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Abstract

Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2),
emerged as a global public health emergency. Despite major advances in medical science, the rapid spread of the
disease highlighted the need for improved therapeutic and preventive strategies. Researchers across the world have
explored innovative technologies to support diagnosis, treatment, and vaccine development. Nanotechnology has
recently gained attention as a promising approach in biomedical research. Nano medicine offers advantages such as
targeted drug delivery, improved therapeutic efficiency, and enhanced vaccine responses. The present review
discusses the role of nanotechnology in the management of COVID-19, including antiviral activity of nanoparticles,
nanoparticle-based diagnostics, vaccine delivery systems, and preventive applications. The opportunities and

limitations of Nano medicine in addressing viral infections are also discussed.
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Introduction

Coronavirus disease 2019 (COVID-19) is caused by
the virus SARS-CoV-2 and was first reported in China
in late 2019. [1] The infection rapidly spread
worldwide and was declared a global health
emergency. [2] The pandemic created an urgent need
for effective diagnostic techniques, therapeutic
approaches, and preventive strategies. Traditional
treatment methods alone have limitations in
managing rapidly spreading viral infections. [3] As a
result, advanced technologies such as
nanotechnology are increasingly explored for their
potential medical applications. [4] Nano medicine
involves the use of nanoscale materials for diagnosis,
drug delivery, and therapeutic interventions. These
materials can improve drug stability, enhance
immune responses, and enable targeted delivery of
therapeutic agents. [5] Such advantages make
nanotechnology a promising field for improving the
management of COVID-19 and other viral diseases.

[6].

Edifice ofinfection

Coronaviruses are enveloped viruses containing a
positive-sense single-stranded RNA genome. Their
genomes are among the largest found in RNA viruses.
[7] The viral genome contains two major regions at
the 5" and 3’ ends. The 5’ region encodes proteins
responsible for viral replication and transcription. 8]

The 3’ region encodes structural proteins including
the spike (S), membrane (M), nucleo capsid (N),
envelope (E), and hemagglutinin-esterase (HE)
proteins. [9] The spike protein facilitates attachment
of the virus to host cell receptors and enables fusion
with host cell membranes. The nucleo capsid protein
binds with viral RNA and assists in viral replication
and assembly. [10] The membrane protein
determines the structure of the viral envelope, while
the envelope protein participates in viral assembly
and release. [5] The hemagglutinin-esterase protein
contributes to host cell receptor binding and viral
entry.

Method of spread

COVID-19 spreads primarily through respiratory
droplets and close human contact. [11] Transmission
may occur when infected individuals cough, sneeze,
speak, or breathe, releasing virus-containing droplets
that can enter the mouth, nose, or eyes of nearby
individuals. Aerosol transmission may also occur in
poorly ventilated environments. [6] Contaminated
surfaces can contribute to indirect transmission
when individuals touch infected surfaces and then
touch mucous membranes. Common clinical
manifestations include fever, cough, fatigue,
shortness of breath, loss of taste or smell, headache,
and gastrointestinal symptoms. [12]
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SARS-CoV-2 enters host cells by binding to
angiotensin-converting enzyme 2 (ACE2) receptors
located on the surface of many human cells. These
receptors are highly expressed in the respiratory
tract, particularly in alveolar cells of the lungs.
Consequently, the respiratory system is the primary
target of infection, which may lead to pneumonia and
acute respiratory distress syndrome (ARDS). [7] The
virus can also affect other organs such as the heart,
liver, kidneys, and central nervous system due to the
presence of ACE2 receptors in these tissues. [13]
Severe infection may trigger an exaggerated immune
response known as a cytokine storm, characterized
by elevated inflammatory mediators such as
interleukins and tumour necrosis factor, which can
lead to multi-organ dysfunction. [14]

Role of Nano medicine in Viral Infection
Management

Nano medicine refers to the application of
nanotechnology in medical diagnosis and therapy.
Nanoparticles can serve as carriers for drugs,
vaccines, and diagnostic agents. [8] Their small size
allows them to penetrate biological barriers and
deliver therapeutic molecules directly to target
tissues. [15] In respiratory infections such as
COVID-19, nanoparticle-based drug delivery systems
may enhance drug concentration in the lungs and
improve treatment outcomes. Nano carriers also
allow controlled release of medications and reduce
systemicside effects.[16]

Nanoparticle-Mediated Antiviral Activity

Various nanoparticles demonstrate antiviral
properties. Silver nanoparticles, gold nanoparticles,
and quantum dots have been investigated for their
ability to inhibit viral attachment, entry, and
replication. [17] These particles can interact with
viral surface proteins and block their ability to bind
with host cells. [9] Nanoparticle-based drug delivery
systems can also improve the therapeutic efficacy of
antiviral medications while minimizing toxicity.

Nanoparticle Biosensors for COVID-19 Diagnosis

Nanotechnology has contributed to the development
of rapid diagnostic tools for detecting SARS-CoV-2.
[18] Nanoparticle-based biosensors can detect viral
nucleic acids, antigens, or antibodies with high
sensitivity and specificity. [10] For example,
graphene-based biosensors and nanoparticle-
assisted molecular detection systems have been
explored for early identification of COVID-19
infections.

Nano Medicine-Assisted Vaccine Adjuvant
Delivery

Nanoparticles are widely used as carriers and
adjuvants in modern vaccine development. [19] They
can protect antigens from degradation, enhance
immune responses, and promote efficient antigen
presentation. Lipid nanoparticles have played a
crucial role in the delivery of mRNA vaccines
developed for COVID-19.[11]

Nanoparticle-based adjuvants may also improve
vaccine efficacy in elderly and immunocompromised
individuals. [20]

Preventive Strategies Using Nanotechnology
Nanotechnology has also been applied in preventive
strategies. Nanofiber-based face masks and
protective equipment provide improved filtration
efficiency and enhanced protection against viral
particles. [21, 22] Nanomaterials with antimicrobial
or hydrophobic properties can be incorporated into
medical textiles and protective equipment to reduce
viral contamination. [12]

Constraintsin the Application of Nano medicine
Despite the promising potential of Nano medicine,
several challenges remain. Large-scale production of
nanoparticles can be complex and expensive. [23]
Safety concerns regarding long-term exposure,
toxicity, and environmental effects also require
careful evaluation. Further research is necessary to
ensure the safe and effective application of
nanotechnology in clinical practice. [13]

Conclusion

Nanotechnology offers promising opportunities for
improving the diagnosis, treatment, and prevention
of COVID-19. Nanoparticle-based drug delivery
systems, biosensors, and vaccine platforms have
demonstrated significant potential in addressing
challenges associated with viral infections. [15]
However, further research and large-scale clinical
studies are required to optimize these technologies
and ensure their safety and effectiveness. [24] Nano
medicine may play a crucial role in the future
management of emerging infectious diseases.
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