
Perspectives of Manipulative and
High-Performance Nanosystems to
Manage Consequences of Emerging
New Severe Acute Respiratory
Syndrome Coronavirus 2 Variants
Alexander Gage1†, Kaitlyn Brunson1†, Kevin Morris2,3, Scott L. Wallen1, Jaspreet Dhau4,
Hardik Gohel 5 and Ajeet Kaushik1*

1NanoBioTech Laboratory, Health Systems Engineering, Department of Natural Sciences, Division of Sciences, Florida
Polytechnic University, Lakeland, FL, United States, 2Morris Lifesciences and Technologies, Nagpur, India, 3Department of
Urology, University of Southern California, Los Angeles, CA, United States, 4Research and Development, Molekule Inc., Tampa,
FL, United States, 5Applied AI Research Laboratory, Department of Computer Science, University of Houston Victoria, Victoria,
TX, United States

The emergence of new SARS-CoV-2 variants made the COVID-19 infection pandemic
and/or endemic more severe and life-threatening due to ease of transmission, rapid
infection, high mortality, and capacity to neutralize the therapeutic ability of developed
vaccines. These consequences raise questions on established COVID-19 infection
management strategies based on nano-assisted approaches, including rapid
diagnostics, therapeutics, and efficient trapping and virus eradication through stimuli-
assisted masks and filters composed of nanosystems. Considering these concerns as
motivation, this perspective article highlights the role and aspects of nano-enabled
approaches to manage the consequences of the COVID-19 infection pandemic
associated with newer SARS-CoV-2 variants of concern and significance generated
due to mutations. The controlled high-performance of a nanosystem seems capable of
effectively detecting new variables for rapid diagnostics, performing site-specific delivery of
a therapeutic agent needed for effective treatment, and developing technologies to purify
the air and sanitizing premises. The outcomes of this report project manipulative,
multifunctional nanosystems for developing high-performance technologies needed to
manage consequences of newer SARS-CoV-2 variants efficiently and effectively through
an overall targeted, smart approach.
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INTRODUCTION: CONSEQUENCES OF EMERGING SEVERE
ACUTE RESPIRATORY SYNDROME CORONAVIRUS 2 VARIANTS

The Coronavirus disease (COVID-19) pandemic, as reported by the World Health Organization
(WHO), caused by a newly discovered coronavirus classified as severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), went from a local issue in China in late 2019 to a global one that will
leave waves of repercussions for years to come (Kaushik, 2020; Kaushik et al., 2020) not just social,
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mental, or economic but also the way the healthcare industry and
world would treat a viral infection (Yamamoto et al., 2020;
Mahapatra et al., 2020). The SARS-CoV-2 is the seventh and
newest addition to the SARS family, noted for their crown-like,
glycoprotein structure and ability to bind to cells easily. The bio-
informatics in the genetic code hidden within the ribonucleic acid
(RNA) chain of the virus itself is one huge obstacle that scientists
and medical research professionals have had to overcome when
looking for a cure or vaccine. Still, another hurdle in drug
advancements is the encapsulation of the RNA within the
virus itself (Varahachalam et al., 2021). The outer membrane
of SARS-CoV-2 is surrounded by the Spike (S)- protein
i.e., glycosylated S proteins (Yamamoto et al., 2020; Panda el
al., 2020; Sahoo et al., 2021) that have an affinity to bind to
angiotensin-converting enzyme-2 (ACE2) and transmembrane
protease serine 2 (TMPRSS2) receptors allowing the virus to
deposit its RNA into the cell and start replicating until host cell
lysis (Kaushik, 2020; Kaushik et al., 2020; Paliwal et al., 2020).

Over 140 million people have been infected by the COVID-19
pandemic (World Health Organization, 2021). These patients
experience no symptoms (asymptomatic) to a wide range of
symptoms such as loss of olfactory senses, prolonged
respiratory distress, neuro-psychiatric issues, brain damage,
and death (Yamamoto et al., 2020). Currently developed
vaccines by Pfizer-BioNTech, Moderna, and Janssen (Johnson
and Johnson) have been approved by the FDA for emergency use

only to control COVID-19 infection caused by the severe
infectivity of the original SARS-CoV-2 strain. Despite
therapeutic significance, the reported adverse effects of these
vaccines are not motivating. Sincere efforts are being made to
investigate these side-effects and generate guidelines to decide
who should get vaccinated and how this can be accomplished.
Besides, these vaccines face a new obstacle of showing efficacy for
preventing/contracting COVID-19 from emerging SARS-CoV-2
variants via viral mutations that are spreading infection faster
than vaccine development and dispersion.

The newer variants of the SARS-CoV-2 pose a threat to a rapid
global recovery from COVID-19 infection. The ability of SARS-
CoV-2 to reproduce, mutate, and spread suggests that new strains
of the virus will be ever-present. The new variants of concern and
significance of SARS-CoV-2 from the United Kingdom, Brazil,
South Africa, and recently double variants investigated in India
are believed to spread more rapidly and, in some cases, be more
deadly than the original strain of the virus (Abdool Karim and de
Oliveira, 2021). Figures 1A,B show a few examples of the new
strains and mutations seen globally. All these variants have taken
a foothold in the United States since early 2021 (Walensky et al.,
2021), and the number of people infected and the efficacy of the
current vaccines against the new strains are unknown. For that
reason, we believe that the acute necessity for advancements in
nanotechnology (Kaushik, 2019) to slow the spread and return
the world to a new normal has never been more apparent.

FIGURE 1 | Illustration of (A) SARS-COV-2 mutation concerning new variants and their severe effects, (B) transmission of new mutated SARS-CoV-2 in the
community, and (C) approach to eradicate virus droplets from the air, especially in indoor air, using an air purifier consisting of a nanoparticle-based filter.
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With these severe concerns in mind, this perspective explores the
potentials of nanosystems to manage the COVID-19 pandemic/
endemic (Phillip, 2021) successfully, where manipulative.

Performance and appearance are vital components. These
features involve desired functionality to interact with bioactives,
the surface of desired porosity, antiviral and antimicrobial activity,
and tunable optical, electrical, magnetic, and molecular properties
(Yalcin and Kaushik, 2021; Kaushik, 2020, Kaushik et al., 2020;
Paliwal et al., 2020; Ahmadivand et al., 2021). The control and high-
performance of smart nanosystems can be useful for 1) efficient
surface and membrane systems for trapping and neutralizing the
virus, 2) diagnostics unit to detect virus concentration and viral load,
and 3) nanotherapeutics to cure COVID-19 infection and manage
systems along with post-infection consequences. These nanosystems
can also successfully manage the severe consequences of recently
investigated newer SARS-CoV-2 variants based on desired
performance accomplishments (Kaushik et al., 2020; Paliwal
et al., 2020). Besides significant advantages, the challenges and
alternative approaches associated with the projected technical
field are also discussed in this report.

Efficient Trapping and Eradication of Newer
Severe Acute Respiratory Syndrome
Coronavirus 2 Variants
The application of nanotechnology to combat newer SARS-CoV-
2 variants may increase because effective and efficient surface
sanitation has been demonstrated using nanomaterials of
improved and tunable antibacterial/antiviral properties. The
COVID-19 infection spreads mainly through air molecules;
but can rest on various surfaces for hours and can still infect
an individual. Considering the airborne transmission mode as a
primary concern, it becomes essential to trap the virus-containing
droplets, particulates, and aerosol in indoor air using an efficient
and effective technology. In this direction, air purifiers are
emerging as an alternative technological solution where a filter
composition, filtration process, and understanding of airflow
dynamics are crucial factors. For example, the air purifier of
Molekule IncTM purifies indoor air based on photochemical
oxidation processes where the role of a photosensitive
nanoparticle is critical (Kaushik et al., 2020) [12] (Figure 1C).
This technology has received FDA approval and successfully
eradicates viruses, bacteria, allergens, volatile organic
compounds, and particulates from indoor air.

New ways of sanitizing surfaces have emerged as a potential
approach to eradicate SARS-CoV-2. For example, among
nanosystems such as copper, silver, and others, have potential
uses as antiviral surface coatings (Talebian et al., 2020; Kaushik
et al., 2020) have potential as antivirals. The use of titanium
dioxide (TiO2) nanoparticle-based photocatalysts are able to
neutralize the virus. The photocatalyst features of TiO2 have
been observed to perform better in antiviral/antimicrobial
settings with a higher surface area (Sadique et al., 2021). As
such, multiple methods of forming and using these devices have
been documented. These include, hydrothermal processes,
chemical vapor deposition, and a newer method called up-
scalable, pulsed-pressure, metal-organic chemical vapor

deposition (pp-MOCVD) (Lee et al., 2013). The pp-MOCVD
process has been demonstrated to create surfaces with larger
surface areas though the process is less proven than epoxy and
paint-based TiO2 adhesion solutions (Krumdieck et al., 2019).

Regarding the photostimulation approach, UV-C light has
been demonstrated to eliminate coronavirus droplets in the air
(Seyer and Sanlidag, 2020). Radiative exposure at a wavelength of
222 nm with an intensity of 2 mJ/cm2 can inactivate more than
99.9% of SARS-CoV-2 protein (Buonanno et al., 2020). Both TiO2

photocatalysts and UV-C sanitation lights are not dependent on
molecular structure and work chemically as opposed to a
biologically, so there is no reason to suspect that newer strains
of COVID-19 infection will exhibit increased resistance to them
unless these are demonstrated in future work to be more resistant
to UV light or temperature. However, UV-C is known to affect
biological function, so a careful approach to design advanced
systems is required.

One of the most effective and simple solutions to reduce the
spread of COVID-19 is face masks/shields that reduce the
transmission of virus caused aerofluid dyanamix i.e., droplets,
aerosols, airborne, and particulates containing SARS-CoV-2.
Masks, however, vary significantly in design according to
dimensions, materials (antiviral/antibacterial/oxidant or a
combination of these), and effectiveness (capability of trapping
and eradication) (Sadique et al., 2021). In this direction, the N95
masks have been demonstrated to be the most effective at
reducing the spread of COVID-19, as they can reduce
escaping particles (size 0.3 micron) by 95% and incoming
particles by 70%. However, they are challenging to produce in
the quantities needed and only work well for a short time. Masks
designed to incorporate nanotechnology could be more effective
and reusable than existing mask designs (Zangmeister et al.,
2020).

Given that masks are a physical technology that blocks viral
transmission, standard masks will work just as well for the newer
variants as they do on the existing strains of the virus (Kaushik
et al., 2020). Masks built in part by or utilizing nanotechnology
are also unlikely to be affected because most methods proposed in
nanotechnology-based masks are based on chemical reactions
that make it difficult for biological structures to pass through or
survive the masks. This function is not explicitly targeted for
COVID-19. Recently, the development of multifunctional masks
containing stimulation responsive and antiviral nanoparticles
have been reported to trap and eradicate SARS-CoV-2
efficiently (Kaushik et al., 2020; Yalcin and Kaushik, 2021).
However, the development of such masks for a larger
population can be of concern. For example, the safety for the
wearer and of end of life disposition of nanoparticle masks should
be considered carefully as discussed by the recent recall of some
graphene containing masks.

Efficient Detection of Newer Severe Acute
Respiratory Syndrome Coronavirus 2
Variants
One way to reduce the spread of COVID-19 is via rapid detection,
contact tracing and monitoring, and isolation/quarantine. To
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achieve this, a large volume of tests that can deliver accurate
information quickly are needed. Rapid diagnostic methods of
detecting SARS-CoV-2 selectively, either qualitatively or
quantitively, are well-established and have proven to help
control virus transmission (Kaushik et al., 2020; Ahmadivand
et al., 2021; Morales-Narváezand Dincer, 2020). The gold
standard currently used is real-time polymerase chain reaction
(RT-PCR) to deliver accurate information but it is time-
consuming (Giovannini et al., 2021; Rahimi et al., 2021). In
contrast, other methods such as the rapid antigen testing can
be done quickly but can only detect a large count of COVID-19
antigens from the concentrations in the range of 1484 copies/mL
to 780 × 106 copies/mL (Fenollar et al., 2021). Recently, antibody-
based immunosensing approaches, including electrical, optical,
capacitance, and magneto-plasmonic techniques, have efficiently
detected SARS-CoV-2 protein and allowed rapid detection of
COVID-19 viral protein at pM to fM levels in a small volume of
sample (Kaushik et al., 2020; Jain et al., 2021). High-performance
optoelectronic nanosystems have been introduced in the above
discussed diagnostic approaches to achieve better performance
and develop a miniaturized system suitable for point-of-care
(POC) testing. The POC diagnostics of the COVID-19
pandemic, supported by the internet of medical things (IoMT)
are highly recommended to successfully manage this pandemic
(Kaushik et al., 2020; Jain et al., 2021). The IoMT approach
will enable rapid bioinformatics sharing with medical centers
for timely analysis to make timely therapeutic decisions.
However, as these systems need to be tested using real-world
samples, systematic validation is a remaining challenge before
recommending these diagnostics techniques for clinical
application.

Regarding newer SARS-CoV-2 variant detection, the virus
structure associated with a mutated form is overall, very similar to
the original SARS-CoV-2 protein. Thus, the currently available
testing systems are expected to be effective for efficient
diagnostics of the COVID-19 pandemic. However, cross-
validation has been suggested by health agencies. Besides, new
types of biomarkers such as the CRISPR system (Rahimi et al.,
2021) can be a choice to detect new SARS-CoV-2 selectively.

Personalized Nanomedicine to Manage
Newer Severe Acute Respiratory Syndrome
Coronavirus 2 Variants
Personalized nanomedicine is emerging as the future therapy
for the prevention and treatment of viral diseases. Due to the
acceptability and high performance of advanced nanomedicine, a
targeted viral infection can be treated and managed efficiently.
This is due to the site-specific delivery of an antiviral cargo of high
efficacy improving health and making real-time evaluation
possible (Kaushik et al., 2018a; Kaushik et al., 2018b; Kaushik,
2020; Varahachalam et al., 2021). The sustainability of
nanoparticles in a biological system (up to 100 days) is critical
in detecting and monitoring a targeted disease and related
symptoms. For example, if microarray-equipped nanoparticles
are introduced into a patient’s body that can perform the role of a
monitoring assay system at varying times during the extent of stay

in the biological system before excretion, constant monitoring
and detection of the virus would be possible. This approach
would allow medical professionals to successfully administer
personalized healthcare regimens to their patients who
ultimately become infected. The microarray nanoparticles
would not require expensive or extensive lab equipment in the
delivery system, thus allowing widespread and constant
surveillance of the global healthcare system. This approach is
emerging essential as nanoparticles are known to interact with
biomolecules inside the body while circulating and how this
affects a nanoparticle’s specificity toward the targeted analyte.
Thus, the to understand the toxicokinetic behavior of
nanoparticles in the body, especially for long-term exposure,
reliable in vivo models should be explored. Utilizing this
modern approach to medicine connected with the IoMT and
artificial intelligence (AI), the world’s preparedness to handle this
type of biological invasion could effectively eradicate this virus
and future strains of the virus (Varahachalam et al., 2021;
Kaushik, 2020).

A multi-drug loaded, time-release nanotechnology approach
to recognize the different biomarkers of SARS-CoV-2 and the
appropriate materials to deliver as antiviral treatment to the
affected area can be utilized to treat the symptoms associated
with COVID-19, as well as the virus itself. This multifaceted
approach has shown viability in the treatment of HIV and in
penetrating the blood-brain barrier (BBB) (Varahachalam et al.,
2021; Kaushik, 2020) without adverse effects, offering
possibilities in treating the brain damage associated with the
viral infection. With lethal variants of the SARS-CoV-2
continually emerging, the development of this technology to
treat this virus and its long-term effects is the most promising
approach in antiviral care.

Support of Artificial Intelligence and
Machine Learning to Detect Severe Acute
Respiratory Syndrome Coronavirus 2
Variants
AI and machine learning (ML) data science technologies have
been introduced to get more insight into the COVID-19
pandemic (Kaushik et al., 2020). The study of the spread of
newer SARS-CoV-2 variants and updated contact tracing
methods is of utmost importance to better manage the
pandemic. However, researchers and experts have not fully
realized the potential highly complex pattern of SARS-CoV-2
replication. The risk of mortality in patients infected with the
newer SARS-CoV-2 variants is currently a major concern. On
April 6, 2021, researchers at Stanford University identified the
first known case of a newer SARS-CoV-2 variant with two
mutations (double mutation) in the United States which was
first reported in India on March 2020 (Crist, 2021). Among the
factors that the WHO has considered for the operational
definition for designating a variant of concern (VOCs) are as
follows (Challen et al., 2021):

1) Increased transmissibility or detrimental change in the
COVID-19 epidemiology.
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2) Increase in virulence or change in clinical presentation.
3) Decreased effectiveness of social measures and public health

or available diagnostics, vaccines, and therapeutics.

According to a recent study (Malone et al., 2020), AI can be used
to predict blueprints for designing universal vaccines against SARS-
CoV-2 that contain a sufficiently broad repertoire of T-cell epitopes
capable of providing coverage and protection across the global
population. Researchers are looking for ways to stay a step ahead
of these variants with the help of AI/ML. The advanced artificial
neural network can potentially analyze virus mutations and create a
vaccine to match them. A protein sequence is put into a deep neural
network model, it can quickly identify whether the input is correct
for vaccine subunits (Yang et al., 2021). There is also a need for
highly accurate vaccine boosters which are effective and compatible
with different ethnicities and races of humans. This opens various
aspects toAI andML researchers to performpredictive analytics,ML
modeling, and other AI-assisted computer models to speed up and
providemore accessible genetic instructions in vaccine development.

DISCUSSION, CHALLENGES AND
VIEWPOINTS

The possible projection of nano-biotechnology approaches for
the successful management of COVID-19 infection originated

due to newer SARS-CoV-2 variants and is illustrated in Figure 2.
The new variants of SARS-CoV-2 due to mutation(s) in the virus
are associated with various regional and genomic conditions and
are emerging as a major concern as they facilitate COVID-19
infection with high mortality. It has been demonstrated that
available patented technology, rapid detection systems, and
optimized therapies serve as an efficient approach to managing
COVID-19 infection in a personalized manner. However, a
careful and critical review of available diagnostics and
therapeutic approaches is suggested by various health experts.
In this direction, nano-enabled approaches need to be updated
with reference to a targeted challenge.

Besides, an important point is the inhalation of nanoparticles
if used in access during the fabrication of masks and coatings on
surfaces. Another scenario, in the case of nanomedicine and
nano-assisted targeted delivery aspects, is that the selected
nanoparticle may affect the human cellular function that may
lead to an unintended disorder. In both the cases i.e., inhalation
and nano-bio interface, the patient may have severe side effect
associated with respiratory system, neurological disorder, organ
dysfunction, etc. Thus, it is crucial to explore the bio-safety
aspects of a nanosystem prior to adopting it to develop
systems for fighting against SARS-CoV-2 infection and
transmission (or COVID-19 pandemic).

As newer SARS-CoV-2 variants transmit rapidly through the
aerosol and droplet mechanisms. This raises the urgency of

FIGURE 2 | Projected nano-biotechnology-assisted approaches to manage the severe effects of COVID-19 infection pandemic/endemic or both caused by newer
SARS-CoV-2 variants.
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developing effective nano-enabled systems that can trap and
eradicate new variants of virus using external stimulation (e.g.,
photochemical oxidation) and efficient membranes suitable to
develop masks and filters of air purification systems. An efficient
and high-performance SARS-CoV-2 diagnostic sensor that can
be rapidly re-calibrated to address the concerns of newer virus
strains is also needed. For increasing the selectivity, considerable
attention should be paid to developing biomarkers specific to
newer variants of SARS-CoV-2. These biomarkers will be helpful
in developing early stage selective diagnostics and evaluating the
efficacy of a given therapy. Since COVID-19 infection due to
newer SARS-CoV-2 variants can be of higher mortality, this raises
the need to re-evaluate the efficacy of optimized therapies and
developed vaccines. In case of infection, a nanomedicine
consisting of therapeutic agents of higher efficacy must be
developed for site-specific delivery with long-acting therapeutic
performance. The COVID-19 infection behaves differently
among people due to variation in geographical region, race,
gender, and age. Therefore, optimizing personalized
approaches for detection and treatment is of immediate need
and can be achieved by developing selective markers while
introducing nanotechnology for optimal performance.
Although developed vaccines are effective, but not as expected
due to varying virus strains. Thus, engineered vaccine design is
urgently required to make them selective and effective against
new variants.

Such proposed approaches are time-consuming as a lot of
scientific studies are required followed up by a plan of clinical
trials. Giving preference to infection severity, the role of AI/ML
and IoMT becomes crucial (Jain et al., 2021; Kumar et al., 2021).
The AI/ML will undoubtedly help predict the accuracy of models
expected to perform in the desired manner. Moreover, the
assistance of IoMT will be helpful to introduce telehealth/
telemedicine for timely therapy decisions and the sharing of
bioinformatics with medical centers to establish a correlation

between viral infection progression and human health (Jain et al.,
2021; Kumar et al., 2021).

For managing the COVID-19 pandemic more effectively,
this perspective article highlights the role of high-performance
nanotechnology with manipulative features to manage the
consequences of newer SARS-CoV-2 variants efficiently and
in a timely manner. The capabilities of nano-assisted
protective systems, current testing systems, and therapeutics
are critically reviewed in this report. The authors believe that
re-evaluation and recalibration is required to confirm the
efficiency of these developed systems. Besides, considerable
efforts should be made to test the efficacy of the investigated
biomarkers regarding new variants. The investigation of new
biomarkers, such as CRISPR, is also required to develop more
efficient systems to manage the COVID-19 pandemic/endemic
or both.
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