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ABSTRACT

Vaccination is one of the most efficient strategies for preventing infections. Though
traditional vaccines have saved many people, scientists keep trying to develop vaccines
which are better and safer. Nanotechnology is one of the most promising approaches in this
case. Protein-loaded nanoparticles are tiny particles that deliver protein antigens to the
immune cells in order to evoke a stronger immune response from the body. These
nanoparticles protect the protein antigens from degradation and make sure they reach the
required cell targets. They can be used for developing vaccines for conditions like influenza,
tuberculosis, malaria, HIV, COVID-19, and cancer. This article will introduce you to the basics
of protein-loaded nanoparticles.

INTRODUCTION:

he advent of vaccines is another longer so threatening due to vaccines.

significant change that has happened
in medical history, and vaccines help
protect people from harmful diseases. Diseases
like smallpox, polio, diphtheria, and measles,
which used to cause a lot of deaths, are no
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Furthermore, the current COVID-19 pandemic
has shown how important vaccine research is,
and how advanced vaccine technologies
should be developed. Currently, researchers
are merging nanotechnology and immunology
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into one to create more effective vaccines.
Protein-loaded nanoparticles are one of the
most popular approaches in  vaccine
technology (Nguyen et al., 2021).

Nanotechnology is an area that involves
working with very small materials that
typically vary in size from 1 to 100
nanometres. To put it in perspective, a
nanometre is one-billionth of a metre, so
nanoparticles are smaller than the thickness of
a hair. However, what is interesting about
nanoparticles is that they resemble viruses by
their size. This feature allows nanoparticles to
act similarly to viruses, which is how they
affect the immune system (Cao et al., 2024).

Protein-Loaded Nanoparticles: How They
Work

A protein-loaded nanoparticle vaccine consists
of nanoparticles loaded with protein antigens,
which are non-infectious proteins derived from
viruses or bacteria. They do not have the
ability to cause illness; however, they are
sufficient for triggering an immune response
against the actual pathogen. The issue with
protein vaccines is that the proteins can easily
be destroyed in the body before they are
processed by the immune system cells.
Nanoparticles overcome the problem of
protein instability and transport the protein
antigens to the target site (Tang ef al., 2024).

Once injected into the body, the nanoparticles
are internalized by immune cells called
dendritic cells. These cells process the protein
antigens and then present them to T cells and
B cells, which are very important for
immunity. The B cells produce antibodies
against the pathogen, whereas the T cells
destroy infected cells. The immune system
also produces memory cells, which enable the
body to respond rapidly to the same pathogen
in case it comes again (Cheng et al., 2025).
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Advantages in Vaccine Delivery

One of the main strengths of protein-loaded
nanoparticles is their ability to increase the
efficiency of  vaccines. Given  that
nanoparticles bring the antigen straight to the
immune system cells, a small amount of
proteins can elicit a powerful immune
response. It is therefore possible to use smaller
amounts of vaccines, which will help in
decreasing their cost and making more
vaccines available. In some instances, vaccines
based on nanoparticles may also need fewer
booster shots because of the constant release
of antigens (Nguyen ef al., 2021).

Safety is another key strength of nanoparticle-
based vaccines. Differently from live vaccines,
the vaccines made from protein-loaded
nanoparticles do not contain any living
microorganisms that can cause diseases.
Nanoparticles are usually produced out of
biodegradable and biocompatible materials,
meaning that they naturally disintegrate once
they have delivered the antigen (Cao et al.,
2024).

There are various nanoparticles under
investigation for use as carriers of vaccines.
The liposome nanoparticles gained wide
recognition because of their ability to deliver
mRNA vaccines during the COVID-19
pandemic. There are other lipid nanoparticles
which can be used in carrying proteins as
antigens. Biodegradable polymeric
nanoparticles have also been used in delivering
vaccines. They are made using degradable
materials like PLGA. The ferritin-based
protein nanoparticles are of particular interest
since the protein nanoparticles spontaneously
form cages that expose multiple copies of
antigens (Tang ef al., 2024).

Applications

Protein-based nanoparticle vaccines have been
investigated by researchers for many
infectious diseases such as influenza,
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tuberculosis, malaria, hepatitis, HIV, dengue,
and coronavirus disease. Apart from infectious
diseases, these nanoparticles are being used for
cancer treatment. Cancer vaccines use
nanoparticles to deliver tumour-associated
proteins in order to activate the body's immune
system to kill cancer cells. While most of these
vaccines are currently under clinical trials,
early findings have been promising (Cheng et
al., 2025).

Development of COVID-19 vaccines in a very
short period of time has provided evidence of
how nanotechnology can expedite vaccine
research. At the same time, this success has
shown that platforms can be
developed faster to deal with new pathogens.

vaccine

This success story has motivated scientists to
develop vaccines against other diseases as
well.

Limitations

However, there are still some issues to be
solved despite all the benefits. The production
of nanoparticle-based vaccines in big batches
with high-quality control poses certain
technological difficulties. Some types of
to be
refrigeration, which complicates logistics in

distant areas. Moreover, it is essential to

nanoparticles need stored under

conduct thorough clinical studies and prove
long-term safety and efficacy of new products
before  obtaining regulatory  approvals
(Ahmadivand & Gomez-Casado, 2026).
Modern research helps to solve these issues
through the use of new materials and
technologies.

Future Perspectives

Protein-loaded nanoparticle vaccines have a
very bright perspective in the future.
Nowadays, scientists create self-assembling
protein nanoparticles using the latest advances
in computational modeling and artificial
intelligence. New platforms are capable of
presenting several antigens at once, thus
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creating vaccines that protect from several
pathogenic strains in one dose. Another
direction of research in this field is
personalized treatment of cancer by means of
individual nanoparticle vaccines (Zhang et al.,
2026).

CONCLUSION

Protein-loaded nanoparticles constitute a major
leap in the realm of vaccines in the current
world. These vaccines ensure production of
potent and long-lasting immunity, as well as
maintaining high safety standards, through the
protection and delivery of protein antigens to
immune cells. Despite the existing technical
difficulties, the continuous development of
nanotechnology and immunology will enable
protein-loaded  nanoparticle
become an essential part of future medicine.

vaccines  to
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