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Nanotechnology-Based Approach to Combat Pandemic

COVID 19; A Review

Brijesh Kumar Shukla, Himanshi Tyagi, Hema Bhandari, and Seema Garg

The emergence of a novel Corona virus (COVID 19) originated on December
19 from China. The city of Wuhan, the capital city of Hubei province, China, is
responsible for an outbreak of respiratory illness known as COVID 19 and it
has been rapidly spread across the world claiming millions of lives. The
sudden outbreak of novel Coronavirus, severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2 or 2019-nCoV), is a big concern for their speedy
mitigation using the predictable treatment and creating its approach around
the world. Researchers and doctors are in search of rapid diagnosis kit, drugs,
and viral-resistant personal protective equipment (PPE) to clinical diagnosis,
medication, and prevent the spread of COVID 19. A rational approach with
adaptability and broad viewpoint to challenge the growing pain could be
overcome by the application of appropriate technology. The
nanotechnology-based approach can significantly serve the purpose of the
current pandemic situation of COVID 19. But same time implementation of
innovative and creative nanotech approach, there is a decisive need for the
full knowledge of SARS-CoV-2 pathogenesis. Moreover, to defeat COVID 19,
particularly nanotech-based system with their viral inhibitory properties to
increase the effective nanotech approach is essential. In this scenario, this
review aims to summarize the past, present, and future of nanotech-based
systems that can be used to treat COVID 19, highlighting Nano-based
compounds. Lastly, the potential application of the different category of
Inorganic Nanomaterials/Inorganic organic conjugate [hybrid system and
their practical applicability as suitable means for inspiring against COVID 19
has also been discussed.

disease -COVID 19 by WHO, caused by
novel severe acute respiratory syndrome
coronavirus (SARS-CoV) referred as SARS-
CoV-2. SARS-CoV-2 virus worldwide in-
fected more than 3.3 million of people and
headed to more than 0.23 million of de-
ceases, with the figures static increasing
rapidly.!

Initial screening of infected people
showed pneumonia-like symptoms and
abnormal lung computed tomography (CT)
image; was done with PCR (polymerase
chain reaction) with known pathogen
primer tested negative and later on un-
known pathogen was identified by RNA
genome sequencing that is distinct with
previously known pathogens.!?!

Its genetic structure exhibited that the
new virus was related to severe acute res-
piratory syndrome (SARS) that is a vi-
ral respiratory disease of zoonotic origin
that surfaced in 2002-2003 triggered by
severe acute respiratory syndrome coron-
avirus (SARS-CoV), so it was named as
SARS-CoV-2.57]

The readiness of the whole genome
sequence supported the researchers to
develop PCR kits to diagnose patients
suffering from COVID-19. Moreover, the
researchers also developed several test-
ing methods based on the serological
test, lateral flow assay and loop-mediated

1. Introduction

Pneumonia-related symptoms like severe acute respiratory
symptoms started in December-19 in the Hubei-province of
China. Later on, it was declared New coronavirus infectious
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isothermal amplification for rapid diagnosis of COVID 19.1% But
their implementation and regulatory approval by various health
bodies differ by country. According to a preliminary investiga-
tion among SARS-CoV-2 infected people, about 80% show only
mild flu-like signs such as fever and cough and mild pneumonia
and acute respiratory failure.[’] Earlier epidemiological revisions
have evidenced that is the number of situations for widespread
of the virus, i.e., the infection sources, transmission path, and
exposurel® and similar for COVID 19 too.®]

Sequence homology study of the viral genome disclosed
that the CoV identified in this study is distinct from any of
the known human CoVs, including severe acute respiratory
syndrome (SARS) and the Middle East respiratory syndrome
(MERS).>* The most closely related known viruses are two
bats like SARS-CoV. Formally, the recognized genome in 2005
in Zhoushan, Zhejiang, China, which is geologically distant
from Wuhan.'In a study, Ren et al.l'% confirmed genome
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Epidemiological Comparison of Respiratory Viral Infections

Disease Flu COVID 19 SARS
Disease Causing Pathogen
5 e
Influenza Virus SARS-CoV-2 SARS-CoV MERS-CoV
Ro
Basic Reproductive Rate 1.3 2.0-2.5 3 0.3-0.8
CFR 0.05-0.1% 3-4% 9.6-11% 34.4%
Case Fatality Rate
T o i 1-4 days 4-14 days 2-7 days 6 days
Aol cede 2% 20% Most cases Most cases
Community attack rate
10-20% 30-40% 10-60% 4-13%
Annual Infected (Global) ~1billion ~1.45 billion 8098(in 2003) 420
(till 24-April-2021)
Annual Deaths (US) 10,000-61,000 ~3.08 Million 8(in 2003) 2(in 2014)
(till 24-April-2021) None since 2003 None since 2014

WHO corona!irrus (COYID-jQ) criarshboarrdias on 24 April—?921

Figure 1. Epidemiological Comparison of Respiratory Viral Infections.

sequence by Sanger sequencing method and identified a novel
strain of SARS-CoV, while the portion of 50-ORF1lab-S—E-M-N-
30 genome structure was similar to well-recognized bat SARS-
CoV,['% researcher across world investigating relationship the
novel coronavirus genome sequence with SARS and MERS to
determine if any of the medications established against SARS
and MERS can work against this novel SARS-CoV-2. Based on
a comparative study, few probable drug targets of SARS-CoV-2
have been acknowledged. Among several, human angiotensin-
converting enzyme 2 (hACE2),'' papain-like protease (PL
pro),[121 3C-like protease (3CL pro),['*) RNA-dependent RNA poly-
merase (RdRp),['* helicase,! and N7 methyltransferasel'®! are
some of primary receptor targets. While, biaryl-based dipep-
tidyl peptidase (DDP4),['”] SARS-CoV receptor-binding domain
(RBD),!8] cathepsin L,"! trans-membrane serine proteinase
2 (TMPRSS2),?% nsp7-nsp8 as replication and transcription
complex,!?!] ADP-ribose-100-phosphatase,??] nsp8 —primase,!1*]
nspl4 exoribonuclease,?’] nsp15 endoribonuclease,?*! and ER-
GIC and Golgi region!®! are several specific target for devel-
opment of target-oriented drugs against coronavirus and other
target site that already used for approved antiviral drugs also il-
lustrated (Figure 4) . In parallel with diagnostic test progresses,
scientists are exploring numerous drug combinations to facilitate
supportive treatment to the COVID-19 infected persons.
Additional several wide-ranging medications like chloroquine,
arbidol, remdesivir, and favipiravir in combination with other
drugs such as azithromycin gave some promising results in pre-
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liminary trials in china.*®! However, the major restriction of
these drugs due to broad-spectrum activity and lack of specific
target receptor lead to the probability of host cell toxicity.[?”:28]

The principal element of the present review article com-
prises pathogenesis of 2019-n-CoV infection. Detail overview of
nanomaterial-based research finding of therapeutic value against
other viruses, and future scope for potential applicability of nan-
otech approach in concern with COVID 19 diagnosis, treatment,
and prevention (Figure 1).

1.1. Virus Structure and Genome Sequence

Coronaviruses (CoVs) is an enveloped single positive-sense RNA
genome, having ~80-120 nm size and originates from the family
of Coronaviridae. It has been further subdivided to a-coronavirus
(a-CoV), p-coronavirus (f-CoV), é-coronavirus (6-CoV), and y —
coronavirus (y-CoV).[2-31]

The organization of coronavirus genome is composed of four
structural proteins, Spike (S1, S2), envelope (E), membrane (M),
and nucleocapsid (N), with accessory genes spread within the es-
sential genes (Figure 2).[230]

The genetic makeup of SARS-CoV-2 is revealed by several re-
searchers and finds SARS-CoV-2 closely related Bat Sars like-
CoVs. These close relations further indicated that the novel CoVs
are of bat origin, whereas some sequences of the novel CoV
showed several distinct features!®32-35] (Figure 3).
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SARS-CoV 2 Structure

Spike (S1 & S2)

Nucleocapsid (N)

Membrane (M)

Envelope (E) ——

SSRNA
(+ sense, ~30kb in length)

Figure 2. Coronavirus Structure and Protein Visualization (created using
biorender software).

1.2. Pathogenesis and Target Site for Antiviral Drugs

In initial finding with clinical diagnosis, the infected people from
COVID 19 have appeared pneumonia-related symptoms by com-
puted tomography (CT scan) along with mild fever, dry cough and
runny nose,** and are related to sign of SARS and MERS (Mid-
dle Eastern Respiratory Syndrome) outbreak.[*”] Later on, asymp-
tomatic people have also been detected positive with SARS-CoV-
2 in RT-PCR (reverse transcription polymerase chain reaction)
test.l!] As of now, biological mechanism of COVID-19 can be
compared with the related mechanisms of SARS-CoV and MERS-
CoV, which provide useful information on the biological mech-
anism of 2019-SARs-CoV infection and that could be helpful to
understand COVID-19 biological information about genome en-
try and replication cycle.

www.ms-journal.de

Coronavirus S glycoprotein has been stated as substantial
information on virus entry and replication into the cytoplasm
of host cell.®831 The binding of the spike glycoprotein S
with host cell occurs with the different receptor, for example,
SARs-CoVI*®l and SARs-CoV-2[*1#2] with human angiotensin-
converting enzyme-2 (hACE-2), SARs-CoV with C-type lectins L-
SIGN,[*}] and MERs-CoV with dipeptidyl peptidase-4 or adeno-
sine deaminase complexing protein-2 or CD-26.*l Ambiguity
for the viral genome entry of SARs-CoV into the cytoplasm
arises when Belouzard et al.*] identified that a sequential pro-
teolytic cleavage at two distinct sites mediated the membrane
fusion whereas Simmons et al. firstly reported characterization
of Coronavirus glycoprotein S mediated entry of lentiviral-based
vector.[42:46]

Millet et al. findings suggested that spike S protein of MERS-
CoV might be activated by furin mediated, by two-step cleavage
mechanism at the distinct site for viral fusion.[*’! Moreover, Spike
S protein fusion and SARS-CoV entry mediated through clathrin-
dependent and independent endocytosis also reported.[*4]

Replication cycle will start after viral genome enters the host
cell cytoplasm, the RNA genome translated to a different type of
proteins, after which the RNA viral genome begins to replicate
and formed Genomic and sub-genomic RNA (+) with help of
viral polymerase.[3%! The newly formed structural proteins spike
(S), envelop (E), and membrane (M) are injected into the mem-
brane of the Golgi or ER, and the nucleo-capsid is formed by
the amalgamation of genomic RNA and nucleocapsid proteins.
Then, genome enters into the Golgi vesicle, i.e., ERGIC. After
that, the vesicles comprising the virus units fuse with the host
cell membrane for exocytosis of the viral genome.3*5% The de-
tail proposed mechanism of replication cycle and exocytosis of
the viral genome is well represented (Figure 4) by Clercq et al.,
that will help to design different target based nano compounds.

The paper illustrates a dozen different viral approved drugs
which have the potential to target viral replication endocytosis
and exocytosis to combat viral infection.

As of now, there is no approved medication, so that WHO
and other worldwide public health groups have largely focused

SARS-CoV (27.9 kb)

N
RTINS R

MERS-CoV (30.1 kb)

[a] 4 ,

SARS-CoV-2 (29.9 kb)

HIEEH

i 6 H T-_="’s
3 7 !
1y

Figure 3. Genome organization of SARS-CoV-2. Coronavirus Comparative analysis diagram; spike (S), envelope (E), nucleocapsid (N) and membrane
(M) proteins, as well as several accessory proteins. Reproduced with permission.[*3] Copyright 2020, Elsevier.

Macromol. Symp. 2021, 397, 2000336

2000336 (3 of 14)

© 2021 Wiley-VCH GmbH


http://www.advancedsciencenews.com
http://www.ms-journal.de

ADVANCED
SCIENCE NEWS

\}Zlf/_& Macromolecular Symposia

www.advancedsciencenews.com

( A) Human
coronavirus Receptor binding, viral entry,
and membrane fusion
Cellular
receptor

— '1‘

Genomic RNA (+ sense)

-

Viral polymerase protein
translation

{ RNA replication

|
SEEERONONT RNA replication and package g I
NAANNANL S 0 I
NANANANANANANS S 3
Genomic RNA ;‘ & J C
(- sense) Tanscription S /I :
AWWWWWW~ N: Nucleocapsid @ 7 \ sW
\ o M: Memb
CRNANAN VAWV ambeane | Translation
: : . E: Envelope -
Subgenomic or genomic Viral structural proteins
RNA (+ sense) AWM~ S: Spike Y (S, M, and E)

Receptor bindin
5+ Cell membrane
<— Viral receptor

Human coronavirus \

Cell membrane

Cytoplasm

(b) <

Membrane

= A

www.ms-journal.de

/ Virus release
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Trends in immunology

Figure 4. Schematic illustration of viral replication cycle and mechanisms of drug actions at different sites. Reproduced with permission.[>¢] Copyright

2020, Elsevier.

on preventing transmission, infection control procedures, and
screening of travelers.[>!) Whereas Lupia et al. summarize clinical
finding of the novel SARS-CoV-2 infection and its symptomatic
medication provided to patients in China.l?]

The pandemic of novel SARS-CoV-2 and their diversity are
mounting at the distressing rate as its magnitude among the 212
countries worldwide and recorded more than 1.45 billion infec-
tions and lead more than 3.079 million deaths till 24 April 2021.
Case of infection and death is more than any other outbreak such
as Flu, SARS and MERS (Figure 1).

The sudden outburst of Coronavirus (SARS-CoV-2) and speed
of their transmission across the world have elevated thoughtful
concern regarding their immediate prevention strategy using tra-
ditional medication and diagnostic process. Consequently, there
is an instant need to develop novel treatment strategies based on
specific ligands or receptors binding drugs that can be enhanced
by Nanotechnological approach.[>3]

However several broad-spectrum antiviral drugs have been de-
veloped and found poor bioavailability at the target site to render
their use.>* Despite this, Nano-based approach can be utilized
to enhance their efficacy and target delivery at the site with sus-
tained release.>®]
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(A) Life cycle of highly pathogenic human CoVs. These CoVs
enter host cells by first binding to their respective cellular recep-
tors [angiotensin-converting enzyme 2 (ACE2) for severe acute
respiratory syndrome (SARS)-CoV-2 or SARS-CoV and dipep-
tidyl peptidase 4 (DPP4) for Middle East respiratory syndrome
(MERS)-CoV] on the membranes of host cells expressing ACE2
(e.g., pneumocytes, enterocytes) or DPP4 (e.g., liver or lung cells
including Huh-7, MRC-5, and Calu-3) via the surface spike (S)
protein, which mediates virus—cell membrane fusion and vi-
ral entry. Viral genomic RNA is released and translated into vi-
ral polymerase proteins. The negative (—)-sense genomic RNA
is synthesized and used as a template to form subgenomic
or genomic positive (+)-sense RNA. Viral RNA and nucleocap-
sid (N) structural protein are replicated, transcribed, or syn-
thesized in the cytoplasm, whereas other viral structural pro-
teins, including S, membrane (M), and envelope (E), are tran-
scribed then translated in the endoplasmic reticulum (ER) and
transported to the Golgi. The viral RNA-N complex and S, M,
and E proteins are further assembled in the ER-Golgi inter-
mediate compartment (ERGIC) to form a mature virion, then
released from host cells. (B) Potential targets of nAbs against
SARS-CoV-2 and other pathogenic humanCoVs. (a) Human CoV
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Nanoparticles Virus Details mechanism of activity References

Silver (Ag)

AgNP synthesized using Cinnamomum cassia  Avian influenza A virus, subtype H7N3 NPs interactions with the viral genome (RNA or DNA), 179]
cellular factors, or pathways of host cells block viral
replication pathway

Argemone maxicana mediated AgNPs Peste des petits ruminants (PPR) virus a SNPs impair the PPRV replication at the level of virus entry 1771

prototype morbillivirus into the target cells and thus has a potential as an antiviral
therapeutic agent

AgNPs HSV-2 Sulfadryl group of glycoprotein membrane strongly interact 176]
with Ag-NPs. This interaction prevents internalization of
the virus by inhibiting the interaction between the
glycoprotein and a receptor.

GT-AgNPs and C-AgNPs S. cerevisiaeds RNA viruses Interaction with viral genome and inhibition of viral 163]
replication

PHBV18 /AgNP fiber Influenza A and Feline calicivirus No viral infection observed in 24 h exposure to the fiber 170]

Electrochemical Synthesized AgNPs Poliovirus type-1 AgNPs were non-toxic to cell cultures up to 100 ppm and 174]
toxic to non-enveloped viruses. The antiviral activity was
found at 3.13 ppm for 30 min of incubation with poliovirus

Titanium (Ti) Nanoparticles

TiO2 NPs MS2 Interaction with viral surface proteins 179]

TiO2~DNA Nano composites HINT, H5N1, and H3N2 Targeted binding to conservative regions in the viral genome 182]
and inhibition of viral reproduction

TiO2 particle MS2, ®X174, PR772 Interaction with viral capsid/surface proteins 183]

Gold Nanoparticle

AuNPs DENV Inhibiting viral replication and infectious virion release 184]

Au NPs Foot- and- mouth diseases Arrests viral replication along with transcription 185]

Iron (Fe)

Magnetic NPs Aptamers HCV Magnetic Nps Aptamers specifically binding to the E1E2 186]
glycoprotein of HCV and efficient removal of viral particle

Silica (Si) based NPs

Glycosaminoglycan Mesoporous SiNPs HSV-1, 2 Inhibition of viral attachment to the host cell 187]

Conjugate
Alkoxysilane Mesoporous SiNPs Conjugate GFP lentiviral vector harboring a vesicular Attachment with the viral envelope protein (28]
stomatitis virus G glycoprotein, GFP
lentivirus harboring an HIV-gp120 derived
envelope

SWCNT GCRV Affects viral transcription 189]

Graphene

Cationic polymer PDDA, nonionic Pseudo rabies Virus, porcine epidemic Negatively charged GO interacts with viruses prior to viral 190]

PVP-Graphene oxide (GO) conjugate diarrhea virus entry resulting in virus damage due to its single-layer
structure and sharp edge

p-cyclodextrin (CD) Respiratory syncytial virus (RSV) The NP mimics heparin sulfate on the host cell surface and 101]

functionalized-GO-Curcumin based NPs inhibits viral attachment

Hybrid Nano-material

Silver nanorods conjugated with sodium 2 HIV, HSV-1 Inhibition of viral replication 192]

mercapto ethane sulfonate (Ag-MES)

Oseltamivir modified AgNPs (Ag@OTV) HIN1 Inhibits the activity of Neuraminidase (NA) and 193]
Hemagglutinin (HA) prevents viral attachment, inhibit the
accumulation of reactive oxygen species (ROS) by virus,
activates AKT and p53 phosphorylation

Titanium dioxide nanoparticles and polylysine  HINT, H5N1, H3N2 Targeted binding to conservative regions in the viral genome (4]

(PL)- containing oligonucleotides and inhibition of viral reproduction
(TiO2-PL-DNA) Nano composite

GO sheets with silver particles (GO-Ag) Feline coronavirus (FCoV) Association with viral lipid tails leading to aggregation with 193]
attachment of AgNPs with —SH group of protein and
rupture of the envelop

(Continued)
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Nanoparticles Virus Details mechanism of activity References
SiRNA-modiated Polyethylenimine (PEI) Enterovirus 71 (EV71) Block EV71 from infecting host cells and prevent DNA 196]
encapsulated AgNPs (Ag@PEI@siRNA) fragmentation, chromatin condensation and activation of
caspase-3
OTV decoration of SeNPs (Se@OTV) HIN1 Neuraminidase (NA) and Hemagglutinin (HA) prevents viral 197]
attachment, inhibit the accumulation of reactive oxygen
species (ROS) by virus, activates AKT and p53
phosphorylation
Mannosylated Niosomal system (AuNPs and ~ HIV-1 Viral inhibition 198]

Efavirenz (EFV)
AuNPs and AgNPs HINT, H3N2, H5N1
Surface decoration of selenium NPs by HIN1

Amantadine (AM) (Se@AM)

Efficient delivery and viral inhibition 199]

Induces apoptosis, inhibits generation of ROS, and activates 1100]

phosphorylation and AKT pathway

receptor binding and membrane fusion process. The CoV first
binds a viral receptor (ACE2 or DPP4) through the receptor-
binding domain (RBD) in the S protein, followed by fusion of
the virus with cell membranes via the formation of a six-helix
bundle (6-HB) fusion core. NTD, N-terminal domain. (b) Po-
tential targets of nAbs on the S protein of human CoVs. Mon-
oclonal antibody (mAb), antigen-binding fragment (Fab), single-
chain variable region fragment (scFv), or single-domain antibody
[nanobody (NDb) or VHH derived from camelid heavy chain anti-
body (HcADb)] binds to the RBD, S1 subunit (non-RBD, includ-
ing NTD), or S2 of the viral S protein, blocking binding be-
tween the RBD and the respective receptor (for RBD-targeting
nAbs), interfering with the conformational change of S (for S1-
targeting nAbs), or hindering S2-mediated membrane fusion (for
S2-targeting nAbs), leading to the inhibition of infection with
pathogenic human CoVs in the host [Reprinted with permission
from ref. 56].

2. Nanotech-based Antiviral Therapy

Antiviral drugs development against deadly viruses such as
SARS-CoV-2 are under an initial stage and will take time to
get clinical finding. Moreover, Nanomaterials based approach
against various viruses is well documented. Antiviral activity of
Nanomaterials (NMs) depends on their morphology and type.
Accordingly, to distinct the activity of NMs a wide-ranging out-
line, various types and forms of NMs/Nanotech system are
essential. Nanotech based antiviral agents have a great range
from common inorganic Nanomaterials (iNMs) to metal-organic
framework (MOF) and Homogeneous to heterogeneous (Hy-
brid) Nano conjugate. Hybrid Nano conjugate is uniform in-
organic Nanomaterials (INPs), composite of organic-inorganic,
inorganic-inorganic, and organic-organic nano conjugate such as
Core—shell-type lipid—polymer hybrid nanoparticles (CSLPHNs)
fabricated based on specific or target-oriented condition or deliv-
ery at target receptor.l’’]

2.1. Inorganic Nanomaterials

The Inorganic Nanomaterials (INMs) having intrinsic proper-
ties such as light-emitting, varied morphology (nanoparticles,

Macromol. Symp. 2021, 397, 2000336
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nanotubes, nanowires, Nanoflowers, nanocubes), and intrin-
sic physicochemical properties have strengthened the signifi-
cance of INMs in the biomedical field such as biosensors,>®
cells and biomolecules marker,>®) and tumors diagnosis and
therapy.[®?l Along with these claims, INMs are highly biocom-
patible and engineerable surface offers an innovative plethora
to improve advance therapeutic and diagnostic kit for rapid
and specific detection and effective medication for emerg-
ing diseases.l!l The intrinsic property of these NMs are
used to synthesize trastuzumab -Bi2S3@mPS nano-platform,
which shows cancer-targeted Imaging for diagnostic and
photothermal/chemotherapy.[®2] Based on applications of inor-
ganic Nanomaterials in the field of biomedical, most common
metal nanoparticle are gold, silver, magnetic and nanocarries of
bismuth, silicon dioxide, titanium dioxide and carbon, etc.

2.2. Silver and Silver Nanocomposite NPs

Silver nanoparticles are well studied and explored from several
years due to their remarkable, stimulating and encouraging dis-
tinctive feature for numerous biomedical arenas.|®*! Moreover,
their synthetic methods, mode of mechanism and the various
bio-based applications!®*! are well summarized. Silver nanopar-
ticles were used in the field of virology to treat the viral infec-
tion and detection as well as used as antiviral agents in textile
to prevent the infection.®] However silver nanoparticles were
well explored as antiviral agents against the several viruses and
few of them are HIV,[6¢¢7] RSV,(8] Influenza A/H1N1 virus,!%70]
MPVI7! or hepatitis B virus,’?] Transmissible gastroenteritis
virus (TGEV)”3! poliovirus type-174! HSV and human parain-
fluenza viruses(subtype HPIV-3),I”°] herpes simplex virus,”®! ru-
minants virus,”’] norovirus surrogates,’®! Avian influenza A
(H7N3),[7%1 chicken diseases (IBDV),!®%) and Saccharomyces cere-
visiae double-stranded RNA viruses.®]

The mechanism of silver nanoparticle is based on the, inhibit-
ing protein binding with host receptor to stop viral entry into the
host cell or virucidal activity and viral to viral infection and it has
been summarized in Table 1. Galdiero et al. presented various
key steps in replication cycle (Figure 5), indicating various sites,
which helped to design antiviral drugs.®!]
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Figure 5. Key Steps in the virus replication cycle that provide antiviral targets. Reproduced with permission.[81] Copyright 2020, MDPI.

2.3. Gold and Gold Nanocomposite NPs

Gold nanoparticles have remarkable applications in the arena of
biomedical payable to their versatile and engineered feature.!'%!]
Several researchers summarize their biomedical applications
such as diagnosis,['%] bioimaging,!1%21%%] therapeutic delivery,['*]
biosensors, %1% and minimally invasive surgeries and point-of-
care diagnostics.['%! However Gold nanoparticles were restricted
for direct use as antiviral medication except few biologically suit-
able polymer conjugate, which were effective against human
immunodeficiency virus Type-1, Influenza A/HIN1 virus, In-
fluenza A/H3N2 virus, Influenza A /H5N1, DENV, BVDV, and
animal FMDB.!1%85107 The virucidal mechanism of AuNPs is
unclear but speculated mechanism of action, maybe by block-
ing gp120 attachment with CD4, which ends in inhibited viral
entry.[1919%] Gold nanoparticles inhibit FMDV during replication
after entering in the cytoplasm, specifically during RNA genome
transcription in host cell.®) However, Kim et al. illustrated
(Figure 6) mechanism of porous gold nanoparticles; nanoparti-
cles interact with surface protein and inactivate the viral cell.['%8]
Nano based formulation of gold nanoparticle in amalgamation
form is used for catalytic activities, photothermal Nano therapy,
bio-sensing, bio-imaging.'®! There intrinsic engineered feature

Macromol. Symp. 2021, 397, 2000336
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has also been utilized, which was based on their size-dependent
surface.l''% For instance, charged AuNPs have detection ability
for Influenza A/HIN1 virus and Influenza A/H3N2 virus, by per-
oxidase simulating enzymatic response test. Similarly, there are
further illustrations where conjugated gold NPs has proven ac-
tivity against viral infections (Table 1).11%7]

2.4. Iron Oxide Nanoparticles (IONPs)

The application of Iron Oxide Nanoparticles as therapeutic is re-
stricted due to several challenges.''!] However, the magnetite
(Fe304) or maghemite (Fe203, y-Fe203) are the most used
Iron Oxide in Nano particulate system.!"'? IONs with functional
building block were explored for bioimaging, biological fluids
cleansing, tissue restoration, diagnostic, hyperthermia, and drug
delivery. Currently, the direct use of IONPs has been evaluated
against Bacteriophages, Zika virus, HCV, and H5N2.186.113-115]

2.5. Titanium Nanoparticles (TiNPs)

Titanium dioxide (TiO,) NPs have tremendous applications in
the various segment, e.g., catalytic, medical, and engineering
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to environmental. These properties are due to high solubil-
ity, photocatalytic and anticorrosive properties of TiO,.['*®] The
ample amount of research study related to biomedical ap-
plications of titanium oxide based functional hybrid materi-
als has been reported.''”18] TiNPs function hybrid materi-
als applications are not only limited towards few sectors of
the biomedical fields but explored in many arenas comprising
Photo-therapy!!**! for cancer, Drug delivery structure,[!2%12] Bio-
imaging,['??] Biosensors.[1*]

Although their reach in the biomedical sector is phenomenal
but still have an excellent opportunity in current research for an-
tiviral application. Limited studies of Titanium-based Nanopar-
ticles to influenza-virus (H3N2) and bacteriophages like MS2,
PRD1 have been reported and few studies!!?*12%] were reported
for poor evaluation of existing toxicity of TiNPs.[1]

2.6. Silica Nanocarriers (SiNCs)

Exceptional physical characteristics of SiNCs like tunable-
diameter, pore-size, biocompatibility and easily fabricable, etc.,
are well valued for exploration everywhere in the world for their
use in biomedical applications.'?-130] The Silica Nanoparticle
have been explored against various viruses like HPV, PCV, HBYV,
Herpes simplex viruses type-1,type-2, and human immunodefi-
ciency virus. The manner of viral inhibition is either facilitated by
vaccination of the model organism against disease or by obstruct-
ing the entry of viral genome.[881311 Viral-genomic protein-based
luminous recognition and DNA or RNA probe-target interaction
are the main foremost procedures of virus-related diagnosis. De-
spite the progress, the emerging demand for unique rapid diag-
nosis method and antiviral-medication can only be upgraded by
strategic research and investigation.

Macromol. Symp. 2021, 397, 2000336
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2.7. Other Inorganic Nanoparticles

Including above explain inorganic nanomaterial several other
nanoparticles or their functional nano-conjugate systems such
as Selenium NPs, Copper NPs, Zinc oxide NPs, and hydroxyap-
atite have also been summarized(!*] for biomedical applications.
However, their antiviral activities were not much detected despite
their broad-spectrum utilization and has large scope to develop
nano-based system against antiviral medication.

2.8. Possible Nano-based Approach for COVID 19 Diagnosis

Identification of COVID 19 infection is principally supported and
based on travel profile of people of infected countries, direct con-
tact of the infected person, clinical appearances, and a few sup-
porting examinations, like super molecule (nucleic-acid) recog-
nition, Computed Tomography Scan, immunological techniques
of IgM-IgG, enzyme linked-immunosorbent-assay (ELISA), and
culture study of the blood sample. Nucleic-acid detection tech-
nology such as real-time reverse transcription PCR (RT-PCR)
and genome sequencing.'*3134 High-throughput sequencing
method is accurate and specific but high cost and complicated
equipment dependency. But RTqPCR is that the commonest,
current, and uncomplicated methods for identifying pathologi-
cal viruses in breathing excretions, blood, and saliva,[****137] but
have highly time-consuming. However, some result varied but
repeated sample gives positive result’’*®! and having 50-79%
sensitivity, betting on the procedure and collected clinical spec-
imens number.3%) Thus, it's needed to develop other sensitive
and specific simple methods for COVID 19 that may help to fast
screening and isolation for treatment. Now research dynamic has
been changed and shifted towards the additional trend in the
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Nanoparticles Virus

Details mechanism References

Gold NPs
Au NPs

DNAzyme AuNPs (DDZ-AuNPs) Dengue virus (DENV)

Antibody (immuno-AuNP) H3N2

Monoclonal anti-hemagglutinin antibody H3N2

(mAb) AuNPs hybrid

Charge-neutral peptide nucleic acids
(PNA)Unmodified AuNPs

Silica (Si) based NPs

Bioconjugate of streptavidin to carboxylic HIV (HIV-1 p24 antigen

functionalised SiO2:Eu nanoparticles

Hybrid Nano-material

Silica (SiO2) coated magnetic Fe304 NPs
(EBV

Gold/Copper Sulfide Core/ Shell NPs

Antibody conjugated AuNPs-carbon H3N2

nanotubes (CNTs) hybrid

Chiral AuNPs-quantum dot Nano composites

Hybrid Nano-material

Anti-NoV antibody Graphene-AuNPs
nanohybrid

Glycan-functionalized AuNPs (gAuNPs)

Norovirus-like particles

Antibody conjugated Silica-shelled magnetic HINT1, H3N2

(Fe304) Nano beads (MagNBs) and AuNPs

Gold/iron-oxide nanoparticle-CNT hybrid
nanomaterial

H1N1, norovirus

Virus (FMDV)Influenza virus A (HIN1, H3N2)

Bovine Viral Diarrhea virus (BVDV)

Hepatitis B virus (HBV), Epstein—Barr virus

Human Norovirus Virus-Like Particles

Avian influenza A (H4N®6) virus, fowl
adenovirus and coronavirus

Various type of influenza viruses

With transcription Peroxidase-mimic 107]

enzymatic reaction for viral detection

DDZ activation mediated salt induced 143

aggregation of AuNP give signal for viral
detection

Nanodot deposition on the periphery of viral [144]

surface give signal of viral detection

Viral surface deposition of NP- mAb for [143]

Colorimetric immunosensor viral detection

BVDV-RNA based PNA induced aggregation of [146]
the AuNPs and Colorimetric based viral
detection assay

Binding to HIV-1 p24 antigen and used (1471

fluorescence based sandwich immunoassay
detection of virus

Higher sensitivity in PCR based viral detection [148]

Capsid protein degradation and capsid [140]

damage gives signal for Viral detection

Peroxidase-like activity of the nanohybrid 041

Chiral plasmon—-exciton systems [149]

Peroxidase-like activity and give Colorimetric (150]

immunoassays for viral detection

Aggregation of gAuNP probes on the viral s

surface and signal for viral detection

MagNB mediated target separation and signal 1132]

amplification by the pe roxide-like activity of
AuNZ sand give Ultra-sensitive colorimetric
assay
DNA hybridization gives High sensitivity and (153]
selectivity detection of viral DNA

rapid clinical diagnosis of viral infection. Broglie et al. developed
core/shell Au/CuS NPs, having virucidal activity against human
Norovirus by inactivating capsid protein.'*%! Similar approach
can be utilized for COVID 19 to develop a nano-hybrid system
for rapid point care diagnostic and viral inhibition.

Ahmad et al.'*! developed specific antibody-conjugated Au
CNT nanohybrids for influenza A virus (H3N2) and have
peroxidase-like mechanism give colorimetric viral detection as-
say. Zagorovsky et al. developed gold nanoparticles DNAzymes
conjugate for point care detections of various targets by simple
and sensitive colorimetric assay!'*?! and mechanism of action is
also illustrated.

Similarly, to tackle the pandemic situation of COVID 19,
it is a need to develop cost-efficient rapid diagnostic kit to
identify the maximum infected person and isolate them for
supportive medication or attention to control SARS-CoV-2.

Macromol. Symp. 2021, 397, 2000336
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Likewise, there are varieties of Nano-based methods (Table 2)
are summarized for diagnosis of viral infection. Anticipating
on presenting views, the chances to develop a unique Nano
based diagnosis method for identifying COVID 19 can be
accomplished.

2.9. Possible Nano-based Approach for COVID 19 Inhibition

If detection of SARS-CoV-2 can be promising, then in-
hibition/elimination/prevention of viral infection through a
nanotech-based approach is possible through generous research.
As Inorganic Nanoparticle has a broad range of antiviral activ-
ity could be used for coating materials, panting materials, fiber
materials for mask manufacture and clothing material for PPE
clothing to control infection spread in hotspot area and hospitals.
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and give dispersed AuNPs with red colour, b) In absence of target protein
linkers is intact and give aggregated AuNPs with blue colour. Reproduced
with permission.[2] Copyright 2020, BMC.

Parallel, need to develop specific target-oriented antiviral drugs
candidates based on nanotechnological approach utilizing avail-
able references.

In the study, Vijay Kumar et al. found that AuNPs act as an
inhibitor or anti-HIV and proposed mechanisms is the deactiva-
tion of surface protein by gold nanoparticles result in inhibitory
effect against HIV in a test tube.'! Likewise, nanoparticles
with the ability to interrelate with SARS-CoV-2 external glycopro-
teins likes could encourage being hopeful agents as viral receptor

Macromol. Symp. 2021, 397, 2000336
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blocker. Moreover, several other targets also give the direction for
viral inhibition such as regulation of reactive-oxygen-species level
to activate protein kinase (Akt) and P53 phosphorylation could
even be an approach for blocking the entry of viral genome. Li
et al. presented the same approach against HIN1 virus using fab-
ricated SeNPs-Oseltamvir conjugate!®”’]

The researcher can use a similar approach and make suitable
drugs conjugate NPs for in-vitro investigation in case of SARS-
COV-2. Also improving the viral activity by improving drug deliv-
ery using single-walled carbon nanotubes (SWCNI5) — ribavirin
conjugate by Zhu et al®! and Lavina.et al projected TiO2.PL-DNA
nano conjugate could be used highly effective and target-site spe-
cific (target binding on the conservative region of Viral RNA) in-
hibition of influenza A®Yl and Torrecilla et al. shown the capa-
bility of solid lipid-shRNA Nanocomposite, non-viral-SLN based
vector to silence an HCV replication,!'* etc. all opinion within
the similar way. The latest research for Nanomaterials application
in the field of virology as, antiviral and diagnostic agent portfolio
well summarizes (Table 1 and 2) with working mechanism and
therapeutic outcome. Moreover, Rout et al.['*] proposed a Nano-
based system for combat NIPAH virus and mentioned several
approaches for virology.

Researchers from across the world are working tirelessly to
search out rapid diagnostic kit, antiviral medication, and vaccine
to combat the pandemic COVID 19 through various approaches
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Figure 9. A- SARS-CoV-2 vaccine types. SARS-CoV-2 vaccines currently in pre-clinical and clinical evaluation make use of various platforms B: Platforms
in use for COVID-19 candidate vaccine development in pre-clinical (blue) and clinical (green) trials [APC: antigen presenting cell; DNA: deoxyribonucleic
acid; RNA: ribonucleic acid. Reproduced with permission.!">’] Copyright 2021, MDPI.

within the nanotechnology that may help for research activity.
As of now limited target based nanoparticles have developed for
antiviral medication, despite several targets have identified and
target specific antiviral drugs developed and approved for viral
infections medications.!">*! This review paper gives them quick
knowledge about recent approaches within the area of nano-
technology that may help for fast research activity to develop
target-based nanoparticles.

Though the efficacy of NPs as a medication against COVID 19
is part of evaluation, still it can be roughly predicted that these
studies are a straightforward illustration that nanoparticles hold
huge prospective as a medication for COVID 19 described in
Figure 7.

In order to overcome the COVID-19 pandemic by control-
ling transmission, deep worldwide work has been done and
going on also to develop a successful vaccine against SARS-CoV-
2. Since the worldwide impact of COVID-19 in second wave is
more dangerous compared to first one, the development and
testing of a new vaccine are being expedited (Figure 9)!"’! and
here nanotechnology-based approach have vital role for develop-
ing safe and effective vaccine (Figure 8).

3. Conclusion

Nanotechnology engineering creates enormous numbers of
materials for diagnostics and therapy. Nanotechnology grasps a
noteworthy prospect for virus-mediated disease prevention, di-
agnostics, and their therapy. Though it is promising that above
mentioned nanotech methodologies are the subsequent suitable
approach to tackle COVID 19 as NPs. These are well established
broad-spectrum antiviral activity, which will help to form antivi-
ral drugs. Moreover, these potential materials can also be uti-
lized in personal protective equipment, coating material, sanitiz-

Macromol. Symp. 2021, 397, 2000336
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ing material by doping appropriate amount NPs into based ma-
terials. It has been proved that nanomaterials can be a hands-
on approach to control and inhibit viral infections, which are
very difficult to handle with current available conservative med-
ication. However, it is promising that nanotech methodologies
are the subsequent appropriate approach to pander to COVID
19. But parallel, it is also required to complete understanding of
COVID19 pathogenesis; otherwise, it is very difficult to develop
specific receptor/ligand-based nanoparticles. Accordingly, this
assessment affords momentary details about COVID 19 patho-
genesis; somewhere it might be informal to prepare a unique
target specific antiviral nanoparticle to combat pandemic COVID
19. A short brief of various types of nanoparticles such as metal,
metal oxide, organic, hybrid and organic-inorganic composite
conjugate based studies presented in this review that is possible
diagnostic and therapeutic value against viral infections would
be helpful in quick assessment for their suitability for COVID 19
diagnostics and therapeutics.

Lastly, the summaries of foremost nanotech-based approaches
for viral inhibition and diagnosis, which have been previously
studied is exemplified in tabular presentation, that could be sup-
port to research finding for antiviral agents and mitigate the cur-
rent situation of COVID 19.
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