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Abstract

Objective and methods SARS-COV2 (severe acute respiratory syndrome coronavirus 2) has become life-threatening and
emerged as a global pandemic in recent years. Although the understanding of coronaviruses has become the focus in almost
every research field, efficient early diagnosis and treatment techniques still need improvement. Nanotechnology has presented
various solutions to fighting SARS-CoV-2 through infection control measures, detection, therapeutics, and vaccines. More
specifically, metallic nanoparticles such as gold, silver, iron, and others made a lot of effort to translate the products for real-
time applications to control the pandemic.

Results and conclusion Owing to their unique characteristics, such as high surface area volume ratio, non-toxic and excellent
antiviral properties, metallic nanoparticles are extensively used in developing nanotechnology-based products like disinfec-
tion systems, nano-based masks, and other protecting equipment, diagnostic kits, effective therapeutic agents, and vaccines.
In this review, we will discuss different metallic nanoparticles, their characteristics, and different approaches of their use to
combat SARS-COV?2. Thus, this review is highly instructive and helpful in developing strategies based on nanostructures

to combat COVID-19.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) threatens global health worldwide. After the World
Health Organization reported COVID-19 as a pandemic,
the RNA sequence analysis of the infected people and fluid
from the bronchoalveolar lavage revealed the presence of
an RNA virus [1]. Later after a study of its whole genome
sequence, it was reported to belong to the family of SARS
(severe acute respiratory syndrome), known as COVID [2].
According to reports, SARS COV is enclosed, known to
inhibit-sense RNA with one-strand viruses, and belongs to
the group 2b beta coronaviruses. All coronaviruses have a
spike (S), membrane (M), envelope (E), viral genome, and
nucleocapsid (N) structure. The continuing COVID-19
recurrence has previewed a severe liability to worldwide
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community health. So far, over sixteen million episodes have
been evaluated, and in addition to the humanitarian catastro-
phe, everywhere in the globe, a financial and social catastro-
phe has also been brought on by the SARS COV epidemic
[3]. An electron micrograph image showed that the viruses
contain positive sense viruses made of RNA that range from
60 to 140 nm and have pin-like appendages on their surface
that give them the look of crowns (Fig. 1). Four corona-
viruses, including HKU1, NL63, 229E, and OC43, have
made humans more susceptible [4]. Large droplets released
by symptomatic patients' coughing and wheezing are uti-
lized to carry the infection, yet this can also emerge from
healthy persons and well before the beginning of symptoms.
According to studies, there are not any differences in viral
burden between symptomatic and asymptomatic individu-
als [5]. The reports observed nasal viral loads were greater,
while there was no change in viral burden between affected
and non-symptomatic people [6]. The virus may survive on
structures over days under pleasant environmental circum-
stances, but standard disinfecting agents, including chlorine
bleach, dihydrogen dioxide, etc., could disinfect them [7].
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Fig.1 Structure of corona virus
SARS-COV-2

The literature review suggested that SARS-CoV is used
to enter the cell through angiotensin-converting enzyme 2
(ACE2) as a receptor, supporting the notion that SARS-CoV
originated in bats [8]. Emerging information indicates that
SARS-CoV-2 uses the cellular host receptor angiotensin-
converting enzyme 2 (ACE2) [9]. The S proteins of the coro-
navirus fuse to the membrane and bind to host cells via the
ACE2 receptor, releasing viral RNA, which is recognized
by toll-like receptor TLR 3, TLR 7, TLR 8, and TLR 9 rec-
ognition receptors [10]. On the other hand, nanomaterials
focus on materials possessing dimensions of less than or
equal to one-hundredth of a nanometer [11]. Nanotechnol-
ogy has played a crucial role in developing the SARS-CoV-2
vaccines [12, 13]. The first vaccines approved by the FDA
and EMA were mRNA-based vaccines encoding either the
equivalent variation of the S protein (Moderna) or the recep-
tor binding domain of the S protein (Pfizer/BioNTech) [14].
Both Pfizer/BioNTech and Moderna encapsulated mRNAs
in lipid nanoparticles for efficient intracellular delivery and
to protect them from the extracellular environment. Thus,
the use of nanomaterials widely facilitates the fight against
COVID-109. In this context, metal and magnetic nanopar-
ticles are among the various nanoparticles used to combat
COVID-19. Metallic nanostructures have shown abundant
features in the nanotechnology domain, bringing up several
new possibilities for research. Metallic nanoparticles are
particularly useful for tailoring flexible, functional groups
such that they can attach to ligands, antibodies, and medica-
tions [4]. Noble metal nanoparticles have a specific position
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in nanotechnology because of their unique characteristics.
The ratio of surface to volume is the most crucial character-
istic of nanoparticles since it makes it simple to interact with
other particles [15]. So far, several metallic nanoparticles,
such as iron oxides, precious metals like gold and silver,
nanoshells, and nanocages, have been employed to stream-
line their application as diagnostic and therapeutic tools [16,
17]. Two distinct approaches are employed for synthesizing
metallic nanoparticles: the top—down technique, also known
as the dispersion method, and the bottom—up approach, also
known as the condensation method [18]. Bottom—up strate-
gies are far more effective and appropriate for producing
homogenous nanoparticles that frequently have recognizable
dimensions, forms, and organization [19].

Biochemical and physical methodologies have been cre-
ated for the creation of metallic nanoparticles. Chemical
procedures rely on the diminution of metallic ions or the
breakdown of starting materials to form atoms, followed by
an accumulation of those atoms. Chemically created nano-
particles typically have a restricted size distribution.

The inhibition of metal ions with chemical reductants
or the breakdown of metal precursors with additional
energy is the mechanism involved in the chemical syn-
thesis of MNPs. Agents stabilizing colloidal dispersion of
MNPs, such as sodium dodecyl sulfate (SDS), polyvinyl
pyrrolidine (PVP), trisodium citrate, and -cyclodextrin,
are crucial for the production of MNPs with a restricted
size range [20]. The physical splitting of massive sub-
stances creating nanoparticles is a top—down strategy
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[21]. However, in the bottom—up technique, atoms or
molecules are assembled into ordered nanostructures.
Self-assembly is a widely used bottom-up technique due
to its high efficiency, scalability, and low cost. Research-
ers have identified a range of technological and physical
methods for synthesis, such as chemical reduction [22],
microemulsion [23, 24], thermal decomposition [19, 25],
sonochemistry [26, 27], the polyol technique [28, 29],
and microwave-assisted MNPs, pulsed electrochemi-
cal etching [30], lithography [31], sputtering deposition
[31], laser ablation [32, 33], vapor deposition [34], and
sol-gel [35]. Metallic nanoparticles have shown promi-
nence in imaging technologies due to their improved
Rayleigh scattering, surface-enhanced Raman scattering,
and strong plasma absorption [36]. Metallic nanoparti-
cles could combat SARS-CoV-2 by blocking the virus's
entry into the host cell or blocking viral surface proteins,
thereby reducing viral internalization [37, 38] (Figs. 2
and 3). However, some challenges of metallic nanopar-
ticles also exist, such as particle impermanence, where
nanomaterials can change because they are located near
high-energy local minima and are thermodynamically
unstable. Other challenges include quality degradations
during storage, corrosion resistance, and maintaining
the size and shape of nanostructures. Due to their strong
reactivity, nanoparticles also have a significant risk of
contamination due to nitrides, oxides, etc. Also, metallic
nanoparticles could sometimes be biologically hazardous
due to their toxicity and side effects, such as itching and
burning [39].
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Fig.3 Advantages of metallic nanoparticles

Gold nanoparticles for COVID-19

Biomedical applications have utilized extensive use of
metallic nanoparticles. One of the most feasible methods to
use nanostructures to detect viruses is localized surface plas-
mon resonance (LSPR) using metallic nanoparticles, espe-
cially gold. The free electrons on the surface of the metallic
nanoparticles oscillate at a particular frequency with the
oscillation of the electric field of external light, resulting in
LSPRs forming near the particle surface [2]. Thus, metallic

USE OF METALLIC NANOMATERIALS
IN SARS-COV2

DISINFECTANT & SANTITIZER HAVING

NANOPARTICLES

EQUIPMENTS LIKE VENTILATORS

Fig.2 Nanostructure-based solutions to combat SARS-COV-2
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nanoparticles have broad applications in biomedical areas
due to their exciting features, including optical properties,
excellent stability, chemical tunability, biomolecule conju-
gation, and biocompatibility [40]. Owing to their distinc-
tive optical characteristics, gold nanoparticles (AuNPs) have
drawn the most interest of all metallic nanoparticles. Much
study has been focused on the optical properties of AuNPs
in various sizes and shapes [41].

AuNPs are having many valuable properties like their
tuneable shape, size, and optoelectronic characters [42]
(Fig. 4). Furthermore, they generally have a size-relative
peak for assimilation within 500-550 nm [43]. Surface plas-
mon resonance (SPR) absorption is responsible for a colloi-
dal gold solution's deep, vibrant color and provides AuNPs
with distinctive visual properties [44]. The band surface
plasmon resonance (SPR) and significant physical properties
of AuNPs are influenced by their design, the solvent, ligand,
fundamental strength, environmental conditions, and biol-
ogy [26]. Raman scattering from an individual molecule’s
surface was detected using AuNPs [45].

The diagnosis of COVID-19 is a meaningful step to
prevent the wide spread of this life-threatening virus,
therefore many nanotechnology-based diagnostics ideas
emerge to develop the recognition of SARS-COVID-19
[46]. Because of their responsiveness, particularity,
and usability in the initial viral genomic detection, the
reverse transcription polymerase chain reaction (RT-PCR)
assumes the top prime concern among the several SARS-
CoV-2 identification techniques currently available [47,
48]. Although PCR is the principal method for diagnos-
ing SARS-CoV-2, several limitations must be considered,
such as the time required to prepare the viral RNA, which
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Fig.4 Challenges of metallic nanoparticles
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reduces diagnostic precision and causes false-positive
findings. Numerous serological assays, including the
chemiluminescence assay, immunofluorescence assay,
immunochromatographic test (ICT), and enzyme-linked
immunosorbent assay [49], are used to identify SARS-
CoV-2 [50, 51] precisely. Emerging evidence suggested
using gold nanomaterials in viral detection techniques
such as RT-LAMP and ELISA based on reverse transcrip-
tion loop-mediated isothermal amplification in addition to
RT-PCR [52, 53]. The immunochromatographic test (ICT),
also known as the lateral flow immunoassay, is another
crucial method for the detection of SARS-CoV-2 diagnos-
tic method. This quick, fast, and user-friendly bedside test
technique of recognition uses a tiny volume of biological
fluids (10-20 L) and does not require a laboratory or quali-
fied professionals.

In addition to the LSPR properties, the colorimetric prop-
erties of AuNPs have also been used for responsiveness to
the existence/absence of the analyte. In one report, a red
color appears due to the interaction of the labeled AuNPs
with the analytes [54]. In another report, a bluish color
appears due to the change in the wavelength of the light
absorbed by the NPs due to the aggregation of the AuNPs
[31].

Also, AuNPs have now been usually employed for fast
and feasible colorimetric diagnostic testing [55]. In one
report, AuNPs are linked to the conjugation pad and tagged
with an antigen on the surface that selectively attach with
SARS-CoV-2 antibodies (containing IgM and IgG) using
lateral flow immunoassay. After that, once the serum travels
across the lateral chromatographic flow, antibodies bound
to the antigen engage against the AuNPs and are finally
released into the sampling sheet. Owing to the capillary
action, AuNP conjugates pulled across the chromatographic
strip, producing two lines: the M line for anti-SARS-CoV-2
IgM antibodies and the G line for anti-COVID-19 IgG
antibodies [56]. Li and colleagues have disclosed another
approach that used samples of blood from patients suffer-
ing from COVID-19 with PCR validation to show that the
ICT-based detection technique can simultaneously detect
antibodies of both kinds with a sensitivity of 88.7% and a
specificity of 90.6 [2]. The lateral flow assays (LFAs) based
on AuNPs showed fast diagnosis at the bedside [57]. Corre-
spondingly numerous colorimetric analyses based on AuNPs
have been formulated [58]. In another report, a diagnostic kit
was designed based on AuNP modified with antisense oligo-
nucleotides to detect the gene of the SARS-Cov-2 N protein
[59]. Parmanik et al. showed the synthesis of an anti-spike
known to inhibit tethered for rapid identification of a specific
COVID-19 viral antigen using a simple colorimetric altera-
tion monitoring in 5 min [60]. Activating antigen-presenting
cells and assuring controlled antigen release may be utilized
as an adjuvant to boost the efficacy of vaccinations. As a
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result, AuNPs with these adjuvant capabilities can be an
invaluable resource for developing vaccines [61].

Silver nanoparticles for COVID-19

AgNPs are considered the most alluring inorganic com-
pounds owing to their environmental friendliness [62].
Because of their distinctive physicochemical characteris-
tics, AgNPs are used in many fields, including healthcare,
nutrition, consumer products, and industrial purposes.
They have been used for a variety of applications because
of their conductivity, optical signals, electrical power, and
thermal and biological characteristics, such as antibacte-
rial agents, commercial and healthcare-related products,
consumer goods, medical device coatings, optical sensors,
and cosmetics, pharmaceutical, and food industries, as
well as in diagnostics, orthopedics, drug delivery, as anti-
cancer agents, and ultimately to improve the tumor-kill-
ing effects of anticoagulation [63, 64]. AgNPs, specially
designed to target viruses, may quickly bind to the glyco-
proteins on the surface of viruses. AgNPs can directly tar-
get virus cells by attacking the viral genome [65]. AgNPs
exhibit the most effective antibacterial activity because of
their much greater surface area, which provides improved
interaction with microbes. AgNPs exhibit antibacterial
activity by penetrating bacteria through adherence to the
cell membrane [66]. AgNPs also showed anti-fibrotic
activity by abrogating inflammatory cytokines and alter-
ing their transcriptional activity [67]. AgNPs have solid
antiviral properties by binding to viral genomes, inhibiting
their activity and viral and cellular proteins involved in
replication, blocking the production of offspring virions,
and inhibiting viral replication [36]. AgNPs-based sensors
have been reported to be employed for accurate viral infec-
tion diagnosis and detection [56]. By offering quick, easy-
to-use solutions that do not require specialized tools or
experienced personnel, AgNPs can help to lessen the effect
and burden of illness [68]. The size and shape of AgNPs
are critical factors for their antiviral activity. Studies have
demonstrated that surfaces with Dimensions within the
range of 10 nm are significantly more sensitive [69]. The
reports suggested that AgNPs come in direct contact with
the viral genome protein found on the surface membrane
of the COVID-19 virus [16, 49]. For use against envel-
oped and non-enveloped feline coronavirus (FCoV) both
with and without a protective envelope, graphene oxide
(GO) sheets and AgNPs (GO-AgNPs) were developed in
the case of covid as well as the infectious bursal disease
virus (IBDV) [70]. The primary transmission mode for
coronavirus-2 is respiratory aerosols; different PPEs can
effectively reduce this transfer. However, the virus might
last longer on the common PPEs. Therefore, PPEs with

AgNPs, due to their antiviral activity, could be a possi-
ble way to stop exposure and viral dissemination [71].
AgNPs can be utilized as nano-based safety gear, sanitiz-
ers that prevent viruses from spreading, or nanovaccines
that enhance immunity and antigen carriers, among other
things [72]. In another study, a multifunctional electrospun
poly (methyl methacrylate) (PMMA) nanofiber platform
decorated with hydrothermally synthesized ZnO nanorods
and in situ synthesized Ag NPs (PMMA/ZnO-Ag NFs)
were developed for coating of antiviral mats [73]. To
understand how AgNPs could interact with SARS-CoV2
and how they affect viruses that cause respiratory illnesses,
several in vitro and in vivo experiments were performed.
Teengam et al. reported a colorimetric assay to detect the
complementary DNA of the virus using Ag NPs and a
pyrrolidinyl peptide nucleic acid (acpcPNA) probe [46].
AgNPs with negative charge aggregate when incubated
with positively charged acpcPNA. Since the DNA analyte
is not complimentary, the color of the assay shifts toward
red. In contrast, since the DNA forms a double-stranded
structure with the probe molecule, no aggregation occurs;
therefore, yellow appears.

Based on comparing the behavior of the virus to that
of related viral infections in animal model studies, it may
be inferred that using AgNPs as a possible treatment for
SARS-CoV2 would work well [74]. According to Jeremiah
et al. (2020), the activity of SARS-CoV-2 was effectively
inhibited by AgNP with a diameter of 10 nm at values
between 1 and 10 ppm. In vitro, SARS-CoV-2-exposed
cells were used to test the virucidal effectiveness and
stability of 10 distinct AgNPs with various surface treat-
ments and particle diameters [75]. The AgNPs could
inhibit SARS-CoV-2 activity, with various morphological
modifications and particle sizes providing different viru-
cidal effects, with 50 nm BPEI displaying the most potent
antiviral effect. They concluded that each AgNP type’s
effectiveness and the accompanying potential difference
had a positive correlation (2 =0.82) and can be used in
the medication for COVID-19 [76]. According to a study
done by Horacio et al. (2021), AgNPs have been examined
in vitro and have been found to have a suppressive impact
on infected cells from cultivated SARS-CoV-2. AgNPs can
produce free radicals and reactive oxygen species (ROS),
which cause cells to die through apoptosis, preventing
viral replication [77]. A study suggested that nanobiocide,
which consists only of nanostructured materials, provides
more potent disinfection than conventional disinfectants
for long-term consistency and lesser side effects [19]. To
supply preventive impact against SARS-CoV-2, TPNTI, a
composite of metal nanoparticles made of AuNP (1 ppm),
Ag-NP (5 ppm), ZnO-NP (60 ppm), and ClO, (42.5 ppm),
is a water-based solution, can restrict virus replication
[65].

@ Springer



320

Toxicology and Environmental Health Sciences (2023) 15:315-324

Iron oxide nanoparticles in COVID-19

Iron is one of the most recent transitional metals discov-
ered in the earth's crust, serving as the cornerstone of
existing infrastructure [78]. Iron oxides are regularly used
and widely distributed for nanoparticle synthesis because
they are cost-effective and essential in various biologi-
cal and environmental processes. Maghemite (Fe,0;)
and magnetite (Fe;O0,) nanostructures with different sizes
and shapes make up iron oxide nanoparticles widely used
in magnetic data storage, biosensing, drug delivery, and
other fields [15, 79, 80]. These nanoparticles gained much
attention in biomedical engineering and the diagnostics
industry due to the advantages of non-toxicity and super-
paramagnetic characteristics, such as basic separation
strategies based on surface area and volume ratio.
Chemical and mechanochemical techniques have cre-
ated iron oxide nanoparticles, including Coprecipitation,
hydrothermal, reverse micelle, template-assisted, and
sol-gel synthesis [36]. Switching the precursor iron salts
and employing the same synthetic techniques make it fea-
sible to synthesize many types of iron oxide, including
nanorods, hollow spheres, nanoclusters, and deformed
cubes. These innovative methods are simple to use, afford-
able, and manage shape sustainably [81]. The synthesis
process and the ratio of extract to salt determine the ability
to produce metal nanoparticles with different shapes and
characteristics [4]. Some primary benefits of using iron
oxide nanoparticles as nanostructures for biomedical stud-
ies include their biocompatibility at medium dosages and
their capability to be manufactured in various sizes and
forms with the possibility for biofunctionalization [38].
IONPS has shown antiviral activity against dengue, rota-
virus, influenzas, HIV, and SARS-COV [38, 39, 82-84].
According to a study done by Marte et al., there is a pos-
sibility of treating SARS COV-2, Along with iron oxy-
hydroxide nanoparticles (IOHNPs) coated with sucrose
(Venofer) or iron salt (IONPs) coated with biocompatible
compounds such as dimercaptosuccinic acid (DMSA),
3-aminopropyl triethoxysilane (APS), or carboxy dextran
(FeraSpinTM R) are also available [28]. Photodynamic
therapy (PDT) could serve as one of the other treatment
approaches to combat SARS-CoV-2. The primary sources
of photosensitizer activation are reactive oxygen species
(ROS), which can affect the SARS-CoV-19 genome, pro-
tein molecules, and viral capsid [28, 85]. IONPs are biode-
gradable and have received FDA approval to cure anemia
[86]. For their antiviral activity. Yasmine et al. conducted
computational docking to determine how IONPs (Fe,0,
and Fe;0,) interact with the spike protein of the SARS-
CoV-2 receptor-binding domain (S1-RBD) [87], which is
crucial for the virus's entrance to target cell receptors [9,
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241]. This interconnection of IONPs with viral protein leads
to the inactivation of the virus, which could be considered
a treatment strategy for SARS-COV-2. IONPs possess sig-
nificant antiviral activity and thus can be used for coating
any surface or equipment to prohibit the viral contagion
ventilators, which could prevent the spread of the disease
[13]. IONPs possess an anti-inflammatory response against
human endothelial and muscle cells and are non-toxic
[88]. Using these IONPs to identify and treat COVID-
19—while using our current understanding of the SARS-
CoV-2 virus's invasion and replication cycle [89]. As per
the conclusion made by Rushell et al., IONPs containing
nanomedicines can have a significant influence against
viruses as they could prevent sensitive (bio)pharmaceu-
ticals from degrading in transit and enable the tailored of
living viruses [90]. Due to the paramagnetic properties
of IONPs (y-Fe,0,/Fe,05/Fe;0,), they can be utilized to
prevent the multiplication of the viral genome [42].

Platinum nanoparticles in COVID-19

Platinum nanoparticles (PtNPs) with specific sizes, nano-
structures, and morphologies are widely used in several
biotechnological and pharmaceutical sectors, such as pho-
tothermal treatment, medical implants, medication delivery,
and advanced diagnostic with various agents [42, 91-93].
They are also utilized in multiple biological sectors, includ-
ing they are also involved in forming biofuels [94], vitamins,
and fats [95]. They are also used in environmentally friendly
technologies such as solar energy [96] and wastewater treat-
ment [33, 94].

PtNPs manufacturing for biomedical applications is pri-
marily influenced by their physicochemical characteristics
and their dispersion and durability in a biological context
since these aspects are crucial in determining the level of
their safety, bioavailability, and pharmacokinetics properties
[80]. A series of traditional approaches (physical and chem-
ical routes) have been utilized to create PtNPs, including
laser blasting [28], ultraviolet illumination [94], ion insemi-
nate [97], microwave processing [98], thermal breakdown
[99], chemical redox reaction, etc. [100].

PtNPs have been significantly employed as an antiviral
agent and a carrier for the controlled delivery of antiviral
drugs [25, 101, 102]. Fortin et al. reported using PtNPs as
a molecular marker for detecting SARS-COV2 via RT-PCR
in different samples [81]. In another report, it has been sug-
gested that PtNPs can be used in developing vaccine produc-
tion for SARS-COV?2 and biomarkers for disease prevention
and curative purposes [88]. Another research group investi-
gated the use of specific antibodies coated with PtNPs with
excellent binding and specificity toward p24. It determined
the essential bigger nanoparticle size regimes required for
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effective proliferation and effectiveness in LFIA to diagnose
SARS-COV2virus [103].

Discussion

The COVID-19 pandemic has shown several specific prob-
lems that nanostructures have been able to address. Nano-
structures generally enable effective pathogen-combating
agents such as vaccines, therapeutics, sensors, and other
protective devices. However, addressing widespread chal-
lenges associated with nanomaterials and nanotechnology
is equally essential. With this review, we aimed to summa-
rize recent initiatives involving nanostructure applications,
specifically metal nanostructures, against this pandemic.
For practical applications, we need to focus our research on
the biocompatibility of these products. To provide uniform
standards for the fabrication of nanomaterials, their activity
and toxicity testing must be evaluated in collaboration with
regulatory policies. Long-term research on sustainability
and its implications on the environment is necessary. Large-
scale production capacity is another obstacle that needs to be
addressed for the commercialization of therapeutics, sensors,
and equipment based on nanotechnology. We are optimistic
that these obstacles can be solved and that nanotechnology-
based approaches will lead to significant advancements in
diagnosing, treating, and preventing harmful pathogens.

Conclusion

The COVID-19 global pandemic gave unprecedented chal-
lenges to the entire society and ecosystem. There is a need
for research from diverse fields at a common platform to
address such complex challenges. So far, nanostructures pro-
vide efficient vaccines, therapeutics, diagnostics, and protec-
tive equipment to combat such pathogens. However, there
are some bottlenecks that we need to solve for the practical
applications of nano-based strategies. As for practical and
potential applications, research is still needed to assess their
biocompatibility, toxicity, safety profiles, and feasibility for
bulk production. Moreover, regulatory agencies should also
focus on the standard regulations for fabricating nanomateri-
als for clinical translation. In addition, the long-term effects
of nanotechnology-based strategies on environmental sus-
tainability should also be assessed.
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