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Description

Vaccines have been a revolutionary advancement in medical
science, effectively controlling and eliminating many infectious
illnesses over the past century. They work by training the immune
system to recognize and combat specific pathogens, making them an
essential tool in global public health. However, creating a safe and
effective vaccine is a complex process that requires rigorous study,
extensive testing and severe regulatory oversight. Vaccine
development can take years or even decades, involving multiple stages
of scientific investigation, clinical trials and regulatory study before
they are considered safe for public usage.

Innovations and new approaches in vaccine development

Advances in technology have led to new development methodology
vaccines, accelerating the process and providing alternative methods.

mRNA vaccines: Traditional vaccines frequently use inactivated
pathogens or protein subunits to stimulate an immune response.
mRNA vaccines, however, use genetic instructions to develop cells to
produce viral proteins, triggering an immune response. This approach,
used in COVID-19 vaccines, allows for faster development and
flexibility, as mRNA sequences can be adjusted to respond to
emerging virus variants.
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Viral vector vaccines: Viral vector vaccines use a harmless virus
as a delivery system to carry genetic material from the target pathogen
into cells. This method has been effective in developing vaccines for
diseases such as Ebola and was also used in some COVID-19
vaccines. Viral vector vaccines are advantageous because they usually
produce strong immune responses and may require fewer doses.

Recombinant protein vaccines: Recombinant protein vaccines
contain purified pathogen proteins that stimulate an immune response
without using live virus. They are safe and have been widely used in
vaccines for diseases such as hepatitis B and HPV. Investigators are
now developing recombinant protein vaccines for other diseases, such
as influenza and COVID-19.

Adjuvants and vaccine delivery systems: Adjuvants are
substances added to vaccines to enhance the immune response,
reducing the amount of antigen needed or the number of doses
required. Novel delivery systems, such as micro-needle patches, are
also under development, providing pain-free and more accessible
vaccine administration, particularly useful for resource-limited
settings.

Phases of vaccine development

The journey of vaccine development can be divided across
numerous essential phases, each with specific aims to ensure that the
vaccine is both safe and effective. The development process begins
with exploratory study in the lab. Scientists study the pathogen
whether it is a virus, bacterium or other microorganism identifying its
structure, genetic material and how it infects and affects the human
body. Understanding these properties is essential for determining the
best way to target the pathogen.

Once scientists have a strong understanding of the pathogen, they
begin preclinical testing. At this stage, investigators test vaccine
candidates on animal models to study the immune response, test for
potential side effects and determine optimal dosages. Animal models
are used because they offer initial safety data however; human
reactions are not always completely predictable. If a vaccine candidate
demonstrates potential in preclinical studies, it moves to the next
phase. Investigators then submit an Investigational New Drug (IND)
application to regulatory authorities, requesting authorization to
proceed with human trials.
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