Chemical Papers (2023) 77:4107-4130
https://doi.org/10.1007/511696-023-02795-3

REVIEW q

Check for
updates

Superior possibilities and upcoming horizons for nanoscience
in COVID-19: noteworthy approach for effective diagnostics
and management of SARS-CoV-2 outbreak

Bedanta Bhattacharjee' - Abu Md Ashif Ikbal? - Atika Farooqui® - Ram Kumar Sahu*® - Sakina Ruhi® - Ayesha Syed?® -
Andang Miatmoko - Danish Khan? - Jiyauddin Khan®

Received: 21 January 2023 / Accepted: 18 March 2023 / Published online: 4 April 2023
© Institute of Chemistry, Slovak Academy of Sciences 2023

Abstract

The outbreak of COVID-19 has caused great havoc and affected many parts of the world. It has imposed a great challenge
to the medical and health fraternity with its ability to continue mutating and increasing the transmission rate. Some chal-
lenges include the availability of current knowledge of active drugs against the virus, mode of delivery of the medicaments,
its diagnosis, which are relatively limited and do not suffice for further prognosis. One recently developed drug delivery
system called nanoparticles is currently being utilized in combating COVID-19. This article highlights the existing methods
for diagnosis of COVID-19 such as computed tomography scan, reverse transcription-polymerase chain reaction, nucleic
acid sequencing, immunoassay, point-of-care test, detection from breath, nanotechnology-based bio-sensors, viral antigen
detection, microfluidic device, magnetic nanosensor, magnetic resonance platform and internet-of-things biosensors. The
latest detection strategy based on nanotechnology, biosensor, is said to produce satisfactory results in recognizing SARS-
CoV-2 virus. It also highlights the successes in the research and development of COVID-19 treatments and vaccines that
are already in use. In addition, there are a number of nanovaccines and nanomedicines currently in clinical trials that have
the potential to target COVID-19.

Keywords COVID-19 - Computer tomography - Polymerase chain reaction - Biosensor - SARS-CoV-2 virus -
Nanovaccines

>< Ram Kumar Sahu % International Medical School, Management and Science
ramsahu79 @ gmail.com; ramkumar.sahu @hnbgu.ac.in University, University Drive, Off Persiaran Olahraga,
40100 Shah Alam, Selangor, Malaysia

Girijananda Chowdhury Institute of Pharmaceutical Science, 7 Department of Pharmaceutical Sciences, Faculty

Tezpur, Assam 784501, India

Department of Pharmaceutical Sciences, Assam University
(A Central University), Silchar 788011, India

The Deccan College of Medical Sciences, Kanchan Bagh,
Hyderabad, Telangana 500058, India

Department of Pharmaceutical Sciences, Hemvati Nandan
Bahuguna Garhwal University (A Central University),
Chauras Campus, Tehri Garhwal, Uttarakhand 249161, India

Department of Biochemistry, IMS, Management and Science
University, University Drive, Off Persiaran Olahraga,
40100 Shah Alam, Selangor, Malaysia

of Pharmacy, Universitas Airlangga, Surabaya,
East Java 60115, Indonesia

Panineeya Institute of Dental Science and Research Centre,
Kalonji Narayana Rao University of Health Sciences,
Warangal, Telangana 506007, India

School of Pharmacy, Management and Science University,
40100 Shah Alam, Selangor, Malaysia

@ Springer


http://orcid.org/0000-0001-5671-6591
http://crossmark.crossref.org/dialog/?doi=10.1007/s11696-023-02795-3&domain=pdf

4108

Chemical Papers (2023) 77:4107-4130

Introduction

Viruses like Middle East Respiratory Syndrome (MERS),
Zika, Ebola, Influenza A (HIN1), and Severe Acute
Respiratory Syndrome (SARS) have spread around the
world in the last 20 years. Health policy and economic
relations have been profoundly affected by these pan-
demics (Boopathi et al. 2021). The most recent form of
the virus is the novel coronavirus, which has been rec-
ognized globally as a thoroughly transmissible disease
since 2019. It is commonly known as novel COVID-19
(SARS-CoV-2) (Lu and XZ 2020; Russell et al. 2020). The
virus was firstly discovered in the Wuhan city of China.
The infected patients exhibited unusual pneumonia-like
symptoms that later spread globally (Russell et al. 2020).
Coronavirus has caused great concerns due to its rapid
diversity and a high number of new cases reported that
resulted in huge economic loss worldwide. The structure
of coronavirus consists of an envelope of spikes in its
outer layer. Its total height is approximately 32 kb, with a
single-stranded RNA (Benzigar et al. 2021). At the time
of replication of polyprotein translations, it would act on
the mRNA. Human SARS-CoV-2 has a spherical morphol-
ogy with a dimension of around 125 nm (Fig. 1) (Daemi
et al. 2021). The coronaviridae family and the nidovirales
order comprise the virus evolutionary lineage (Lu et al.
2020; Su et al. 2016). Coronavirus is subdivided into four
main categories, referred to as: alpha (a), beta (f), gamma
(y), and delta (6) and all of which have been recognized
to date. Some of the common coronavirus for human are
HKU1, NL63, MERS-CoV, OC43, SARS-CoV, and 229E.
Alpha coronavirus consists of NL63 and 229E, whereas
the SARS-CoV, MERS-CoV, OC43, and HKU1 families
are examples of a beta coronavirus (Li et al. 2020a, b).
Four crucial structural proteins are encoded by the coro-
naviral genome, namely spike (S) protein, nucleocapsid

Fig.1 The SARS-CoV-2 virus
impacting humans is depicted in
this illustration
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(N) protein, membrane (M) protein, and the envelope (E)
protein, that collectively constitute a complete viral entity
(Masters 2006). Every protein plays a specialized func-
tion in the construction of the viral genome. These pro-
teins have a central position in the replication process as
well. The greatest predominant antigen in the viruses is
the S glycoprotein, which is called the spikes of the virus
(Jaimes et al. 2020). It has the ability to interact with the
receptor and then fuse with the host membranes. The fused
viral protein has branches in two different ways: first, it
uses the S1 protein of the primary subunit to attach to the
receptor. By reserving the cell membranes of the receptor,
the S2 subunit would promote infusion. After targeting the
virus, it would be structurally modified by the proteolytic
enzymes. The peptide would then be incorporated into
the cell membrane. Finally, irreversible cyclization would
stress the S2 subunit of the fusion protein, which in turn
would be mediated by ACE -2 (angiotensin-converting
enzyme 2), allowing the viral genome to enter the cyto-
plasm (Fig. 2) (Shafiee et al. 2021; Varahachalam et al.
2021).

COVID-19 is considered a pandemic of the world’s most
significant humanitarian catastrophes due to its uncontrol-
lable spread worldwide, huge loss of life, and impact on the
world’s economy. Huge efforts have been done to overcome
the disease and prevail over the pandemic (Li et al. 2020a, b;
Ziegler et al. 2020; Comentale et al. 2020). The most com-
mon symptoms among infected people are fever, loss of taste
and smell, fatigue, and cough. In severe cases, several other
symptoms are also reported, including difficulty breathing,
pneumonia, and severe darkening of the lungs. Patients who
present with such signs are evaluated by chest radiographs or
computed tomography (Russell et al. 2020; Yang et al. 2020;
Weiss et al. 2020). Officially, the coronavirus was termed
as SARS-CoV-2 or 2019- nCoV (Lu et al. 2020; Munster
et al. 2020; Liu et al. 2020; Habibi et al. 2020; Heymann and
Shindo 2020; Wang et al. 2020).
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Fig. 2 Invasion of SARS-CoV-2
via ACE-2. micelles: TPGSM
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Nanotechnology is pertinent in managing and treating
a wide range of disorders. Applications of nanomedicine
include immune engineering, drug delivery, nanosen-
sors, cancer nanovaccines, and platform technologies
(Chakravarty and Vora 2021). Since the existing antiviral
agents have truncated bioavailability and a narrow spectrum,
nanomaterials are crucial for antiviral treatment. ENMs
(engineered nanomaterials) have easy tunable physicochemi-
cal, low cost, high efficiency, and efficacy of drug delivery
with lesser side effects (Chen et al. 2020a, b). The cell-virus
interactions can be adjusted, particularly their interaction
with cell receptors or virus particles, by adjusting the shape,
size, and surface of ENMs (Ye et al. 2015). Nanotechnolo-
gies can be used for rapid detection of COVID-19 to fur-
ther improve the efficiency of diagnostic tests (Rabiee et al.
2020). Organisms with a higher incidence of susceptibility
can also be diagnosed using nanomedicines, which act as a
prophylactic and alternative means of diagnosing infectious
diseases (Vahedifard and Chakravarthy 2021). Magnetic
nanoparticles and quantum dots are the nanoparticles that
are commonly employed to detect coronavirus. The protein
corona sensor array technology, which would aid in iden-
tifying protein/biomolecule sequences at an early stage,
is at the forefront of catastrophic COVID-19 (Misra et al.
2021). The design and implementation of nanotechnology
facilitate the production of new nanovaccines with a higher
efficacy. One such efficient delivery strategy for treating
SARS-CoV-2 is a nanoloaded formulation that is currently
being explored. In addition, novel nanovaccines and nano-
therapeutics are being developed to address SARS-CoV-2
infection (Jan et al. 2022). Therefore, researchers are making
tremendous efforts to discover novel nano-based technolo-
gies and develop relevant nanovaccines and create effective
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therapies for SARS-CoV-2 infections. This article focuses on
the unique and innovative nanotechnology strategies, detec-
tion, and prevention against COVID-19 and the potential for
future research.

Diagnosis of SARS-CoV-2 infestation
Computed tomography scan

A computed tomography (CT) scan is used to examine the
internal organs. Chest radiographs and 3D cross-sectional
images are utilized to identify the symptoms of COVID-
19 (Shah et al. 2021). Patchy lung lesions of small size are
seen in the early stages. One of the reports stated that CT
scans are more likely to be tactful in the first stage of infec-
tion than RT-PCR (Law et al. 2015). CT scan helps to bet-
ter understand the condition of the lung and the severity of
the disease. It helps the physician to treat the patient appro-
priately depending on the severity (Bernheim et al. 2020).
However, the usage of CT scans for COVID-19 has some
challenges, including low specificity, which is only about
25%. As with asymptomatic patients, there are also oppor-
tunities for uncertainty with CT scans (Alafif et al. 2021).

Furthermore, the diagnostic images of CT scans could
overlap with other diseases like pneumonia. Repeated radia-
tion exposure also would inflict long-term negative effects
(Wu et al. 2020a, b). Additionally, it is an expensive tool to
utilize.

On chest X-rays, it is common to see recurring mottling,
subsegmental, or segmental morning opacities in both
lungs, and atypical findings are becoming more common
(Kaur et al. 2020). However, CT radiation is associated with
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minimal carcinogenic risk. It is currently unclear how impor-
tant CT is for the management of patients with COVID-19.
Presently, no antiviral therapy is available for 2019-nCoV,
which is not the case in pulmonary TB patients. Drug treat-
ment for tuberculosis can be started without a positive path-
ogenic Mycobacterium tuberculosis smear or tuberculosis
culture if a clinical diagnosis is made that is supported by
imaging. In cases of COVID-19, CT may show symptoms
similar to those of viral pneumonia, supporting the clinical
diagnosis (Zhao et al. 2020). In contrast, a change from a
suspicious to a clinically diagnosed COVID-19 case classifi-
cation has no impact on clinical therapy (Wu et al. 2020a, b).

Reverse transcription-polymerase chain reaction
(RT-PCR)

RT-PCR would establish the criteria for COVID-19 diagno-
sis. Although COVID-19 is based on the extent of chronic
respiratory complication from viruses, the practical detec-
tion approach appears to be less reliable. The SARS-CoV-2
virus is a single-stranded RNA virus with a positive direc-
tion of infection. Therefore, the most accurate approach for
identification is RT-PCR. This approach requires the conver-
sion of RNA to its supporting DNA, followed by amplifica-
tion for detection (Harvey and O’Regan 2020). The E, S,
N protein, and the RNA-dependent RNA polymerase gene
(RdRp) portions of the entire genome, and ORF1ab are the
most common targets for RT-PCR-based detection. These
have shown good sensitivity, with the exception of RdRp,
as it has lower sensitivity due to reverse primer-template
mismatches than the rest (Huang et al. 2020). The product of
PCR amplification analysis is based upon CT (cycle thresh-
old) value, i.e., the threshold value found in the duration
of the amplification of the viral genome and control, i.e.,
negative control, standard control, and positive control. The
positivity criteria of COVID-19 are analyzed based on the
measurement of CT score. The CT score is a number that
shows how long it took for the total number of PCR ses-
sions to exceed the baseline fluorescence emission value.
In the case of infection, the CT score cut-off is between
35 and 40 with a higher CT score indicating a lower viral
load in the specimen. Thus, patients with a CT score of less
than 35 would be classified as COVID-19 favorable, whereas
patients with a CT score greater than 40 would be classified
as clinically negative (Lai et al. 2020; Singh et al. 2021).
The virus accumulates in the nasopharynx, so a swab is
taken from these body sites. Various biochemical reagents
are used to remove impurities such as lipids and proteins to
isolate only the RNA from the sample. The genetic infor-
mation of the individual and, if applicable, the RNA of the
virus are combined to form this RNA. A special enzyme
is needed to convert the RNA into DNA. Then, research-
ers insert micro-DNA fragments that complement specific
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zones of replicated virulent DNA. When the virus is identi-
fied in the sample, these fragments bind to the target sites
of the virulent DNA. During the amplification process,
some parts of the genome are added to design the DNA
sequence. On the other hand, DNA fragments are produced
and attached to the sequences with labels to identify the
virus. The device RT-PCR is then employed to test the sam-
ple (Udugama et al. 2020). The apparatus heats and cools
the samples simultaneously, activating biochemical reactions
that result in additional duplicated versions of the virulent
DNA target regions (Craw and Balachandran 2012). The
process is repeated infinitely to copy the viral DNA target
regions. A conventional real-time system RT-PCR runs for
35 sessions, which means that each viral strand in the mate-
rial will have produced approximately 35 billion additional
versions of the viral DNA at the end of the process. As addi-
tional versions of the virulent DNA fragments are produced,
the tags combine with the DNA sequences. The result is the
release of a fluorescent dye that is tracked by the computer
device and displayed on the monitor in real time. The com-
puter device logs the amount of fluorescence in the sample
at the end of each session. The prevalence of the virus is
determined when a predetermined fluorescence threshold is
exceeded (Rao et al. 2022). To assess the severity of the dis-
ease, experts also monitor the number of sessions required
to do so: The fewer sessions required, the more severe the
viral contamination (Mohammadniaei et al. 2021). The real-
time PCR method is precise and accurate and can provide a
reliable diagnosis within 3 h, whereas laboratory methods
typically require 68 h. Real-time PCR (RT-PCR) is much
faster and has less potential for inaccuracy than other known
viral extraction methods because the entire process can be
performed in a closed container (Wu et al. 2013).

Nucleic acid sequencing

Detection of SARS-CoV-2 can be sequence-specific based
on nucleic acid sequencing. It is considered one of the most
precise scientific methods for detecting COVID-19 as it can
examine the whole genomic makeup of the virus (Lu et al.
2020). Sanger sequencing is a type of sequencing in which
a patient's sample is recovered to recover viral RNA and
spike-in control RNA that is different from viral RNA. Most
of the diagnoses of COVID-19 are based on next-genera-
tion sequencing such as oxford nanopore sequencing and
illumine sequencing. Unlike Sanger sequencing, the next-
generation sequencing would concurrently target billions of
target sequences (Quick et al. 2017). On the other hand, the
amount of virus remaining in the specimen is measured and
normalized based on the spiked RNA (Singh et al. 2021; Yu
et al. 2021).

Assays based on nucleic acids usually take 12 to 24 h
or longer and are thought to be the best way to identify



Chemical Papers (2023) 77:4107-4130

ZARR|

microorganisms. On the other hand, nucleic acid-based
assays offer a much shorter reaction time and excellent sen-
sitivity and specificity, bringing them to the forefront of
laboratory and, in some circumstances, field analysis. In the
laboratory, nucleic acid sequencing has been effectively used
to detect both nonpathogenic and pathogenic microorgan-
isms. Ribosomal RNA techniques have been used to conduct
similar studies of microbial diversity (Chandler-Brown et al.
2020).

Sequence-based ID with nucleic acid testing is a key part
of any defense against biological agent attacks. It helps find
out whether a biological agent attack has happened and, if
so, what kinds of biological agents were used. Even if the
test response time is slow—on the order of 15-30 min—this
confirmation function is critical (Lim and Wang 2016).

The following is the sequence of processes that must
occur within this response time: (1) collect the sample: pre-
pare the sample for an assay. This includes the removal of
assay inhibitors and lysis of target cells. This can be a seri-
ous problem with contaminated samples or when analyzing
spore nucleic acids. (2) Performance of the actual assay: ana-
lyzing and reporting the assay results (Lim and Wang 2016).

Immunoassay

COVID-19 can be diagnosed indirectly by looking at the
patients’ immunological response. Recent research has been
conducted to determine serologic surveillance of COVID-
19 by collecting various individual fluids (Rizzo and Buck
2012). The target for serological diagnosis is mainly blood
samples instead of the nasopharyngeal swab. Detection of
an immune response is the most important requirement for
verifying transmission of the virus. Immunoassay is a bio-
analytical method based on the interaction between antibody
and antigen that allows rapid detection of COVID-19. Two
prime serological detections based on immunoassay are
enzyme-linked immunosorbent assay (ELISA) and lateral
flow assay (LFA). Targeting specific antibodies and anti-
gens is done for the diagnosis of COVID-19. According to
studies, a minimum of 5 days is required for sufficient viral
load. For antibodies, however, it usually takes at least 7 days,
and the concentration decreases after the infection has pro-
gressed for 7 days (Alcoba-Florez et al. 2020). Thus, if the
viral load is minimal, this will lead to misleading negative
results.

Point-of-care test

Point-of-care (POC) testing is essential for disease manage-
ment during a pandemic. For this reason, it is important to
understand the causative agent of a virus before developing
tools for diagnosis. It allows for early diagnosis by detecting
the analyte, which could optimize the effectiveness of the

therapy (Kaushik et al. 2020). The tools developed for the
POC screening of COVID-19 are based on the detection of
immunological components such as antibodies and antigen
or viral RNA (Ma et al. 2020). Table 1 highlights the exist-
ing approaches for identifying SARS-CoV-2.

POC tests are procedures performed with a test strip or
kit at home or at the healthcare facility where the person
is being treated. The biosensor is the most important com-
ponent of POC screening because it is required to perform
molecular analysis to identify the virus. POC screening has
the following advantages: (i) fewer storage and experimental
facilities are needed; (ii) it is adaptable to a variety of medi-
cal problems; (iii) it is a significant test; and (iv) multiple
sites can be used for evaluation (Asdaq et al. 2021).

Each POC test is approved for use with a specific type
of specimen and can only be used with those specimens.
Appropriate specimen procurement and handling are
required for all COVID-19 assays, especially those per-
formed in POC clinics. An erroneous or inaccurate test result
may result from improper specimen submission or collec-
tion. Employees who collect specimens within 6 feet of per-
sons must wear the required personal protective equipment
(PPE). It consists of gloves, safety glasses, N95 protection,
and a lab coat or robe. All personnel collecting specimens
not actively involved in specimen collection should follow
standard safety guidelines and not be more than one meter
away from the patient (Dincer et al. 2017).

Detection from breath

For the objective of monitoring COVID-19, screening of
expelled breath may be a less intrusive form of analysis
(Corman et al. 2020; Broza et al. 2018). However, screening
SARS-CoV-2 from exhaled air has proven to be quite com-
plicated. These findings show that COVID-19 individuals
breathed billions of RNA molecules of severe acute respira-
tory syndrome coronavirus every extra few minutes (Broza
et al. 2015). According to scientific interpretation, exhaled
air had a greater affirmative incidence (26.7%) than surface
samples (5.4%) and air (3.8%). In addition, exhaled breath
condensate (EBC), a unique technique for quickly identify-
ing viruses from exhaled breath, was required to collect the
sample for a longer period of time..

Furthermore, recent studies have shown that non-volatile
components such as viruses, bacteria, DNA, and RNA, can
be easily detected and observed by extracting and analyzing
the aqueous fraction of expelled breath (Expelled Breath
Aerosol (EBA) or EBC) (Ma et al. 2021). Depending on
these two factors, an EBC system can effectively detect dif-
ferent droplets: (1) the percentage of the virus still alive
after extraction and (2) the ratio between the percentage of
extracted particles and the total percentage of particles in the
air. For example, Haick and colleagues conducted a scientific

@ Springer
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Table 1 A list of the existing strategies for SARS-CoV-2 confirmation

SARS-CoV-2 confirmation approach

Methodology

Salient characteristics

References

Enzymatic sensor system based on
regularly interspaced short palindro-
mic repeats for assay-specific great
specificity

Enzyme-Linked immunosorbent assay

Transcription-mediated amplification

Metagenomic sequencing

Chest Computer Tomography Scans

Lateral Flow Immunoassay

Reverse transcription loop-mediated
isothermal amplification

Reverse transcription-polymerase chain

When SARS-COV-2-specific guide
RNA is activated, reporter RNA
sequences are removed

Antibodies against viral proteins coated
on microwell plates bound; Second-
ary antibody produces Fluorimetric/
Colorimetric signal

Amplification of particular RNA/DNA
segments

Amplification using a single primer
that is not sequence-dependent

X-rays of the patient's chest from
multiple angles

A sample is passed through an immo-
bilized viral antigen. Color develops
in the presence of anti-CoV antibod-
ies, as do marker antibodies

At the same temperature, amplification
using four different primer systems

Virus genomic RNA amplification

Execution time 1 h; inexpensive; sim-
ple instrumentation

High-throughput screening; quick;
point of care test

Within 15-30 min, there is a ten-
billion-fold rise; generates RNA
amplicon; rapid kinetics

The SARS-COV-2 mutation rate is
analyzed

The imaging characteristics of viral
pneumonia are similar. Indeterminate
for SARS-CoV-2; non-invasive

Does not require a professional staft;
expensive; quick (10-30 min)

In place of a heating cycler, a heat-
ing bath is provided; expeditious
(<13 h); expensive

Gold standard; sample requirement is

To et al. (2019)

Zhang et al. (2020a,
b), Chen et al.
(2020a, b)

Phan et al. (2021)

Carter et al. (2020)

Hardick et al. (2018)

Arslan et al. (2021)

Calucho et al.
(2020), Jiang et al.
(2020)

Park et al. (2020)

reaction

less

investigation in March 2020 in Wuhan city of China, featur-
ing screening with a breath scanner that follows the princi-
ple of chemoreceptive devices formed of gold nanoparticles
combined with artificial intelligence algorithms (Corman
et al. 2020; Lamote et al. 2020). In another experiment,
researchers investigated preliminary markers of enhanced
reactive oxygen species formation in swab samples. In this
approach, swab samples were exposed to a biosensor nano-
structured with carbon nanofibers, which provided 97%
accurate confirmatory readings in about 30 s (Shan et al.
2020).

Nanotechnology-based biosensors for COVID-19

Biosensors are devices containing a physical transducer and
a biorecognition element that can be used to diagnose the
analytes present in solutions, liquids, and bodily fluids. A
physical sensor is used to produce a response after an analyte
coincides with a biological factor and transforms it into a
measurable quantity. Biorecognition elements are glycopro-
teins (antibodies) or enzymes, nucleic acids such as RNA,
DNA, biological receptors, organic receptors, tissues, and
whole cells (Miripour et al. 2020). As per the specifications,
enormous numbers of biosensors can be fabricated. Nano-
materials are beneficial as they provide the surface chem-
istry that would aid in molecular bioconjugation, powerful
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expanding effect on signals, and large surface energy. Metal-
lic nanoparticles such as silver and gold nanoparticles, nano-
gels, carbon nanomaterials, i.e., graphene and nanotubes,
microgels, and phonic crystals, are utilized in the application
of biosensors. Meanwhile, a piezoelectric and electrochemi-
cal method based on nanocarbon particles has been devel-
oped for the detection of bacteria (Rocchitta et al. 2016).

A biosensor detects solutes in bodily fluids, liquids, and
by combining a biological sensing device with a mechanical
detector. When a solute interferes with a biological compo-
nent, an output signal is generated, in which the physical
detector then converts into a scientifically and quantita-
tively detectable component. Proteins such as antibodies or
enzymes, nucleic acids such as RNA or DNA, physiological
receptors, whole tissues, and cells are among the biologi-
cal detector elements, while electrochemical, photonic, and
piezoelectric devices are often used as physical detectors
(Bandodkar and Wang 2014). Biosensor elements can be
manufactured in large quantities to meet different require-
ments. Nanomaterials can be used as detectors due to their
excellent resistance in a wide range of environments and bio-
compatibility with biological systems (Sharma et al. 2020).
Additionally, nanomaterials have high interfacial potential,
robust signal amplification capability, and surface chemistry
that can help bioconjugate biomolecules. The properties of
photonic crystals, microgels, and magnetic nanostructures
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including gold nanostructures and silver, carbon-based nan-
oparticles (nanotubes and graphene), and nanocomposites
have contributed to their use in biosensor technologies. The
use of nanocarbon-based particles has facilitated microflu-
idic systems. These have already proven to be platforms for
bacterial detection, using a range of strategies such as elec-
trochemistry and piezoelectricity (Olvera and Monaghan
2021).

Development in nanotechnology-based COVID-19
diagnosis

When an infection occurs, immune globulin M (IgM) and
immunoglobulin G (IgG) are produced. Initially, IgM anti-
bodies appear, which are reduced to a minimum in general
infection. Thereafter, IgG antibodies would develop and
displace the IgM antibodies in the body, which remain in
high concentration for a considerable time until they are
identified after 12 weeks. In SARS-CoV-2 transmission,
there is no latency between IgM and IgG confirmation, as
both occur within 5-7 days of the onset of manifestations
(Tarim et al. 2021). Several laboratory-based immunoassay
methods, such as chemiluminescence immunoassay, can find
antibodies in blood serum to the SARS-CoV-2 viral pro-
tein. The most commonly utilized method for detection is
enzyme-linked immunosorbent assay. However, to identify
contamination and conduct an on-site investigation, rapid
and portable immunoassay detection is required. One prom-
ising, quick and portable platform for the point of care is lat-
eral flow immunoassay, which uses colloidal gold nanopar-
ticles (Deeks et al. 2020). Gold nanostructures are coupled
to the SARS-CoV-2 protein and immobilized in the intracel-
lular membrane in a lateral flow immunoassay. The testing
for SARS-CoV-2 virus detection would take roughly 15 to
20 min. Due to this, cross-reactivity with other antibodies
may result in false-positive outcomes (Han et al. 2019).

The rate at which antibodies to SARS-CoV-2 are pro-
duced is the most important immunologic factor determining
susceptibility to infection. RT-PCR can be replaced with
immunologic screening to validate SARS-CoV-2. The rate of
unequivocal virus detection is significantly increased when
immunologic testing and real-time PCR are coupled (Lustig
et al. 2021). In most individuals, IgM levels rise in the first
week resulting from exposed to SARS-CoV-2, continue to
rise until levels reach a maximum after two weeks, and then
begin to decline until levels are near reference values. After
one week, IgG is visible and it remains in significant con-
centration for a longer period of time.

IgG, on the other hand, can be seen after only one week.
Its levels stay high for a longer time, probably up to 48 days,
and it may help prevent a second infection. Immunoglobulin
A (IgA) responses begin to manifest about 4 and 10 days
after infection. IgM, IgA, and IgG expression in blood

plasma is a diagnostic factor. Different targets can describe
the variability of antibodies to SARS-CoV-2. After exposure
to infection, antibody titers may decrease for up to 7 days.
Specific antibodies to SARS-CoV-2 were recently detected
in saliva. Experts investigated whether there are differences
in antibody concentrations between serum and saliva using
multiplex antibody immunoassays for SARS-CoV-2. The
antibodies indicate parallel compartmental humoral immune
responses in saliva that correspond to those in serum (Pan
et al. 2020).

Viral antigen detection

Prior biosensing strategy would utilize complementary DNA
(cDNA) or antibodies to obtain viral RNA or antigen. The
existence of SARS-CoV-2 infection is identified by utilizing
graphene field-effect transistors (GFET) as a biosensor. It
helps in determining the seriousness of the infection (Roc-
chitta et al. 2016). The graphite film serves as the reading
region of the FET-based biosensor, which is then transferred
to the Si/SiO, substrate to successfully modify with the anti-
body of COVID-19. It is immobilized well on the surface
of the graphene sheet by drop-casting. This instrument can
detect COVID-19 antigen concentrations as low as 1 fg/
ml in a phosphate buffer, which is substantially lower than
the PCR/ELISA approach (Nguyen-Contant et al. 2020).
The medium used is universal transport medium (UTM),
with the assay used for biosensors for nasopharyngeal swab
suspension.

A rapid assay method was developed to confirm the
expression of the viral genome released by SARS-CoV-2 in
samples from an infected person’s respiratory tract. In this
experiment, the protein in the sample adheres to antibodies
coupled with a sheet of paper in a glass container. Within
half an hour, this reaction produces a detectable signal.
The test could indicate intense or initial infection because
the proteins found are expressed only when the pathogen
is continuously replicating (Drobysh et al. 2022). In addi-
tion, Abbott has introduced a more powerful version of the
COVID-19 instant diagnostic test, which screens for antibod-
ies in infected human blood. Abbott's diagnostic devices can
detect antibodies to SARS-CoV-2 and are available on the
ARCHITECT i1000SR and i2000SR scientific instruments,
which can perform 100-200 tests per hour. Antibodies to
SARS-CoV-2 are produced after one week of infection. Age,
nutritional status, the severity of the disease, concomitant
diseases, and medications can influence the intensity of the
antibody response (Seo et al. 2020).

Microfluidic device

Another possibility for experiments with real evidence is
microfluidic devices. These microfluidic crisps are imprinted
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with micrometer-sized circuits and reactivity units made
of polydimethyl sulfoxide and paper and offer advantages
such as reduced sample size, compact dimensions, and rapid
detection time. These microfluidic crisps work by blending
and separating fluid materials employing electrokinetics and
capillary pressure, which is their core principle (Ramachan-
dran et al. 2021).

Mass screening of people is recognized as a crucial step in
limiting the virus proliferation. Some countries in America
and Africa reported fewer cases due to the shortage of tests
done. Nowadays, quantitative reverse transcriptase polymer-
ase chain reaction (QRTPCR) is applied and endorsed by
WHO for case confirmation. qRTPCR (quantitative reverse
transcriptase polymerase chain reaction) primer, thermocy-
clers, specific reagent, and qualified personnel are the most
important requirements (Sen et al. 2022). Microfluidics can
be used as an alternative to the time-consuming assay. The
emergence of microfluid devices is enabled due to the micro-
electronics and micro-electromechanical systems as they can
manipulate a small number of fluids.

Moreover, they can also retrieve information from the
small sample volume. Microfluidic devices are used at the
early stage of diagnosis as recent researchers have found
that they can detect viruses (Kalita et al. 2021). The genetic
code that forms virus consists of an envelope of proteins and
a lipid ligand. Proteins are detected by Western blot, PCR,
and amplified genetic material. Many approaches based on
benchtop assays are transferred to the microfluidic device to
minimize the amount of reagents needed and to speed up the
reaction. The microfluidic device would elaborate a structure
that can detect the biological samples. The detector that uses
the amplification of genetic code requires a specific DNA
probe design called primer to find a target sequence in the
virus's genetic material (Maggi et al. 2019).

Magnetic nanosensor

Gold nanoislands (AuNIs) were utilized to build plas-
monic photothermal (PT) biosensors that target the
ORFlab, RdRp, and E genes to pinpoint SARS-CoV-2 RNA
sequences. Nanosensors based on magnetic nanoparticles
(MNPs) generate heat as a result of their optical proper-
ties when aggregate vibrations in energy concentration take
place at the interface of nanomaterial via conjugating to
magnetic radiation. The increased frequency of collisions
with lattice atoms caused by the enhanced motion of con-
duction electrons leads to the generation of PT-induced
heat (Hofmann et al. 2008; Moabelo et al. 2021; Esbin et al.
2020).

Nanosensors based on magnetic nanoparticles (MNPs)
are advantageous for viral pathogen identification (Islam
and Ahsan 2020; Barnett et al. 2019). Tian et al. claim that
nanosensors based on MNPs can be used for screening
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nucleic acids by combining uniform circle-to-circle ampli-
fication (UC2CA) and iron oxide NPs (IONPs). In this
approach, the effect of an ambient magnetism allows both
single and coupled IONPs to exhibit different optical prop-
erties (dispersion or absorption). When the recognition
markers of the IONPs are paired with UC2CA, the coupled
IONPs that produce the end amplicons (single-stranded
DNA) are formed. Consequently, the configurations of the
IONPs can be used to study the opto-magnetic parameters.
This method has been shown to be accurate in distinguish-
ing the genetic variants of SARS-CoV and SARS-CoV-2. In
addition, it has been used to detect RdRp motifs for SARS-
CoV-2 (Tian et al. 2020).

Nanomedicine

The discipline of medicine known as "nanomedicine"
exploits nanotechnology to treat and prevent disease. It is
utilized in various applications of living organisms, includ-
ing diagnostics, delivery, and actuation. It is described as
using manmade nanodevices and nanostructures to moni-
tor, create, and regulate human biological systems at the
molecular level (Zhang et al. 2022). The unique qualities
of nanomedicines may hold the key to solving many of
today's problems in cancer, cardiovascular and neurologi-
cal illnesses, and sickness. The nanomedicine formulation
imparts various beneficial properties such as lower side
effects, molecular targeting by nanoengineered devices, bet-
ter absorption with higher intestinal permeability, improved
bioavailability, and prolonged and targeted medication deliv-
ery. The main benefit of nanomedicines in several current
applications is improving drug delivery for therapy. The
main mechanism of drug delivery based on nanomedicine
called increased bioavailability, and retention is the example
of selective medication tailoring (Patra et al. 2018a, b). It
helps to increase absorbability and can be removed from
the body waste before treatment, which can be effective.
Nanomedicine is vital in improved efficacy, bioavailability,
and targeting ability and is safer than conventional medi-
cines. Nanomedicine influences all medicine sectors and
is regarded as a significant tool for vaccinations, medical
imaging, innovative diagnostics, nanotherapeutics, and the
development of biomaterials for restorative medicine (Ledet
and Mandal 2012). Surfactants (liquid crystals, nanoemul-
sions, and microemulsions), polymers (polymeric nanoparti-
cles), proteins (protein nanoparticles), and lipids (liposomes,
lipid—solid nanoparticles, and nanostructured lipid carriers)
have all been employed in nanomedicine. The strength of
interactions between biological/tissue molecules and nano-
particles is the foundation of their use in various medici-
nal applications (Flithmann et al. 2019). Soft nanomateri-
als are primarily used to enhance the pharmacokinetic,
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pharmacodynamics, and biopharmaceutical aspects of drug
loading. The performance and tolerability of the therapy may
be impacted by the use of nanoparticles to enhance selective
therapeutic localization (active or passive) and optimized
the release rate of the drug. Due to their antimicrobial quali-
ties, metallic, and polymer-based nanoparticles were also
applied in nanomedicine (antiviral, antifungal, antibacterial,
and antiparasitic) (Patra et al. 2018a, b).

Nanomedicine-based drug delivery system

Numerous conditions, including diabetes, cancer, cerebro-
vascular disease, and neurodegenerative disorder, can be
treated with drug delivery systems based on nanotechnology.
Some nanomedicines are available in the market through
parenteral or oral administration. Novel nanomedicines can
be prepared through several preclinical and clinical trials,
which can be administered through different routes such as
nasal, ocular, vaginal, dermal and pulmonary. Several devel-
oped formulations based on nanomaterials are discussed
below.

Liposomes

Alec Bangham developed liposomes in the year 1960.
Cosmetics and pharmaceutical industries have utilized
liposomes to transport drugs and other diverse molecules.
Liposomes are considered a fixed formulation method to
improve the drug delivery system. Liposomes are spherical-
shaped vesicles, usually in the 50-450 nm, composed of ster-
oids and phospholipids. They are regarded as a good vehicle
for drug delivery due to their ability to incorporate drugs and
possess an analogous membrane structure (Kupferschmidt
and Cohen 2020). Liposomes would improve biodistribu-
tion and build stable compounds that allow them to utilize
hydrophobic and hydrophilic drugs. There are four types
of liposomes. The first is a lipid bilayer in which aqueous
hydrophilic and hydrophobic substances are surrounded by
cationic, anionic, or neutral phospholipids and cholesterol.
The second variety is PEGylated liposomes, which consist
of PEG (polyethylene glycol) inserted onto their surface to
achieve steric equilibrium. The ligand-targeted type is the
third kind in which ligands such as carbohydrates, antibod-
ies, and peptides are attached to the surface of liposomes.
The fourth form is the theranostic, a combination of the first
three types addressed prior that consists of a nanoparticle
with imaging, targeting, and therapeutic elements (Bozzuto
and Molinari 2015).

Li et al. prepared and characterized a liposomal remde-
sivir inhalation solution for targeted pulmonary delivery
for COVID-19 therapy. The results indicate that liposomal
remdesivir shows rapid conversion of remdesivir to active

nucleoside triphosphate and its Tmax is 1 h. This observa-
tion might be due to the fact that liposomes have high drug
loading and are biocompatible with cell membranes. This
would lead to faster uptake of remdesivir by cells and in
larger amounts (Li et al. 2021). The central composite design
was used to optimize the ritonavir proliposomes, and the
results of the physicochemical properties were appropriate.
The rats treated with the liposomal formulation exhibited
a higher amount of drug in the lymphoid tissues compared
with the pure drug. The results suggest that the targeting
potential of biotin-coated proliposomes of ritonavir is pre-
sent (Ahammed et al. 2017). Mice infected with either dead
or live SARS-CoV-2 developed acute respiratory distress
syndrome (ARDS). Treatment with tripterine liposomes
significantly reduced the severity of pulmonary pathologi-
cal changes and viral load. It was observed that tripterine
liposomes reduced SARS-CoV-2 replication and hyperin-
flammation in mice and cells infected with the virus. There-
fore, it is a potential option for a drug that could be used to
treat ARDS caused by SARS-CoV-2 (Que et al. 2022).

Polymeric micelle

Micellar nanostructures known as polymeric micelles are
composed of an amphiphilic block copolymer that has the
ability to self-assemble into a core with a shell when intro-
duced into an aquatic system. For example, docetaxel, camp-
tothecin, and paclitaxel are hydrophobic drugs that can be
loaded into the hydrophobic cavity. The hydrophilic coat-
ing would stabilize the core and make the system soluble in
water when used. To avoid rapid excretion through the kid-
neys, polymeric micelles have a diameter of about 100 nm
and have only a small volume of distribution. Therefore,
they can be collected in tumor tissue due to their increased
permeability and retention effect.

On the other hand, the hydrophobic medication can be
integrated into the core structure, enhancing the drug's bio-
availability and stability (Ahammed et al. 2017; Cho et al.
2015). These micelles can be synthesized by precipitating
one block and adding a solvent and direct dissolution of
polymer in a convenient solvent-based followed by dialy-
sis (Cho et al. 2015; Xu et al. 2013). Micelle formation is
affected by amphiphilic molecules in the hydrophobic chain,
the concentration of amphiphiles, temperature, and solvent
system (Kulthe et al. 2012).

Targeted drug delivery, nanoscopic core structure,
minimal biodegradability, micellar coupling, biocompat-
ibility, and much-improved longevity are all attributes of
polymeric micelles that make them ideal for drug therapy
(Chamundeeswari et al. 2019). Chaudhari and Handge
reported the development, characterization, and validation
of lopinavir-encapsulated polymeric micelles using co-
solvent (Tween 80) and polymeric material (Pluronic F127
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and Pluronic F68) (Chaudhari and Handge 2020). The novel
drug formulation increased drug loading capacity, bioavail-
ability, and encapsulation performance. Mahajan and Patil
developed polymeric vitamin E-tocopheryl polyethylene
glycol succinate micelles encapsulating lopinavir for oral
therapy. The developed lopinavir polymeric micelles had a
better dissolution rate. An in vivo pharmacokinetic study in
New Zealand rabbits showed that the formulated drug had
much higher bioavailability (3.17%) than lopinavir suspen-
sion (Mahajan and Patil 2020).

Dendrimers

Dendrimers are monodispersed 3-D entities that may be
cleaved into two halves. They have a spherical shape whose
surface can be uniformly functionalized, making them
exceptional for drug delivery (Mahajan and Patil 2020; Kes-
harwani et al. 2015). The dendrimers can be synthesized in
two ways: the dendrimers would start forming from the core
and then outside of the dendrimers. The other method is
convergent in which the formation would start from outside
the dendrimers (Zhu and Shi 2013). There are various types
of dendrimers based on their functionalization moieties such
as polypropylene imine (PPI), polyamidoamine (PAMAM),
core—shell, peptide, glycodendrimers, liquid crystalline, chi-
ral and polyamidoamine-organosilicon (PAMAMOS). Since
PAMAM is water-soluble and can penetrate epithelial tis-
sues, it is mainly explored for oral drug delivery (Cheng
et al. 2008). However, the applications of dendrimers are
limited due to the presence of amino groups'. This group
is cationic or positively charged, which makes them toxic.
Therefore, the utilization of dendrimers requires some
modifications to reduce their toxicities. Drugs are loaded
into the dendrimers through electrostatic interaction, sim-
ple encapsulation, and covalent conjugation (Noriega-Luna
et al. 2014). Drugs can be delivered in two ways. The first is
in vivo delivery, where the degradation of the covalent bond
of the dendrimers depends on the favorable environment and
the enzymes available to cleave the bond. Ethynylene—per-
ylene (EPer) would discharge the drug due to environmen-
tal changes such as temperature and pH (Tripathy and Das
2013). Drugs can be delivered orally, pulmonary, transder-
mally, ocularly, and targeted through dendrimers (Keshar-
wani et al. 2014).

Among the extensively documented studies on the
application of dendrimer systems for therapeutic purposes
COVID-19, numerous findings can be summarized. Accord-
ing to Itani et al., dendrimers can connect robustly with
viruses and COVID-19 suppress invasion in target cells. This
comprehensive analysis explored the prospective importance
of nanoparticles such as theranostic dendrimers as suitable
transporters for immune stimulators or cures to help com-
bat COVID-19 (Prusty and Swain 2018). In an experiment
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comparable to Middle East coronavirus, Kandeel and co-
workers investigated the antiviral potential of 16 different
polyamidoamine dendrimers against SARS-CoV-2. In these
intriguing experiments, polycationic dendrimers comprising
the primary amine (-NH2-) class (grade 2/3/4 and/or 5) and
three different categories of polyanionic dendrimers com-
prising the amido ethanol hydroxyl class (grade 2/3/4 and/or
5), the sodium carboxylate end group class (grade 1.5/2.5/3.5
and/or 4.5), succinic acid class (grade 2/3/4 and/or 5) were
structured and assumed to have calcification inhibitory activ-
ity in SARS-CoV-2. The grade 1.5 CO2-Na polyamidoamine
dendrimer inhibited SARS-CoV-2 calcification growth most
strongly (inhibitory effect 40%), followed by the grade 5
polyamidoamine dendrimer with succinic acid (inhibitory
effect 39.7%), which contains terminal grades 16 and 128.
Vero cells showed a strong toxic effect in the presence of
cationic dendrimers. The authors suggested that antiviral
agents could be incorporated into these dendrimers for use
as nanomedicines (Itani et al. 2020).

Inorganic nanoparticles

Inorganic nanoparticles, including gold, silver, silica, and
iron oxide, possess exceptional potential applications. Gold
and silver-like nanoparticles have properties like surface
plasmon resonance (SPR), which is not possessed by den-
drimers, liposomes, or micelles. They also have several
advantages that include versatility and biocompatibility.
Drug conjugation with gold nanoparticles can occur through
covalent or ionic bonds. In addition, silver nanoparticles can
exhibit antimicrobial activities. For example, a spongy and
interconnected dextran/polyacrylamide nanohydrogel matrix
covalently coupled with AuNPs could release the ornidazole
with a 98.5% in vitro (Kandeel et al. 2020).

Experimental research with iron oxide (I0) nanoparti-
cles targeting SARS-CoV-2 was explored. IO and metal
oxide nanoparticles with the versatile properties of zinc
oxide, titanium dioxide, and copper oxide are effective in
antiviral diagnosis and treatment. Titanium dioxide nano-
particles destroy pathogens by generating reactive oxygen
species. This is according to a recent paper that investigated
the photocatalytic and antiviral properties of titanium diox-
ide. It tends to inhibit viruses, structurally destroy DNA,
and degrade the phospholipid bilayer (Choudhury et al.
2005). Silver nanoparticles bind to viral proteins in two
ways: (i) they attach to the outer membrane of the virus,
preventing it from attaching to the cell surface receptor; and
(i1) they attach to the viral nucleic acid (RNA or DNA),
limiting transfection and viral replication within the host
cell (Mahajan and Patil 2020). In addition, the entry of the
antiviral transcription factors interferon regulatory factors
(IRF)-7 into the nucleus of lung epithelial cells is sup-
pressed by silver nanoparticles and mitochondrial cycling
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is disrupted (Halbus et al. 2017). According to a recent find-
ing, SARS-CoV-2 may resist the antiviral effect of silver
nanoparticles (Salleh et al. 2020).

Nanoemulsions

Nanoemulsions do not irritate or affect the skin. Therefore,
they can effectively improve drug bioavailability (Villeret
et al. 2018). In addition, nanoemulsions consist of small
particles with a large surface area, which promotes absorb-
ability (Abd Elkodous et al. 2021). To understand how
some pathogenic viruses are affected by nanoemulsions
of different essential oils, several experiments have been
carried out. The majority of published studies assume that
the nanoemulsions of various essential oils would interfere
with the assembly of the virion envelope, thus blocking the
attachment of viruses and their penetration into host cells
(Naseema et al. 2021).

Nanoemulsions can compromise virion membrane integ-
rity or obscure viral assembly, preventing SARS-CoV-2
penetration and adhesion into host cells. Furthermore, the
encapsulated favipiravir nanoemulsion can suppress the viral
polymerase enzyme of SARS-CoV-2, i.e., RNA-dependent
RNA polymerase activity in infected cells. In conclusion, we
predict that encapsulated favipiravir nanoemulsions could
successfully prevent the adhesion of SARS-CoV-2 while
disrupting its morphology (Franklyne et al. 2021).

Nanosuspensions

Nanosuspensions are submicron dispersions of hydrophobic
drug particulates that have been stabilized with surfactants
and possess a high affinity for target receptors (de M Ribeiro
and Fonseca 2020). Nanosuspensions have high bioavail-
ability and dissolution rate due to their small size and greater
surface area (Jacob et al. 2020). In the recipient tissues,
nanosuspensions can drastically limit viral replication and
inhibit the virus from infiltrating host cells (Flithmann et al.
2019). Due to their extensive surface area and capacity to
adhere various antigens to their interface, they are very often
used in research. Furthermore, nanomaterials such as carbon
quantum dots, gold nanoparticles, and carbon quantum dots
have been characterized as both stimulating and preventing
virus interaction in the host cells (Noyes and Whitney 1897).

Nanosuspensions are effective in delivering therapeutics
that are lipid and water-insoluble (Szunerits et al. 2015).
Additionally, they increase the drug solubility and rate of
dissolution (Murtaza et al. 2020). Fucoxanthin (a carot-
enoid antioxidant) is readily soluble in organic solvents,
1.e., acetone, and insoluble in water and exhibits excellent
consistency and oxidative stability over a wide pH range.
Acute toxicity was studied at a dose of 2000 mg/kg (LD50)
and confirmed to be non-toxic. Conventional therapeutic

administration is limited by the high dosage of fucoxanthin
extract and its solubility properties. However, nanosus-
pension materials could easily overcome these limitations
(Yousaf et al. 2021).

Quantum dots

Quantum dots have a size of 2-10 nm and are known as
semiconductor nanocrystals. Their optical properties such
as photoluminescence and absorption depend on their size
(Muthuirulappan and Francis 2013). Nowadays, quantum
dots have become very important in the field of nanomedi-
cine. The emission of quantum dots is in the infrared range,
i.e., below 650 nm. This is due to the lower scattering of
light and low absorption in tissue, which makes them desir-
able for biomedical imaging (Muthuirulappan and Francis
2013; Volkov 2015).

Additionally, different quantum dot sizes and composi-
tions can excite a similar source of light, culminating in dif-
ferent of emitting colors throughout a wide range of spectra
(Liu et al. 2010; Xu et al. 2016). In this manner, quantum
dots are highly captivating for multiplex imaging. Quantum
dots are studied as sensors, target drug delivery, and bioim-
aging in the medicinal field. In literature, the in vivo imaging
of the quantum dots is available for its application (Shi et al.
2015; Han et al. 2015).

Carbon-based quantum dots with a cationic external
potential could be exploited to inactivate the SARS-CoV-2
S protein (Balaji et al. 2018). Furthermore, SARS-CoV-2
releases reactive oxygen species due to the binding of
quantum dots with positive extrinsic characteristics to the
virus-negative RNA motif (Ting et al. 2018). In a study
conducted by Du et al., it was shown that carbon dots have
antiviral properties against respiratory syndrome and pseu-
dorabies virus (Dong et al. 2017). In addition, carbon dots
trigger interferon-stimulated signaling pathways, including
interferon-a formation, which limits viral replication. Inte-
gration of targeted substituents into quantum dots could also
efficiently attach to the SARS-CoV-2 entry receptor and alter
cellular reproduction (Du et al. 2016).

Protein and polysaccharide nanoparticles

Proteins and polysaccharides are natural biopolymers
extracted from animals, plants, marine sources, and microor-
ganisms (Iannazzo et al. 2018). Protein-based nanoparticles
are usually metabolized, decomposable and facile for drug
and other targeted ligand attachment. There are two ways
to produce these nanoparticles. The first method is derived
from water-soluble proteins such as human serum albumin
and bovine serum albumin. The other option is to use insolu-
ble proteins such as gliadin and zein. The usual synthesis
is by desolvation or coacervation, complex coacervation,
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solvent/emulsion extraction, and electrospraying. These
nanoparticles were chemically modified to integrate targeted
compounds and localize tissues and cells to support the tar-
geting mechanism (Bassas-Galia et al. 2017).

Polyguluronate sulfate, carrageenan, chitosan, and some
derivatives of marine polysaccharides have potent inhibitory
antagonistic potential against several viruses and provide a
platform for conducting a study on coronaviruses (Lohchar-
oenkal et al. 2014). The most common cause of severe
infectious diseases of the upper respiratory tract sometimes
referred to as the common cold are respiratory viruses such
as influenza viruses, coronaviruses, and rhinoviruses (Moro-
kutti-Kurz et al. 2017; Tomas et al. 2022). Clinical stud-
ies have shown that using an iota carrageenan nasal spray
to relieve the common cold can shorten the severity of the
infection. The antiviral efficacy of carrageenan nasal spray
was found to be significant for three categories of viruses:
influenza A virus, human coronavirus, and human rhinovi-
rus, with the greatest success observed in individuals with
human coronavirus. In individuals with coronavirus treated
with Carra-Gene, the severity of infection was 3 days shorter
(p <0.01), and the frequency of exacerbations was threefold
lower (p <0.01) than in untreated individuals (Morokutti-
Kurz et al. 2017). In addition, sulfated polysaccharides such
as sulfated rham-nan and fucoidan may impair the develop-
ment and function of the epidermal growth factor receptor
or decrease its signal transduction, which could improve the
silencing function of coronavirus (Monto et al. 2001; Wang
et al. 2017).

Role of nanomedicine in the management
of COVID-19

One of the most pressing issues over the past pandemics
is the absence of a viable therapy for viral diseases such
as SARS-CoV-1, MERS-1, and SARS-CoV-2. As a result,
repurposed therapeutics are more beneficial than newer
drugs developed in treating COVID-19 outbreaks. A new
vaccine typically takes a long time to produce, requiring
multiple rounds of guidelines and trials. One of the major
challenges in successfully treating COVID-19 is insufficient
cellular uptake of the newly developed antiviral drugs. Their
usage is also limited due to several factors such as low bio-
availability, poor water solubility, increased toxicity, lower
biological potential, and a high risk-to-benefit ratio (Wang
et al. 2018; Ansari et al. 2020).

Consequently, these limitations would limit the pros-
pects of new techniques to increase the efficacy of repur-
posed drugs and their better absorption into the body. To
overcome this limitation, a variety of nanomedicine-based
systems have been developed to enhance the therapeutic
efficacy of newly developed antiviral drugs (Lembo et al.
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2018). Antiviral drugs based on nanomedicine offer several
opportunities to overcome the drawbacks of current anti-
viral therapeutics (Zazo et al. 2016). Several fundamental
obstacles, such as low bioavailability and poor aqueous
solubility, can be addressed through nanomedicine design.
This involves modifying the pharmacokinetic and pharma-
codynamic properties of drugs to achieve lower toxicity and
lower dose, improve drug bioavailability, and inhibit viral
spread (Sahakijpijarn et al. 2020; Ahmad et al. 2016). Addi-
tionally, nanomedicine can penetrate cellular membranes
and concentrate therapeutic effects in viral persistence sites
(Akhter et al. 2012). One of the most attractive approaches
to minimize the adverse effects of viral rebound and patient
compliance during the course of therapy is nanomedicine
with intrinsically regulated or prolonged release capabili-
ties (Yadav et al. 2019). Nanocarrier technology could thus
be used to repurpose drugs and optimize treatment efficacy
COVID-19 (Li et al. 2020a, b).

The upsides of nanocarriers include their high drug
loading effectiveness, larger surface area, smaller in size,
prolonged drug releasing pattern, and enhanced optimum
performance of the loaded pharmaceuticals in such a novel
drug delivery system (Fig. 3) (Sahakijpijarn et al. 2020;
Ahmad et al. 2016; Wankar et al. 2020). Nanotechnology
has a specific physicochemical advantage in medicine due
to its unique hydrophobic or hydrophilic nature, nanosize,
nanoshape, and the possibility of ligand conjugation on its
membrane. These nanoscale physicochemical features would
improve pharmaceutical applications' efficiency, specificity,
functionality, and sensitivity (Kobayashi et al. 2014). Several
nanomedicine groups could be repurposed to treat COVID-
19 therapy, and they are further summarized below. Table 2
outlines the findings of nanomedicine as a strategy to aug-
ment the pharmacological output of several repurposed
medications with the potential for COVID-19 treatment.

Liposomes targeted drug delivery system
for COVID-19

The liposomes are the bilayers of lipid vesicles and are cur-
rently utilized to deliver aquaphobic drugs (Puri et al. 2009).
The liposomes would function as stealth liposomes whereby
the systemic circulation is long, targeted, and stimulus-
responsive for drug delivery. As liposome is complex and
biologically degraded in nature, it is one of the methods of
choice for the carrier of drug formulation. Moreover, it is
also a productive platform for developing a novel formula-
tion of COVID-19 diseases. Studies have found that syn-
thetic peptides loaded on the liposomes are potential venues
for treating SARS coronavirus infection (Lokhande 2018).
Liposomes that are chemically conjugated peptides have
been used in the treatment of SARS because they are suita-
ble for the cytotoxic T-lymphocyte strategy that reduces viral
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Fig.3 Role of nanomedicine drug delivery in COVID-19. Nanomedi-
cine offers numerous characteristics that may be effectively used to
transport therapeutic compounds to infected cells, and the tailored

load. A novel hydroxychloroquine formulation administered
to Sprague—Dawley rats had shown efficacy against COVID-
19. Unlike the IV injection, the formulation is breathed and
has a greater concentration of medication in the lungs, a
longer half-life, and less exposure to other organs such as the
heart. Liposome as a carrier system for the delivery of drugs
in the treatment of COVID-19 has many advantages. Forty
percentage of small molecule drugs used to treat cancer are
poorly soluble in water. Therefore, a similar drug delivery
method is needed immediately to encapsulate the drug and
increase its water solubility (Wankar et al. 2020).

Cyclodextrin combination targeted drug delivery
system for COVID-19

Cyclodextrin (a biocompatible natural polysaccharide) has a,
B, and y as essential components. According to reports, cyclo-
dextrin nanoparticles are gaining importance due to numer-
ous cyclodextrin components that absorb a greater amount of
therapeutics than normal cyclodextrin (Sun et al. 2014). Cyclo-
dextrin-based remdesivir nanoformulation has just received
Food Drug Administration (FDA) approval for the treatment
of COVID-19 (Khalaj-Hedayati et al. 2020). In the clinical
context, it has shown encouraging results in various viruses,
including Middle East respiratory syndrome coronavirus and
Nipah virus (Jones et al. 2020). In contrast to its function as
a medical dispersant for therapeutics, which are primarily
hydrophobic, cyclodextrin also possesses antiviral activities
(De Wit et al. 2020). Therefore, cyclodextrin could be used as
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ligand-coupled nanoparticle selectively interacts with viral residues,
resulting in virus destruction and inability to penetrate the cells

a delivery strategy for respiratory sprays for therapeutics that
require targeted selectively to the pulmonary system (Khalaj-
Hedayati et al. 2020).

Inorganic and metallic-based nanocomposites
targeted drug delivery system for COVID-19

Inorganic nanocomposites for therapeutics delivery can be
developed using a variety of metallic nanoparticles, including
platinum, silica, silver, gadolinium, gold, and its nanocrys-
tal conglomerates (Kumari et al. 2017). Silver nanoparticles
are known for their extensive antibacterial activity and are
an essential ingredient in pharmaceutical formulations, e.g.,
silver sulfasalazine (a sulfa antibiotic), where silver particles
support the antibacterial activity of the sulfasalazine. Silver
nanoparticles are also being studied for their possible virucidal
properties. It has been observed that SARS-CoV-2 attaches
to cell membrane and persists there for up to 12 h, while the
silver nanoparticle-based antibacterial film can eradicate the
virus (Chaturvedi et al. 2020). This film can be sprayed on
metal, glass, and ceramic surfaces to hamper the proliferation
of SARS-CoV-2 in busy places such as universities, hospitals,
and marketplaces (Prasad et al. 2015).

Polymeric solid colloidal nanoparticles targeted
drug delivery system for COVID-19

Due to their unique properties, including targeted drug
delivery, controlled drug release, improved tolerability, and
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Table 2 Overview of nanomedicine for improving the pharmacological efficacy of a repurposed medication with COVID-19 management poten-

tial

Drug Nanocarrier Model (In vitro/In vivo) Results References

Lopinavir Liposome  In vitro Improved target specificity; bioavailability is significantly Patel et al. (2017)
elevated in the thymus and spleen

Lopinavir Liposome  Wistar albino rats Increased drug transport in the lymphatic system; oral bioavail- Freitas et al. (2005)
ability is significantly improved; the drug release is regulated
through diffusion

Lopinavir Liposome  Wistar albino rats Oral bioavailability is significantly improved Sercombe et al. (2015)

Ritonavir Liposome  Wistar albino rats Enhanced lymphatic targeting specificity in the intestine; bio- ~ Negi et al. (2014)
availability in the spleen and thymus is significantly higher
than in the plasma

Ritonavir Liposome  Wistar albino rats Increased bioavailability and in-vitro release in the spleen and ~ Maniyar and Kokare (2019)
thymus; improved target specificity

Lopinavir NLC Wistar albino rats The drug peak plasma concentration is improved Kumar et al. (2018a, b)

Lopinavir NLC Wistar albino rats Bioavailability is increased by 6.98 times when compared toa ~ Garg et al. (2019)
drug suspension

Lopinavir SLN Wistar albino rats Improved Tissue Distribution; improved oral bioavailability by =~ Khan et al. (2019)
a significant extent; drug degradation protection

Ritonavir SLN In vitro Ensure that viral replication is actively suppressed; entrapment  Ravi et al. (2014)
efficiency has increased; biphasic controlled release

Lopinavir PM In vitro Entrapment efficiency has increased; improved stability Yadav et al. (2019)

Ribavirin PN C57BL/6N mice Longer residence time in the mice liver; improved cellular Javan et al. (2017)
internalization

Lopinavir PN In vitro Enhanced drug release pattern; Entrapment efficiency has Ishihara et al. (2014)
increased

Lopinavir SNEDDS  Wistar albino rats Significant build-up in organs such as the spleen and liver; Katata et al. (2020)
biphasic controlled release; bioavailability are enhanced by 4
times

Lopinavir SNEDDS  Wistar albino rats Entrapment efficiency has increased; bioavailability is consider- Ravi et al. (2015)
ably enhanced

Lopinavir TPGSM New Zealand rabbits Relative bioavailability is enhanced by 3.17 times; entrapment ~ Patel et al. (2016)

efficiency has increased; improved drug dissolution

Nanostructured lipid carriers: NLC, Solid lipid nanoparticles: SLN, Polymeric micelles: PM, Polymeric nanoparticles: PN, Self-nanoemulsify-
ing drug delivery system: SNEDDS, D-a-Tocopheryl polyethylene glycol succinate micelles: TPGSM

efficiency, PN promotes stable in vivo delivery of therapeu-
tic agents (De Wit et al. 2020; Balagna et al. 2020). Due
to their nanosize, they also prevent large dose-dependent
side effects and penetration through biological membranes.
This favorable property of polymeric nanoparticles can be
exploited for drug delivery to revive currently accessible
therapeutics for the treatment of the SARS-CoV-2 outbreak.
Zhang et al. formulated nanoparticles based on PLGA [poly
(lactic-co-glycolic acid)] polymers to combat the infection
rate of SARS-CoV-2. PLGA was used as the internal base
component in a membrane-enveloped nanoparticle derived
from human macrophages and human lung epithelial cells of
the II type, which exhibit the same physiological processes
as SARS-CoV-2 invading recipient cells (Verma et al. 2017).
During the incubation period, these biological nanoparti-
cles serve as a receptive target for SARS-CoV-2, where it
is destroyed and can no longer enter recipient cells (Zhang
et al. 2020a, b). Therefore, the polymer-based nanoparticles
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may provide a nanocarrier platform for the delivery of thera-
peutics against SARS-CoV-2 contamination.

Nano-based vaccines

The sudden appearance of COVID-19 has necessitated the
immediate use of drugs to combat the virus. Health pro-
fessionals have attempted various methods to manage the
symptoms. Still, due to certain factors including low solu-
bility, permeability, and the limitation of targeting compe-
tence, they could not be used as they were unable to provide
the required therapeutic effect. To deliver the drug to the
appropriate venue with the fewest adverse effects, nano-
technology has been essential (Kumari et al. 2018). They
could transport the therapeutic molecule to the infected
cells, and the targeted liganded nanoparticles would bind
with the viral epitopes, deactivating the virus and prevent-
ing it from entering the cell. According to the WHO report
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on COVID-19 candidate vaccines, 52 possible vaccines are
undergoing clinical trials, while 162 are in the preclinical
stage of development throughout December 8, 2020 (Raj
et al. 2021). The platforms include virus-like particles,
DNA, protein subunits, RNA, inactivated viruses, and non-
replicating viral vectors. With a pandemic like COVID-19,
a huge amount of vaccines is needed, which is not made
possible with the existing production of vaccines (Ashraf
et al. 2021). In this case, the noble way of drug delivery
has assisted, including reverse vaccinology, nanomedicine,
next-generation sequencing, and human challenge studies.
The nanoparticle-based vaccination has elicited a strong
immunological response that is well-tolerated. Gold, silver
sulfide, titanium oxide, zirconium, and graphene are some
of the materials that have been considered (Haslberger et al.
2020). Drug delivery, cancer nanovaccines, immunological
engineering, nanosensors, and platform technologies are
some techniques employed by nanoresearchers.

In the case of the increasing number of pathogenic bacte-
ria that are resistant to antimicrobial agents, there are several
studies that have demonstrated the efficacy of nanotechnol-
ogy-based antimicrobial therapy (Nikaeen et al. 2020). Tar-
geted nanotechnology is a new resource for the treatment
of antiviral diseases. The employment of nanoparticles in
the battle against SARS-CoV-2 has created a mechanism
that inhibits the virus's entry into the host cell until it is
inactivated. The targeted nanoparticles specific to virus-
expressed protein would minimize the internalization of the
virus. Metal nanoparticles can prevent the virus from attach-
ing to the surface of the cell and impair the virus's ability
to replicate once it enters the cell (Kumar et al. 2018a, b).
The size, shape, and surface charge of nanoparticles would
determine how effective the treatment is. However, several
safety precautions need to be taken to reduce host cell cyto-
toxicity. Well-established nanotechnology drug delivery
would improve traditional therapies in medicine, as seen in
the SARS-CoV-2 outbreak, but its use in viral diseases is
still relatively unknown. By shortening PCR assays, reduc-
ing detection time, improving sensitivity, amplifying sig-
nals, and using them as adjuvants in vaccines, nanostructure
technology could help diagnose disease. Nanotechnology
has the potential to assist in the pathogenesis of COVID-19
in a variety of ways, including attenuation, possible mem-
brane attachment and fusion upon viral entry, and protein
fusion in infected cells. Activating intracellular pathways
for reversible virus damage and deactivating viral transcrip-
tion, translation, and replication may be more effective with
nanocapsulated vaccines (Maji et al. 2020).

To increase half-life and longevity and to elicit adequate
cellular and antibody responses, nanoparticles can serve as
biologics or cargo for vaccination, sometimes referred to
as nanovaccines, among other factors (Varahachalam et al.
2021). The basic principle of this approach is to integrate an

epitope that triggers protective immunity into nanoparticles
of 1-100 nm and establish an immunological storage that
protects the body from emerging harmful microorganisms.
Moreover, suitable protein nanoparticles from the architec-
tural proteins of SARS-CoV-2, i.e., envelope (E), membrane
(M), nucleocapsid (N), and spike (S), can be transported to
target immune systems that would trigger immune feedback
and confer durable resistance to the virus. Protein nanopar-
ticles and biologics have already been used for Middle East
Coronavirus 1 and Severe Acute Respiratory Syndrome, and
they could also be developed for SARS-CoV-2 (Coleman
et al. 2014; Xiang et al. 2006). Pimentel et al. developed a
nanovaccine using a repetitive SARS-CoV-1 S protein anti-
gen of around 25 nm to design a targeted antibody that can
prevent contamination with SARS-CoV-1 (Pimentel et al.
2009). Matsuura et al. designed virus-like nanoparticles that
stimulate a viral protein. We hypothesize that these nano-
particles can also be used to produce SARS-CoV-2 pro-
teins for vaccination applications (Matsuura et al. 2010).
Microparticles (25 nm) depending on epitope selectivity and
adjuvant strategies have been utilized to enhance the trans-
port of peptide/protein epitopes to dendritic cells to trigger
both cellular and humoral immunological responses in rats
(Matsuura et al. 2010). Numerous nanoparticles, including
nanobioceramics, liposomes, cationic polymers, polymer-
based particles, gold nanoparticles, virus-like nanoparticles,
and peptide nanoparticles, can be used to stimulate lym-
phatic circulation and produce B lymphocytes (B cells) and
T lymphocytes (T cells) for efficient clearance of SARS-
CoV-2 (Reddy et al. 2008; Gregory et al. 2013; Wilson et al.
2018; Koshy et al. 2017; Chen et al. 2016). Stimulating
CDS8 + (cytotoxic) T lymphocyte cells or CD4 + (helper) T
lymphocyte cells is essential for any proposed vaccination.
In the case of coronavirus, T lymphocyte cells have shown
the potential to prevent relapse and provide immunologic
maintenance for up to 11 years after exposure to SARS-
CoV-1 in recovered patients (Goodwin and Huang 2017;
Tang et al. 2011).

Research shows that DNA vaccination also induces
neutralization and preventive resistance to SARS-CoV-1
through upregulation of neutralizing antibodies, clusters of
differentiation 4 (CD4 +), and clusters of differentiation 8
(CD8 +), suggesting that DNA vaccination can be delivered
with appropriate nanoparticles. In addition, the antigens of
B lymphocyte cells and T lymphocyte cells in the immuno-
logical domains of SARS-CoV-1 and SARS-CoV-2 were
evaluated in a random analysis and were shown to be equiv-
alent for both infections (Peng et al. 2006). This implies
that SARS-CoV-1 vaccinations may be more effective at
getting rid of SARS-CoV-2. Numerous properties may be
considered for optimizing a SARS-CoV-1 vaccine against
SARS-CoV-2, namely enhancing epitope integrity, cytokine
production, specific target allocation, prolonged release of
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Table 3 Currently existing COVID-19 prospective vaccines and their stage of clinical advancement

Vaccine candidate Inventors Summary Status References
SARS-CoV-2 recombinant Novavax United Kingdom Protein subunit Phase III  Russell et al. (2021)
glycoprotein/Matrix M1 nano-
particle vaccine
FINLAY-FR-2 vaccination Instituto Finlay de Vacunas Protein subunit Phase Il Puga-Gomez et al. (2023)
against SARS-CoV-2
nCov vaccine Zydus Cadila DNA-based vaccine Phase III  Barrett et al. (2022)
SARS-CoV-2 vaccine (Vero Chinese Academy of Medical Inactivated virus Phase Il Huang et al. (2021)
cells) Sciences + Institute of Medical
Biology
mRNA- 1273 and mRNA- 1283  National Institute of Allergy and RNA-based vaccine Phase IV Patone et al. (2022)
Infectious Diseases + Moderna
VAT00002: SARS-CoV-2 spike  GlaxoSmithKline 4+ Sanofi Protein subunit Phase Il Ndwandwe and Wiysonge
(S) protein with a biologics pasteur (2021)
BNT 162b1 and BNT 162b2 Fosun Pharma + Biontech/Pfizer RNA-based vaccine Phase IV Lamb (2021)
Adeno-based Gam-COVID-Vac  Gamaleya Research Institute, Viral vector (non-proliferating)  Phase IIl ~ Vaezi and Meysamie (2021)
(rAd26-S +rAd5-S) Health Ministry of the Russian
Federation
Recombinant SARS-CoV-2 vac- Institute of Microbiology, Protein subunit Phase II  Sun et al. (2021)
cine (CHO cells) Chinese Academy of Sci-
ences + Anhui Zhifei Longcom
Biopharmaceutical
BBV152 Bharat Biotech International Inactivated virus Phase III  Ella et al. (2021)
Limited
ChAdOx1 University of Oxford + Astra- Vector-based vaccines Phase Il Agrawal et al. (2021)
Zeneca
Ad26.COV2.S Janssen Pharmaceuticals Vector-based vaccines encoding Phase 3 Bos et al. (2020)

S protein

biologics and/or epitopes, sequestration of SARS-CoV-2
infections, and prevention of peripheral manifestations of
infection (Ahmed et al. 2020; Rao et al. 2020). Table 3 pro-
vides an overview of some of the most promising COVID-19
vaccine alternatives that have been formally clinically evalu-
ated (Vijayan et al. 2019).

Challenges in treatment with nano-based
medicines

Nanovaccines and nanomedicine that have been utilized in
novel medicines to fight against the continuous pandemic,
like all current medications, must demonstrate their safety
and be studied extensively before their release on the mar-
ket. As the interaction between engineered nanomaterials
(ENMs) with viral targets (envelope, capsid, and nucleic
acid) is comprehended by many, the prediction and screen-
ing of ENM-virus interactions require a robust analytical
framework. Toxicity relevant to inorganic nanoparticles
is the limiting factor of their usage in various cases. Other
beneficial biological properties can be made by changing
the shape, size, and surface chemistry. Moreover, the phys-
icochemical properties must be modified to reduce the side
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effects of the nanoparticles. ENMs should have a variable
dose. Antiviral stability and bioavailability should be con-
sidered in many therapeutic applications. The main chal-
lenges of nanodelivery come in the form of physiological
barriers, which are the mucosa and the alveolar fluid as they
are utilized for intranasal as well as the reticuloendothelial
structure and used for systemic delivery (Le et al. 2020). In
the cell, the nanoparticle must be able to reject the endo-
cytic degradation component. Certain studies also have
shown that nanoparticles could cause damage to respiratory
sites and affect lung function. The four key pathobiologi-
cal aspects of nanoparticles, which include inflammation,
genotoxicity, oxidative stress, and fibrosis, must be examined
further. Certain studies have yet to prove whether a nasal
or oral nanovaccine is safer and provides longer mucosal
immunity and viral protection than others. That being said,
the ability to provide adequate protection when adminis-
tered to different age groups by different routes has yet to
be confirmed. There are various nanomaterials ranging
from polymers to dendrimers to nanoparticles, oligomers,
liposomes and tiny molecules. However, once the virus
chemical complex dissociates and the viruses are released,
they lose their effectiveness and the cycle begins again. The
reactive oxygen species formed by nanoparticles would lead
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to oxidative stress as it can cause a disturbance in mitochon-
drial respiration. This would cause harmful pathological
processes in the cell that cause toxicity. In various studies,
it was found that titanium dioxide could enter mice's lungs,
causing nanoparticle accumulation to increase the level of
lipid peroxidation and minimize the number of antioxidant
cells treated by nanoparticles. Due to this, the level of the
AP-1 transcription factor increased and affected the tran-
scriptional process. DNA would interact with the carbon
nanotubes (Zhang et al. 2021a, b). Although nanoparticles
have gained tremendous importance in research because they
are very effective, their toxicological aspects need to be con-
sidered. The way nanoparticles act in the human body is of
critical importance. When deposited to the maximum, they
can cause harmful side effects, especially with platinum-
containing drugs (cisplatin, carbapenem) used in the treat-
ment of lungs, colorectal, ovarian, head, neck, and bladder.
Due to this, its use is limited as the prominent side effect
of it is nephrotoxicity. The major challenge in translating
nanodrugs is the first clearance by the RES that minimizes
the efficacy and the increasing toxicity in the organs such
as the spleen, liver, and kidney (Ting et al. 2018; Yan et al.
2020). Iron oxide particles have harmful factors both in vivo
and in vitro as they generate reactive oxygen species (ROS).

Nevertheless, the iron oxide is coated with a polymer
that would maximize cell viability. When hydroxyl group
is added to the gadolinium fullerene particle, it prevents the
formation of ROS and excessive release of pro-inflammatory
cytokines, which can cause mortality and severe infection.
Macrophages and monocyte lineage significantly control
the cytokine-facilitated inflammatory response and innate
and adaptive response (Zhang et al. 2021a, b; Shanley et al.
2021).

Future prospects

COVID-19 is a major global threat and the greatest challenge
to humanity since World War II. The pandemic has caused
many calamities that disrupted health and caused human
casualties and other issues. Despite numerous attempts by
all countries across the world, including extensive research
and numerous clinical trials, no medication has yet been
demonstrated to control the virus. This study has highlighted
several traditional treatment strategies as well as the crucial
function of nanomedicine in the new SARS-CoV-2. Drug
substitution, such as remdesivir and chloroquine, is a quick
way to achieve safe therapies. Furthermore, several relevant
experimental types of research have revealed positive evi-
dence against COVID-19. Nanometal vaccines for example,
which are based on the antigenic properties of protein S,
have been utilized to reduce viral load. However, a sub-
stantial number of studies that support the use of NP-based

diagnostic and treatment techniques for SARS-CoV-2 have
been published. As a result, all researchers across the world
are encouraged to extend their studies in the field of NP-
based therapy. There is a great requirement for adequate
information on the virus's virulence and transmission to pre-
vent and cure COVID-19 or any other viral pandemic. In the
future, this will lead to the discovery of numerous unstruc-
tured encoded proteins, enzymes, and functional processes
and enable us to understand viral transmission between spe-
cies. As aresult, we could use nanoparticles at the functional
level to identify and establish therapeutic targets. As a result,
a clinical trial to develop an effective nanovaccine can be
conducted with the appropriate knowledge of the viral life
cycle and host response. A universal NP-based vaccine with
sufficient immunogenicity is the ultimate goal in overcoming
the pandemic, as endorsed by researchers worldwide. With
factors such as fast detection and mobility, microfluidics
would play an essential role in the diagnosis of CoV.

Conclusion

Other than vaccines, there are no approved SARS-CoV-2
therapies being explored in clinical trials. In addition, the
nano-based vaccine to treat SARS-CoV-2 has not been ade-
quately studied. All efforts to combat the virus should be
explored, and nanotechnology approaches should be prior-
itized because they may offer new perspectives, particularly
in preventing or treating viral internalization compared with
standard therapy. To develop a rational design for targeted
therapies, further research is also required to comprehend
the relationship between CoV and nanoparticles. As the
pathophysiology of SARS-CoV-2 is unclear, nanotechnol-
ogy might be a beneficial technique apart from other meth-
ods to produce excellent COVID-19 therapy results.
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