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UNIT- |

Learn the story of these life-saving jabs

For centuries, humans have looked for ways to protect each other against deadly diseases. From
experiments and taking chances to a global vaccine roll-out in the midst of an unprecedented
pandemic, immunization has a long history.

e Vaccine research can raise challenging ethical questions, and some of the experiments
carried out for the development of vaccines in the past would not be ethically acceptable
today. Vaccines have saved more human lives than any other medical invention in history.

e Scroll on to take a journey through the last millennium to see how these extraordinary
discoveries and achievements have changed our lives.

1400s to 1700s

From at least the 15th century, people in different parts of the world.have attempted to prevent
iliness by intentionally exposing healthy people to smallpox— a'practice known as variolation (after
a name for smallpox, ‘la variole’). Some sources suggest these practices were taking place as early
as 200 BCE.

e In 1721, Lady Mary Wortley Montagu brought smallpox inoculation to Europe, by asking
that her two daughters be inoculated. against smallpox as she had observed practice in
Turkey.

e In 1774, Benjamin Jesty makes a breakthrough. Testing his hypothesis that infection with
cowpox — a bovine virus which can spread to humans — could protect a person from
smallpox

e In May 1796, English physician Edward Jenner expands on this discovery and inoculates 8-
year-old James Phipps with matter collected from a cowpox sore on the hand of a
milkmaid. Despite suffering a local reaction and feeling unwell for several days, Phipps
made a full recovery.

e Two months later, in July 1796, Jenner inoculates Phipps with matter from a human
smallpox sore in order to test Phipps’ resistance. Phipps remains in perfect health, and
becomes the first human to be vaccinated against smallpox. The term ‘vaccine’ is later
coined, taken from the Latin word for cow, vacca.

The 1800s

e In 1872, despite enduring a stroke and the death of 2 of his daughters to typhoid, Louis
Pasteur creates the first laboratory-produced vaccine: the vaccine for fowl cholera in
chickens.
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e In 1885, Louis Pasteur successfully prevents rabies through post-exposure vaccination. The
treatment is controversial. Pasteur has unsuccessfully attempted to use the vaccine on
humans twice before, and injecting a human with a disease agent is still a new and
uncertain method.

e Pasteur is not a medical doctor. But, despite the risk, he begins a course of 13 injections
with patient Joseph Meister, each containing a stronger dose of the rabies virus. Meister
survives and later becomes the caretaker of Pasteur’s tomb in Paris.

e In 1894, Dr Anna Wessels Williams isolates a strain of the diphtheria bacteria thatiis.crucial
in the development of an antitoxin for the disease.

The 1900s

e From 1918 to 1919, the Spanish Flu pandemic kills an estimated 20-50 million people
worldwide, including 1 in 67 United States soldiers, making an influenza vaccinea US
military priority. Early experiments with influenza vaccines are“carried out: the US Army
Medical School tests 2 million doses in 1918, but results are inconclusive.

e Read more about the history of Influenza vaccination.

e In 1937 Max Theiler, Hugh Smith and Eugen Haagen develop the 17D vaccine
against yellow fever. The vaccine is.approved in 1938 and over a million people have
receive it that year. Theiler goes.on'to be awarded the Nobel Prize.

e In 1939, bacteriologists Pearl Kendrick and Grace Eldering demonstrate the efficacy of
the pertussis (whooping cough) vaccine. The scientists show that vaccination reduces the
rates at which children get sick from 15.1 per 100 children to 2.3 per 100.

e By 1945, the firstuinfluenza vaccine is approved for military use, followed in 1946 by an
approval forcivilian‘use. The research is led by doctors Thomas Francis Jr and Jonas Salk,
who both go'on to.be closely associated with the polio vaccine.

e From 1952-1955, the first effective polio vaccine is developed by Jonas Salk and trials
begin. Salk tests the vaccine on himself and his family the following year, and mass trials
involving over 1.3 million children take place in 1954.

e By 1960, a second type of polio vaccine, developed by Albert Sabin, is approved for use.
Sabin’s vaccine was live-attenuated (using the virus in weakened form) and could be given
orally, as drops or on a sugar cube. The oral polio vaccine (OPV) was first tested and
produced in the Soviet Union and Eastern Europe. Czechoslovakia becomes the first
country in the world to eliminate polio.

e In 1967, the World Health Organization announces the Intensified Smallpox Eradication
Programme, which aims to eradicate smallpox in more than 30 countries through
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surveillance and vaccination. Eradication means more than the elimination of a disease in
a single area — WHO defines it as the “permanent reduction to zero of a specific pathogen,
as a result of deliberate efforts, with no more risk of reintroduction”.

Smallpox has been mostly eliminated in Western Europe, North America and Japan by this time.
Following the announcement, there is unprecedented global solidarity. Despite the ongoing Cold
War, the United States and the Soviet Union are united in support of the programme.

In 1969, four years after Dr Baruch Blumberg discovers the hepatitis B virus, he works with
microbiologist Irving Millman to develop the first hepatitis B vaccine, using a heat<treated form of
the virus.

A plasma-derived inactivated vaccine is approved for commercial use from:1981 to 1990, and a
genetically engineered (or DNA recombinant) vaccine, developed in 1986, is still in use today.

In 1971 the measles vaccine (1963) is combined with recently developed vaccines against mumps
(1967) and rubella (1969) into a single vaccination (MMR) by Dr Maurice-Hilleman.

Read more about the history of measles vaccination.

e In 1974 the Expanded Programme on Immunization (EPI, now the Essential Programme on
Immunization) is established by WHO to. develop immunization programmes throughout
the world. The first diseases targeted by the EPI are diphtheria, measles, polio, tetanus,
tuberculosis and whooping cough.

e In 1978 a polysaccharide. vaccine that protects against 14 different strains
of pneumococcal pneumonia.is licensed, and in 1983 it is expanded to protect against 23
strains.

e In 1980 the Warld Health Assembly, acting on recommendation from the WHO Global
Commission for the Certification of Smallpox Eradication, declares smallpox eradicated:

e “The world and all its people have won freedom from smallpox, which was the most
devastating disease sweeping in epidemic form through many countries since earliest
times, leaving death, blindness and disfigurement in its wake.”

e .From 1970s to 1980s in the USA, whooping cough cases hit an all-time low in 1976. But the
success of the pertussis vaccine is hampered by a decline in uptake: with so few whooping
cough cases, fears about rare but serious side effects of the whole-cell vaccine start to
outweigh fears of the disease itself.

e In 1985 the first vaccine against diseases caused by Haemophilus influenzae type b (Hib) is
licensed, after David H Smith founds a company to produce it. Smith and Porter W
Anderson Jr had been working together on a vaccination since 1968
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In 1988 following the eradication of smallpox, WHO sets its sights on poliomyelitis,
launching a Global Polio Eradication Initiative. In the late 1980s, polio is endemic in 125
countries, and the initiative aims to achieve its eradication by the year 2000.

By 1994, polio is eradicated from the Americas, followed by Europe in 2002, and by"2003
the disease is endemic in just 6 countries. The effort continues.

In 1995 Anne Szarewski leads a team who outline the role of human papillomavirus
(HPV) in cervical cancer detection and screening, and researchers begin work on an HPV
vaccine.

HPV viruses are very common, often with minimal symptoms, but high<risk-HPV strains can go on

to cause other medical conditions, particularly cervical cancer. Szarewski goes on to be principal

investigator in the development of the bivalent HPV vaccine.

In 1999 the first vaccine against rotavirus, the mast'common cause of severe diarrhoeal
disease in young children, is withdrawn only a year after it was approved, due to concerns
about the risk of intestinal problems. A lower-risk:version of the vaccine is introduced in
2006. It takes until 2019 for it to be in use in.over 100 countries.

In 2006 the first vaccine for Human. Papillomavirus (HPV) is approved. HPV vaccination
goes on to become a key part of the effort to eliminate cervical cancer.

In 2016 the success of the Meningitis Vaccine Project highlights the key role public—private
partnerships can play in helping to develop vaccines. In its first 5 years of use, the vaccine
has nearly eliminated serogroup A meningococcal disease in meningitis belt countries of
Africa, and it is now being integrated into routine national immunization programmes.

The World Health” Assembly welcomes the R&D Blueprint, a global strategy and
preparedness plan that allows the rapid activation of research and development activities
during epidemics. Its aim is to fast-track the availability of effective tests, vaccines and
medicines that can be used to save lives and avert large-scale crises.

Following years of accelerated vaccinations, the Americas region is declared free of
endemic measles. Outbreaks in several countries, caused by gaps in vaccination coverage,
see the disease begin to reemerge in 2018. WHO and PAHO increase surveillance and
launch vaccination campaigns.

In 2019, the malaria vaccine pilot implementation is launched in Ghana, Malawi and
Kenya. The RTS/S vaccine is the first vaccine that can significantly reduce the deadliest and
most prevalent strain of malaria in young children, the group at highest risk of dying from
the disease.
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WHO prequalifies an Ebola vaccine for use in countries at high risk, as part of a broader set of
tools in response to the disease. In 2021 a global vaccine stockpile is established to ensure
outbreak response.

A third-generation smallpox vaccine is approved for prevention of monkeypox, thus becoming the
first monkeypox vaccine.

e On 30 January, 2020 the WHO Director General declares the outbreak of novel coronavirus
2019 (SARS-CoV-2) to be a Public Health Emergency of International Concern./On 11
March, WHO confirms that COVID-19 is a pandemic?

Effective COVID-19 vaccines are developed, produced and distributed with unprecedented speed,
some using new mRNA technology. In December 2020, just 1 year after the first case of COVID-19
was detected, the first COVID-19 vaccine doses are administered.

e In 2021 the COVID-19 vaccine roll-out continues, with doses delivered and administered
across continents. But efforts to curb the pandemic are threatened by inequities in
vaccination coverage: as of July 2021, almost 85% of vaccines have been administered in
high- and upper-middle-income countries, and.over. 75% have been administered in only
10 countries alone.

WHO calls on Member States to prioritize vaccinationof health workers and at-risk groups in
lower-income countries, in order to stop severe disease and death, keep health workers safe and
reopen societies and economies.

For over 2 centuries, people have been vaccinated against deadly diseases, ever since the world’s
first vaccine was devised against smallpox. History has taught us that a full and effective global
response to vaccine-preventable diseases takes time, financial support and collaboration — and
requires continued vigilance.

From ground breaking practices in the 1500s to the new technologies used in COVID-19 vaccines,
we have come.a long way. Vaccines now help protect against more than 20 diseases, from
pneumonia‘to cervical cancer and Ebola; and in just the last 30 years, child deaths have declined
by over.50%, thanks in large part to vaccines. But more must be done.

In many parts of the world, 1 in 5 children still goes unvaccinated. The coming decades will need
global cooperation, funding, commitment and vision to ensure that no child or adult suffers or
dies:-from a vaccine-preventable disease.

ACTIVE AND PASSIVE IMMUNIZATION

Active and passive immunization are two ways to protect the body from pathogens:
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e Active immunization

The body's immune system generates a protective response after exposure to an antigen. This can
happen naturally through infection or artificially through vaccination. Active immunity is long-
lasting.

e Passive immunization

The body receives antibodies from another person or animal, providing immediate but/short-term
protection. Passive immunity can occur naturally, such as when a mother passes antibodies to her
fetus through the placenta or to her infant through breast milk. It can also be produced artificially
by injecting antibodies into an individual.

Here are some more details about active and passive immunization:
e Time to develop

Active immunity takes several weeks to develop, while passive immunity provides immediate
protection.

e Duration
Passive immunity lasts for a few weeks or months, while active immunity is long-lasting.
e Uses

Passive immunity is often used to treat people who have been recently exposed to a
pathogen, such as after a bitefrom a potentially rabies-infected animal.

e Examples

The rabies vaccine promotes active immunity to rabies, while rabies immune globulin provides
passive immunity.

THE REQUIREMENTS FOR INDUCING IMMUNITY
The requirements for inducing immunity include:
¢ Interaction of cells

The'interaction of monocytes, dendritic cells (DCs), and T and B lymphocytes is important for
the development of the immune response. These cells control the production of cytokines and
the delivery of antigens.

e Antigen delivery
The delivery of intact virus antigens to B lymphocytes and processed antigens to Th

lymphocytes is critical.
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e Vaccine formulation
Effective vaccines stimulate the immune system to produce the required cytokines.
e Matching requirements

The requirements for protection against the pathogen or toxin must be matched with the
development of the protective immune responses.

Immunity can be acquired through natural immunity or vaccine-induced immunity:
e Natural immunity: Acquired through exposure to a disease organism through infection.

e Vaccine-induced immunity: Acquired through the introduction of a weakened or killed form of
the disease organism through vaccination.

Factors that affect vaccine protection include: Age, Maternal antibody levels, Prior antigen
exposure, Vaccine schedule, and Vaccine dose.

EPITOPE

Epitope, portion of a foreign protein, or antigen, is capable of stimulating an immune response.
An epitope is the part of the antigen that binds to'a specific antigen receptor on the surface of a B
cell. Binding between the receptor and epitope occurs.only if their structures are complementary.
If they are, epitope and receptor fit together like two pieces of a puzzle, an event that is necessary
to activate B-cell production of antibodies. The antibodies produced by B cells are targeted
specifically to the epitopes that bind to the cells’ antigen receptors. Thus, the epitope also is the
region of the antigen that is recognized by specific antibodies, which bind to and remove the
antigen from the body.

Many antigens have a wvariety of distinct epitopes on their surfaces. Each epitope is capable of
reacting with a different B.cell antigen receptor. In addition, the blood serum of an immunized
person or animal normally contains a mixture of antibodies, all capable of combining with the
same antigen but with different epitopes that appear on the surface of the antigen. Furthermore,
antibodies that bind to the same epitope often have different abilities to bind to that epitope.

It is_possible:for two or more different antigens to have an epitope in common. In these cases,
antibodies targeted to one antigen are able to react with all other antigens carrying the same
epitope. Such antigens are known as cross-reacting antigens.

LINEAR AND CONFORMATIONAL EPITOPES

Linear and conformational epitopes are both binding sites on an antigen that antibodies
recognize, but they differ in the way they are made up of amino acids and how they are
recognized by antibodies:
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Linear epitopes

Made up of a continuous sequence of amino acids, linear epitopes are recognized by their primary
structure.

Conformational epitopes

Made up of discontinuous amino acid residues that are close together, conformational epitopes
are recognized by their three-dimensional structure.

Here are some other differences between linear and conformational epitopes:
T-cell and B-cell epitopes

All T-cell epitopes are linear, while most B-cell epitopes are conformational.
Effect of protein denaturation

Conformational epitopes are destroyed when the protein's-native shape is altered, such as by
cooking or hydrolysis.

Patentability
Conformational epitopes are less obvious and more patentable than linear epitopes.
CHARACTERIZATION AND LOCATION OF APC,,MHC AND IMMUNOGENICITY

Antigen-presenting cells (APCs) are immune cells that process and present antigens to T cells, and
are found in a variety of tissues, including skin and solid lymphoid organs. APCs are characterized
by the following features:

e Protein antigen uptake: APCs take up protein antigens and partially break them down into
peptides.

e MHC molecule expression: APCs express class | and class 1| MHC molecules.
e Accessory molecule expression: APCs express accessory molecules that activate T cells.
e (Cytokine secretion: APCs secrete cytokines.

Some examples of APCs include:

e Dendritic cells (DCs)

e Macrophages

e Bcells

e Follicular dendritic cells (FDCs)

e Monocytes

e Langerhans cells

e Reticular endothelial system cells
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APCs can be professional or nonprofessional. Professional APCs, such as dendritic cells,
macrophages, and B cells, are the primary APCs for T cells. Nonprofessional APCs, such as thymic
epithelial cells and vascular endothelial cells, only function in antigen presentation for brief
periods.

Major histocompatibility complex (MHC) proteins are involved in the immune system's
recognition of foreign substances, and immunogenicity is the ability of a substance to trigger an
immune response. Here's some information about the relationship between -MHC and

immunogenicity:
MHC proteins

MHC proteins are found on the surfaces of cells and are coded for by a group of genes. MHC class
| and class Il proteins present peptides on the cell surface for T cells to recognize.

MHC-I molecules

MHC-I molecules load peptides and present them on the.cell surface, which signals the immune
system to eliminate infected or cancerous cells.

Immunogenicity of peptides

The immunogenicity of a peptide is related to the stability of its MHC-peptide complex. Peptides
that form relatively stable complexes are immunogenic, while those with high dissociation rates
are nonimmunogenic.

Predicting immunogenicity

Predicting the immunogenicity of MHC-associated antigens is important for vaccine design and
cancer immunotherapies. However, current computational methods are limited by insufficient
training data and algorithmic constraints.
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UNIT-1I

What are vaccines?
¢ Vaccines cause the immune system to provide targeted and lasting protection against infection.

e Most vaccines stimulate the immune system by containing disease-causing germs (bacteria and
viruses), or materials that germs produce.

e Vaccines usually contain either live or killed germs, or components of germs. - Live.vaccines tend
to cause more side effects but produce better, longer lasting protection. - Non-live.vaccines often
need additional components (adjuvants, see overleaf) to be effective.

e Vaccines are preventative - they usually need to be given before exposure to a disease- though
some can be effective post-exposure (e.g. rabies and smallpox).

Where, when and how are vaccines used?

e Most vaccines are used because the risk of disease for an individual greatly outweighs the
possible adverse effect of the vaccine, and the cost of thewaccine is far less than the cost of not
giving it - E.g. Flu vaccines are given to those most at risk;.including the elderly.

e Vaccines may not be given to some groups because.they don’t work in that group, even if they
are at risk - E.g. Babies under 2 months old may.not respond adequately to some vaccines

e If enough people get vaccinated, the chance of an infection circulating in the community is
reduced. This is sometimes called ‘population” or ‘herd” immunity.

¢ 10 vaccines are currently routinely given throughout the UK - 11 if you count human papilloma
virus (HPV) vaccine given only:to girls - and of these only the MMR vaccine is live.

METHODS OF VACCINE PREPARATION

e Vaccine:manufacturing is a critical aspect of the health sector that has received significant
attention over.recent years, primarily exacerbated by the global health crisis. With the
increasing demand and urgency of vaccine production, several significant revolutions,
particularly centred on technology, have transformed the operation and efficiency of
vaccine production.

e.._India, being one of the largest vaccine manufacturers globally, plays a pivotal role in this
realm.

e Indian pharmaceutical companies such as Serum Institute of India and Bharat Biotech have
widely used these technological innovations to upscale their production capabilities, thus
contributing to the much-needed requirement of vaccine doses globally. Flowing with the
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wave of technology, India has rolled out vaccines for COVID-19 in record time, further
demonstrating the country's prowess.

During the pandemic, India demonstrated its agility by scaling up vaccine production
rapidly. Equitable access to vaccines was ensured through resilient supply chains and
logistics. India's commitment to global health equity is exemplified by its participation in
international vaccine initiatives.

The country has played a significant role in initiatives like Gavi, the Vaccine Alliance, and
the Global Polio Eradication Initiative, aiming to provide affordable vaccines to vulnerable
populations and eradicate diseases. India, supplied 242 million low-cost and.high-quality
vaccines to 101 countries, embodying the spirit of VasudhaivaKutumbakam (the world is
one family).

Over the last two decades, Indian pharmaceutical companies invested heavily in vaccine
manufacturing. India dominates the production of vaccines for diseases like measles, BCG,
and DPT. Approximately 90% of the global demand for-measles vaccines is met by India.
India supplies around 60% of the world’s vaccine demand. The World Health Organisation
(WHO) sources 65-70% of its vaccine requirements-from India.

Several factors have contributed to India's prominence. This strategic position can be
attributed to a robust enterprise ecosystem, favourable government policies, and the
increasing adoption of emerging technologies aiding vaccine development. The country
has become a global hub to.produce vaccines, supplying low-cost, high-quality products
worldwide as an outcome of these multiple enabling factors.

India has embraced.technology trends in vaccine manufacturing and focused on capacity
building. This includes.advancements in cGMP (Current Good Manufacturing Practices),
implementation ‘of quality assurance processes, and collaboration with international
organisations. As a result, Indian vaccine manufacturers have been able to comply with
stringent.regulatory standards and export vaccines to countries worldwide.

Indian vaccine manufacturers have forged strategic alliances and research collaborations
with. ‘global pharmaceutical companies, research institutions, and international
organisations. Such partnerships have helped in technology transfer, knowledge sharing,
and research collaborations, enhancing India's vaccine manufacturing capabilities.

Technology trends in Vaccine Development

Technological advancement in the biopharmaceutical sector is a driving force propelling
vaccine development to unprecedented heights. Amid this backdrop, India, often referred
to as the ‘Pharmacy of the World,” harnesses its robust vaccine manufacturing capabilities
to address global public health problems.
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With the advent and proliferation of biotechnology, the last decade has witnessed an array
of technological trends transforming the vaccine development landscape in India.

Investment in research and development is another key aspect bolstering these
technological advancements. The industry focuses not just on enhancing the current
platforms, but also on the discovery and development of novel technologies.

For example, Indian firms are researching the development of mRNA vaccines,.a cutting-
edge technology harnessed in the COVID-19 vaccines developed by Pfizer-BioNTech and
Moderna. These trends have revolutionised not just the research and development
processes, but also production, quality assurance, and distribution. Some" of the
technological trends that shape vaccine development in India are explored in the following
sections.

MOLECULAR TECHNIQUES AND ADVANCEMENTS

In traditional vaccine development, pathogens are typically"grown in labs, and then
weakened or killed to stimulate an immune response. However, recent technological
advancements have allowed for more targeted-and efficient vaccine development.

Molecular techniques like DNA recombination and protein engineering are significant
technological trends that have driven the development of recombinant vaccines such as
those against Hepatitis B and HPV in India.

CELL CULTURE TECHNOLOGY

Cell Culture Technology has. offered novel methods to develop vaccines. Traditional
vaccine manufacturing often involved growing viruses or bacteria in eggs or animals.
However, modern techniques using cell culture and recombinant DNA technologies have
been developed.

This technology allows for more controlled and scalable vaccine production, addressing
the urgent need for volume production of vaccines during outbreaks such as COVID-19.
This approach enables efficient vaccine production by growing cells in culture, eliminating
the'need for eggs or animals as hosts.

This. method facilitates a more flexible and cost-effective process with higher production
yields. Several leading biopharmaceutical entities in India like Stells Biopharma, Sartorius,
Lupin, Jubilant Biosys, Syngene, among others have adopted this approach, leading to
more efficient vaccine production processes.
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HIGH-THROUGHPUT SCREENING TECHNIQUES

High-throughput screening (HTS) techniques have emerged as a powerful tool enabling the
rapid identification of candidate vaccine antigens.

These techniques allow researchers to screen thousands of drug candidates
simultaneously.

HTS has the potential to streamline the extensive and at times uncertain process. of
vaccine development, thereby increasing the efficiency and output of the biopharma
industry in India.

NANOTECHNOLOGY

The application of nanotechnology in vaccine development is another technological trend
in India’s biopharma industry. Nanoparticles can be engineered to.mimic viruses, thereby
safely inducing a strong immune response.

This technology enables the targeted delivery of vaccines, reducing potential side effects,
and enhancing the efficacy of the immune response. Indian biopharma industries have
shown a keen interest in exploiting these benefits.in their vaccine development efforts.

CONTINUOUS FLOW PROCESSING

Batch processing was traditionally.employed in vaccine manufacturing, with each batch
being subjected to independent testing and validation. However, there is a perceptible
move towards continuousflow processing.

Unlike batch processing, continuous flow systems allow raw materials to enter the system
without stoppages. This real-time operation significantly enhances efficiency and reduces
production times.

With the ability=to monitor and adjust the production process instantaneously, this
technology is paramount for ramping up vaccine production to meet the escalating
demand during emergencies such as the ongoing COVID-19 pandemic.

INTEGRATIVE MANUFACTURING

The traditional vaccine manufacturing process is often segmented into various stages like
cell culture, downstream processing, purification, and formulation. The move towards
integrative manufacturing highlights a trend in vaccine production where different stages
are interconnected and streamlined.

This manufacturing model, propelled by automation, seeks to reduce human errors,
enhance efficiency, and expedite the output.
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The Future of Vaccine Development in India

While these technological trends have undeniably boosted vaccine development in India,
support from the GOI has been immense.

The GOI actively fortifies its biopharma sector with schemes aiming at strengthening the
pharmaceutical industry and encouraging innovation.

The Production-Linked Incentives (PLIs) scheme fosters vaccine development using
emerging technologies with financial overlays planned to spur capacity expansion.

Furthermore, global partners such as the USA, Japan, and Australia are also collaborating
and aiding India in enhancing its vaccine manufacturing capacities.

Additionally, the accessibility and affordability of these technologically advanced vaccines
for the vast Indian population are matters of concern.

Nonetheless, with continuous technology advancements, strong investment, strategic
policies, and collaboration amongst stakeholders, ‘India’s biopharma industry is set to
revolutionise vaccine production and distribution.

As evident in the handling of the COVID-19/pandemic, techno-scientific advancements
have robust potential in addressing global health crises, thereby strengthening India’s
position on the global health map.

The intersectionality of technology and vaccine manufacturing is evident in India’s
biopharma industry. This‘fusion is propelling an unprecedented pace of innovation in
vaccine development.

The continuous investment in research and adoption of novel technologies coupled with
the government’s supportive initiatives makes India a beacon in global vaccine
manufacturing. As the future unfolds, India’s prowess will impact the worldwide effort
against'infectious diseases and assure a healthier future for all.

VACCINES TYPES

The first human vaccines against viruses were based on using weaker or attenuated viruses
to'generate immunity, while not giving the recipient of the vaccine the full-blown illness
or, preferably, any symptoms at all.

For example, the smallpox vaccine used cowpox, a poxvirus similar enough to smallpox to
protect against it, but usually didn’t cause serious illness. Rabies was the first virus
attenuated in a lab to create a vaccine for humans.

Vaccines are made using several processes. They may contain live viruses that have been

attenuated (weakened or altered to not cause illness); inactivated or killed organisms or viruses;
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inactivated toxins (for bacterial diseases where toxins generated by the bacteria, and not the
bacteria themselves, cause illness); or merely segments of the pathogen (this includes both

subunit and conjugate vaccines). Live, attenuated vaccines currently recommended as part of the
U.S. Childhood Immunization Schedule include those against measles, mumps, and rubella (via the
combined MMR vaccine), varicella (chickenpox), and influenza (in the nasal spray version of the

seasonal flu vaccine).

In addition to live, attenuated vaccines, the immunization schedule includes vaccines of
every major type.

The different vaccine types each require different development techniques. Each section
below addresses one of the vaccine types.

LIVE ATTENUATED VACCINES

Attenuated vaccines can be made in several ways. Some of the most common methods
involve passing the disease-causing virus through @ series ‘of cell cultures or animal
embryos (typically chick embryos).

Using chick embryos as an example, the virus is'grown in different embryos in a series.
With each passage, the virus becomes better at replicating in chick cells, but loses its
ability to replicate in human cells.

A virus targeted for use in a.vaccine can be grown through—“passaged” through—
upwards of 200 different embryos or cell cultures. Eventually, the attenuated virus will not
replicate well (or at all) in human cells, and can be used in a vaccine.

All the methods that involve passing a virus through a non-human host produce a version
of the virus that can still be recognized by the human immune system, but cannot replicate
well in a human host.

When the resulting vaccine virus is given to a human, it will not replicate enough to cause
illness, but will still provoke an immune response that can protect against future infection.

One concern that must be considered is the potential for the vaccine virus to revert to a
form capable of causing disease.

Mutations that can occur when the vaccine virus replicates in the body may lead to a more
virulent strain. This is unlikely, as the vaccine virus’s ability to replicate is limited. However,
possible mutations are considered when developing an attenuated vaccine.

It is worth noting that mutations are somewhat common with the oral polio vaccine (OPV),
a live vaccine that is ingested instead of injected.

The vaccine virus can mutate into a virulent form and lead to rare cases of paralytic polio.
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e For this reason, OPV is no longer used in the United States, and has been replaced on the
Recommended Childhood Immunization Schedule by the inactivated polio vaccine (IPV).

e Protection from a live, attenuated vaccine typically outlasts the protection provided by a
killed or inactivated vaccine.

KILLED OR INACTIVATED VACCINES

e One alternative to attenuated vaccines is a killed or inactivated vaccine. Vaccines of this
type are created by inactivating a pathogen, typically using heat or chemicals such as
formaldehyde or formalin.

e This destroys the pathogen’s ability to replicate, but keeps it “intact” so that.the immune
system can still recognize it. (“Inactivated” is generally used rather than.“killed” to refer to
viral vaccines of this type, as viruses are generally not considered alive.)

e Because killed or inactivated pathogens can’t replicate at all,.they can’t revert to a more
virulent form capable of causing disease (as discussed above with live, attenuated
vaccines). However, they tend to provide shorter. protection than live vaccines, and are
more likely to require boosters to create long-termimmunity.

e Killed or inactivated vaccines on the U.S:{ Recommended Childhood Immunization Schedule
include the inactivated polio vaccinerand the seasonal influenza vaccine (injectable).

TOXOIDS

e Some bacterial diseases are.not directly caused by a bacterium, but by a toxin produced by
the bacterium.

e One example is tetanus: the Clostridium tetani bacterium does not cause its symptoms, a
neurotoxin it produces (tetanospasmin) does.

e Immunizations for.this type of pathogen can be made by inactivating the toxin that causes
disease symptoms.

e As with erganisms or viruses used in killed or inactivated vaccines, this can be done via
treatment with a chemical, such as formalin, or by using heat or other methods.

Immunizations created using inactivated toxins are called toxoids. Toxoids can actually be
considered killed or inactivated vaccines, but are sometimes given their own category to highlight
that they contain an inactivated toxin, not an inactivated form of bacteria.
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SUBUNIT AND CONJUGATE VACCINES

e Both subunit and conjugate vaccines contain only pieces of the pathogens they protect
against.

e Subunit vaccines use only part of a target pathogen to provoke a response from the
immune system.

e This can be done by isolating a specific protein from a pathogen and presenting it as.an
antigen on its own. The acellular pertussis vaccine and influenza vaccine (inshot form) are
examples of subunit vaccines.

e Another type of subunit vaccine can be created via genetic engineering. A gene coding for
a vaccine protein is inserted into another virus, or into producercells.in culture.

e When the carrier virus reproduces, or when the producer cell metabolizes, the vaccine
protein is also created.

e The end result of this approach is a recombinant vaccine: the immune system will
recognize the expressed protein and provide future protection against the target virus. The
Hepatitis B vaccine currently used in the United States is a recombinant vaccine.

e Another vaccine made using genetic engineering is the human papillomavirus (HPV)
vaccine. Two types of HPV vaccine are.available—one provides protection against two
strains of HPV, the other four—but both are made in the same way: for each strain, a
single viral protein is isolated.

e When these proteins are _expressed, virus-like particles (VLPs) are created. These VLPs
contain no genetic material from the viruses and can’t cause illness, but prompt an
immune responsethat provides future protection against HPV.

e Conjugate ‘vaccines are somewhat similar to recombinant vaccines: they’re made using
two different components.

e Conjugate vaccines, however, are made using pieces from the coats of bacteria. These
coats are chemically linked to a carrier protein, and the combination is used as a vaccine.
Conjugate vaccines are used to create a more powerful, combined immune response:
typically the “piece” of bacteria presented would not generate a strong immune response
on its own, while the carrier protein would.

e The piece of bacteria can’t cause illness, but combined with a carrier protein, it can
generate immunity against future infection. The vaccines currently used for children
against pneumococcal bacterial infections are made using this technique.
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MRNA VACCINES

In 2020, as the COVID-19 pandemic was well underway, the United States and other
countries around the world raced to create a vaccine against the SARS CoV-2 virus, the
virus causing the pandemic.

In the United States, “Operation Warpspeed” provided billions of dollars in funding to
numerous pharmaceutical companies to develop a successful vaccine and take.it to
market. Under normal circumstances, the vaccine trials would have| happened
subsequently (i.e. phase |, phase I, phase lll, etc.).

Because of the public health emergency, vaccine trials occurred consecutively (phases |, Il
and Il simultaneously).

Two vaccines were authorized for emergency use by the end of 2020 in the United States,
both based on mRNA technology. (A third vaccine would be authorized early in 2021,
based on viral vectors, which will be discussed in the next section.)

This technology uses mRNA enveloped in a lipid (fat) sphere. The vaccine is then
introduced into the body, where the body’s immune.cells take up the vaccine particles and
reveal the mRNA.

The mRNA gives the cell “code” to.create a protein similar to the “spike” protein on the
coronavirus’ surface. The immune cell.then releases that protein to other immune cells,
triggering an immune response that includes antibody production and activation of
specialized cells to find and kill coronaviruses bearing that spike protein and any host cells
infected.

VIRAL VACCINE

In early 2021;.a third vaccine for the COVID-19 pandemic was authorized for use in the
United States.

That vaccine used a simian adenovirus that was basically hollowed out and the mRNA for
coding a'coronavirus spike protein was put inside.

Like the mRNA vaccines, the mRNA in the viral vector is introduced into immune cells after
those immune cells take up the simian adenovirus after recognizing it as a pathogen.

The immune cell then creates the spike protein and triggers the ensuing immune response.
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METHODS OF VACCINE PREPARATION

Stages of vaccine production

Vaccine production has several stages. Process of vaccine manufacture has the following steps:
¢ Inactivation — This involves making of the antigen preparation
e Purification — The isolated antigen is purified

e Formulation — The purified antigen is combined with adjuvants, stabilizers and
preservatives to form the final vaccine preparation.

Generating the antigen from the microbe

The initial production involves generation of the antigen from the microbe. For this the virus or
microbe is grown either on primary cells such as chicken eggs (e.g: in influenza) or on cell lines or
cultured human cells (e.g. Hepatitis A). Bacteria against which the vaccines are developed may be
grown in bioreactors (e.g.Haemophilus influenzae type b). The.antigen may also be a toxin or
toxoid from the organism (e.g. Diphtheria or tetanus) or.it may be part of the microorganism as
well. Proteins or parts from the organism can be generated in yeast, bacteria, or cell cultures.
Bacteria or viruses may be weakened using chemicals or heat to make the vaccine (e.g. polio
vaccine).

Isolation of the antigens

After the antigen is generated, it is isolated from the cells used to generate it. For weakened or
attenuated viruses no further purification may be required. Recombinant proteins need many
operations involving ultrafiltration.and column chromatography for purification before they are
ready for administration.

Adjuvants, stabilizers and preservatives

Once the antigen is developed the vaccine is formulated by adding adjuvants, stabilizers, and
preservatives. The role of the adjuvant is to enhance the immune response of the antigen. The
stabilizers increase the storage life, and preservatives allow the use of multi dose vials.
It is difficult to develop and produce combination vaccines due to the possibility of
incompatibilities and interactions among the antigens and other ingredients of the vaccines.

Vaccine Production Requirements

The product needs to be protected from air, water and human contamination. The environment
needs to be protected from spillage of the antigens.
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What are the ingredients in a vaccine?

Vaccines contain tiny fragments of the disease-causing organism or the blueprints for making the
tiny fragments. They also contain other ingredients to keep the vaccine safe and effective. These
latter ingredients are included in most vaccines and have been used for decades in billions of
doses of vaccine.

Each vaccine component serves a specific purpose, and each ingredient is tested in the
manufacturing process. All ingredients are tested for safety.

Antigen

All vaccines contain an active component (the antigen) which generates an.immune response, or
the blueprint for making the active component. The antigen may be a:small part-of the disease-
causing organism, like a protein or sugar, or it may be the whole.organism in a weakened or
inactive form.

DISEASE-CAUSING ANTIGENS IN

ORGANISM / VACCINES \

K

The key ingredient in a vaccine is the antigen. It's either a finy part of the
disease-causing organism, or a weakened, non-dangerous version, so your body
can learn the specific way to fight it without getting sick.

Preservatives

Preservatives.prevent the vaccine from becoming contaminated once the vial has been opened, if
it will be.used for vaccinating more than one person. Some vaccines don’t have preservatives
because they are stored in one-dose vials and are discarded after the single dose is administered.
The most commonly used preservative is 2-phenoxyethanol. It has been used for many years in a
number of vaccines, is used in a range of baby care products and is safe for use in vaccines, as it
has little toxicity in humans.

Stabilizers
Stabilizers prevent chemical reactions from occurring within the vaccine and keep the vaccine

components from sticking to the vaccine vial.
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Surfactants keep all the ingredients in the vaccine blended together. They prevent settling and

Surfactants

clumping of elements that are in the liquid form of the vaccine. They are also often used in foods
like ice cream.

Residuals

Residuals are tiny amounts of various substances used during manufacturing or production of
vaccines that are not active ingredients in‘the completed vaccine. Substances will vary depending
on the manufacturing process used and may include egg proteins, yeast or antibiotics. Residual
traces of these substances which may be present in a vaccine are in such small quantities that
they need to be measured.as parts per million or parts per billion.

Diluent

A diluent is a liquidiused to dilute a vaccine to the correct concentration immediately prior to use.
The most commonly used diluent is sterile water.

Adjuvant

Some vaccines also contain adjuvants. An adjuvant improves the immune response to the vaccine,
sometimes by keeping the vaccine at the injection site for a little longer or by stimulating local
immune cells.

The adjuvant may be a tiny amount of aluminium salts (like aluminium phosphate, aluminium
hydroxide or potassium aluminium sulphate). Aluminium has been shown not to cause any long-
term health problems, and humans ingest aluminium regularly through eating and drinking.
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How are vaccines developed?

Most vaccines have been in use for decades, with millions of people receiving them safely every
year. As with all medicines, every vaccine must go through extensive and rigorous testing to
ensure it is safe before it can be introduced in a country’s vaccine programme.

Each vaccine under development must first undergo screenings and evaluations to determine
which antigen should be used to invoke an immune response. This preclinical phase. is.done
without testing on humans. An experimental vaccine is first tested in animals to evaluate its safety
and potential to prevent disease.

If the vaccine triggers an immune response, it is then tested in human clinical trials in three
phases.

Phase 1

The vaccine is given to a small number of volunteers to assess its safety, confirm it generates an
immune response, and determine the right dosage. Generally in this phase vaccines are tested in
young, healthy adult volunteers.

Phase 2

The vaccine is then given to several hundred volunteers-to further assess its safety and ability to
generate an immune response. Participants in.this phase have the same characteristics (such as
age, sex) as the people for whom the vaccine is intended. There are usually multiple trials in this
phase to evaluate various age groups and different formulations of the vaccine. A group that did
not get the vaccine is usually included in phase as a comparator group to determine whether the
changes in the vaccinated group are attributed to the vaccine, or have happened by chance.

Phase 3

The vaccine is next'given to thousands of volunteers — and compared to a similar group of people
who didn’t get.the vaccine, but received a comparator product — to determine if the vaccine is
effective against the.disease it is designed to protect against and to study its safety in a much
larger group of people. Most of the time phase three trials are conducted across multiple
countries.and multiple sites within a country to assure the findings of the vaccine performance
apply toomany different populations.

During phase two and phase three trials, the volunteers and the scientists conducting the study
are shielded from knowing which volunteers had received the vaccine being tested or the
comparator product. This is called “blinding” and is necessary to assure that neither the
volunteers nor the scientists are influenced in their assessment of safety or effectiveness by
knowing who got which product. After the trial is over and all the results are finalized, the
volunteers and the trial scientists are informed who received the vaccine and who received the
comparator.
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Approved for broader use

When the results of all these clinical trials are available, a series of steps'is required, including
reviews of efficacy and safety for regulatory and public health policy @pprovals. Officials in each
country closely review the study data and decide whether to authorize the vaccine for use. A
vaccine must be proven to be safe and effective across a broad. population before it will be
approved and introduced into a national immunization programme. The bar for vaccine safety and
efficacy is extremely high, recognizing that vaccines are given to people who are otherwise
healthy and specifically free from the illness.

LICENSED VACCINES

This review is concerned primarily with vaccines that.are licensed for use in the United States. The
decision to limit the scope as such was based on the fact that because the licensing process
requires extensive studies, a significant amount of information on the efficacy and safety of each
vaccine is available.

VACCINE RISK VERSUS BENEFIT IN PATIENTS WITH IMPAIRED IMMUNITY

All therapy including vaccine administration involves a risk benefit decision. For most vaccines, the
benefit greatly outweighs the risk, but these parameters are usually defined in the context of a
normal host. Patients with impaired immunity are usually at greater risk from both infection and
vaccination. For example, chickenpox is usually a benign disease of childhood caused by varicella
virus, but it caused significant mortality in children with lymphoproliferative malignancies before
antiviral therapy was available. The varicella vaccine is highly effective in normal children. In
children.with impaired immunity who are at great risk for severe varicella infections, the vaccine is
less effective and has more severe side effects, but it is nevertheless still useful because it can
reduce the morbidity and mortality associated with wild-type virus infection. Hence, vaccine
efficacy in the patient with impaired immunity involves a risk-benefit assessment that is different
from that for healthy populations. In general, pathogen inactivated, toxoid, and subunit vaccines
pose little or no risk to individuals with impaired immunity, and the benefits of such vaccines far
outweigh their risk. Conversely, most live vaccines are contraindicated in patients with impaired
immunity. One notable exception is that the varicella vaccine is recommended for children with
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acute lymphocytic leukemia but not HIV infection or other malignancies The risk-benefit algorithm
for vaccine use in patients with impaired immunity is dependent on the prevalence and severity of
infection with the particular pathogen, the nature of the underlying host immune defect, and the
efficacy and safety of the vaccine. For example, the worldwide eradication of smallpox indicates
no benefit to continued use of vaccinia virus. For most vaccines, the risk-benefit algorithm is
complex and involves choices between acceptable risk and expected benefits.

Introduction

The development of a vaccine -- from first identifying the causative agent of a disease to
delivering a vaccine to the public -- can take anywhere from months to years, with.the average
time somewhere in the 10- to 15-year range. In the United States, private companies do most
vaccine development, but public agencies (e.g. the government) can also be .involved in the
process. In some parts of the world, the government funds and regulates the entire process.

The process has changed in the modern era of vaccination, with more regulation and oversight
from governmental agencies, more involvement from the public.in how vaccines are marketed,
and more collaboration between once-competing companies is becoming the norm. In this article,
we will explore the different steps toward developing a vaccine, as well as regulating its sale and
monitoring its safety.

Identifying the Causative Agent

The smallpox vaccine was the first vaccine.developed. Back in the late 1700s, smallpox was a
disease that caused periodic epidemics all over the world, with death rates anywhere from 1% to
30%. While scientists then did not know what caused smallpox, they did know that exposure to a
similar disease -- cowpox -- conferred immunity against smallpox. It wouldn’t be until the mid-
1800s that Germ Theory began to be adopted as the best way to explain infectious diseases. And
it wouldn’t be until the 1930s that electron microscopes allowed for the visualization of viruses.
(Although the theory of viruses as causative agents of disease was developed in the late 1800s.)

Even when the causative agent (virus, bacteria, fungi, parasite) is identified, much work needs to
be done to get to a vaccine. First, the agent needs to be grown in a laboratory so enough of it can
be sampled for testing. This is not always easy to do. For example, the Legionella bacteria that
caused the 1976 pneumonia epidemic in Philadelphia only grow in buffered charcoal yeast extract
(BCYE) media. And most viruses will only grow in tissues they can use to infect and multiply.

Once the agent can be grown in the laboratory, it can be sampled and tested in animal models to
understand how immune systems react to it. In doing so, scientists can understand which parts of
the agent trigger the immune system, or if they need to use the whole agent in a future vaccine.
More recently, with the advent of mRNA vaccine technology, scientists only need the genetic code
of an infectious agent to develop the mRNA vaccine. But even that could take some time, as they
must pinpoint which part of the virus to try and replicate with the mRNA.
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Laboratory and Animal Studies
Exploratory Phase

In this phase, which usually lasts 2-4 years, scientists in government and academic labs use basic
research to find natural or man-made ingredients that could help stop or treat a disease. These
ingredients might be parts of viruses, weakened germs, or other substances from disease-causing

organisms.
Pre-Clinical Phase

Before a vaccine can be tested on people, it goes through what are called. “preclinical tests.”
These tests use lab-grown cells and laboratory animals like mice or mankeys:to check if the
vaccine is safe and if it works by triggering a defense response in the body..Researchers use these
tests to guess how humans might react, and to find a safe amount to.start testing on people. They
might change the vaccine to make it better, or give it to animals, and then'expose those animals
to the disease to see if it works. If a vaccine doesn't cause theright defense response in this stage,
it usually doesn't go any further. This phase often takes 1-2 years.and is mostly done by private
companies.

As scientists learn more about how animal immune systems respond, and as computer technology
has improved, they use computer models to predict how the laboratory test will go. This helps cut
down on the cost of keeping laboratory“animals. More importantly, animals don’t face
unnecessary risks.

IND Application

Next, a company applies for permission to start testing the vaccine in humans. This is called an
Investigational New Drug (IND) application, and it is sent to the U.S. Food and Drug Administration
(FDA). The company must.explain how they make and test the vaccine, summarize their lab
findings, and outline their ‘proposed human study. An ethics committee at the institution where
human trials will take place must agree to the study plan. The FDA has 30 days to review and
approve this application. Once approved, the vaccine can be tested in three phases on humans.

Clinical Studies with People
Phase I'Vaccine Trials

In-Phase I, a small group of 20-80 adults tests the vaccine first. If the vaccine is for children,
researchers start with adults and then include younger participants until they reach the kids' age
group. These trials are often open, meaning everyone knows who gets the vaccine and who gets a
placebo (a harmless, inactive substance). The goal of Phase | is to check if the vaccine is safe and
how well it prompts the body's defense system to act. Sometimes, researchers might try to
expose vaccinated volunteers to the disease under controlled conditions to see how well the
vaccine works, especially if the disease is treatable with medication and not known to be deadly.
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Phase Il Vaccine Trials

Phase Il involves several hundred people, including some who might be more likely to catch the
disease. These trials are randomized and controlled, with some people getting a placebo while
others get the vaccine. In phase Il trials, researchers focus on the vaccine's safety, how well it
works, the best dose, timing of doses, and the way to give the vaccine. The randomization allows
the different groups of people being studied to have as much in common between groups, and
little differences from person to person within the groups.

Phase Ill Vaccine Trials

Successful vaccines from phase Il go to phase lll, involving thousands to tens of thousands of
people. And these trials could be done at different sites around the world. . These:trials are also
randomized and double-blind, meaning neither the participants nor researchers know who gets
the real vaccine or placebo.

A key goal of phase Il is to identify rare side effects and test how well the vaccine works. For
example, if a side effect happens in 1 out of every 10,000 people, the trial needs many
participants to spot this rare event. Researchers also.check if the vaccine prevents the disease,
stops infection, or triggers a defense response in the body.

Approval and Licensure

After a successful phase lll trial, the vaccine'maker applies for a license from the FDA. The FDA
checks the clinical trial data, the need for the vaccine (e.g. is it urgent?), the manufacturing site,
and approves the vaccine labeling. Even after the vaccine is licensed, the FDA periodically inspects
production facilities and keeps+tabs onreported adverse events.

Monitoring After Approval

The CDC works with different.groups to make sure vaccines in the U.S. are safe. They work with
government agencies like the FDA, which checks vaccines before they are used by people, and the
NIH, which studies “new vaccines. They also work with non-government groups like
the Immunization Action Coalition, vaccine manufacturers, academic institutions, and private
groups‘interested in vaccine science and safety.

Phase IV Trials

Phase IV studies are a part of drug testing that happens after a new medicine is already being
sold. These studies are really important because they help us understand how safe and effective
the medicine is when used by lots of different people in real life, outside of earlier, more
controlled tests. This phase helps to find out any rare side effects and how well the drug works for
various groups of people, like those with different health conditions. It's like a big, ongoing
experiment that continues as long as the drug is sold, to make sure it's safe and works well for
everyone.
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VAERS

The Vaccine Adverse Event Reporting System (VAERS) is like a safety check for vaccines in the USA.
After vaccines are approved, VAERS keeps an eye on them to make sure they're safe. Anyone can
tell VAERS if they think a vaccine caused a health problem. Remember, just because someone
reports a problem doesn't mean the vaccine caused it. VAERS then looks for any patterns or big
concerns. If they find something unusual, they'll study it more to keep vaccines safe. VAERS gets
many reports every year, but most of them are about mild issues, like a sore arm. They take all
reports seriously, but they will need more information to know if a vaccine really. caused a
problem. And they usually follow-up on reports to confirm their veracity.

Vaccine Safety Datalink

The Vaccine Safety Datalink (VSD) is a special project by the CDC and other health groups in the
U.S. It started in 1990 and helps ensure that vaccines are safe. VSD looks at the health records
from different places to see what vaccines people get, when they get them, and what other
vaccines they get at the same time. They also check if people get sick after getting a vaccine. VSD
studies vaccines to answer questions about their safety, especially new ones, or if there are
changes in how they're used. Since 1990, VSD has done 'many studies on vaccine safety. They've
looked into whether vaccines with certain ingredients are safe for kids, if vaccines cause certain
types of seizures, and if the HPV and COVID-19 vaccines are safe.

Clinical Immunization Safety Assessment (CISA) Project

CISA helps doctors in the U.S. with ‘questions about vaccine safety for their patients. They have
experts in many areas like infectious diseases and children's health. CISA also looks into vaccine
safety problems and gives advice'that helps us understand vaccines better. They do research on
vaccine safety, especially focusing on COVID-19 and flu vaccines, and vaccines for pregnant
women. This research is important because it includes people who are usually not part of the first
tests of vaccines. CISA can study common reactions to vaccines, like fever, and also work with
special groups,like pregnant women. They are ready to help in emergencies, like a pandemic, and
have been helping with COVID-19 vaccine safety since December 2020. Doctors can ask CISA for
help with COVID-19 vaccine questions.

V-Safe

V-Safe is a program by the CDC where you can tell them how you feel after getting certain
vaccines, like the flu shot. You sign up using your phone or computer and then get texts or emails
asking about your health. This helps the CDC know if the vaccines are safe. V-safe started in 2020
for COVID-19 vaccines and now also checks on vaccines for a virus called Mpox (formerly
“monkeypox”) and another one for respiratory syncytial virus (RSV), which is a lung infection. If
you get these vaccines, you can sign up for V-safe and answer questions about how you feel. This
info helps scientists and doctors learn about the vaccines and make sure they're safe.
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Vaccine Safety Coordinators

A vaccine coordinator is a person in a healthcare facility or agency who makes sure vaccines are
stored and handled properly. They need to be trained to manage vaccines during regular times
and emergencies. Their main jobs are counting vaccine stock, keeping vaccines at the right
temperature, and making sure they're used before they expire. They also train other staff
members in handling vaccines, and they keep good records of how vaccines are stored and
handled.

A Special Case: The COVID-19 Pandemic and Operation Warp Speed

In late 2019, health officials in China found several cases of pneumonia in Wuhan, Hubei
Province. By January 2020, they discovered the cause was a new type of.coronavirus, named
"SARS CoV-2." Chinese scientists shared the virus's genetic information and samples with the
world, helping labs globally start working on a vaccine.

In the U.S., the government gave money to vaccine makers to speed-up their research for a fast
and effective vaccine against the pandemic. Normally, vaccine development is a step-by-step
process: first phase | trials, then phase II, and finally phase. lll. This method ensures unsuccessful
vaccines don't move to more expensive trial stages. But, with government funding as backup,
companies could run different trial phases at the.same time.

This new approach lets safety and effectiveness tests happen alongside vaccine production.
Normally, large-scale vaccine manufacturing waits until after phase Il results. With "Operation
Warp Speed," large-scale manufacturing began as soon as the vaccines were proven safe in phase
I, and while their effectiveness was still being studied. If the vaccines didn't work, the
government's funding would cover.the costs of any manufactured vaccine that wouldn’t be used.

The three vaccines from Operation Warp Speed (two mRNA and one viral vector) went through all
the usual safety and. effectiveness checks as other pre-pandemic vaccines. They had the same
number of participants.and trial phases. The same safety standards and independent reviews
were maintained.»The .only difference was the faster timeline, made possible by government
funding to cover risks usually borne by the manufacturers.

Government.Oversight
In the United States

At the end of the 19th century, several vaccines for humans were developed. They were smallpox,
rabies, plague, cholera, and typhoid vaccines. However, no regulation of vaccine production
existed.

On July 1, 1902, the U.S. Congress passed "An act to regulate the sale of viruses, serums, toxins,
and analogous products,” later referred to as the Biologics Control Act (even though "biologics"
appears nowhere in the law). This was the first modern federal legislation to control the quality of
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drugs. This act emerged in part as a response to 1901 contamination events in St. Louis and
Camden, which involved smallpox vaccine and diphtheria antitoxin.

The Act created the Hygienic Laboratory of the U.S. Public Health Service to oversee the
manufacture of biological drugs. The Hygienic Laboratory eventually became the National
Institutes of Health. The Act established the government’s right to control the establishments
where vaccines were made.

The United States Public Service Act of 1944 mandated that the federal government issue licenses
for biological products, including vaccines. After a poliovirus vaccine accident in 4954 (known as
the Cutter incident), the Division of Biologics Standards was formed to oversee vaccine safety and
regulation. Later, the DBS was renamed the Bureau of Biologics, and became partof the Food and
Drug Administration. It is now known as the Center for Biologics Evaluation'and.Research.

Outside of the United States

In the European Union, the European Medicines Agency (EMA) supervises regulation of vaccines
and other drugs. The EMA’s process is very similar to that'of the FDA in the United States. More
broadly around the world, acommittee of the World® Health Organization makes
recommendations for biological products used internationally. Many countries have adopted the
WHO standards, and others have standards similar:to those of the United States. Countries that
lack the infrastructure to monitor drug and vaccine safety will often defer to WHO, FDA or
European recommendations.

Conclusion

In conclusion, the journey from discovering the cause of a disease to creating and distributing a
vaccine is a complex and dengthy process, often taking 10 to 15 years. This process involves
several critical stages, starting with identifying the causative agent of the disease, which can be a
virus, bacteria, or other pathogens. Once identified, extensive laboratory and animal studies are
conducted to understand how the immune system reacts and develop a potential vaccine.

The vaccine.is then put through a rigorous testing process, including exploratory, pre-clinical, and
multiple phases of clinical trials with human participants, to ensure its safety and effectiveness.
This_includes. testing in small groups of adults in Phase | trials, larger groups in Phase Il, and
thousands of participants in Phase Ill. After successful trials, the vaccine requires approval and
licensure from regulatory bodies like the FDA in the United States.

Post-approval, the vaccine's safety continues to be monitored through various systems such as
VAERS, the Vaccine Safety Datalink, and the CISA Project. These systems track adverse events and
conduct ongoing studies to ensure long-term safety and effectiveness. The process also involves
special initiatives in emergency situations, as seen with the COVID-19 pandemic and Operation
Warp Speed, which accelerated vaccine development while maintaining safety standards.
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Overall, the development of vaccines is a collaborative effort involving scientists, regulatory

agencies, healthcare professionals, and the public. This intricate process ensures that vaccines are

not only effective in combating diseases, but also safe for widespread use.

LICENSED VACCINES

e This review is concerned primarily with vaccines that are licensed for use in the United

States.

e The decision to limit the scope as such was based on the fact that because the licensing

process requires extensive studies, a significant amount of information on the‘efficacy and

safety of each vaccine is available.

e Table 1 lists the currently licensed vaccines with their type and recommended route of

administration.

TABLE 1.

Vaccines licensed in the United States by type

Type Vaccine Route of administration
Live virus Adenovirus Oral
Measles Subcutaneous
MMR Subcutaneous
Mumps Subcutaneous
Poliovirus Oral
Rubella Subcutaneous
Varicella Subcutaneous
Yellow fever Subcutaneous
Live bacterium BCG Intradermal/percutaneous
Typhoid Oral
Inactivated virus Japanese encephalitis Subcutaneous
Poliovirus Subcutaneous
Inactivated viral antigen Hepatitis B Intramuscular
Influenza Intramuscular
Inactivated bacterium Anthrax Subcutaneous
Cholera Subcutaneous or
intradermal
Pertussis (whole cell | Intramuscular

preparation)

Acellular pertussis

Intramuscular

Plague

Intramuscular

Page 32 of 99


https://pmc.ncbi.nlm.nih.gov/articles/PMC121373/#T1

ACADEMIC YEAR 2024-2025, SEMESTER - IV / = N\

STUDY MATERIAL FOR B.SC., MICROBIOLOGY \ . ‘
VACCINE TECHNOLOGY N — %
Typhoid Subcutaneous
Toxoid Diphtheria Intramuscular
Tetanus Intramuscular
Polysaccharide Meningococcal Subcutaneous
Pneumococcal Subcutaneous or
intramuscular
Vi (typhoid) Intramuscular
Conjugate of polysaccharide and | Hib Intramuscular
protein

IMPAIRED IMMUNITY

“Impaired immunity” refers to any condition that decreases'immune system function. The
immune response is extraordinarily complex, and many. aspects of immune system
function remain poorly understood despite a century of intense study.

In general, the immune system can be divided into two main arms: specific and nonspecific
immunity.

Specific immunity refers to the ability of the host to mount an immune response to
discrete antigenic determinants of particular pathogens and/or vaccines. For example, an
episode of mumps or vaccination with'the mumps vaccine will elicit specific immunity to
mumps that will not protect against other microbes. The immune system components
responsible for specific immunity are B and T lymphocytes.

Nonspecific immunity refers.to complex humoral and cellular mechanisms by which the
host can protect.against microbial pathogens without the requirement for recognition of
specific antigenic determinants.

Some infections ‘may be cleared by macrophages and neutrophils with the help of
complement-derived opsonins without eliciting a measurable antibody or T-cell response.

Nonspecific humoral mechanisms include complement and serum iron-binding proteins,
and. nonspecific antimicrobial effector cells include macrophages, neutrophils, NK cells,
eosinophils, and platelets.

A problem in defining and understanding the host with impaired immunity is that the
human population is outbred and genetically diverse.

The genetic diversity of the human population contributes to variability in immune
responses to pathogens and vaccines. In some instances, impaired responses to certain
antigens result from genetic factors.
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e In this regard, the affected individuals manifest impaired immunity to a specific pathogen
or vaccine but are otherwise normal. For example, a subset of the human population will
not respond to hepatitis B immunization despite having no apparent immune system
defect that would predispose them to more severe infections, possibly because of their
genetic background (see below).

e These individuals are not immunodeficient in the common use of this term but do have
impaired immunity to hepatitis B surface antigen. The inability of certain individuals to
respond to particular antigens and infections is a price of genetic diversity which provides
survival insurance for the species.

e Forthe purposes of this review, the term “impaired immunity” will be used.only to refer to
conditions that predispose an individual to an increased risk of infection.

VACCINE RISK VERSUS BENEFIT IN PATIENTS WITH IMPAIRED IMMUNITY

e All therapy including vaccine administration involves a risk-benefit decision. For most
vaccines, the benefit greatly outweighs the risk, but.these parameters are usually defined
in the context of a normal host.

e Patients with impaired immunity are usually at greater risk from both infection and
vaccination. For example, chickenpox is usually-a benign disease of childhood caused by
varicella virus, but it caused significant. mortality in children with lymphoproliferative
malignancies before antiviral therapy was available.

e The varicella vaccine is highly. effective in normal children. In children with impaired
immunity who are at great risk for severe varicella infections, the vaccine is less effective
and has more severe side effects, but it is nevertheless still useful because it can reduce
the morbidity and'mortality associated with wild-type virus infection.

e Hence, vaccine efficacy in the patient with impaired immunity involves a risk-benefit
assessment that is different from that for healthy populations. In general, pathogen
inactivated; toxoid, and subunit vaccines pose little or no risk to individuals with impaired
immunity, and the benefits of such vaccines far outweigh their risk.

e Conversely, most live vaccines are contraindicated in patients with impaired immunity.
One notable exception is that the varicella vaccine is recommended for children with acute
lymphocytic leukemia but not HIV infection or other malignancies.

e The risk-benefit algorithm for vaccine use in patients with impaired immunity is dependent
on the prevalence and severity of infection with the particular pathogen, the nature of the
underlying host immune defect, and the efficacy and safety of the vaccine.
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For example, the worldwide eradication of smallpox indicates no benefit to continued use
of vaccinia virus. For most vaccines, the risk-benefit algorithm is complex and involves
choices between acceptable risk and expected benefits.

ADJUVANTS

Many patients at high risk for vaccine-preventable infections are poor responders to
immunization because of their underlying immune defect and/or the weak
immunogenicity of some vaccines.

An option for enhancing the immune response to some vaccines is to use adjuvants which
can augment the immune response to an antigen.

Vaccine adjuvants are a widely diverse group of reagents that ‘include aluminum
compounds, oil emulsions, plant products, bacterial products, biopolymers, and natural
immunomodulators such as cytokines

Hence, vaccine adjuvant development for the immunoecompromised host may require
different strategies from those used in healthy hosts.

VACCINE EFFICACY DATA

Studies of vaccine efficacy often report.efficacy in terms of a measurable immune
parameter such as the amount of antibody elicited or the development of delayed-type
hypersensitivity response.

The adequacy of measurable immune system parameters as markers for vaccine efficacy
has been established primarily in patients with normal immune function. However, for
most vaccines, it is not known whether the same parameters should be used in patients
with impaired immunity as a measure of vaccine efficacy.

In evaluating the meaning of the term “efficacy,” it is important to consider that there are
few or no data on the ability of most vaccines to actually prevent infection (or
complications of infection) in patients with impaired immunity.

Such.information has been difficult to obtain because the incidence of vaccine-preventable
infections is often low and, overall, there are relatively few patients with impaired
immunity who have been vaccinated and studied.

VIRAL VACCINES

Viral vaccines contain either inactivated viruses or attenuated (alive but not capable of causing

disease) viruses.

Inactivated or killed viral vaccines contain viruses, which have lost their ability to replicate and in

order for it to bring about a response it contains more antigen than live vaccines. Attenuated or
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live vaccines contain the live form of the virus. These viruses are not pathogenic but are able to
induce an immune response.

POLIO VACCINE

Polio vaccines are vaccines used to prevent poliomyelitis (polio).Two types are used:
an inactivated poliovirus given by injection (IPV) and a weakened poliovirus given by mouth
(OPV). The World Health Organization (WHO) recommends all children be fully vaccinated against
polio. The two vaccines have eliminated polio from most of the world, and reduced the number. of
cases reported each year from an estimated 350,000 in 1988 to 33 in 2018.

MEDICAL USES
There are two types of vaccine: inactivated polio vaccine (IPV) and oral polio.vaccine (OPV).
Inactivated

When the IPV (injection) is used, 90% or more of individuals-develop:protective antibodies to all
three serotypes of polio virus after two doses of inactivated polio vaccine (IPV), and at least 99%
are immune to poliovirus following three doses. The duration offimmunity induced by IPV is not
known with certainty, although a complete series is thought to protect for many years. IPV
replaced the oral vaccine in many developed countries in the 1990s mainly due to the (small) risk
of vaccine-derived polio in the oral vaccine.

Attenuated

Oral polio vaccines were easier to administer than IPV, as they eliminated the need for sterile
syringes and therefore were more suitable for mass vaccination campaigns. OPV also provided
longer-lasting immunity than the Salk vaccine, as it provides both humoral immunity and cell-
mediated immunity.

One dose of trivalent OPV produces immunity to all three poliovirus serotypes in roughly 50% of
recipients. Three doses of live-attenuated OPV produce protective antibodies to all three
poliovirus types . in more than 95% of recipients. As with other live-virus vaccines, immunity
initiated by OPV is probably lifelong.

Introduction to Polio Vaccine

Poliomyelitis, also known as polio, is an infectious illness caused by a virus that attacks the
nervous system and spinal cord, causing muscle weakness and ultimately paralysis. The poliovirus
consists of an RNA genome and a protein capsid. It belongs to the species Enterovirus C. There are
three different types of poliovirus: type 1, type 2, and type 3. The virus can spread from the faeces
of an infected person to the environment and in the areas where there is poor sanitization, it
spreads easily. Children under the age of 5 years are prone to poliovirus. One of the types of polio
infections can cause paralysis as well. Thus to avoid getting infected by the virus a vaccine has
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been invented by Jonas Salk. Generally, the vaccination works by improving the immune system.
As a result, the improvement of poliovirus immunity will improve the efficiency of poliovirus
transmission control.

Polio Vaccine - History

e John Kolmer and Maurice Brodie led two teams to create a poliovirus vaccine in 1935, and
the findings were published in the American Public Health Association. Both of ‘the
vaccines were cancelled due to the death of the children who got vaccinated. Another
scientist, John Kolmer, invented the vaccine and gave it to around 10,000«children, five of
whom died and more than ten were paralyzed. In another town where polioswas not
found, the children were seriously affected, causing harsh responses «from other
researchers, one of whom nicknamed him "Kolmer a killer". Maurice Brodie reported his
findings, however, the researchers were not pleased because of the Kolmer report;
nonetheless, Brodie and his team designed the vaccine and tested it on themselves and
infants, and as a result, he discovered that the vaccine was successful in about 88 per cent
of cases.

e At the Children's Hospital Boston, a research.group:that was led by John Enders cultivated
the polio vaccine using human tissue. Anotherresearcher named Thomas H. Weller, tried
to develop the varicella virus in lung tissue, asia-result of this, he extracted the sample of
the brain of a mouse that was infected with poliovirus. Where the polio cultures are grown
instead of varicella cultures. Thus all'of them were recognized and awarded a Nobel prize
for their work. Along with the improvement in the steps of finding vaccines the
identification of serotypes of poliovirus added advantage to develop the vaccine.

e The first effective polio vaccine was developed in 1952 by Jonas Salk with his team. A test
called Francis Field Trial which is the largest medical experiment at that time was
conducted by:Thomas Francis utilized the Salk vaccine.

Types of Polio Vaccine
There are twoitypes of vaccines that are used to fight and protect against the poliovirus.
1. Oral Polio Vaccine:

It is given with another name after its inventor Albert Sabin thus called the Sabin vaccine, in short,
it istknown as OPV that was introduced in 1961. It consists of three of the live attenuated
serotypes of poliovirus. The serotypes include Sabin types 1, 2, and 3. These are selected for their
ability to lower neurovirulence and reduced transmissibility. When the poliovirus type 2 was
declared eradicated in 2015, there was the switching of the vaccine from trivalent (tOPV) to
bivalent (bOPV). Trivalent had all the three types where the bivalent had only two types that are
type 1 and 3.
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The following are the administration OPV strains that produce an immune response to the
primary site of the poliovirus replication that is the lining of intestines. Mucosal immunity
provides a potential barrier to transmission by reducing the replication and excretion of the virus.
This combination along with its affordability made the OPV vaccine a choice in the global
eradication program.

2. Inactivated Poliovirus Vaccine:

It was first introduced in the year 1955. This is produced from poliovirus strains of wild-type,
where each of its serotypes was inactivated with the help of formalin. It is an injectable vaccine
and it can be taken alone or in combination with other vaccines such as hepatitis B, -tetanus,
diphtheria, etc. In a few countries such as the Netherlands and Scandinavia, the IPV.vaccine has
been used to eradicate the poliovirus. As it is a killed vaccine the risk of‘associating live virus with
the use of OPV. Even now efforts are being made to develop the more suited poliovirus vaccine
for the post-eradication environment. One example of such effort'is the inactivated polio vaccine
that was produced by the extraction of strains from Sabin.

Conclusion

Poliovirus is a communicable disease affected to humans by a virus called a human enterovirus. It
can spread through contaminated water or food sometimes it may transfer from the saliva of an
infected person. The patient that is exposed to many hazards can be found developing paralysis.
Thus getting vaccinated is the best way to prevent the effect of poliovirus. It works by producing
antibodies in the body against the virus. To fight against the virus, a large-scale government of
India has started to provide immunization.by launching a program where the vaccine has been
provided orally in the form of polio drops.

RABIES VACCINE

e Rabies is an.invariably-fatal infection of humans, acquired from the bite of an infected
mammal. The reservoir includes dogs, wolves, foxes skunks, jackals and bats.

e There are estimated to be 75,000 cases of rabies each year worldwide. Rabies is fatal and
there isno treatment after symptoms of the disease appear.

e . However, the progression of rabies can be checked if immunization is started immediately
after exposure (bite).

e The immunization against rabies are of two types: Pre-exposure prophylaxis and Post-
exposure prophylaxis.

Types of anti-rabies vaccine:

1. NEURAL a. Pasteur's cord vaccine b. Fermi vaccine c. Semple vaccine d. Beta Propiolactone
(BPL) vaccine e. Infant mouse brain vaccine
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2.NON-NEURAL

a. Egg vaccinesi. Duck egg vaccine (DEV) ii. Live attenuated chick embryo vaccine

b. Tissue culture vaccinei. Human diploid cell vaccine (HDCV) ii. Purified chick embryo cell culture
vaccine (PCECV) iii. Rabies vaccine Adsorbed (RAV) iv. Purified Vero cell rabies vaccine (PVRV) v.
BHK - Rabies Vaccine

c. Subunit vaccine

NEURAL VACCINES (NERVE TISSUE VACCINE): Pasteur's Cord Vaccine: Prepared by Louis Pasteur
in 1885 by drying pieces of infected rabbit spinal cord over caustic potash for varying periods.

Fermi Vaccine: Preparations of infected brain treated with phenol.

Semple Vaccine: 5% suspension of sheep brain infected with fixed virus and inactivated
with phenol at 370C.

Beta propiolactone (BPL) vaccine: Similar to semple vaccine, but the inactivating agent is
beta propiolactone and supposed to be more antigenic.

Infant mouse brain vaccine: Vaccine prepared.from suckling mouse brain (scanty or
absence of myelin in nerve tissue) and inactivated. by UV irradiation, beta propiolactone or
phenol.

Disadvantages of neural vaccines: The major complication following neural vaccines is the
post-vaccinal encephalitis. The myelin'protein in the vaccine stimulates immune response,
which in turn acts on the recipient's nervous system. Presence of residual live virus in
some of the early preparations due to insufficient inactivation resulted in the disease itself.
Infant mouse though has no or scanty myelin, occasional neurological complications have
been noted.

NON-NEURAL VACCINES:

A. Egg Based Vaccines: Duck Egg Vaccine: Vaccine prepared from fixed virus inactivated by beta

propiolactone after adapting the virus to grow in specific pathogen-free (SPF) duck eggs.

Limitation: Poor immunogenicity Live Attenuated Chick Embryo Vaccine: Viruses
attenuated by serial passage through eggs. Suitable for immunization of pet animals. Low
Egg Passage vaccine (40-50 egg passage) for immunization of dogs of three months or
more. High Egg Passage (HEP) vaccine (180 egg passage) for immunization of cattle and
cats. Limitation: Suitable for animal immunization, risk of residual live virus.
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B. Tissue Culture Vaccine:

Human Diploid Cell Vaccine (HDCV): Vaccine developed in 1964 by growing fixed virus (Wistar's
Pitman-Moore strain) on human diploid cell (WI-38 or MRC-5) and inactivated with beta
propiolactone.

Purified Chick Embryo Cell Culture Vaccine (PCECV): Flury LEP strain grown on chick embryo cell
culture and inactivated by beta propiolactone. (Marketed as Rabipur)

Rabies Vaccine, Adsorbed (RVA): The vaccine is prepared from the Kissling strain.of rabies virus
adapted to a diploid cell line of the fetal rhesus lung. The virus is inactivated with
betapropiolactone and concentrated by adsorption to aluminum phosphate.

Vero Cell Vaccine (VRV): Viruses are grown in vero cells and inactivated:by formaldehyde. The
inactivated poliomyelitis vaccine obtained from Vero cells, required.a purification step in order to
remove the residual cellular DNA, hence is known as the purified Vero cell'rabies vaccines (PVRV).
BHK-Rabies Vaccine: Rabies virus strain L. Pasteur (Vero cell-adapted).grown on BHK-21 C13 cell
monolayers, inactivated with beta-propiolactone and adsorbed on Aluminum phosphate. (Still in
trial stage)

C. Subunit (Recombinant) Vaccine: Recently developed recombinant vaccinia virus / G protein
vaccine is being used to eradicate rabies in foxes in Europe.

Dosage of Vaccine (HDCV/ARV): The potency of-tissue culture or duck-embryo derived vaccines
must have a potency of at least 2.51U per dose.

Intramuscular route (1ml/dose): -

e Pre-exposure: Prophylaxis consists of three doses of rabies vaccine given on days 0, 7, and
21 or28.-

e Post-exposure (in non-immunized individuals): Consists of five doses given on days 0, 3,
7,14, and 28.

e Post-exposure (in immunized individuals): Consists of only two doses, days 0 and 3 For
effective 'and early antibody response in those individuals who did not receive rabies
immunoglobulin, the 2-1-1 multisite schedule may be followed.

e It consists of one intramuscular dose each given in right and left arm at day 0, followed by
one dose in the deltoid muscle on days 7 and 21.

e Intradermal route (0.1ml): WHO recommends use of a intradermal regimen that consists
of five 0.1ml doses given intradermally on two sites on days 2-2-2-0-1-1.

e Dosage of Semple vaccine: - For class | risk, a dose of 2 ml each given subcutaneously on
the anterior abdominal wall for 7 days.
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e For class Il risk, a dose of 5 ml each given subcutaneously on the anterior abdominal wall
for 14 days.

e Forclass lll risk, a dose of 10 ml each given subcutaneously on the anterior abdominal wall
for 14 days. WHO does not recommend use of nerve-tissue derived vaccines.

HEPATITIS A VACCINE

Hepatitis A vaccine is a vaccine that prevents hepatitis A. It is effective in around 95% of cases and
lasts for at least twenty years and possibly a person's entire life. If given, two doses are
recommended beginning after the age of one. It is given by injection into a muscle. The first
hepatitis A vaccine was approved in the European Union in 1991, and the United States'in 1995. It
is on the World Health Organization's List of Essential Medicines.

The World Health Organization (WHO) recommends universal vaccination in areas where the
disease is moderately common. Where the disease is very common, widespread vaccination is not
recommended as all people typically develop immunity through infection during childhood. The
US Centers for Disease Control and Prevention (CDC) recommends vaccinating:

e All children aged 12-23 months

e Unvaccinated children and adolescents aged 2—-18 years
e International travelers

e Men who have sex with men

e People who use injection or non-injection drugs

e People who have an occupational risk for infection

e People who anticipate close contact with an international adoptee
e People experiencing homelessness

o People with HIV

e People with chronic liver disease

e . Any person wishing to obtain immunity

In.addition, a person who has not previously received hepatitis A vaccine and who has direct
contact with someone with hepatitis A should get hepatitis A vaccine within two weeks after
exposure.

Severe side effects are very rare. Pain at the site of injection occurs in about 15% of children and
half of adults. Most hepatitis A vaccines contain inactivated virus while a few contain weakened
virus. The ones with weakened virus are not recommended during pregnancy or in those
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with poor immune function. A few formulations combine hepatitis A with either hepatitis
B or typhoid vaccine

Soreness or redness where the shot is given, fever, headache, tiredness, or loss of appetite can
happen after receiving the hepatitis A vaccine. As with any medicine, there is a very remote
chance of a vaccine causing a severe allergic reaction, other serious injury, or death.

Medical uses

Within the US, the vaccine Vaqta, developed by Maurice Hilleman and his team at Merck &
Co. was licensed in 1995. The vaccine was phased in, around 1996, for children living in high-risk
areas. In 1999, its usage was widened to areas with elevated levels of infection. In the US as of
2007, the vaccine is strongly recommended for all children 12 to 23 months of age.in an attempt
to eradicate the virus nationwide. Although the original Food and Drug Administration (FDA)
license for Havrix by GlaxoSmithKline is dated 1995,it had been approvedin Europe in 1991.

The vaccine is given in the muscle of the upper arm, in two'doses for'the best protection. The
initial dose of the vaccine should be followed up by a:.booster six to twelve months later.
Protection against hepatitis A begins approximately two to four weeks after the initial vaccination.
Protection lasts at least 15 years and is estimated to.last at least 25 years if the booster is
administered.

A Cochrane review found that both types of vaccines offer significant protection, for at least two
years using the inactivated vaccine and‘at least five years with the attenuated vaccine. The review
concluded that the inactivated vaccine is safe, but required more high-quality evidence to assess
the safety of the attenuated vaccine.

COMMERCIAL VACCINES:

Several commercial hepatitis A vaccines are available. The definition of (U)nits varies among
manufacturers depending on how hepatitis A antigen is measured in their products.

e Avaxim: made by Sanofi Pasteur. Inactivated hepatitis A virus produced in MRC-5 cells.
Each dose contains 160 U of antigen adsorbed on aluminium hydroxide (0.3 mg Al).

e Epaxal: made by Crucell. Also sold under the brand names HAVpur and VIROHEP-A. This
vaccine consists of virosomes, artificial particles composed of
synthetic lipids and influenza proteins in addition to the hepatitis A antigen. It does not
contain aluminium.

e Havrix: made by GlaxoSmithKline. Inactivated hepatitis A virus produced in MRC-5 cells.
Each adult dose contains 1440 ELISA units of viral antigen adsorbed on aluminium
hydroxide (0.5 mg Al). The pediatric (child) doses contain half the amount of viral antigen
and aluminium.
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e Vaqta: made by Merck. Inactivated hepatitis A virus produced in MRC-5 cells. An adult
dose contains 50U of antigen adsorbed onto 0.45 mg of aluminium (as aluminium
hydroxyphosphate sulfate); a child dose contains half the amounts of antigen and
aluminium.

Combination vaccines

e Hepatitis A and B vaccine is a vaccine against hepatitis A and hepatitis B.

e Hepatitis A and typhoid vaccine is a vaccine against hepatitis A and typhoid.
HEPATITIS B VACCINE

e Hepatitis B vaccine is a vaccine that prevents hepatitis B.The first dose is recommended
within 24 hours of birth with either two or three more doses given after that.

e Hepatitis B vaccines are produced with recombinant . DNA techniques and
contain immunologic adjuvant.

e The first hepatitis B vaccine was approved in the United States in 1981. A recombinant
version came to market in 1986.

e Both versions were developed by Maurice Hilleman and his team.

BLOOD-DERIVED VACCINE

e The American microbiologist/vaccinologist Maurice Hilleman at Merck used three
treatments (pepsin, ureaand formaldehyde) of blood serum together with rigorous
filtration to yield a product that could be used as a safe vaccine.

e Hilleman hypothesized. that he could make an HBV vaccine by injecting patients with
hepatitis B surface protein. In theory, this would be very safe, as these excess surface
proteins lacked infectious viral DNA.

e The immune. system, recognizing the surface proteins as foreign, would manufacture
specially shaped antibodies, custom-made to bind to, and destroy, these proteins.

e Then, in the future, if the patient were infected with HBV, the immune system could
promptly deploy protective antibodies, destroying the viruses before they could do any
harm.

RECOMBINANT VACCINE

e The blood-derived hepatitis B vaccine was withdrawn from the marketplace in 1986,
replaced by Maurice Hilleman's improved recombinant hepatitis B vaccine which was
approved by the FDA on 23 July 1986.
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e It was the first human vaccine produced by recombinant DNA methods. For this work,
scientists at Merck & Co. collaborated with William J. Rutterand colleagues at
the University of California at San Francisco, as well as Benjamin Hall and colleagues at
the University of Washington.

e In 1981, William J. Rutter, Pablo DT Valenzuela and Edward Penhoet (UC Berkeley) co-
founded the Chiron Corporation in Emeryville, California, which collaborated with Merck.

e The recombinant vaccine is based on a Hepatitis B surface antigen (HBsAg) gene inserted
into yeast (Saccharomyces cerevisiae) cells which are free of any concerns associated with
human blood products.

e This allows the yeast to produce only the noninfectious surface protein, without any
danger of introducing actual viral DNA into the final product.The vaccine contains
the adjuvant amorphous aluminum hydroxyphosphate sulfate.

e In 2017, a two-dose HBV vaccine for adults, Heplisav-B gained U.S. Food and Drug
Administration (FDA) approval.

e |t uses recombinant HB surface antigen, similar to‘previous vaccines, but includes a novel
CpG 1018 adjuvant, a 22-mer phosphorothioate-linked oligodeoxynucleotide.

e |t was non-inferior concerning immunogenicity.In November 2021, Hepatitis B Vaccine
(Recombinant) (Prehevbrio) wasapproved by the FDA.

e Before this, the vaccine was only recommended for high-risk groups. As of the 1991
recommendation for universal. newborn Hepatitis B vaccination, no other vaccines were
routinely recommended for.all newborns in the United States and remains one of the very
few vaccines routinely recommended for administration at birth.

e The vaccine contains one of the viral envelope proteins, Hepatitis B surface antigen
(HBsAg). It isiproduced by yeast cells, into which the gene for HBsAg has been inserted.
Afterward an.immune system antibody to HBsAg is established in the bloodstream. The
antibody is known as anti-HBs. This antibody and immune system memory then provide
immunity to hepatitis B virus (HBV) infection.

BACTERIAL VACCINES

Bacterial Vaccines for use in bacterial diseases. Bacterial Vaccines contain attenuated or killed
bacteria that activate the immune system. For Bacterial Vaccines, a pathogen strain is cultured

and inactivated to produce a “whole-cell” vaccine (e.g., Bordetella pertussiss), an attenuated
bacterium is used (BCG), or pathogen bacterial strains is cultured to produce inactivated and

purified toxins or virulence factors (Clostridium tetani, Corynebacterium diphtheriae, B. pertussis).
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Bacterial diseases can be prevented by using vaccination that induce active immunity. Active
immunity can be induced by vaccines prepared from bacteria or their products. Table 1 presents a
summary of the types of current bacterial vaccines.
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Usage Bacterium Disease Antigen
Common usage Corynebacterium  Diphtheria Toxoid
diphtheriae
Clostridium Tetanus Toxoid
tetani
Bordetella Whooping Acellular (purified proteins) or killed
pertussis cough organisms
Haemophilus Meningitis Capsular polysaccharide conjugated to
influenzae carrier protein
Streptococcus Pneumonia Capsular polysaccharide or capsular
pneumoniae polysaccharide conjugated to carrier
protein
Neisseria Meningitis Capsular polysaccharide or capsular
meningitidis polysaccharide conjugated to a carrier
protein
Special situations Salmonella typhi  Typhoid Live organisms or capsular polysaccharide
fever
Vibrio cholerae Cholera Killed organisms
Yersinia pestis Plague Killed organisms
Bacillus anthracis ~ Anthrax Partially purified proteins

Mycobacterium
bovis (BCG)

Tuberculosis

Live organisms
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VACCINE TECHNOLOGY
Usage Bacterium Disease Antigen
Common usage Corynebacterium  Diphtheria Toxoid
diphtheriae
Clostridium Tetanus Toxoid
tetani
Bordetella Whooping Acellular (purified proteins) or killed
pertussis cough organisms
Haemophilus Meningitis Capsular polysaccharide conjugated to
influenzae carrier protein
Streptococcus Pneumonia Capsular polysaccharide or capsular
pneumoniae polysaccharide conjugated to carrier
protein
Neisseria Meningitis Capsular polysaccharide or capsular
meningitidis polysaccharide conjugated to a carrier
protein
Special situations Salmonella typhi  Typhoid Live organisms or capsular polysaccharide
fever
Vibrio cholerae Cholera Killed organisms
Yersinia pestis Plague Killed organisms
Bacillus anthracis =~ Anthrax Partially purified proteins

Mycobacterium
bovis (BCG)

Tuberculosis

Live organisms

Bacterial vaccines are composed of (1) whole bacteria (either killed or live, attenuated), bacterial
capsular polysaccharides, toxoids, or (2) purified proteins isolated from bacteria.
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Killed Bacterial Vaccines

The vaccines against cholera, plague, typhus, and Q fever contain whole killed bacteria. These
vaccines are used only to protect those likely to be exposed.

Live, Attenuated Bacterial Vaccines

The BCG vaccine against tuberculosis contains live, attenuated Mycobacterium bovis andqs used
in countries where the disease is endemic. One of the vaccines against typhoid fever contains live;
attenuated S. typhi.

Capsular Polysaccharide Vaccines

Vaccines containing capsular polysaccharide as the immunogen are directed against.Streptococcus
pneumoniae, Haemophilus influenzae, Neisseria meningitidis, and Salmonella typhi. The capsular
polysaccharide in the pneumococcal vaccine, the meningococcal. vaccine, and the H.
influenzae vaccine is conjugated to a carrier protein to enhance the antibody response.

Toxoid Vaccines

Two vaccines contain toxoids as the immunogen, the vaccines against diphtheria and tetanus. A
toxoid is an inactivated toxin that has lost its<ability to cause disease but has retained its
immunogenicity. (The pertussis vaccine also contains toxoid but contains other bacterial proteins
as well.)

Purified Protein Vaccines

Two vaccines contain purified bacterial proteins as the immunogen. The most commonly used is
the acellular pertussis vaccine, ‘which in combination with diphtheria and tetanus toxoids is
recommended for all children. The vaccine against anthrax also contains purified proteins but is
recommended only for individuals who are likely to be exposed to the organism.

ANTHRAX VACCINE

Anthrax vaccines are.vaccines to prevent the livestock and human disease anthrax, caused by
the bacterium Bacillus anthracis.

They.have had a prominent place in the history of medicine, from Pasteur's pioneering 19th-
century work with cattle (the first effective bacterial vaccine and the second effective vaccine
ever) to the controversial late 20th century use of a modern product to protect American troops
against the use of anthrax in biological warfare. Human anthrax vaccines were developed by
the Soviet Union in the late 1930s and in the US and UK in the 1950s. The current vaccine
approved by the U.S. Food and Drug Administration (FDA) was formulated in the 1960s.

Currently administered human anthrax vaccines include acellular (USA, UK) and live spore (Russia)
varieties. All currently used anthrax vaccines show considerable local and
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general reactogenicity (erythema, induration, soreness, fever) and serious adverse reactions occur
in about 1% of recipients.

PASTEUR'S VACCINE

In the 1870s, the French chemist Louis Pasteur (1822-1895) applied his previous method of
immunising chickens against chicken choleratoanthrax, which affected cattle, and thereby
aroused widespread interest in combating other diseases with the same approach. In May 1881,
Pasteur performed a famous public experiment at Pouilly-le-Fort to demonstrate his concept of
vaccination. He prepared two groups of 25 sheep, one goat and several cows. The animals of one
group were twice injected, with an interval of 15 days, with an anthrax vaccine prepared by
Pasteur; a control group was left unvaccinated. Thirty days after the first«<injection, both groups
were injected with a culture of live anthrax bacteria. All the animals in‘the.non-vaccinated group
died, while all of the animals in the vaccinated group survived. Pasteur publicly claimed he had
made the anthrax vaccine by exposing the bacilli to oxygen.

STERNE'S VACCINE

The Austrian-South African immunologist Max Sterne (1905-1997) developed an attenuated live
animal vaccine in 1935 that is still employed and.derivatives of his strain account for almost all
veterinary anthrax vaccines used in the world today.

Beginning in 1934 at the Onderstepoort Veterinary Research Institute, north of Pretoria, he
prepared an attenuated anthrax vaccine, using the method developed by Pasteur. A persistent
problem with Pasteur's vaccine was achieving the correct balance between virulence and
immunogenicity during preparation. This notoriously difficult procedure regularly produced
casualties among vaccinated animals. With little help from colleagues, Sterne performed small-
scale experiments which isolated the "Sterne strain" (34F2) of anthrax which became, and
remains today, the basis of most of the improved livestock anthrax vaccines throughout the
world. As Sterne's:vaccine is a live vaccine, vaccination during use of antibiotics produces much
reduced results.and should be avoided.

RUSSIAN ANTHRAX VACCINES

Anthrax vaccines were developed in the Soviet Union in the 1930s and available for use in humans
by 1940. A live attenuated, unencapsulated spore vaccine became widely used for humans. It was
given either by scarification or subcutaneous injection (only in emergency).

CHOLERA VACCINES

e Cholera vaccines protect against cholera, a severe, potentially epidemic, life-threatening
diarrheal disease caused by the bacterium Vibrio cholerae.

e Oral cholera vaccine (OCV) provides protection against cholera by stimulating the intestinal

immune response.
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This intestinal immune response limits V. cholerae colonization of the gut if one is
subsequently exposed.

e Oral cholera vaccine should be used as part of an integrated cholera control strategy
(including safe water, improved sanitation, and high-quality case management).

e Composition and Use of OCV The vaccines currently recommended by the World Health
Organization (WHO) are killed, whole-cell vaccines that are orally administered. These
vaccines are different from the injectable vaccine, which was widely used prior to 1980.

e Shanchol and Euvichol are two examples of killed oralvaccines that have the same
composition, and are relatively less expensive. Both are prequalified and are available
through the WHO global stockpile.

e Other brands of oral vaccine are similar in composition, safety and effectiveness, but are
either more expensive and logistically challenging (Dukoral),, or are not yet WHO
prequalified (mORC-Vax).

e Shanchol and Euvichol are presented in single. dose .vials containing 1.5 ml liquid.
Individuals taking the vaccine should mix the vaccine by shaking the vial, open the vial by
breaking the seal at the top, and then drink the’contents directly from the vile.

e Two doses of vaccine are recommended with the second dose given about two weeks
after the first. The vaccine must be kept cold during storage and transport. However,
during a vaccination campaign, the vaccine can be taken out of the cold chain on the day
of vaccine administration. This will simplify the logistics of the campaign and lower costs.

e |t should be noted that studies are ongoing to determine how flexible the dose schedule
can be. For example, in certain situations, the interval between doses might be increased
depending on the epidemiologic situation and the logistics in the country. In other
situations @ single dose (rather than two doses) may be more appropriate when this
strategy increases the number of people who can be vaccinated quickly during a campaign.

e As plans for a vaccine campaign are developed, the specific dosing plans should be
developed in collaboration with WHO.

Licensed Killed OCV Available Through the Global Stockpile

e = Shanchol (Shantha Biotechnics, India): licensed in India in 2009, prequalified by WHO in
2011, contains killed whole cells of V. cholerae serogroups O1 and 0139.

e Euvichol (EuBiologics Co., Ltd, Korea): licensed in Korea in 2015, prequalified by WHO in
2015, contains killed whole cells of V. cholerae serogroups O1 and 0139.
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e Euvichol-Plus: It is the world's first plastic tube OCV. Euvichol-Plus also received WHO
prequalification in August 2017.

DIPHTHERIA VACCINE

e Diphtheria  vaccineis  atoxoid vaccine against diphtheria, an illness  caused
by Corynebacterium diphtheriae. Its use has resulted in a more than 90% decrease in
number of cases globally between 1980 and 2000.

e The first dose is recommended at six weeks of age with two additional doses four weeks
apart, after which it is about 95% effective during childhood.

e The diphtheria vaccine is very safe.Significant side effects are rare.

e Pain may occur at the injection site.A bump may form at the site of injection that lasts a
few weeks.The vaccine is safe in both pregnancy and among those who have a poor
immune function.

e The diphtheria vaccine is delivered in several combinations. Some combinations (Td and
DT vaccines) include tetanus vaccine, others. (known as DPT vaccine or DTaP vaccine
depending on the pertussis antigen used) comes with the tetanus and pertussis vaccines,
and still others include additional vaccines such as Hib vaccine, hepatitis B vaccine,
or inactivated polio vaccine.

e The World Health Organization (WHO) has recommended its use since 1974. About 84% of
the world population is vaccinated. It is given as an intramuscular injection.The vaccine
needs to be kept cold but notfrozen.

e The diphtheria vaccine was developed in 1923It is on the World Health Organization's List
of Essential Medicines.

e The World Health Organization has recommended vaccination against diphtheria since
1974. The. first.dose is recommended at six weeks of age with two additional doses four
weeks apart, after receiving these three doses about 95% of people are immune.

o Three further doses are recommended during childhood. Booster doses every ten years
are no longer recommended if this vaccination scheme of 3 doses + 3 booster doses is
followed.

e Injection of 3 doses + 1 booster dose, provides immunity for 25 years after the last dose. If
only three initial doses are given, booster doses are needed to ensure continuing
protection

e Diphtheria vaccines are based on diphtheria toxoid, a modified bacterial toxin that induces
protective antitoxin antibodies of the IgG type.
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Toxin-producing C. diphtheriae is grown in liquid media and the toxin converted to the
inactive toxoid by treatment with formalin. This toxoid is adsorbed to aluminium salt as an
adjuvant and thiomersal added as a preservative for multi-dose vials.

Diphtheria toxoid combined with tetanus and pertussis vaccines (DTP) has been part of the
WHO Expanded Programme on Immunization (EPI) since its inception in 1974. A reduced
dose formulation is generally administered to individuals over 7 years of age.

Diphtheria toxoid is one of the safest vaccines available. Individuals with an anti-diphtheria
toxin antibody level of more than 0.1 IU/mL are considered fully protected from.disease.
DTP-containing multi-antigen vaccines (with Hep B, Hib, or IPV) are increasingly being used
in national immunization campaigns.

Diphtheria toxoid-containing vaccines

ADACEL® (adsorbed vaccine containing tetanus toxoid, reduced diphtheria toxoid and
reduced acellular pertussis vaccine), Sanofi Pasteur Ltd. (Tdap).

ADACEL®-POLIO (adsorbed vaccine containing tetanus toxoid, reduced diphtheria toxoid
and reduced acellular pertussis vaccine combined with inactivated poliomyelitis vaccine),
Sanofi Pasteur Ltd. (Tdap-IPV).

BOOSTRIX® (adsorbed vaccine containing tetanus toxoid, reduced diphtheria toxoid and
reduced acellular pertussis vaccine); GlaxoSmithKline Inc. (Tdap).

BOOSTRIX®-POLIO (adsorbed vaccine containing tetanus toxoid, reduced diphtheria toxoid
and reduced acellular pertussis vaccine combined with inactivated poliomyelitis vaccine),
GlaxoSmithKline Inc. (Tdap-IPV).

INFANRIX®-IPV/Hib (adserbed vaccine containing diphtheria and tetanus toxoids, acellular
pertussis, .inactivated  poliomyelitis and conjugated Haemophilus influenzae type b
vaccine), GlaxoSmithKline Inc. (DTaP-IPV-Hib).

INFANRIX hexa™ (adsorbed vaccine containing diphtheria and tetanus toxoids, acellular
pertussis, hepatitis B (recombinant), inactivated poliomyelitis and conjugated Haemophilus
influenzae type b vaccine), GlaxoSmithKline Inc. (DTaP-HB-IPV-Hib).

PEDIACEL® (adsorbed vaccine containing diphtheria and tetanus toxoids and acellular
pertussis vaccine combined with inactivated poliomyelitis vaccine and Haemophilus
influenzae type b conjugate vaccine), Sanofi Pasteur Ltd. (DTaP-IPV-Hib).

QUADRACEL® (adsorbed vaccine containing diphtheria and tetanus toxoids and acellular
pertussis vaccine combined with inactivated poliomyelitis vaccine), Sanofi Pasteur Ltd.
(DTaP-IPV).
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Td ADSORBED (adsorbed vaccine containing tetanus and reduced diphtheria toxoids),
Sanofi Pasteur Ltd. (Td).

Diphtheria toxoid is only available in combination vaccines. The amount of diphtheria
toxoid present varies by product. Preparations containing higher concentrations of
diphtheria toxoid (designated as "D") are administered for primary immunization of infants
and young children less than 7 years of age (pediatric formulation). Preparations
containing a lower concentration (designated as "d" and referred to as "reduced") may be
administered as a booster dose to children 4 years to less than 7 years of age and are the
recommended product for older children, adolescents and adults (adolescent/adult
formulation).

Diphtheria antitoxin

ANTIDIPHTHERIA SERUM: purified immunoglobulins obtained from the plasma of horses
hyper-immunized with diphtheria toxoid, Instituto Butantan, (DAtx)

DAtx is a specific immunoglobulin preparation for IM or IV administration that is available
on an emergency basis through local public health officials.

For complete prescribing information, consult the product leaflet or information contained
within Health Canada's authorized product .monographs available through the Drug
Product Database. Refer to Table 1“and Table 2 in Contents of Immunizing Agents
Authorized for Use in Canadain Part 1 .for lists of all vaccines and passive immunizing
agents authorized for use in Canada and their contents.

Efficacy, Effectiveness and Immunogenicity

Diphtheria toxoid protects against the systemic effects of diphtheria toxin but does not
directly protect "against infection. Carriage of C. diphtheriae can occur in immunized
individuals; but the rate of carriage is lower in immunized populations. After a complete
primary series,. more than 97% of vaccinees develop antibody concentrations that are
protective -against diphtheria toxin. In studies assessing booster response, 100% of
vaccinees had a protective antibody titre one month after the booster dose. Antitoxin is
believed to persist at protective concentrations for 10 years or more.

PARASITIC VACCINES

Parasitic Vaccines for use in prevention of parasitic diseases. Parasitic diseases are global
problems and considered to be a major obstacle to harming health and reducing
productivity of animals.

Parasites that live inside the body, such as mites, ticks, fleas, lice and flies are responsible
for organ condemnation, zoonoses and huge economic losses in animal production.
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e Various control methods have been implemented to minimize or inhibit loss caused by
parasitic diseases. Vaccination is considered one of the best alternatives for control of
parasites in the future.

Types of Parasitic Vaccine
Live Vaccines

The virulence of the parasitic strains derived from a single isolate could be variable. Attenuation
can also be generated by repeated passage in vitro. Many parasitic species have complex life
cycle, characterized by different life cycle stage, sometimes involving more than one host.
Inducing protective immune selection of parasitic strains with truncated lifecycles at the early life
cycle stage with adequate immunogenicity is another strategy for vaccine development. Live
vaccines may also be developed from parasites that cause chronic infections./In this case, the
parasite exhibits a long-term survival trend in the host, in which case chemotherapy is required to
treat the infection.

Killed Vaccines

Killed vaccines are more stable and have longer shelf life..The vaccine can be prepared from the
entire organism or their parts or products. Killed vaccines usually do not induce protective
immunity by themselves, so an appropriate adjuvant and formulation must be developed. In these
cases, special attention must be paid to the safety of the adjuvant used. If no live vaccine strains
are available, or the use of live vaccines is undesirable, it may be necessary to inactivate the
parasite prior to formulation of the vaccine.

Subunit and Recombinant Vaccines

Subunit and recombinant vaccines are composed of certain key molecules that manipulate the
host immune response by blocking the function of these molecules to prevent the establishment
of parasites in the host. In recent years the development of subunit and recombinant vaccines
have made substantial progress.

Table 1. Parasitic vaccines commercially produced.

Parasite Host Type of vaccine
Eimeria spp. Poultry Live virulent
Eimeria spp. Poultry Attenuated for precocity
E. maxima Poultry Subunit vaccine of gametocyte
antigen
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Parasite Host Type of vaccine
T. gondii Sheep Attenuated for truncated life cycle
N. caninum Cattle Killed vaccine
T. annulata Cattle Attenuated cell line vaccine
T. parva Cattle Non attenuated live vaccine
B. bovis and B. bigemina Cattle Attenuated vaccine
B. canis Dog Subunit vaccine
G. duodenalis Dog Killed vaccine
T. ovis Sheep Subunit recombinant vaccine

Vaccine development against parasitic diseases has been:slow to progress until recently. It faces
several basic challenges like the isolation of native antigens from none blood feeders which elicit
protective immunity if delivered to the immune system in an appropriate manner. Protein
separation, hybridoma technology, monoclonalantibody production and advances in recombinant
DNA technology are now being used for parasite identification and production of molecular
defined candidate vaccines. The slow progress is largely due to the difficulty of culturing protozoa
and helminths in vitro and in vive, which is being rapidly overcome now. The use of parasitic
vaccines in the future will not only help protect people from these diseases but also reduce the
detrimental effects of continued, intensive chemical applications in the environment.

MALARIAL VACCINES

Malaria vaccines have been in development since the 1960's, with substantial progress in the last
decade. October 6, 2021, marked a historic day in the development of malaria vaccines, with
release of the World Health Organization (WHO) recommendation for widespread use of the
RTS,S/AS01 (RTS,S) malaria vaccine among children living in sub-Saharan Africa and other regions
with moderate to high P. falciparum malaria transmission. Two years later, the WHO approved a
second malaria vaccine (R21/Matrix-M) for use in malaria endemic countries.

Barriers to developing a malaria vaccine

The development of a malaria vaccine has faced several obstacles: the lack of a traditional market,
few developers, and the technical complexity of developing any vaccine against a parasite.
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Malaria parasites have a complex life cycle, and there is poor understanding of the complex
immune response to malaria infection. Malaria parasites are also genetically complex, producing
thousands of potential antigens. Unlike the diseases for which we currently have effective
vaccines, exposure to malaria parasites does not confer lifelong protection. Acquired immunity
only partially protects against future disease, and in many cases, people still become infected with
the parasite; malaria infection can persist for months without symptoms of disease.

RTS,S/AS01 vaccine

The vaccine has been in development since the mid-1980s and has advanced thanks toa unique
public-private partnership of GSKBio, the PATH Malaria Vaccine Initiative, and African and other
research organizations, with funding support from the Bill and Melinda Gates Foundation.
Following the pivotal Phase 3 trial in 11 sites from 7 countries showing.that the vaccine was
efficacious, in 2015 a large-scale pilot implementation accompanied by rigorous evaluation
provided the conclusive evidence on feasibility, safety, and population impact that led to the
WHO recommendation.

CDC, in collaboration with KEMRI and several other organizations, led the evaluation of the
RTS,S/AS01 pilot in western Kenya.

Key findings from the malaria vaccine pilots include:

e Feasible to deliver: Vaccine introduction is feasible, with good and equitable coverage of
RTS,S seen through routine immunization systems, even in the context of the COVID-19
pandemic.

e Reaching the unreached: RTS,S increased equity in access to malaria prevention.

o More than two-thirds of children in the three pilot countries who were not sleeping
under an ITN:benefitted from the RTS,S vaccine.

o Layering-the tools results in over 90% of children benefitting from at least one
preventive intervention (ITN or the malaria vaccine).

e Strong safety profile: RTS,S vaccine has a favorable safety profile. By the time of pilot
completion in 2023, >6 million doses of the vaccine have been administered with >2.5
million children receiving at least one dose of the vaccine in three African countries, with
no new safety signals identified.

o No negative impact on uptake of bed nets, other childhood vaccinations, or health
seeking behavior for febrile illness. In areas where the vaccine has been introduced, there
has been no decrease in the use of insecticide-treated nets, uptake of other childhood
vaccinations or health seeking behavior for febrile illness.
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e High impact in real-life childhood vaccination settings: In addition to the 39% reduction in
clinical malaria seen in the Phase 3 trial, the pilot found significant reduction (30%) in
severe malaria and 13% reduction in all-cause mortality in children, even when introduced
in areas where insecticide-treated nets are widely used and there is good access to
diagnosis and treatment.

e Highly cost-effective: Modelling estimates that the vaccine is cost effective in areas. of
moderate to high malaria transmission.

Malaria vaccines: the way forward

A number of other malaria vaccine candidates are in development or trial phases; including
transmission-blocking vaccines that target the sexual stage of parasite development in the
mosquito and mRNA vaccines against malaria. The world's leading global health organizations
have developed the Malaria Vaccine Technology Roadmap for accelerating development of a
highly effective malaria vaccine.

The roadmap includes the following strategic goals for malaria vaccines by 2030:

e Develop and license malaria vaccines with. protective efficacy of at least 75% against
clinical malaria for areas with ongoing malaria transmission.

e Develop malaria vaccines that reduce transmission and human malaria infection, enabling
elimination in multiple settings through mass vaccination campaigns.
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UNIT -1l

VACCINE TECHNOLOGY
ROLE AND PROPERTIES OF ADJUVANTS

An adjuvant is a substance that enhances the immune system’s response to the presence.of an
antigen. They are commonly used to improve the effectiveness of a vaccine. Generally, they are
injected alongside an antigen to help the immune system generate antibodies that fight the
antigen.

While they are commonplace in the development of vaccines, the mechanisms underlying how
exactly they influence the immune system is still not completely understood. However, recent
studies have helped to uncover key information.

The use of adjuvants in vaccines

The purpose of adding adjuvants into vaccines is to boost the immune system response and to
allow for fewer doses or lesser quantities of the vaccine to be administered. Aluminum, one of the
most commonly used adjuvants, was first discovered torhave adjuvant properties back in 1926.

Since then numerous vaccines, such as hepatitis A, hepatitis B, diphtheria-tetanus, Haemophilus
influenza type b, and pneumococcal vaccines have been developed with the use of aluminum
adjuvants. Today, a number of different kinds of.adjuvants have been discovered and successfully
used to develop new vaccines. We discuss these below.

Scientists theorize that adjuvants‘may act through a number of mechanisms to have the impact of
enhancing the immune systemuresponse. Studies have revealed that adjuvants are likely to
influence mechanisms such as the induction of cytokines and chemokines, the formation of depot,
the promotion of antigen. transportation to drain the lymph nodes, and the enhancement of
antigen uptake and-presentation.

Research has revealed that adjuvants are likely generating immuno-competent environments at
the location of the vaccine injection through the activation of an innate immune response. It is
this innate response, the type that is activated, which governs how the quality of the adaptive
immune responses are altered.

How do adjuvants work?

When adjuvants are added into a vaccine they work in four distinct ways to boost the immune
response. The first of these pathways is the activation of antigen-presenting cells to signal to the
immune system’s T cells that foreign substances have infiltrated.

To do this adjuvants boost the activation of antigen-presenting cells, cells of the immune system
that encompass foreign substances and break them up, presenting the resulting particles to the
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immune system’s T cells. This activates the T cells, which has the impact of activating the
antibody-producing B cells.

The second way that adjuvants work is by activating T cells indirectly by discharging phagosomes
that attach themselves to the T cells. Following this binding, the T cells are induced to release
cytokines that switch on the antibody-producing B cells.

The next process involves the targeting of antigens at specific locations. The location where an
adjuvant is injected can induce immune system activity localized to that specific area. This
activation incites T cells to travel through the bloodstream to that specific location:

Finally, adjuvants can induce the slow release of an antigen. The depot effect refers to the process
by which adjuvants can regulate the rate of antigen release into the bloodstream. To achieve this,
the adjuvant is enclosed within a polymer along with an antigen. This has the impact of reducing
the rate at which both the chemicals and antigens are released into the tissue and bloodstream.

Types of adjuvant

e Since the discovery of aluminum’s function of “an adjuvant back in 1926, many more
substances have been recognized as adjuvants and.used to create a variety of vaccines.

e To begin with, aluminum, as discussed;:is a‘common type of adjuvant. These are often
added into vaccines in the form of mineral salts. It is particularly competent at activating
the Th2 immune response, which.is characterized by the release of Interleukin 5 and is
often associated with the removal of parasites.

e However, it is not as effective.at activating the Th1 response, which causes B cells to attach
themselves to antigens to allow other immune cells to identify and kill whatever substance
is clinging to the antibody.

e Qil emulsions.are another type of widely used adjuvant. These mixtures of oil and water
have proven their effectiveness at generating strong immune responses. Like aluminum,
these substances are excellent at inducing the Th2 immune response. Also, they are good
at creating a slow-release effect.

e Microbial substances, such as sugars from the cell walls of microbes, can be used to induce
intense immune reactions due to the body’s natural response against microbes.

e...Saponins are a group of chemical compounds that exist in abundance in numerous species
of plants. These steroid molecules with attached sugar chains can also trigger an intense
immune response at a low dose.

e Cytokines are a group of peptides that play a vital role in cell signaling. Interferons and
interleukins are specific types of cytokines that are naturally released by cells in the
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immune system in order to generate mutual activations. Certain types of these cytokines
can be used to evoke specificimmune cell responses.

e Finally, scientists have successfully established various synthetic adjuvants. Specifically,
molecules have been designed that activate the immune cell’s PRR and TLR receptors,
having the impact of switching on genes that indicate the presence of an infection to
neighboring cells.

DNA VACCINE

DNA vaccines are nucleic acid vaccines that are genetically engineered into a plasmid. The DNA
sequence codes for the antigen against which immunity is sought.

Mechanism: The plasmid is transfected into the host cell and is incorporated into the host
genome. As a normal metabolic process, the DNA sequence is translated into a protein. Since the
protein is a bacterial or viral sequence, it is recognised as a foreign body by the host’s machinery,
and as a result immune response is activated.

The DNA vaccines are advantageous because they are‘easy to develop, are cost-effective, and
gives a longer immune response to the host cells.

Recombinant Vaccine

Recombinant vaccines are synthesized using.yeast or bacterial cells for the manufacture of
vaccines. These protein or DNA recombinants are introduced into the host cells where they are
identified as a foreign material, and as a result, an immune response is triggered.

The advantage of recombinant vaccines is that they can be used for people with weakened
immune systems as well. However; one shortcoming is that you need to get booster shots to
maintain the effect of the vaccine.

DNA plasmid vaccines comprise a small circular piece of DNA called a plasmid that carries genes
encoding proteins from the pathogen of interest. The manufacturing process for DNA plasmid
vaccines is well-established, allowing experimental vaccines to be quickly developed to address
emerging or re-emerging infectious diseases. NIAID’s Vaccine Research Center has developed
candidate DNA vaccines to address several viral disease threats during outbreaks, including SARS
coronavirus (SARS-CoV) in 2003, H5N1 avian influenza in 2005, HIN1 pandemic influenza in 2009,
and Zika virus in 2016. The time from selection of the viral genes to be included in the vaccine to
initiation of clinical studies in humans was shortened from 20 months with SARS-CoV to slightly
longer than three months with Zika virus.

Vaccines based on messenger RNA (mRNA), an intermediary between DNA and protein, also are
being developed. Recent technological advances have largely overcome issues with the instability
of mMRNA and the difficulty of delivering it into cells, and some mRNA vaccines have demonstrated
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encouraging early results. For example, NIAID-supported researchers developed an experimental
mMRNA vaccine that protected mice and monkeys against Zika virus infection after a single dose.

Rather than delivering DNA or mRNA directly to cells, some vaccines use a harmless virus or
bacterium as a vector, or carrier, to introduce genetic material into cells. Several
such recombinant vector vaccines are approved to protect animals from infectious diseases,
including rabies and distemper. Many of these veterinary vaccines are based on a technology
developed by NIAID researchers in the 1980s that uses weakened versions of a poxvirus to deliver
the pathogen’s genetic material. Today, NIAID-supported scientists are developing.and evaluating
recombinant vectored vaccines to protect humans from viruses such as HIV, Zika virus and Ebola
virus.

PROTEIN BASED VACCINES

Protein-based vaccines have been protecting you from all sorts of infectious diseases since they
were first developed in the 1980s

Protein-based viral vaccines include carefully identified protein fragments of a virus, chosen for
their ability to stimulate your immune system, which are often combined with another substance
that helps to increase the immune system response'to the protein fragments, called an adjuvant.

Protein fragments by themselves are harmless and incapable of causing disease; they have no
function on their own. So why use them? Once injected, your immune system recognizes that
select fragments used in protein-based vaccines do not belong. This results in your immune
system training your body to recognize the whole virus. This helps protect you soon after
vaccination as it enables your immune system to create antibodies and defensive white blood
cells which, should you later become infected, will be used by your body to fight the virus

Protein-based vaccines: History and advancements

For decades, protein-based vaccine platforms have been used for the prophylaxis of both bacterial
(e.g., pertussis,.tetanus, diphtheria) and viral (e.g., hepatitis B, HPV) diseases, with the first
vaccine containing a-surface protein of a virus approved in the United States in 1986 (Fig. 1).
Protein-based vaccines are indicated for use in infants, children, and adults, including the elderly,
and their. favorable safety profile and benefits are well known. Since the availability of the first
protein-based vaccine against HPV in 2006, the CDC estimates that HPV infections in teenage girls
and young adult women have decreased by 88 % and 81 %, respectively. The success of the HPV
vaccination campaign is partly due to the durability of vaccine-induced antibodies, which can
persist for over a decade.

Protein vaccines use peptides or proteins as antigens to induce an immune response. As
previously described, protein antigens can be obtained from the pathogen that causes the
infectious disease as a natural source, either in their whole form or as derived split-products.
Although protein vaccines produced from natural infectious agents still fulfill an important role,
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they show some disadvantages, as production and purification processes are costly, time-
consuming and require the growth of large quantity of pathogens. In addition, some viruses
cannot be cultivated efficiently or are risky to cultivate in large scale, making difficult the
production from natural sources. In other cases, human proteins, such as certain protein factors,
could also be required for treatment of non-infectious diseases, such as hypertension and cancer
[83]. As an alternative to natural sources, protein subunit vaccines can also be produced as
heterologous proteins in recombinant systems. Production through well-established expression
systems, including recombinant bacteria, yeast, insect cells or mammalian cells, is considered to
be more cost-effective and safe compared with natural sources. Nevertheless, the process to find
the appropriate antigenic component to produce an effective immune «response «is time-
consuming Although full-length proteins can induce the development<of antibodies against
multiple epitopes and they tend to maintain their native conformation, they. also increase the
possibilities of inducing nonspecific cross-reactive antibodies.

Since only specific amino acid sequences of the full-length antigen.are responsible for effective
immune responses, selected immunogenic peptides mimicking B- and T-cell epitopes have also
been proposed as vaccine candidates .Consequently, optimizing amino acid sequence is of great
importance to promote epitopes associated with neutralizing antibodies, that block pathogens
and confer protection, while reducing epitopes. associated with non-neutralizing antibodies
.Subunit vaccines tend to generate low immunogenicity in comparison with traditional vaccines
due to relative small sizes and low valences.of the antigens or epitopes . Moreover, whole-
organism vaccines, whether inactivated, attenuated or from a closely related species, do not
expose just one copy of an antigen, because they contain multiple copies of each antigen, as well
as other immunostimulatory molecules, and with subunit protein vaccines, this effect does not
occur . Many approaches have been explored to develop effective subunit vaccines, including the
use of adjuvants to stimulate the immune system and the use of nanotechnology to generate
effective antigen display. systems . The addition of adjuvants can help the vaccine to be more
immunogenic, induce a stronger humoral or cellular immune response, increase antigen
processing by APC, decrease the total amount of vaccine that needs to be injected or aid in the
development of a long.term memory response

The potential of protein-based COVID-19 vaccines

As of late-2022, it is reasonable to ask whether new COVID-19 vaccines are needed. Despite the
success. of mRNA and adenovirus vector vaccines against COVID-19, some believe that the
development of different vaccine platforms remains critically important [7], [8]. Global vaccine
equity stands to benefit from protein-based vaccines, which typically only require refrigeration;
other types of vaccines may need to be kept frozen (at temperatures as low as — 90 °C) until use.
Vaccine stability is an important consideration for remote or resource-constrained settings in low-
and middle-income countries, where maintaining freezing temperatures may be difficult.
Improving overall global vaccination rates would help slow the spread of existing viral strains and
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the emergence of SARS-CoV-2 variants. Moreover, additional platforms could help to overcome
the shortcomings of pandemic-era vaccines, such as poor epitope coverage and durability of
protection . For these reasons, it is important to develop multiple vaccine technologies rather
than to rely on any individual platform.

PLANT-BASED VACCINES

Problems about unavailability of vaccines for the treatment of severe diseases have driven
worldwide attention towards production of safer, easier, and more effective vaccines; which
initiates the development of plant-based vaccines. Conventional vaccine production:methods
include egg-based vaccines, cell-based vaccines and investigational-manufacturing systems which
the plant-based vaccines belong to. Egg-based vaccines have a history over 60 years and the
method requires the injection of virus particles into eggs and an extra incubation for virus
replication. The procedure involving selection for appropriate virus strains to be replicated in
eggs, complicated purification process in downstream antigen expression and a demand for huge
number of eggs makes vaccine production far more time-consuming: For cell-based vaccines,
requirements for costly fermentation facilities also limit its scale-up production.
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Plant-based vaccines are a kind of recombinant vaccines that introduce antigens against particular
pathogens into the selected plant. By far, scientists have developed over 200 proteins expressed
in plants. These encouraging results demonstrate a brighter future for plant-based vaccines. Hiatt
and his colleagues firstly made attempt to produce vaccines using plants since 1989. National
Institute of Allergic and Infectious Diseases (NIAID) certified that plant-based vaccines could
induce sufficient immunogenicity in inoculated individuals in 1998. After 8-year development,
world’s first plant-based vaccine against Newcastle disease virus (NDV) was approved by the
United States Department of Agriculture (USDA) for poultry.

The advantages of Plant-based Vaccines

Compared to conventional vaccine methods, plant-based vaccines are endowed with following
strengths:

e Economically effective for they are free of cold-chain transport

e No need to worry about being contaminated by toxins and-pathogens, which usually
occurs in bacterial vaccines production

e Impossibility of reverse virulence
e Easy to expand production scale
e FEasy for storage

Our Plant-based Vaccines platform

As a promising technology to produce vaccines, plant-based vaccines development is restricted
with respect to the option of suitable antigen, the efficient expression system for plant host and
the issues of consistency of.dosage. Creative Biolabs now provides a range of optimization
strategy services for our customers.

e Various plant bioreactors
e Mature chloroplast transformation technologies
e Professional strategies to enhance gene delivery efficiency
e Strategies for antigen selection and expression
e, Dosage consistency design.
REVERSE VACCINOLOGY

Reverse vaccinology is an improvement of vaccinology that employs bioinformatics and reverse
pharmacology practices, pioneered by Rino Rappuoliand first used against Serogroup
B meningococcus. Since then, it has been used on several other bacterial vaccines.
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COMPUTATIONAL APPROACH

The basic idea behind reverse vaccinology is that an entire pathogenic genome can be screened
using bioinformatics approaches to find genes. Some traits that the genes are monitored for, may
indicate antigenicity and include genes that code for proteins with extracellular localization, signal
peptides & B cell epitopes. Those genes are filtered for desirable attributes that would make good
vaccine targets such as outer membrane proteins. Once the candidates are identified, they are
produced synthetically and are screened in animal models of the infection.

HISTORY

After Craig Venter published the genome of the first free-living organism in 1995, the genomes of
other microorganisms became more readily available throughout the end of the twentieth
century. Reverse vaccinology, designing vaccines using the pathogen's sequenced genome, came
from this new wealth of genomic information, as well as technological advances. Reverse
vaccinology is much more efficient than traditional vaccinology, which requires growing large
amounts of specific microorganisms as well as extensive wet lab tests.

In 2000, Rino Rappuoli and the J. Craig Venter Institute developed the first vaccine using Reverse
Vaccinology against Serogroup B meningococcus. The J. Craig Venter Institute and others then
continued work on vaccines for A Streptococcus, B’ Streptococcus, Staphylococcus aureus, and
Streptococcus pneumoniae.

REVERSE VACCINOLOGY WITH MENINGOCOCCUS B

Attempts at reverse vaccinology.first began with Meningococcus B (MenB). Meningococcus B
caused over 50% of meningococcal "meningitis, and scientists had been unable to create a
successful vaccine for the pathogen because of the bacterium's unique structure. This bacterium's
polysaccharide shell isddentical to that of a human self-antigen, but its surface proteins vary
greatly; and the lack of information about the surface proteins caused developing a vaccine to be
extremely difficult. 'As a.result, Rino Rappuoli and other scientists turned towards bioinformatics
to design a functional vaccine.[5]

Rappuoli and others at the J. Craig Venter Institute first sequenced the MenB genome. Then, they
scanned the:sequenced genome for potential antigens. They found over 600 possible antigens,
which were tested by expression in Escherichia coli. The most universally applicable antigens were
used in the prototype vaccines. Several proved to function successfully in mice, however, these
proteins alone did not effectively interact with the human immune system due to not inducing a
good immune response in order for the protection to be achieved. Later, by addition of outer
membrane vesicles that contain lipopolysaccharides from the purification of blebs on gram
negative cultures. The addition of this adjuvant (previously identified by using conventional
vaccinology approaches) enhanced immune response to the level that was required. Later, the
vaccine was proven to be safe and effective in adult humans.
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SUBSEQUENT REVERSE VACCINOLOGY RESEARCH

During the development of the MenB vaccine, scientists adopted the same Reverse Vaccinology
methods for other bacterial pathogens. A Streptococcus and B Streptococcus vaccines were two
of the first Reverse Vaccines created. Because those bacterial strains induce antibodies that react
with human antigens, the vaccines for those bacteria needed to not contain homologies to
proteins encoded in the human genome in order to not cause adverse reactions, thus establishing
the need for genome-based Reverse Vaccinology.

Later, Reverse Vaccinology was used to develop vaccines for antibiotic-resistant'Staphylococcus
aureus and Streptococcus pneumoniae.

Pros and cons

The major advantage for reverse vaccinology is finding vaccine targets quickly and efficiently.
Traditional methods may take decades to unravel pathogens and antigens, diseases and
immunity. However, In silico can be very fast, allowing to identify new:vaccines for testing in only
a few years.[6] The downside is that only proteins can be'targeted using this process. Whereas,
conventional vaccinology approaches can find other biomolecularitargets such as polysaccharides.

Available software

NERVE is one relatively new data processing program. Though it must be downloaded and does
not include all epitope predictions, it does help save some time by combining the computational
steps of reverse vaccinology into one program. Vaxign, an even more comprehensive program,
was created in 2008. Vaxign is web-basedand completely public-access.

Other developments because of reverse vaccinology and bioinformatics
e Reverse vaccinology has.caused an increased focus on pathogenic biology.[5]

e Reverse vaccinology led to the discovery of pili in gram-positive pathogens such as A
streptococcus, B streptococcus, and pneumococcus. Previously, all gram-positive bacteria
were thoughtto not have any pili.[5]

e ‘Reverse wvaccinology also led to the discovery of factor G binding protein in
meningococcus, which binds to complement factor H in humans. Binding to the
complement factor H allows for meningococcus to grow in human blood while blocking
alternative pathways. This model does not fit many animal species, which do not have the
same complement factor H as humans, indicating differentiation of meningococcus
between differing species.

PEPTIDE VACCINES

Peptide-based synthetic vaccines (epitope vaccines) are subunit vaccines made from peptides.
The peptides mimic the epitopes of the antigenthat triggers direct or potent immune
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responses.[1] Peptide vaccines can not only induce protection against infectious pathogens and
non-infectious diseases but also be utilized as therapeutic cancer vaccines, where peptides
from tumor-associated antigens are used to induce an effective anti-tumor T-cell response.

History

The traditional vaccines are the whole live or fixed pathogens. The second generation of vaccines
is mainly the protein purified from the pathogen. The third generation of vaccines is the DNA or
plasmid that can express the proteins of the pathogen. Peptide vaccines are the latest stepuin the

evolution of vaccines.
Advantages:

e The vaccines are fully synthesized by chemical synthesis and can be treated as chemical
entity.

e With more advanced solid-phase peptide synthesis (SPPS) .using automation and
microwave techniques, the production of peptides.becomes more efficient.

e The vaccines do not have any biological .contamination since they are chemically
synthesized.

e The vaccines are water-soluble and can be kept.stable under simple conditions.

e The peptides can be specially designed for specificity. A single peptide vaccine can be
designed to have multiple epitopes to generate immune responses for several diseases.

e The vaccines only contain a short peptide chain, so they are less like to lead to allergic or
auto-immune responses.

Disadvantages:

e Poor immunogenicity.

e Unstable incells.

e _Lack of native conformation.

e .Only effective for a limited population.
Epitope design

The whole peptide vaccine is to mimic the epitope of an antigen, so epitope design is the most
important stage of vaccine development and requires an accurate understanding of the amino
acid sequence of the immunogenic protein interested. The designed epitope is expected to
generate strong and long-period immuno-response against the pathogen. The followings are the
points to consider when designing the epitope:
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The non-dominant epitope could generate a stronger immune response than the
dominant epitope. Ex. The antibodies from people infected by hookworm can recognize
the dominant epitope of the antigen called Necator americanus APR-1 protein, but the
antibodies can't induce protection against hookworm. However, other non-dominant
epitopes on APR-1 protein show the ability to induce the production of neutralizing
antibodies against hookworm. Therefore, the non-dominant epitopes are the better
candidate for peptide vaccines against hookworm infection.

Take hypersensitivity into consideration. Ex. Some IgE-inducing epitopes
cause hypersensitivity reactions after vaccinationin humans due to.the overlap
with IgG epitopes in the Na-ASP-2 protein which is an antigen from hookworm.

Some short peptide epitopes need elongating to maintain the native conformation. The
elongated sequences can include proper secondary structure. Also, some short peptides
can be stabled or cyclized together to maintain the proper conformation. Ex. B-
cell epitopes could only have 5 amino acids. To induce an immune response, a sequence
from yeast GCN4 protein is used to improve the conformation of the peptide vaccines by
forming alpha-helix..

Use adjuvants associated with the epitope to induce the immune response.

Applications

p100 peptide vaccine is studied to treat melanoma. To generate a greater in vitro CTL
response, the peptide, gp100:209-217(210M), is modified and binds to HLA-A2*0201.
After vaccination, more circulating T cells can recognize and kill melanoma cancer cells in
vitro.[10]

Rindopepimut is the epidermal growth factor receptor (EGFR)-derived peptide vaccine to
treat glioblastoma multiforme (GBM). The 14-mer peptide is coupled with keyhole limpet
hemocyanin (KLH), which can reduce the risk of cancer.

Other common diseases

EpiVacCorona, a peptide-based vaccine against COVID-19.

IC41 is a peptide vaccine candidate against the Hepatitis C virus. It consists of five synthetic
peptides along with the synthetic adjuvant called poly-l-arginine.[13]

Multimeric-001 is the most efficient peptide vaccine candidate against influenza. It
contains B- and T-cell epitopes from Hemagglutinin. Matrix | and nucleoprotein are
combined into a single recombinantly-expressed polypeptide.
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Conjugate vaccine

A conjugate vaccine is a type of subunit vaccine which combines a weak antigen with a strong
antigen as a carrier so that the immune system has a stronger response to the weak antigen.

Vaccines are used to prevent diseases by invoking an immune response to an antigen, part of a
bacterium or virus that the immune system recognizes. This is usually accomplished with an
attenuated or dead version of a pathogenic bacterium or virus in the vaccine, so that the immune
system can recognize the antigen later in life.

Most vaccines contain a single antigen that the body will recognize. However, the antigen of some
pathogens does not elicit a strong response from the immune system, so a vaccinationagainst this
weak antigen would not protect the person later in life. In this case, a conjugate vaccine is used in
order to invoke an immune system response against the weak antigen. In a conjugate vaccine, the
weak antigen is covalently attached to a strong antigen, ‘thereby _eliciting a stronger
immunological response to the weak antigen. Most commonly, 'the weak antigen s
a polysaccharide that is attached to strong protein antigen. However, peptide/protein and
protein/protein conjugates have also been developed.

History

The idea of a conjugate vaccine first appeared in experiments involving rabbits in 1927, when the
immune response to the Streptococcus pneumoniae type 3 polysaccharide antigen was increased
by combining the polysaccharide antigen with a protein carrier. The first conjugate vaccine used in
humans became available in 1987. This.was the Haemophilus influenzae type b (Hib) conjugate,
which protects against meningitis. The vaccine was soon incorporated with the schedule for infant
immunization in the United States. The Hib conjugate vaccine is combined with one of several
different carrier proteins, such as the diphtheria toxoid or the tetanus toxoid. Soon after the
vaccine was made available .the rates of Hib infection dropped, with a decrease of 90.7% between
1987 and 1991. Infection rates diminished even more once the vaccine was made available for
infants.

Technique

Vaccines evoke an immune response to an antigen, and the immune system reacts by producing T
cells'and.antibodies. The B memory cells remember the antigen so that if the body encounters it
later, antibodies can be produced by B cells to break down the antigen. For bacteria with a
polysaccharide coating, the immune response creates B cells independent of T cell stimulation. By
conjugating the polysaccharide to a protein carrier, a T cell response can be induced. Normally,
polysaccharides by themselves cannot be loaded onto the major histocompatibility
complex (MHC) of antigen presenting cells (APC) because MHC can only bind peptides.
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Approved conjugate vaccines

The most commonly used conjugate vaccine is the Hib conjugate vaccine. Other pathogens that
are combined in a conjugate vaccine to increase an immune response are Streptococcus
pneumoniae (see pneumococcal conjugate vaccine) and Neisseria
meningitidis (see meningococcal vaccine), both of which are conjugated to protein carriers like
those used in the Hib conjugate vaccine. Both Streptococcus pneumoniae and Neisseria
meningitidis are similar to Hib in that infection can lead to meningitis.[6]

In 2018, World Health Organization recommended the use of the typhoid conjugate vaccinewhich
may be more effective and prevents typhoid fever in many children under the age of five years.

RECENT ADVANCES IN MALARIA, TUBERCULOSIS, HIV

The success of the first licensed mRNA-based vaccines against COVID-19 has created a widespread
interest on mRNA technology for vaccinology. As expected, the number of mRNA vaccines in
preclinical and clinical development increased exponentially since=2020, including numerous
improvements in mRNA formulation design, delivery methods and manufacturing processes.
However, the technology faces challenges such as.the. cost“of raw materials, the lack of
standardization, and delivery optimization. MRNA technology 'may provide a solution to some of
the emerging infectious diseases as well as the deadliest hard-to-treat infectious diseases malaria,
tuberculosis, and human immunodeficiency  virus/acquired immunodeficiency syndrome
(HIV/AIDS), for which an effective vaccine; easily deployable to endemic areas is urgently needed.
In this review, we discuss the functional structure, design, manufacturing processes and delivery
methods of mMRNA vaccines. We.provide:an up-to-date overview of the preclinical and clinical
development of mMRNA vaccines against infectious diseases, and discuss the immunogenicity,
efficacy and correlates of protection of mRNA vaccines, with particular focus on research and
development of mRNA vaccines.against malaria, tuberculosis and HIV.
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UNIT -IV

FUNDAMENTAL RESEARCH TO RATIONAL VACCINE DESIGN
Introduction

The text focuses on the critical role that fundamental research plays in the rational design of
vaccines. It underscores the importance of understanding the biological mechanisms that underlie
immune responses to pathogens. By leveraging insights from basic sciences, researchers can
develop more effective and targeted vaccine strategies. This approach not only enhances the
efficiency of vaccine development but also ensures that vaccines are tailored to elicit robust

immune responses.

Importance of Fundamental Research: Fundamental research is essential for understanding
immune responses and developing effective vaccines.

Interdisciplinary Collaboration: Collaboration across various: scientific/disciplines is crucial for
advancing vaccine design.

Methodologies in Vaccine Development: Various methodologies, including immunology and
molecular biology, inform rational vaccine design.

Emerging Infectious Diseases: The rational design ofvaccines is vital for combating new and
emerging infectious diseases.

Targeted Vaccine Strategies: Tailored vaccine strategies enhance the likelihood of eliciting robust
immune responses.

Public Health Implications: Effective vaccines contribute significantly to improving public health
outcomes globally.

Continuous Research. and Innovation: Ongoing research and innovation are necessary to keep
pace with evolving pathogens.

The Role of Basic Science in Vaccine Development

Fundamental research lays the groundwork for vaccine development by providing insights into
how. pathogens interact with the immune system. Understanding these interactions helps
researchers identify potential vaccine targets and design strategies that can provoke a strong
immune response. This scientific foundation is critical for creating vaccines that are not only
effective but also safe for public use. By investing in basic science, researchers can ensure that the
vaccines developed are based on solid scientific principles, ultimately leading to more reliable

outcomes.
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The Importance of Imnmune Memory

One of the primary goals of vaccine design is to induce long-lasting immune memory.
Fundamental research has elucidated the mechanisms through which the immune system retains
memory of past infections or vaccinations. This understanding is essential for developing vaccines
that provide long-term protection against diseases. By focusing on the factors that influence
immune memory, researchers can create vaccines that not only provide immediate protection but
also prepare the immune system for future encounters with pathogens.

Genetic Engineering in Vaccine Design

Advancements in genetic engineering techniques, such as CRISPR, offer new avenues for vaccine
development. By manipulating the genetic material of pathogens or the immune cells that
respond to them, researchers can design vaccines that are more effective at eliciting the desired
immune response. This approach allows for the creation of personalized vaccines that can be
tailored to the genetic makeup of individuals or specific populations, enhancing their efficacy and
safety.

The Role of Epidemiology in Vaccine Research

Epidemiological studies provide valuable data on the prevalence and transmission of infectious
diseases. This information is crucial for identifying which pathogens pose the greatest threat to
public health and for guiding vaccine development priorities. By integrating epidemiological data
with fundamental research, scientists'can.make informed decisions about which vaccines to
pursue and how to allocate resources effectively.

The Global Nature of Vaccine Development

Vaccine development is a global endeavor that requires collaboration across borders. Emerging
infectious diseases can quickly spread, making it essential for countries to work together in
research and development efforts. By sharing knowledge, resources, and expertise, the global
scientific community can»accelerate the development of vaccines and ensure that they are
accessible to populations in need.

Regulatory Considerations in Vaccine Design

The process of bringing a vaccine from the research phase to clinical use involves rigorous
regulatory scrutiny. Understanding the regulatory landscape is crucial for researchers involved in
vaccine development. Fundamental research can inform regulatory guidelines by providing
evidence of safety and efficacy, ultimately facilitating a smoother transition from laboratory to
clinical application.
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The Need for Adaptive Vaccine Strategies

As pathogens evolve, so too must vaccine strategies. Continuous research is necessary to adapt
and improve vaccines in response to changes in pathogen behavior. This adaptive approach
requires a commitment to ongoing fundamental research, ensuring that vaccine design remains
informed by the latest scientific findings. By being proactive in research efforts, scientists can stay
ahead of emerging health threats and develop vaccines that effectively combat evolving
pathogens.

In conclusion, the text emphasizes that fundamental research is indispensable for the. rational
design of vaccines. By understanding the underlying biological mechanisms of immune responses,
researchers can develop targeted and effective vaccines. Interdisciplinary:collaboration, genetic
engineering, and epidemiological insights further enhance this process, ensuring that vaccines are
not only effective but also tailored to meet public health needs: Continuous innovation and
adaptation are essential to keep pace with emerging infectious diseases and to protect global
health.

ANTIGEN SELECTION AND OPTIMIZATION
INTRODUCTION

Antigen selection and optimization are critical processes‘in the development of effective vaccines
and immunotherapies. This involves identifying the most suitable antigens that can elicit a strong
immune response against specific pathogens or disease conditions. The selection process
considers various factors, including the antigen’s ability to bind to immune cells, its stability, and
the potential for cross-reactivity with other antigens. Optimization further enhances the efficacy
of these antigens through various.methods, such as modifying their structure or using adjuvants
to boost the immune response. The ultimate goal is to create a robust immune response that
provides long-lasting protection against diseases.

Highlights

e Importance of Antigens: Antigens play a crucial role in triggering the immune response,
making their selection vital for effective vaccine development.

e . Selection Criteria: The criteria for selecting antigens include immunogenicity, specificity,
and'stability to ensure a strong immune response.

e Optimization Techniques: Various optimization techniques, including structural
modifications and the use of adjuvants, are used to enhance antigen effectiveness.

e Pathogen Specificity: Antigens must be specific to the target pathogen to minimize cross-
reactivity and potential side effects.
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Global Health Impact: Optimized antigens have significant implications for global health,
especially in the fight against infectious diseases.

Research and Development: Ongoing research is crucial for discovering new antigens and
improving existing ones to keep pace with evolving pathogens.

Future of Immunotherapy: The optimization of antigens is paving the way for the next
generation of immunotherapies and personalized medicine.

The Role of Antigens in Immune Response: Antigens are substances. that therimmune
system recognizes as foreign, triggering an immune response. A well-chosenrantigen can
lead to the production of antibodies and the activation of T-cellsthat specifically target the
pathogen. The effectiveness of a vaccine largely relies on the selection of the right
antigens that can stimulate a robust immune response without causing adverse reactions.

Balancing Specificity and Cross-Reactivity: One of the challenges in antigen selection is
achieving a balance between specificity and cross-reactivity. While it is essential for the
selected antigens to be specific to the target pathogen, some antigens might inadvertently
activate immune responses against non-target tissues, leading to autoimmunity or other
side effects. Therefore, thorough screening and testing are crucial in the selection process.

Structural Modifications Enhance Efficacy: Optimization often involves making structural
modifications to antigens to.enhance their immunogenicity. This can include altering the
amino acid sequence, adding glycosylation sites, or creating fusion proteins that combine
multiple antigens. Such modifications can increase the likelihood of a stronger and more
durable immune response.

Adjuvants in Antigen Optimization: Adjuvants are substances that enhance the body’s
immune response to an antigen. The strategic use of adjuvants in conjunction with
selected wantigens can significantly improve the efficacy of vaccines. They work by
increasing the presentation of the antigen to immune cells, thus amplifying the immune
response. Understanding the mechanisms of different adjuvants is vital for their effective
incorporation into vaccine formulations.

The Role of Bioinformatics in Antigen Selection: The use of bioinformatics tools has
revolutionized antigen selection by allowing researchers to predict potential antigens
based on genomic data. This computational approach enables the identification of
epitopes (the parts of antigens recognized by the immune system) with higher accuracy,
saving time and resources in experimental validation. Bioinformatics can facilitate the
rapid development of vaccines, especially during outbreaks.
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e Long-term Effects of Vaccination: The ultimate aim of antigen optimization is to ensure
long-term immunity against diseases. Studies show that vaccines with well-optimized
antigens not only elicit immediate immune responses but also lead to the generation of
memory cells, which provide lasting protection. Understanding the mechanisms that
underlie memory formation is essential for developing vaccines that offer prolonged
immunity.

e Future Perspectives in Vaccine Development: As pathogens evolve, so too must our
strategies for antigen selection and optimization. The future of vaccine development will
likely leverage advances in genomics, proteomics, and personalized medicine. Continuous
research efforts will focus on creating adaptable vaccines capable of responding to
emerging infectious diseases, ensuring global health security. The integration of artificial
intelligence in predicting antigen efficacy and immune responses is also poised to play a
significant role in future vaccine development.

ANTIGEN IDENTIFICATION & DELIVERY

Antigen identification in vaccines is a critical process involving selecting specific components of a
pathogen (like a virus or bacteria) that can trigger a protective immune response in the body
without causing disease. Researchers carefully analyze the pathogen to identify antigens, which
are molecules recognized by the immune system. Theseantigens are chosen based on their ability
to stimulate the production of antibodies and/er activate T-cells, leading to long-term immunity.
Technigues such as genomics, proteomics, and. bioinformatics are used to predict and validate
promising antigens, ensuring the vaccine.is safe, effective, and provides broad protection against
the targeted disease.

Antigen Identification

1. Pathogen analysis: Identify the pathogen causing the disease, and analyze its genetic material,
proteins, and other components.

2. Antigen discovery: Use various techniques, such as genomics, proteomics, and immunomics, to
identify potential antigens that can stimulate an immune response.

3. Antigen characterization: Study the structure, function, and immunogenicity of the identified
antigens.

4. “Antigen selection: Choose the most promising antigens based on their ability to induce a
protective immune response.

Antigen Delivery
1. Vaccine platforms: Use various vaccine platforms, such as inactivated whole pathogens, live

attenuated pathogens, protein-based vaccines, or nucleic acid-based vaccines.
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2. Adjuvants: Add adjuvants to enhance the immune response, improve vaccine efficacy, and
reduce the amount of antigen needed.

3. Delivery routes: Choose the most effective delivery route, such as intramuscular, subcutaneous,
oral, or intranasal.

4, Formulation and stabilization: Ensure the vaccine is formulated and stabilized to maintain its
potency and safety.

Modern Approaches

1. Reverse vaccinology: Use computational tools and genomics to identify potential antigens and
design vaccines.

2. Structural vaccinology: Use structural biology and computational tools to:design vaccines that
target specific epitopes.

3. Nanoparticle-based vaccines: Use nanoparticles to deliverrantigens-and adjuvants, enhancing
vaccine efficacy and safety.

4. mRNA-based vaccines: Use messenger RNA (mRNA) torencode antigens, providing a flexible and
rapid approach to vaccine development.

Challenges and Future Directions

1. Antigen variation and escape: Address the challenge of antigen variation and escape, which can
lead to reduced vaccine efficacy.

2. Immune evasion and suppression:‘Understand how pathogens evade or suppress the immune
response, and develop strategies to'overcome these mechanisms.

3. Vaccine development for emerging diseases: Develop vaccines for emerging diseases, such as
COVID-19, and improve response times to outbreaks.

4. Personalized vaccines: Explore the development of personalized vaccines tailored to individual
immune profiles and disease risks.

T CELL EXPRESSION CLONING FOR IDENTIFICATION VACCINE TARGETS FOR INTRACELLULAR
PATHOGENS

The study focuses on T cell expression cloning as a method for identifying vaccine targets against
intracellular pathogens. This approach leverages the immune response of T cells, which are crucial
in combating infections caused by viruses and certain bacteria that reside within host cells. The
research highlights the significance of pinpointing specific T cell receptors (TCRs) that recognize
unique antigens presented by these pathogens. By cloning and analyzing these TCRs, scientists
aim to develop targeted vaccines that can enhance the immune response and provide effective
protection against intracellular infections.
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T Cell Importance: T cells play a crucial role in the immune response against intracellular
pathogens.

Expression Cloning: The method of expression cloning is utilized to identify specific T cell
receptors.

Vaccine Targets: The research aims to identify novel vaccine targets for effective immune
response.

Intracellular Pathogens: Focus on pathogens that reside within host cells;"making them
harder to target.

Targeted Vaccines: Potential development of targeted vaccines baséd on identified TCRs.

Immune Response Enhancement: The goal is to enhance the immune response against
challenging infections.

Clinical Implications: Findings may lead to new (therapeutic strategies for treating
intracellular infections.

T Cell Functionality: T cells are integral to theadaptive immune system, specifically
designed to recognize and eliminate infected cells. Their ability to identify specific antigens
is vital for mounting an effective immune.response against intracellular pathogens like
viruses and certain bacteria. Understanding T cell functionality aids in designing better
vaccines.

Cloning Techniques: T cell'expression cloning involves isolating and amplifying TCRs from T
cells that have been activated by exposure to intracellular antigens. This technique allows
for a better understanding of which TCRs are effective against specific pathogens,
providing a pathway to develop vaccines that can elicit a stronger immune response.

Antigen Identification: Identifying the antigens that T cells recognize is critical for vaccine
development. This research highlights the need to pinpoint unique epitopes that are
presented by infected cells to T cells, which can then be targeted in vaccine design to
ensure amore robust and specificimmune response.

Global Health Impact: Intracellular pathogens contribute significantly to global health
burdens, including diseases like tuberculosis, HIV, and various viral infections. By focusing
on these pathogens, the study addresses a critical area in infectious disease control,
potentially leading to more effective vaccines that could save lives and reduce disease
transmission.

Innovative Vaccine Strategies: The findings from T cell expression cloning can lead to
innovative vaccine strategies that move beyond traditional methods. By utilizing specific
TCRs and the antigens they recognize, vaccines can be designed to induce a more targeted
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and effective immune response, potentially leading to better protection against
intracellular pathogens.

e Research and Development: The study emphasizes the importance of ongoing research
and development in vaccine technology. As pathogens evolve and new strains emerge,
continuously identifying and targeting relevant T cell responses will be essential in staying
ahead of infectious diseases.

e Future Prospects: The potential applications of this research include not only the
development of vaccines but also therapeutic interventions that could‘enhance T cell
responses in already infected individuals. This dual approach could play:a significant role in
managing and preventing diseases caused by intracellular pathogens.

RATIONALE VACCINE DESIGN BASED ON CLINICAL REQUIREMENTS

The text "Rationale vaccine design based on clinical requirements" emphasizes the crucial role
that clinical needs play in the development of effective vaccines. It outlines the importance of
aligning vaccine design with specific health challenges and population needs, ensuring that
vaccines not only elicit a strong immune response but.also address the epidemiological landscape.
The discussion encompasses various aspects of vaccine development, including the identification
of target pathogens, understanding the mechanisms of immunity, and the necessity of safety and
efficacy in clinical trials. Overall, the text advocates for a strategic approach to vaccine design that
is informed by clinical insights and real-world applications.

Importance of Tailored Vaccines: The development of vaccines should be tailored to address
specific clinical needs rather than using a one-size-fits-all approach. This involves understanding
the prevalence and impact of diseases within particular populations, which can greatly enhance
the effectiveness of vaccination programs. For instance, a vaccine designed for a high-incidence
area should take into account local strains and variants of the pathogen.

Immune Mechanisms and Vaccine Efficacy: A deep understanding of immune mechanisms is vital
for designing vaccines that not only provoke an initial immune response but also ensure long-term
immunity. This requires ongoing research into how different components of the immune system
interact with vaccine antigens, including the roles of memory cells and antibodies. The more we
knowrabout these interactions, the better we can design vaccines that provide robust and lasting
protection.

Global Health Implications: Vaccine design must consider the global health landscape, including
emerging infectious diseases and the changing nature of pathogens. This is particularly relevant in
the context of pandemics, where rapid vaccine development and deployment can save lives. By
staying ahead of potential threats and incorporating lessons learned from previous outbreaks,
vaccine developers can create more effective and timely responses.
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The Role of Clinical Trials: Rigorous clinical trials are essential for ensuring the safety and efficacy
of vaccines. These trials should be designed based on the clinical requirements identified earlier in
the process, focusing on specific populations that will benefit most from the vaccine. The insights
gained from these trials not only inform regulatory decisions but also guide further research and
development.

Accessibility and Distribution: When designing vaccines, it is crucial to consider how they will be
distributed and accessed by the populations in need. This includes addressing logistical'challenges
such as cold chain requirements, cost, and public acceptance. A vaccine that is not accessible or
acceptable to the target population will not achieve its intended impact, no matter. how effective
it may be in clinical settings.

Data Utilization for Improvement: Ongoing data collection and analysistare. critical in refining
vaccine design and deployment strategies. This includes monitoring.vaccine effectiveness in real-
world settings, understanding adverse events, and using feedback to improve future vaccine
formulations. Data-driven approaches can lead to more adaptives"and responsive vaccine
programs that meet the evolving needs of populations.

Collaboration Across Disciplines: Successful vaccine design requires collaboration across various
fields, including immunology, epidemiology, public health, and social sciences. By integrating
insights from these diverse areas, vaccine developers.can create more holistic solutions that not
only protect against disease but also address underlying health disparities and enhance
community engagement in vaccination/efforts.

Conclusion

In conclusion, the rationale behind.vaccine design based on clinical requirements is a multifaceted
process that requires careful consideration of various factors, including the specific health needs
of populations, the mechanisms of immune response, and the logistics of vaccine distribution. By
focusing on these aspects, researchers and developers can create vaccines that are not only
effective but also accessible and relevant to the communities they serve. The ongoing evolution of
knowledge in immunology and public health will continue to shape the future of vaccine design,
leading_to innovations that can better address both current and emerging health challenges
globally.

SCOPE OF FUTURE VACCINE STRATEGIES

The scope of future vaccine strategies encompasses the advancement of immunization
technologies, the integration of novel therapeutic approaches, and the adaptation to emerging
infectious diseases. As global health challenges evolve, so too must the methodologies for vaccine
development and distribution. This includes considerations for mRNA technology, nanoparticle-
based vaccines, and universal vaccines that provide broader protection against various strains of
pathogens. The rise of vaccine hesitancy and disparities in vaccine access necessitate
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comprehensive public health strategies to educate communities and ensure equitable
distribution. Ultimately, the future of vaccine strategies will rely on innovative research,
collaboration among global health organizations, and a commitment to addressing both existing
and unforeseen health threats.

Innovative Vaccine Platforms: The advent of mRNA technology has revolutionized vaccine
development, allowing for faster and more adaptable responses to outbreaks. This platferm can
be rapidly modified to target new pathogens, thereby enhancing preparedness for future
pandemics. The success of mRNA vaccines during the COVID-19 pandemic exemplifies the
potential of this technology, paving the way for its application in other diseases such‘as influenza
and Zika.

Therapeutic Vaccines: Beyond preventive measures, there is a growing interest in therapeutic
vaccines that aim to treat existing diseases, such as cancer and chronic viral infections. These
vaccines stimulate the immune system to target and destroy infected or malignant cells, offering a
promising avenue for treatment where traditional therapies may fall short.

Global Vaccine Equity: The disparity in vaccine distribution highlighted during the COVID-19
pandemic underscores the urgent need for equitablevaccess to vaccines worldwide. Future
strategies must prioritize collaboration with international erganizations, such as the World Health
Organization (WHO), to ensure that low- and middle-income countries receive adequate supplies
and support for vaccination campaigns.

Surveillance and Adaptation: Continuous surveillance of infectious diseases is vital for the timely
adaptation of vaccine strategies. By monitoring pathogen evolution and emerging variants, health
organizations can make informed decisions about vaccine reformulation and distribution, thus
ensuring ongoing public health protection.

Personalized Vaccination Approaches: Research into personalized medicine may lead to tailored
vaccination strategies based on individual genetic profiles and immune responses. This could
enhance efficacy and reduce adverse effects, making vaccines more effective for diverse
populations:

Public ‘Engagement and Education: Combatting vaccine hesitancy requires proactive public
engagement and educational initiatives. Addressing misconceptions, providing transparent
information, and involving communities in the vaccination process can help build a culture of trust
and.increase immunization rates.

Interdisciplinary Collaboration: The complexity of modern vaccine development necessitates
interdisciplinary collaboration among scientists, public health officials, and policymakers. By
fostering partnerships across sectors, stakeholders can leverage diverse expertise to innovate and
implement effective vaccine strategies that respond to both current and future health challenges.
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Conclusion

The future of vaccine strategies is both promising and challenging, characterized by technological
advancements, a focus on global health equity, and the necessity for adaptive public health
approaches. As new pathogens emerge and existing ones evolve, the ability to develop effective
vaccines rapidly will be paramount. Stakeholders must prioritize collaboration, public education,
and equitable access to ensure that immunization efforts are effective and sustainable in the long
term. By embracing innovation and addressing the socio-political factors influencing vaccination;
we can enhance global health security and better prepare for the health challenges.of the future.
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UNIT -V

VACCINE ADDITIVE AND MANUFACTURING RESIDUALS

The text content focuses on the critical aspects surrounding vaccine additives and manufacturing

residuals, which play an essential role in vaccine formulation and production. It emphasizes the

importance of understanding these components, as they can affect vaccine efficacy, safety, and

public trust. The discussion highlights the need for rigorous testing and regulation of additives

used in vaccines, ensuring that any residuals from the manufacturing process do not compromise

the vaccine’s integrity or pose a risk to recipients. Overall, the text underscores the complexities

involved in vaccine development and the necessity of transparency and scientific rigoriin‘the field.

Vaccine Additives Enhance Performance: Additives such as adjuvants are included in
vaccines to enhance the immune response. An in-depth study on various adjuvants shows
that they can significantly increase the efficacy of a vaccine by stimulating a stronger and
longer-lasting immune response. However, the choice of adjuvant must be carefully
considered, as it can have varying effects based on.thetarget population and the specific
disease being vaccinated against. Understanding how these additives work is essential for
developing effective vaccines.

Manufacturing Residuals Can Compromise Safety: During the vaccine manufacturing
process, residuals from cell cultures;.purification processes, or other components can
remain in the final product. These residuals can potentially trigger adverse reactions in
some individuals. Therefore, thorough testing is necessary to identify and quantify these
residuals, ensuring that they are within acceptable limits established by regulatory
agencies. Continuous monitoring and improvement of manufacturing processes are vital to
minimize risks.

Importance of Regulatory Agencies: Regulatory bodies like the FDA and EMA play a critical
role in evaluating the safety and efficacy of vaccine components, including additives and
residuals. They enforce stringent guidelines that manufacturers must follow, ensuring that
any additive used in vaccines undergoes rigorous testing for safety and effectiveness. This
oversightiis crucial in maintaining public trust and ensuring that vaccines meet high safety
standards.

Transparency Builds Public Confidence: The public’s perception of vaccine safety is
significantly influenced by the transparency of the vaccine development process. When
manufacturers openly communicate about the role of additives and the presence of
manufacturing residuals, it fosters trust among the population. Educational initiatives that
explain the science behind vaccine components can help alleviate fears and
misconceptions, leading to higher vaccination rates.
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e Research and Development Challenges: The formulation of vaccines involves complex
research and development processes. Scientists must balance the need for effective
vaccine responses with the potential risks posed by additives and residuals. Ongoing
research is necessary to identify safer alternatives and improve existing formulations.
Innovations in vaccine technology, such as mRNA vaccines, have highlighted the
importance of understanding how new components interact within the body.

e Safety Testing Protocols: The safety of vaccine additives and residuals is assessed through
a series of preclinical and clinical trials. These trials are designed to evaluate the immune
response, potential side effects, and overall safety profile of the vaccine. Specific protocols
are in place to monitor adverse reactions post-vaccination, ensuring. that any safety
concerns are promptly addressed. This rigorous testing process is.crucial for identifying any
potential risks associated with vaccine components.

e Global Standards for Vaccine Production: International organizations, such as the World
Health Organization (WHO), establish guidelines and standards for vaccine production that
account for both additives and manufacturing residuals. These standards aim to harmonize
safety protocols across different regions, ensuring that vaccines produced worldwide meet
a consistent level of safety and efficacy. Collaborative efforts among countries can
enhance global vaccination efforts and address public health concerns more effectively.

In conclusion, the discussion around vaccine additives and manufacturing residuals is
multifaceted, encompassing scientific, regulatory, and public health dimensions. Understanding
the role and impact of these components is essential for developing safe and effective vaccines.
Ongoing research, transparency in communication, and robust regulatory frameworks are key to
ensuring that vaccines continue to'play a vital role in disease prevention globally.

REGULATION AND TESTING OF VACCINES

The regulation and testing of vaccines play a crucial role in ensuring public health and safety.
Vaccines undergo a rigorous process of development, evaluation, and approval before they are
made available to the public. This process involves multiple phases of clinical trials, which assess
the vaccine’s efficacy, safety, and optimal dosage. Regulatory bodies like the Food and Drug
Administration (FDA) in the United States or the European Medicines Agency (EMA) in Europe
oversee this process, ensuring that all vaccines meet stringent standards. The importance of
transparency, post-marketing surveillance, and ongoing research into vaccine safety and
effectiveness is also highlighted. This comprehensive approach not only fosters public trust in
vaccines but also addresses potential concerns regarding their use.

Highlights

e Stringent Approval Process: Vaccines must pass through several phases of clinical trials
before approval.

Page 83 of 99



ACADEMIC YEAR 2024-2025, SEMESTER — IV N\
STUDY MATERIAL FOR B.SC., MICROBIOLOGY Q¢
VACCINE TECHNOLOGY N\

Role of Regulatory Bodies: Agencies like the FDA and EMA are responsible for vaccine
evaluation and safety.

Importance of Efficacy and Safety: Continuous assessment of vaccine effectiveness and
safety is essential for public health.

Post-marketing Surveillance: Ongoing monitoring of vaccines after they are released helps
to catch any long-term side effects.

Public Transparency: Clear communication about vaccine testing and approval builds
public trust.

Global Vaccination Standards: International cooperation ensures vaccines-meet global
health standards.

Research and Development: Continuous research is necessary.to improve existing
vaccines and develop new ones.

Thorough Testing Phases: Vaccine development consists of several phases: preclinical
trials, Phase I, Il, and Il trials. Each phase.progressively involves larger groups of
participants, focusing initially on safety, then on efficacy. For instance, Phase | may involve
a small group of healthy volunteers, while:Phase 11l might include thousands of participants
to confirm the vaccine’s effectiveness. across diverse populations. This systematic
approach ensures that any potential.adverse effects are identified at an early stage.

Regulatory Oversight: Regulatory bodies like the FDA or EMA play a pivotal role in
ensuring that vaccines are 'safe and effective before they reach the market. Their
comprehensive review process includes analyzing data from clinical trials, manufacturing
practices, and labeling information. This oversight is crucial for maintaining public
confidence in vaccination programs, especially during health crises like pandemics.

Collaboration‘in“Research: Vaccine development often involves collaboration between
various stakeholders, including public health organizations, pharmaceutical companies,
and academic institutions. This cooperation can lead to more innovative approaches in
vaccine technology, such as mRNA vaccines, which were rapidly developed and deployed
during the COVID-19 pandemic. Such collaborations can enhance the speed of vaccine
development while ensuring rigorous testing protocols are still followed.

Global Health Standards: Vaccines are not only subjected to national regulations but also
international standards. Organizations like the World Health Organization (WHO) provide
guidelines that help harmonize vaccine testing and approval processes globally. This
ensures that vaccines are effective across different populations and help in the prevention
of global disease outbreaks.
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e Public Engagement and Communication: Effective communication strategies are essential
for public acceptance of vaccines. Health authorities must provide clear and transparent
information about the vaccine development process, potential side effects, and the
benefits of vaccination. Engaging with communities, addressing concerns, and dispelling
myths about vaccines can help improve vaccination rates and overall public health
outcomes.

e Monitoring After Approval: Post-marketing surveillance is vital for identifying any rare
adverse effects that might not have been apparent in clinical trials.”This ongoing
monitoring is essential for ensuring the long-term safety of vaccines. Systems such as the
Vaccine Adverse Event Reporting System (VAERS) in the U.S. allow for the collection and
analysis of data regarding vaccine safety post-approval.

e Adaptive Approaches in Vaccine Development: The landscape of infectious diseases is
continually evolving, necessitating adaptive approaches in vaccine development. Research
is ongoing to enhance vaccine formulations and delivery methods. New technologies, such
as nanoparticle-based vaccines and intranasal_.administration, are being explored to
improve immune responses and accessibility,»making vaccines more effective in diverse
populations.

The regulation and testing of vaccines involve a complexinterplay of rigorous scientific evaluation,
regulatory oversight, public engagement, and-ongoing research. Each aspect of this process is
essential for ensuring that vaccines are safe, .effective, and trusted by the public, ultimately
contributing to better health outcomes. worldwide. The commitment to transparency and the
continuous monitoring of vaccine 'safety underscores the importance of maintaining public
confidence in vaccination programs, which is crucial for the prevention of infectious diseases on a
global scale.

REGULATION OF VACCINES'IN DEVELOPING COUNTRIES

The regulation of vaccines in developing countries is a multifaceted issue that involves various
stakeholders, including governments, international organizations, and pharmaceutical companies.
Effective regulation is crucial for ensuring vaccine safety, efficacy, and accessibility. Various
challenges. are faced in these regions, such as inadequate infrastructure, lack of funding, and
political “instability, which can impede vaccination programs. Additionally, the regulatory
frameworks in many developing countries often lack the robust systems found in more developed
nations, leading to concerns regarding the quality of vaccines. The role of international
partnerships and collaborations is essential in strengthening regulatory capacities and ensuring
that vaccines are not only available but also meet the necessary safety and efficacy standards.

e Global Health Impact: The Ripple Effect of Vaccine Regulation. The regulation of vaccines
in developing countries is not only a local issue but has significant implications for global
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health. Vaccines are a critical tool in combating infectious diseases that can transcend
borders. For instance, an outbreak managed in a developing country can prevent a global
epidemic, emphasizing the importance of robust regulatory practices. Effective regulation
can lead to higher vaccination rates, which in turn reduces the incidence of vaccine-
preventable diseases, improving overall health outcomes.

Importance of Safety and Efficacy: Building Public Trust Safety and efficacy are the
cornerstones of vaccine regulation. In developing countries, where health literacy may
vary, public skepticism towards vaccines can pose a challenge. Regulatory bodies must
ensure rigorous testing and approval processes that align with international standards to
foster trust among communities. Public education campaigns, highlighting the benefits and
safety of vaccines, can further support these efforts. Building trust is‘essential for
increasing vaccination uptake and achieving herd immunity.

Regulatory Frameworks: Need for Strengthening Many developing countries lack
comprehensive regulatory frameworks for vaccines, which canresult in poor oversight and
quality control. Strengthening these frameworks.is crucial for ensuring that vaccines are
manufactured and distributed according to established safety and efficacy standards. This
involves not only updating existing regulations but also training personnel and investing in
the necessary technology and infrastructure. Establishing clear guidelines and protocols
can help mitigate risks associated with vaccine administration.

Role of International Collaboration: Sharing Knowledge and Resources International
cooperation plays a vital role in.enhancing vaccine regulation in developing countries.
Organizations like the World-Health Organization (WHO) and Gavi, the Vaccine Alliance,
provide resources, training,.and support to strengthen regulatory capacities. By fostering
partnerships between:governments and international entities, developing countries can
share best practices, learn from successful models, and gain access to technical expertise.
Such collaboration can lead to improved regulatory outcomes and more effective
vaccination programs.

Funding Challenges: Financial Barriers to Effective Regulation A major hurdle in the
regulation of vaccines is the lack of funding. Many developing countries face budget
constraints that limit their ability to develop and implement effective regulatory systems.
This financial barrier not only affects regulatory bodies but also impacts the entire
vaccination program, from research and development to distribution. Increased
investment from both public and private sectors, as well as international aid, is necessary
to overcome these challenges. Sustainable funding models must be developed to support
long-term regulatory improvements.

Infrastructure Issues: The Backbone of Vaccine Distribution The infrastructure in many
developing countries poses significant challenges to vaccine regulation and distribution.
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Poor transportation networks, inadequate cold chain systems, and limited healthcare
facilities can hinder the effective delivery of vaccines. Strengthening healthcare
infrastructure is essential for ensuring that vaccines reach their intended populations.
Investment in logistics, training for healthcare workers, and community engagement can
improve the overall vaccination process and ensure that vaccines are administered safely
and effectively.

e Research and Development: Tailoring Vaccines to Local Needs The development. of
vaccines that are specifically tailored to the health issues prevalent in developing countries
is crucial. Ongoing investment in research and development can lead to innovations that
address local diseases effectively. Collaborations between local “researchers and
international pharmaceutical companies can facilitate the creation of vaccines that are not
only effective but also affordable for low-income populations. Supporting local R&D
initiatives can empower developing countries to take charge of their health challenges and
improve vaccine availability and acceptance.

CONCLUSION

The regulation of vaccines in developing countries is an.essential aspect of public health that
requires attention from multiple fronts. By addressing.the challenges posed by inadequate
regulatory frameworks, funding limitations, and infrastructure issues, stakeholders can create a
more effective vaccination environment. International cooperation and investment in local
capacities are vital for ensuring that vaccines are safe, effective, and accessible to all. As global
health continues to evolve, so too must the approaches to vaccine regulation, ensuring that
developing countries are equipped to. protect their populations against infectious diseases.

QUALITY CONTROL AND REGULATIONS IN VACCINE RESEARCH

Quality control and regulations in vaccine research are critical components that ensure the safety,
efficacy, and consistency of vaccines before they are approved for public use. This multi-faceted
process involves. stringent'guidelines and standards set by health authorities, which researchers
must adhere to throughout the vaccine development lifecycle. Quality control encompasses
various_ stages,. including raw material testing, manufacturing processes, and final product
evaluations.“In addition to scientific rigor, the regulatory environment requires transparency,
comprehensive documentation, and frequent inspections, ensuring that all vaccines meet the
established safety benchmarks. As global health initiatives increasingly emphasize vaccination,
understanding the importance of quality control and regulations is essential for maintaining public
trust and achieving successful immunization programs.

e Stringent Testing Protocols: Rigorous testing protocols ensure that vaccines are safe for
human use.
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e Regulatory Bodies: Organizations like the FDA and WHO set the standards for vaccine
approval.

e Quality Assurance: Continuous quality assurance processes are in place throughout the
vaccine development lifecycle.

e Data Transparency: Detailed documentation and data sharing are crucial for regulatory
assessments.

e Public Trust: Effective quality control and regulations bolster public.confidence in
vaccination programs.

e Global Standards: International collaboration ensures vaccines' meet. global health
standards.

e FEthical Considerations: Ethical guidelines govern the conduct of.vaccine research and
testing.

Importance of Quality Control: Quality control is paramount in vaccine research as it directly
impacts the safety and effectiveness of the final product. The process involves multiple phases,
including preclinical trials, clinical trials, and post-marketing surveillance. Each phase requires
meticulous record-keeping, testing of raw materials, and validation of manufacturing processes to
ensure that each vaccine batch is consistent and meets the required safety standards. Without
robust quality control measures, vaccines. could pose serious health risks, undermining public
health efforts.

Regulatory Framework: The regulatory framework for vaccine approval varies by country but
generally includes a series_of stages mandated by health authorities. In the United States, for
example, the Food and Drug Administration (FDA) oversees vaccine approval through a rigorous
review process that includes preclinical studies, clinical trials, and continuous monitoring of
vaccines post-approval. Similar agencies exist globally, such as the European Medicines Agency
(EMA) and the'World Health Organization (WHO), which provide guidance and set standards for
vaccine safety and efficacy. Understanding these regulations is essential for researchers to
navigate the approval process successfully.

Clinical Trials and Data Integrity: Clinical trials are a critical aspect of vaccine research, providing
the necessary data to assess safety and efficacy. These trials must adhere to Good Clinical Practice
(GCP)-guidelines, ensuring that data is collected and reported accurately. Moreover, transparency
in sharing trial results with regulatory bodies and the public is vital. Any discrepancies or lack of
data integrity could lead to significant setbacks in vaccine approval and public trust. Thus,
maintaining high standards in clinical trials is essential for the credibility of the vaccine.

Collaboration and Global Health Initiatives: Vaccine research often involves collaboration
between governments, academic institutions, and the pharmaceutical industry. Such partnerships
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enhance resource sharing, expertise, and innovation, leading to accelerated vaccine development.
Global health initiatives, especially in response to pandemics, highlight the need for a coordinated
approach to vaccine research and distribution. Organizations like GAVI and CEPI play pivotal roles
in ensuring equitable access to vaccines, reinforcing the importance of quality control and
regulations on a global scale.

Manufacturing Standards: The manufacturing process for vaccines is highly regulated and
requires adherence to Good Manufacturing Practices (GMP). These standards ensure that.the
vaccines are produced consistently and under controlled conditions to minimize contamination
and variability. Any deviation from these standards can lead to serious ‘public health
repercussions, emphasizing the need for stringent quality control measures during production.
Regular inspections and audits by regulatory bodies ensure compliance with. GMP; safeguarding
the integrity of vaccine manufacturing.

Post-Marketing Surveillance: After a vaccine is approved and distributed, post-marketing
surveillance becomes essential in monitoring long-term safety andw=effectiveness. Regulatory
agencies continue to collect data on vaccine performance in the general population, allowing for
the identification of any rare side effects or adverse_reactions. This ongoing evaluation helps to
maintain public confidence in vaccination programs'and ensures that any necessary actions can be
taken swiftly if safety concerns arise. The feedback from post-marketing surveillance informs
future vaccine research and regulatory adjustments.

Ethical Implications in Vaccine Research: Ethical considerations are paramount in vaccine
research, particularly concerning informed consent, participant safety, and equitable access to
vaccines. Researchers must ensure that participants in clinical trials are fully informed about the
risks and benefits, and that vulnerable populations are protected. Moreover, ethical guidelines
dictate that vaccines should be accessible to all, regardless of socio-economic status. Upholding
these ethical standards ‘is. crucial for fostering public trust and ensuring the successful
implementation of vaccination programs.

In conclusion, quality control and regulations in vaccine research are foundational elements that
protect public health and promote effective immunization strategies. By adhering to stringent
guidelines..and maintaining transparency throughout the research process, stakeholders can
assure. the public of the vaccines’ safety and efficacy. This commitment to quality not only
enhances public trust but also contributes to the global fight against infectious diseases.

ANIMAL TESTING

Animal testing in vaccine development has been a crucial and often controversial aspect of
biomedical research. It plays a significant role in assessing the safety and efficacy of vaccines
before they are administered to humans. The process involves using various animal models to
simulate human biological responses to vaccines, allowing researchers to gather essential data on

immune reactions, possible side effects, and overall effectiveness. However, the practice raises
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ethical concerns regarding animal welfare, leading to ongoing debates about the necessity and

humaneness of animal testing. Alternatives, such as in vitro testing and computer modeling, are

being explored, but animal testing remains a significant part of the vaccine development process

due to its current scientific and regulatory standards.

Essential Role of Animal Testing: Animal testing is a fundamental step in ensuring vaccine
safety and efficacy before human trials.

Ethical Concerns: The use of animals raises ethical questions about welfare and the moral
implications of testing on living beings.

Regulatory Requirements: Many countries require animal testing data to be submitted to
regulatory bodies as part of the vaccine approval process.

Scientific Limitations: While animal models can provide valuable insights, they do not
always perfectly predict human responses.

Emerging Alternatives: Research into alternative ‘methods, such as organ-on-a-chip
technology and computer simulations, is gaining traction.

Public Perception: The public’s view on animal testing is mixed, with some supporting it for
the greater good of public health and others advocating for animal rights.

Impact on Vaccine Development: The ‘use of animal testing can significantly extend the
timeline for vaccine development, impacting global health responses.

Key Insights

Importance of Animal Models: Animal models have been indispensable in understanding
immune responses to vaccines. They allow researchers to conduct longitudinal studies on
how the immune system reacts to various antigens over time, which is crucial for
developing effective vaccines. For example, studies in mice have significantly contributed
to the development of vaccines for diseases like influenza and COVID-19, providing insights
that are not easily replicable with human subjects alone.

Ethical Implications and Regulations: The ethical concerns surrounding animal testing are
profound. Many organizations advocate for the “Three Rs” principle: Replacement,
Reduction, and Refinement. This means researchers are encouraged to find alternatives to
animal testing, reduce the number of animals used, and refine procedures to minimize
suffering. Regulatory frameworks, such as the Animal Welfare Act in the U.S., aim to
ensure humane treatment of animals in research, yet these laws are often criticized for
being inadequate.

Advancements in Alternatives: Recent advancements in technology have opened up
possibilities for alternatives to animal testing. Organ-on-a-chip technologies, which
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simulate human organ systems, are being developed to replace traditional animal models.
These innovations may significantly reduce reliance on animal testing in the future,
although they currently lack the regulatory acceptance needed to replace animal trials
entirely.

e Public Health and Safety: Vaccines developed through animal testing have saved millions
of lives. The rigorous testing process ensures that vaccines are safe and effective,helping
to prevent outbreaks of infectious diseases. While the ethical debates are vital, the
benefits to public health must also be considered, as seen in the successfulieradication or
control of diseases like polio and measles.

e Economic Factors: The costs associated with animal testing can be'substantial, impacting
the overall budget for vaccine development. Researchers must/factor in the expenses for
animal care, housing, and the prolonged timelines that animal studies can impose. This
economic burden may hinder innovation and speed in vaccine, development, which is
critical during health crises like pandemics.

e Global Variations in Practices: The use of animal testing in vaccine development varies
significantly across countries due to differencesvin regulations, cultural attitudes, and
scientific capabilities. Some countries may have  stricter regulations regarding animal
welfare, while others may have fewer restrictions, affecting the speed and nature of
vaccine research. This inconsistency caniead to disparities in vaccine availability and safety
across regions.

e Future of Vaccine Development: The future landscape of vaccine development is likely to
evolve with increasing pressure to reduce animal testing. Innovations in biotechnology,
such as mRNA vaccines, demonstrate potential for less reliance on traditional animal
models. As public. awareness and advocacy for animal rights continue to grow, the
scientific community may need to adapt and embrace more humane and efficient research
methodologies.

In conclusion, while~animal testing remains a cornerstone of vaccine development, it is
accompanied by complex ethical considerations and emerging alternatives. The scientific
community plays a crucial role in navigating these challenges, balancing the need for effective
vaccines with the imperative to treat animals ethically. The future of vaccine development may
hinge on continued innovation and the willingness to explore new methodologies that prioritize
both human health and animal welfare. As we move forward, a collaborative effort among
researchers, ethicists, and policymakers will be essential to address these multifaceted issues,
ensuring that the development of vaccines continues to evolve responsibly and effectively.
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RATIONALE DESIGN TO CLINICAL TRIALS

The rationale design to clinical trials transition from encompasses a critical process in the field of
medical research. It involves the systematic planning and execution of studies aimed at assessing
the safety and efficacy of new treatments or interventions. This journey begins with the
formulation of a robust rationale, which serves as the foundation for the clinical trial. A well-
designed trial is essential for generating credible data that can influence regulatory decisions and
clinical practice. Key elements of this process include understanding the research question;
selecting appropriate methodologies, ensuring ethical considerations, and engaging with
stakeholders. The ultimate goal is to advance medical knowledge and improve patient outcomes
through evidence-based practices.

Highlights

e Importance of Rationale: The rationale serves as the backbone of any clinical study,
guiding the research design and objectives.

e Methodological Rigor: Selecting appropriate methodologies is crucial for the validity of
trial results.

e Ethical Considerations: Ensuring ethical compliance protects participants and enhances
trust in clinical research.

e Stakeholder Engagement: Collaborating with various stakeholders is vital for the successful
execution of clinical trials.

e Data Integrity: High-quality ‘data is essential for making informed decisions in clinical
practice and regulatory approvals.

e Patient-Centric ‘Approach: Focusing on patient outcomes and experiences is key to
improving healthcare interventions.

e Continuous Monitoring: Ongoing assessment during trials is necessary to adapt to
emerging data'and maintain safety.

Rationaleas a Guiding Framework: The rationale behind a clinical trial is not merely a formality; it
embodies the underlying hypothesis that drives the research. A strong rationale should be based
on existing literature, gaps in knowledge, and preliminary data. This foundational understanding
informs every aspect of the trial design, from participant selection to endpoint definitions.
Researchers must ensure that their rationale is clear and compelling to justify the need for the
study.

Methodological Choices Impact Outcomes: The choice of study design—be it randomized
controlled trials, observational studies, or cohort studies—has profound implications on the trial
outcomes. Each design comes with its advantages and limitations. For instance, randomized
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controlled trials are often considered the gold standard due to their ability to minimize bias, but
they also require rigorous planning and resources. Researchers must weigh these factors carefully
to select the most appropriate design that aligns with the research goals.

Ethical Integrity is Non-Negotiable: Ethical considerations in clinical trials are paramount, as they
safeguard participant rights and welfare. Prior to initiating a trial, it is essential to obtain informed
consent, ensuring that participants understand the risks and benefits involved. Additionally,
Institutional Review Boards (IRBs) play a crucial role in reviewing study protocols to ensure ethical
compliance. Upholding ethical standards not only protects participants but alsosenhances the
credibility of research findings.

Multidisciplinary Collaboration is Key: Engaging various stakeholders—including clinicians,
researchers, regulatory bodies, and patient advocacy groups—can ssignificantly enhance the
design and implementation of clinical trials. Their diverse perspectives can help identify potential
challenges, streamline processes, and ensure that the trial is relevant to patient needs.
Collaborative efforts can also facilitate smoother recruitment'and retention of participants, which
is often a major hurdle in clinical research.

Data Management and Integrity: The integrity of data collected during clinical trials is critical for
drawing reliable conclusions. Researchers must implement robust data management systems to
ensure accurate data collection, storage, and analysis. This involves establishing clear protocols
for data handling, training personnel, and conducting regular audits. High-quality data not only
supports regulatory submissions butalso:builds trust among stakeholders and the broader
medical community.

Emphasis on Patient-Centric Design: Modern clinical trials increasingly focus on patient-centric
designs that prioritize patient experiences and outcomes. This approach involves incorporating
patient feedback into the trial'design, selecting relevant endpoints that matter to patients, and
ensuring that trial -participation is accessible and convenient. By centering the trial around
patients, researchers.can improve recruitment, retention, and ultimately, the applicability of the
results to real-world clinical settings.

Adaptive Trial Designs: The landscape of clinical trials is evolving with the rise of adaptive designs,
which allow:for modifications to the trial based on interim results. This flexibility enables
researchers to respond to unforeseen challenges or emerging data, ultimately enhancing the
trial’s relevance and efficiency. By incorporating adaptive elements, trials can optimize resource
utilization while maintaining rigorous scientific standards.

In conclusion, the journey from rationale design to clinical trials is a multifaceted process that
requires careful planning, ethical considerations, and collaborative efforts. By focusing on a strong
rationale, methodological rigor, ethical integrity, stakeholder engagement, data management,
patient-centric design, and adaptive strategies, researchers can enhance the quality and impact of
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clinical trials. The ultimate aim is to contribute to the advancement of medical knowledge and
improve health outcomes for patients worldwide.

LARGE-SCALE PRODUCTION OF VACCINES

The large-scale production of vaccines is a critical component of public health strategies aimed at
preventing infectious diseases. This process involves intricate planning, significant investment in
technology and infrastructure, and the coordination of various stakeholders, _including
pharmaceutical companies, regulatory agencies, and healthcare providers. Modern vaccine
production leverages advanced biotechnological methods to ensure efficacy and safety while
meeting global demand. Additionally, the equitable distribution of vaccines remains.a significant
challenge, requiring collaboration across nations and organizations to ensure that all-populations
can access life-saving immunizations, especially during public health .emergencies such as
pandemics.

e Global Collaboration: The production of vaccines requires international cooperation to
ensure rapid development and distribution.

e Advanced Technology: State-of-the-art biotechnological methods are employed to
enhance vaccine efficacy and safety.

e Increased Demand: The necessity for vaccines has surged due to the rise of infectious
diseases and global health threats.

e Public Health Impact: Vaccines play a vital role in controlling outbreaks and protecting
public health.

e Regulatory Oversight: Stringent regulations ensure vaccines meet safety and efficacy
standards before public use.

e DistributionChallenges: Equitable access to vaccines remains a significant hurdle in global
health equity.

e Healthcare Infrastructure: Adequate healthcare systems are essential for effective
vaccination programs.

Global. Collaboration: Importance of Partnerships The large-scale production of vaccines
necessitates collaboration between various entities, including pharmaceutical companies,
governments, and international organizations like the World Health Organization (WHO). This
cooperation is crucial for sharing knowledge, resources, and technologies that can expedite
vaccine development. By working together, countries can better respond to health emergencies,
ensuring that vaccines reach populations in need, particularly in low- and middle-income nations.

Technological Advancements: Revolutionizing Vaccine Production Modern vaccine production
benefits from advancements in biotechnology, such as recombinant DNA technology and mRNA
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technology. These innovations allow for faster development timelines and more targeted immune
responses. For instance, mRNA vaccines have revolutionized the approach to immunization by
providing a platform that can be rapidly adapted to address emerging pathogens. This flexibility is
essential in a world where new infectious diseases can arise unexpectedly.

Responding to Increased Demand: Meeting Global Needs The demand for vaccines has reached
unprecedented levels, particularly highlighted by the COVID-19 pandemic. This surge has put
immense pressure on manufacturers to scale up production while maintaining quality.As a result;
investments in manufacturing capabilities and supply chain logistics have .become vital.
Companies are increasingly adopting innovative solutions, such as modular production facilities
and advanced forecasting models, to ensure they can meet global needs efficiently.

Public Health Impact: Shields Against Outbreaks Vaccines are one of the'most effective tools in
preventing infectious diseases, significantly reducing morbidity and.mortality rates. They not only
protect individuals but also contribute to herd immunity, which is essential for safeguarding
communities. The impact of vaccination programs can be observed inthe control of diseases such
as measles, polio, and influenza, demonstrating the importance of sustained investment in
vaccine production and distribution.

Regulatory Oversight: Ensuring Safety and Efficacy The.vaccine approval process is rigorous,
involving multiple phases of clinical trials and extensive review by regulatory agencies. This
oversight is critical to ensuring that vaccines are safe and effective before they are administered
to the public. Regulatory bodies must/balance.the urgency of vaccine availability during health
crises with the need for thorough evaluation, emphasizing the importance of maintaining public
trust in vaccination programs.

Equitable Distribution: Addressing Global Disparities Despite significant advancements in vaccine
production, equitable access remains a challenge. High-income countries often secure vaccine
supplies first, leaving.low- and-middle-income countries vulnerable. Initiatives like COVAX aim to
address these disparities by facilitating access to vaccines for underserved populations. However,
achieving truly equitable distribution requires concerted efforts from governments, NGOs, and
the private sector to overcome logistical challenges and ensure that all communities, regardless of
economicistatus, receive the vaccines they need.

Healthcare Infrastructure: Foundation for Successful Vaccination Programs The effectiveness of
vaccine distribution is heavily dependent on the strength of healthcare infrastructure. Countries
with robust healthcare systems are better equipped to implement vaccination campaigns, manage
supply chains, and educate the public about the importance of immunization. Strengthening
healthcare infrastructure is essential for not only responding to current public health challenges
but also for preparing for future outbreaks and ensuring long-term health security.

In conclusion, the large-scale production of vaccines is a multifaceted endeavor that requires a

careful balance of technology, regulation, collaboration, and infrastructure. As global health
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challenges continue to evolve, the importance of vaccines in safeguarding public health cannot be
overstated. Addressing the complexities of vaccine production and distribution will be crucial for
future preparedness and response efforts, making it imperative for all stakeholders to work
together in pursuit of equitable health outcomes.

COMMERCIALIZATION OF VACCINES

The commercialization of vaccines is a crucial aspect of public health that involves bringing
vaccines from the research and development stage to the market, ensuring accessibility and
affordability for populations. This process encompasses various components, including the
development of effective vaccines, rigorous testing for safety and efficacy, regulatory approvals,
manufacturing, distribution, and marketing. The commercialization phase is essential-not only for
recovering research and development costs but also for incentivizing future vaccine innovation.
With the rise of global health emergencies, such as pandemics, the importance of rapid and
efficient vaccine commercialization has never been more evident. Effective commercialization
strategies can significantly impact public health outcomes by improving vaccination rates and
ensuring that vulnerable populations receive timely access to vaccines.

Importance of Vaccine Accessibility: Ensuring vaccines are available to all populations is critical
for public health.

Research and Development: The commercialization process begins with the rigorous scientific
development of vaccines.

Market Dynamics: Understanding ‘the. market landscape is essential for successful vaccine
commercialization.

Regulatory Approvals: Navigating regulatory frameworks is a key step in bringing vaccines to
market.

Global Health Impact: Effective vaccination programs can significantly reduce disease outbreaks
and improve global health:

Economic Incentives: Commercialization helps recover costs and encourages ongoing investment
in vaccine research.

Innovation and Future Vaccines: Successful commercialization can pave the way for new vaccine
technologies and advancements.

Importance of Equitable Access

The commercialization of vaccines must prioritize equitable access, particularly for low-income
and marginalized communities. Disparities in vaccine distribution can lead to significant public
health risks, as seen during the COVID-19 pandemic. Ensuring that vaccines are accessible to all
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socioeconomic groups not only protects vulnerable populations but also contributes to herd
immunity, ultimately benefiting society as a whole.

Accelerated Development and Approval Processes

The urgency of global health crises has led to the need for expedited vaccine development and
approval processes. Regulatory agencies have adapted their protocols to allow for faster
evaluations while maintaining safety standards. This shift highlights the importance of flexibility in
regulatory frameworks to respond to emerging health threats effectively.

The Role of Public-Private Partnerships

Successful vaccine commercialization often relies on collaboration between public.and private
sectors. These partnerships can provide the necessary funding, resources; and expertise to
navigate the complex landscape of vaccine development and distribution. By leveraging strengths
from both sectors, more effective and efficient commercialization processes can be achieved.

Manufacturing Capabilities

The ability to scale up manufacturing quickly is crucial during“health emergencies. Companies
must invest in robust manufacturing capabilitiesthat.can“adapt to fluctuating demands. This
includes not only producing large quantities of vaccines but'also ensuring that they meet stringent
quality standards and can be distributed efficiently.

Market Demand and Public Perception

Understanding public perception “and. market demand is critical for the successful
commercialization of vaccines« Public.trust in vaccines influences uptake rates, and addressing
concerns through transparent communication can enhance acceptance. Companies must engage
with communities to educate and inform about the benefits and safety of vaccines.

Economic Viability‘and Pricing Strategies

The pricing of vaccines is a delicate balance between economic viability for manufacturers and
affordability for consumers. Vaccines must be priced in a way that ensures access while allowing
companies to recoup their investment and fund future research. Innovative pricing models, such
as tiered pricing based on income levels, can help bridge this gap.

Long-term Commitment to Vaccine Research

Commercialization is not just about bringing a vaccine to market; it also entails a long-term
commitment to ongoing research and improvement. The landscape of infectious diseases is
continually evolving, and vaccine developers must remain vigilant and innovative to address new
challenges. This requires sustained investment in research and a willingness to adapt to new
scientific discoveries.
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In conclusion, the commercialization of vaccines is a multifaceted process that plays a pivotal role
in public health. By focusing on accessibility, collaboration, and innovation, stakeholders can
enhance the effectiveness of vaccination programs globally, ultimately contributing to healthier
populations and preventing disease outbreaks. The lessons learned from recent health
emergencies will undoubtedly shape future strategies for vaccine commercialization, making it an
ongoing area of critical importance in the field of public health.

VACCINE SAFETY, ETHICS AND LEGAL ISSUES

The topic of vaccine safety, ethics, and legal issues is multifaceted, encompassing scientific
research, public health policies, ethical considerations, and legal frameworks that govern
vaccination programs. This discourse is essential in addressing public concerns about vaccine
efficacy and safety, particularly in the wake of widespread vaccination campaigns during health
crises like the COVID-19 pandemic. The principles of informed consent, the balance of individual
rights versus community health benefits, and the implications of vaccine mandates are critical
components of the conversation. Moreover, the legal respansibilities=of vaccine manufacturers,
the role of government oversight, and the ethical implications of vaccine distribution emphasize
the complexities surrounding vaccination initiatives.-Understanding these aspects is crucial for
fostering public trust and ensuring equitable access'to vaccines.

Vaccine Safety and Public Perception: Public ‘concernabout vaccine safety often stems from
anecdotal evidence and misinformation. Tovaddress these fears, it is essential to engage in
transparent communication about the rigorous testing and monitoring processes that vaccines
undergo before approval. Health organizations must prioritize educating the public on the science
behind vaccines, demonstrating their.efficacy and safety through data-driven campaigns.

Legal Obligations of Manufacturers: Vaccine manufacturers face significant legal responsibilities,
including liability for damages. caused by their products. This liability is often mitigated by
government programs that provide compensation for vaccine-related injuries. Understanding
these legal frameworks. helps clarify the accountability of manufacturers while ensuring that
individuals who suffer adverse effects have recourse.

Ethics of Mandating Vaccination: The ethical discussion surrounding vaccine mandates revolves
around the balance between individual autonomy and public health. While mandates can increase
vaccination rates and protect community health, they must also consider individuals' rights to
refuse vaccination. Policymakers should engage in open dialogue with communities to address
concerns and promote voluntary compliance through education rather than coercion.

Informed Consent: Informed consent is a cornerstone of ethical medical practice, particularly
concerning vaccines. Individuals must understand the benefits and risks associated with
vaccination before making a decision. Health care providers play a critical role in facilitating
conversations that provide clear, unbiased information, ensuring that consent is truly informed.
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Impact of Misinformation: The rapid spread of misinformation regarding vaccines poses a
significant challenge to public health efforts. Social media platforms and online forums often
amplify unfounded fears and myths about vaccination. Addressing this misinformation through
proactive communication strategies and debunking false claims is essential to maintaining public
trust in vaccines.

Global Health Equity: Vaccine distribution is not uniform across the globe, leading to disparities in
access that can exacerbate health inequalities. Wealthier nations often secure vaccines at higher
rates than lower-income countries, which can hinder global efforts to control infectious diseases.
Ensuring equitable access to vaccines is not only an ethical imperative but also crucial for
achieving herd immunity and protecting vulnerable populations worldwide.

Continuous Monitoring and Research: Post-marketing surveillance of vaccines is'vital to ensure
ongoing safety and efficacy. This involves monitoring adverse events and conducting further
research to understand long-term effects. Regulatory bodies must.commit to transparency in this
process, sharing findings with the public to reinforce confidence in vaccination programs.

Conclusion

The intersection of vaccine safety, ethics, and legal issues is a complex landscape that requires
careful navigation by health officials, policymakers, and the public. By addressing safety concerns
through transparent communication and rigorous scientific research, fostering ethical discussions
around informed consent and mandates;.and. ensuring equitable access to vaccines, society can
work towards a more informed and healthier population. Understanding the legal frameworks
that protect individuals and hold .manufacturers accountable is also essential in fostering trust in
vaccination efforts. Ultimately;the goal is to create an environment where vaccines are not only
safe and effective but also embraced by all as a cornerstone of public health.
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