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Nanotechnology: an emerging approach to combat COVID-19
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Abstract
The recent outbreak of coronavirus disease (COVID-19) has challenged the survival of human existence in the last 1 year.
Frontline healthcare professionals were struggling in combating the pandemic situation and were continuously supported with
literature, skill set, research activities, and technologies developed by various scientists/researchers all over the world. To handle
the continuously mutating severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) requires amalgamation of conven-
tional technology with emerging approaches. Nanotechnology is science, engineering, and technology dealing at the nanoscale
level. It has made possible the development of nanomaterials, nano-biosensors, nanodrugs, and vaccines for diagnosis, therapy,
and prevention of COVID-19. This review has elaborately highlighted the role of nanotechnology in developing various
detection kits such as nanoparticle-assisted diagnostics, antibody assay, lateral flow immunoassay, nanomaterial biosensors,
etc., in detection of SARS-CoV-2. Similarly, various advancements supervene through nanoparticle-based therapeutic drugs for
inhibiting viral infection by blocking virus attachment/cell entry, multiplication/replication, and direct inactivation of the virus.
Furthermore, information on vaccine development and the role of nanocarriers/nanoparticles were highlighted with a brief
outlining of nanomaterial usage in sterilization and preventive mechanisms engineered to combat COVID-19 pandemic.
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1 Introduction

Severe acute respiratory syndrome-CoV-2 (SARS-CoV-2) is
a coronavirus with ssRNA as genetic material and has poten-
tial to infect human beings and animals. Coronavirus is clas-
sified as alpha, beta (β-CoV), gamma, and delta-coronavirus
among which SARS-CoV-2 belongs to β-CoV. This nano-
sized virus is responsible for COVID-19 which was affirmed
as a pandemic by the World Health Organization (WHO) [1].
COVID-19 is highly contagious and transmits from one per-
son to another through respiratory droplets during sneezing,
coughing, or talking. Primarily, this virus attaches to the
angiotensin-converting enzyme 2 (ACE2) receptor of the
host’s epithelial cells through its spike (S) protein and even-
tually infects the alveoli, trachea, and bronchi of the lungs,
heart, kidney, liver, central nervous system, skeletal muscle,
adrenal, and thyroid glands [2]. The major symptoms of

COVID-19 include, dry cough, running nose, fever, diarrhea,
fatigue, and sore throat. The severe conditions result in acute
respiratory distress, coagulation dysfunction, septic shock,
and death.

Based on the statistics received from WHO until 29
November 2020, globally, 61.8 million COVID-19 positive
cases were reported in which 1.4 million people died [3]. As of
10 November 2020, there was no approved therapy for
COVID-19; therefore, focus was laid upon prevention, sur-
veillance, and containment [4]. As a part of prevention, social
distancing, sanitizing hands, and wearing masks are being
implemented to combat the spread of COVID-19. Several
countries like the USA, Japan, China, India, Brazil, and
South Korea are trying to use the latest technologies to dimin-
ish the effect of COVID-19 and reduce the losses of life as
well as economy. Advanced technologies integrated with
upgraded information technology improve the quality and af-
fordability of global healthcare system, and reduce the burden
of the doctors during pandemic [5–7]. Besides, telemedicine
was developed using telecommunication technology to treat
the patients residing in the remote location [8]. The emerging
technologies, viz., nanotechnology, geospatial technology,
big data, artificial intelligence, Internet of Medical Things,
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5G technology, robotics, and smart applications, are being
used for screening, diagnosing, monitoring, infection tracking,
mapping, surveillance, and creating awareness [9, 10] (Fig. 1).

Generally, the virus is inanimate outside the host cell but
reproduces vigorously inside the host by using its replication
machinery. Thus, there is an immense need to know about the
interactions between the virus and the host which can be studied
by using cutting edge technology with a robust system.
Nanotechnology can be an efficient solution for COVID-19 as
it was already proven successful against human immunodeficien-
cy virus, herpes simplex, human papilloma virus, and several
respiratory viruses [11]. Owing to the role of nanotechnology
in treating various viral diseases, the authors attempted to study
the application of this technology in COVID-19. The research
study has been divided into five sections that include types of
nanomaterials, nanotechnology in diagnosis, treatment, and pre-
vention, followed by the conclusion.

2 Nanomaterials

Nanotechnology-based approaches can fight against a pandemic
including COVID-19 in several ways. It plays a key role in
antiviral research by promoting the delivery of water-soluble
drugs, enhancing the circulation time of the drug, improving
the drug utilization efficiency by reducing the side effects, and

protecting the mRNA and DNA vaccines. Nanomaterial can be
used in the delivery of broad-spectrum antiviral drugs/vaccines,
detection of infection, fabrication of face masks, surface coatings
to resist viral adhesion and its inactivation, and development of
tools for contact tracing. Nanomaterials exhibit unique physico-
chemical properties owing to their miniature size, shape, in-
creased surface area to volume ratio, charge, functional groups,
composition which distinguishes them from the bulk materials
and render specificity, functionality, sensitivity, and efficiency
for biomedical applications [12].

The relative difference between nanotechnology and med-
icine has therefore lessened and laid the foundation for
nanomedicine. Some successful endeavors of nanomedicine
are nanoparticles, nanocarriers, nanoemulsions, and
immunostimulating complexes. These are used for the drug
delivery of active pharmaceutical products which help in the
treatment of COVID-19.

2.1 Nanoparticles

Small particles containing a few hundred atoms and size mea-
sured in nano-units are called nanoparticles (NPs). These
polymeric particles can either originate naturally or
engineered byman. These are synthesized by various methods
such as spinning, laser pyrolysis, molecular condensation, bi-
ological synthesis, mechanical milling, chemical etching,

Fig. 1 Emerging technologies to
combat COVID-19
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sputtering, and electro-explosion which are considered under
bottom-up and top-down synthesis approaches [13]. NPs find
their applications in various diverse fields like engineering,
medicine, biotechnology, and pharmacology [14]. These par-
ticles are composed of three layers; the surface layer is func-
tionalized with different molecules such as metals ions, poly-
mers, and surfactants. The intermediate layer is referred to as
the shell which is quite different from the other layers chem-
ically, whereas the innermost layer or central portion is core
which is usually referred to as NP also [15]. Several organic
and inorganic nanomaterials can be used in the preparation of
core and shell which in combination are referred to as nano-
composites. Biological, optical, and physicochemical proper-
ties of these nanocomposites depend upon the constituents of
core-shell layers. Most of the NPs are invisible to the naked
eye and, therefore, exhibit more strength when compared to
regular metals. This small size accounts for most of the won-
drous properties of nanoparticles. In their free state, nanopar-
ticles show rapid mobility. They absorb large amounts of solar
energy and exhibit quantum effects.

NPs are available in various forms like carbon-based nano-
particles, metal nanoparticles, and lipid-based nanoparticles.
Carbon nanotubes (CNTs) and fullerenes are two main classes
of carbon-based NPs [16]. CNTs generally have tubular and
elongated structure 1–2 nm in diameter [17]. These are similar
to a graphite sheet roll but may range from single- to multi-
walled carbon nanotubes. They are extensively synthesized by
deposition of carbon precursors and chemical vapor and final-
ly used in commercial applications such as gas adsorbents and
fillers [18].

Metal NPs are made of metal precursors and exhibit local-
ized surface plasmon resonance (SPR) which imparts unique
optical properties [19]. These NPs have wide applications in
research: for instance, samples of scanning electron microsco-
py (SEM) are generally coated with gold NPs, to improve the
electronic stream, for obtaining high-quality images. Various
metals, viz., zinc, copper, and titanium and their oxides, are
well known for their anti-viral activities. Besides, ceramic NPs
are non-metallic solids synthesized through heating and suc-
cessive cooling processes. They are available in various
forms, hollow, polycrystalline, porous, amorphous, etc., and
mostly used in photocatalysis, image processing, etc. [20].

The semiconductor NPs exhibit the properties of both
metals and non-metals. These are used in photo-optics, elec-
tronic devices, and photocatalysis. Polymer nanoparticle
(PNP) is spherical or capsular shaped where overall mass will
be solid and the other molecules will be adsorbed onto the
surface of the particles. Likewise, nanoliposomes have poten-
tial to deliver both lipophilic and hydrophilic antigens. These
liposomes exhibit stability, prolonged release, mucous pene-
trating, and immune cell targeting abilities which make them
suitable for drug delivery and cancer therapy [21, 22]. The
liposomal vaccine delivery has certain limitations such as high

cost, poor stability, and inactivation of phospholipid mem-
brane; and hence, the liposomes have been formulated as
bilosomes by incorporating biodegradable bile salts [23].

2.2 Nanoemulsions

Nanoemulsions (NE, 20–200 nm) encompass oil and water
which are immiscible with one another. These are stabilized by
incorporating required quantity of surfactant and co-surfactants.
The advantages of NE lie in easy transcytosis of the lipophilic
antigens across the intestinal cells, low production cost, easy
manufacturing and storage, increased absorption rate, bioavail-
ability, thermodynamic stability, and solubility of lyophilic
drugs. The large surface area to volume ratio of the formulated
nanoemulsion improves the antiviral activity of the drug [24].

2.3 Immuno-stimulating complexes

Immuno-stimulating complexes (ISCOMs) are used as vectors
for drug delivery. These are nano-sized 30–40 nm in diameter
and composed of phospholipids, saponin, cholesterol, and anti-
gens. ISCOM acts as antigen carrier due to its nature and adju-
vant effect, and elicits strong humoral and cellular immunity
through MHC I and II pathways [25]. ISCOM’s capacity in
providing immune response against hepatitis B and
orthopneumovirus has been already proved. Oral administration
of ISCOMs imparts high immune response [26]. The hydrophilic
antigen inclusion into ISCOM is a tedious process but lipophilic
antigens can be included easily.

Besides the abovementioned applications, several
nanomaterials have already found applications in the detec-
tion, therapy, and prevention of the SARS-COV-2 that has
been plaguing the general public (Fig. 2) [27]. It is also firmly
believed that further advantages of nanomaterials have yet to
be tapped into, which might hold the key to bring the infuri-
ating virus under control.

3 Nanomaterials for diagnosis of COVID-19

Early diagnosis of a disease is the key factor to screen symptoms
and triage in order to curb the spread of the disease and improv-
ing health conditions. Earlier, SARS CoV-2 is detected by com-
puted tomography imaging and electron microscopy [28]. In the
later stages, molecular techniques such as reverse transcription
polymerase chain reaction (RT-PCR) testing are used to confirm
the presence of SARSCoV-2 in the body. This test is earlier used
for severe acute respiratory syndrome (SARS) in 2002. RT-
PCR-based test takes a long time and has the possibility of false
positive in asymptomatic/recovered patients. A recent study
shows that chest CT scans are accurate in 98% of cases while
RT-PCR detects 71% of cases [29]. This leads to the develop-
ment of rapid, accurate, and reliable diagnostic tests based on
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DNA/RNA/protein from blood, stool, serum, and nasopharyn-
geal swabs. The rapid diagnostic test (RDT) requires 30 min to
analyze the samples for interpreting the results. RDT is widely
used in the detection of various infections and considered as
point-of-care (POC) test. Earlier, RDTs are used for detection
of Rotavirus, Adenovirus, Escherichia coli, Salmonella,
Plasmodium, and other pathogens.

As the COVID-19 pandemic is vigorously spreading
around the globe, refined diagnostics methods should be ap-
plied to check the spread of the disease. Nanomaterials are
incorporated to produce well-designed and accurate diagnos-
tic devices for identification of SARS-CoV-2. Materials like
gold, iron oxide, fluorine-doped tin oxide (FTO), lanthanide-
doped polystyrene, graphene, and carboxyl polymer at their
nanoform are used in rapid test kits and biosensors for diag-
nosis of COVID-19 [22]. Gold-based nanomaterials are wide-
ly used in diagnosis due to their high plasmon resonance and
their sensitivity towards SARS CoV-2. Incorporation of nano-
particles in diagnostic kits provides more accurate and reliable
results which will be helpful in triaging the patients.

3.1 Metal and polymeric nanoparticle-assisted
diagnosis

Metal nanoparticles like gold, iron oxide, graphene, tin oxide,
and polymeric nanoparticles, viz., lanthanide-doped

polysterene NPs, carboxyl polymer, and polymer nanoparti-
cles coated with streptavidin dye, are being used in the diag-
nosis of SARS-CoV-2 [30]. Gold NPs possess high plasmon
resonance due to their metallic properties and enable easy
detection of RNA, DNA, antigen, and antibody with a sensi-
tivity ranging from 89 to 100% [27]. These are extensively
used in 2nd-generation biosensor and found to enhance the
interaction between sensor and analyte due to high surface to
volume ratios. Gold NPs were operationalized with probes
altered with thiols on the surface which bind with the viral
genome and also protect the NPs from aggregation. Li et al.
[31] have developed a rapid IgM-IgG combined antibody kit
by amalgamation of gold NPs for detection of SARS-CoV-2
and found potential screening even in asymptomatic patients.
Magnetic nanoparticle-based rapid tests using iron oxide have
been developed by Zhao et al. [32], where NPs bind to RNA
under magnetic field and helps in rapid and reliable diagnosis.

3.2 Antibody assay kit

As an alternative to PCR, antibody assay kits act as point-of-
care diagnostics which helped in earlier determination of var-
ious diseases like Rubella, allergy, autoantibodies, hepatitis,
HIV, and syphilis. The main principle behind antibody assay
kit is the interaction between antigenic epitopes with either
IgM or IgG. These antibodies are produced during the primary

Fig. 2 Applications of nanomaterials
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immune response, wherein IgM contributes the first line of
defense and IgG is responsible for the long-term immunity
and immunological memory. IgG is detected 7 days after
IgM appeared. Antibody testing plays an important role in
controlling the spread of the disease as 20–80% of cases are
asymptomatic and there is a probability of false positive in
PCR. The World Nano Foundation (WNF) has developed
second-generation rapid COVID-19 antibody assay kit using
gold colloid with separate IgM and IgG readings. Efficacy of
the kit is improved by 1000-fold after incorporation of gold
NPs, and moreover requires just 3 min and 15min for positive
and negative results respectively [33]. The main drawback of
this test is confirming the presence of specific virus; it only
confirms infection based on which health professionals can
further triage patients. To overcome this drawback, re-
searchers from MIT developed a screening device with an
ability to differentiate two similar gene sequences for accurate
identification of SARS-CoV-2. This system holds
thermoplasmonic heat to create surface plasmon resonance
for the DNA probe immobilized on gold NPs to distinguish
specific RNA sequence of SARS-CoV-2 [34].

3.3 Lateral flow immunoassay

Lateral flow immunoassay is a diagnostic device used to de-
tect the presence or absence of pathogens in food, water, and
biological samples. Lateral flow immunoassay (LFIA) is
widely used as POC diagnostics because of its low cost, ease
of use, and accessibility—popularly used for pregnancy test
[35]. It has shown promising results in detection of
enrofloxacin residues in chicken muscle, melamine in milk,
olaquindox residues in pig urine, ochratoxin A in wine and C-
reactive protein, etc. Chen et al. [36] developed a lanthanide-
doped polystyrene nanoparticle–based system which relies on
the principle of LFIA and detects anti-SARV-CoV-2 IgG in
the serum of COVID-19 patients in less than 10 min.
Recombinant nucleocapsid phosphoprotein of coronavirus
was immobilized on the membrane to bind with target IgG.
Mouse anti-human IgG antibody coated on NPs serves as a
fluorescent reporter.

3.4 Naked-eye nanodiagnosis

Naked-eye nanodiagnosis means change in color/nature of test
solution in the presence of SARS-CoV-2. This visual change
can be identified by any individual without any training and is
more approachable as it does not require advanced lab instru-
ments. Earlier, naked-eye diagnosis is used for detection of
glutathione, lysozyme, dopamine, melamine, and ions like
Ag+, Hg+2, and Mg+2 [37]. Moitra et al. [38] coated gold
NPs with thiol-modified antisense oligonucleotide (ASO)
with selective affinity towards N gene of SARS-CoV-2.
ASO capped AuNPs with viral load is treated with RNase H

at 65 °C for 5 min so that a visible precipitate was formed.
RNase H cleaves the RNA from RNA and Au-ASO compos-
ite, which leads towards precipitation. The cluster of ASO-
capped gold particles was studied by UV-visible absorbance
spectroscopy and transmission electron microscopy (TEM).
This test requires ~ 10 min for determining the total RNA.
The reliability of many POC tests is less when compared to
naked-eye diagnosis as viral load was treated and the identi-
fication of the result is less sophisticated. There is no chance of
false positive or false negative in the naked-eye nanodiagnosis
system.

3.5 Nanomaterials-based biosensors

A biosensor is an analytical device comprising biomarker,
transducer, and a signal amplifier used to detect biomolecules.
Biosensors are highly sensitive, cost-effective, and most suit-
able for diagnosis of the disease. Nanomaterial-based biosen-
sors are more potential towards detection of viral infections
and are the best alternative for the PCR-based diagnosis as it
takes less time (10–100 min). Layqah et al. [39] reported an
electrochemical immunosensor designed employing a group
of AuNPs modified carbon electrode to detect recombinant S1
protein for recognition of coronavirus. Seo et al. [40] designed
a field effect transistor (FET)–based biosensor using graphene
nanosheets to detect SARS-CoV-2 in humans. This was pre-
pared by layering graphene onto SiO2 followed by coating
with specific antibodies against spike glycoprotein (S protein)
of SARS-CoV-2 with a limit of 2.42 × 102 copies/mL.
Nanomaterial-based biosensors have contamination due to
highly sensitive bioreceptor and can be addressed through
CRISPR or aerosol-mediated approach for quick response
and better sensitivity [41].

3.6 Smartphone-assisted sensing

Smartphone-based sensing systems are the developing sys-
tems with semi-automated user interface and the accessibility
due to less required knowledge and training. By the proper
usage of the hardware and software, sensing systems can be
developed with smartphones and can be used by normal peo-
ple. There are numerous ways to connect a peripheral module
to the phone. A sensing system can be connected to
smartphones by proprietary interfaces, USB communication
and power, audio headphone port, Bluetooth, and NFC [42].
Nanomaterials are employed to peripheral devices for fast and
better results. Samples are analyzed by using a sensing system
and the results are interpreted on the smartphone. It takes less
time when compared to other diagnostic tests like PCR.
Smartphone-based cloud directory provides geo-tagging.
Geolocation can enable the server’s location by adding out-
break information. It helps in real-time surveillance.
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Smartphone-based sensing can track the spread of the disease
and allows formation of a library of data [43].

4 Nanomaterials for treatment of COVID-19

Antiviral drugs are the only medications that are currently avail-
able for treatment of COVID-19. Various drugs such as
remdesivir, hydrochloroquinone, lopinavir, and ritonavir are be-
ing used for treating COVID-19 patients [44]. Nanomaterials are
playing a crucial role in antiviral therapy by enhancing the deliv-
ery of water-insoluble drugs and improving drug utilization effi-
ciency. TheUSFood andDrugAdministration (FDA)–approved
nanomaterials are used in drug delivery in order to have high
loading efficiency. Nanoparticle-based drugs can hinder viral
infection by blocking virus attachment and its entry into the cell,
inhibiting viral multiplication and direct inactivation of virus.
Various nanoparticles like gold, silver, silicon, selenium, zinc
oxide, silver sulfide, poly lactic acid, etc., are widely used for
treatment of COVID-19 [45].

4.1 Blocking of virus attachment

The virus generally enters the host cell by binding to its receptors.
In SARS-CoV-2 infection, S protein plays a key role in cell
binding and entry. This protein has two subunits: S1 and S2 in
which S1 helps in attachment, whereas S2 facilitates membrane
fusion and entry into cell. The S1 protein binds to the human
ACE2 receptor in alveoli. Besides these cells, ACE2 expression
is represented in epithelial cells, esophageal cells, enterocytes,
kidney proximal tubule cells, myocardial cells, bladder urothelial
cells, and cholangiocytes [46]. Chloroquinone is widely used for
blocking viral endocytosis which acts similar to the nanoparticles
[47]. Polymeric nanoparticles like polylactic acid are generally
used for encapsulation of chloroquinone which improves its de-
livery and cellular uptake efficacy [47]. Nanoparticles can also
directly inhibit the binding of virus. Generally, AgNPs restrict the
cell entry of respiratory viruses. Graphene is effective in blocking
virus attachment in HIV, whereas AgNPs along with graphene
oxide (GO) are effective for feline coronavirus (FCoV) and other
enveloped viruses. Owing to the antiviral capacity of graphene,
researches foresee that it will play a vital role in the fight against
COVID-19 [45]. Gold nanoparticles are more advantageous than
silver nanoparticles as they are less toxic. Among the synthetic
nanoparticles, SiNPs are more approachable due to their biocom-
patibility. These are biodegradable and dissolve in water to form
non-toxic compounds. SiNPs act as scavengers and prevent virus
particles from infecting the host cells. Mesoporous-SiO2 nano-
particles have the potential to bind to enveloped viruses by hy-
drophobic or hydrophilic bonds and reduce the viral entry to cell
[48]. A non-toxic polysaccharide, the cationic chitosan, interacts
with S protein of SARS-CoV-2 and blocks the binding of spike
protein to the ACE2 receptor. Thus, the nanoparticles can

directly hinder the viral attachment to the host and also act as
vector for drug delivery [49].

4.2 Inhibition of viral multiplication

After the virus enters the cell, it uses host cell machinery to
replicate and increases its number and then spreads the in-
fection throughout the body. By inhibiting the viral multipli-
cation, the viral count will be very low to infect the body,
and the immune system can fight efficiently against the vi-
rus. Various nanoparticles are used as antivirals for inhibi-
tion of viral replication. The transmissible gastroenteritis vi-
rus (TGEV) belongs to the coronavirus family and is
inhibited by silver nanoparticles and silver nanowires below
the toxic level of concentration [50]. Silver nanoparticles
reduce the cell death caused by the viral infection. Ag2S
are potential nanoparticles that work efficiently on the coro-
navirus replication by preventing the budding of viral parti-
cles from host cell [51]. These nanoclusters also improve the
expression of pro-inflammatory cytokines that help in reduc-
tion of viral infection. Owing to the structural similarity with
coronavirus family, porcine epidemic diarrhea virus (PEDV)
is used as a model [52].

PEDV is suppressed by treating with glutathione-capped
Ag2S nanoclusters. The principle behind this process is inhi-
bition of RNA synthesis [53]. There are many viruses that are
similar to SARS-CoV-2, so these viruses are used as models
for research. Influenza A virus (IAV) is rapidly mutated, most
complicated, and more resistant to drugs [54]. Nanoparticle-
based research helps out in decreasing the effect of virus. Kim
and his team developed a technique by using porous gold
nanoparticles (PoGNPs) to target hemagglutinin (HA) on the
virus based on well-built gold-thiol interactions [55]. The re-
sults illustrate that cell viability increases to 96.8% for the
cells treated with PoGNPs, whereas untreated cells have only
33.9% viability [55]. Hence, the same technique may be
employed for SARS-CoV-2 virus also.

Zinc oxide nanoparticles are more efficient in inhibiting the
H1N1 viral infection [56]. It is also proved that zinc (Zn) has
the capability of inhibiting the replication of SARS-CoV-2
[56]. Zn helps in producing antiviral cytokines and improves
the immune response to reduce inflammation. RNA-
dependent RNA polymerase helps in maintaining genome ac-
curacy which is the most important SARS-CoV-2 protein. By
inhibiting this protein, the viral replication can be ceased.
Earlier, the same technique was used for HIV virus by
inhibiting the HIV reverse transcriptase. This technique uses
two different aptamer gold nanoparticles: one is specific for
polymerase and other is specific for RNaseH of HIV reverse
transcriptase [57]. Silver and gold nanoparticles are the most
efficient and promising nanostructures for inhibition of viral
replication.
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4.3 Inactivation of virus

Inactivation or destruction of virus is another approach to
cease the viral infection. It is shown that AuNPs coated with
3-mercaptoethylsulfonate (MES) can efficiently inhibit the vi-
rus at concentration equal to EC90. After dilution, its viral
infectivity was fully recovered which is referred to as revers-
ible viral inhibition. When a 2:1 mixture of undecanesulfonic
acid (MUS) and 1-octanethinol (OT) was used instead of
MES, then MUS:OT-AuNPs can be used for irreversible in-
activation of viruses like vesicular stomatitis virus (VSV),
HSV, respiratory syncytial virus (RSV), and lentivirus [45].
The strong binding between virus-MUS:OT-AuNP was af-
firmed by electron microscopy and other techniques. The vi-
ruses that were studied under this technique are similar to
coronaviruses, so this technique may be approachable for
SARS-CoV-2. Kong et al. [58] illustrated that decoy virus
receptor-functionalized nanodisc, self-assembled discoidal
phospholipid bilayers in amphipathic membrane scaffold pro-
teins selectively targeted the surface proteins of H1N1 and
inactivated the virus irreversibly. Qin and his team showed
that iron oxide nanoparticles target 12 different subtypes
(H1-H12) of IAV envelope [59]. This process is known as
catalytic inactivation. Iron oxide nanoparticles with 200 nm
were referred to as iron oxide nanozymes (IONzymes). These
IONzymes inactivate the virus by inducing lipid peroxidation
which destroys the integrity of the viral envelope proteins.
These nanoparticles have greater impact on H1N1, H5N1,
and H7N9 and other strains of IAV. Hence, there is every
probability that these nanoparticles are also potent enough to
inactivate SARS-CoV-2. For instance, inhibition of measles
virus is carried out by gold nanoparticles obtained by Allium
sativa as a reducing agent, inhibition of hepatitis C virus by
AuNP-based nanozymes, inhibition of H1N1 virus by
didodecyldimethylammonium bromide-coated silica nanopar-
ticles, inhibition of HIV by silver nanoparticles, etc. [60].
Besides the NPs that can use any one of the three approaches,
few researchers used all the three approaches as a combina-
tion. Łoczechin and his team modified carbon quantum dots
with functional groups, viz., amino, carboxylic, triazole for
SARS-CoV-2 virus therapy [61]. These works illustrated the
efficiency of various antiviral agents against several viruses
which needs an in-depth investigation for their potential
against SARS-CoV-2.

5 Nanomaterials for the prevention
of COVID-19

5.1 Vaccines

The development of a vaccine for SARS-CoV-2 is a challeng-
ing task and various researchers in collaborations with pharma

companies initiated this task after the whole genome of
SARS-CoV-2 has been published. As per WHO report, until
9 June 2020, there are 136 vaccine candidates, 16 of which are
nano-based vaccines under clinical trials [62]. Several studies
revealed complete S protein or a region of it (N-terminal do-
main or receptor-binding domain) as an appropriate target for
vaccine development but design of the antigen must be opti-
mized to elicit adequate immune response [63–65]. Besides,
nucleoproteins and non-structural proteins were found to be
good candidates for cocktail vaccine development against
SARS-CoV-2 [66].

During vaccine development, the antigenic part of the virus
is either encapsulated in the nanocarrier or conjugated to nano-
particle surface for administration along with adjuvant [67,
68]. Various delivery systems, viz., lipid nanoparticles,
virosomes, polymeric nanoparticles, virus-like particles, lipo-
somes, emulsions, and immune-stimulating complexes, are
being used as antigen carriers. The efficiency of the vaccine
can be improved by modifying the size, shape, and charge of
the nanoparticles. The vaccine administration could be
through intramuscular/subcutaneous injection, oral/intranasal
mucosa, or capillary penetration.

Two nanoparticle-based vaccines, BNT162b2 and mRNA-
1273, have completed phase III of their clinical trials and
geared up for approval from the US Food and Drug
Administration. BioNtech and Pfizer declared 95% efficiency
of BNT162b2 on 18 November 2020. Similarly, Moderna
also revealed their results and claimed 94.5% efficacy of
mRNA-1273 [69]. BNT162b2 and mRNA-1273 are the
mRNA-based vaccines. BNT162b2 is developed by collabo-
ration of German startup and American pharma, whereas
mRNA-1273 is developed by Cambridge-based Biotech
Company with National Institutes of Health. Besides the
abovementioned technology, several other technologies are
being employed in nanoparticle-based vaccine development,
the details of which have been summarized in Table 1 [27].
With the information available to date, it can be expected that
nanotechnology will fare better than the conventional ap-
proaches in terms of quick delivery, safety, and effectiveness.

5.2 Surface decontamination and sanitization

COVID-19 is contagious and transmitted from one person to
another through micro-droplets released during sneezing and
coughing or by touching the contaminated surfaces. Several
studies indicate that SARS-CoV-2 persists for 3 h in aerosol-
ized form and for more than 9 days at 30 °C and above tem-
peratures [70, 71]. In this situation, WHO recommended the
use of masks; maintenance of personal hygiene; disinfection
of the surfaces like door handles, chairs, switches, tables etc.;
using disinfectants such as alcohol, soap, sodium hypochlo-
rite, hydrogen peroxide, etc. [72]. Huang et al. [73] reported
that under different operation conditions, deparaffination and

125emergent mater. (2021) 4:119–130



alcohol- and water-based disinfectants may not work
completely, so there is immense need to develop disinfectants
that are non-toxic and persist for longer duration.
Nanotechnology opens a new avenue for developing efficient
disinfectant systems with antimicrobial activity and self-
cleaning ability. The system releases active substance in re-
sponse to electrothermal, photocatalytic, and photothermal
stimuli [74]. Metallic nanoparticles are well known for their
antibacterial, antiviral, and antifungal activities [75].

Vaze et al. [76] developed a nano-disinfectant “engineered
water nanostructures (EWNS),”which reduced the concentra-
tion of H1N1 influenza virus. The Nanotech Surface Company
formulated a disinfectant with silver nanoparticles and titani-
um dioxide which was used for cleaning buildings in Milan.
The nanoparticle promotes oxidation reaction that is utilized
by light and acts against virus and microbes, hence acting as a
potential disinfectant [77]. Despite having various advantages,
nano-disinfectant systems have several challenges such as

production cost, scalability, toxicity, and intellectual and reg-
ulatory issues which hinder them from reaching the markets.

5.3 Air and water filtration

When the SARS-CoV-2 virus was first discovered in China, it
was found lurking in air ducts. This proves that the virus can
spread through recirculated air in air conditioning [78]. In
these places, filters with nanomaterials render hygiene to the
conditioning system. High-efficiency particulate air (HEPA)
filters provide a handy solution to this. Therefore, isolation
areas and hospitals or any enclosed space with air condition-
ing should be equipped with HEPA filters. The efficiency of
HEPA filters lies in the fact that they can filter out particles
with sizes of both less than or greater than 300 nm [34]. As the
mean diameter of SARS-COV-2 is 50–200 nm, HEPA filters
can effectively filter the virus out.

Table 1 Nano-based vaccines
against SARS-CoV-2 Vaccine Developer/s Platform Current

status

mRNA-1273 Moderna, USA and
National Institutes of
Health (NIH)

• mRNA-based vaccine

• S protein encapsulated in lipid
nanoparticles

• Type: muscle injection

Phase III

BNT162b2 BioNTech/Pfizer
(Germany)

• LNPs combined with mRNA

• Type: muscle injection

Phase III

Ad5-nCoV/Convidecia Cansino Biologics (China) • Adenovirus 5 vector containing S
nanoparticles

• Type: muscle injection

Phase III

NVX-CoV2373 Novavax, USA • Virus-like nanoparticle, containing S
protein with adjuvant matrix

Phase III

UQ-CSL V451 Viroclinics Xplore
(Netherlands)

• University of Queensland molecular
clamp technology, with S protein
and adjuvant

Phase I

COVID-19 vaccine Ufovax, USA Single-component self-assembling
protein nanoparticle

Phase I

COVID-19 vaccine Janssen Pharmaceuticals,
Belgium

AdVac® technology recombinant
vaccine based on adenovirus vectors
combined with the PER.C6® cell
line

Pre-clinical

COVID-19 vaccine Sanofi and Translate Bio
(USA)

LNPs loading mRNA encoding
SARS-CoV-2 functional proteins

Pre-clinical

DPX-COVID-19 IMV, Canada LNPs formulated with DPX platform,
containing peptides epitopes from
SARS-CoV-2 S protein

Pre-clinical

COVID-19 vaccine CanSino Biologics with
Precision NanoSystems

mRNA lipid nanoparticle vaccine Pre-clinical

COVID-19 vaccine Fudan University
JiaoTong University and
RNACure Biopharma
(China)

LNPs loading mRNA encoding the
receptor-binding domain of
SARS-CoV-2

Pre-clinical

COVID-19 vaccine St. Petersburg Scientific
Research Institute of
Vaccines and Serums
(Russia)

LNPs formulated with recombinant S
protein and other epitopes

Pre-clinical
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Likewise, the water also should be treated to prevent trans-
mission of the virus. Using a nanotechnology viewpoint, a
group of researchers from Rice University, Texas, have devel-
oped a multimedia treatment process for both air and water
filtration/disinfection. In this, they used a few layers of gra-
phitic carbon nitride set in motion by light which could absorb
virus and deteriorate the antibiotic resistance gene of bacteria
[79].

5.4 Protective gear

Nanomaterials have long been considered the key to the making
of protective gears like masks, lab coats, and aprons as a signif-
icant surge in their demand presented after the COVID-19 pan-
demic. The physicochemical properties of fabrics used in the
making of personal protective equipment (PPE) were amplified
with the addition of nanomaterials. These amplifications include
UV protection, antimicrobial qualities, and fire retardancy, all of
which are valuable additions. Nanoengineering has found a sig-
nificant place in themanufacture of PPE as it provides prevention
of antimicrobial activity and hydrophobicity [29]. Despite these
enhanced features, it is indeed a marvel that nanoparticles have
not affected the breathability of the fabric. Since SARS-COV-2
mainly spreads through respiratory droplets, hydrophobicity
lends itself to the apparent augmentation of PPE products. A
collection of nanowhiskers made up of hydrocarbons escalate
surface tension which intercepts the absorption of droplets.

Oxidation of microbial membrane by nanoscale biocides
like polymers or peptides prevents the growth of microbes
on the surface of the material. One great example of the vital-
ity of nanoparticles in PPE is in face masks. Conventionally,
face masks consist of gaps between fibers which are insuffi-
cient for protection against viruses. Moreover, these face
masks lack breathability, as a result of which discomfort
arises. Nanomaterials combat all these issues. Silver and cop-
per nanomaterials have been touted for their antimicrobial and
antiviral effects. Specifically, these have been shown to inac-
tivate influenza virus and also present huge potential for the
prevention of SARS-COV-2.

Even though N95 masks are proclaimed as the most effec-
tive so far, they only have an 85% efficacy for particles small-
er than 300 nm. However, the COVID-19 virus has a diameter
range of 60–140 nm, displaying the need for more efficient
masks. Nanofibers, produced by electrospinning, offer a po-
tential solution to this predicament [34]. Similarly, gloves in-
fused with silver nanoparticles provide viricidal activity.
There are structures coated with ACE2 receptor like
nanoflowers with petals containing nanoparticles used in am-
plifying the enzymatic activity. Human cell membrane, the
instinctive target of SARS-COV-2 virus, has been used to
create nanosponges which bind to the virus further, neutraliz-
ing it in a concentration-dependent manner. Despite the

functionality of these strategies, incorporation of ACE2 recep-
tors on masks is not economically viable.

Sulfated derivatives of graphene oxide provides a more
feasible alternate. Viruses typically attach to cell surface
receptor sugars which can be mimicked by cell antivirals
like heparin-sulfate. Recent studies have shown that inter-
action between S1 protein of SARS-COV-2 and heparin
initiates a conformational change in protein. Hence, an
amalgamation of heparin and other repurposed sulfates
onto graphene oxide nanoparticles can be used to absorb
SARS-COV-2 [73]. These NPs can be juxtaposed with
fabrics to present another viable option for PPE. There
is still a lot of potential in this field with promising de-
velopments yet to come. Despite these benefits, nanopar-
ticles may cause allergies for some people. Moreover,
when washed for reuse, they may be released as environ-
mental waste. These potential fatalities are being studied
for proper disposal of nanoparticle-induced contaminants.

6 Contribution of the study

The present study deals with the intervention of nanotechnol-
ogy in the diagnosis, treatment, and prevention of COVID-19.
This technology is used in the preparation of PPE, disinfec-
tants, and surface coatings to inactivate and check the spread
of the virus. Nano-based sensors are sensitive and used in
quick identification of infection or immunological response.
This technology also contributes to the development of new
drugs with improved specificity, and enhanced activity with
reduced toxicity.

7 Future scope and limitations

Over the decades, nanoparticles have been extensively
studied and employed in the development of safe drugs,
tissue-targeted treatments, personalized nanomedicines,
early diagnosis, and prevention of diseases. Hence, in a
futuristic view, this technology can be the first choice for
the development of effective therapies for a range of dis-
eases. As each and every technology has certain chal-
lenges, nanotechnology application is also accompanied
with a few limitations. Since nanoparticles degrade slow-
ly, there is a probability of their accumulation at the site
of administration leading to inflammation and damage of
organs. This problem arises when non-biodegradable par-
ticles are used. The issue can be overcome by using bio-
degradable nanoparticles which will be usually excreted
from the body. Furthermore, the preparation of nanopar-
ticles is difficult and expensive.
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8 Conclusion

The global demand for efficient technology to combat
COVID-19 has motivated the researchers and industries to
shift from conventional methods towards emerging and smart
technology, referred to as nanotechnology. Nano-based ap-
proaches are efficient in promoting the drug delivery to a
specific target site, improving the residence time and utilizing
efficiency of the drug. The nanoparticles, viz., metallic NPs,
were found to exhibit antiviral, antibacterial, and antifungal
activities, and hence employed in diagnosis, therapy, and de-
signing the preventive aids for SARS-CoV-2. Despite numer-
ous advantages, the toxicity and side effects of the
nanomaterials are yet to be fully explored in human health.
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