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Abstract
The coronavirus disease 2019 (COVID-19) is caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). 
Symptoms of COVID-19 can range from asymptomatic to severe, which could lead to fatality. Like other pathogenic viruses, 
the infection of SARS-CoV-2 relies on binding its spike glycoprotein to the host receptor angiotensin-converting enzyme 2 
(ACE 2). Molecular studies suggested that there is a high affinity between the spike glycoprotein and ACE 2 that might arise 
due to their hydrophobic interaction. This property is mainly responsible for making this virus highly infectious. Apart from 
this, the transmissibility of the virus, prolonged viability in certain circumstances, and rapid mutations also contributed to the 
current pandemic situation. Nanotechnology provides potential alternative solutions to combat COVID-19 with the develop-
ment of i. nanomaterial-based COVID-19 detection technology, ii. nanomaterial-based disinfectants, iii. nanoparticle-based 
vaccines, and iv. nanoparticle-based drug delivery. Hence, this review provides diverse insight into understanding COVID-19.
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pI  Isoelectric point
PLpro  Papain-like protease
PP  Polypropylene
PPE  Personal protective equipment
RATs  Rapid antigen tests
RBD  Receptor-binding domain
RdRp  RNA-dependent RNA polymerase
RDV  Remdesivir
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RT-PCR  Real-time reverse transcription-polymer-

ase chain reaction
SARS  Severe acute respiratory syndrome
SARS-CoV  Severe acute respiratory syndrome 

coronavirus
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TMPRSS2  Transmembrane serine protease 2
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VOC-LUM  VOC lineages under monitoring
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VUM  Variants under monitoring
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Introduction

Coronaviruses (CoVs) belong to the family Coronaviri-
dae in the order of Nidovirales, which are positive-sensed 
single-stranded RNA viruses (+ ssRNA) surrounded by an 
envelope [1–4]. The name “Corona” stands for ‘crown’ in 
Latin, given due to the distinctive crown-like appearance of 
their spike proteins, which allow the virus to interact with 
the host cell receptors, a key step necessary to penetrate the 
host cell surface. This group of viruses is sub-divided based 
on the difference in the protein sequence into four genera: 
Alphacoronavirus, Betacoronavirus, Gammacoronavirus, 
and Deltacoronavirus (Fig. 1) [3–6].

Alpha- and Betacoronaviruses are known to infect 
humans that include seven types of coronaviruses: i. 
HCoV-229E, ii. HCoV-NL63, iii. HCoV-OC43, iv. 
HCoV-HKU1, v. SARS-CoV, vi. MERS-CoV, and vii. 
SARS-CoV-2 [3, 4, 7]. HCoV stands for human coronavi-
rus where HCoV-229E and HCoV-NL63 are alpha-CoVs 
while HCoV-OC43 and HCoV-HKU1 are beta-CoVs. 
These human coronaviruses usually cause mild symptoms 
such as the common cold (or acute rhinitis) or gastroin-
testinal infection, which causes diarrhea [3]. In contrast, 
SARS-CoV, MERS-CoV, and SARS-CoV-2, which are 
beta-CoVs, are highly transmittable and pathogenic, caus-
ing a higher chance for patients to develop severe acute 
respiratory infections like pneumonia [3]. According to 

epidemiological data, SARS-CoV and MERS-CoV are 
zoonotic pathogens that can be transmitted between ani-
mals and humans during close interaction [3, 6]. In 2002, 
the severe acute respiratory syndrome (SARS) outbreak 
caused by SARS-CoV in Guangdong Province of China 
was identified to be transmitted from bats to humans via 
civet cats as the intermediate host [8]. A decade later in 
2012, the Middle East respiratory syndrome (MERS) out-
break caused by MERS-CoV from Saudi Arabia was inves-
tigated to be from camels to humans [3, 6].

In December 2019, Wuhan, the capital of Hubei Prov-
ince of China, experienced an outbreak of unidentified pneu-
monia disease associated with a novel coronavirus (nCoV) 
[4]. The term nCoV is a provisional name given to the new 
strain of coronavirus, which has not previously been identi-
fied in humans. This new strain of the virus was initially 
referred to as 2019-nCoV before it was named severe acute 
respiratory syndrome coronavirus 2 (SAR-CoV-2) by the 
International Committee on Taxonomy of Viruses (ICTV) 
[1, 6]. This name was chosen because the virus is genetically 
related to SAR-CoV which caused the SARS outbreak back 
in 2002. On the 11th of February 2020, the name of the dis-
ease caused by SAR-CoV-2 was announced as coronavirus 
disease 2019 (COVID-19) by the World Health Organiza-
tion (WHO). The World Health Organization (WHO) then 
declared the coronavirus disease 2019 (COVID-19) outbreak 
a pandemic on the 11th March 2020. Coming from the beta-
CoV genus, SAR-CoV-2, the seventh strain of human cor-
onavirus, is the third zoonotic CoV after SARS-CoV and 
MERS-CoV [1, 8]. The source of COVID-19, however, is 
still actively being investigated, although initial studies have 
shown that the CoVs found in bats and pangolins are highly 
related to SAR-CoV-2 [8]. This is because neither of the 

Fig. 1  Classification of human coronaviruses, SARS-CoV, MERS-
CoV, and SARS-CoV-2
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CoVs found in these mammals is sufficiently genetically 
similar to serve as its direct reservoir [8].

According to WHO, as of 1st July 2022, there have been 
more than 545 million confirmed COVID-19 cases, includ-
ing more than 6 million deaths. Previously, there were four 
SARS-CoV-2 variants of concern (VOC) which are i. Alpha 
(B.1.1.7), ii. Beta (B.1.351), iii. Gamma (P.1), and iv. Delta 
(B.1.617.2) (Table 1). However, on 26th November 2021, 
WHO classified a new variant of concern which was first 
reported by scientists in South Africa, known as the Omi-
cron variant (B.1.1.529). Subsequently, Omicron is currently 
the dominant variant circulating globally. These are caused 
by mutations, especially in the spike protein receptor-bind-
ing domain (RBD) that enhances viral replication in the 

upper respiratory tract and in vivo transmission [9]. It was 
reported that Omicron possesses the most mutation sites and 
the mutations in its spike protein were approximately three 
to four times greater than the four previously circulating 
VOCs [10, 11]. Weng et al. reported that the Omicron vari-
ant had 50 consensus mutations, while Alpha, Beta, Gamma, 
and Delta had 22, 18, 23, and 29 mutations, respectively 
[11, 12]. These mutations have also shown increased infec-
tivity and antibody resistance [13]. In addition, variants 
that were previously classified as variants of interest (VOI) 
include i. Epsilon (B.1.427 and B.1.429), ii. Zeta (P.2), iii. 
Eta (B.1.525), iv. Theta (P.3), v. Iota (B.1.526), vi. Kappa 
(B.1.617.1), vii. Lambda (C.37), and viii. Mu (B.1.621) 
(Table 1).

Table 1  Classification of SARS-CoV-2 variants as of 7th June 2022 by the World Health Organization [14]

WHO label Pango lineage Country and date of the earliest docu-
mented samples

Designation date

Previous circulating VOCs Alpha B.1.1.7 UK, September 2020 VOC: 18th December 2020
Previous VOC: 9th March 2022

Beta B.1.351 South Africa, September 2020 VOC: 18th December 2020
Previous VOC: 9th March 2022

Gamma P.1 Brazil, November 2020 VOC: 11th January 2021
Previous VOC: 9th March 2022

Delta B.1.617.2 India, October 2020 VOI: 4th April 2021
VOC: 11th May 2021
Previous VOC: 7th June 2022

Current circulating VOC Omicron B.1.1.529 South Africa, November 2021 VUM: 24th November 2021
VOC: 26th November 2021

VOC-LUMs Omicron BA.4 South Africa, January 2022 –
BA.5 South Africa, January 2022 –
BA.2.12.1 USA, December 2021 –
BA.2.9.1 Multiple countries, February 2022 –
BA.2.11 Multiple countries, March 2022 –
BA.2.13 Multiple countries, February 2022 –

Previously circulating VOIs Epsilon B.1.427
B.1.429

USA, March 2022 VOI: 5th March 2021
Previous VOI: 6th July 2021

Zeta P.2 Brazil, April 2020 VOI: 17th March 2021
Previous VOI: 6th July 2021

Eta B.1.525 Multiple countries, December 2020 VOI: 17th March 2021
Previous VOI: 20th September 2021

Theta P.3 Philippines, January 2021 VOI: 24th March 2021
Previous VOI: 6th July 2021

Iota B.1.526 USA, November 2020 VOI: 24th March 2021
Previous VOI: 20th September 2021

Kappa B.1.617.1 India, October 2020 VOI: 4th April 2021
Previous VOI: 20th September 2021

Lambda C.37 Peru, December 2020 VOI: 14th June 2021
Previous VOI: 9th March 2022

Mu B.1.621 Colombia, January 2021 VOI: 30th August 2021
Previous VOI: 9th March 2022
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The current estimated incubation period for SARS-CoV-2 
is 5–6 days [15] or even shorter for the Omicron variant [16]. 
However, it can also take up to 14 days for an infected indi-
vidual to develop symptoms [15]. Symptoms of COVID-19 
can range from asymptomatic to severe (acute respiratory 
infections and intestinal infections), which could lead to 
fatality. However, the most common symptoms reported are 
i. fever, ii. fatigue, iii. dry cough, iv. loss of smell or taste, 
and v. sore throat [17]. Researchers have found that pre-
existing health conditions such as high blood pressure, obe-
sity, and diabetes in patients can enhance the severity of the 
disease and susceptibility to infection. Furthermore, post-
COVID-19 symptoms or long COVID was also reported by 
a significant number of patients who have recovered from 
COVID-19 infection [17, 18]. These are symptoms such as 
i. fatigue, ii. shortness of breath, and iii. cognitive dysfunc-
tion (e.g., lack of mental focus and clarity, confusion, and 
forgetfulness) which persist for more than 12 weeks from 
initial symptoms [17, 18].

Different areas of chemistry and biology play a key role 
in understanding everything from the structure and patho-
genesis of SARS-CoV-2 to preventive measures and treat-
ment for COVID-19. Biochemistry, for instance, helps us 
understand the structure of SARS-CoV-2, its viral proteins, 
viral genome, and pathogenic mechanisms [19]. On the 
other hand, organic and pharmaceutical chemistry plays a 
crucial role in identifying potential antiviral drugs, synthe-
sizing antiviral compounds, and developing effective anti-
viral drugs against COVID-19 [19]. Furthermore, biomate-
rial chemistry and nanotechnology aid in the research and 
development of better diagnosis, preventive measures, and 
drug delivery system using nanomaterials for the prevention 
and treatment of COVID-19 [19, 20]. The efficiency of drug 
delivery, for instance, can be improved with the different 

types of nanostructures which include i. metallic nanopar-
ticles, ii. liposomes, iii. fullerenes, iv. graphene, v. carbon 
nanoparticles, and vi. polymeric nanoparticles [20].

Structure of SARS‑CoV‑2

Biochemistry plays a crucial role in understanding the struc-
ture of SARS-CoV-2. The structure of SARS-CoV-2 con-
sists of i. a positive-sensed single-stranded RNA genome 
(+ ssRNA), ii. a lipid-bilayer viral membrane, iii. nucle-
ocapsid (N) proteins, iv. membrane (M) proteins, v. spike 
(S) glycoproteins, and vi. envelope (E) proteins (Fig. 2) 
[19, 21]. The single-stranded RNA genome is composed of 
30,000 nucleotides which encode for four structural proteins 
(N protein, M protein, E protein, and S glycoprotein) and 
non-structural proteins (NsPs) such as 3-chymotrypsin-like 
protease  (3CLpro), papain-like protease  (PLpro), helicase (H), 
and RNA-dependent RNA polymerase (RdRp) [2, 5, 19]. N 
protein functions to encapsulate and protect the single-
stranded RNA genome. M protein supports the viral assem-
bly and is responsible for the shape of the viral membrane. 
In contrast, E protein has a crucial role in virus assembly, 
envelope formation, host cell membrane permeability and 
virulence [5, 19]. The S glycoprotein comprises an S1 and 
S2 subunit in each spike monomer which is responsible for 
binding to the host cell receptor and fusion of the viral and 
cellular membranes, respectively [22–24]. Therefore, the S1 
subunit which recognizes the protein receptor is called the 
receptor-binding domain (RBD) [19]. Furthermore, S pro-
tein is the main antigen component in all structural proteins 
that interact with the host cell receptors angiotensin-convert-
ing enzyme 2 (ACE 2) [22–24]. ACE 2 is a zinc-dependent 
metalloenzyme present in the lungs (type II alveoli cells), 

Fig. 2  Schematic drawing of the SARS-CoV-2 structure showing the single-stranded RNA genome (ssRNA), nucleocapsid (N) protein, mem-
brane (M) protein, envelope (E) protein, spike (S) protein, and lipid-bilayer viral membrane
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gastrointestinal (GI) tract, kidneys, and blood vessels [25]. 
This may suggest that enhanced binding between S pro-
tein of SARS-CoV-2 and ACE 2 may be responsible for 
increased disease severity (respiratory infection or GI infec-
tion) and high transmission rate of COVID-19.

Mechanism of SARS‑CoV‑2 pathogenesis

As illustrated in Fig. 3, the S1 subunit of the spike (S) pro-
tein of SARS-CoV-2 mediates binding to the receptors’ 
angiotensin-converting enzyme 2 (ACE 2) to enter the host 
cell [22–24]. The transmembrane serine protease TMPRSS2 
then releases the S2 subunit of the S protein to fuse SARS-
CoV-2 with the host cellular membrane [21, 26]. After the 
entry into the host cell (endocytosis), the viral positive-sense 
single-stranded RNA (+ ssRNA) is released into the cyto-
sol, where ribosomes translate it into two large polypep-
tides known as pp1a and pp1ab [2, 19, 27]. These two large 
polypeptides are then transformed into mature non-structural 
proteins (NsPs) such as RNA-dependent RNA polymerase 
(RdRp) and structural viral proteins (S, M, N, and E pro-
teins) by two viral proteases: i. 3-chymotrypsin-like cysteine 
protease  (3CLpro) which is the main protease and ii. papain-
like protease  (PLpro) [19, 21]. RdRp mediates RNA repli-
cation, which causes multiple copies of the genome to be 
produced. Hence, more SARS-CoV-2 is generated as NsPs 
and the replicated viral genome self-assembles. Lastly, these 
synthesized virions are then secreted out (by exocytosis) 
from the infected cell, infecting other host cells.

Molecular interaction between SARS‑CoV‑2 
and ACE2 receptor

Physical forces like i. hydrophobic effect, ii. electrostatic 
forces, iii. van der Waals forces, iv. hydrogen bonding, 
v. ionic bonding, and vi. entropy plays a crucial role in 
understanding protein–protein interactions. The binding 
interactions between the S protein of SARS-CoV-2 and 
ACE 2 receptor can be studied by using molecular dynam-
ics (MD) simulations, which is a computer simulation 
method to analyze the physical movements of atoms and 

molecules, and the Monte Carlo (MC) sampling approach. 
Research by Li et al. has found that hydrogen bond pairing 
does not dominate the interaction between SARS-CoV-2 
and ACE 2, as only several hydrogen bonds were identified 
[28]. However, simulation results of the hydration layer by 
using the MD method showed the existence of a large area 
of hydrophobic surfaces on SARS-CoV-2 RBD and ACE 
2 [28]. This result suggests that the high affinity between 
SARS-CoV-2 and ACE 2 may be due to the hydropho-
bic effect among the hydrophobic surface areas of these 
two proteins at the binding site. Furthermore, a study by a 
group of computational chemists led by Amin showed that 
ACE 2 exhibited a negative electrostatic potential at the 
RBD, while SARS-CoV-2 showed positive electrostatic 
potential. This study has also found that mutations in the 
S protein of SAR-CoV-2 cause enhanced affinity toward 
ACE 2 due to the increase in electrostatic interactions [19, 
22, 29].

Transmission routes of SARS‑CoV‑2

The transmission of SARS-CoV-2 can be spread through 
three major routes: i. droplet transmission, ii. aerosol 
transmission, and iii. contact transmission [5, 30]. Drop-
let transmission is the spread caused by respiratory water 
droplets carrying the virus via coughing and sneezing. 
Similarly, aerosol transmission spreads fine, infectious 
respiratory water droplet nuclei that sustain in the air and 
can be inhaled directly into the lower respiratory tract. On 
the other hand, contact transmission can be either direct 
(direct contact with an infected person) or indirect (contact 
with virus-contaminated surfaces). Door knobs, handrails, 
and lift buttons, for instance, are common virus-contam-
inated surfaces that may cause indirect contact transmis-
sion. Adsorption of SARS-CoV-2 to these surfaces can 
be further facilitated by van der Waals and electrostatic 
attractions [31].

Fig. 3  Mechanism of SARS-CoV-2 pathogenesis
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Persistence and viability of SARS‑CoV‑2 
on different surfaces

Enveloped viruses such as SARS-CoV-2 can survive on 
inanimate surfaces. The quantity of adsorbed viruses is 
influenced by surface charge, size, stability, and steric con-
formation of the virus’s outer surface proteins. Moreover, 
the persistence and viability of SARS-CoV-2 differ with 
the characteristics of the inanimate surfaces, surface pro-
teins, and environmental conditions such as relative humid-
ity, pH, and temperature [5, 31]. Studies have shown that 
SARS-CoV-2 has longer viability on plastics, glass, met-
als (stainless steel and zinc), latex, paper, and cardboard 
pieces [5, 31, 32]. Regarding this, Chin et al. reported that 
at 22 °C and 65% relative humidity, SARS-CoV-2 retained 
its infectivity for 4 days on plastics and stainless steel [33]. 
However, under the same temperature and relative humid-
ity, SARS-CoV-2 retained its infectivity on paper for only 
30 min (Table 2) [33]. On the other hand, SARS-CoV-2 
could also have different survivability on a single surface 
at different temperatures and relative humidity. Research by 
Biryukov et al. observed that SARS-CoV-2 decayed more 
rapidly when temperature and relative humidity increased, 
and the type of inanimate surface did not impact the decay 
rate [32].

Diagnostic testing for SARS‑CoV‑2

Detection of SARS-CoV-2 is part of a necessary process 
to reduce community spread, especially by identifying 
asymptomatic infected individuals to be isolated. The types 
of specimens to be collected for SARS-CoV-2 diagnostic 
testing are i. upper respiratory specimen (e.g., nasopharyn-
geal or oropharyngeal), ii. lower respiratory specimen (e.g., 
sputum or lavage), iii. rectal swabs, or iv. blood (includ-
ing serum and plasma). According to WHO and the Cent-
ers for Disease Control and Prevention (CDC) guidelines, 
a nasopharyngeal swab (upper respiratory specimen) is the 

preferred specimen required for detecting SARS-CoV-2 [34]. 
However, saliva is also an alternative specimen that has been 
considered for SARS-CoV-2 detection [34]. Nasopharyngeal 
specimen is the mucous secretion collected by cotton swab 
from the nasopharynx. Upon collection, the swab is placed 
immediately into a sterile tube containing a viral transport 
medium. Currently, there are several types of diagnostic test-
ing methods, which include i. nucleic acid amplification test 
(NAAT) such as real-time reverse transcription-polymerase 
chain reaction (RT-PCR), ii. rapid antigen tests (RATs), and 
iii. SARS-CoV-2 antibody tests [21, 34].

Reverse transcription‑polymerase chain reaction

Reverse transcription-polymerase chain reaction (RT-
PCR) is a type of nucleic acid amplification test (NAAT) 
that amplifies viral nucleic acids until they are at detect-
able levels. Hence, it is the most reliable and standard diag-
nostic method for SARS-CoV-2 due to its high sensitivity, 
specificity, and accuracy. However, RT-PCR testing is time-
consuming and requires expensive laboratory instruments, 
reagents, and skilled laboratory personnel [34]. In addition, 
this technique detects the presence of SARS-CoV-2 nucleic 
acids based on specific genes such as S, E, N, and RdRP 
genes in specimens of the infected individual [35, 36]. RT-
PCR involves five steps which include i. specimen collec-
tion, ii. sample storage at 2–8 °C, iii. RNA extraction and 
purification using silica or magnetic particle-based methods, 
iv. reverse transcription of the viral RNA to a single-stranded 
complementary DNA (cDNA) using reverse transcriptase 
enzyme, and v. real-time detection of the fluorescent signals 
during the amplification of the specific genes of gene frag-
ments [34, 35].

Rapid antigen test

Rapid antigen test (RATs), detects the presence of viral pro-
teins (antigens) expressed by SARS-CoV-2 in nasopharyn-
geal or oropharyngeal specimens of the infected individual 
[35]. The technology for RATs is similar to that of a preg-
nancy test, as the presence of these antigens will be shown 
by a fluorescent or colored band on the test strip (Fig. 4) 
[34]. Since it is a cheap and rapid technique, this diagnostic 
method is currently available as at-home test kits. However, 
this method produces a higher rate of false negative results, 
as it can only detect antigens (viral protein) if the virus is 
actively replicating [35].

Antibody test

On the other hand, an antibody test which is a serology test 
is a method to test for past infections. It is an indirect test 
in detecting SARS-CoV-2, as this technique detects the 

Table 2  Persistence and time for complete inactivation of SARS-
CoV-2 on different surfaces at 22 °C and 65% relative humidity [33]

Surface Persistence Complete 
inactiva-
tion

Plastic 4 d 7 d
Stainless steel 4 d 7 d
Glass 2 d 4 d
Cloth 1 d 2 d
Paper 30 min 3 h
Wood 1 d 2 d
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antibodies produced specifically in response to fight with 
SARS-CoV-2. This is a quick method to detect the pres-
ence of SARS-CoV-2 antibodies, but this cannot confirm 
the active infection status of an individual.

Preventive measures

Prevention of infection is a major strategy to slow down 
the spread of COVID-19. Interventions such as social dis-
tancing, personal protective equipment (PPE), and chemical 
sanitizations are examples of COVID-19 preventive meas-
ures. PPE is a garment or equipment that protects the user 
against any health or safety risk. The most commonly used 
PPE for respiratory and body protection during the pandemic 
includes masks or respirators, gloves, gown/aprons, goggles, 
and face shields [37]. However, the choice of PPE and level 
of protection for the general public and health-care work-
ers during this COVID-19 pandemic is based on the risk 
of exposure. On the other hand, usage of soap water, hand 
sanitizers, and disinfecting inanimate surfaces with chemi-
cals (e.g., bleach and hydrogen peroxide) are examples of 
chemical inactivation and preventive measures.

Face masks

Face masks cover the users’ nose and mouth, which act as 
physical barriers that prevent respiratory droplets transmis-
sion. It protects a healthy person from getting infected and 
also prevents onward transmission by an infected person. 
Therefore, the usage of face masks has become a world-
wide health-care necessity during this COVID-19 pandemic. 
Masks are divided into three categories which include i. 

fabric face masks, ii. medical or surgical masks, and iii. res-
pirators. Polymers such as polypropylene (PP), polyethylene, 
polyesters, polyamides, polycarbonates, and polyphenylene 
oxide are usually used for fibers in medical masks and medi-
cal respirators due to their hydrophobic and nonabsorbent 
properties [38]. Furthermore, WHO has developed specific 
guidelines and strategies on infection prevention and control 
(IPC). According to WHO, medical masks are recommended 
for health-care workers in clinical settings, people with mild 
symptoms (e.g., fatigue, slight cough, and sore throat), peo-
ple with chronic health conditions (e.g., obesity, diabetes, 
cancer, chronic respiratory disease, and cardiovascular 
disease), patients with suspected or confirmed COVID-19, 
and home caregivers for suspected or confirmed COVID-19 
patients. On the other hand, non-medical or fabric masks can 
be used by the general public under the age of 60 years with 
no health conditions. In general, face masks should possess 
five characteristics: i. particulate filtration efficiency (PFE), 
ii. bacterial filtration efficiency (BFE), iii. fluid resistance, 
iv. differential pressure, and v. flammability [30]. In addi-
tion, the four main characteristics which determine the mask 
performance are i. filtration, ii. breathability, iii. fit, and iv. 
performance under different environmental conditions [39].

A medical/surgical mask is most widely and commonly 
used by health-care workers and the general public. Medical/
surgical masks are fluid-resistant disposable masks that can 
filter particles of size 0.04–1.3 μm [40]. It covers the nose 
and mouth of the user, but is not designed to seal tightly 
against the user’s face [30, 37, 41]. As a result, they are not 
able to completely protect the user against airborne infec-
tious agents such as coronavirus. Surgical masks usually 
consist of either three layers (3-ply) or four layers (4-ply). 
A three-ply surgical mask consists of three layers: i. an 
exterior hydrophobic layer, ii. a central filter layer, and iii. 
internal tender moisture-absorbing layer [41]. The function 
of the first layer is to repel water droplets; the second layer 
filters out germs and aerosols, while the third layer absorbs 
moisture from the user. A four-ply surgical mask is similar 
to a three-ply surgical mask, but with an additional central 
filtering layer or activated carbon filter [41]. In addition, 
the most commonly used material to make these medical 
masks is non-woven polypropylene (PP) as it is hydrophobic, 
nontoxic, breathable, inexpensive, provides filtration, and 
does not absorb humidity [30, 38]. Furthermore, its filter-
ing mechanism is based on Brownian diffusion, entrapment, 
inertial collision, gravity sedimentation, and electrostatic 
adsorption [42].

Respirators, which are also known as filtering facepiece 
respirators (FFR), seal tightly against the user’s face and 
are capable of protecting the user from infectious agents 
[41]. Surgical N95 respirators, for instance, is the most 
widely used surgical respirators, especially by health-care 
workers. It is a CDC/National Institute for Occupational 

Fig. 4  Rapid antigen test kit showing negative and positive signs
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Safety and Health (NIOSH)-certified disposable half-mask 
filtering facepiece respirator that has 95% or above filter-
ing efficiency for particle size of about 0.3 μm [38, 40]. 
Furthermore, it is effective in filtering non-oily particles 
such as coronaviruses as “N” means that the respirator 
is not resistant to oil [41]. It compises four layers which 
include i. a hydrophobic non-woven polypropylene (PP) 
outer later, ii. two layers of melt-blown non-woven PP, iii. 
a modacrylic support layer, and iv. a hydrophobic non-
woven PP (Fig. 5) [30, 38]. The filter layers operate on 
four principles, which are i. inertial impaction, ii. inter-
ception, iii. diffusion, and iv. electrostatic attraction [30].

Chemicals used for prevention of SARS‑CoV‑2

Soap

Usage of soap which is a surfactant is an effective way of 
killing SARS-CoV-2. Surfactant (surface-active agents) 
molecules are sodium salt with a long chain of fatty acids 
known as amphiphile [19]. Amphiphile consists of two 
parts: i. fat-like long-chain tail, which is hydrophobic, and 
ii. a  COO−Na+ head, which is hydrophilic or lyophobic. 
Due to hydrophobic interactions, when soap is dissolved in 
water, the molecules would arrange in such a way as to form 
micelles (Fig. 6a) [19]. As the lipophilic tails are oriented 
inward, any dirt on our skin will be trapped to be rinsed 
away along with water. As shown in Fig. 6b, the lipid-bilayer 
membrane of SARS-CoV-2 is structurally similar to amphi-
philes found on surfactant molecules. The connection of 
lipids in the viral membrane is the weakest connection due to 
the structure of the virus being self-assembled [19]. Hence, 
some surfactant molecules will compete with the lipids and 
attach to the viral membrane. This is done by bonding its 
hydrophilic head with water, while its lipophilic tail bonds 
to the lipid resulting in push–pull interactions that eventually 
break the viral membrane [19]. As SARS-CoV-2 structur-
ally falls apart, the fragments of the virus get trapped in the 
micelle and get washed away with water. Furthermore, WHO 
guidelines recommend frequent hand washing with soap and 
water for at least 20 s to effectively prevent the disease [43].

Alcohol‑based hand sanitizers

In addition to soap and water, the usage of rubbing alcohol or 
alcohol-based hand sanitizer is also an effective alternative 
way to kill SARS-CoV-2 when soap water is inaccessible. Fig. 5  Four layers of an N95 mask

Fig. 6  a Hydrophobic tails of amphiphile faces inward to form micelle which traps dirt and b structure of amphiphile and lipid on the lipid-
bilayer membrane of SARS-CoV-2
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The components of alcohol-based hand sanitizers are i. alco-
hol (ethyl alcohol or isopropanol), ii. water, iii. glycerol, 
and iv. hydrogen peroxide. Among the four components, 
alcohol plays a crucial role in destroying SARS-CoV-2. In 
a recent study, two standardized World Health Organization 
formulae are known as WHO formulation 1, which consists 
of 85% ethanol, and WHO formulation 2, which consists of 
75% isopropanol, were proven to be efficient in inactivating 
SARS-CoV-2 [44–46]. This is because enveloped viruses 
like SARS-CoV-2 are highly sensitive toward these alcohols, 
as they can dissolve the lipid molecules of the viral mem-
brane which inactivates the virus as its structure collapses 
(Fig. 7) [19, 43, 44, 47]. Alcohols are also amphiphilic com-
pounds similar to lipid molecules. Therefore, they possess 
both hydrophilic and hydrophobic (or lipophilic) properties, 
allowing them to enter through the lipid-bilayer viral enve-
lope, which leads to alteration in its fluidity. This is because 
the presence of polar oxygen atoms from alcohols increases 
the internal affinity of the membrane for water [43]. Thus, 
its protein structures are also destabilized and denatured, 
causing the virus to lose its biological activities and hence 
inactivated [19, 43].

Vaccines against COVID‑19

Seven different classes of vaccines developed against SARS-
CoV-2, which are i. messenger RNA (mRNA), ii. DNA, iii. 

inactivated viruses, iv. viral vector (non-replicating and rep-
licating), v. protein subunit, vi. viral-like particles, and, vii. 
live attenuated [48, 49]. Currently, there are different types 
of authorized vaccines used against SARS-CoV-2, which 
include i. BNT162b2 vaccine by Pfizer and BioNTech, ii. 
mRNA-1273 vaccine by Moderna, iii. AZD1222 by Astra-
Zeneca and University of Oxford, iv. CoronaVac by Sinovac, 
v. BBIBP-CorV by Sinopharm, and, vi. JNJ-78436735 by 
Janssen Pharmaceuticals Companies of Johnson and John-
son (Table 3) [49, 50]. These vaccines remove the ability 
of SARS-CoV-2 to cause severe symptoms of COVID-19, 
hospitalization, intensive care unit admission, and death. 
However, these vaccines may cause short-lived side effects 
such as i. pain at the injection site, ii. headache, iii. mild 
fever, iv. fatigue, and v. chills. These side effects could be 
more pronounced after the second dose, but usually resolve 
within 24–72 h. In addition, these vaccines should also be 
given to individuals who had a history of asymptomatic or 
symptomatic SARS-CoV-2 infection after 90 days [48].

Messenger RNA

Messenger RNA (mRNA) vaccines are a new type of vaccine 
technology that has been scientifically relevant since early 
in the twenty-first century. These vaccines can be developed 
rapidly and are cost efficient. Both BNT162b2 by Pfizer and 
BioNTech and mRNA-1273 by Moderna are examples of 

Fig. 7  Antiviral action and 
mechanism of alcohol against 
enveloped viruses like SARS-
CoV-2 [43]

Table 3  Authorized COVID-19 
vaccines [48–50]

Name Developer Vaccine type No. of doses Timing of doses

BNT162b2 Pfizer, BioNTech mRNA 2 3 weeks
mRNA-1273 Moderna mRNA 2 4 weeks
BBIBP-CorV Sinopharm Inactivated 2 3 weeks
CoronaVac SinoVac Inactivated 2 2 weeks
AZD1222 Oxford University, AstraZeneca Viral vector 2 4–12 weeks
JNJ-78436735 Johnson and Johnson Viral vector 1 –
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authorized mRNA vaccines against SARS-CoV-2 [48, 51]. 
These vaccines are cationic lipid nanoparticles-encapsulated 
(LNP) mRNA of the SARS-CoV-2 expressing spike (S) pro-
teins, which are unable to cause disease [48, 49, 52]. The 
lipid nanoparticle barrier functions to protect the mRNA, 
which is easily broken down. Next, these modified mRNA 
provide genetic instructions for human cells to produce the 
spike (S) proteins that cause an immune response, eliciting 
the production of antibodies,  CD4 + and  CD8 + T cells [51]. 
Hence, the body will be able to develop a certain degree 
of immunity against SARS-CoV-2. BNT162b2 vaccine, for 
instance, requires two doses given 3 weeks apart and has 
an efficacy rate of 95%, 7 days after a double dose [48, 49, 
52, 53]. However, dealing with BNT162b2 is challenging in 
rural areas, since the storage temperature of this vaccine is 
− 70 °C and the undiluted vials can only be stored at room 
temperature for not more than 2 h [48, 54]. In addition, the 
BNT162b2 vaccine is approved for the age group of 16 years 
and older [48]. mRNA-1273, on the other hand, also requires 
two doses given 4 weeks apart. It has an efficacy rate of 
94.1%, 14 days after the second dose [48, 52]. mRNA-1273 
is recommended for the age group of 18 years and above 
[54]. Furthermore, mRNA-1273 can be stored for 30 days 
between 2 and 8 °C [54].

There are differences in the number of doses required for 
different COVID-19 vaccines to reach their maximum level 
of protection against the virus. Two doses of these mRNA 
vaccines have been shown to significantly reduce the risk of 
SARS-CoV-2 infections and severe COVID-19 symptoms. 
However, COVID-19 vaccine boosters or additional doses 
are also required to further enhance and restore protection, 
which has been decreased over time after previous primary 
vaccinations, especially when Omicron is currently causing 
surges around the world. A study conducted by Edara et al. 
using serum from mRNA-vaccinated individuals showed 
that at 2–4 weeks after the primary series of vaccinations, a 
30-fold reduction in neutralizing activity against Omicron 
(B.1.1.529) was observed [55]. In addition, their findings 
also showed that the majority of the naive vaccinated indi-
viduals have lost detectable neutralizing antibodies against 
Omicron (B1.1.529) after 6  months [55]. Hence, CDC 
recommends a booster of either BNT162b2 by Pfizer and 
BioNTech or mRNA-1273 by Moderna for the age group 
of 5 years and older after completing their primary series of 
vaccinations. A second booster, on the other hand, is recom-
mended for adults of age 50 years and older and individu-
als of age 12 years and older with moderately or severely 
impaired immune systems. However, a study by Korves et al. 
reported that booster vaccine effectiveness for mRNA vac-
cines has shown lower vaccine effectiveness against infec-
tion with Omicron than Delta with 54% and 70% reduc-
tion in infection during Omicron and Delta predominance, 
respectively [56].

Inactivated virus

Inactivated virus vaccines against COVID-19 are a type of 
vaccine which contains inactivated SARS-CoV-2 through 
physical, chemical, or radiation processes, and hence are 
unable to replicate and cause disease [52, 57]. BBIBP-CorV 
manufactured by Sinopharm Group in association with Bei-
jing Institute of Biological Products and CoronaVac vaccine 
by Sinovac Biotech are both approved inactivated vaccines 
used by many countries against SARS-CoV-2 [48, 49, 57]. 
BBIBP-CorV, for instance, requires two doses to be given 
3 weeks apart. It has an efficacy rate of 79.34% and 86% in 
China and the UAE, respectively [48]. The CoronaVac vac-
cine is a formalin-inactivated and alum adjuvanted vaccine 
[49]. It also requires two doses to be given 2 weeks apart and 
has been reported to have 50.38% efficacy. In addition, both 
vaccines should be stored and transported in the refrigerator 
at 2–8 °C.

Viral vector

The AZD1222 vaccine manufactured by AstraZeneca in 
collaboration with Oxford University is one of the author-
ized vector vaccines against COVID-19. It utilizes the non-
replicating chimpanzee adenoviral vector ChAdOx1 with the 
double-stranded DNA segment of the RNA, which codes 
for the S protein antigen of SARS-CoV-2 [48, 49, 52, 58]. 
AZD1222 should be given to individuals of age 18 years 
and older in two doses with an interval of 4–12 weeks [48]. 
JNJ-78436735 manufactured by Janssen Pharmaceuticals 
Companies of Johnson and Johnson, on the other hand, 
utilizes adenovirus type 26 (Ad26) vector carrying the S 
gene of SARS-CoV-2, which was also used for the develop-
ment of Ebola vaccine [48, 52]. It is a one-dose vaccine for 
individuals aged > 18 years old with 66% efficacy globally 
[48]. Furthermore, this vaccine is safe to be administered for 
pregnant women who may develop more severe COVID-19 
symptoms [50].

Therapeutic approaches

Although vaccines are developed and authorized for pro-
tection against hospitalizations and deaths, there have still 
been major vaccine breakthroughs due to the constant viral 
mutations. Therefore, there is an urgent need to develop 
more effective treatments and drugs to mitigate the current 
pandemic. Currently, some repurposed drugs are being used 
to reduce the complications of COVID-19 based on their 
symptoms. Research has suggested that antiviral medicines 
such as remdesivir (RDV) are most effective in the early 
stages of COVID-19 when the patient’s immune system is 
challenged to prevent the replication of SARS-CoV-2 [50]. 



1763Bioprocess and Biosystems Engineering (2022) 45:1753–1769 

1 3

In contrast, immunosuppressive or anti-inflammatory drugs 
are more effective in the acute stages of COVID-19 when the 
patient is experiencing tissue damages due to severe immune 
or inflammatory reactions [50]. Hence, certain promising 
antiviral drugs have been authorized for the treatment of 
COVID-19, which include i. remdesivir, ii. molnupiravir, 
and iii. PAXLOVID™.

Remdesivir

Remdesivir (RDV), which was developed to treat Ebola, is 
an antiviral drug act as a nucleoside analog and inhibits the 
RNA-dependent RNA polymerase (RdRp) enzyme of SARS-
CoV-2 [21, 59]. It is the first antiviral drug approved by the 
United States Food and Drug Administration (FDA) to treat 
COVID-19 patients [59]. Remdesivir is given to patients 
by intravenous (IV) administration. The recommended dos-
age for remdesivir is 200 mg IV once, followed by 100 mg 
IV once daily for 4 days [60]. However, treatment may be 
extended to 10 days if there is no improvement in recov-
ery by day 5 [60]. Furthermore, its structure is composed 
of three fragments which include i. nucleobase (adenine) 
derivative, ii. pentose sugar, and iii. phosphoramidate unit 
(Fig. 8) [19].

In the host cell, remdesivir (prodrug) is converted into 
the nucleoside derivate GS-441524 (Fig. 9). GS441524 is 
an active compound of remdesivir, which targets RdRp and 
competes with endogenous nucleotides (ATP) at the RdRp 
for incorporation into viral RNA [61]. Incorporation of the 
triphosphate form of remdesivir instead of ATP interrupts 
viral RNA replication and, thus, inhibits SARS-CoV-2 viral 
replication [61].

Molnupiravir

Molnupiravir is an orally administered and directly acting 
antiviral interventional drug developed by Emory Univer-
sity (USA), Ridgeback Biotherapeutics, and Merck [62]. It 
was originally developed for the treatment of influenza [62]. 
However, molnupiravir, which is a pyrimidine ribonucleo-
side analog, also acts by inhibiting RdRp of SARS-CoV-2 to 
induce RNA mutagenesis. First, molnupiravir  (C13H19N3O7) 
(Fig. 10a) is converted to EIDD-1931  (C9H13N3O6) (Fig. 10 
b) in the body and then to EIDD-1931-triphosphate 
 (C9H16N3O15P3) (Fig. 10c) through phosphorylation by the 
host kinases [62]. Next, EIDD-1931-triphosphate acts as 
an alternate substrate and competes with the endogenous 
nucleotides at the RdRp enzyme of SARS-CoV-2 [62]. This 
causes inhibition of the normal functions of RdRp, causing 
it to generate mutated RNA copies of SARS-CoV-2 [62]. 
Hence, this prevents SARS-CoV-2 to reproduce and spread. 
Moreover, the reducing property (better electron donor 
than electron acceptor) of molnupiravir also contributes to 
its antiviral activity, as it affects the conditions required for 
viral infection [62].

PAXLOVID™

PAXLOVID™ is an orally administered antiviral drug devel-
oped by Pfizer Inc. It contains nirmatrelvir (PF-07321332) 
(Fig. 11 a) and ritonavir (Fig. 11 b) [63]. Both PF-07321332 
and ritonavir are protease inhibitors. PF-073321332 works 
by interacting with  3CLpro, the main protease of SARS-
CoV-2. It blocks its ability to transform pp1a and pp1ab 
into non-structural and structural proteins, which eventually 
stops the replication process of SARS-CoV-2 [64]. Further-
more, ritonavir functions as a booster as it slows down the 
metabolism of PF-073321332 and, hence, allows a higher 
concentration to remain active in the body for a longer 
period [64].Fig. 8  Structure of remdesivir (molecular formula:  C27H35N6O8P)

Fig. 9  Structure of GS-441524 (molecular formula:  C12H13N5O4)
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Nature‑based agents as possible COVID‑19 
inhibitors

Apart from well-established antiviral drugs in the treat-
ment and inhibition of COVID-19, the possible natu-
rally sourced agents should also be given some atten-
tion. Natural products are known to contain a multitude 
of metabolites with a wide range of therapeutic actions. 
These natural compounds are known to possess medici-
nal properties including antiviral activities. The bioac-
tive components reportedly found in plants have been 
shown to exhibit robust antiviral activity. The isolation, 
purification, and identification of several phytochemicals 
from crude extracts have demonstrated antiviral activities 
such as against POLIO, HIV-1, adenoviruses, hepatitis, 
and influenza [65]. Natural products have been tested for 
coronaviruses and have been shown to show potential in 
coronavirus treatment [66].

More recently the BA.5 and BA.4 variants from the 
Omicron lineage have continued to increase, with the 

proportion of BA.5 variants increasing globally [67]. The 
highly contagious new subvariants BA.4 and BA.5 are 
driving the next waves of Omicron infections in several 
countries. There should be a multifaceted strategy to com-
bat this global health pandemic including sourcing drugs 
from natural products, as they can work through multi-
targets and elicit their actions via different biochemical 
mechanisms [68].

Compounds such as quercetin have been reported to 
reduce the viral replication of rhinoviruses in infected mice 
[69]. More recently, preliminary randomized clinical studies 
involving quercetin have reported that following treatment 
of COVID-19 patients with quercetin, a proportion of the 
patients tested negative for the SARS-CoV-2 virus following 
a week of treatments with a protein of these patients having 
their symptoms diminished indicating the [70]. An in silico 
study involving about 8000 small molecule candidates has 
shown that quercetin was among the top candidates for bind-
ing with the ACE 2 interface on the S protein. Such binding 
will eventually reduce the ability of the virus to interact with 
host cells and thereby reduce the infectability of the virus. 

(a) (b) (c) 

Fig. 10  a Structure of molnupiravir (molecular formula:  C13H19N3O7), b structure of EIDD-1931 (molecular formula:  C9H13N3O6), and c struc-
ture of EIDD-1931-triphosphate (molecular formula:  C9H16N3O15P3)

Fig. 11  a Structure of nirmatrel-
vir (PF-07321332) (molecular 
formula:  C23H32F3N5O4), and b 
structure of ritonavir (molecular 
formula:  C37H48N6O5S2)
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Quercetin is known to possess anti-inflammatory activi-
ties that might also help to prevent the consequences of the 
COVID-19 infection. COVID-19 infection triggers a cascade 
of inflammatory reactions as evident from reports on the 
elevated levels of cytokines and inflammatory indices such 
as IL-1β, IL-6, IL-10, and D-dimer in severely ill COVID-19 
patients compared to those with moderate symptoms [71].

In addition, quercetin is a flavonoid that is widely found in 
several foods, and as some preliminary studies have shown 
has the potential to be further explored as a potentially useful 
compound to add to the COVID-19 treatment regime.

Nanotechnology‑based approaches 
for the diagnosis, prevention, and treatment 
of COVID‑19

Nanotechnology is a study that encompasses the under-
standing of diverse disciplines including chemistry, biology, 
and technology of nanomaterials, which are at dimensions 
between approximately 1–100 nm [20]. According to dimen-
sions in the nanoscale, nanostructures are classified into 
four categories: i. zero-dimensional nanostructures (e.g., 
fullerene), ii. one-dimensional nanostructures (e.g., nanofib-
ers), iii. two-dimensional nanostructures (e.g., nanofilms, 
nanolayers, and nanocoatings), and iv. three-dimensional 
nanostructures (e.g., nanoparticles) [20, 72]. The dimen-
sions of these nanostructures determine their functions and 
applications in nanotechnology [72]. Nanotechnology has a 
range of applications such as i. biomolecular detection and 
diagnostics, ii. therapeutics, iii. DNA sequencing, iv. phar-
maceuticals, and v. sensors [20]. Therefore, it is established 
that the different fields in nanotechnology can contribute 
to providing alternative solutions to combat COVID-19. 
This includes the development of i. nanomaterial-based 
COVID-19 detection technology, ii. nanomaterial-based 
disinfectants, iii. new nanoparticle-based vaccines, and iv. 
nanoparticle-based drug delivery [20, 73].

Gold nanoparticles (AuNPs) for instance, are nanomate-
rials that have been investigated for COVID-19 detection. 
AuNP-based nano-devices use an AuNP-based electro-
chemical immunosensor for COVID-19 detection [73]. The 
biosensor comprises a competitive immunoassay, performed 
on an array of nanostructured electrodes that are capable of 
immobilization of different antigens for multiplexed detec-
tion [73]. In addition, an increase in the number of nano-
structured electrodes per array chip can also facilitate high-
throughput screening of hundreds of samples in a single step 
which reduces the time and cost associated with the overall 
assay [73].

Furthermore, it has been established that SARS-CoV-2 
can survive on objects and surfaces ranging from a few hours 
to a few days. However, currently, the available chemical 

disinfectants provide only a temporary solution and are 
harmful and toxic substances to humans. Therefore, the 
unique physicochemical properties of silver nanoparticles 
(AgNPs) have been widely investigated for their antiviral 
activity against SARS-CoV-2. AgNPs work by releasing 
 Ag+ ions, which are nontoxic to humans and have good 
long-term stability that curbs the growth of viruses such as 
SARS-CoV-2 and prevents proliferation by prohibiting the 
activity of respiratory system enzymes [73]. Therefore,  Ag+ 
can be sprayed on surfaces such as doorknobs, handrails, and 
wound dressing for disinfection.

The application of nanoparticles (NPs) in vaccine for-
mulations has a crucial role in the structuring and deliv-
ery of vaccines, as they can act as assistants and carriers to 
deliver antigens to their intended targets [73]. In addition, 
NPs also speed up the development of COVID-19 vaccines. 
Nanoparticle-based delivery approaches have been used 
in the current mRNA-based COVID-19 vaccines such as 
BNT162b2 and mRNA-1273, as the mRNAs are embedded 
in lipid nanoparticles (LNPs) [48, 49, 52]. However, these 
developed vaccines are normally treated through intramus-
cular injections that can only be operated by health-care 
professionals and must be stored at low temperature which 
causes storage and distribution difficulties. Therefore, self-
administered nanoparticle-based vaccines (nanovaccines) 
such as micro-needle patches offer a new approach for pro-
tection against SARS-CoV-2 [73]. Micro-needle patches 
for COVID-19 are polymer-encapsulated S and N protein-
encoding DNA vaccines to stimulate an immune response 
for SARS-CoV-2 [74].

There are different types of nanostructured materials that 
can be used for drug delivery vesicles such as i. metallic 
nanoparticles, ii. liposomes, iii. fullerenes, iv. graphene, v. 
carbon nanoparticles, and vi. polymeric nanoparticles [20]. 
Liposomes and polymeric nanoparticles, for instance, pro-
long the drug half-life, improve the solubility of hydropho-
bic drugs, and reduce potential immunogenicity [20].

Future outlook

The COVID-19 pandemic has led to an unprecedented loss 
of human lives worldwide. Despite the continuous global 
research to understand COVID-19, it has yet to be eradi-
cated. Furthermore, it is well known that the COVID-19 
pandemic will not be the last, as there is still a possibility 
that another zoonotic coronavirus may emerge in the future. 
Therefore, it is crucial to strengthen global research and 
development in science and technology with interdiscipli-
nary collaborations. The following are the main future out-
looks to understand SARS-CoV-2 better, advance in detect-
ing and preventing SARS-CoV-2 infections, and develop 
effective treatments for COVID-19.
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• SARS-CoV-2 is the third zoonotic coronavirus after 
SARS-CoV and MERS-CoV. Therefore, for future 
early detection, prevention, and treatment of novel 
coronaviruses, more research is required to identify 
and describe the mechanism of these viral mutations to 
infect humans and their ability to persist in the human 
population. Especially, information on the mutational 
trend in the spike protein is important to develop future 
effective vaccines.

• The knowledge of the origin and reservoir of SARS-
CoV-2 remains scarce. Therefore, it is crucial to com-
prehensively investigate the zoonotic origin and reservoir 
through multidisciplinary collaboration and carefully 
coordinated studies to help prepare for future destruc-
tive outbreaks caused by novel viruses.

• The ability of asymptomatic patients to spread SARS-
CoV-2 has been proven. Therefore, further study on these 
asymptomatic patients is crucial to discover effective, 
reliable, and rapid screening methods and improve the 
accuracy of early diagnosis. Current COVID screening 
methods imply identifying more reliable early detection 
markers for such viruses.

• Single-use PPE, which is mostly made of highly hydro-
phobic and non-degradable materials like polypropylene, 
causes environmental pollution and ecosystem damage. 
Hence, to address the impacts of single-use PPE on the 
environment, more research on sustainable materials 
should be carried out to develop PPE that can be disin-
fected and reused without losing its protective properties.

• Traditional disinfecting method (e.g., soap water and 
alcohol-based sanitizers) is a temporary solution to pre-
vent indirect contact transmission from virus-contam-
inated surfaces. Hence, more research on nanocoating 
materials plays a leading role in developing a novel sur-
face disinfection approach. The use of environmentally 
friendly natural products is an alternative to the existing 
disinfectants.

• Majority of the vaccines available or under development 
target the healthy population of age group 18 years and 
older. Multidisciplinary collaboration between mate-
rial science, chemistry, and biomedical science plays an 
essential role in developing vaccines for different popula-
tions such as infants, children below the age of 5 years, 
and individuals with underlying medical conditions.

• The main target for current vaccines against COVID-19 
is mostly based on the spike (S) glycoprotein of SARS-
CoV-2, which constantly develops mutations. Therefore, 
vaccine research and development should focus on dif-
ferent approaches to maintain its effectiveness.

• Mammals including dogs, cats, tigers, and lions were 
reported to be infected with SARS-CoV-2 after close 
contact with a human that is infected with COVID-19. 
Although there is no evidence that these infected mam-

mals can spread SARS-CoV-2 and infect people, more 
studies in this area are required.

• Amphiphilic molecules such as soap were shown to 
be effective in breaking the lipid-bilayer membrane of 
SARS-CoV-2, causing its structure to fall apart. There-
fore, identifying antiviral compounds that target the 
lipid-bilayer membrane of SARS-CoV-2 may be a viable 
therapeutic strategy.

• Since the long-term side effect of the existing vaccines is 
a major concern, it is necessary to develop an appropriate 
animal model to address this issue.

Conclusion

This review has provided an overview of all aspects of 
COVID-19, such as i. the structure of SARS-CoV-2, ii. 
molecular interaction between SARS-CoV-2 and ACE 2 
receptor, iii. mechanism of SARS-CoV-2 pathogenesis, 
iv. transmission routes of SARS-CoV-2, v. persistence and 
viability of SARS-CoV-2 on different surfaces, vi. the mate-
rials and methods currently used for diagnosis, prevention, 
vaccines, and treatment for COVID-19, and vii. different 
approaches for the diagnosis, prevention, and treatment of 
COVID-19 using nanotechnology. The chemistry perspec-
tive has helped to understand different aspects of COVID-
19. A study using molecular dynamics simulations suggested 
that the high affinity between the S glycoprotein and ACE 2 
may be due to the hydrophobic effect among the hydropho-
bic surface areas of S glycoprotein and ACE 2 at the binding 
site. In addition, another study also found that the enhanced 
affinity of SARS-CoV-2 toward ACE 2 is due to the increase 
in electrostatic interactions caused by mutations in the S 
glycoprotein. Furthermore, the study of the persistence and 
viability of SARS-CoV-2 on different surfaces showed that 
it has longer persistence and viability on materials such 
as plastics, glass, and stainless steel compared to copper, 
paper, and cardboard. Another research has also shown that 
the increase in temperature and relative humidity increases 
the decay rate of SARS-CoV-2. The mechanism of cleans-
ing action of soaps involves two steps: i. destruction of the 
lipid-bilayer viral membrane by surfactant molecules, and 
ii. micelle formation. On the other hand, alcohols found in 
alcohol-based hand sanitizers, which are also amphiphilic 
compounds, inactivate SARS-CoV-2 by destabilizing and 
denaturing its protein structures. Lastly, using nanomaterials 
such as gold nanoparticles (AuNPs) and silver nanoparti-
cles (AgNPs) has been found to be a potential alternative 
detection and preventive method, respectively. Hence, in 
conclusion, research collaborations between biology and 
chemistry with other disciplines such as material science, 
biomedical science, and nanotechnology play an important 
role in understanding all aspects of COVID-19 to develop 
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an effective diagnosis, prevention, and treatments for this 
infectious disease caused by SARS-CoV-2.
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