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Abstract

COVID-19 pandemic issues are discussed in chemical science intuition which highlights the direct role of chemistry to
the ongoing global pandemic by covering chemical preventive measures. Chemical preventive measures such as soap,
water, hand sanitizer, disinfectants and personal protection equipment (PPE) were reviewed as the only available
options in the arsenal to fight against COVID-19 despite the availability of COVID - 19 vaccines. The present review
focused on the mode of action for both sanitizer and soap water to inactivate the virus and their effectiveness.

Keywords: Non pharmaceutical approach; COVID-19; Personal protective equipment’s; Chemical Science
Intervention.

1. Introduction

COVID-19 (Corona Virus Disease 2019) is an infectious disease caused by the novel severe acute respiratory syndrome-
coronavirus-2 (SARS-CoV-2). It has developed into a global pandemic rapidly disrupting modern society on a large scale
that most of the people in the world have never witnessed in their lifetime [1] [2] [3] [4]. It was believed that this virus
had its origin in a species of bat and it was transmitted to human via a host. Since then, human to human rapid spreading
has been observed [5]. This novel corona virus is very close to earlier reported coronaviruses SARS-CoV-1, MERS-CoV
(Middle East respiratory syndrome) with regard to causing severe acute respiratory distress [6]. The virus causes
severe disease with pneumonia and acute respiratory distress and disorder, and has already infected millions of people,
resulting in millions of deaths and the figures are continuously increasing with people‘s lives at risk and the global
economy being greatly affected.

In order to address the current global challenge, public healthcare workers are working at the forefront to reduce the
spread of this disease. With immense effort, rapid developments have been done by biologists and biomedical scientists
to understand the biological responses against this viral infection, including detection of the virus, gene sequencing and
determining protein structures [1] [7] [8]. Personal preventive measures including chemically made protective
measures such as soap water, bleach solution, alcohol-based hand sanitizers, hydrogen peroxide and personal
protective equipment have been conceptualized, prepared and in use to attack the viruses [9].

A novel coronavirus strain linked with fatal respiratory illness was reported in late 2019 [1]. Swift actions were taken
by the Centre for Disease Control and Prevention (CDC), Chinese health authorities, and researchers. The World Health
Organization (WHO) temporarily named this pathogen 2019 novel coronavirus (2019-nCoV) [2].
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2. Non-pharmaceutical chemical preventive measures

Personal preventive measures are playing a vital role in stopping the spread of the SARS-CoV-2 virus (COVID 2019
virus) in the absence of any medicine or drug. Generally, these preventive measures can be physical, chemical or
immunological in nature. For instance, spreading can be regulated by following social distancing of one meter at least
and using face mask which comes under physical preventive measures. Chemical preventive measures include
disinfecting surfaces using chemicals, washing hands with soap water or hand sanitization. Herd immunity, developed
in the person who already recovered from the COVID-19 or who acquired vaccine, can break the chain of infection in a
population [10]. Even with the development of vaccine, it is very essential for us to follow personal protective measures
strictly to avoid infection from SARS-CoV-2. Well known non-pharmaceutical chemical preventive measures
recommended for use against contracting the virus have been specified and documented [10].

The non-pharmaceutical chemical preventive measures are into two categories, namely the personal protective
equipment which comprises of face masks, protective jackets and hand gloves. The second categories are chemically
based substances which include soaps and detergents, hand sanitizers, bleach and hydrogen peroxide.

2.1. Personal Protective Equipment (PPE)

Personal protective equipment (PPE) used or that may be worn in the provision of healthcare includes gloves, aprons,
protective jackets or long sleeved gowns, goggles, fluid-repellant surgical masks, face visors and respirator masks which
create a barrier between healthcare workers and an infectious agent from the patient and to reduce the risk of
transmitting micro-organisms such as SARS-CoV-2 (COVID -19 Virus) from healthcare workers to patient(s) or vice
versa. In addition, personal protective equipment may sometimes be used by the patient’s family/visitors, particularly
if they are providing direct patient care such as assisting the patient with toileting. In these circumstances caregivers
must be fully inducted in the use of PPE and hand hygiene [11]. Some of the personal protective equipment utilized as
non- pharmaceutical/chemical intervention in preventing COVID-19 infections are discussed below

2.1.1. Face masks

It has already been well established that wearing face coverings in public is the most useful personal preventive
measures [12]. A group of chemists led by Molina have determined the transmission pathways of COVID-19 by
investigating the tendency and mitigation measures in Wuhan, Italy, and New York City, the three major epicenters in
the period of January to May, 2020 [13]. Their analysis showed that the airborne transmission route is extremely
infectious and the main route for spreading COVID-19. The results concluded that the difference between wearing and
not wearing a face mask signifies the main element to restrict the trends of the pandemic by reducing the number of
infections. In order to prevent inter-human transmission, the wearing of face covering in public domain is the most
useful measure, compared to concurrent social distancing, quarantine as well as contact tracing.

A common surgical or N95 mask was not recommended to use for multiple times until recently. It was unable to self-
sterilize for reuse and this caused a high economic cost for a single mask. Moreover, shortage of masks was experienced
at the early stage of the pandemic. Hence, there is a need for proper methods to decontaminate the masks in order to
extend the life of available supply. The decontamination process should not compromise the proper fit and function of
masks [14].In 2009, a group of researchers reported decontamination methods where a single treatment with hydrogen
peroxide vapor, UV light or dry heat below 100 °C did not affect the ability of N95 mask to filter small particles. In the
context of the current pandemic by COVID-19, there have been several more recent investigations. Recently Schwartz
and coworkers in 2020 developed a procedure for sterilizing N95 masks using hydrogen peroxide vapor. The technique
does not alter the fit of the mask and it leaves no residue other than water as a byproduct in the process of
decontamination. Although their study did not use SARS-CoV-2, but instead tested with other biological indicators. The
study suggests that most of the masks could undergo this decontamination process at least 30 cycles without loss of any
fit [15]. Several methods to disinfect N95 masks was examined [16] and it was discovered that heating (<85 °C) under
severe humidity was the most encouraging, non-destructive method for decontamination without altering filtration
ability of N95-mask. They initially started by heating the mask at a temperature of 75 °C because of the wide availability
of 75 °C blanket warming temperature oven in hospitals and later further used 85 °C, and found that 75 °C was not
sufficient to inactivate SARS-CoV-2. The optimized condition for decontamination at 85 °C with 30 % relative humidity
was able to continue up to 50 cycles without compromising the function of the mask. Notably, alcohol and chlorine based
disinfectants such as bleach interfere with the electrostatic charge on the masks, which is an important component of
the filter and significantly reduce their filtering efficiency. Although, these are good candidates for sanitizing hard
surfaces, they should not be used to clean N95 masks.

17



GSC Biological and Pharmaceutical Sciences, 2022, 18(03), 016-022

Recently, a group of material chemists developed an exotic method to functionalize surgical masks with self-cleaning
properties and hence these commercially available masks could be reusable and recyclable where they deposited a few
layers of graphene on the surface of the mask [17]. The super-hydrophobic graphene surface does not allow incoming
aqueous droplets of virus to stick and more importantly, the surface temperature of this mask can rapidly increase to
approximately 80 °C under the exposure to sunlight, which endows the masks to be reusable just after sunlight
sterilization and such mask can give better protection against SARS-CoV-2. Recently, a company, IST also developed a
similar mask by coating nanofilms that create a hydrophobic molecular barrier which prevents the absorption of
droplets into protective face masks [18].

Apart from blocking the virus droplets by wearing mask, it would be useful to deactivate the fluid droplets of viruses
while passing through the mask. For this deactivation, antiviral or mild sanitizing molecules can be placed within the
mask so that virions get deactivated when they pass through the mask. However, this strategy of on-mask chemical
modulation has to be planned in such a way that the sanitizing molecules should only be released from the mask during
exhalation [19].

Overall, physical treatments like UV irradiation, heating and dehydration are useful for deactivation of the virus. This
can also be done by chemical sanitization using mild acids, mild oxidants, alcohols, or surfactants [20] [21]. Such
chemical approaches can be very effective to restrict the spread and transmission of the virus.

2.1.2. Hand Gloves

Hand gloves are inserted into the hands to protect infections due to exposure to blood, bodily fluids, saliva and nasal
secretions/droplets or discharges and when handling contaminated equipment. Gloves are equally worn when
caregivers are attending to the suspected COVID -19 patients. Increased awareness among healthcare workers of the
potential for gloves to provide protection against various pathogenic microorganisms such as SARS-CoV-2 has led to the
increased use of gloves in health care in this present COVID -19 pandemic . However, gloves can sometimes be used
inappropriately and failure to remove them at the correct time and complete hand hygiene effectively can increase the
risk of transmitting infections to vulnerable patients [11]. Each healthcare worker should understand the rationale for
glove use and assess the potential risk that each task carries. Gloves do not replace the requirement for good hand
hygiene and should be changed when they have become contaminated i.e. between patients and between different
procedures on the same or different patients. Hands should always be decontaminated following the removal of gloves.
Hand gloves are of several types which includes polythene gloves which are thin and have the tendency to tear. They
are not an appropriate choice for healthcare settings. Vinyl gloves have been shown to be less effective than latex gloves
in providing an impermeable barrier against SARS-CoV-2. They have loose fitting and unsuitable for procedures that
require manual dexterity. The use of vinyl gloves in healthcare is limited [22] [11]. Latex glove such as DPNRL (De
Proteinised Natural Rubber Latex) have closer fitting than vinyl gloves and provide a more effective barrier against
microorganisms such as SARS-CoV-2 amongst other [22]. They should be non-powdered and have the lowest level of
extractable protein available. Healthcare workers who are suspected to be allergic to latex should not wear latex gloves.
Similarly, when caring for a patient who is known to be sensitive to latex, an alternative glove should also be available
for use. Most healthcare settings are now becoming latex free due to the allergy risk to patients and staff [22]. Nitrile
(acrylonitrile) gloves are comparable to natural rubber and are the common choice of gloves for use where a latex free
environment is required. There are however reports by some healthcare workers who have also developed allergic
reactions to nitrile. Neoprene gloves known to have similar properties to natural rubber latex and are often popular
replacement in situations when a latex-free glove is required and manual dexterity have important usage in surgery,
however, they are more expensive alternative to natural rubber latex gloves. Disposable plastic/nylon, aprons/gowns
which are made from polymer are designed to protect uniforms and clothing from moisture and soiling during direct
patient care. In the majority of cases, plastic aprons will be appropriate for standard precautions. In some cases, where
extensive contamination of blood and body fluids is anticipated e.g., maternity units, emergency department units or
when the patient requires a significant amount of direct care with close skin-to-skin contact, a long sleeved fluid
repellent gowns may be more appropriate [23]. Gowns do not need to be sterile unless used for an aseptic procedure
such as central line insertion or in an operating theatre. Eye protection, visors or full-face protection and shield which
are chemical products are worn to prevent infection as a result of splashing body fluids onto mucous membranes of the
nose and also into the eyes. Eyes can be protected by wearing either goggles or a visor. Personal glasses are not a suitable
substitute. If reusable eye and face protection is used, it should be decontaminated in accordance with the
manufacturer’s guidelines. Hands should always be decontaminated after removing the equipment. Surgical masks
(Fluid Repellent) equipment provides barrier protection to the wearer from splashes and droplets to the area of the
wearer’s nose, mouth and respiratory tract. They do not provide protection against aerosolised particles and are not
classified as respiratory protective equipment [22 [24]. The purpose of respiratory protection such as filtering face
piece (FFP3) respirator mask is to protect the wearer from pathogens spread by the airborne route such as SARS-Co-2
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amongst others and when performing aerosol generating procedures on patients with suspected or known respiratory
tract infections [23].

3. Non-Pharmaceutical Chemically Based Substances

These are chemically based substances which have been effective in preventing the spread of COVID-19. Some of these
substances are soaps and detergents, hand sanitizers, bleach and hydrogen peroxide.

3.1. Chemistry of Soaps and Detergents in killing SARS-CoV-2

Soaps and detergents are extremely effective in killing the viruses. Both soaps and detergents chemically contain
surfactants (short form for surface-active agents). Surfactant molecules are basically sodium salt of long-chain fatty acid
(for instance C17H35C0O0Na, sodium stearate) known as amphiphile. Amphiphile has two parts, fat-like long-chain
called hydrophobic tail that avoids water and COO-Na+ end, called hydrophilic (or lyophobic) head. The normal
cleaning mechanism of detergents is as follows. When soap or detergent is dissolved in water, many detergent molecules
are arranged together forming tiny bubbles called micelle where the hydrophilic head groups are oriented outward
facing the water whereas hydrophobic or lipophilic tails are hidden inside forming a hydrophobic pocket that
potentially traps normal dirt from our skin or garments [25] Thereafter, these amphiphiles are similar in structure to
the lipid molecules of the biological membrane to the extent that surfactant molecules compete with the lipids in the
virus membrane and replace them easily, because the virus is a self-assembled structure where the weakest connection
is in the lipid bilayer. The attached surfactant molecule (at the membrane) bonds to water at one end and bonds to lipid
at the other end resulting in push-pull interactions that breaks the virus membrane. In this way, soap breaks the fat
membrane and hence the virus structurally tear or cut apart and get destroyed. Similar to dirt, the constituents of the
virus gets washed away with water, as the micelle formed by the soap molecules in the water forms a hydrophobic
pocket that traps the viral fragments. Apart from breaking the virus structure, the other role of soap or detergent is that
viruses cannot stay stuck to the skin in the presence of soap or detergent, and are thus washed away with water flow
[25]. In order for these reactions to be effective, it is recommended that hand washing using soaps or detergents with
water should last for at least twenty seconds.

3.2. Hand sanitizers

Hand sanitizers are also very useful in getting rid of the virus. It is always recommended to carry a hand sanitizer when
someone goes outside the home where soap and water is not accessible or handy. How does hand sanitizers Kkill the
SARS-CoV-2? Chemistry can explain this as well. First and foremost, the sanitizers which are being used to inactivate
the SARS-CoV-2 are alcohol based hand sanitizers. According to formulation provided by World Health Organisation, a
hand sanitizer basically contains four components: (a) alcohol that can be either ethyl alcohol or isopropanol, (b) water,
(c) glycerol and (d) hydrogen peroxide. The selection criteria for ethanol or isopropanol in the manufacture of hand-
sanitizer are presumably due to their good water solubility and non-toxicity. The alcohol is mainly responsible for
destroying the virus. This is because lipid bilayer of the virus membrane cannot survive in the presence of alcohol that
dissolves the lipid molecules in it and hence the virus membrane melts and virus gets inactivated. Moreover, alcohol
causes denaturation of viral proteins where the folded proteins are converted to unfolded proteins leading to loss of
their biological activities [26]. Thus, alcohol plays an important role in destroying the virus by melting the lipid
membrane and denaturing the protein of the virus. It can be noted that alcohol particularly in the range of 60-90 % is
rapidly virucidal. When the concentration of alcohol is below 50 %, effectiveness for disinfection is reduced abruptly.
Moreover, a higher concentration of alcohol does not necessarily generate more effectiveness. Increasing alcohol
percentage concomitantly reduces the percentage of water in sanitizer, while water content also has an important
function in destroying viruses. In particular, water is essential as it acts as a catalyst for denaturing the proteins of the
cell walls. For instance, 70 % isopropyl alcoholic solutions penetrate the cell membrane efficiently which diffuses the
entire cell, denature all proteins, and hence the virus gets destroyed. Significant water content in solution slows down
the evaporation process, leading to increase in effectiveness by higher surface contact time. When isopropyl alcohol
concentration goes over 91 %, it coagulates proteins instantly and as a result, a protective coating is developed which
guards other proteins from further coagulation [27] The third component is glycerol acts as a moisturizing agent
preventing skin drying out and the fourth component, hydrogen peroxide is generally included to prevent bacterial
contamination into the hand sanitizer. Moreover, hydrogen peroxide can assist in destroying virus proteins and genetic
materials by its oxidizing property, where this is reduced to water. It can be mentioned that chemical processes are the
basis for the production of these materials including hand sanitizers. Apart from sanitizing our hands, hand sanitizers
can also be applied on hard/fomite surfaces [27].

Hand sanitizers are portable and hence provide an advantage over soap water, which are not accessible or handy at all
places. But in the context of destroying the virus, soapy water is more effective than the sanitizer [28]. Use of large
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amount of sanitizer is certainly not a pragmatic choice as we need to restrict the amount of single time use to a few ml
in volume. Moreover, extreme volatility of alcohol is a major setback as the alcohol based sanitizer evaporates very
quickly and leaves only a little contact time with virus. Within the limited time of evaporation, the sanitizer may not
effectively react and inactivate the viruses especially those reside inside our palm lines. Consequently, the rubbing of
both hands after sanitizer application becomes less effective at least to some extents. On contrary, cleaning our hands
with soap solution for a minimum of 20 seconds followed by large amount of water ensure the complete exposure of
viruses for inactivation. Soap solutions are neither volatile nor expensive as alcohol based sanitizers. Thus the cost to
performance ratio clearly gives an advantage to the use of soap solution over alcohol based sanitizers [28].

3.3. Bleach for surface sanitization

Fomite surfaces are generally sanitized by disinfectant sprays, for instance, chlorine-based bleach, which is an aqueous
solution of sodium hypochlorite (NaClO). The chlorine based bleach is commonly used for household disinfection and
cleaning [9]. NaClO is unstable in solution and relatively stable as dilute conditions that have solvated Na+ and CIO-
ions and this stoichiometric solution is alkaline in nature with pH=11. As a result of this, hypochlorous acid is a weak
acid whereas NaOH is a strong base as given in the following chemical equations.

NaOCls) + H20() «<— HOClaq) + NaOHag)
The following species are formed in solutions.
HOCl@q) «— H* + ClO-(aq
HOClg) + ClI- + H* <— Clz(aq) + H20

Hypochlorite shows a broad range of antimicrobial activity and is useful to kill a number of common pathogens at
different concentrations. For instance, hypochlorite is used against rotavirus at the concentration of 0.05 %, whereas a
higher concentration of 0.5 % is needed for some highly resistant pathogens, for example, C. difficile [29]. In the context
of COVID-19, hypochlorite concentration of 0.1 % is recommended [30]. Bleach oxidizes and destroys virus proteins
and genetic materials, as NaClO is unstable in solution and easily decomposes to chlorine. The surfaces should be
exposed to hypochlorite solution for at least 10 minutes for killing the viruses. Unlike soap water or hand sanitizers, it
can only be applied on hard fomite surfaces, not on our hands. Hypochlorite can be used for washing hands only when
the concentration of hypochlorite is very low, at about 0.05 %, and this hypochlorite solution is usually prepared with
calcium hypochlorite [27]. In order to achieve these final desired concentrations of hypochlorite, it is necessary to dilute
the commercially available chlorine-based bleach products where the chlorine concentrations usually vary between
4% and 6 % [9] [31]. It can be noted that high concentrations of chlorine in commercial bleach can cause corrosion of
metal, alloy, many thermoplastic and irritation of skin with potential side-effects.

3.4. Hydrogen Peroxide for Surface Sanitization

Hydrogen peroxide solution can only be applied on hard and fomite surfaces, not on our hands and the minimum
concentration should be 0.5 % [9]. It oxidizes and destroys virus proteins and genetic materials which should be left on
the surfaces for at least 10 minutes for effective killing of viruses. Hydrogen peroxide oxidizes the proteins and RNA of
the viruses. Protein cyst residue contains thiol group and it is oxidized to disulphide and other analogues like sulfenic
acid, and finally to sulfonic acid by hydrogen peroxide [32]. Moreover, the guanosine unit of the genome is oxidized to
8-oxo-guanosine [33]. However, the use of these chemical disinfectants or sanitization materials is restricted, as it is
unable to cover all sorts of exposed areas. In practical application, sanitizers may not act uniformly across the entire
surfaces due to concerns regarding volatility and de-wetting. Moreover, it requires repeated application of sanitization
periodically to keep the surface virus free. Therefore, it is necessary to develop self-sanitizing surfaces that would gently
release disinfecting molecules to clean the surface and thus diminish transmission through objects. It can be noted that
such coatings should be non-toxic, long-lasting, and resilient against rubbing and washing. However, material chemists
can contribute to this new research area to combat COVID-19.

4., Conclusion

The chemistry and the chemical science preventive approach to fight COVID-19 pandemic cannot be swept under the
carpet. Emphasis has been given on the use of PPE like facemasks, face masks and washing of hands with soap and water
frequently, hand sanitizers, bleach and hydrogen peroxide for surface sanitization has been effective ways of not
contracting this ravaging virus. Micelle formation by soap water, destruction of viral membrane by surfactant, oxidation
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of protein by disinfectants, denaturation of protein by alcohol are depicted as part of the mode of action of chemical
preventive measures. Even though with the success in the invention of COVID-19 vaccines such as Johnson vaccines,
Pfizer vaccines, Astra Zeneca amongst others, there is need to consider the preventive line of action than the curative
measures where chemical sciences intervention has contributed in conceptualizing and developing the products for

chemical preventive measures whose mechanism are well explained by chemists.
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