to
be 200 nm, with a small pore size of about 1.5 µm. The authors revealed that the optimized
nanofibrous membrane could filter out around 99.2% MHV26 A59.

The robustness of this membrane was also evaluated. To this end, the effectiveness of these
membranes in filtering MHV32 A59 aerosols did not decrease when they were exposed to
indoor light for a prolonged period. However, when the membranes were subjected to
sunlight for several days, they were photobleached, which decreased the production of
singlet oxygen. As a result, the performance of the electrospun nanofibrous membrane in
disinfecting MHV-A59 in droplets was compromised.
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Read the original article on News Medical.
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