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Although vaccines are being developed and administered to people for more

than a century, the understanding of the steps involved in vaccine development

is a relatively new subject to the general public. During the current pandemic,

there has been an explosion of non-validated news about COVID-19 and

vaccines. To enhance the understanding of this critical societal science, there

is an urgent need to teach these topics in the early education systems.

Defining the essential subjects and courses for high school and developing

syllabi for undergraduate courses in immunology and vaccinology can be

di�cult, as students choose diverse career options after their studies. To

define these curricula, understanding the current level of awareness regarding

vaccinology and immunology among students becomes essential. Thus, we

have undertaken an exploratory survey of 650 high school and undergraduate

college students in India on their awareness of the processes of vaccine

development. Our results confirmed our hypothesis that there is a very limited

understanding of this topic among school-going students. In this article, we

propose an outline for a course for teaching in high schools. We recommend

that this course should be interdisciplinary and a mix and match of majors

and minors. It should train students with soft skills and prepare them for their

careers in biomedical research.
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Introduction

We routinely use easy-to-use medicines available at a local pharmacy for everyday

ailments such as headaches and sores, and we rarely think about how these medicines

are made. With the constant bombardment of news in public media about COVID-19

and vaccines, there is a huge amount of information and misinformation on how the

COVID-19 vaccines were developed in <1 year (Dror et al., 2020). We, as high school

and college students, are not aware of what it takes to develop these vaccines. These
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subjects are not taught in high schools, and it can be

challenging to develop age/class-appropriate courses, as this field

is rapidly advancing and expanding (Chatterjea, 2020). The

multidisciplinary nature of the vaccine development process

requires defining the key components of the curriculum. In this

article, we have conducted an exploratory survey of high school

and college students and teachers across India on the awareness

of vaccine development processes. We have hypothesized that

there is a very limited understanding of these processes among

high school and college students as well as teachers. Using

the data obtained through our survey and taking COVID-19

vaccines as an example, we have curated a novel course outline

that can be utilized as a framework for developing a curriculum

that can enable teaching the multidisciplinary aspects of vaccine

development in high schools and colleges.

FIGURE 1

The life cycle of SARS-COV2. The steps involved from entry to replication and budding are shown in this figure.

In December 2019, there was an outbreak of an unknown

respiratory disease in Wuhan, China, characterized by dry

cough, difficulty in breathing, loss of taste and smell, chest

pain, and fever, which could potentially lead to multiple organ

failure (Trojánek et al., 2020). The disease was caused by severe

acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and

was later coined “COVID-19” by theWHO (2020). On 11March

2020, the WHO declared it a pandemic. As of this submission,

there are more than 590 million infected and more than 6.4

million dead. It is predicted that the virus originated in bats

and was transmitted to humans via Pangolin, which are the

intermediate hosts of the virus.

Severe acute respiratory syndrome coronavirus 2 is an

enveloped RNA virus, with a ∼30 kilobase long single-stranded

RNA as a genetic material. It is capable of infecting a variety
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of host species (Vabret et al., 2020). Most infected people

recover from COVID-19 with mild-to-moderate symptoms and

do not need any medical intervention. However, older patients,

immunocompromised individuals, and those with underlying

conditions including diabetes, chronic respiratory disease, or

cancer experience more severe symptoms such as difficulty in

breathing, chest pain, or pressure. SARS-CoV-2 infects host

cells by the binding of its spike protein to the ACE2 and

TMPRSS2 receptors present on various cells in the nasal cavity,

trachea, and lungs (Hirano and Murakami, 2020; Hoffmann

et al., 2020; Lukassen et al., 2020). Once the virus enters the cell,

it uses the enzyme RNA-dependent RNA polymerase (RdRp) to

transcribe viral proteins. These proteins assemble in the cell and

new viral particles emerge, which infect other cells (Figure 1).

Neutralizing antibodies to the spike protein can block viral entry

(Poeschla, 2020). Drugs, such as remdesivir and molnupiravir,

bind to RdRp and can block viral replication (Felsenstein

et al., 2020). Several SARS-CoV-2 variants have been identified,

which include Alpha, Beta, Gamma, Epsilon, Eta, Iota, Kappa,

TABLE 1 Demographics of survey respondents.

Students Teachers

High school College High school College

India 536 82 14 13

B.1.617.3, Mu, Zeta, and Omicron. The understanding of the

pathogenesis of COVID-19 continues to evolve as new large-

scale studies are being conducted, which will provide insights

into the long-term effects of COVID-19 on human health

(Lopez-Leon et al., 2021).

To combat the pandemic, several pharmaceutical companies

began the development of novel COVID-19 vaccines as early

as February 2020 (Cohen, 2021). Vaccines prepare the body to

combat viral pathogens and significantly reduce the chances of

infection and adverse effects. The major platforms to develop

vaccines include mRNA, DNA, protein, viral vectors, inactivated

viral proteins, and live attenuated viruses (Francis et al., 2022).

Table 1 shows the characteristics of these platforms. Several

reviews have summarized the efficacy and effectiveness of these

vaccine platforms in preventing COVID-19 disease (Krammer,

2020; Cai et al., 2021; Fiolet et al., 2022; Francis et al., 2022).

Prior to the development of a vaccine, it is imperative to

understand the pathogenesis of the disease, and hence, the

first step involves research on how the disease is caused and

progresses. We have described the vaccine development process

in seven major steps (Stern, 2020) (Figure 2). (i) discovery:

experiments that enable understanding themechanism by which

the vaccine can prevent the disease; (ii) process development

and scale up: methods to manufacture the vaccine on a large

scale; (iii) pharmacology: dose and frequency of immunization

required to enable efficacy; (iv) toxicology: study the side effects

FIGURE 2

Steps involved in vaccine development. Chemistry, Manufacturing, and Controls (CMC) is the step that involves process development and

scale-up of the method of developing the vaccine.
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TABLE 2 Vaccine development course.

Books and other resources

The Vaccine Book. Editors: Barry R. Bloom, Paul-Henri Lambert. eBook ISBN: 9780128054000

Peter L Stern. Key Steps in drug development. Annals of Allergy Asthma and Allergy. 125 (2020) 17–27

Suggested point breakdown

3 exams (10 pts each) 30 points

Homework 10 points

Team project 20 points

Final exam 30 points

Participation 10 points

TOTAL 100 points

An overview of the class

Vaccine development is at a turning point in human medicine. Over the recent three decades, the development of vaccines has revolutionized the way we develop medicines. Efficiency and quality compliance are critical to

achieving innovation and affordability. This comprehensive course will provide an overview of the basics and multidimensional nature of drug development-utilizing technology, statistical, and quality considerations. Risk

assessment and mitigation will be discussed using a role-play process.

Upon the completion of the course, the participants should be able to achieve the following outcomes:

1. Become knowledgeable about the basic aspects of vaccine development, especially as it relates

to application in various steps of the process

2. The process of sharing knowledge on applications of biotechnology with students

3. The ability to understand risk assessment processes

4. Understand the complex multidisciplinary nature of the drug development process, which

intersects with several other biological processes

5. Have a shared understanding of academic and industry requirements

Topics for lecture

Pre-requirements:

The course is aimed at providing an overview of the drug development processes. Attendees to the course should have the following criteria:

• At least a gradation in an area of biology

• Some knowledge of one of the areas involved —-

• Desire to understand the application of research to drug development —-

Learning objectives:

• Become knowledgeable about the basic aspects of drug development, especially as it relates to

the application in various steps of the process

• The risks associated with the drug development process

• The understanding of the social impact of the cost of drug development

• Have the tools to develop methodologies for challenges faced during drug development

• The ability to understand risk assessment processes

• Understand the complex, multidisciplinary nature of the drug development process, which

intersects with several other biological processes

• Have a shared understanding of academic and industry requirements

(Continued)
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TABLE 2 (Continued)

Books and other resources

Learning outcomes:

• Navigate through the different regulations for drug research and development

• Understand the role of the regulatory affairs professional in drug development

• Conduct primary and secondary research to develop a regulatory strategy

• Understand the process for designing and running clinical trials on medical devices

1. The drug development and risk assessment workshop (A role-play exercise)

• Insights on drug development

• History and evolution of drug development

• Types of vaccines – live-attenuated, inactivated, mRNA, recombinant and conjugate

2. Design of vaccine

• Virus structure—parts of the virus

• Antigen target selection

• Optimal vaccine formulation

• Understanding statistical design of experiment

3. Pharmacology and toxicology

• Immune response—reactogenicity and immunogenicity

• Dosage study

• Understanding statistical aspects of variability

4. Process development and manufacturing

• Scale up studies

• Scale down studies

• Pilot scale

• Different manufacturing scales

• Understanding statistical aspects of trend analysis and process control

5. Clinical trials and regulatory approval process

• Phase I

• Phase II

• Phase III

• Phase IV

• Different regulatory agencies across the globe

• The difference in the approval system (basic)

• Understanding hypothesis testing

6. Risk assessment summary and conclusions

• Health risk

• Manufacturing risk

• Supply chain risk

• Financial risk

• Pandemic situation

• Understanding predictive statistics

7. A team presentation of a mock-vaccine development process

• Team development

• Defining the disease to treat

• Process development and manufacturing

• Pharmacology and toxicology

• Clinical trials

• Mock regulatory review and process audit
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FIGURE 3

Awareness of vaccine development. (A, B) Bar graphs comparing the class level of high school (HS) students (B) year of college students

(college) based on their education and rating of awareness of vaccine development. The bars correspond to the respondents’ understanding of

vaccine development on a scale of 1–10; by overall ranges. (C) Heat maps comparing the subject of interest of the individual with the rating of

awareness of vaccine development.

of the vaccine; (v) clinical trials: phases 1, 2, and 3 stages

of testing the vaccine in humans to define the efficacy and

toxicity; (vi) quality management: processes involved in ensuring

that vaccines manufactured are reproducible in terms of safety

and efficacy, stable, and maintain potency through time; and

(vii) regulatory approval: processes by which government bodies

review and approve the vaccine to be administered to millions

of people.

A survey to understand the
awareness of vaccines in high
schools and colleges

To understand the awareness of vaccine development

processes among students beyond the student authors of

this article, we conducted an exploratory survey among

high school students, teachers, and administrators. The

survey sought to examine several aspects of awareness of

the processes involved in vaccine development, particularly

COVID-19 vaccine development. We received a total of 645

responses through the authors’ peer networks, colleagues,

friends, and acquaintances. The dissemination was not random,

and therefore, the authors do not claim that the data are

representative of the population. The respondents included high

school or college students or teachers in India (Table 2). Out

of the total respondents, 83.1% were high school students and

12.7% were college students.

While examining and understanding the concepts of vaccine

development among respondents, the pattern of responses from

students and teachers pointed to the following key areas of

teaching that could be implemented in high schools and colleges:

Awareness of vaccine development

The awareness of vaccine development was assessed by a

rating score ranging from 1 to 10, with one having the least

understanding (having taken 0 classes) to 10 being the higher

(having taken three more classes). Figures 3A, B compare levels
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FIGURE 4

Knowledge of vaccines. The word cloud demonstrates the frequency of people who responded to the mentioned diseases against which they

knew how vaccines were approved. In the word cloud, the size of each disease (word) is proportional to its frequency.

of high school (HS) & college education (CS) for the rating

of awareness about the development of vaccines. The response

to the survey suggests that the students with a higher level

of education scored lower on their awareness of the vaccine

development processes, whereas students of lower classes scored

higher. To further analyze their awareness, we evaluated their

rating based on the subject they were studying. Students

studying subjects such as finance, humanities, architecture,

arts, natural science, and management scored lower than those

studying engineering and medicine (Figure 3C). We find this

observation intriguing; the data suggest that students pursuing

engineering and medicine have a higher level of awareness for

vaccine development compared to other subject groups.

Knowledge of vaccines approved

To ascertain the awareness of the students on vaccine

development, the survey asked each respondent to list three

diseases for which vaccines were approved. Figure 4 shows

the list of the various diseases that the respondents listed

for vaccines that have been approved. The results indicate

that there is some understanding of vaccines and infectious

diseases, which is an encouraging sign of knowledge awareness

in schools.

Source of information

Finally, the survey also asked each respondent to provide

the source of information on vaccines. Few students including

both high school and college level selected more than two

options for the question asked, and therefore, the responses were

segregated, which were then considered as individual responses

for the analysis. Figure 5 shows that 32.5% (351) of the students

mentioned that communication with friends and family is the

main source of information, whereas 20.89% (225) opted for

headlines and news as a source of information, 18.9% (204)

opted for newspaper articles, and 7.7% (83) did not put any

efforts for collecting information. In total, 11.3% (122) read

scientific articles.

These results indicate that majority of the students obtain

their scientific information from newspapers, family and friends,

rather than scientific articles. These observations indicate the
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FIGURE 5

Sources of information. The bar graphs illustrate the various commonly used media through which respondents got their information about

topics such as vaccines, vaccine development, and diseases. The list of sources was predefined in the survey.

necessity of the school systems to provide access to appropriate

scientific journals and publications to students.

Developing a training and education
system for high schools and colleges

The subject of biotechnology being taught in academia over

the past decade has not been aligned with industry requirements.

This gap has resulted in the formation of “finishing schools,”

which provide a bridge to the industry requirements. Having

a detailed understanding of different processes of vaccine

development in the pharmaceutical and biotechnology industry

requires a multifactorial process that involves diverse subjects

such as immunology, chemical engineering, pharmacology,

veterinary sciences, and clinical and regulatory studies. Skill

development in these areas is critical to the success of novel

vaccine development in the future.

We have used a methodical approach to capture the key

topics for inclusion in a course that can be curated to teach

various aspects of vaccine development. The use of analogies

in the pedagogy of education is a powerful tool for explaining

complex concepts. The process of vaccine development can

be quite similar to designing a car: from design, developing

a prototype, scaling up, testing its performance, and ensuring

that it is safe and efficient. It is a systematic process with

numerousmoving parts. Moreover, there is variability associated

with this high-risk-high-reward product in terms of health and

economic returns.

Since the understanding of the vaccine development

process is multifunctional and involves several diverse activities,

the course starts with a role-play workshop, in which

three students are assigned the roles of CEO, CFO, and

head of R&D of an industry. The goal of the team

is to develop a vaccine from discovery, through process

development, pharmacology, toxicology, clinical trials, and

quality management of manufacturing to regulatory approval.

At each key milestone of the development process, the team

must make decisions based on an analysis of the cost, time,

and risks involved prior to proceeding to the next step. A video

recording of such a process is depicted in a YouTube video

(Chirmule, 2020a). At the end of the workshop, there is a group

analysis of the lessons learned during the vaccine development

process. These lessons seek answers to questions such as (i)

what could have been done to prevent the mistake? (ii) how

could costs be reduced? (iii) why did the study not perform

as predicted?

After the completion of the workshop, there will be a

detailed presentation of the various steps involved in the drug

development process, each of which should be studded with

case studies and examples. Participants should be taught the key

soft skills, such as the ability to ask important and meaningful
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questions (Chirmule, 2020b), a process to make decisions

(Chirmule, 2020c), and several other soft skills important for

various aspects of life. Table 2 shows a list of topics that can

be considered to develop a curriculum. It consists of scientific

and operational aspects of the steps and understanding the

application of statistical concepts. The intent of this outline of

the course is to provide administrators, teachers, and students

with a framework to develop a course that can teach the

multifactorial processes involved in the development of vaccines

and, in fact, in the development of any medicine.

In summary, our exploratory survey confirmed the

observation that there is extremely limited knowledge in

the understanding of vaccine development in high schools

and colleges. The limited information manifests in a lack of

knowledge of drug development in society at large, resulting

in the spreading of misinformation. Systematic education

on the process of vaccine development will enable society

to understand the multifactorial aspects, high degree of

complexity, and risks. Understanding these processes can bring

more awareness to the general population and provide informed

decision-making that can ultimately provide high-quality

informed debates on the risks and benefits of vaccines and drugs

currently in use in society.
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