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Discovery of novel 
vaccine candidate 

Vaccine 
Development

Test vaccine in animal 
models and humans 

Vaccine 
Approval 

Vaccines approved by 
FDA

2



AN ORIGINS STORY 

Inoculation 
(variolation) 
from 
smallpox 
lesions 
(~900)  

Inoculation 
introduced to 
the British 
court by Lady 
Montague in 
(1721)

Edward Jenner 
inoculates James 
Phipps with 
matter from 
cowpox lesions
(1798)

Robert Koch and 
Louis Pasteur  
instrumental in 
establishing the 
germ theory of 
disease 
(mid to late) 
1800s)

Paul Ehrlich and 
Emil von 
Berhing
(late 1800s)

Pathogens: Variola major and Variola minor
Disease: smallpox 

Source: CDC

Source: CDC

Source: Wikipedia
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WHAT IS A VACCINE? 

“A vaccine is a biological product that 
can be used to safely induce an immune 
response that confers protection against 
infection and/or disease on subsequent 

exposure to a pathogen.” 

The essential component of a vaccine is 
an antigen from the pathogen. 

• Protection: the individual will not 
develop the disease when exposed 
to the pathogen against which the 
vaccine has been administered. 

• Antigen: parts of the pathogen or 
killed whole organisms that can 
induce an immune response

Pollard, A. J.,  and Bijker, E. M. Nature Reviews. 2021. 21, 83-100 4



Disease Pathogen

Diphtheria Corynebacterium diphtheriae 

Polio (poliomyelitis) poliovirus (Enterovirus C subtype)

Measles Measles morbillivirus

Exposure to pathogen
•Viruses
•Bacteria  
•Fungi
•Parasites

Disease manifestation

Treatment course

Outcome
•Full recovery  
•Recovery with side effects
•Death 

Medical 
intervention

Vaccine 
intervention

Pollard, A. J.,  and Bijker, E. M. Nature Reviews. 2021. 21, 83-100 5
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BENEFITS OF VACCINES 

 Reduce transmission rate in communities 

 Reduce disease severity and long-term negative outcomes

 Reduce case-fatality rates among infected individuals 

 Prevent emergence of more virulent and pathogenic strains 

 Proven and safe means of building an effective immune response 

Pandemic

Epidemic or 
Outbreak 

1. Endemic
2. Sporadic

CONTAIN
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VACCINE RESEARCH, DEVELOPMENT AND APPROVAL PROCESS

Research and 
Discovery

Discovering novel 
vaccines 

Preclinical trials 

Testing vaccine 
candidates in vitro
(in cells) and in 
vivo (in animal 
models) 

Phase 1 clinical 
trials

Testing in 20-100 
healthy volunteers 

Phase 2 clinical 
trials 

Testing involves 
100s of people 

Phase 3 clinical 
trials 

Testing in 
thousands of 
volunteers 

Biologics 
License 

Application (BLA)

Approval by the 
FDA for interstate 
distribution

Phase 4 clinical 
trials 

Testing and 
monitoring 
continues after 
licensure 

*Safety* 
*Immunogenicity (inducing an immune response)* 
*Protective efficacy (capacity to prevent disease)* 

Testing on human subjects Gathering preliminary information 

Adults Adolescents Children Infants 

Gathering preliminary information 

Immunocompromised individuals 8



RESEARCH AND DISCOVERY STAGE 

1. Develop the vaccine candidate 

2. Test vaccine in preclinical trials 

Source: Manuel Bortoletti

“A vaccine is a biological product that can be used to safely 
induce an immune response that confers protection against 
infection and/or disease on subsequent exposure to a 
pathogen.” 
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• Live
Chance of uncontrolled replication in 
compromised individuals 

•Non-live (inactivated)  
No risk of uncontrolled replication in 
immunocompromised individual

Vaccines 
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“A vaccine is a biological product…” 

RESEARCH AND DISCOVERY STAGE
1. DEVELOP VACCINE

Pollard, A. J.,  and Bijker, E. M. Nature Reviews. 2021. 21, 83-100 10



RESEARCH AND DISCOVERY STAGE
2. TEST VACCINE IN PRECLINICAL TRIALS 

Goals 

Antigen presence

Correlates of protection

Safety 

1. Confirm expression of antigen 
2. Characterize immune response 
3. Check for any adverse effects  

bioRxiv 2020.09.08.280818; doi: https://doi.org/10.1101/2020.09.08.280818 
Vogel, A. B., Kanevsky, I., Che, Y., et al. Nature. 2021. 592, 283-289 11



CLINICAL TRIALS 

Research and 
discovery

Discovering novel 
vaccines 

Preclinical trials 

Testing vaccine 
candidates in vitro
(in cells) and in 
vivo (in animal 
models) 

Phase 1 clinical 
trials

Testing in 20-100 
healthy volunteers 

Phase 2 clinical 
trials 

Testing involves 
100s of people 

Phase 3 clinical 
trials 

Testing in 
thousands of 
volunteers 

Biologics 
License 

Application (BLA)

Approval for 
interstate 
distribution

Phase 4 clinical 
trials 

Testing in 
vulnerable 
populations (sick) 

*Safety* 
*Immunogenicity (inducing an immune response)* 
*Protective efficacy (capacity to prevent disease)* 

Testing on human subjects Gathering preliminary information 

Phase I/II trials Phase II/III trials 
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Limit bias: 
observer-blinded 
to prevent bias 

Thorough: any 
changes to the 
vaccine require 
that the trial be 

repeated 

Safe: volunteers are 
observed during the 
trial to monitor an 
adverse reactions

Nontoxic: abide by 
the FDA’s guidance 

on toxicity 
measures 

Consistent: 
methods of data 

collection, 
analysis and 
reporting are 
standardized

Establish 
immunogenicity: 

link between 
vaccine and 

immunity Clinical or Laboratory abnormalities
Grade 1: Mild 
Grade 2: Moderate
Grade 3: Severe 
Grade 4: Potentially life threatening  

https://www.fda.gov/media/73679/download 13

ALL CLINICAL TRIALS



RESOURCES 
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PHASE I: PROTECTIVE EFFICACY TRIALS

 Vaccine must have already been tested in preclinical trials 

 Small number of healthy, immunocompetent volunteers 

 Intended to investigate underlying immunological mechanisms (e.g., immunological memory and antibody 
production postvaccination)

 Gain experience with vaccine before testing in larger populations (e.g., mode of administration, injection site, etc.) 

 May or may not be controlled 

15

“The enrollment of healthy volunteers warrants a very low tolerance for risk in those clinical trials.” 
FDA 



PHASE I: FIRST TRIALS IN HUMANS 

Phase I 

 Objectives: 
 Establish safety: symptoms associated with immune 

response such as fever, swelling, etc. 

 Collect data on immune response 

 Administration protocol 

• Delivery method

• Dose 

 Test group 
 Size: A small group of 20-100 of naïve and 

immunocompetent human subjects 

 Age group: first trials in humans, target population 

Phase I: Pfizer–BioNTech mRNA vaccine 

 Objectives: 
 Establish safety: primary event was pain at injection site

 Immune response: neutralizing antibodies observed in sera

 Administration protocol 

• Delivery method: 10, 20, 30 or 100 µg into the deltoid (arm) 

• 2 doses at 21-day intervals 

 Test Group: 
 Size 

• 13 groups of 15 participants (total 195) 

• 12 received vaccine and 3 received placebo 

 Age group: 18-55 and 65-85 

medRxiv 2020.08.17.20176651; doi: https://doi.org/10.1101/2020.08.17.20176651
Walsh, E. E., Frenck, R. W., Falsey, A. R. NEJM. 2020. 383, 2439-2450 16



PHASE II: TESTING IN A TARGET POPULATION 

 Safety and immunogenicity 

 Larger number of participants, typically in the 100s of people

 Intended to extract as much information about the vaccine as possible (dose, vaccine schedule, vaccine 
composition, age-specific responses, duration of immune response, reactions to the vaccine) 

 Continue gaining experience with vaccine before testing in larger populations 

 Control and vaccine groups 

 Clinical evaluators, laboratory staff and participants themselves are unaware about who is in the control or vaccine 
groups until trail has been completed. 
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PHASE II: TESTING IN A TARGET POPULATION 

Phase II 

 Objectives: 

 Optimize vaccine use and delivery conditions

• Optimal dose 

 Plan for phase 3 trials 

 Test group 

 Size: A small group of 50-500 of naïve and 
immunocompetent human subjects 

 Age group: Vaccine target population 

Phase I/II: Pfizer BioNTech (mRNA) 

 Objectives: 
 Optimize vaccine use and delivery conditions

• Optimal dose test: 10, 30 or 100 µg, 1 or 2 doses 21 days 
apart 

• Also tested single doses of 100 µg 

 Prepare for Phase II/III trials 

 Test group 
 Size: 76 participants

 Age group: 19-54 years 

medRxiv 2020.08.17.20176651; doi: https://doi.org/10.1101/2020.08.17.20176651
Walsh, E. E., Frenk, R. W., Falsey, A. R. NEJM. 2020. 383, 2439-2450
Mulligan, M. J., Lyke, K. E., Kitchin, N., et al. Nature. 2020. 586, 589-593 18



PHASE I/II: INITIAL SAFETY TRIALS AND TARGET POPULATIONS
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PHASE III: PROTECTIVE EFFICACY TRIALS

 Study protective efficacy 

 “The primary purpose of a phase III trial is to assess the protective efficacy of the vaccine in the target population.” 

 Monitor vaccinated and unvaccinated participants for disease incidence over various periods of time to determine protection levels 

 1000-150,000 participants (determined by incidence of disease)

 Randomized, double-blind control trial: participants randomly allocated to placebo or vaccine groups or groups that 
receive nothing 

 Mimic “field” conditions 

 Large trials that may last up to several years 

 Sufficient data allows for application of license with the FDA 

20



https://www.who.int/news-room/feature-stories/detail/vaccine-efficacy-effectiveness-and-protection 21



PHASE III: TESTING IN A TARGET POPULATION 

Phase III 

 Objectives: 

 Protective efficacy

• Define clinical trial endpoint 

 Test group 

 Size: 1,000 – 150,0000 

 Age group: Vaccine target population 

 Vaccine locations 

Phase III: Pfizer–BioNTech mRNA vaccine 

 Objectives: 
 Protective efficacy

• COVID-19 disease symptoms as outlined by the FDA and 
laboratory tests 

• Dosage: placebo or 30 µg of vaccine, 21 days apart  

 Test group 
 Size 

• 43,548 participants

• 21,720 received vaccine, 21,728 received placebo  

 Age group: 16 years old or older 

 Vaccine locations: 

• Multi-site (United States, Brazil, Argentina, South Africa, Germany, 
and Turkey) 

Polack, F. P., Thomas, S. J., Kitchin, N., et al. NEJM. 2020. 383, 2603-2615 22



PHASE III : TESTING IN A TARGET POPULATION 

23

“The safety profile of BNT162b2 (vaccine) was characterized by short-term, 
mild-to-moderate pain at the injection site, fatigue, and headache.”

Polack, F. P., Thomas, S. J., Kitchin, N., et al. NEJM. 2020. 383, 2603-2615



BLA SUBMISSION TO THE FDA

 “The Biologics License Application (BLA) is a request for permission to introduce, or deliver for introduction, a 
biologic product into interstate commerce… A BLA is submitted to any person or entity who is engaged in 
manufacture. 

 Requirements for a BLA

 Applicant information

 Product/Manufacturing information

 Pre-clinical studies 

 Clinical studies 

 Labeling 

 BLA for Pfizer BioNTech vaccine approved by FDA on August 23, 2021 under the label Comirnaty. 

https://www.fda.gov/media/151710/download 24



PHASE IV: CLINICAL TRIALS

 Postlicensure surveillance, i.e., monitoring continues following FDA approval 

 Safety 

 Vaccine effectiveness 

 Population level effects 

 More focused on epidemiological studies 

 Trials can be on-going for some substudies

 Trials are still on-going for groups of ages 12 and under for the Pfizer–BioNTech vaccine 

25https://www.pfizer.com/science/clinical-trials/children



HEALTH AND HUMAN SERVICES ORGANIZATIONAL STRUCTURE

Secretary 
Deputy Secretary 

Chief of Staff 

Centers for Disease 
Control and 

Prevention (CDC)

Advisory Committee 
on Immunization 
Practices (ACIP)

Food and Drug 
Administration (FDA) 

- 15 voting members selected by DHHS (experts in vaccinology, immunology, 
pediatrics, internal medicine, infectious diseases, virology, family medicine, 
preventative medicine, a consumer representative) 

- 30 non-voting representatives from professional organizations (American 
Academy of Pediatrics, American Academy of Family Physicians, American 
College of Nurse Midwives, American College of Obstetricians and 
Gynecologists, American College of Physicians) 

https://www.cdc.gov/vaccines/acip/committee/role-vaccine-recommendations.html 26



WHAT HAPPENS WHEN NATIONAL AND GLOBAL HEALTH 
EMERGENCIES OCCUR? 

27



EMERGENCY USE AUTHORIZATION (EUA)

https://www.fda.gov/media/97321/download
https://www.federalregister.gov/documents/2020/02/07/2020-02496/determination-of-public-health-emergency 28



EMERGENCY USE AUTHORIZATION (EUA)

Emergency Use Authorization (EUA)
“allows FDA to help strengthen the nation’s public health 
protections against chemical, biological, radiological and 
nuclear (CBRN) threats including infectious diseases by 
facilitating the availability and use of medical counter 
measures (MCMs) needed during public health emergencies.”  

December 11, 2020
Worldwide
Deaths: 13,141
New cases: 692,116
USA
Deaths: 2,955
New cases: 280,513 
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FACTORS THAT AFFECT SPEED OF VACCINE APPROVAL 

 Adequate number of participants in Phase I/II/III trials 

 Single or multicenter trials 

 Cost 
 The CARES (Coronavirus Aid, Relief, and Economy Security) Act was used to fund vaccine research

 Johnson & Johnson 

 AstraZeneca 

 Moderna

 Novavax

 Collaboration across the globe 

 Emergency Use Authorizations (EUA) 
 Use of Pfizer–BioNTech vaccine for ages 16 and above 

 Comirnaty is currently approved under an EUA for administration to 12–15-year-olds 

• Based on Phase III trials with 2,260 adolescents, with vaccine efficacy of 95%. 

 Comirnaty is still investigating the vaccine for children ages 12 and under. 

30Frenck, R. W., Klein, N. P., Kitchin, N., et al. NJEM. 2021. 385, 239-250



CONCLUSION 

 Vaccines are biological products that confer protection against symptomatic disease.  

 Before authorization for use by the FDA, vaccines undergo rigorous safety, immunogenicity and protective efficacy 
tests in Phase I, Phase II and Phase III clinical trials. 

 Vaccines are studied and monitored closely by the FDA, the ACIP and vaccine manufacturers even after licensure 
and approval for use. 

 Emergency Authorization Use (EUA) can be declared by the Secretary of HHS during a public health crisis or a 
potential public health crisis to increase the speed with which vaccines are authorized by the FDA. 
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