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The Evolution of Vaccine Delivery Systems

Vaccines have played a critical role in preventing the spread of infectious
diseases and saving countless lives throughout history. However, traditional
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vaccines often relied on live attenuated or inactivated pathogens to induce an
immune response. These approaches had limitations and posed safety concerns.
This led to the development of subunit vaccines, which revolutionized vaccine
delivery science and technology.

What Are Subunit Vaccines?

Subunit vaccines contain only specific portions of the pathogen, such as proteins
or glycoproteins, that are essential for stimulating a protective immune response.
By excluding non-essential components, subunit vaccines are safer, as they do
not pose the risk of causing the disease they aim to protect against. They also
allow for easier manufacturing and better control over dosing.
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The Challenges of Subunit Vaccine Delivery

One of the major challenges in subunit vaccine delivery is the stimulation of a
strong and long-lasting immune response. This is because subunit vaccines often
lack the necessary immunostimulatory molecules found in live vaccines. To
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overcome this hurdle, scientists have been exploring various strategies to
enhance the delivery and presentation of subunit vaccines to the immune system.

Recent Advances in Subunit Vaccine Delivery

Nanoparticles for Targeted Delivery

Nanoparticle-based vaccine delivery systems have shown immense promise in
improving the efficacy of subunit vaccines. These nanoparticles can be
engineered to mimic the structure and size of pathogens, allowing them to be
recognized by antigen-presenting cells and triggering a robust immune response.
Additionally, nanoparticles can be loaded with adjuvants or immune-stimulating
molecules to further enhance the immune response.

Microneedles Enhancing Immunogenicity

Microneedles are tiny needles that can painlessly penetrate the skin, making
them an attractive option for vaccine delivery. Recent advancements in
microneedle technology have made it possible to incorporate subunit vaccines
into these minuscule structures. Microneedles can efficiently reach the skin's
immune cells, enhancing the immunogenicity of the subunit vaccines and
potentially reducing the need for cold chain storage.

Gene-Based Delivery Systems

Gene-based delivery systems, such as DNA and mRNA vaccines, have gained
attention in recent years. These vaccines utilize genetic material to encode the
production of specific antigens within the body. This approach provides several
advantages, including the ability to rapidly engineer vaccines against emerging
pathogens. Additionally, gene-based vaccines can induce potent immune
responses and have shown promise in clinical trials.

The Future of Subunit Vaccine Delivery



As technology continues to advance, subunit vaccine delivery is poised to
undergo further breakthroughs. The utilization of innovative delivery systems,
such as nanoparticles and microneedles, has already shown great potential in
enhancing the efficacy of subunit vaccines. Gene-based vaccines also hold
promise in providing rapid and adaptable solutions to future disease threats.

With ongoing research and development, scientists aim to overcome the
challenges associated with subunit vaccine delivery, such as enhancing immune
responses and improving long-term protection. These advancements will
undoubtedly contribute to the prevention and control of infectious diseases,
ultimately improving global health outcomes.

Subunit vaccine delivery has witnessed significant advancements in delivery
science and technology, revolutionizing the field of immunization. The targeted
delivery of subunit vaccines using nanoparticles and microneedles, along with the
development of gene-based delivery systems, has opened doors for safer and
more effective vaccines. As researchers continue to push the boundaries, the
future holds great promise for subunit vaccine delivery, paving the way for
improved global health and disease prevention.
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This comprehensive volume compiles the concepts essential for the
understanding of the pharmaceutical science and technology associated with the
delivery of subunit vaccines. Twenty-one chapters are divided into four main
parts: (I) Background; (2) Delivery Systems for Subunit Vaccines; (3) Delivery
Routes, Devices and Dosage Forms; and (4) Pharmaceutical Analysis and
Quality Control of Vaccines. Part one provide a basic background with respect to
immunology and general vaccine classification. In part two, it presents
representative types of vaccine delivery systems individually with focus on the
physicochemical properties of the systems and their significance for the immune
response they stimulate. These delivery systems include aluminum adjuvants,
emulsions, liposomes, bilosomes, cubosomes/hexosomes, ISCOMs, virus-like
particles, polymeric nano- and microparticles, gels, implants and cell-based
delivery systems.

Following these chapters, part three addresses the challenges associated with
vaccine delivery via specific routes of administration—in particular subcutaneous,
intramuscular, oral, nasal, pulmonary, transdermal and vaginal administration.
Furthermore, the specific administration routes are discussed in combination with
device technologies relevant for the respective routes as well as dosage forms
appropriate for the device technology. Finally, the fourth part concerns
pharmaceutical analysis and quality control of subunit vaccines.
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