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Metal-based nanomaterials could be widely used in biomedical fields, as metal ions are essential in living organisms.
Since the particle size of the virus particles ranges from tens to hundreds of nanometers, the surface activity of the metal
material is enhanced after the metal is nanosized. It can be used in the inhibition of virus infection.
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| 1. Introduction

Virus infection has always been a threat to human and animal health. Typical viruses include hepatitis B virus I, influenza
virus &, human immunodeficiency virus (HIV) B and coronavirus ¥, etc., which can cause severe disease. Therefore,
antiviral drug development is a major research direction for scientists. At present, the main treatment methods for viral
infections include developing vaccines and screening antiviral drugs. However, the cycle for virus vaccine development
and drug screening is currently too long. Additionally, the emergence of antiviral drug resistance has brought considerable
challenges to successfully suppressing viral infections, so the development of new antiviral drugs is particularly important.

As one of the emerging fields in recent years, nanomaterials can be simply divided into one-dimensional, two-
dimensional, and three-dimensional nanostructures according to the morphology of the material. There are many methods
to synthesize nanomaterials, such as mechanical grinding synthesis &, chemical vapor synthesis [, chemical liquid
reaction 4, physical vapor deposition &, and phytosynthesis B9 Among them, the phytosynthesis method is the most
remarkable method of preparing nanoparticles now. It has the advantages of environmental protection and low energy
consumption, but it also has the disadvantages of limited reaction yield and poor particle uniformity. Since then, further
research has made substantial progress on the preparation methods of nanomaterials by adjusting the ratio of raw
materials and exploring suitable reaction conditions. Nanomaterials have the advantages of small size, high specific
surface area, adjustable particle size, and easier surface functionalization, which make them widely used in sensing 11,
catalysis 12, energy storage 3, and the medical treatment field 14, Metal-based nanomaterials could be widely used in
biomedical fields, as metal ions are essential in living organisms. Since the particle size of the virus particles ranges from
tens to hundreds of nanometers, the surface activity of the metal material is enhanced after the metal is nanosized. It can
be used in the inhibition of virus infection. In addition, according to the statistics on Web of Science, the number of articles
published on the application of metal nanomaterials in the field of viruses has been increasing year-on-year ( Figure 1 ).
More importantly, some nanomaterials such as Ag 13 Ay 28 zno 14 etc., which have an inhibitive effect on bacteria
and viruses, highlight their potential for antiviral applications. Notably, the pandemic of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) in 2019 poses a huge threat to human health. As such, progress on virus pathogenesis new
antiviral drug development is a research priority 18],
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Figure 1. The number of articles published each year on the application of metallic nanomaterials in the field of viruses.

| 2. Inhibition of Virus Infections

Virus infection of cells can be divided into three stages. The first is the early adsorption of the virus onto cell membrane,
where the virus binds to cell surface receptors through its surface protein. The second is the process of uncoating,
replication, and translation after the virus enters the cell. Finally, the virus repackages to release new progeny viruses. In
these processes, if metal nanomaterials can inhibit the virus in the early stage and prevent the virus from invading cells,
they can be used in medical protective equipment, which has great potential for preventing the virus spread ( Figure 2).
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Figure 2. The mechanism of metallic nanomaterials inhibiting virus infection.

Compared with some metal-based nanomaterials that use light to produce ROS to inactivate viruses, the mutual
combination of metal ions and protein molecules can often change the protein conformation, causing irreversible damage
to the effect of inhibiting virus infection. SungJun Park synthesized a magnetic hybrid colloid loaded with Ag nanoparticles
of different sizes. Using the interaction between Ag and biological macromolecules, this nanomaterial’s inhibitory effect on
bacteriophages, norovirus, and adenovirus was explored. The results show that the virus binds to the sulfhydryl-
containing protein on the surface of the virus through Ag nanoparticles, thereby destroying the virus envelope to inhibit the
virus. Similarly, the use of the affinity of metal ions with proteins can bind to the outer surface proteins of virus particles



and destroy the virus structure to inhibit the virus 9. F. Pfaff tested its inhibitory effect on modified vaccinia virus Ankara
(MVA), human adenovirus serotype 5 (HAdV-5), poliovirus type 1 (PV-1), and murine norovirus (MNV) by co-cultivating
WC material and virus. The author shows that WC tends to reunite, which can encapsulate virus particles, thereby
destroying the nucleic acid of the virus and inactivating the virus 29,

The process of a virus invading cells involves specific binding, which provides a good starting point for preventing viruses
from infecting cells. The primary inhibition method is to competitively bind to the virus by simulating cell surface virus
receptors and inhibiting the virus from invading cells. However, this method can stop the virus from spreading further and
does not inactivate the virus. There are certain drawbacks to the application. It is worth noting that these nanomaterials
can be adsorbed on medical protective fabrics and concrete surfaces, thereby reducing the spread and infection of
viruses.

After the virus enters the cell, it uses the intracellular machinery to carry out protein replication and translation. Since the
virus is uncoated to expose the genetic material DNA/RNA, this process can provide the possibility for external drugs to
destroy the viral nucleic acid or interfere with the process of translation, replication, and release.

| 3. Loading Drug Synergy

The poor water solubility of antiviral drugs makes their bioavailability low, and higher doses are often required to achieve
the desired therapeutic effect. However, higher doses will produce certain toxicity to organisms, so the emergence of drug
carriers can improve the drugs’ bioavailability and reduce the damage to organisms. When selecting metal nanoparticles
as drug carriers, the toxicity of metal ions to organisms and the loading efficiency of materials should be considered.
Using metal ions or inert ions, with higher content in human cells, can reduce the toxicity of materials and increase the
materials’ natural metabolism.

Quantum dots (QD) are a type of low-dimensional semiconductor material and often have smaller sizes. Therefore,
applying QD materials to the field of biological therapy can often improve the therapeutic effect. Ranjeet Dungdung’s
group used ZnS quantum dots as a drug carrier, loaded with mycophenolic acid (MPA), an immunosuppressant against
dengue fever virus. It was found that cells have a higher internalization rate of ZnS-coupled MPA, and its inhibitory effect
on dengue virus was significantly improved and the selectivity index was increased by two orders of magnitude 2. The
study shows that quantum dots can significantly increase the uptake rate and therapeutic effect of drugs, indicating that
QD as drug carriers have great application prospects.

Vaccines can be divided into live-attenuated vaccines, inactivated vaccines, recombinant vaccines, and so on. Among
them, live vaccines (adenovirus vaccines 22, measles vaccines 23, and polio vaccines [24) can stimulate the body’s
comprehensive systemic immunity and long-lasting immune response with the disadvantages of antigen interference and
enhanced virulence. Inactivated vaccine (influenza split vaccine 22, rabies vaccine 28, and hepatitis A vaccine &) are
viruses that have been inactivated by chemical or physical methods, and still maintain the immunogenicity of their immune
antigens. Killed vaccines have high safety and good stability. However, adjuvants are often needed to enhance the
immune effect. Gene vaccines (hepatitis B vaccine 28, HIV vaccine 22) are not infectious, convenient for mass
production, and safe. They also need adjuvants to enhance the immune effect during usage. Therefore, adding vaccine
adjuvants to non-specifically increase the body’s immune response in traditional vaccine production is often a good
preparation plan. These adjuvants often increase the immune response ability in organisms through their own physical
and chemical properties or by changing antigens’ physical properties.

| 4. Conclusions

The spread of viruses such as SARS-CoV and SARS-CoV-2 as well as influenza viruses poses a huge threat to human
health. It is generally known that viruses are prone to mutate due to external influences to produce different virus
subtypes, limiting the use of traditional antiviral drugs and vaccines. Therefore, novel drug discovery and vaccine
development for the treatment of viral infectious diseases is very important.

Metal-based nanomaterials have the advantages of high specific surface area and small particle size, making them widely
used in the biological field. In terms of antiviral activity, some gold-based nanomaterials such as Au, Ag, Cul, TiO 2, etc. ,
have virus-inactivating ability and can damage their surface proteins or their genetic material by combining with viruses. In
comparison, nanoparticles such as ZnO and Fe 30 4 can prevent the virus from further infecting cells by interfering with
the replication, translation, and release of the virus. Some other metal nanoparticles have a small particle size and good
biocompatibility, are easily taken up by cells, and can be used as a suitable carrier for antiviral drugs. Moreover, utilizing
the binding of metal ions and biological macromolecules, metal nanoparticles can be used as vaccine adjuvants or



adjuvant carriers to promote the occurrence of immune response of the body. However, there are still some problems to
be solved in the antiviral application of metal-based nanomaterials. First of all, the toxicity of metal ions in organisms is
still a major obstacle to their application. The biological toxicity of metal ions has always been a major obstacle to the
application of metal-related materials in biological treatments. While ensuring their therapeutic effect, reducing the in vivo
toxicity of metal ions is one of the most important directions for researchers to explore. At this stage, there are mainly two
methods; first, by reducing the concentration of metal materials used, and second, by optimizing the metabolism of metal
ions. However, the effect is not yet satisfactory. Next, the antiviral mechanism of some metal ions has not yet been
explored clearly. Finally, there are many metal nanomaterials, and the current research is limited to a few metal ions. The
antiviral properties of other metals still need to be further studied. Based on their excellent properties, the application of
metal-based nanomaterials in the antiviral field is a promising research field for expansion.
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