Presented by - Indu Champia
UG Student, Dept. Biotechnology, GD Rungta College of Science and Technology

VACCINE IN 21" CENTURY

INTRODUCTION

The development of vaccinations has revolutionized the field of public health and medicine by
enabling the prevention and control of infectious illnesses. This revolutionary idea, which
dates to the 18th century and Edward Jenner's groundbreaking smallpox vaccination, has
expanded to encompass a wide range of vaccinations intended to boost the immune system
against infections. Campaigns to vaccinate people have been crucial in reducing the burden of
infectious illnesses on a worldwide scale, helping to eradicate smallpox and significantly lower
rates of morbidity and death. Communities are still being protected against a variety of
diseases thanks to the continuous efforts to create, deliver, and administer vaccines,
demonstrating the extraordinary influence of immunization on both personal and societal
health.

To stop and manage the spread of infectious diseases, vaccinations are vital medical
instruments. They have contributed to the decrease and eradication of several fatal and
crippling diseases, marking a noteworthy and revolutionary accomplishment in public health.
Vaccines work on the basic premise of encouraging the immune system to identify and create

a defense against invaders, like bacteria or viruses, without causing illness.




HISTORY OF VACCINES

The development of vaccinations over time is evidence of humanity's unwavering quest for
immunity against infectious illnesses. The notion of vaccination was first presented to the
public by Edward Jenner in the late 1700s, who was motivated by the fact that cowpox acted as
a shield against smallpox. The smallpox vaccine was created because of its effective treatment.
Modern vaccination science was founded by innovators such as Louis Pasteur, who created
vaccinations against rabies and anthrax in the centuries that followed. The 20th century saw
the successful eradication of smallpox worldwide and significant advancements in polio
prevention due to vaccinations created by Jonas Salk and Albert Sabin. As scientific knowledge
grew, so did vaccine methods, leading to the development of toxoid vaccinations and, more

recently, novel mRNA vaccines such as those used to combat COVID-19.

TYPES OF VACCINES

Vaccines Developed year Target Virus
Inactivated vaccine 1880s Polio, Hepatitis A, Rabies
Live-attenuated 1890s Measles, mumps, Rubella
vaccines
messenger RNA (mRNA) 1970s COVID-19
vaccine
subunit, recombinant, Mid 1980s Hepatitis B
polysaccharide &
conjugate vaccine
Toxoid vaccine Early 1920s Diphtheria, Tetanus
Viral vector Vaccine 1973 Influenza, Adenovirus
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1. Inactivated Vaccine->

Using pathogens that have been destroyed or inactivated—that is, rendered incapable of
causing disease—inactivated vaccines are produced. Upon identifying these inactivated
molecules as foreign intruders, the immune system launches a defensive attack, generating
memory cells and antibodies. If the person is later exposed to the infectious, living version of
the disease, this immunological memory shields them.

2. Live-attenuated vaccine->

Live attenuated vaccines are produced using pathogens that have been weakened. These
organisms are still capable of replicating, but their virulence is greatly decreased, resulting in a
weak or non-symptomatic infection. In response, the immune system creates a strong and
enduring immunological memory. The vaccine for measles, mumps, and rubella (MMR) is one
example.

Live vaccines are used in the protection of the following diseases:

+* Measles, mumps, rubella (MMR combined vaccine)



Rotavirus

Smallpox
Chickenpox

% Yellow fever

3. messenger RNA (mRNA) vaccine->
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This vaccine generally forms proteins to activate the immunity system. COVID-19 vaccines
come under this type.

The benefit of mMRNA vaccine:

It is manufactured in a short period as it does not contain any fragments of the virus, so there
is no chance of alteration in health conditions. mMRNA technology has been leveraged in the
development of certain vaccines, such as the mRNA COVID-19 vaccines.

In these vaccines, synthetic mMRNA encoding a portion of the virus's genetic material is
delivered into cells, instructing them to produce a harmless piece of the virus that triggers an
immune response.

4. subunit, recombinant, polysaccharide & conjugate->

subunit, recombinant, polysaccharide & conjugate vaccine uses certain segments of germs -
like its protein, sugar, or capsid. As the vaccine uses certain segments, it provides strong and
long-term immunity. This vaccine can be beneficial for everyone who needs it. It includes a
booster shot to get future protection.

subunit, recombinant polysaccharide, and conjugate vaccine are used to protect from:

+* Hepatitis B

+* HPV (Human papilloma Virus)
¢ Pneumococcal disease
+* Shingle

X/

** Meningococcal disease

5. Toxoid Vaccine->

As the name suggests it was a toxin made by a germ that caused an infection. Toxoids are
modified forms of toxins that have been treated to eliminate their toxicity while retaining their
ability to stimulate an immune response. The process of toxoid production involves treating
the toxin with chemicals or heat to denature it, rendering it harmless. This vaccine targeted to
toxin part of the germ instead of the whole part of the germ. It also includes booster shots.

Toxoid vaccines are used for protection from:

+» Diphtheria
% Tetanus



6. Viral Vector Vaccine->

Viral Vector Vaccines use an altered version of different viruses as a vector to provide
protection. Viral vector vaccines can induce strong and long-lasting immune responses. They
allow the incorporation of a variety of antigens, making them versatile for different pathogens.
Different viruses have been used as vectors such as influenza, vesicular stomatitis virus (VSV),
measles virus, and adenovirus.

Vinal vector vaccines are used in protection from COVID-19.

IMPORTANT VACCINES IN HISTORY

1. Smallpox Vaccine

It was the first successful vaccine developed in the year 1796 by Edward Jenner. Smallpox is
one of the most fatal diseases in humans. However, smallpox is no longer present in human
beings. A related virus called vaccinia virus, which gave smallpox cross-immunity, formed the
basis for the smallpox vaccine. The vaccinia virus was injected into the skin by a tiny cut,
usually on the upper arm, to give the vaccination. Vaccination is the method that produces an
immune response that shields people from smallpox.

2. The polio Vaccine

This vaccine is provided to children. Polio has been a known disease since ancient times, but
large-scale outbreaks occurred in the 20th century. In the 1950s, polio epidemics reached
alarming proportions, causing widespread fear and concern. Polio is a disease that can lead to
various symptoms, the most serious being paralysis.

3. The MMR vaccine

MMR stands for measles, mumps & rubella. These vaccines provide fighting ability against
measles, mumps, and rubella. MMR vaccine is highly effective in protecting from measles. The
MMR vaccine has been the subject of controversy, particularly due to a discredited study that
falsely claimed a link between the MMR vaccine and autism. Various studies and extensive
scientific research have since debunked this claim.

4. The T-Dap vaccine

It provides protection. against diseases like tetanus, diphtheria & and pertussis. These three
diseases are caused by bacteria. Tdap was introduced to replace the previous tetanus-
diphtheria (Td) booster in many vaccination schedules. Tdap is recommended for adolescents,



usually around age 11 or 12, and is often administered as part of routine adolescent
vaccinations.

5. The HPV vaccine

The development of the HPV vaccine began in the 1990s. This vaccine came into use in 2006.
Dr. lan Frazer and Dr. Jian Zhou, researchers from Australia, played a key role in developing the
technology that led to the creation of the HPV vaccine. HPV (Human papillomavirus) is a
sexually transmitted disease. HPV has many strains, some of them linked to cancer.

INGRIDIENTS OF VACCINES

Vaccines are intricate biological products made up of different chemicals, each of which has a
distinct function in either maintaining the vaccine's stability and effectiveness or eliciting an
immune response.

1. Antigens:

These are the active components of vaccines, which might be pathogen-derived proteins or
fragments of pathogen-derived proteins (virus or bacterium). When the body is exposed to the
infectious agent itself, antigens help the immune system identify and recall the pathogen,
enabling the body to create a defense.

2. Adjuvants:

Adjuvants are substances added to vaccines to enhance the immune response to the antigen.
They help improve the effectiveness and longevity of the immune response. Common
adjuvants include aluminum salts.

3. stabilizers:

Stabilizers aid in preserving the vaccine's effectiveness and integrity during production,
storage, and transit. Common stabilizers include sugars, gelatin, and proteins.

4. Preservatives:

Vaccines in multi-dose vials are preserved to stop germs and/or fungi from contaminating
them. Although many vaccines are now produced in single-dose vials or are thimerosal-free,
several immunizations historically contained the mercury-containing chemical thimerosal as a
preservative.



5. Buffering Agents:

Buffering agents help maintain the pH of the vaccine, ensuring its stability and preventing
changes that could affect its efficacy. Common buffering agents include phosphate salts.

Importance of vaccines in daily life:

Vaccines are incredibly powerful instruments in the fight against bacterial and viral infectious
illnesses. Childhood vaccines against measles, mumps, rubella, polio, and other illnesses are
recommended. Adult vaccinations, like those against pneumococcal and influenza, can help
avert illness and its consequences. Immunizations slow the spread of infectious diseases,
improving community health generally. Even in cases where a vaccinated person gets sick, the
illness's severity is frequently lessened. Vaccination can avert major side effects, hospital stays,
and long-term health consequences linked to specific diseases. Vaccination campaigns at work
can increase output by stopping the spread of infectious diseases. Immunization lowers the
chance of exposure, protecting these susceptible groups. Vaccines have been instrumental in
the eradication of certain diseases and the control of others. Smallpox, for example, was
eradicated globally through vaccination efforts. Vaccines have also significantly reduced the
prevalence of diseases such as polio, measles, and rubella.




Advantages of early vaccination:

Early childhood and infant vaccination have numerous important benefits for preserving both
individual and public health. Children can acquire immunity to a variety of infectious diseases
before they are exposed to possible pathogens by beginning the vaccination process early in
infancy. By taking this preventive action, the danger of serious and perhaps fatal illnesses is
greatly decreased, safeguarding vulnerable groups like newborns who may be more sensitive
to certain infections. Early vaccination also helps communities develop herd immunity, which
reduces the spread of infectious agents and aids in the prevention of epidemics. Early
childhood vaccinations are highly beneficial in preventing disease, improving public health
generally, lowering healthcare expenditures, and guaranteeing a population that is healthier
and more resilient.

Development of Vaccines in the 215t Century:

The constantly changing global environment of infectious diseases and technological
innovation have brought about transformational advances in vaccine development in the 21st
century. Scientific progress in the field of genomics has been crucial in accelerating the
identification of new vaccination targets by allowing researchers to quickly identify and analyze
the genetic makeup of viruses. The quick creation and distribution of COVID-19 vaccinations is
one example of how mRNA vaccine technology was a game-changer. In this ground-breaking
method, genetic material—specifically, messenger RNA—is introduced to teach cells to
synthesize innocuous fragments of the pathogen, so stimulating a strong immune response.
The rapidity with which this technology was able to respond to the COVID-19 pandemic proved
its versatility and offered hope for the quick production of vaccines against additional
infectious diseases. Additionally, collaborative efforts between governments, academia, and
the commercial sector, together with increasing funding for research, have produced a more
conducive climate for vaccine invention, with potential advancements in treating illnesses such
as malaria, HIV, and tuberculosis. The twenty-first century has brought about a dynamic new
phase in vaccine development, characterized by state-of-the-art technologies and international
cooperation to improve our capacity to prevent and manage infectious diseases.

Conclusion:

To sum up, vaccinations are an essential safeguard for public health, marking a significant
advancement in the prevention and management of disease. Their influence is demonstrated
by the elimination of illnesses such as smallpox and the marked decline in several infectious
diseases. Beyond protecting a person, vaccinations improve community health by creating
herd immunity, which protects even individuals who cannot get vaccinations. Because vaccines



reduce healthcare expenses, avoid lost productivity, and promote worker health, there are
significant economic advantages.

These achievements extend globally, supporting equitable access to preventive healthcare and
addressing health disparities. Vaccination fuels ongoing innovations in medical science,
ensuring preparedness for emerging threats and enhancing our ability to respond to evolving
health challenges.
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