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Abstract

The coronavirus disease 2019 (COVID-19) pandemic, caused by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), began in December 2019 in Wuhan, China. To date,
the virus has infected roughly 5,000,000 people and caused approximately 345,000 deaths
worldwide, and these numbers are increasing rapidly. Because of the rapid spread and the
rising disease burden, several antiviral drugs and immunomodulators are in clinical trials, but no
drugs or vaccines have yet been approved against this deadly pandemic. At present, computed
tomography scanning and reverse transcription (RT)-PCR are used to diagnose COVID-19, and
nanotechnology is being used to develop drugs against COVID-19. Nanotechnology also plays a
role in diagnosing COVID-19. In this article, we discuss the role of nanotechnology in diagnosing
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and potentially treating COVID-19.

Introduction

The coronavirus disease 2019 (COVID-19) outbreak began
in Wuhan, Hubei Province, China. Severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) was recognized as the
causative agent of this outbreak. The virus spreads through
soft tissues such as the mouth, eyes and nose [1]. The disease
is caused by SARS-CoV-2, a single-stranded RNA virus with
a small genome of 26-32 kb, ranging from 65-125 nm in
diameter. Initially, Chinese researchers named the virus the
2019 novel coronavirus (2019-nCoV) [2]. The disease spread
rapidly throughout China within a month, and according
to theWorld Health Organization (WHO), COVID-19 has
currently spread throughout 212 countries, areas, and regions
worldwide [3]. On a clinical basis, the two key requirements
to controlling the COVID-19 pandemic are first to overcome
the infection rate, and second to decrease the death rate [4].
Currently, no approved drugs or vaccines are available to treat
or prevent COVID-19. However, newly developed vaccines
are in the first stages of clinical trials. Current available
therapies, including nonspecific antivirals, antibiotics to treat
secondary bacterial infections and sepsis, and corticosteroids
to reduce inflammation, fail in treating the severe disease
in which the hallmark is the cytokine storm induced by
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COVID-19 in the lungs. This is visible as inflammatory lesions
with ground glass opacity on computed tomography (CT)
scans. Suitable therapeutics for treating the new COVID-19
disease are in urgent demand [4]. The viral infection causes
a novel respiratory disease (SARS), with a prolonged deadly
nature. Currently available drugs have been successful in
moderately handling the symptoms, but no specific treatment
or therapeutics have been defined. Deterring the outbreak
early is important for protection among all states. Various
forthcoming drugs that are thought to be directly applicable,
as well as new therapeutic drugs being developed, include
viral entry inhibitors, replication inhibitors, protease
inhibitors, heterocyclic antivirals, nanodrug delivery systems,
and biological therapeutics [5].

Nanoparticles are small but have a large surface-to-
volume ratio, which gives them phenomenal, unique features.
Because of these features, nanoparticles have been used in
the fields of biotechnology, medicine, drug delivery, sensors,
and DNA labeling and are treated as a bridge between bulk
materials [6]. Nano approaches have been used extensively to
improve antiviral drug delivery and efficacy, particularly with
nucleoside analogs in conjunction with delivery systems, which
have potential applications against drug-resistant human
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immunodeficiency virus infections [5,7]. The many available
nano delivery systems can be used with newly developed
drug formulations to efficiently deliver the drugs with faster
therapeutic indices for COVID-19. However, this work remains
in progress, and no nano drugs are currently available to treat
COVID-19. Nanotechnology also plays a role in diagnosing
COVID-19. In this paper, we discuss the role of nanotechnology
in diagnosing and potentially treating COVID-19.

Role of nanotechnology in diagnosing COVID-19

The COVID-19 outbreak put global pressure on modern
societies, particularly the infrastructure related to health
care. Therefore, diagnostic tests unique to this infection are
urgently needed to confirm positive cases, screen patients and
perform viral surveillance. Diagnostics may play an important
role in containing COVID-19, allowing rapid implementation
of control measures that restrict the spread by detecting and
isolating cases and through contact tracing (i.e., detection
of people who may have come into contact with an infected
patient). Opacity on CT scans of the lungs of COVID-19 patients
differs from that of patients with healthy lungs: COVID-19
lungs are denser, more profuse and concomitant [8]. Currently
COVID-19 is diagnosed via reverse transcription (RT)-PCR
and screened via CT scans, but each technique has drawbacks.
Molecular methods can diagnose diseases more accurately
than can syndromic testing or CT scans because they can track
and classify different pathogens [9]. Nanotechnology brings
new opportunities for producing inexpensive and scalable
detection methods, safe personal safety equipment and new
successful medications. Nanosensors are now a reality and
can detect very low bacterial and viral concentrations and
thus alert clinicians even before symptoms have shown in
patients with very low viral loads. According to the joint WHO
taskforce and China, from the end of December 2019 to mid
February 2020, 104 SARS-CoV-2 viral strains were isolated
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and sequenced with [llumina and Oxford nanopore sequencing
[10]. Nlumina sequencing is a sequence-by-synthesis process
using solid-phase bridge amplifications, whereas nanopore
sequencing involves translocating a DNA molecule through a
protein pore and evaluating subsequent changes in voltage to
determine the sequence. Research and technology production
and deployment are our best weapons in the fight against
COVID-19, and nanotechnology instruments can be modified
to diagnose, treat and prevent the disease [11]. Different
nano-based strategies, which have advantages over molecular
methods, have been developed to diagnose COVID-19. The
currently developed methods are discussed below.

Reverse transcription loop-mediated isothermal
amplification (RT-LAMP) coupled with a nanoparticles-
based biosensor (NBS) assay

COVID-19 is a highly lethal respiratory disease that is
rapidly spreading and has caused international anxiety.
Currently, it is diagnosed by detecting the SARS-CoV-2 nucleic
acid via real-time RT-PCR [12]. In addition to this method,
other gene amplification methods have been used, but their
main limitations are that they are complex, require skilled
personnel, and are time-consuming. To avoid these limitations,
Yang et al. developed an RT-LAMP assay to detect triple genes
to rapidly diagnose SARS-CoV-2. In 2003, this method was
used to test for the SARS coronavirus and was considered
quick and easy [13].

An RT-LAMP NBS assay has since been developed to
rapidly and accurately diagnose COVID-19 [14]. This RT-LAMP
NBS assay merges LAMP amplification, reverse transcription,
and multiplex analysis with nanoparticle-based biosensors
to facilitate diagnosing COVID-19 in a one-step, single-tube
reaction. This method takes 30 minutes for nucleic acid
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Figure 1: Primers for Identification of SARS-COV-2 [9].
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amplification at a constant 60-65°C using different primers to
detect the N, E and ORF1ab genes. Approximately ten sets of
primers have been designed per gene as shown in figure 1.

The LAMP technique is very precise because it identifies
the target sequence via six or eight different regions, directly
using the RNA as a template [8]. The detection results can
be seen macroscopically through the color change. These
techniques include amplification of recombinase polymerase,
helicase-based amplification, and loop-mediated isothermal
amplification. Several academic labs have developed and
clinically tested RT-LAMP tests for SARS-CoV-2 [8,13]. A
one-step, one-tube RT-LAMP-NBS assay was developed to
diagnose COVID-19. This method is advantageous because
it is simple to operate and only requires basic, inexpensive
equipment (e.g., a water bath or heating block) to maintain
a constant temperature (63°C) for 30-40 minutes [15].
Studies have shown that compared with previously developed
COVID-19 RT-LAMP assays, NBS, a simple and easy-to-use
tool, can visually and objectively indicate the RT-LAMP
results, eliminating the need for complicated processes (e.g.,
electrophoresis), special reagents (e.g., pH indicators) and
expensive instruments (e.g., real-time PCR) [15,16]. Two target
sequences are simultaneously amplified in an isothermal
reaction and detected in the test stage. Future studies should
determine the basic COVID-19 RT-LAMP theory, optimize the
reaction parameters (e.g., amplification temperature), and
demonstrate its feasibility. The specificity of the COVID-19 RT-
LAMP-NBS test was examined by detecting templates derived
from various pathogens, including viruses, fungi and bacteria
[14]. Mechanistic Description of the COVID-19 RT-LAMP-NBS
assay shown in figure 2.

Point-of-care testing

Point-of-care tests are used to treat patients without
sending samples to centralized laboratories, yielding results
without requiring a laboratory network to identify infected
patients. Lateral-flow antigen detection for SARS-CoV-2 is a
care point being considered for diagnosing COVID-19 [17].
Commercial lateral flow assays contain a paper-like membrane
strip coated with two lines: one contains gold nanoparticle-
antibody conjugates; the other catches the antibodies.
Patients’ samples (e.g., blood and urine) are collected on
the membrane, and capillary action pulls the protein across
the line. When the first line moves, the antigens bind to the
nanoparticle-antibody gold conjugate, and the complex flows
across the membrane. The caught antibodies immobilize the
complex when they enter the second side where the red or
blue side is visible. Individual gold nanoparticles are red, and
the coupled plasmon bands cause the solution containing the

LAMP 63°C, 30-40
: ‘ — Detectable LAMP
reagents minutes product

Figure 2: Three steps method of COVID-19 RT-LAMP-NBS assay.
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clustered gold nanoparticles to turn blue [18]. In academic
laboratories, many platforms, such as electrochemical
sensors, paper-based systems and surface-enhanced Raman
scattering-based systems, are being developed.

Optical biosensor nanotechnology

A new system based on optical biosensor nanotechnology
will enable detecting the coronavirus in approximately 30
minutes directly from patients’ samples without requiring
centralized laboratory tests. This new technology could easily
determine whether a patient is infected with the coronavirus
or the influenza virus. This project will potentially be used for
more than the present pandemic and for treating humans. The
new biosensor tool will also be used to analyze various forms
of coronavirus present in reservoir animals, such as bats, to
detect and track the potential evolution of these viruses and
prevent future outbreaks in humans [19].

Nanopore target sequencing (NTS)

The NTS method simultaneously detects SARS-CoV-2 along
with ten other respiratory viruses within only 6-10 hours.
It is appropriate for contemporary diagnosing of COVID-19;
however, the framework can be expanded to diagnose other
viruses and pathogens. NTS is based on amplification of 11
SARS-CoV-2 virulence-related and unique gene fragments
(e.g, orflab) using an internal primary panel followed
by sequencing of the amplified fragment on a nanopore
platform [20]. This project uses a nanopore platform for
sequencing, which can sequence long nucleic acid fragments
and simultaneously analyze the data output in real time. This
allows confirming SARS-CoV-2 infections within minutes
of sequencing by mapping the sequence reads to the SARS-
CoV-2 genome and analyzing the identity, validity and read
number of the output sequence. Based on the virulence
region (genome 21,563-29,674 bp; NC 045512.2) encoding S
(1273 amino acids; AA), ORF3a (275 AA), E (75 AA), M (222
AA), ORF6 (66 AA), ORF7a (121 AA), ORF8 (121 AA), N (419
AA), and ORF10 (38 AA) proteins to detect pivotal SARS-
CoV-2 virulence genes. The NTS is conducted on one MinlON
sequencer chip for all test samples, and the sequence data
are analyzed using an in-house bioinformatics pipeline at
regular intervals. To increase plasmid concentrations, all high-
identity reads were determined by mapping output reads on
the SARS-CoV-2 genome. As a standard for qPCR, NTS cannot
determine whether a sample is positive for infection by testing
only one or two sites; findings from all target regions should
be considered [21,22].

Role of nanotechnology in treatment

The rapid spread of COVID-19 requires effective therapeutic
strategies to combat this deadly pneumonia. However, no
specific drugs have been approved to treat COVID-19 [23].
Based on the experience of clinicians as well as pharmacological
mechanisms, several immunomodulatory and antiviral
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medications have been suggested as potential investigational
therapies, and many are now in clinical trials. These
immunomodulatory and antiviral drugs include remdesivir,
oseltamivir, favipiravir, darunavir/cobicistat, mycophenolate,
tocilizumab, interferon, teicoplanin, convalescent plasma, and
ribavirin, etc [24]. However, on 28 March 2020, the Food and
Drug Administration issued an emergency use authorization
for an oral formulation of hydroxychloroquine sulfate and
chloroquine phosphate to treat COVID-19 [25, 26]. According to
thelatestliterature, guidelines published in Belgium, which also
included recommendations from the Netherlands, Switzerland,
France and Italy, recommend remdesivir, ritonavir/lopinavir,
chloroquine or hydroxychloroquine and tocilizumab in
addition to supportive care, including mechanical ventilation
and oxygen [27]. Favipiravir, an antiviral agent approved in
China and Japan for treating influenza, is under investigational
use against COVID-19 [28].

In addition to these proposed drugs, Chinese medicines
play important roles in treating COVID-19. The Chinese
Academy of Sciences along with the Shanghai Institute
of Materia Medica suggested that SARS-CoV-2 could be
prevented using Shuanghuanglian oral liquid [29,30]. This
liquid contains compounds such as baicalin, chlorogenic acid
and forsythin and shows antiviral and antibacterial properties
[31]. Currently no vaccines have been approved for COVID-19;
however, some newly developed vaccines are in clinical trials.

Nanotechnology can significantly contribute to treating
COVID-19. Different nanoparticles have antiviral and
antibacterial activities [11]. These nanoparticles can be used
to reduce disease severity and risk. To date, no nano-based
drugs are available to treat COVID-19. However, work is in
progress, and nano-based drugs will hopefully be available in
the near future. For example, zinc is a nanoparticle that may
have important uses against COVID-19 [31].

Can maintaining an optimal zinc balance enhance host
resistance?

Zinc nanoparticles can increase host resistance. Zinc has
strong antiviral effects against rhinoviruses, infections with
common cold viruses, and influenza viruses. Zinc could also
be used to treat COVID-19 infections and reduce the disease
burden and intensity [32]. Zinc nanoparticles reduce influenza
viral replication in vitro, and zinc oxide nanoparticles show
promise against HIN1 influenza viral infections. Zinc also
inhibits replication of the SARS coronavirus [33,34]. Zinc
salts inhibit respiratory syncytial viral replication and reduce
hepatitis C viral replication. Zinc supplementation in children
has significantly reduced the prevalence of pneumonia in
developing countries. The antiviral mechanism of zinc remains
unclear, but it may inhibit the virus from binding to the mucosa
and subsequently replicating. In vitro studies have shown that
zinc exerts antiviral effects by inducing generation of antiviral
interferon alpha or gamma and by suppressing inflammatory
reactions [31].
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Zinc also influences immune cell functions and helps
activate enzymes involved in different cellular functions
[35]. Recent literature suggests that zinc deficiency leads
to increased susceptibility to various bacterial and viral
infections. In vivo studies have shown that zinc deficiency
compromises B-cell development, which leads to low antibody
production and macrophages with low phagocytic ability
against parasites [36, 31]. Evidence shows that zinc exerts
antiviral effects either by suppressing viral replication or by
boosting the immune response. Data show that consuming
approximately 50 mg of zinc daily boosts the host immune
system, thus making the host resistant to viral infection, and
may provide an additional defense against COVID-19 infection
to reduce the disease burden [31,37,38]. Mask Surface
impregnated with ionic zinc oxide nanoparticles have strong
antiviral and antibacterial efficacy. Incorporating zinc oxide
nanoparticles into these materials can stabilize them and kill
pathogens on contact [39,40].

Future prospects

The world currently faces a global health emergency. The
infection-to-mortality ratio from COVID-19 has crossed the
limits, which makes it different from other viral infections.
Physicians and scientists must work together to overcome
the threat of SAR-CoV-2 and provide a strong base to block
future pandemics. In the fight against COVID-19, research
and technology development and deployment are our best
weapons. Nanotechnology tools can be modified to treat,
detect, and prevent the spread of COVID-19. Nanotechnology
offers a unique set of tools and can substantially contribute
to our understanding of viral diseases and toward the critical
development of diagnostic and therapeutic platforms.
Together, we can overcome this current pandemic to prevent
and mitigate future viral outbreaks.
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