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ABSTRACT

Generally, the structural components of infectious diseases causing viruses like coronavirus, Ebola virus, etc., are mainly focused on developing
effective treatment and vaccines. Meanwhile, the spike proteins play a major role in knowing the profound way out to curtail the respective
infectivity. S1 and S2 act as the two main subunits to render prime significance to reveal the interaction of surface-active agents in this context.
Keeping in view the importance of surfactants in developing effective treatment and vaccine for the coronavirus infectious disease-2019 (COVID-
19), this article describes the surface chemistry of this quest. The surface action being the main mode of infectivity can thus be halted by using
surface-active compounds (surfactants). Therefore, this review emphasizes the sound role of surface action linked with COVID-19 treatment and
vaccination.
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INTRODUCTION

The emergency treatment of the coronavirus infectious disease-2019 (COVID-19) pandemic affected people was mainly led by focusing on the
repurposing of older drugs having distinguished marketing authorization (MA) to act as therapeutic options for other indications. This repositioning
of drugs made follow-up for fast-track clinical trials. The redundant hurried, and biased methodologies in the context of such investigations brought
up premature publications. Due to limited sample size and other factors, including questionable conclusions with less efficacy, several reports have
developed uncertainty [1]. Every field of science tries to find the applicability in halting this dreadful infection. Similarly, surface chemistry plays the
main pivotal role in developing effective medication for this pandemic. Hence to end these apocalyptic times, the entire scientific community must
unite. The unique composition of surfactants is integrally related to their surface-active property, which plays a critical role in host defense. Hence,
such functionalities provide lung stability and protection from a barrage of potentially virulent infectious pathogens. Naturally-occurring surface-
active molecules such as proteins that behave as surfactants [2] and saponins [3] have shown significant bactericidal and antiviral behavior.
Surfactant's structural behavior motivates to study of the interactions between virus particles and various classes of surfactants. The possible
mechanisms may provide a way forward to Viruses deactivation or stabilization. Surfactants micellar aggregation in aqueous solution depending on
the molecular and electrolytic solvent environment may offer the opportunity to control the menace of the virus. Surfactant binding to folded or
unfolded proteins can influence micelle formation by the development of surfactant-protein structures in addition to free micelles [4, 5]. Some
micelles can entrap and solubilize other molecules or particles [6]. Bound surfactants can modify the apparent surface charge of nanoparticles [7]
and therefore influence the interactions and aggregation of these particles in solution. Because proteins (through electrostatic interaction) possess
hydrophobic, hydrophilic, anionic, and cationic regions, they can hence act as strongly bind both anionic and cationic surfactants.

Surfactants with charged head groups can alter the effective surface charge of surfaces or particles by shielding opposite directions or adding charge
to a hydrophobic site [8]. The high surface activity of surfactants allows them to dictate the chemical stability of applied interest [9, 10]. Due to the
growing motivation towards contemporary COVID-19 related scientific temper [11-14], this article has been dedicated to finding the applicability of
surface chemistry to aid in designing and developing anticovid drugs and efficacious vaccines for all-time defensive against this dreadful pandemic.

Literature coverage (1986 to 2021); Source: World famous journals published, Internet, COVID-helpline HTML and NEW-YORK Times News Paper
The general outlook of virus

A virus is a submicroscopic infectious agent that replicates only inside the living cells of an organism [15]. Viruses infect all life forms, from animals
and plants to microorganisms, including bacteria and archaea [16]. Overall, the characterization of the colloidal interactions, dispersion state, and
integrity of the virus particles may provide valuable data in understanding pathogenicity trends and aiding in developing strategies to prevent virus
spread. Characterizing Norovirus behavior is especially important due to its unique resiliency in many different chemical environments. It appears
that simple adjustments in the pH, salt conditions, and addition of common surfactants to cleaning and antiviral products can assist in preventing
outbreaks and treating coronavirus as an infectious agent. Influenza viruses are important causes of seasonally occurring epidemics of febrile
respiratory disease. Both cellular and humoral immunity are evoked after infection [17]. Cellular immunity seems to be involved mainly in the
eradication of the virus in established infection. In contrast, protective immunity is mediated by antibodies that are directed against hemagglutinin
(HA), the major viral surface glycoprotein. However, mutations in the HA genome may cause antigenic changes of the viral HA, resulting in the
appearance of new variants of the virus [18]. Hence, previously protected persons become susceptible to new influenza virus infections.

Covid-19 pandemic outbreak and sars-cov-2 virulence

In December 2019, the novel coronavirus infection was first detected in Wuhan, Hubei Province, China. This infectious disease is widely known as
COVID-19 or nCOVID and has widely spread in the whole world. On 31st December 2019, high authorities of China alerted WHO with an alarming
signal conveying the outbreak of a new strain of coronavirus, responsible for severe illness similar to SARS-CoV-1, and was hence named as SARS-
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CoV-2. COVID-19 is currently accepted as a high transmitting infectious disease. Though the actual source of this infection is unknown yet, the high
communicability and millions of deaths by this disease defeated the whole world. The dynamics are not clear yet, but several assumptions have
been made showing the virus to have an animal origin. The coronavirus has been found to have an elliptic or round shape. It is mostly referred to as
pleomorphic (in microbiology, the pleomorphic microorganism can change morphology, functional status, or modes of reproduction with respect to
environmental conditions). The virus has a diameter of 60-140 nm approximately. Generally, coronaviruses are UV and heat-sensitive. The genetic
analysis has shown a resemblance of 86% of the whole genome of SARS-CoV-2 with SARS-CoV-1. Studies conducted on seeking the mechanistic
details of SARS-CoV-2 virulence have confirmed the respective affinity towards the structural and nonstructural proteins (SP and Nsps). For
example, the underlined research indicated that (Nsps) possess the ability to impair and affect the host's innate immune response [12-14].

Fig. 1: Viral structure of COVID-19 causing virus (Adapted from reference 14)

Fig. 1 displays the structural diagram of the virus along with the structural and nonstructural protein parts. The main part of the virus involved in
pathogenicity is its envelope because it is the key supporting assembly for viral release. Secondly, the biological interaction through specific enzyme
intervention viz the angiotensin-converting enzyme-2 (ACE2) located on humans' lower respiratory tract cells has a direct link for receptors to
conduct endocytosis for SARS-CoV-2 in COVID-19. Among the different structural components of the virus, the constituent spike glycoprotein (S)
mainly consists of S1 and S2 subunits. The S-protein homotrimers are arranged on the virus's surface, wholly termed envelopes representing the
leading ink used for host receptor susceptibility. The S2 subunit is highly conserving for being a site of fusion peptide along with the
transmembrane domain and the cytoplasmic region. Therefore for design anticoronavirus agents, S2 is the main target to deactivate. Other
structural proteins are found only in COVID-19, causing viruses to include ORF3b, and ORF8 encoded proteins. The latest research on receptor-
binding domain (RBD) part of the virus S-proteins reveals efficiently targeting feature at the molecular level feature on ACE2 receptors. These
receptors have a key role in blood pressure maintenance. The SARS-CoV-2 S-protein has got such an effective binding potential with the human
cells. The entire world community of scientists remarked this due to natural selection with no implications of a genetically engineered product.

Viral invasion and immune response

To understand how vaccines work, we should first look at how the body fights illness. When germs, such as bacteria or viruses invade the body, they
attack and multiply. This invasion is called an infection, and that is what causes illness. Our immune system uses several tools to fight infection. As
our blood contains red blood cells for carrying oxygen to tissues and organs and white or immune cells for fighting infection, these white cells
consist primarily of macrophages, B-lymphocytes, and T-lymphocytes. The Macrophages are white blood cells that swallow up and digest germs,
plus dead or dying cells. These macrophages leave behind parts of the invading germs called antigens. The body identifies antigens as dangerous
and stimulates antibodies to attack them. The B-lymphocytes of white blood cells is defensive as they produce antibodies that attack those antigens
left behind by the macrophages. Similarly, T-lymphocytes are another type of defensive white blood cell. They also attack those cells in the body
which have already been infected. The first time the body encounters a germ takes several days to make and use all the germ-fighting tools needed
to get over the infection. After the illness, the immune system remembers what it learned about protecting the body against that disease. The body
keeps a few T-lymphocytes, called memory cells, that go into action quickly if the body encounters the same germ again. When the familiar antigens
are detected, B-lymphocytes produce antibodies to attack them (fig. 2).

Avirus is a small parasite that cannot reproduce by itself. Once it infects a susceptible cell, a virus can direct the cell machinery to produce more
viruses. Most viruses have either RNA or DNA as their genetic material. The nucleic acid may be single-or double-stranded. The entire infectious
virus particle, called a virion, consists of nucleic acid and an outer shell of protein. The simplest viruses contain only enough RNA or DNA to encode
four proteins. The most complex can encode 100-200 proteins.
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Fig. 2: Inmune responsiveness (Constructed in Biorender. com)

Surfactants’ role in controlling the coronavirus disease

Scientific world has left no stone unturned to find the perfect treatment and efficacious vaccine for the prevailing COVID-19 pandemic. The
infectivity of this disease has encompassed the globe as a whole, indicating the very high rapid communicability of the causative virus
(Coronavirus). Several instructions are imperative to restrict this infectious disease, including the frequent washing using soap/detergent for
maintaining hygiene to prevent COVID-19 spread. Since the surface interaction plays the main role and damaging spike protein of coronaviruses is
the main key to inactivate the virus [19]. The surface-active agents, including soaps/detergents, are hence important under such criteria.
Meanwhile, experimental data collected for Ebola virus inactivation (spike-protein mediated) stems from this assumption as an ideal hypothesis for
the novel Coronavirus [20]. Surfactants are widely known to have a main role in the pharmaceutical industry. In this context, several bio-surfactants
possess fascinating antiviral properties. In special attention to COVID-19 causing virus, this potentiality is still unexplored. Hence, the above said
hypothesis could establish possible use of such scaffolds against SARS-CoV-2 surface proteins to seek the efficacious treatment for this disease (fig.

3).

VIRUS ENTEY

Fig. 3: Corona surface action (self-created)
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Hand hygiene by washing with soap and water is recommended for the prevention of COVID-19 spread. Soaps and detergents are explained as
damaging viral spike glycoproteins (peplomers) or by washing out the virus through entrapment in the micelles. Technically, soaps come under a
functional category of molecules known as surfactants. Surfactants are widely used in pharmaceutical formulations as excipients. Do we wonder
why surfactants are still not tried for prevention or therapy against COVID-19? That too when many of them have proven antiviral properties.
Moreover, lung surfactants have already shown benefits in respiratory viral infections. Therefore, we postulate that surfactant-based prophylaxis
and therapy would be promising. We believe that our hypothesis would stimulate debate or new research exploring the possibility of surfactant-
based prevention and treatment against COVID-19. The success of a surfactant-based technique would save the world from any such pandemic in
the future too.

Besides its role in maintaining the conduit for air to and from the alveoli, the airway epithelium is central to the defense of the lung against
pathogens through the combined function of ciliated epithelial and secretory cells maintaining efficient mucociliary clearance and through a variety
of other host defense mechanisms. As the first line of defense, the airway epithelium can be considered a soldier is fighting against airborne
pathogens. Airway epithelial cells regulate both innate and adaptive immunity by producing functional molecules and physical interactions with
cells of the immune system. Activation of epithelial cells results in immediate host defense responses that include the production of antiviral
substances and pro-inflammatory cytokines, which recruit and activate other mucosal innate immune cells and initiate mechanisms of adaptive
immunity [21].

In many cases, infection will induce flu-like symptoms in the host who will additionally become highly contagious, having an averaged RO of roughly
3.28, even throughout the initial incubation period, which has been suggested to last up to 3-14 d [22, 23]. The major route of entry of SARS-CoV-2
is through the nose and mouth, and to some extent, through the eyes. The throat (pharynx) is a common point of access to the lungs from both
mouth and nose. In the case of eyes, too, it is described that the virus travels through the lacrimal and nasolacrimal ducts (the tear ducts) and then
into the nose, throat, trachea, and finally lung [24]. Thus, any virus accidentally entered through the mouth, nose, and/or eyes could be
stopped/inactivated at the pharynx or nasopharynx using a surfactant-based gargle cleansing action of surfactants via surfactants-Virus
interactions. All ages are susceptible. Infection is transmitted through large droplets generated during coughing and sneezing by symptomatic
patients but can also occur from asymptomatic people and before the onset of symptoms [25]. Studies have shown higher viral loads in the nasal
cavity than the throat, with no difference in viral burden between symptomatic and asymptomatic people [26].

Surfactant therapy for respiratory illness

Among several treatments, this therapy is already in use for respiratory problems. It is reported that inhalation of lung surfactants improves
respiratory diseases. The tremendous benefit of an artificial surfactant against the HINI virus has been proved in mice [27]. Also, surfactants have
some role in innate host defense during infections [28]. It could be reasonably hypothesized that surfactant therapy would be promising in COVID-
19 cases. A list of approved lung surfactants Colfosceril palpitate, breakfast, lucinactant, and recombinant human surfactants protein C. polysorbate,
poloxamer, sodium lauryl sulfate, Certificate, Bile Salt Surfactants, Phospholipids, Vitamin E TPGS, Polyoxyl 35 castor oil [29-36].

Surface chemistry and working of vaccines

Vaccines prevent diseases that can be dangerous or even deadly. They greatly reduce the risk of infection as they are working with the body’s
natural defense system to develop immunity to disease safely. Vaccines help develop immunity by imitating an infection. Once the imitation
infection goes away, the body is left with a supply of “memory” T-lymphocytes, as well as B-lymphocytes that will remember how to fight that
disease in the future. However, the current scenario shows that many people who got vaccinated still got infected by the coronavirus; in such case, it
is possible that a person infected with a disease just before or just after vaccination developed symptoms and got infected again probably the
vaccine has not had enough time to provide protection. Below is the study copied from New York Times on April 20, 2021, wrote under the heading
“Coronavirus Vaccine Tracker” by Carl Zimmer, Jonathan Corum, and Sui-Lee Wee (table 1).

Table 1: Vaccination clinical phases and administration statuses

Vaccine Working part  Clinical phase  Administration status

Pfizer-BioNTech mRNA 23 Approved in several countries. Emergency use in U. S, E. U,, other countries.

Moderna mRNA 3 Approved in Switzerland. Emergency use in U. S., E. U,, other countries.

Gamaleya Ad26, Ad5 3 Early use in Russia. Emergency use in other countries.

Oxford-Astra Zeneca ChAdOx1 23 Approved in Brazil. Stopped use in Denmark. Emergency use in U. K,, E. U, other
countries.

CanSino Ad5 3 Approved in China. Emergency use in other countries.

Johnson and Johnson  Ad26 3 Emergency use in U. S,, E. U,, other countries. Paused in some states and countries.

Vector Institute Protein 3 Early use in Russia. Approved in Turkmenistan.

Novavax Protein 3

Sinopharm Inactivated 3 Approved in China, U. A. E., Bahrain. Emergency use in other countries.

Sinovac Inactivated 3 Approved in China. Emergency use in other countries.

Sinopharm-Wuhan Inactivated 3 Approved in China. Limited use in U. A. E.

Bharat Biotech Inactivated 3 Emergency use in India, other countries.

Vaccines typically require years of research and testing before reaching the clinic, but in 2020, scientists embarked on a race to produce safe and
effective coronavirus vaccines in record time. Researchers are currently testing 89 vaccines in clinical trials on humans, and 23 have reached the
final stages of testing. At least 77 preclinical vaccines are under active investigation in animals.

Preclinical testing
Scientists test a new vaccine on cells and then give it to animals such as mice or monkeys to see if it produces an immune response.

Phase 1 safety trials: Scientists give the vaccine to a small number of people to test safety and dosage and confirm that it stimulates the immune
system.

Phase 2 expanded trials: Scientists give the vaccine to hundreds of people split into groups, such as children and the elderly, to see if the vaccine acts
differently in them. These trials further test the vaccine’s safety.
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Phase 3 efficacy trials: Scientists give the vaccine to thousands of people and wait to see how many become infected, compared with volunteers who
received a placebo. These trials can determine if the vaccine protects against the Coronavirus, measuring what’s known as the efficacy rate. Phase 3
trials are also large enough to reveal evidence of relatively rare side effects.

Early or limited approval: Many countries have procedures for providing emergency authorizations for vaccines based on preliminary evidence that
they are safe and effective. In addition, some countries such as China and Russia began administering vaccines before detailed Phase 3 trial data was
made public. Experts have warned of serious risks from jumping ahead of these results.

Approval: Regulators review the complete trial results and plans for a vaccine’s manufacturing and decide whether to give it full consent.

Combined phases: One way to accelerate vaccine development is to combine phases. Some vaccines are now in Phase 1/2 trials. For example, this
tracker would count as both Phase 1 and Phase 2.

Paused or abandoned: If investigators observe worrying symptoms in volunteers, they can stay the trial. After an investigation, the trial may resume
or be abandoned.

Callous Behavior of Commoner towards Coronavirus and its effects India recorded nearly270,000 new Covid-19 infections and fifteen hundred
deaths (April 19-2021), the highest single-day jump in infections in over a year. The country is currently the world’s highest contributor to fresh
Covid-19 cases, with numbers worsening every day. The reason behind this jump is the irresponsible attitude of both government and the people of
the place who participated overwhelmingly in political rallies and religious festivals without following the recommended standard operations
(SOPs).

Since, at this time, several vaccines are approved for the treatment of this infection, prevention is still considered more crucial. Several properties of
this virus make prevention difficult, namely, non-specific features of the disease, the infectivity even before the onset of symptoms in the incubation
period, transmission from asymptomatic people, long incubation period, tropism for mucosal surfaces such as the conjunctiva, prolonged duration
of the illness and transmission even after clinical recovery. Still Isolation of a person who is either confirmed or suspected with mild illness at home
is recommended. The ventilation at home, Patients should be asked to wear a simple surgical mask and practice cough hygiene. Caregivers should
be invited to wear a surgical mask when in the same room as the patient and use hand hygiene every 15-20 min. The greatest risk in COVID-19 is
transmission to healthcare workers. These front-line warriors are giving their best, but the callous and irresponsible behavior of the people across
the globe is increasing the pressure load on these warriors.

CONCLUSION

The world has reached a point where inhabitants are bound to understand that for their good; they have to follow the SOPs that WHO recommended
from day one. If human beings ignore the guard against the Coronavirus, then many waves of the pandemic will ruin our life. The Coronavirus is
mutating continuously, and this behavior of Coronavirus is challenging our vaccination program. Therefore, it is better to get vaccinated and follow
the SOPs in letter and spirit until herd immunity is developed. The year 2020 witnessed a challenging period for worldwide scientists to find a
suitable treatment for deadly novel coronavirus infectious disease-2019 (nCOVID or COVID-19). The entire scientific community has been eager to
develop effective vaccines and medicine against COVID-19. Despite the administration of vaccination in several countries across the globe, the drug
repurposing of several antiviral compounds yielded satisfactory results in recovering the affected people. As it is known that vaccination alone is
not the end of this pandemic, but the definitive treatment in terms of drugs/medicines specific to this disease is yet underway. It looks worthy of
presenting a literature survey based on the collective information related to the surfactant candidates repurposed, the respective theoretical
evaluation, and some of the effective therapies for treating COVID-19. This review also describes vaccination availed so far. A few commercially
available vaccines have also been introduced. Based on the survey, it is clear that the entire world must remain alert for any future pandemic
keeping in view the successful and unsuccessful efforts practiced in the COVID-19 pandemic. It looks good to mention here a quotation displayed on
the WHO website (January 12, 2021) that reads, “With a fast-moving pandemic, no one is safe, unless everyone is safe.” In the several approaches
brought to light through this survey, it is to mention here that viral strains are never stagnant; they keep on changing their functionality with
respect to the environment. Therefore, scientists should be ready to encounter any pandemic like COVID-19 in the future. Very recently, several
types of coronavirus strains have regenerated the COVID-19 fear-like situation. Several countries restarted lockdown strategies and physical
distancing to prevent the people from this second coronavirus strain from having 70% more communicability than the previous form. Therefore,
having reached the vaccination stage and bringing COVID-19 to control doesn’t mean that we are safe.
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