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Abstract

Viruses that are pathogenic to humans and livestock pose a serious epidemiological threat and challenge
the worlds population. The SARS-CoV-2/COVID-19 pandemic has made the world aware of the scale
of the threat. The surfaces of various materials can be a source of viruses that remain temporarily contagious
in the environment. Few polymers have antiviral effects that reduce infectivity or the presence of a virus
inthe human environment. Some of the effects are due to certain physical properties, e.g., high hydrophobi-
city. Other materials owe their antiviral activity to a modified physicochemical structure favoring the action
on speific virus receptors or on their biochemistry. Current research areas include: gluten, polyvinylidene
fluoride, polyimide, polylactic acid, graphene oxide, and polyurethane bound to copper oxide. The futu-
re belongs to multi-component mixtures or very thin multilayer systems. The rational direction of research
work is the search for materials with a balanced specificity in relation to the most dangerous viruses and
universality in relation to other viruses.
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Introduction

Human epithelial cells of the nose and throat cavity
express high abundance of the receptor ACE2 (ACE-R)
utilized for high-affinity virus binding and neurolipin-1,
which also aids viral invasion. Both create vulnerable en-
vironment for the SARS-CoV-2/COVID-19 entry. In ad-
dition to its strong binding to ACE2-R, the greater in-
fectivity of SARS-CoV-2 is related to its ability to survive
on a variety of surfaces over the long term.!? At a time
when the mass of viral infections means that vaccines
and effective therapies against human coronaviruses are
limited, reducing the density of invasive virions in the en-
vironment is gaining great medical and economic im-
portance. The main effort of the medical services is put
into the costly fight against the virus that has already in-
fected the patient. A chance to reduce the costs is offered
by technologies that will reduce the survival rate of a vi-
rus deposited on various objects.? Infectious agents can
survive from hours to days under favorable conditions.
The smooth surface provides a favorable environment
for the survival of the virus, but the temperature short-
ens its half-life. At the same time, the virus is more stable
in the indoor environment with low relative humidity.?
Materials and equipment can be a source of infectious
agents because virions remain active outside the host
cells. Man-made substances with virucidal properties help
to reduce the amount of dangerous viruses and therefore
reduce the risk of infection. The SARS-CoV-2 attached
on the surfaces can be inactivated through cleaning with
solutions containing 0.5% hydrogen peroxide, 70% etha-
nol, 0.5% povidone iodine, or 0.1 sodium hypochlorite
(only temporarily)."* To be effective, the sanitization
needs periodical repetition; one should also bear in mind
that it cannot be applied to every surface.! Materials that
lower the survival rate of pathogens are especially useful
in medical devices. The SARS-CoV-2 coronavirus pan-
demic strengthens the demand for microparticles that
can be combined with other materials, giving them virus-
inactivating properties.?

Methods

Natural antiviral active compounds acting on the SARS
and MERS-CoV enzymes (nsP13 and 3CL protease he-
licase), for example: myricetin, scutellarein, flavonoids,
tea tree oil, eucalyptus oils and phenolic compounds, are
not covered in this article.! This paper discusses the use
of polymers in reducing human exposure to coronavi-
ruses and some other viruses that cause respiratory dis-
ease. The systematic search of the PubMed database was
performed in October 2020 and was focused on a part
of “man-made” materials classified with indirect mecha-
nisms of antiviral action and chemically modified mate-
rials surfaces. Research terms comprised a combination

of words “polymer” and “coronavirus” The analysis in-
cluded data from epidemics: SARS in 2003, MERS-CoV
from 2012 and the current SARS-CoV-2.

Bioinspired surfaces

The inactivation function of antiviral agents depends
on the structure of the polymer chain. The anionic na-
ture of the polymer charge and the hydrophobicity
of the backbone are key.®> Self-cleaning coatings can be
applied to surfaces that are frequently touched and con-
taminated to avoid adhesion of infectious microdroplets.
Some nanostructured, polymer-based coating materials
that mimic the natural structures of lotus leaf, gecko bris-
tles, skis, or fly eyes are superhydrophobic.!

Physicochemical characteristics
of antiviral polymers

Elevated temperature in the environment increases an-
tiviral activity of polymers. Anions of toxic ions are more
effective in disinfection than nonionic metals.® Sodium
acrylonitrile/methallyl sulfonate membranes used in con-
tinuous renal replacement therapy have proven to be ef-
fective barriers to inhibit SAR-COV-2 penetration.® Dres
et al.” proposed a method of obtaining personal protec-
tive equipment in the form of a gluten face mask, which
is a biopolymer. Gluten was supposed to be used as a fil-
ter material. The electrospinning process creates a mat
of carbon nanofibers, which is used to create a filter and
a laminate from which the mask is made. The polymers
can be easily modified. One of the modifiable features
is the electric charge which affects the quality of antivirus
protection. Leung et al. improved virus capture efficiency
thanks to the use of positively electrifying polyvinylidene
fluoride (PVDF) nanofibers.® Reusable medical masks
(e.g., N95) must be cleaned. The use of a hydrophobic ma-
terial allows partial self-cleaning. El-Atab et al. developed
a method for the preparation of polyimide hydrophobic
membranes with nanopores.® Personal protective equip-
ment (PPE) in the form of a face mask makes daily com-
munication difficult. Face shields are less effective than
face masks because they do not stick to the face. Therefore,
it would be a compromise to use a transparent material
with appropriate filtering properties. He et al. developed
amethod of producing masking filters from a nanoporous
transparent polylactic acid mat with higher efficiency
than standard PPE.1® Schandock et al.> showed that poly-
vinylbenzoic acid (PVBzA) could be a potential antiviral
agent with a wide range of applications. It has the abil-
ity to inhibit enveloped viruses ZIKV (Zika virus), HIV-1,
influenza, Lyssa, Ebola and SARS. Among the polyphos-
phates, poly (vinylphosphonic acid) (PVPA) shows a high
inhibition capacity for herpes simplex virus 2 (HSV-2) and
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Table 1. The chemical characteristics of the polymers and their role in limiting the spread of viruses

Dres et al.

Schandock et al. PVBzA
Schandock et al. PVPA

Ye et al. GO-PVP GO-PDDA
Yeetal. GO-PDDA

Bidra et al. PVP-|

Kariwa et al.

Khan et al.

Ahmed et al.

Das et al. processed gluten
Leung etal. positively electrifying PVDF
El-Atab et al.

Behzadinasab et al. polyurethane with coper oxide (Cu,0)
He et al. nanoporous PLA

sodium acrylonitrile/methallyl sulfonate

CRRT membrane

polycarboxylates antiviral agent

polyphosphates antiviral agent
composite antiviral agent
composite antiviral agent

N-vinylpyrrolidone polymer antiviral agent

metal-combined polymers antiviral agent

PPE

fluoropolymer PPE

polyimide PPE
composite antiviral agent

polyester PPE

AMS — acrylonitrile/methallyl sulfonate; CRRT — continuous renal replacement therapy; PEG-PLGA — poly(ethylene glycol)-poly(lactide-co-glycolide);
PVBzA - poly(vinylbenzoic acid); PVPA - poly(vinylphosphonic acid); PVP - poly(vinylpyrrolidone); PDDA — poly(diallyldimethylammonium) chloride;
PVP-I - poly(vinylpyrrolidone)-iodine; PVDF — poly(vinylidene) fluoride; PLA — poly(lactic acid).

SARS; however, due to its very low effectiveness against
other viruses, it can only be used under certain exposure
conditions. These compounds can be used to form an an-
tiviral protective layer on external surfaces. Ye et al.!! has
shown that polymer-conjugated graphene oxide has an-
tiviral properties due to the negatively charged graphene
oxide (GO)-conjugated polymers. The polymers can be:
non-ionic PVP (polyvinylpyrrolidone composite) and cat-
ionic PDDA (poly(diallyldimethylammonium) chloride).
The inactivation mechanism is based on the cleavage
of the virus by a single-layer graphene oxide. The PVP
seems to be more effective.

Materials containing
heavy metal particles

Some heavy metal nanoparticles have virucidal proper-
ties, hence the ideas of weaving them into the structure
of various materials, including inorganic ones. Balagna
et al.!2 found that materials coated with silver silicate
composite nanoparticles inactivate SARS-CoV-2. Also,
the copper-covered surface significantly reduces the half-
life of SARS-CoV-2 to 4 h compared to the steel-plastic
surface where the virus was detectable for 72 h.!3 Disinfec-
tion of various items can be difficult or even impossible.
The problem can be solved by using covering materials ca-
pable of inactivating the virus in production. The addition
of copper to components produced on 3D printers may be
helpful in increasing the virological safety of parts which,
due to the method of manufacture, do not reach 100%
sterility.* Heavy metal polymers affect viral proteins and
the genetic material of the virus.'® The cationic copper
nanoparticles coupled with the polymer achieve a higher

inhibitory effect than the microparticles or the metal sur-
face. Copper ions lead to DNA denaturation, RNA dam-
age and disturbance of viral protein synthesis. The ad-
dition of copper to PPE equipment used by healthcare
professionals increases their effectiveness as a virologi-
cal barrier.!> Replacing metallic copper in the polymer
structure with copper oxide increases the effectiveness
of PPE. Behzadinasab et al. proposed to cover some ev-
eryday items with polyurethane bound to copper oxide
(Cuy0).'* Ahmed et al.’’ introduced a novel PPE filter
barrier architecture, in which the polymer acts as a cross-
linked mechanical barrier and scaffolding. He proposed
the use of polylactic acid (PLA) and cellulose acetate
(CA) to create an electrospun multilayer barrier scaffold.
The nanoparticles of Cu,O and graphene oxide embedded
in it inactivate viral particles that have penetrated into it.

The chemical characteristics of the polymers and their
role in limiting the spread of viruses are presented in Table 1.

Conclusions

Accelerated virus inactivation polymers are a promis-
ing area of research due to the growing epidemic threat
of viral diseases, in particular those caused by coronavi-
ruses. They can make a significant contribution to slow-
ing down the pandemic. Taking into account the differ-
ent purpose of different materials and the associated
physico-chemical characteristics, it seems that the future
belongs to multi-component mixtures or very thin mul-
tilayer systems. The rational direction of research work
is the search for materials with a balanced specificity
in relation to the most dangerous viruses and universality
in relation to other viruses.
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