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ABSTRACT

Received:

The evolution of new and reemerging virulent strains of respiratory viruses from
animal reservoirs and among the population is a significant threat to human health.
Respiratory viruses are responsible for more deaths globally than any other infectious
agent. The recently discovered Coronavirus (COVID 19) is responsible for a devastating
illness with a high death toll [1]. In the absence of proven therapeutics, most emphasis has
to be put on prevention e.g., distancing, decreased public contacts, masks, handwashing
with soap and hot water [2]. Immunisations if they reach herd immunity could contribute
to contain the illness [3]. However, the major achievement of the immunisation is the
prevention of a severe course of the disease and death as even immunised persons might
still spread the virus [4].
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Introduction
Early studies suggested that SARS-CoV2 is transmitted directly
through respiratory droplets from infected individuals [5]. Humanto-human transmission is the main route of infection, presenting
a substantial threat of rapid spread of the virus throughout the
community. It is documented that also persons with mild or clinically
unapparent disease can spread the virus. However, as a greater
understanding of the virus is achieved, the routes of transmission
have been widened by the WHO to include possible human-human
contact, droplet, airborne, fomite, fecal-oral, bloodborne, motherto-child and animal-to-human transmission [6]. Increasing concern
of contact transmission during outbreaks has been cited. Viruses
are spread by droplets expelled by coughs and sneezes, which can
contaminate surfaces. Ample evidence in the literature indicates
that pathogenic human coronavirus contaminate the environment
2 m to 6 m away, respectively [5], and a single droplet may easily
contain an infectious dose.
Viral pathogens are surviving on a surface if epithelial cell
material is contained in the droplets for an extended period of
time [7]. There are reports of a human lung cell culture model
show persistence of infectious viral particles at least 5 days of
on a range of common nonbiocidal surface materials, including
polytetrafluoroethylene (Teflon; PTFE), polyvinyl chloride (PVC),
ceramic tiles, glass, silicone rubber and stainless steel [8]. It has

been shown in the literature that several factors are pertinent to the
antiviral activity of sanitising agents. Numerous compounds have
been recommended [9]. Alcohol-based agents cause dissolution of
the lipid membrane and denature proteins, thereby disrupting the
virus membrane and inhibiting metabolism. The concentration of
alcohol in hand-cleansing products, the volume used, contact time,
degree of soiling, product formulation and use of excipients are
some of the critical factors that affect the efficacy of alcohol against
viruses.
Lipid membrane dissolution and protein denaturation are key
mechanisms of the antimicrobial action of ethanol, leading to the
disruption of membrane and inhibition of metabolism [10]. The
outermost membrane of SARS-CoV-2 comprises of lipids bound
together by an alkane chain of hydrophobic fatty acids. Alcohols
are amphophilic compounds, as they possess both hydrophilic
and lipophilic (hydrophobic) properties that facilitate their entry
through the viral envelope. Contact of the virus with alcohol leads
to alteration in its membrane fluidity. The antimicrobial mechanism
of alcohol against enveloped viruses is similar to that for bacteria
as both have a lipid-rich outer membrane. Non-enveloped viruses
are relatively more resistant to this mechanism due to the lack of
a lipid membrane. Raising the ethanol content may address this
issue to some degree but increases the risk of tissue toxicity and
lowers the flash point. At present, only one formulation with broad
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virucidal activity exists with an ethanol content of 95 vol% [9]. The
70% ethanol control group was unable to completely inactivate
SARS‐CoV‐2 after 15 seconds of contact but was able to inactivate
the virus at 30 seconds of contact.

Efforts were made to reduce the ethanol content without
reducing the virucidal activity to decrease the flash point and
increase skin tolerance and compliance. As a result of these
efforts, a synergistic combination was developed with an ethanol
content of 55% (w/w) in combination with 10% (w/w) propan1-ol, 5.9% (w/w) propan-1.2-diol, 5.7% (w/w) butan-1.3-diol
and 0.7% phosphoric acid [10]. The crucial problem of alcoholic
disinfectants however is the lack durability and a lasting efficacywithin 60 minutes the alcohol is evaporated and the activity
vanishes. Also, povidone iodine (PVP‐I) oral antiseptic preparations
rapidly inactivates SARS‐CoV‐2 virus in vitro. The virucidal activity
was present at the lowest concentration of 0.5 % PVP‐I and at
the lowest contact time of 15 seconds [10]. PVP‐I oral antiseptic
preparations rapidly inactivated SARS‐CoV‐2 virus in vitro. The
virucidal activity of PVP‐I oral antiseptic solution was present at
the lowest concentration of 0.5 %, and at the lowest contact time
of 15 seconds.

This important finding warrants the use of preprocedural oral
rinsing with 0.5% PVP‐I for patients and health care providers. This
solution serves as an adjunct to personal protective equipment
for dental and surgical specialties during the COVID‐19 pandemic.
Hand hygiene by washing hands with soap and water or with
alcohol-based hand sanitisers are primary preventive measures
against the spread of SARS-CoV-2 [11]. “Benzalkonium chloride,
along with both ethanol and isopropanol, is deemed eligible by the
FDA for use in the formulation of healthcare personnel hand rubs.
However, available evidence indicates that benzalkonium chloride
has less reliable activity against coronavirus than either of the
alcohols [12]. At the same time, a dramatic increase in the number
microorganisms with multiresistant activity against antibiotics has
been observed [13].

Also, alcohol tolerant microorganisms have been observed
by the use of benzalkonium chloride. The use of quaternary
ammonium disinfectants e.g. benzalkonium chloride was identified
as the cause of this phenomenon by rapidly inducing efflux pumps
eliminating every antibiotic from the cell [14]. The development of
germ-free surfaces - the correct term is “selfsanitizing surfaces” was offered as the solution. The presence of polar oxygen atoms
weaken the lipophilic interactions between the non-polar residues,
and increase the internal affinity of the membrane for water, thus
destabilising and denaturing the protein structure [15]. Mutants
the so-called ‘super-spreading events’ emerged recently mandating
additional efforts to contain the spread of the virus [16]. Preventive
measures such as social distancing, quarantine, cough etiquettes,
proper hand washing, cleaning and decontaminating the surfaces
are the mainstay for curbing the transmission of this virus [17-20].
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Therefore, there is an urgent need to continue to search
for innovative and ambitious new therapeutic and preventive
modalities, which may be at least as effective also against multidrug
resistant bacterial microorganisms. It is mandatory for limiting
the transmission by decontamination of surfaces. In addition also
the development of selfsanitizing surfaces which eradicate viral
pathogens on a surface. The requirements of self-sanitizing surfaces
for application in hospitals, public transportation, the food industry
etc. are extraordinarily high.
a)

b)
c)
d)
e)
f)

g)
h)
i)
j)
k)
l)

Intensive and broad antimicrobial activity, against Grampositive, Gram-negative microorganisms, irrespective of
their antibiotic susceptibility, fungi, legionella, moulds, virus
documented by the RODAC plate method

Fast eradication of microorganisms i.e. minimum 5 log 10
reduction within 1 hour
Activity against a high inoculum size of 109 CFU on an area
of 3cm²
No induction of resistance

Nontoxic, skin and soft tissue compatibility, no allergenicity,
sbD (safe by design)
Long lasting/permanent antimicrobial activity

1.

water-, acid-, alkaline-, alcohol insoluble, UV Light stabile

Cleanable with detergents

Uncomplicated technical processability, heat stabile up to
400°C, non corrosive

Physical stability, activity irrespective of sweat, grease, blood,
pus
Not flammable, smoke reduction

BP authorisation by the European commission on biocidal
products.
Favourable cost/benefit analysis

Rapid inactivation of human coronavirus occurs on brass
and copper nickel surfaces at room temperature (21°C) has been
found [20]. Brasses containing at least 70% copper were very
effective at inactivating HuCoV-229E and the rate of inactivation
was directly proportional to the percentage of copper. Copper
surfaces however oxidize rapidly and require frequent cleaning.
Also, the optical appearance is not acceptable. In the past decades,
accumulated scientific findings confirmed also the role of additional
antimicrobial modes e.g. free radicals damage in respiratory virus
infection [21]. The occurrence of electrostatic repulsion forces
between similar types of electric charge was described; their origin
in FDS emulsions can be explained by ionization and adsorption
mechanisms. This suggests the mechanisms of antimicrobial
activity of nanoscaled particles. Classical explanations suggest that
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an electric double layer is formed by the diffusion of counterions
and coions towards the surface and near-surface positions.

The DLVO theory describes the interactions between two liquid
droplets or particles at distances around 30-40 nm; however, at
smaller distances, when atomic electron clouds are superimposed,
strong boron repulsion occurs. Finally, for very small separations,
non-DLVO forces must also be taken into account when studying
the change in potential energy. The antimicrobial activity of
nanoparticles is explained in part by the formation of reactive
oxygen formation (ROS). Alternatively electrostatic attraction
between metal nanoparticles and microbial cells which disrupt
metabolic activities has been detected as well [22].
The endowment of surfaces with nanoparticles however is not
practical:
a)

Nanocoatings are difficult to implement on surfaces:

Antimicrobial technologies using nanomaterials e.g. chitosan,
cellulose etc. must be incorporated into nanorods or nanomats. It is
extraordinary difficult to fix these compounds stabile on a surface
and preserving their antimicrobial activity. .
b)
c)

Nanoparticles incorporated into polymers loose their
antimicrobial efficacy
Nanocoatings are generally not heat resistant, difficult to
manufacture

d) Nanotechnologies are subject to approval by the Biocidal product
regulation (BPR) of the European Union. The requirements
of biocidal product regulation for nanotechnologies are time
consuming and expensive. Nanoparticles can not achieve
antimicrobial activity if incorporated into polymers. None of
the nanoproducts passed the biocidal regulation up to this
point in time.
e)

Expensive

These properties and more can be achieved easier by in situ
generated biocides. Investigation of additional modes to eradicate
coronavirus from surfaces disclosed that an acid environment,
free radicals e.g. oxygen radicals but also hydroxyl radicals and
positive electrostatic surface properties are able to eradicate the
coronavirus and don’t induce the emergence of multiresistant
bacterial microorganisms. Various metal oxides which act as
catalysts have different physico-chemical properties and also
different antimicrobial activity. Metal oxides function as in situ
generated biocides and remain in the composite material or in a
coating. By electron transfer they transform ambient water into
the formation of acidic surfaces (analogous to the acid coating of
the skin) the formation of free radicals such as oxygen radicals and
hydroxyl ions and a positive zeta potential. The crucial requirement
of these in situ generated biocides is a hydrophilic surface with a
contact angle of 30° or less.
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This can be achieved by addition of various hydrophilising
agents e.g. glyzerin stearate, sorbitol ester, aerosil or substances
like crodamol, fleroxacin, lubrophos etc. Molybdenum oxide is
active against a variety of bacterial microorganisms and fungi just
as the 5% oxygen deficient tungsten blue oxide. The difference
between these is the water solubility (0.003 mol/l at a pH value
> 7.55) of Molybdenum oxide in contrast to tungsten oxide which
is entirely water insoluble. In addition molybdenum is also not UV
light stabile and contains a light blue color on a surface. This can
be overcome by the use of Zinc Molybdate where the Molybdenum
oxide is incorporated into a Zinc oxide crystal structure [23]. The
mechanism of activity is similar to molybdenum and tungsten
blue oxides. Zinc Molybdate has a white color, is UV light stabile,
water and alcohol insoluble and shows broad antimicrobial activity
including influenza virus (influenza, bird flu and swine flu).
Submicron particles (Lambda half) provide a transparent
surface of glass and plastic surfaces. Investigations to overcome
the water solubility of molybdenum oxide have been performed.
In this project Polyoxometallates (POMs) have been manufactured
by combination of equimolar concentrations of ammonium
dimolybdate (NH4)2Mo2O7 (ADM) and ammonium metatungstate
(NH4)6[H2W12O40]· 3H2O (AMT) in the same crystal structure.
This is easily achieved as both substances exhibit similar ion
radius. These compounds are of interest in the fields of catalysis,
electronics, magnetic materials and antimicrobial activity [24].
POMs are formed. By the incorporation of molybdenum blue oxide
into the tungsten crystal lattice a number of favourable properties
have been achieved e.g. water and alcohol insolubility. The
antimicrobial activity of polyoxometallates also based on in situ
generated biocides by incorporation of transition metal oxides into
composite materials or coatings.
However a number of additional properties have been
observed. POMs exhibit strong antimicrobial activity against
virtually all bacterial microorganisms regardless of their resistance
to antibiotics and disinfectants in addition to fungi, molds
(Aspergillus spp.), enveloped and nonenveloped virus based on
a strong Zeta potential. Moreover, POMs were shown to exhibit
biological activities in vitro and in vivo, such as antitumor and
antidiabetic activity. Last not least also a strong antifouling activity
has been documented. Astonishingly very few medical professionals
mention the crucial role of free radical damage in COVID-19. The
crucial pathogenic role of free radical damage in respiratory virus
induced pneumonia suggest an antioxidative therapeutic strategy
for COVID-19 [25,26]. The potential anti-SARS activity (severe
acute respiratory syndrome) of the POMs [alpha-PTi(2)W(10)
O(40)](7-) isomers was investigated. The SARS 3c-like protease,
namely SARS 3CL(pro), is the key function of the protease for both
viral replication and transcription and can therefore be considered
as one of the main targets for the development of anti-SARS drugs.
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Affinity/Insight II was used to study possible binding sites for
the interaction of POMs/3CL(pro). The charges in the POMs were
determined using the method of density functional theory (DFT).
The results show that POMs bind with 3CL(pro) in the region of
the active center with high affinity; POMs are more susceptible
to binding with 3CL(pro) than with some organic compounds;
for the POMs/3CL(pro) complex, OTi(2) in POMs is the crucial
element for the electrostatic interaction, and the electrostatic
binding energy is strong enough to keep the complex stable. The
activity against coronavirus is based also on electric charges by
the polyoxometallates (POMs) which were obtained from densityfunctional theory (DFT) method. The results show that POMs
bind with 3CLpro in the active site region of coronavirus with
high affinity; POMs are more prone to bind with 3CLpro than with
some organic compounds; for the POMs/3CLprocomplex, the
OTi2 in POMs is the element for electrostatic interaction, and the
electrostatic binding energy is strong enough to keep the complex
stable.
Different combination of Molybdenum oxide and tungsten oxide
of POMs have been created with similar antimicrobial activity. POMs
with incorporation of Molybdenum oxide into the tungsten crystal
lattice show an exceptional strong Zeta potential responsible to the
superior fast antimicrobial activity resulting in a 7 log 10 reduction
of microorganisms in less than one hour. The potential anti-SARS
activity (severe acute respiratory syndrome) of the POMs [alphaPTi(2)W(10)O(40)](7-) isomers was investigated. The SARS 3c-like
protease, namely SARS 3CL(pro), is the key function of the protease
for both viral replication and transcription and can therefore be
considered as one of the main targets for the development of antiSARS drugs. Affinity/Insight II was used to study possible binding
sites for the interaction of POMs/3CL(pro). The charges in the POMs
were determined using the method of density functional theory
(DFT). The results show that POMs bind with 3CL(pro) in the region
of the active center with high affinity; POMs are more susceptible to
binding with 3CL(pro) than with some organic compounds; for the
POMs/3CL(pro) complex, OTi(2) in POMs is the crucial element for
the electrostatic interaction, and the electrostatic binding energy is
strong enough to keep the complex stable.

The SARS 3c like protease, namely the SARS 3CLpro is the key
function protease for virus replication as well as transcription
and thus can be taken as one of the key targets for anti-SARS drug
design. Affinity/Insight II was used to explore possible binding
locations for POMs/3CLpro interaction. The broad antimicrobial
efficacy of the polyoxometallates is based on the synergistic
effectiveness of 3 mechanisms which leads to a rapid elimination
of viral and bacterial microorganisms and fungi in situ on surfaces.
Because the active substances of this technology do not integrate
the antimicrobial into the metabolism of the microorganisms,
there is no induction of resistance and a permanent antimicrobial
effectiveness (proven for at least 10 years). These metal oxides have
a broad antimicrobial spectrum of activity against Gram positive
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and Gram negative microorganisms regardless of resistance to
antibiotics and numerous viruses.

The antiviral efficacy is especially described for
polyoxometalates as enveloped viruses such as hepatitis B, hepatitis
C, influenza viruses, herpes viruses, Epstein Barr viruses. It was
therefore obvious and of particular interest in the present situation
to investigate the antiviral effectiveness of polyoxometallates
in plastics or in coatings in surfaces against corona viruses. As
surfaces can be colonized by infected/contaminated persons
with corona viruses and harbour infection-prone viruses for
over 72 hours. Surfaces that can neutralize corona viruses on a
surface within a short period of time as “self-sanitizing surfaces”
are highly desirable for containing the spread of pathogens. As in
situ generated biocides, polyoxometallates have an antibacterial
efficacy against a multitude of bacterial microorganisms, fungi
and Aspergillus spp. but also against a number of enveloped viral
pathogens such as hepatitis B, hepatitis C, enveloped viruses such
as herpes viruses as well as vaccinia virus.

In the literature an activity of polyoxometallates with a
titanium doping in a surface against corona viruses is described.
POM’s [alpha-PTi(2)W(10)O(40)](7-) titanium is used to form
an electrostatic potential at the surface and free radicals such as
oxygen radicals to enhance the effectiveness of polyoxometalates.
This is also the basis for its effectiveness against viruses. Hu et
al. also describes the effectiveness of various acids such as free
fatty acids, glucuronic acid, galacturonic acid against viruses
including corona viruses. Antiviral effectiveness has also been
described by lipid peroxidase, and nitric oxide radical scavenging
assays. As a better alternative, several other polyoxometalates
have been prepared using a combination of tungsten oxides with
molybdenum oxides, which have a strong zeta potential. The
formula is paramolybdotungstate [H2Mo6W6O42].

Polyoxometalates can also be incorporated into various polymer
surfaces or into a transparent coating e.g. liquid polyurethane,
liquid silicone and other coating materials such as paints, which
can be applied within one hour. The duration of effectiveness of
such surfaces against bacterial microorganisms is at least 10 years
and has been confirmed by appropriate tests. The effectiveness is
not affected by detergents, alcohol and water.

The Technology of Polyoxometallates:

2% polyoxometallate 2:1 Mo:W in combination with 1% zinc
molybdate to maintain the electrostatic charge of the surface was
produced and can be applied to various composite materials e.g.
polyimines and thermoplastic polyurethanes.The surface must be
hydrophilic with a contact angle of < 30°.

Production of Polyoxometalates Mo:W 2:1,

The production of polyoxometalates has been established and is
protected by patents. Also, the antimicrobial activity zinc molybdate
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(incorporation of molybdenum oxide into the orthorhombic and
monocline zinc oxide crystal structure) has been documented.
The production of polyoxometalates was first carried out on an
extended laboratory scale in quantities of 25 kg. At present the
polyoxometalate as well as the zinc molybdate can be produced
commercially in unlimited quantities. The coating material is
silicon dioxide - water glass, silicium dioxide, liquid polyurethane,
liquid silicone and also transparent melamine resins which dry
on a surface within 20 minutes and results in a transparent layer.
Polyoxometalates have broad antiviral efficacy. The surface,
equipped with submicron particles of polyoxometalates Mo:W 2:1,
meets a number of essential requirements, which are listed in the
following table.
a)

b)
c)

Wide antiviral effectiveness against a wide range of viruses
Hepatitis B, C, herpes virus and the enveloped virus. Other
pathogenic viruses as well as multi-resistant bacterial
microorganisms including moulds and algae are covered by
the spectrum of activity of polymetatungstate.
Rapid elimination of the pathogenic viruses on a contaminated
surface, within 30 minutes.
No induction of resistance

d) Permanent effectiveness over years. Documented activity of 10
years for bacteria and fungi. No elution of the polyoxometallates
from the surface has been observed. Polyoxometallates are
insoluble in water, alcohol and detergents.
e)
f)
g)

No loss of effectiveness after 1000 cleanings with detergents
No toxicity

Heat stable up to 400°C

Ti-containing alpha-keggin-polyoxometalates (POMs) have
been described with properties against both tumors and HIV
(Human Immunodeficiency Virus). The potential anti-SARS activity
(severe acute respiratory syndrome) of the POMs [alpha-PTi(2)
W(10)O(40)](7-) isomers was investigated in a study using a
molecular modelling method [27-31]. The SARS 3c-like protease,
namely SARS 3CL(pro), is the key function of the protease for both
viral replication and transcription and can therefore be considered
as one of the main targets for the development of anti-SARS drugs.
Affinity/Insight II was used to study possible binding sites for
the interaction of POMs/3CL(pro). The charges in the POMs were
determined using the method of density functional theory (DFT).
The results show that POMs bind with 3CL(pro) in the region of
the active center with high affinity; POMs are more susceptible to
binding with 3CL(pro) than with some organic compounds; for the
POMs/3CL(pro) complex, OTi (2) in POMs is the crucial element for
the electrostatic interaction, and the electrostatic binding energy is
strong enough to keep the complex stable. Polyoxometalate (POM)
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shows broad-spectrum inhibition, high efficiency and low toxicity.
In a publication by Hu, the binding mechanisms of five isomers of
di-Ti-substituted polyoxotungstate, [α-1,2-PTi2W10O40]7- (α-1,
2), [α-1,6-PTi2W10O40]7- (α-1,6), [α-1,5-PTi2W10O40]7- (α1,5), [α-1,4-PTi2W10O40]7- (α-1,4) and [α-1,11-PTi2W10O40]7(α-1,11). Up to five subtypes of influenza virus A neuraminidase
(FluV-A NA) were investigated in aqueous solution using molecular
docking and molecular dynamics studies.
The results show that the isomer α-1,2 is superior to other
isomers as a potential inhibitor of neuraminidase. The positively
charged arginine residues around the active site of NA could be
induced to adapt by negatively charged POM and could form salt
bridge interactions and hydrogen bridge interactions with POM.
The free binding energies of POM/NA complexes range from
-5.36 to -8.31 kcal mol-1. In a publication by Hu, the binding
mechanisms of five isomers of di-Ti-substituted polyoxotungstate,
[α-1,2-PTi2W10O40]7- (α-1, 2), [α-1,6-PTi2W10O40]7- (α-1,6),
[α-1,5-PTi2W10O40]7- (α-1,5), [α-1,4-PTi2W10O40]7- (α-1,4) and

[α-1,11-PTi2W10O40]7- (α-1,11). Up to five subtypes of influenza
virus A neuraminidase (FluV-A NA) were investigated in aqueous
solution using molecular docking and molecular dynamics studies.
The results show that the isomer α-1,2 is superior to other isomers
as a potential inhibitor of neuraminidase. The positively charged
arginine residues around the active site of NA could be induced
to adapt by negatively charged POM and could form salt bridge
interactions and hydrogen bridge interactions with POM.
The free binding energies of POM/NA complexes range from
-5.36 to -8.31 kcal mol-1. Electrostatic interactions are considered
to be the driving force during the binding process of POM to
NA. The conformational analysis shows that POM tends to bind
mainly with N1 and N8 at the edge of the active pocket, causing
the conformational change of the pliers structure consisting of
rest 347 and loop 150. On the other hand, the active pockets of N2,
N9 and N4 are perceived as more spacious, which allows POM to
penetrate directly into the active pockets and anchor firmly. This
study shows that a negatively charged ligand like POM could induce
the reorganization of the active center of NA, and highlights POM
as a promising inhibitor of NA despite the ever-increasing number
of mutants of NA. POMs are composed of (MOx)n-polyyhedra; as
a metal, only transition metals such as vanadium, molybdenum,
tungsten, as well as niobium and tantalum are found in POM species
in high oxidation states.
Regarding the additive it has been shown, that the
molybdenum doped polyoxometallate paramolybdotungstate
[H2Mo6W6O42]10- has the highest zeta potential and positive
electrostatic property, which is of primary importance for the
antiviral property and a high concentration of free radicals and
H3O+ ions on the surface. The decisive factor, however, is in addition
a hydrophilic, i.e. wettable surface with a contact angle of 30° or less.
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This is achieved by adding glycerine stearate 1%, sorbitol ester or
other hydrophilising agents e.g. aerosil. Catalyst in redox processes
(e.g. the oxidation of aldehydes to carboxylic acids or the oxidation
of methane), dehydrogenation (e.g. in the formation of alkenes) or
the splitting of water into oxygen and hydrogen and many others.
Highly selective inhibition of enzymes has been observed as well as
antitumoral and antiviral effects both in vitro and in vivo.
Also, excellent activity against algae has been documented. The
primary goal of these investigations, which have been ongoing since
2002, was the prevention of hospital-acquired infections, which are
responsible for numerous deaths.

Polyoxometallates With Anti-Corona Virus Activity
Investigation of Antiviral Activity
The product passed the EN14476(liquid disinfectant test) in 2
hours with a 4log reduction. The treated surfaces killed 88% more
than the control surface in 2 hours. However, these samples showed
a less sufficient hydrophilicity with a contact angle of 52°. This is
not sufficient as a hydrophilic surface with a contact angle of less
than 30° is required. Therefore, additional tests with samples with
sufficient hydrophilicity and a contact angle of 26° by addition of
various hydrophilising agents e.g. sorbitol alcohol, aerosil have
been performed and virtually a complete eradication of the corona
virus load in comparison with a non treated surface has been
achieved within 2 hours.

Summary

Coronavirus survives 2-4 days in inert surfaces and is still
contagious. The elimination of COVID 19 from contaminated
surfaces is desirable by alcoholic solutions containing at least 65 %
alcohol. The duration of alcoholic solutions is approximately 4 hours,
it has to reapplied again. Numerous other technologies have been
investigated with insufficient results preventing the application of
these Surfaces with long lasting activity against coronavirus can
be provided. However new and innovative technologies e.g. acidity
of a surface, formation of free radicals like oxygen radicals and
hydroxyl radicals and electrostatic surface charges have to be used.
The in situ generated biocides can be achieved by transition metal
oxides. Polyoxometallates show a high zeta potential and eradicate
Coronavirus, bacterial microorganisms and fungi within a few
hours from a surface. Additives are not toxic and legitimately on the
market. The technology is highly cost effective.

References

1. Coleman CM, Frieman MB (2014) Coronaviruses: important emerging
human pathogens. J Virol 88: 5209-5212.

2. Wang Ch, Horby PW, Hayden PW (2020) Frederick G Gao GF A novel
coronavirus outbreak of global health concern. Lancet 395(10223):470473.

DOI: 10.26717/BJSTR.2021.33.005380
3. Enjuanes L, Zuñiga S, Castaño Rodriguez C, Gutierrez Alvarez J, Canton
J, et al. (2016) Molecular Basis of Coronavirus Virulence and Vaccine
Development. Adv Virus Res 96: 245-286.

4. Almaghaslah D, Kandasamy G, Almanasef M, Vasudevan R, Chandramohan
S (2020) Review on the coronavirus disease (COVID-19) pandemic: Its
outbreak and current status. Int J Clin Pract 74(11): 2020.
5. Liu J, Liao X, Qian S, Yuan J, Wang F, et al. (2020) Community Transmission
of Severe Acute Respiratory Syndrome Coronavirus 2, Shenzhen, China,
2020. Emerg Infect Dis 26(6): 1320-1323.

6. Ge ZY, Yang LM, Xia JJ, Fu XH, Zhang YZ (2020) Possible aerosol
transmission of COVID-19 and special precautions in dentistry. Zhejiang
Univ Sci B 21(5): 361-368.

7. Fathizadeh H, Maroufi P, Momen, Heravi MS, Köse S, et al. (2020)
Protection and disinfection policies against SARS-CoV-2 (COVID-19)
Infez Med 28(2): 185-191.
8. Rai NK, Ashok A, Akondi BR (2020) Consequences of chemical impact
of disinfectants: safe preventive measures against COVID-19. Crit Rev
Toxicol 50(6): 513-520.

9. A Kramer, AS Galabov, SA Sattar, L Döhner, A Pivert (2006) Virucidal
activity of a new hand disinfectant with reduced ethanol content:
comparison with other alcohol-based formulations J Hosp Infect: 62(1):
98-106.

10. Eggers M, Eickmann M, Zorn J (2015) Rapid and Effective Virucidal
Activity of Povidone-Iodine Products Against Middle East Respiratory
Syndrome Coronavirus (MERS-CoV) and Modified Vaccinia Virus Ankara
(MVA). Infect Dis Ther 4(4): 491-501.
11. Schürmann W, Eggers HJ (1985) An experimental study on the
epidemiology of enteroviruses: water and soap washing of poliovirus
type 1-contaminated hands, its effectiveness and kinetics. Med Microbiol
Immunol 174(4): 221-236.
12. Schrank CL, Minbiole KPC, Wuest WM (2020) Are Quaternary
Ammonium Compounds, the Workhorse Disinfectants, Effective against
Severe Acute Respiratory Syndrome-Coronavirus-2? ACS Infect Dis 6(7):
1553-1557.
13. Kim M, Weigand MR, Oh S, Hatt JK, Krishnan R (2018) Konstantinidis
KT Widely Used Benzalkonium Chloride Disinfectants Can Promote
Antibiotic Resistance. Appl Environ Microbiol 84(17): e01201-18.

14. Romanova NA, Wolffs PF, Brovko LY, Griffiths MW (2006) Role of efflux
pumps in adaptation and resistance of Listeria monocytogenes to
benzalkonium chloride. Appl Environ Microbiol 72(5): 3498-3503.
15. Yet SF, Melo LG, Layne MD, Perrella MA (2002) Heme Oxygenase in
Regulation of Inflammation and Oxidative Damage. Methods Enzymol
353:163-176.

16. Gupta P, Goyal K, Kanta P, Ghosh A, Singh MP (2019) Novel
2019-coronavirus on new year’s Eve. Indian J Med Microbiol 37(4): 459477.
17. Warnes SL, Little ZR, Keevil CW (2015) Human Coronavirus 229E
Remains Infectious on Common Touch Surface Materials. Journal of
Clinical Microbiology 6(6): e01697-15.
18. Bazaid AS (2020) Knowledge and practice of personal protective
measures during the COVID-19 pandemic: A cross-sectional study in
Saudi Arabia.
19. Ward RL, Bernstein DI, Knowlton DR (1991) Prevention of surface-tohuman transmission of rotaviruses by treatment with disinfectant spray.
J Clin Microbiol 29: 1991-1996.

20. Routson LB, Lytle CD, Sagripanti JL (1993) Virus inactivation by copper
or iron ions alone and in the presence of peroxide. Appl Environ
Microbiol 59(12): 4374-4376.

Copyright@ Peter Guggenbichler J | Biomed J Sci & Tech Res | BJSTR. MS.ID.005380.

25706

Volume 33- Issue 2

21. Al Motawa MS, Abbas H, Wijten P, de la Fuente A, Xue M, et al. (2020)
Vulnerabilities of the SARS-CoV-2 Virus to Proteotoxicity-Opportunity
for Repurposed Chemotherapy of COVID-19 Infection. Front Pharmacol
11: 585408
22. Cheng R, Kang M, Shen ZP, Shi L, Zheng X (2019) Visible-light-driven
photocatalytic inactivation of bacteriophage f2 by Cu-TiO(2) nanofibers
in the presence of humic acid. J Environ Sci (China) 77: 383-391.

23. Kramer A, Adrian V, Rudolph P (1998) Explant test of skin and
peritoneum of the neonatal rat as predictive test for the compatibility
of local anti-infective in wounds and body cavities. Chirurg 69: 840-845.
24. Kramer A, Döhner L (2000) Hand disinfectant. United States Patent Pat.

25. Banerjee A, Subudhi S, Rapin N, Lew J, Jain R, et al. (2020) Selection of
viral variants during persistent infection of insectivorous bat cells with
Middle East respiratory syndrome coronavirus. Sci Rep 10(1): 7257.

26. Tuladhar E, Hazeleger WC, Koopmans M, Zwietering MH, Duizer E
(2015) Reducing viral contamination from finger pads: handwashing is
more effective than alcohol-based hand disinfectants 90(3): 226-234.
27. Schmidt DE, Votaw JR, Kessler RM, de Paulis T (1994) Aromatic and
amine substituent effects on the apparent lipophilicities of N-[(2pyrrolidinyl) methyl]-substituted benzamides. J Pharm Sci 83(3): 305315.

DOI: 10.26717/BJSTR.2021.33.005380
28. Pedro LL, Lacal M, Barbaccia ML, Graziani G (2020) Approaching
coronavirus disease 2019: Mechanisms of action of repurposed drugs
with potential activity against SARS-CoV-2. Biochemical Pharmacology
180: 114169.
29. Wu J (2020) Tackle the free radicals damage in COVID-19. Nitric Oxide
Volume 102: 39-40.

30. Čolović MB, Lacković M, Lalatović J, Mougharbel AS, Kortz U, et al. (2020)
Polyoxometalates in Biomedicine: Update and Overview. Curr Med Chem
27(3): 362-379.
31. Hu D, Shao Ch, W Guan W, Su Z, Sun J, et al. (2007) Studies on the
interactions of Ti-containing polyoxometalates (POMs) with SARS-CoV
3CLpro by molecular modeling. J Inorg Biochem 101(1): 89-94.

32. (2010) Disruption of the membrane-bound alcohol dehydrogenaseencoding gene improved glycerol use and dihydroxyacetone productivity
in Gluconobacter oxydans. Biosci Biotechnol Biochem 74(7): 1391-1395.
33. Li G, Fan Y, Lai Y, Han T, Li T, et al. (2020) Coronavirus infections and
immune responses. J Med Virol 92(4): 424-432.

34. Yet SF, Melo LG, Layne MD, Perrella MA (2002) Heme Oxygenase 1 in
Regulation of Inflammation and Oxidative Damage. Methods Enzymol
353: 163-176.

ISSN: 2574-1241
DOI: 10.26717/BJSTR.2021.33.005380

Assets of Publishing with us

Peter Guggenbichler J. Biomed J Sci & Tech Res

• Global archiving of articles

Submission Link: https://biomedres.us/submit-manuscript.php

• Authors Retain Copyrights

This work is licensed under Creative
Commons Attribution 4.0 License

• Immediate, unrestricted online access
• Rigorous Peer Review Process
• Unique DOI for all articles

https://biomedres.us/

Copyright@ Peter Guggenbichler J | Biomed J Sci & Tech Res | BJSTR. MS.ID.005380.

25707

