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A B S T R A C T   

In 2019, a novel type of coronavirus emerged in China called SARS-COV-2, known COVID-19, threatens global 
health and possesses negative impact on people’s quality of life, leading to an urgent need for its diagnosis and 
remedy. On the other hand, the presence of hazardous infectious waste led to the increase of the risk of trans
mitting the virus by individuals and by hospitals during the COVID-19 pandemic. Hence, in this review, we 
survey previous researches on nanomaterials that can be effective for guiding strategies to deal with the current 
COVID-19 pandemic and also decrease the hazardous infectious waste in the environment. We highlight the 
contribution of nanomaterials that possess potential to therapy, prevention, detect targeted virus proteins and 
also can be useful for large population screening, for the development of environmental sensors and filters. 
Besides, we investigate the possibilities of employing the nanomaterials in antiviral research and treatment 
development, examining the role of nanomaterials in antiviral- drug design, including the importance of 
nanomaterials in drug delivery and vaccination, and for the production of medical equipment. Nanomaterials- 
based technologies not only contribute to the ongoing SARS- CoV-2 research efforts but can also provide plat
forms and tools for the understanding, protection, detection and treatment of future viral diseases.   

1. Introduction 

Worldwide health is confronting the high-risk circumstance due to 
the new extreme acute respiratory syndrome caused by coronavirus 
called COVID-19 pandemic. This virus is dangerous, because of the 
highly infectious nature of the disease and the risk of death from 
pneumonia in almost 6.89 % of COVID-19 patients (April 27, 2020) 
(Sivasankarapillai et al., 2020a). The infection has raised world concern 
due to its high transmission rate just as high movability and mortality 
(Megahed & Ghoneim, 2020a). The existence of coronavirus in envi
ronments even for a short time could cause a potential threat for all 
people involved in the environmental system (Gude & Muire, 2020). 
Indeed, during the COVID-19 pandemic, the use of disposable supplies 
such as facemasks and medical waste have increased the amount of 
pollution with Covid-19 in municipal waste. Therefore, presence of 

nanomaterial with antiviral property leads to kill the viruses and avoid 
spreading in the environment and urban life (Valizadeh, Hafezalkotob, 
Alizadeh, & Mozafari, 2021). In 2020, Rahmani and Mirmahaleh studied 
on prevention and treatment methods and effective parameters against 
COVID-19 by use of systematic literature review. Indeed, in this review 
paper, the author proposed a taxonomy tree to investigate the COVID-19 
confronting methods and effects. Besides, they providing a systematic 
literature review based on the proposed taxonomy tree and finally they 
indicating the impact of medical and social methods for facing the 
COVID-19 outbreak (Rahmani & Hosseini Mirmahaleh, 2020). Another 
paper focused on how the antivirus –built environment prevents the 
virus transmission (Megahed & Ghoneim, 2020b). Besides, in this study, 
the importance of designing a healthy and sustainable built environment 
was investigated. Many unanswered questions need more multidisci
plinary researches. So it is important to be familiar with protect 
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nanomaterials that can be used in built environment (Megahed & 
Ghoneim, 2020b). 

Besides, transmission from person to person COVID-19 occurs mostly 
through respiratory droplets, similar to the outbreak of the flu, produced 
during coughing, sneezing, and talking (Huang et al., 2020). Indeed, 
sometimes transmission takes place when a healthy individual is close to 
an infected person, with or without symptoms, or when be in contact 
with infected surfaces and then touches his or her eyes, nose, or mouth. 
(de Wit, van Doremalen, Falzarano, & Munster, 2016) This novel virus is 
7th coronavirus belonging to the coronavirus family of Genus-β pos
sesses 30–40 species (Schoeman & Fielding, 2019). The 5th and 6th 
coronaviruses were appeared in 2002 and 2012 called SARS-CoV and 
MERS, respectively. These three types of viruses have the same symp
toms such as fever and cough, followed by respiratory tract disease 
(Schoeman & Fielding, 2019). In order to know how to face with 
Covid-19, we should know about the structure of coronaviruses. The 
genome of coronaviruses possesses four main structural proteins with 
different functions including spike (S) protein (connect the virus into the 
host cell), nucleocapsid (N) protein (gives a response to the host cell and 
engages in the replication cycle), membrane (M) protein (determines the 
shape of the cell), and envelope (E) protein (is hydrophobic viroporins) 
(Fig. 1) (McBride, van Zyl, & Fielding, 2014; Neuman et al., 2011; 
Venkatagopalan, Daskalova, Lopez, Dolezal, & Hogue, 2015). The outer 
layer of viroporins is lipid composed of hydrophobic phospholipids,5 
which leads to interact with the host cell (Baglivo et al., 2020). 

The nanotechnology community can contribute significantly to the 
fight against coronavirus disease 2019 (COVID-19). Nanomaterials with 
antiviral properties known as nanoantimicrobials have an important 
role in the prevention, diagnosis, and treatment of virus disease. While 
serious supplies are dedicated to prevention, diagnosis, and treatment, 
more endeavors could be devoted to limit the infection spread. There
fore, applying nanomaterials in coating surfaces as antiviral covers is an 
important issue in the prevention of the spread of infection in the 
environment. This isn’t the first and last pandemic of the disease: the 
nanomaterials society may proffer a few innovative solutions for chal
lenging the ongoing and future worldwide wellbeing crises (Sportelli, 
Izzi et al., 2020). The methodologies that have been investigated looking 
to inactivate coronavirus predominantly follow techniques including the 
interaction of the outer layer of the virus with nanomaterials followed 
by inhibition of virus infection and or totally killing the virus. In these 

cases, the nanosystem with hydrophobic and antiviral properties can 
interact with the virus surface (Palestino, García-Silva, González-Ortega, 
& Rosales-Mendoza, 2020). 

Besides, nanomaterials with significant properties and many privi
leges have been recently incorporated into medicine sections such as 
nanoparticle (NP)-based formulation, NP-based delivery system, and 
NP-based vaccine (Ferrari et al., 2015; Shao et al., 2016). Since, nano
particles possess equal size with viruses, they can enter cells to enable 
expression of antigens from delivered nucleic acids (mRNA and DNA 
vaccines) and/or directly target immune cells for delivery of antigens 
(subunit vaccines). During vaccine development, the virus antigen can 
be either encapsulated in the nanosystem or conjugated to the surfaces 
of nanocarriers for administration along with adjuvant (Chintagunta, 
Kumar, Kumar, & Kumar, 2020; Kumar, Chintagunta, Kumar, Roy, & 
Kumar, 2020). Various delivery nanocarriers such as lipid nanoparticles 
and polymeric nanoparticles are being employed as antigen carriers. The 
effectiveness of the vaccine can be enhanced through optimization the 
size, morphology, and charge of the nanoparticles (Chintagunta, Nal
luru, & Sampath Kumar, 2021). Recently, the incredible race in devel
opment of the COVID-19 vaccines within the global scientific 
community, caused to produce many types of vaccine (Milane & Amiji, 
2021). SARS-CoV-2-based mRNA vaccines as nanotechnology-based 
formulations vaccines from Pfizer/BioNTech and Moderna employ 
lipid nanoparticles (McGill COVID19 Vaccine Tracker Team, 2021), 
while the University of Oxford/ Astrazeneca (from here on out referred 
to as Oxford/Astrazeneca) and CanSino incorporate antigen-encoding 
sequences within the DNA carried by Adenoviruses (Folegatti et al., 
2020; Jackson et al., 2020; Novavax Announces Positive Phase 1 Data 
for Its COVID-19 Vaccine Candidate, 2021; Zhu et al., 2020). Novavax 
decorates recombinant S proteins of SARS-CoV-2 onto their proprietary 
virus like particle nanoparticles (Clinical Stage Pipeline, 2021). 

Consequently, here we enforce the emphasis of nanomaterial-based 
technological solutions in various possible applications of the fight 
against the virus. Indeed, in this review paper we investigated the 
different types of nanomaterials and their effects on the environment to 
attach COVID-19. Therefore, safe, nontoxic and biocompatible nano
materials might be an ideal choice in prevention, detection and remedy 
of virus. Besides, this review paper has been divided into some sections 
involving types of nanomaterials and their applications in biosensors, 
antiviral coating, airborne virus filtration, facemasks, drug delivery, and 

Fig. 1. Schematic representation of the coronavirus structure with structural proteins. Reprinted with permission (Venkatagopalan et al., 2015).  
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vaccines to fight COVID-19. 

2. Carbon-based nanomaterials 

While there aren’t many studies accessible up to date that gives a few 
carbon-based nanomaterial applications for fighting COVID-19 infec
tion, their extraordinary physicochemical and antiviral characteristics 
recommend that these nanomaterials have an active and significant role 
against COVID-19. These nanomaterials including graphene and gra
phene oxide, carbon quantum dot, carbon nanotube, and fullerene with 
great properties especially sensing, antiviral and antimicrobial proper
ties, are ideal choices with potential applications against COVID-19 in 
biosensor for diagnosis, antiviral coating, airborne virus filtration, 
facemask, and drug delivery (Ferrari et al., 2015). 

2.1. Graphene and graphene oxide 

The nanomaterial graphene and graphene oxide with two di
mensions have caught a lot of consideration because of their antimi
crobial and antiviral properties. Antibody-conjugated graphene sheets 
not only can quickly recognize targeted proteins of the virus but also be 
remedial for huge population screening, and improvement of environ
mental sensors and filters (Palmieri & Papi, 2020). Besides, the func
tionalized graphene could be utilized as a disinfectant due to acceptable 
viral capture capacity that, combined with heat or light-mediated 
inactivation. Besides, graphene sensor arrays can be implemented on 
standard utility textiles and drug efficacy screening. Indeed, biosensing 
procedures utilizing antibodies to specifically catch the entire infection 
exist. Moreover, graphene-based field-effect transistors (FET) as potable 
sensors have been designed to analyze COVID-19 viral load in clinical 
nasopharyngeal samples, utilizing special antibody against its spike 
protein (Seo et al., 2020). Indeed, the spike antibody of SARS-CoV-2 was 
immobilized on the FET device by conjugating onto the graphene sheet 
through an interfacing molecule as probe linker (Fig. 2]). The FET-based 
biosensing device accomplishes the detection of SARS-CoV-2 by evalu
ation of its performance using a cultured virus, antigen protein, and 
nasopharyngeal swab samples from infected individuals (Ferrari et al., 
2015). 

To make the graphene-based FET biosensors, the graphene sheets 
were covered with the COVID-19 antibody by probe linker (1-pyr
enebutyric acid N-hydroxysuccinimide ester). 

Based on the results, the fabricated FET sensors can detect the SARS- 
CoV-2 spike protein in phosphate-buffered saline and 100 fg mL− 1 

medical transfer system, at the level of 1 fg mL− 1 concentration and limit 
of detection ~1.6 × 101 pfu mL-1 and ~2.42 × 102 pfu mL-1 for the 

cultured sample and medical test, respectively. This sensor reveals is 
highly sensitive to screening and diagnosis of novel coronavirus disease 
2019 without any sample pretreatment and the presence of graphene 
leads to improve the signal to noise ratio (Seo et al., 2020). Besides, 
Zhang and co-authors (Zhang, Qi et al., 2020), reported an accurate, 
rapid, and easy diagnosis of COVID-19 by use of the graphene-based FET 
immunosensors. The speed of detection was about 2 min and the limit of 
detection was achieved down to 0.2 pM, in a real-time and label-free 
manner. Seo et al. (2020) also used the graphene-based FET to detect 
the COVID-19. They reported the LODs of this sensor were evaluated in 
nasopharyngeal swab samples in phosphate buffer saline, 1 fg/mL, in 
universal transport medium, 100 fg/mL, and in the culture medium, 1.6 
× 101 pfu/mL. 

To evaluate the graphene oxide (GO) as an antiviral agent, Ye et al. 
(Ye et al., 2015) applied some types of GO derivatives including graphite 
(Gt), graphite oxide (GtO), graphene oxide (GO), reduced graphene 
oxide (rGO), graphene oxide/poly(diallyldimethylammonium chloride) 
composite (GO-PDDA), and graphene oxide/polyvinylpyrrolidone 
composite (GO-PVP) to detect PEDV (porcine epidemic diarrhea virus, 
strain CH/YNKM-8/2013, a DNA virus) and PRV (pseudorabies virus, 
strain HNX, an RNA virus). Regarding the obtained results, Go and rGO 
with maximum antiviral activity were selected as the best antiviral 
candidates among them and GtO. Gt with minimum activity and 
GO-PDDA without any antiviral activity was ignored. Indeed, this ac
tivity is related directly to the presence of nanostructure of the materials. 
Besides, all GO materials revealed negative zeta potential except for the 
composite having PDDA that had positive zeta potential. Subsequently, 
the particle charges influence on the desired antiviral properties. 

The demand for masks as prevention of virus transmission has 
increased everywhere throughout the world. On the other hand, the 
presence of used an enormous number of single-use masks is a threat to 
the environment. Therefore, taking advantage of graphene as breathable 
barrier layers on the facemasks leads to not only minimize the risk of 
transmission but also makes the reusable facemasks (Chauhan, Mae
kawa, & Kumar, 2017). Besides, GO nanoparticles as hydrophobic ma
terials are used in filters, textiles, and facemasks to inactivate viruses 
(Spitz Steinberg, Cruz, Mahfouz, Qiu, & Hurt, 2017). Indeed, the 
maintenance of facemask is affected by water permeation of its surface, 
so when its surface is hydrophobic and dry the microorganisms couldn’t 
penetrate the protective layers. So, this facemask is recyclable by pho
tocatalysis or heat (Akhavan, Choobtashani, & Ghaderi, 2012; Song 
et al., 2015; Ullah et al., 2020). Also, the high surface temperature of the 
mask under sun illumination can effectively sterilize the surface in
fections. Indeed, viruses can be denatured after contact with graphene 
under mild temperature at 56 ◦C for 30 min. It is found that different 

Fig. 2. Field-effect transistor (FET) sensor and its related operational process for the diagnosis of COVID-19. Reprinted with permission.  
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advanced nanoparticles can be employed to fabricate multifunctional 
antiviral facemask (Zhong et al., 2020) 

On the other hand, graphene as a regular inorganic particle with 2D 
structure possesses great drug loading potency to efficiently adsorb 
small molecular and macromolecular drugs because of its π-π conjuga
tion at every single layer. This ability makes the graphene an excellent 
delivery platform for nucleic acid and protein delivery (McBride et al., 
2014). Besides, these nanoparticles have potential to be used in vaccine 
technology. For example, in 2020, Gao et al., developed a new vaccine 
against COVID-19 by using the combination of self-developed nano 
adjuvant loaded with carnosine graphene oxide adjuvant loaded with 
CpG molecule and RBD protein antigen (Gao et al., 2020). Their 
achievements illustrated that this vaccine can fabricate high titer 
anti-SARS-CoV-2 RBD antibody neutralizing SARS-CoV-2 in mice within 
2 weeks. 

Since in vivo toxicity of graphene is still a matter of debate because of 
some difficulties due to the infinite combinations of dose, surface 
chemistry, exposure route utilized for the evaluation (Fadeel et al., 
2018). In one of the researches, it was found that the contact of GO with 
the lungs of C57BL/6 mice leads to inordinate pulmonary inflammation 
(Sivasankarapillai et al., 2020a). Besides, the instability and aggregation 
of graphene in solution is a further challenge while the solution of drugs 
and vaccine needs stability (Ren et al., 2018). 

2.2. Carbon nanotube 

In recent years, carbon nanotubes (CNTs) with 10− 100 nm di
mensions, antiviral and antimicrobial activity, and good light-heat 
conversion efficiency was widely applied for biology and biomedical 
sciences thanks to their large surface volume ratio, slight density, small 
pore size, flexibility, resistance to acids and bases, great mechanical 
strength, ability to create reactive oxygen species, resistance to respi
ratory droplets, and biological compatibility with several drugs (Aasi, 
Aghaei, Moore, & Panchapakesan, 2020). Excellent properties of CNTs 
that provide novel proposals facing COVID-19, are included high storage 
space, high surface area, high biocompatibility, great permeability of 
biological barriers, good bioabsorption rate, multi-energy surface/tube 
chemical functional group capability, and targeted biomolecule modi
fication potency, etc. Besides, CNTs are applied as diagnosis system, 
filtering, virus inactivation agent. Moreover, CNTs have been applied as 
drug delivery systems (Mohajeri, Behnam, & Sahebkar, 2019; Zhu et al., 

2019), anti-HIV agents (Iannazzo et al., 2015; Liu, Winters, Holodniy, & 
Dai, 2007), detect and capture viruses and viral proteins (Ahmed, Kim, 
Suzuki, Lee, & Park, 2016; Brady-Estévez, Kang, & Elimelech, 2008; 
Iannazzo et al., 2015; Liu et al., 2007; Lee, Chander, Goyal, & Cui, 2011; 
Ting et al., 2018a; Yeh et al., 2016; Zhang et al., 2007). Fig. 3 gives a 
representation of the potential application of CNTs against various in
fections including influenza and respiratory viruses such as SARS-CoV-1 
and SARS-CoV-2. 

Microfluidic is a progressive innovation that controls limited quan
tities of fluidics (10− 9-10− 18 L), by that means, becoming sensitive in 
the detection of viruses. Yeh et al. proposed a movable and high- 
throughput microfluidic VIRRION platform including CNT arrays 
witch (Yeh et al., 2020). VIRRION sensor adequately caught diverse 
infections by size, yet also performed continuous nondestructive dis
tinguishing proof of infection and virus, utilizing surface improved 
Raman spectroscopy (SERS) coupled to a machine learning and data
base. Besides, Zheng et al. developed portable devices with CNTs to 
capture infections based on their sizes, sensitively (Yeh et al., 2016). 
Dependence of the virus size by sensors coupled with CNT can selec
tively capture and detect the infections in diluted samples by a factor of 
100. The most advantages of this method are not only high sensitivity 
but also simple operation and isolation process because of no require
ment of any antibody for viral identification. 

Another potential application of CNT against COVID-19 is using 
these nanoparticles in the fabrication of N95 facemasks, which prevent 
person-to-person transmission viruses (Vo & Zhuang, 2013; Vo et al., 
2014; Vo, Zhuang, Birch, & Birch, 2016; Zou & Yao, 2015). 

However, CNTs possess many benefits, they have some disadvan
tages because of its genotoxicity properties that lead to interact directly 
with DNA in vivo (animal models) and cellular levels (Ahmed et al., 
2016; Brady-Estévez et al., 2008; Iannazzo et al., 2015; Kim et al., 2012; 
Lee et al., 2011; Ting et al., 2018a; Vo & Zhuang, 2013; Vo et al., 2014, 
2016; Yeh et al., 2016; Yeh et al., 2020; Zhang et al., 2007; Zou & Yao, 
2015). Based on the fulfilled researches, because of the genotoxicity of 
multi-walled CNTs, pulmonary administration of these nanomaterials 
leads to insistent oxidative stress by prompting chronic inflammation 
(Cho et al., 2012). 

2.3. Fullerene 

The fullerene (C60) as a carbon-based nanoparticle with many 

Fig. 3. CNT in different sections of viral capture/inactivation. PPE: Personal Protective Equipment; CNT: Carbon nanotubes; DFT: Density Functional Theory. 
Reprinted with permission. 
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characteristics including antiviral activity, antiradical and antioxidant 
properties, and also hydrophobic character (Gacem, Gacem, & 
Ould-El-Hadj-Khelil, 2020). With hydrophobic characteristics, fullerene 
possesses colloidal form in aqueous samples. When this colloidal solu
tion is illuminated under UVA light, the singlet oxygen is produced. The 
oxidative reaction starts the lipid degradation with the peroxidation 
step. The concentration of fullerene in solution, effects on the deterio
ration of the lipid layers. A similar observation of lipid peroxidation by 
C60 was made on bacterial phospholipid membrane (Alvarez, 2007). 
Fig. 4 depicts the illustration of damage envelope of the virus via lipid 
peroxidation with fullerene coating. 

Based on Fig. 4 (Siddiquie, Agrawal, & Joshi, 2020), the surface 
contact of the textured surface is coated by C60 that leads to lipid per
oxidation on the phospholipid layer that exists in the outer layer of 
COVID-19. Besides, the hydrophobic properties of C60 lead to mini
mizing contact between texture surface and virus outer layer because of 
the existence of entrapped air bubbles. Consequently, because of the 
decrement of adhesion between virus and texture surfaces by C60, these 
nanomaterials as coating materials are introduced as a possible solution 
against COVID-19, as they will be hydrophobic as well as toxic to the 
envelope for the virus. On the other hand, lipid peroxidation by a 
water-soluble C60 leads to break the lipid of the outer layer of the virus 
because of the hydrophobic property of the lipid (Sayes et al., 2005). 

In the authors’ view point, by investigation of carbon nanoparticles 
(G, GO, CNT and F), it can be concluded that these types of nano
materials better to be used as biosensor, filtration and other applica
tions, which have not contact with living cells directly (like drug 
delivery system or vaccine). Indeed, the toxicity and biocompatibility of 
these types of nanoparticles in the living cells need to be more surveyed. 
Therefore, by employing carbon nanomaterials as antiviral agents in 
facemask, the generation of disposal facemask becomes extinct. 

3. Quantum dots (QDs) 

Quantum dots (QDs) as semiconductor nanoparticles with 1− 10 nm 
diameters and tunable optical wavelength, were attached with high 
fluorescent probes that is an important factor to detect the long-term 
fluorescence imaging of different cellular processes (Boles, Ling, 
Hyeon, & Talapin, 2016; Mudshinge, Deore, Patil, & Bhalgat, 2011). 
Indeed, QDs as a new nanoparticles not only used as fluorescent probe 
for molecular and cellular imaging but also applied as interception 
systems to prevent the entry and interaction of COVID-19 with the host 
cell membrane (Peer et al., 2007). Therefore, QDs materials have po
tential to inactivate the viruses through interaction with S-protein of 
virus, prevention genomic replication of viral RNA and also usage as 
fluorescent probes (Fig. 5). 

Besides, the employment of green methods to synthesis QDs makes 
them a suitable choice for antiviral applications especially in vivo 
infection (Lin, Bao, & Wu, 2019). Taking into consideration, that QDs 

optimization and functionalization with novel functional molecules 
against SARS-CoV-2 would extrapolate nanostructures for COVID-19 
remedial to inactive the life-threatening infections in the near future. 

3.1. Carbon quantum dots 

Carbon quantum dots (CQDs) as predominant imaging probes (che
mosensors and biosensors) with antiviral activity can be used not only as 
sensing microbes, biomolecules, and infections, but also as biocompat
ible inactivation system for pathogenic human coronavirus infections. 
The CQDs are about 10 nm with high solubility in water, were fabricated 
via hydrothermal carbonization of carbon precursors. For the detection 
of coronaviruses, some innovative approaches have focused on the 
application of CQDs. In one of the studies (Łoczechin et al., 2019), the 
antiviral activities of seven types of CQDs were used to remedy human 
coronavirus contagions. Łoczechin et al. prepared different types of 
CQDs by the use of hydrothermal carbonization and conjugation of 
boronic acid. It was revealed that the virus inhibition is perhaps owing 
to the interaction between CQDs functional groups with entry receptors 
of the virus (Fig. 6) (Łoczechin et al., 2019). Indeed, the positive charge 
of CQDs surface disable and disjoint the spike protein of the virus and 
then react with negative RNA of COVID-19 (Dong, Moyer, Yang, Sun, & 
Yang, 2017; Ting et al., 2018b). 

3.2. Zirconium quantum dots (Zr QDs) 

Zirconium as a nontoxic transition metal element has been used in 
many biomedical fields because of its properties such as UV light cap
ture, thermal stability, and mechanical strength. Besides, nanosize of Zr 
has special physical and chemical characteristics due to its high surface 
area and the confinement of electronic states in comparison with its bulk 
regime (Liu et al., 2016; Puigdollers, Illasand, & Pacchioni, 2016; Ven
nemann, Alessandrini, & Wiemann, 2017; Wang et al., 2016). 

However, some studies worked on the fabrication and characteriza
tion of zirconium nanoparticles, to date there has been no report on the 
synthesis of zirconium quantum dots (Zr QDs). In one of the studies, 
Ahmed et al. researched the detection of infectious bronchitis virus 
(IBV) by the use of Zr QDs magnetoplasmonic (MP) NPs. They reported a 
one-step fabrication of Zr QDs from Zr nanoparticle by the assistance of 
an autoclave (Ahmed, Kang, Oh, Lee, & Neethirajan, 2018). Regarding 
the obtained results, Zr QDs possess blue fluorescence emission applied 
in the biosensing of the infectious bronchitis virus (IBV). As stated in 
Fig. 7, conjugated antibody-Zr QDs and antibody -MP NPs were 
observed separately till the time of adding infections. At this time, the 
antibody-Zr QDs and antibody -MP NPs were attached together and 
make a nanocomposite (Zr QDs-MP NPs) to carry the viruses or in
fections and subsequently by use of the external magnet, the composite 
was separated (Nikaeen, Abbaszadeh, & Yousefinejad, 2020). 

In alternative research, Weng and Neethirajan developed a rapid 

Fig. 4. Two possible methods to fight COVID-19. (a) By inactivating the lipid layer by coating the surface with nano-C60. (b) By reducing the contact area with the 
virus by surface texturing. Reprinted with permission. 
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detection biosensor based on antibody-functionalized MoS2 for 
analyzing IBV (Weng & Neethirajan, 2018). In contrast to traditional 
tests, their immunosensor supplies significant privileges including 
higher sensitivity and lower analysis time, as well as acceptable linearity 
and validation using the ELISA technique. Consequently, the synthesis of 
novel QDs and their application as an optical-based bioassay may open 
new doors for research and further optical and biomedical applications. 

Overall, the employment of QDs against coronavirus is one of the 
best choices due to its great remedial efficiency. Moreover, QDs can be 
used as a powerful imaging probe and sensor in diagnosis and prog
nostic. In addition, the drugs can be coated on the surface of QDs to 
target COVID-19. However, caution should be exercised to avoid renal 
filtration and other side effects. 

4. Metal-based nanoparticles 

One of the most important nanomaterials with effective biomedical 

applications is metal-based nanoparticles because of their capacity to fill 
in as productive drug delivery systems, but also to permit stimuli- 
responsive qualities and characteristic ability of certain kinds (for 
example Magnetic or Gold Nanoparticles) to be observed following in 
vivo organization to human body using noninvasive clinical imaging 
(Yoon et al., 2017). 

While metal-based NP is widely examined in preclinical and clinical 
researches for the recognition, diagnosis, and remedy of numerous in
fections, a few concerns are yet emerging about their safe medical ap
plications (Bayda et al., 2018). To solving this problem, the 
functionalized metal-based nanoparticles with different kinds of 
biocompatible materials are studied due to their nontoxic properties. 

4.1. Gold nanoparticles 

Gold nanoparticles (Au NP) have demonstrated specific attention in 
vaccine advancement as they can without any difficulties activate the 

Fig. 5. Schematic representation of the actions exerted by QDs on SARS-CoV-2. QD, quantum dot; S protein, spike protein; SARS-CoV-2, severe acute respiratory 
syndrome coronavirus type 2. Reprinted with permission (Vo et al., 2016). 

Fig. 6. Carbon quantum dots (CQDs) fabricated by use of hydrothermal carbonization and their impression on binding of HCoV-229E virus to cells: (a) prevention of 
protein S receptor junction, (b) prohibition of viral RNA genome replication. Redrawn with permission from. Reprinted with permission. 
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immune system utilizing disguise by antigen introducing cells (Sala
zar-Gonzalez, Gonzalez-Ortega, & Rosales-Mendoza, 2015). Besides, Au 
NPs can be applied for intranasal delivery and then diffused into lymph 
nodes thus activating CD8+ (T-killer) cell-mediated immune response 
(Marques Neto, Kipnis, & Junqueira-Kipnis, 2017). Moreover, because 
of the high atomic number of Au NP, this nanoparticle with high stability 
and biocompatibility can be utilized as a contrast agent for X-ray based 
medical imaging, especially in Computed Tomography (CT) (Iranpour 
et al., 2018). 

In 2010, Papp and co-authors understood that composite of Au NPs- 
sialic acids (SA) prevent the virus attachment to the host cells. Indeed, 
the infections are identified via the surface protein hemagglutinin of SA 
as a prerequisite for cellular entry on the target cell membrane (Papp 
et al., 2010). Besides, in 2011, Staroverov et al. assessed the defensive 
resistant reaction animated by the organization of gold nanoparticles 
(Au NPs) conjugated with a sort of coronavirus known as swine trans
missible gastroenteritis virus (TGEV)) in vaccinated mice and bunnies 
(Staroverov et al., 2011). TGEV-Au NP was discovered to evoke higher 
gathering of interferon γ (a protein released by host cells, usually in 
response to the entry of a virus, which has the property of inhibiting 
virus replication) and prevalent titers of neutralizing antibody in 
immunized creatures. The vaccination with the collide of antigen- Au 
NPs expanded the spread of T cells ten times in comparison with the 
reaction to the free antigen. In this way, AuNPs conjugated to infection 
could be considered as a possible antiviral candidate for immune 
systems. 

The diagnosis of disease cells by the use of electrocatalytic charac
teristics of Au NPs hydrogen evolution has been studied (Maltez-da 
Costa et al., 2012). This biosensor works through responses of surface 
proteins of host cells with the conjugation of particular antibodies with 
gold nanoparticles. The same method can also be used for virus diag
nosis, utilizing the recognized antigens and obtainable antibodies. 

SPCEs modification with AuNPs and thiolated nucleic acid immobi
lization were performed and reported by Khater et al. 2017 (Khater, 
Escosura-Muñiz, Altet, & Merkoçi, 2019). Firstly, the electrodes were 
pretreated by applying oxidative potentials in acetate buffer, and then 
rinsed and dried. After that, carbon working electrodes were immersed 
into a Au solution and a constant negative potential (− 0.4 V, 200 s) was 
applied for obtaining a homogenous shapes of well distributed spherical 
AuNPs. AuNP-modified SPCEs were then incubated with SH-(AT7)-F1 
prepared with MCH solution for 2 h at room temperature and then rinsed 

and dried. subsequently, Recombinase polymerase amplification (RPA) 
solutions were prepared for the surface amplification and detection of 
the target sequence of (P20 gene) on the AuNP-modified SPCEs. Besides, 
the AuNP-modified SPCEs with RPA solutions containing water or other 
unrelated DNAs as negative controls were evaluated. A scheme of the 
developed nucleic acid amplification/detection system is shown at 
Fig. 8. 

In 2013, Ulianas et al. introduced a regenerable electrochemical 
DNA biosensor based on a new sort of acrylic microspheres and gold 
nanoparticles (AuNPs) composite coated onto a screen printed electrode 
(SPE) has been improved to detect the 35S promoter from cauliflower 
mosaic virus (CaMV 35S) gene in soybean. The Au NPs played a role to 
assist the electron conductivity from the intercalated anthraquinone-2- 
sulfonic acid monohydrate sodium salt (AQMS) to the electrode sur
face. Without the inclusion of Au NPs in the composite, only very little 
current response was observed (Ulianas et al., 2014). 

Point-of-care tests are applied to detect the positive cases without 
laboratory organization or transmittance of samples to centralized fa
cilities (Drain et al., 2014). Antigen Lateral flow detection for 
SARS-CoV-2 is one point-of-care approach under development for 
diagnosing COVID-19 (Xiang et al., 2020). In this system, a membrane 
strip with two lines including antibody-Au NPs in one line, and capture 
antibodies in the other line. The blood or urine samples are deposited on 
the membrane, and the proteins are drawn across the strip by capillary 
action. As it passes the first line, the antigens bind to the antibody-Au 
NPs, and the complex flows together through the membrane. As they 
reach the second line, the complex is immobilized by the capture anti
bodies, and a red or blue line becomes visible. Individual gold nano
particles are red in color, but a solution containing clustered gold 
nanoparticles is blue due to the coupling of the plasmon band. 

Lately, the dual-functional plasmonic biosensor consists of the effect 
of the plasmonic photothermal (PPT) and the sensing transduction of 
localized surface plasmon resonance (LSPR), is used for the diagnosis of 
nucleic acid from COVID-19 (Qiu et al., 2020a). 

This system is unified on a chip by Au-S bonding between two- 
dimensional gold nanoislands (AuNIs) and thiol-cDNA receptor of 
RNA-dependent RNA polymerase (RdRp), polyprotein ORF1ab, or the E 
gene sequence. This plasmonic chip can generate local PPT heat that 
develops rapid and delicate recognition of nucleic acids by enhancing 
the hybridization kinetics of fully matching strands. In another study, 
sensitive detection of COVID-19 was fulfilled via nucleic acid 

Fig. 7. Schematic representation of virus sensor design based on Zr nanomaterials. (A) Zr NPs and reducing agent kept in vial; (B) Zr QDs formation; (C) antibody 
conjugated QDs; (D) the addition of antibody-conjugated MP NPs; (E) formation of nanostructured magnetoplasmonic-fluorescence with the addition of target virus, 
then separated (F); (G) the nanohybrid-conjugated part was dispersed and the optical properties measured (H). MP: Magnetoplasmonic. Reprinted with permission. 
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hybridization by the use of 2D AuNIs decorated complementary DNA 
receptors (Nasrollahzadeh, Sajjadi, Soufi, Iravani, & Varma, 2020). 
Similar to the previous study, here, the thermos-plasmonic heat was 
fabricated on the chip to enhance detecting execution, whereby illu
mination at their plasmonic resonance frequency and the ensuing local 
PPT heat enhanced the in situ hybridization temperature and activate 
the exact diagnosis of two equivalent gene ordering. This biosensor 
demonstrated significant precision to analyzed COVID-19 arrangements 
with lower limit of detection of about 0.22 pM concentration witch leads 
to specific target recognition of multigene (Qiu et al., 2020b). In another 
study, the Au NP coated with mercaptoethanesulfonate was used as an 
antiviral agent for tBVC`he inactivation of the HSV type 1 virus. This 
nanocomposite seduces cell surface receptor heparan sulfate and binds 
to the virus competitively, which prevents attachment of infections to 
the target cells. 

The equal or larger sizes of nanoparticles than virus diameter effi
ciently prevent virus infection. Probably, bigger nanoparticles profi
ciently cross-link virions, whilst ultra fine nanoparticles just decorate 
the surface of viruses (Vonnemann et al., 2014). Computational models 
demonstrate that normal or disease cells grab the NPs to better predict 
the pharmacokinetic and pharmacodynamic characteristics of these 
nanomaterials (Drain et al., 2014; Iranpour et al., 2018; Khater et al., 
2019; Maltez-da Costa et al., 2012; Mullard, 2020; Nasrollahzadeh et al., 

2020; Papp et al., 2010; Qiu et al., 2020a, 2020b; Staroverov et al., 
2011; Ulianas et al., 2014; Vonnemann et al., 2014; Xiang et al., 2020). 
For instance, Lunnoo and co-workers utilized a coarse-grained molecu
lar dynamics (MD) simulation to perceive the internalization routes of 
different morphologies of gold nanoparticles (Lunnoo, Assawakha
jornsak, & Puangmali, 2019). 

Regarding the vaccine technology, AuNPs have become the choice 
for immunotherapy applications because their physicochemical prop
erties prevent antibody production against the platform material 
(Ahmad et al., 2017; Niikura et al., 2013). Besides, some studies in vitro 
and in vivo have stated that diverse immune cells are stimulated by 
AuNPs (Dykman & Khlebtsov, 2017). In 2020, Sekimukai et al. assessed 
the efficiency of AuNPs as vaccine adjuvants (Iwata-Yoshikawa et al., 
2014). Besides, an alternative research illustrated a technique to attach 
viral antigens to gold nanoparticles in order to enhance the vaccine 
technology against COVID-19 (Chen, Huang et al., 2016). Indeed, it is 
hypothesized that to produce coronavirus nanoparticles vaccine by use 
of AuNPs, S or N protein from coronavirus can be attached on the AuNPs 
capped with polysaccharides (Fig. 9) (Chen, Han, Wang, & Zhao, 2020). 

4.2. Iron oxide and Ferrite-based Nanoparticles 

The US Food and Drug Administration (FDA) have ratified iron oxide 

Fig. 8. Schematic of recombinase polymerase reinforcement-based Citrus tristeza virus diagnosis by taking advantage of Au NPs-modified DNA strands and elec
trochemical impedance spectroscopic tracing. Reprinted with permission. 
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nanoparticles (IONPs) as biocompatible material to cure anemia 
formerly, and studies have shown the antiviral characteristic of these 
nanomaterials in vitro. The antiviral property of IONPs has been 
repeatedly presented (Abo-zeid & Williams, 2020; Arias et al., 2018). 
The antiviral properties of IONPs have been studied in eradicating of 
some viruses, including influenza virus (H1N1) (Kumar et al., 2019), 
Dengue virus (Murugan et al., 2017), and rotavirus (Gutierrez et al., 
2009). According to the findings, the assumption is that the antiviral 
activity of IONPs is due to interaction with virus surface proteins and 
interference with virus binding or entry into the host cell, resulting in 
neutralization. Consequently, this nanoparticle can be used as a suitable 
and secure option for the rapid diagnosis and remedy of the SARS-COV-2 
virus in patients. 

In 2020, Abo-zied et al. (Abo-Zeid, Ismail, McLean, & Hamdy, 2020) 
fulfilled a docking study to probe the Fe2O3 and Fe3O4 as IONPs with the 
spike protein receptor-binding domain (S1- RBD) of SARS-CoV-2 that is 
needed for virus adhesion to the host cell receptors as stated previously. 
Besides, a similar study was carried out for antiviral activity of IONPs 
hepatitis C virus (HCV) glycoproteins E1 and E2. Consequently, both 
Fe2O3 and Fe3O4 interacted effectively with the S1-RBD of the 
SARS-CoV-2 virus and to glycoproteins E1 and E2 of HCV. Fe3O4 formed 
a more stable complex with S1-RBD whereas Fe2O3 favored HCV E1 and 
E2. The revealed interactions of IONPs are associated with conforma
tional changes in viral structural proteins and subsequent inactivation of 
the virus. 

The interaction of Fe2O3 and Fe3O4 with the key amino acids in the 
S1-RBD of SARS-CoV-2 are reported in Table 1 and illustrated in Figs. 9, 
and Fig. 10. The binding free energy of Fe3O4 is lower than Fe2O3 
indicating the higher stability of the Fe3O4 S1-RBD complex. Thus, S1- 
RBD favors interaction with Fe3O4 over Fe2O3. The interaction of 
Fe3O4 with S1-RBD involved the formation of four hydrogen bonds, with 
a total intermolecular energy of -11.40 Kcal/mol (Table 1). In addition, 
hydrophobic interactions of Fe3O4 were detected with Leu455, Ser494 
and Phe497 (Table 1). In contrast, Fe2O3 interactions involved the for
mation of three hydrogen bonds with a total intermolecular energy of 

-7.55 Kcal/mol and hydrophobic interactions were identified with 
Tyr495, Phe497, Tyr505 (Table 1). 

Besides, Cagno and their colleagues (Cagno et al., 2018), reported 
that AuNPs and IONPs, coated with organic ligands, disrupt the ultra
structure of multiple viruses and break down viral particles, leading to 
the inhibition of the encapsulated and naked viruses. 

Cave sediments commonly contain iron-oxides that have proven 
invaluable in paleomagnetic studies (Blatnik et al., 2020; Luiszer, 2009), 
The surface charge of limestone is related to the cation Ca2+ (although 
HCO3− , CO3

2-, H+, and OH- ions contribute to surface chemistry), and has 
been experimentally demonstrated to have a pI (isoelectric point) be
tween 8.0 and 9.5, with commonly measured pH values of 8.3 (Banks 
et al., 2010; Somasundaran & Agar, 1967). Indeed, strong poliovirus 
attraction has been demonstrated on positively charged iron oxide and 
dolomite surfaces, indicating that limestone surfaces and iron-rich cave 
sediments are capable of binding high levels of SARS-CoV-2 particles. 
Also, the presence of bicarbonate and pH > 8 in calcareous and 

Fig. 9. The proposed schematics illustrating the S or N protein from coronavirus loaded onto polysaccharides capped AuNPs (Chen et al., 2020).  

Table 1 
The Docking Interaction Parameters of Both Fe2O3 and Fe3O4 with S1-RDB of SARS-CoV-2 (Abo-Zeid et al., 2020).  

Ligands Binding free energy (Kcal/mol) Total Intermolecular energy (Kcal/mol) Interacting amino acids Hydrogen bonds Hydrophobic interactions 

Fe2O3 − 8.97 − 7.55 Gly496, Gln493, Tyr 453 3 Tyr495, Phe497, Tyr505 
Fe3O4 − 10.66 − 11.40 Gly496, Gln493, Tyr 453 4 Leu455, Ser494, Phe 497  

Fig. 10. 3D interaction diagram showing Fe2O3 docking interactions with the 
key amino acids in the S-RBD of SARS-COV-2. Reprinted with permission. 
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limestone surfaces will unavoidably inactivate the coronavirus activa
tion (Lamarre & Talbot, 1989; Moore, Taylor, Sturman, Reddy, & Fuhs, 
1981). Furthermore, Singh and co-workers have revealed an electro
chemical DNA sensor based on chemically Chitosan–iron oxide for the 
detection of infection bacterium (Singh et al., 2011). 

Ferrite-based nanomaterials (consist of iron oxide) as an important 
type of functional particles have been studied due to their excellent 
poetries including large surface area, high surface to volume ratio, 
strong adsorption capacity, facile recovery, etc. (Casbeer, Sharma, & Li, 
2012; Polshettiwar et al., 2011; Velinov et al., 2016). 

Owning to these special properties, these types of nanoparticles have 
been used in some applications such as catalysis, drug delivery, water 
treatment, sensors, memory devices, electrical components, etc. (Harris 
et al., 2009; Jumeri et al., 2014; Sharma & Singhal, 2013). 

Recently, taking advantage of Ferrite-based nanoparticles for bio
logical and biomedical applications has been growing rapidly. Ferrite- 
based materials have attracted attention because they are ferromag
netic and yet insulating. Having these two types of characteristics makes 
these materials suitable in magnetic fields without unwanted effects of 
eddy currents. 

The advances in magnetic materials coupled with nanotechnology 
lead to diagnostic technologies in nanoscale and decrease the limit of 
detection to the early stage of infection diagnosis. Besides, the detection 
of the COVID-19 virus is fulfilled via real-time PCR based on the 
extraction of RNA from nasopharyngeal cells using functionalized 
magnetic nanoparticles. This method can detect about 10,000 tests per 
day to cover a wide range of the population. However, the main draw
back of this technique is the requirement for dedicated magnetic 
nanoparticles with a strong negative charge for viral RNA purification to 
diagnosis the existence of the COVID-19 virus. Edeas, Saleh, and Peys
sonnaux (2020) introduced a simplified low-cost technique to fabricate 
100 g of magnetic nanoparticles in 1 L of the solution to the analysis of 
about 50,000 COVID-19 tests that assist in decreasing the expense of 
obtained nanoparticles for diverse biomolecular applications supporting 
developing country budgets constraints and chemical availability, 
especially during the COVID-19 International Health Emergency. 

Magnetic biosensor areas have attracted special attention rather than 
other types of biosensors. Volume-based and surface-based magnetic 
biosensors have been applied for the diagnosis of viruses, pathogens, 
cancer biomarkers, metallic ions, etc. (Aytur et al., 2006; Gao et al., 
2019; Hash et al., 2019; Klein et al., 2019; Lin, Lu, Ge, Cai, & Grimes, 
2010; Rettcher et al., 2015; Su et al., 2019; Wang, Yang, Lei, Lei, & Zhou, 
2014, 2014b; Wu et al., 2020; Zou et al., 2019). Indeed, magnetic bio
sensors are coupled with antibodies or DNA/RNA probes that can attach 
to the target cells specifically, and then, the amount of the target cells 
affects the magnetic signals. Because, most of the biological environ
mental materials don’t have magnetic properties, therefore, this type of 
biosensor reveals low background noise in comparison with other bio
sensors such as optical, plasmonic, and electrochemical biosensors. 
Moreover, because signals are not influenced by the sorts of the analyte 
matrix, the detection process is so accurate and reliable (Schotter et al., 
2004). 

4.3. Copper nanoparticles 

It was observed that copper could reduce the activities of the virus in 
a very short time, as reported on CoV-229E in 2015 (Warnes, Little, & 
Keevil, 2015). The combination of brasses and at least 70 % of copper 
were found effectively to inactivate the virus. The inactivation rate was 
influenced by the percentage of copper. Fig. 11, shows the Cu NPs effects 
on the virus inactivation based on collected knowledge by Poggio et al. 
(2020). 

The formulation could be varied for tailoring antimicrobial proper
ties using nanostructures metal species to combat COVID-19 (Cioffi & 
Rai, 2012; Sportelli, Picca, & Cio, 2016). The usage of nanoparticles 
metals salt such as copper salt and/ or solutions can contribute to 

antiviral results (Broglie et al., 2015; Fujimori et al., 2012; Khodashenas 
& Ghorbani, 2014; Krzyzowska et al., 2017; Sucipto et al., 2017). This 
could be useful in designing the PPE material. For example, the treat
ment of PPEs using copper ions could assist in inhibiting virus scattering 
on the PPEs. In general, the metal ions could lessen the activity of CoV 
on these substrates. Meanwhile, it is helpful to perform the surface 
treatment with Cu, or copper brasses. The release of ionic metal is 
influencing the virus deactivation (Cioffi, Ditaranto, Sabbatini, Torsi, & 
Zambonin, 2009, 2015). The inactivation is due to the release of Cu ion 
and the production of reactive oxygen species (ROS) (Van Doremalen 
et al., 2020). The inserting of Cu nanoparticles in polymer matrices 
could alter the metal release process and can minimize the risk of 
contaminating the environment (Cioffi & Rai, 2012). Additionally, a 
strong antiviral property can be achieved via simple routes to combine 
nanoparticles’ copper core and a quaternary ammonium shell (Sportelli, 
Longano et al., 2020). The PPE treatment using copper nanoparticles 
and also, copper oxides and salts were reported in a few publications. It 
is obvious that insufficient and suitable PPE can be accountable for the 
death of front liners. Bhattacharjee et al. studied the topic in 2019, by 
considering other pandemic diseases (Bhattacharjee, Joshi, Chughtai, & 
Macintyre, 2019). They specified that the modification of non-woven 
tissues using metal-grafted graphene oxide (GO), exhibited to have 
very effective antimicrobial properties. Graphene was used as compos
ites and photocatalyst when combining with metals such as Cu, Fe, Zn, 
and Ag (Chen, Hsueh, Hsieh, Tzou, & Chang, 2016). Also, there were 
studies explored the usage of GO with nanoparticle to treat PPE (Per
reault, de Faria, Nejati, & Elimelech, 2015). It was found that nanometal 
such as silver and copper, when loaded on GO can work effectively as 
antiviral material (Chen, Hsueh et al., 2016; Hang et al., 2015). In 2010, 
new anti-influenza respirators were invented using a similar approach. 
Meanwhile, Borkow et al. developed copper oxide-impregnated masks, 
which can reduce the risk of being infected by the influenza virus, while 
maintaining the filtration effectiveness (Borkow, Zhou, Page, & Gabbay, 
2010). However, similar methods were not yet applied in masks and 
other PPE (Sunada, Minoshima, & Hashimoto, 2012). It was found that 
Cu(II) ions on eukaryotic cells, will contribute to low toxicity (Shaligram 
& Campbell, 2013). Newly, it was found that polyurethane/ CuO 
nanocomposites can effectively work as antimicrobial filters for air pu
rification. Also, CuO microparticles were known as a good additive for 
PU filters, compared to the nano-sized particles (Ungur & Hruza, 2017). 
Hence decreasing risks of toxicity due to the nano element. The usage of 
the active material of SiO2 –Ag towards MS2 bacteriophage was an 
example of an antiviral air filtering (Krähling, Stein, Spiegel, Weber, & 
Mühlberger, 2009). 

Copper is known for its antimicrobial activity since ancient times 
(Grass, Rensing, & Solioz, 2011), and high Cu amount on surfaces has 
proven their antiviral efficiency. This proves the Cu effectiveness of 
poliovirus (Murray & Laband, 1979). More lately, the Cu effectiveness to 
deactivate coronaviruses recommends possible alike effectiveness 

Fig. 11. 3D interaction diagram showing Fe3O4 docking interactions with the 
key amino acids in the S-RBD of SARS-COV-2. Reprinted with permission. 
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towards SARS-CoV-2 (Warnes, Little, & Keevil, 2015). However, it was 
found that deactivation of the virus is much faster on brasses with Cu 
presence, compared to other smooth surfaces. The results showed that 
the viral genome becomes damaged. This could ensure the inactivation 
irreversibility (Warnes et al., 2015b). This is due to of toxicity of copper 
ions released and ROS generated from Cu attacks viral proteins and 
lipids (Grass et al., 2011). Also, both SARS-CoV-1 and SARS-CoV-2 are 
deactivated on Cu surfaces faster, compared to other studied surfaces 
(van Doremalen et al., 2020). The deactivation mechanism is due to 
damage of viral proteins and lipids. Using Cu alloys in addition to 
stainless steel could contribute better efficient antiviral surfaces. For air 
disinfection, the supported catalysts Al2O3 impregnated Cu and Ag were 
found capable to deactivate virus (Han et al., 2005). 

Cu and CuO nanoparticles have the potential to release metal ions 
(Al-Gaashani, Radiman, Tabet, & Daud, 2011; Shi et al., 2017). The 
kinetic of Cu ion release was fasten due to the high aspect ratio with 
higher reactivity. These nanoparticles could be used in textile fabrics. 
Hence the product with antiviral properties could be designed. It was 
observed that CuO-impregnated masks can act as anti-influenza virus 
PPE (H1N1 and H9N2) (Borkow et al., 2010). Hence, the usage of these 
materials toward virus SARS-CoV-2 should be explored further. 

4.4. Silver nanoparticles 

The Ag nanoparticles’ antiviral properties are well known. This is 
due to the capability to hinder the viral entry in host cells. Also, the 
metal interaction with a viral genome was found to inhibit viral repli
cation (Kerry et al., 2019). Gold nanoparticles covered with silver 
nanoparticles were found be able to bind the HIV envelope glycoprotein 
gp120, hence inhibit infection (Di Gianvincenzo et al., 2010; Elec
higuerra et al., 2005a). A study on size-dependent interaction with the 
virus was also studied (Elechiguerra et al., 2005a). The functionalized 
AgNPs may have the capability too to stop virus infection, via several 
mechanisms (Baram-Pinto, Shukla, Perkas, Gedanken, & Sarid, 2009; 
Orlowski, Tomaszewska, Gniadek, Baska, Nowakowska, Sokolowska, 
Nowak, Donten, Celichowski, Grobelny, 2014). It is noted that the 
smaller size particle would reach the cell membrane easier. Hence, this 
could inhibit virus replication (Rai et al., 2016). For example, usage of 
nano-titanium dioxide and silver ions was reported to study the effective 
minimal inhibitory concentration (MIC) (Zachar, 2020). This includes 
the study on its effectiveness in various respiratory system target loca
tions. These include early-stage home treatment, and to lower the risk of 
ventilator-associated pneumonia (VAP) in hospital ICU. The dosage is 
influenced by the size of Ag nanoparticle. It was concluded that MIC can 
be achieved, after accounting for deposition losses (Van Doremalen 
et al., 2020). The antiviral and antibacterial characteristics of silver 
nanoparticles have been well accepted in medical applications (Sim, 
Barnard, Blaskovich, & Ziora, 2018), for example, paint containing sil
ver (Kaiser, Zuin, & Wick, 2013) and in food plates (Sohal, O’Fallon, 
Gaines, Demokritou, & Bello, 2018) as a biocide. These properties lead 
to inactivate many infections such as HIV-1 (Elechiguerra et al., 2005b), 
monkeypox virus (Rogers, Parkinson, Choi, Speshock, & Hussain, 2008), 
bacteriophages UZ1 and MS2 (De Gusseme et al., 2010; Park et al., 
2018), murine norovirus MNV1 (De Gusseme et al., 2010; Park et al., 
2018), HSV (Orlowski et al., 2014), HBV (Lu et al., 2008) and, recently, 
in porcine epidemic diarrhea virus (PEDV) (Du et al., 2018). Three 
mechanisms were expected to act as antiviral action. First, the release of 
some toxic agent of Ag(I) forms (including Ag + ions). Also, it illustrates 
a powerful affinity toward sulfur. Hence, it has good interactions with 
thiol in the active sites of enzymes. Besides, Ag NPs may interact with 
virus protein spikes, and it is possible to aggregate in host cells. Further 
interaction with enzymes, which involve virus replication will resist the 
process. This was suggested by Zodrow et al. and by De Gusseme et al. 
(2010); Zodrow et al. (2009). Furthermore, Ag2S nanoclusters (NCs) also 
showed effective inhibition of RNA copy of the Porcine Epidemic Diar
rhea Virus. It was also seen that subjecting living cells to silver ions, at a 

similar concentration did not hinder virus copy. It can be concluded that 
the antiviral property was independent of the Ag(I) release (Du et al., 
2018). Nevertheless, it is worth taking note that the mechanisms 
entering the cells by both Ag + ions and Ag particles are different. Thus, 
the distribution within cells would be different, which leads to different 
toxicity action toward the viruses. Ag NCs may accumulate in intracel
lular areas, where else Ag(I), could aggregate in other areas of the cells, 
or be quickly eliminated. Second, the antiviral action of Ag NPs would 
come from physical interaction with the surface of viruses, hence this 
could hinder their docking on host cells and limit their infectivity. This 
was studied by Elechiguerra et al. for the HIV-1 case and by Orlowski 
et al. for HSV-2 (Orlowski et al., 2014). From Elechiguerra et al. work, 
they observed that the size of nanoparticle sizes did not affect that 
physical interaction with the virus. However, the larger size would be 
more preferred to act as an antiviral agent, based on Orlowski et al. They 
concluded that this can be achieved by blocking the virus attachment to 
the host cell. The same mechanism was proposed by De Gusseme et al. 
when studied combined the release of Ag(I) (De Gusseme et al., 2010). It 
was also said that the local release of ROS could damage the envelope 
and/or membrane of the virus, in which this is due to Ag nanoparticles 
docking on the virus surface. The usage of Ag nanoparticles in many 
medical appliances and equipment. Also, the Ag application can be seen 
as fillers in paints, materials for air filters, and face masks. It was also 
found that filters containing Ag NPs possess good antiviral capability 
towards bacteriophage MS2 (Joe, Park, & Hwang, 2016). 

4.5. Zinc nanoparticles 

Zinc is used in many biological processes due to its multifunction 
capability as an indicating molecule, cofactor, and also, a physical 
element. The element involved the metabolism of lipids and carbohy
drates. And also involved in the functioning of the nervous system, 
reproductive, and cardiovascular (Prasad, 2017). Zinc plays an impor
tant role in our immune system, such as to regulate proliferation, 
differentiate, maturation, and functioning leukocytes and lymphocytes 
(Wessels, Maywald, & Rink, 2017). Zinc also shows a signaling role in 
the modulation of the inflammatory response (Maywald, Wessels, & 
Rink, 2017). It is also a component of nutritional immunity (Haase & 
Rink, 2014). The immune system can be affected significantly by 
changing the zinc status. This will result in increased exposure to dis
eases such as malaria, pneumonia, and measles (Gammoh & Rink, 
2017). It is interesting to discuss the zinc potential usage during the 
pandemic. Zinc has good antiviral properties, and also 
immune-modulatory (Zhang & Liu, 2020). However, to the best of our 
knowledge, the results or analysis of the effect of zinc usage to combat 
COVID-19 are not available. It was found that Zn2+ cations when com
bined with Zn ionophore pyrithione, could inhibit virus reproduction 
(Te Velthuis et al., 2010). This indicated that Zn2+ could act as an 
antiviral agent. For COVID-19 treatment, it has been noted that chlo
roquine could act as an antiviral agent (Wang et al., 2020). However, 
further study is required to perceive the antiviral mechanism. (Liu et al., 
2020) Previous studies showed that chloroquine could act as a zinc 
ionophore (Xue et al., 2014). The authors also proposed that 
chloroquine-mediate zinc influx could also act anticancer agents (Xue 
et al., 2014). Also, it was predicted that that increasing intracellular 
Zn2+ concentration by chloroquine can combat SARS-CoV-2. Similar 
positive effects may be expected when zinc supplementation without 
chloroquine is used (Guastalegname & Vallone, 2020). Supposedly, a 
similar effect can be predicted when applying other zinc ionophores 
(Dabbagh-Bazarbachi et al., 2014) with lower toxicity. This required 
further studies to support the prediction. 

Another approach is to use targeting Zn ions to combat COVID-19. 
Mainly, it was observed that disulfiram-induced Zn2+ release from 
papain-like protease can result in protein destabilization in both MERS- 
CoV and SARS-CoV (Lin et al., 2018). Zn-ejector drugs also could 
potentially function as antiviral agents (Sargsyan, Chen, Grauffel, & 
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Lim, 2020) and as targeted oxidation strategy in antiviral treatment (Xu, 
Tong, Wu, Zhao, & Lin, 2020). For reaching the target cells, both 
SARS-CoV-2 and SARS-CoV are having a similar requirement of 
angiotensin-converting enzyme 2 (ACE2) (Hoffmann et al., 2020). 
Hence, ACE2 receptor modulation could be considered to possess a good 
therapeutic strategy in COVID-19 treatment (Zhang, Penninger, Li, 
Zhong, & Slutsky, 2020). It was concluded that by Speth, Carrera, 
Jean-Baptiste, Joachim, and Linares (2014), for rat lungs, 100 μM zinc 
exposure could lessen recombinant human ACE-2 activity. However, in 
their studies, the modulating effect of zinc appears to be hypothetical 
(Chilvers et al., 2001). Though neither coronavirus HCoV 229E (Maret, 
2015) nor HCoV-OC43 (Essaidi-Laziosi et al., 2018) infection resulted in 
a clear decrease in the frequency of ciliary beat, it was found that 
impaired mucociliary clearance would result from HCoV 229E induced 
ciliary dyskinesia. This may not change the removal of the viral particle 
only but also predispose to bacterial co-infection (Pittet, Hall-Stoodley, 
Rutkowski, & Harmsen, 2010). A study on Zn-deficient rats, supple
mentation of Zn was found to improve ciliary length in bronchial 
epithelium (Darma et al., 2020). Also, it can increase the ciliary beat 
frequency in vitro (Woodworth et al., 2011). Thus, zinc could potentially 
improve nCo-2019-induced mucociliary clearance dysfunction. For 
respiratory epithelium, zinc was proven to be vital due to its 
anti-inflammatory and antioxidant activities (Truong-Tran, Carter, 
Ruffin, & Zalewski, 2001), along with the regulation of tight junction 
proteins ZO-1 and Claudin-1 (Roscioli et al., 2017). Hence, this could 
increase the barrier functions. Sequentially, reduction in barrier func
tion and downregulation of tight junction protein complexes intensifies 
the viral inflammatory processes (Wittekindt, 2017). Besides, the for
mation of ARDS and alveolar edema could be caused by TJ perm loss 
selectivity in the airways. This resulted in an uninhibited leakage of high 
molecular weight proteins and water into the airways (Günzel & Yu, 
2013). 

Even with limited studies on the result of Zn on COVID-19, its anti
viral properties were confirmed for other viral sicknesses. This can be 
achieved via viral particle entry modulation, replication, translation of 
viral protein, fusion, and additional release for some viruses (Ishida, 
2019; Read, Obeid, Ahlenstiel, & Ahlenstiel, 2019). It was concluded 
that the increment of intracellular Zn levels via the usage of Zn iono
phores considerably changes picornavirus replication (Krenn et al., 
2009). These conclusions were from earlier studies from around the 
1970s (Korant, Kauer, & Butterworth, 1974). The increment of inter
feron α (IFNα) creation by leukocytes resulted from Zn treatment 
(Cakman, Kirchner, & Rink, 1997). Also in rhinovirus-infected cells, it 
potentiates its antiviral action (Berg, Bolt, Andersen, & Owen, 2001). It 
was observed that the antiviral activity mechanism could be stimulated 
by Zn2+ (Lin & Young, 2014). These findings increased attention to
wards Zn potential usage in common cold prevention and treatment. 
Singh and Das have done a review work (Singh & Das, 2013) in which it 
was shown that Zn supplementation can be used as an effective cold 
treatment (Hemilä, 2017). Zn acetate was the best form (Hemilä, 2011). 
Some studies relate Zn status and infection of respiratory syncytial virus 
(RSV). It was observed that children with RSV pneumonia have lower 
whole blood zinc (Che & Sun, 2016). Also, lessened zinc metabolism 
would result in increased exposure to RSV infection (Johnson, Harris, 
Ping, Gauthier, & Brown, 2019). Consecutively, Zn compounds were 
observed to prevent respiratory syncytial virus replication (Suara & 
Crowe, 2004). In an influenza study, it was proven that Zn insufficiency 
could result in higher mortality (Kaynar et al., 2019). Also, it is impor
tant to consider bacterial coinfection risk. Further clinical data to be 
studied to use Zn supplementation to treat respiratory virus infections. 

Meanwhile, few studies have reported the nanoparticles of zinc oxide 
antibacterial properties (Pasquet et al., 2014). ZnO was proven to hinder 
both biofilm formation and growth by S. pneumoniae (Bhattacharyya 
et al., 2018). A similar effect was detected for other bacterial agents such 
as K. pneumoniae (Reddy, Nisha, Joice, & Shilpa, 2014), 
methicillin-resistant S. aureus (Kadiyala, Turali-Emre, Bahng, Kotov, & 

VanEpps, 2018), and P. aeruginosa (Ann et al., 2014). Nevertheless, 
nanoparticles ZnO are toxic to lung, hence limit its usage as an anti
bacterial agent (Sahu, Kannan, Vijayaraghavan, Anand, & Khanum, 
2013), also weakening macrophages phagocytic activity in the respira
tory system (Lin et al., 2014). It is important to note that Zn is needed for 
bacteria to grow and colonize when the study involves S. pneumonia and 
Zn (Bayle et al., 2011). Biofilm formation also required Zn bioavail
ability (Brown et al., 2017). 

4.6. TiO2 nanoparticle 

It was studied that photocatalytic nanoparticle could deactivate 
SARS-CoV-2. Titanium dioxide (TiO2) is the most common one. The 
material is inert, low toxicity, and is not prone to photo corrosion when 
irradiated with UV light (Maeda & Domen, 2007), We can find TiO2 in 
paints, (Kaiser et al., 2013) water purification, and for self-cleaning 
windows (Dunnill & Parkin, 2011). Paints with nanoparticle could 
clean air due to the ability of photocatalytic TiO2 to remove volatile 
organic compounds (VOCs) under UV light. But, the usage in the paint 
could be a problem due to the release of toxins in the air (Kaiser et al., 
2013). If possible, in combatting SARS-CoV-2, TiO2 photocatalysis may 
assist in deactivating the virus via surface decontamination using 
aerosol, paint, water, and air treatment system containing these parti
cles. The mechanism of this photocatalytic process is well known and 
explained by the excitation of an electron from the valence band (VB) to 
the conduction band (CB, which lead to initiate reactions to produce 
ROS such as superoxide anion and hydroxyl radical (Byrne et al., 2015). 
The presence of hydroxyl radicals due to the water molecules oxidation 
contributed to the disinfection activity of TiO2. This happens due to 
protein modifications, damages of DNA, cell wall, and membrane of the 
virus (Byrne et al., 2015). TiO2 also can be used for an antibacterial 
agent. Bogdan et al. found that many studies proved that the inactiva
tion of viruses would be more susceptible, compared to bacteria (Bog
dan, Zarzyńska, & Pławińska-Czarnak, 2015). There were studies 
concluded that enveloped viruses were more threatened than 
non-enveloped viruses. However, there were also opposite findings 
(Bogdan et al., 2015). To the best knowledge of the author, there is only 
one journal article shared the usage photocatalytic titanium apatite filter 
(PTAF) to combat SARS-CoV-2 (Han et al., 2004). It showed that there is 
the possibility of using the treatment method. 

There were also efforts to develop second-generation photocatalysts, 
which combine other components with TiO2, such as S-doped and N- 
doped. This resulted in the effective deactivation of bacteria and some 
viruses. The review work done by other researchers can be found in 
these articles (Byrne et al., 2015; Dunnill & Parkin, 2011). However, to 
the best of our knowledge, there is no testing on viruses yet using the 
second generation photocatalyst treatment. It was found that nano
particle Ag on the TiO2 particle could increase the antiviral productivity 
towards MS2 via hydroxyl production (Liga, Bryant, Colvin, & Li, 2011). 
Also, being reported that the usage of Ag- and Cu-doping on TiO2 
nanowire could eliminate bacteria in drinking water, than using 
Ag-TiO2, TiO2, or Cu-TiO2 both in dark and being exposed to UV light. 

This is due to combination both enhanced photoactivity, and the 
lower bandgap of (Ag, Cu)-TiO2 (Behnajady & Eskandarloo, 2013). The 
free Ag and Cu in water treatment also could impose antiviral (Rao et al., 
2016). Another approach can be done by mixing TiO2 with SiO2 NPs. 
This resulted in the effective antiviral ability of TiO2 due to the large 
specific surface area of SiO2, compared to TiO2 alone (Liga, Maguir
e-Boyle, Jafry, Barron, & Li, 2013). Also, it was observed that TiO2 
doped with Pt, coated on glass slides had better efficiency in combating 
influenza A presence in aerosols. It is great to note that Byrnes et al. 
(Byrne et al., 2015) has already put many efforts in developing photo
catalytic materials for the deactivation of SARS-CoV-2. Most impor
tantly, the materials used are non-toxic to us (Weiss et al., 2020). It was 
observed that nanofibers coated with TiO2 and being deposited on a 
surface of the filter, using the electrospinning process was capable to 
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deactivate virus under natural sunlight and UV radiation. In this study, 
the electrospraying of NPs onto the nanofibers was used (Lee et al., 
2010). The experimental data showed that the materials possess 
exceptional photoinduced hydrophilicity, photocatalytic, and antibac
terial activity. 

4.7. Two-dimensional carbides and nitrides (MXenes) 

Among the emerging new substances, Two-Dimensional Carbides 
and Nitrides (MXENES) with hydrophilic and high negative charge used 
as a coating on facemask to capture and inactivate viruses. The formula 
of MXenes is Mn+1XnTx, where M is an early transition metal (Ti, Zr, V, 
Mo, etc.), X is C and/or N, Tx represents the surface functional groups 
(––O, OH, F, C–––l), and n ranges between 1 and 4 (Anasori, Lukat
skaya, & Gogotsi, 2017; Deysher et al., 2020). A wide range of MXenes 
involving Ti3C2Tx, Ta4C3Tx, Nb2CTx, are biocompatible (Huang, Li, 
Lin, Han, & Huang, 2018; Lin, Gao, Dai, Chen, & Shi, 2017). Besides, 
high surface area and porosity of MXenes leads to not only adsorb amino 
acids strongly (e.g. Ti3C2Tx MXene (Chen et al., 2018), but also, binding 
to viral spike peplomers and immobilizing the virus. Indeed, MXenes are 
applied as a strong magnet for proteins. Moreover, these materials have 
been illustrated to be photocatalytically active, meaning that when vi
ruses are absorbed on their surface, they use light to destroy the 
adsorbed virus at the same time (Low, Zhang, Tong, Shen, & Yu, 2018; 
Nguyen et al., 2020; Wong, Tan, Yang, & Xu, 2018). MXenes with 
plasmon resonance in visible or IR range can convert the light to heat, 
efficiently. Depending on the type of MXene can be excited by specific 
wavelengths of light and also can be sterilized with that wavelength and 
kill viruses left on the surface. For instance, Ti3C2Tx is excited by red 
light (780 nm plasmon resonance) and sterilized by the use of a red/ 

infrared lamp as well as solar light. Besides, MXenes have antibacterial 
characteristics because of the combination of their charge transferability 
and hydrophilicity (Pandey et al., 2018; Rasool et al., 2016, 2017). 
Besides, the most common and most inexpensive type of titanium car
bide MXenes has no destructive or negative environmental or toxico
logical effects on the ecosystem (Nasrallah, Al-Asmakh, Rasool, & 
Mahmoud, 2018). 

In addition to the known pulmonary findings, it was estimated that 
the 30–40 percentage of COVID-19 patients with kidney disease who 
need hemodialysis therapy that prevents uremic toxins in the blood 
which may lead to death (Naicker et al., 2020; US Renal Data System 
2018 Annual Data Report: Epidemiology of Kidney Disease in the United 
States, 2019). MXenes can regenerate dialysate by removing toxins that 
build up in the setting of kidney failure. MXene as biocompatible has slit 
pores between the negatively charged MXene sheets can easily absorb 
urea which was eliminated by from dialysate by dialysis difficultly 
(Fig. 12) (Meng et al., 2018). Therefore, MXenes probably be qualified to 
address key limitations of current ambulatory dialysis systems by of
fering efficient urea adsorption, small size, and lightweight. 

4.8. Metal-Organic Framework (MOF) 

To prevent the viral disease spread, using air filtration could be 
considered as a noneffective control process. Nonetheless, many puri
fiers on the market are fabricated from only dense fibrous filters that can 
effectively remove particles but have not antibacterial or antimicrobial 
properties (Yu et al., 2020). Li and co-workers fabricated a series of 
metal-organic frameworks (MOFs) as a super adsorbent with photo
catalytic antimicrobial and bacterial characteristics to make a nanofiber 
membrane (Li et al., 2019). This material can effectively produce 

Fig. 12. Coronavirus inactivation by copper nanoparticles. Reprinted with permission.  
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biocidal reactive oxygen species (ROS) underexposure of sunlight (see 
Fig. 13A). Especially, Zn-based MOF (ZIF-8) inactivates of about 99.999 
% of Escherichia coli (E.Coli) for 2 h in saline solution under simulated 
solar irradiation. This super adsorbent substance can be used as an 
antimicrobial filter in facemask, clothes, ventilator, and air purifier to 
prevent COVID-19 transmission. 

Indeed, MOFs under ultraviolet light could inactivate the SARS-COV- 
2 by eliminating of crown-like spike proteins and then puncturing the 
lipid membrane, and removing the RNA contents for about 3 h. In 
contrast when photocatalysis properties of MOF under solar light target 
the RNA of the virus then a huge amount of hydroxyl radicals have 
released that lead to damage to the spike proteins (Yu et al., 2020). 

In summary, in the aspect of metal nanoparticles (NPs) applications 
against COVID-19, most metal NPs based-virus diagnosis methods were 
designed based on the unique properties of metal nanoparticles. Because 
of their antiviral characteristic, most of them have been used in antiviral 
coating to prevent transmission of virus in any community. In particular, 
noble metal NPss like Au, Ag and Cu have special optical and electrical 
properties, which lead to employ metal NPs in biosensing application. 
Additionally, AuNPs has potential to be used in vaccine technology 
because of its biocompatibility. 

5. Polymer-based nanoparticles 

Polymer-based nanoparticles involving synthetics and natural poly
mers have excellent characteristics including tunable properties, 
feasible synthetic protocols, and good biocompatibility that is a suitable 
candidate for biomedical applications (Amjad, Kesharwani, Amin, & 
Iyer, 2017; Sivasankarapillai et al., 2020b). These types of nano
materials with biosafety properties are widely used in biological appli
cations such as viral delivery system, in vivo delivery and controlled 
release of viral vaccines (Amjad et al., 2017; Lee et al., 2015). Viral 
vaccines can be delivered in the form of DNA, mRNA or protein (Schmitt 
et al., 2020) all of which can be easily enzymatically degraded when 
entering the blood circulation (Carter, Wright, Gray, Rose, & Wilson, 
2020; Pillai et al., 2020). 

5.1. Synthetics polymer nanoparticles 

Synthetics polymer-based nanoparticles with the possibility of 
tailoring their properties and functions are suitable for the delivery 
system. They have different structures such as linear, branched, and 3D 
networks, which were obtained by the addition of several monomers 
(Amjad et al., 2017; Carter et al., 2020; Chen et al., 2018; Lee et al., 
2015; Li et al., 2019; Low et al., 2018; Meng et al., 2018; Naicker et al., 

2020; Nasrallah et al., 2018; Nguyen et al., 2020; Pandey et al., 2018; 
Pillai et al., 2020; Rasool et al., 2016, 2017; Schmitt et al., 2020; Siva
sankarapillai et al., 2020b; Susanna, Al Halifa, & Jennifer, 2017; US 
Renal Data System 2018 Annual Data Report: Epidemiology of Kidney 
Disease in the United States, 2019; Wong et al., 2018; Yu et al., 2020). By 
optimizing their dimension, morphology, and surface charge, releasing 
their cargo under external conditions would be controlled (Kamaly, 
Xiao, Valencia, Radovic-Moreno, & Farokhzad, 2012). Poly (lactic-co-
glycolic acid) (PLGA) is one of the famous polymers of this category, 
which is approved by the FDA for application in the human body 
because of its excellent biocompatibility and biodegradability charac
teristics (Liga et al., 2013). To detect the COVID-19, Zhao and 
co-workers studied on the fabrication of poly (amino ester) with 
carboxyl groups (PC)-coated magnetic nanoparticles (pcMNPs) and 
developed the pcMNPs-based viral RNA extraction technology (Zhao 
et al., 2020). Indeed, this one-step and simplified method is a combi
nation of the lysis and binding steps that produce pcMNPs-RNA com
plex, which was introduced into subsequent RT-PCR reactions. In this 
process, the viral RNA was purified among multiple samples within 20 
min by the use of a simple manual method or an automated 
high-throughput approach. By recognizing two parts of viral RNA 
(ORFlab and N gene), a 10-COpy sensitivity and a strong linear corre
lation between 10 and 105 copies of SARS-COV-2 pseudovirus particles 
are achieved. This novel, simple, and highly efficient technique for viral 
RNA extraction can greatly decrease the turn-around time and opera
tional necessities in current molecular detection of SARS-COV-2, espe
cially for the quickly clinical diagnosis. 

Besides, polymer nanoparticles can be used to fabricate facemask 
protection (Fig. 13B). Liu et al. designed a new self-powered electro
static adsorption facemask based on the poly (vinylidene fluoride) 
electrospun nanofiber film and a triboelectric nanogenerator that have 
potential to perform of about 99.2 % particulates removal efficiency that 
is more efficient than the commercial mask (Liu et al., 2018). 

5.2. Nanocellulose 

Cellulose-based materials as natural polymer could be used against 
COVID-19 virus via many applications such as personal hygiene paper 
products and paper-based medical materials such as filtration, absorp
tion, paper electrode, paper-based microfluidic chips, biosensors, and 
biological test (Abd Manan, Hong, Abdullah, Yusof, & Ahmad, 2019). 
Different forms of cellulose are included crystallites, nanocrystals, 
whiskers, and nanofibers that are applied widely in biomedical appli
cations (Siro & Plackett, 2010; Virkutyte & Varma, 2011). Among them, 
cellulose nanofibers with nano dimensions extracted from cellulose 

Fig. 13. Adsorption of urea by MXenes from aqueous solution. (a) Schematic of MXene nanosheets used as the adsorbent. Reprinted with permission.  
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fibers have been a focus of research due to its special properties 
including large surface area, high mechanical strength (Nishino, Mat
suda, & Hirao, 2004) that leads to gain many attentions as a device for 
filtration and diagnosis infections. 

Another development in nanocellulose-based kits involves mounting 
electronic components such as different kinds of sensors and displays to 
increase the sensitivity and accuracy of the kits (Mahesh, 2020). 

Johnson and co-authors presented a model for thermoplastic 3D 
printing of facemasks coated with NaCl, or clay/biocellulose impreg
nated with NaCl to make a sterile deactivating area which may further 
help control the spread of COVID-19 (Johnson, Johnson, Witiw, & 
Mardon, 2020). 

Metreveli et al. in 2014 (Metreveli et al., 2014), introduced a 
non-woven, μm-thick filter paper from cellulose nanofiber to fabricate 
unmodified nanofibrous polymer-based membrane. This 100 % natural 
membrane can remove viral particles regarding their size-exclusion 
principle, with log 10 reduction value (LRV) ≥ 6.3, thereby matching 
the performance of industrial synthetic polymer virus removal filters. To 
minimize the damage and dangers of influenza and coronaviruses now 
and in the future due to the frequent mutations of these viruses, and on 
the other hand, due to the lack of an efficient vaccine against these types 
of virus, the use of these active filters to remove viruses in public places 
is very effective. 

5.3. Chitosan nanoparticles 

Chitosan as the second most abundant natural polymer-based 
nanoparticles with the potential to modify into desired size and shape, 
are highly demanded to apply in biomedical applications (Halim et al., 
2018; Sonaje et al., 2012). Chitosan with the linear and partially acet
ylated (1–4)-2-amino-2-deoxy-D-glucan structure widely employed as 
drug carriers and also ideal nucleic acid delivery vehicles due to their 
biocompatibility, biodegradability and non-toxicity properties (Wang 
et al., 2011). Slow/controlled release of chitosan nanoparticles improves 
drug solubility and stability, enhanced efficacy, and reduced toxicity of 
nanoparticles (Kang, Cho, & Yoo, 2009; Shi & Fan, 2002). Moreover, 
chitosan directly affects tumor cells and interfere with cell metabolism, 
inhibits cell growth, or induces cell apoptosis (Dolati et al., 2016). Upon 
conjugation with therapeutic compounds, Chitosan can improve the 
persistence of polymeric NP in the mucosal environment and penetra
tion to mucosal tissue. 

The presence of a cationic charge on chitosan tends to bind strongly 
to nucleic acids, which can be used for gene delivery, effectively (Mao 
et al., 2001). Gene delivery property of Chitosan can be used in prepa
ration of gene-based antiviral vaccines. Raghuwanshi and co-workers 
fabricated a vaccine delivery system via the nasal path by the use of 
developed dendritic cell-targeted chitosan nanoparticles (Wikstrom & 
Stumbles, 2007). Their strategy combines the pDNA carrying capacity of 
chitosan and selective targeting specificity of bfFp to respiratory Den
dritic cells (DCs). Ultrapure water-soluble biotinylated chitosan hydro
chloride was utilized to formulate pVAXN loaded nanoparticles. These 
pVAXN loaded biotinylated chitosan nanoparticles were 
surface-functionalized with bifunctional fusion protein to achieve nasal 
DC targeting (Fig. 14) (Raghuwanshi, Mishra, Das, Kaur, & Suresh, 
2012). 

One of the most important developments in DNA-based vaccine 
technology is the improvement in the delivery with chitosan nano
particles, which have provided an effective means for prevention of DNA 
vaccine degradation while the cationic nature enables binding to the 
negative charge of DNA (Xu, Yuen, & Lam, 2014). Chitosan possesses 
many desirable advantages for DNA vaccine delivery to the mucosal 
surface such as mucoadhesion, highly soluble, inert and 
non-immunogenic (Xu et al., 2014). DNA vaccination at the mucosal 
surfaces with the usage of chitosan nanoparticles is highly recom
mended since mucosal surfaces are a main place for the most pathogens 
that infect humans. Indeed, powerful immune responses happen at the 

site of vaccination with the induction of mucosal and systemic immu
nity. Besides, based on the fulfilled research, it was found that intranasal 
administration of plasmid DNA encoding nucleocapsid COVID-19 
loaded into chitosan nanoparticles has positive and effective results 
(Fig. 15) (Raghuwanshi, Mishra, Das, Kaur, & Suresh, 2012). 

Presence of some types of materials has negative effects on the 
environment and ecological system. Hence, using biocompatible and 
nontoxic nanoparticles against COVID-19 for a long time is very essen
tial to reduce the negative impact of Covid-19 on the environment. 
Since, chitosan and cellulose nanoparticles have a natural source, are 
very good choices to use against COVID-19. 

6. Lipid nanoparticles 

However, for efficient nucleic acid delivery, some nanoparticles have 
been employed, lipid nanoparticles (LNPs) are a clinically advanced one 
which is approved by the U.S. Food and Drug Administration (FDA) 
(Adams et al., 2018). Besides, LNPs have potential to be efficient mRNA 
delivery platforms. These nanoparticles are composed of multiple lipid 
components such as ionizable amine lipid, phospholipid, cholesterol, 
and PEG lipid. Among them, ionizable amine lipids have main role in 
endosomal escape of nucleic acid. Several studies have been done 
regarding vaccine technology based mRNA encapsulated in lipid nano
particles for many infectious diseases including HIV, CMV, rabies, 
influenza, zika, and most recently COVID-19 (Alberer et al., 2017; John 
et al., 2018; Sahin et al., 2020). For instance, Elia et al., in 2021, 
fabricated an mRNA-based vaccine by use of LNPs-encapsulated SAR
S-CoV-2 human Fc-conjugated receptor binding domain (RBD-hFc). 
Various ionizable lipids have been assessed in vivo in a luciferase (luc) 

Fig. 14. Biosafety materials for PPE with antimicrobial capacity. (A) Schematic 
illustration of the metal-organic framework (MOF)-based filter; (B) Schematic 
illustration of the filtration mechanism of the polymeric material mask. 
Reprinted with permission. 
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mRNA reporter assay, and two leading LNPs formulations have been 
selected for the subsequent RBD-hFc mRNA vaccine technology. The 
data in the current research show that these nanoparticles possess the 
potential to be employed in LNP-based mRNA vaccines technology 
against COVID-19. 

7. Discussion 

The worldwide requirement for smart and impressive methods to 
fight COVID-19 leads the researchers towards employing nanotech
nology instead of common methods. Nano-based approaches are effec
tive on diagnosis, protection, detection and remedy of coronavirus. In 
the aspect of antiviral properties of nanomaterials, they have an effec
tive role in coating layers such as facemask or medical clothes. The 
presence of nanomaterials in biosensors has many privileges like high 
detection capability, stability, simple design, reliability, and afford
ability. Employing nanomaterials including carbon nanomaterials, Cu, 
Ag, TiO2, MXene, MOFs and polymer nanoparticles in textile, facemask 
and filters possesses many advantages that not only minimize the 
transmission risk but also makes the reusable facemask, textile and fil
ters. Besides, the nanoparticles including graphene and graphene oxide, 
carbon nanotube, quantum dots, gold nanoparticles, iron oxide, and 
polymer nanoparticles significantly improve biosensors’ performance 
for detecting the SARSCoV-2 virus, as they have shown their potential 
for detecting other viruses. Nanomedicine can dramatically improve (or 
enable) the safety and efficacy of a drug and vaccine technology. Lipid 
nanoparticles are highly biocompatible and biodegradable, and to date, 
the reports of adverse immune reactions have been low. Although, 
generally, the biodegradation of polymeric and metallic nanoparticles is 
slower, they may also be beneficial depending on the disease being 
treated and the drug being delivered. Besides, the most remarkable 
property of nanomaterials used in nanomedicine is the nontoxicity, high 
surface area to volume ratio; this enables highly efficient drug pack
aging. Indeed, the toxicity and biocompatibility of nanoparticles in the 
living cells need to be surveyed more. In brief, without the nano
particles, the mRNA- and DNA-based vaccines would have little efficacy. 
Among different nanoparticles, old nanoparticles, chitosan and lipid 
nanoparticles have a main role in vaccine technology. Consequently, by 
employing nanomaterials, the COVID-19 can be better and sooner 
controlled in the environment and the society. 

8. Conclusions and outlook 

Global health is in critical condition with the serious risk of the new 
respiratory virus called COVID-19. In this review, different types of 
nanomaterials with the potential of antivirus applications against 

COVID-19 were reviewed and discussed. However, some issues need 
further research and attention. First, we introduced different types of 
nanomaterials and their potential applications such as detection 
biosensor, antiviral coating, airborne virus filtration, facemask, drug 
delivery, and vaccine technology against COVID-19. These nano
materials are used widely for infiltration, diagnosis, and remedy of many 
infections. Recently, the biosensors with nanotechnology has been 
commercialized for COVID-19 detection. However, using the nano
materials are compatible with a sustainable built environment, the 
toxicity of these types of nanomaterials in vivo is an important chal
lenge. However, examining the toxicity of these substances in vivo is still 
a big problem in this direction, and using standard amounts of nano
materials with the least toxicity and the most antiviral properties is a big 
challenge that needs more research. 

The last but not least is that the nanoparticle ingredients have an 
important role in the mRNA- and DNA-based vaccines. The current huge 
phase 4 clinical test has commenced a theory how to overcome the 
clinical problem with nanomedicine. Then, the phase 4 clinical test 
solved the unknown risk of lipid nanoparticles in vaccine technology 
against COVID-19. Since nanomedicine has a significant role in COVID- 
19 vaccine solutions, translational nanomedicine has finally improved 
compared with earliest stages, and the future turns of events and ap
plications are guaranteed to be surprising. Therefore, collecting infor
mative data and analyzing side effects of each COVID-19 vaccine, will 
appear a brilliant path in future for progress of more complex and non- 
lipid nanomedicines. Although complete eradication of this virus re
quires much more extensive research, the use of antiviral nanomaterials 
is an effective and important step in reducing the prevalence of Covid- 
19. Therefore, based on scientific findings, antiviral nanomaterials 
should be used in medical instruments, fabrics reinforced with nano
technology, facemasks and etc. Also, nanomaterial-based disinfectants 
have faster and higher inactivation properties, which are very effective 
in increasing safety in health centers and public places. Due to the 
extremely useful properties of nanomaterials in the elimination of vi
ruses, this substance can be used in the preparation of diagnostic kits, 
vaccines, and also in treatment. Consequently, the use of nanomaterials 
in the biomedical application is an effective path to control this viral 
pandemic outbreak at local, national, and international levels. 
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