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Disclosure
Research Support from: Pfizer; funds to my institution for contracted vaccine trial work

I do not intend to discuss an unapproved/investigative use of a commercial product/device in my 

presentation.



Learning Objectives

At the conclusion of the presentation, participants should be able to:

1) Describe the development and testing process for vaccines in the 
United States

2) Describe common adverse events following COVID vaccination

3) Explain the post-licensure vaccine safety mechanisms in place in 
the United States



Epidemiology 101
Descriptive Studies:

Case report – One individual

Case series – Multiple individuals

Interesting, but don’t really prove anything

May be useful for generating hypotheses







Epidemiology 101
Observational:

Case-control – Start with an outcome of interest and 
compare exposures between those with the outcome 
and those without

Cohort – Follow a group of individuals over time and 
compare outcomes between those with a given 
exposure and those without



Epidemiology 101

Experimental:

Randomized control trial – Similar to a cohort study except the 
exposure of interest is proscribed 

Randomization accounts for known and unknown confounders

Considered the highest level of evidence

Required for licensure of vaccines and other pharmaceuticals



Stages of Vaccine Development

NCMJ  2021 vol. 82, no. 2: 141-144



Pre-Clinical Development
Develop rationale based on disease

Identify an immunogen

Develop manufacturing process

Preclinical studies
Acute toxicity

 Escalating doses of candidate vaccine administered to animals by the route expected to be used in humans

 Must include doses higher than those used in humans

 Helps predict safe starting dose in humans

 Assess for behavioral changes, injection-site inflammation, and laboratory evaluations

In vivo pyrogenicity testing in animals (rabbits and/or guinea pigs)
Safety studies (rats or possibly primates)



Stages of Vaccine Development

NCMJ  2021 vol. 82, no. 2: 141-144



Pre-licensure Human Subject Studies

NCMJ  2021 vol. 82, no. 2: 141-144



From Science to Policy

13

Vaccine development and testing

Submission to FDA for Biologics License 
Application (BLA) or EUA

FDA Licensure/EUA

Vaccine and Related 
Biologic Products 

Advisory Committee
(VRBPAC)

Advisory Committee 
on Immunization 

Practices
(ACIP)

CDC Consideration
AAP

Consideration

Recommendations 
for use published in 

Pediatrics

Recommendations 
for use published

in MMWR

COID

Advises

Advises
Advises

AAFP ACOG

Recommendations 
for use published in 
respective journals

Semin Pediatr Infect Dis 2002:13:148-154.



Traditional vs. Pandemic Development
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N Lurie et al. N Engl J Med 2020;382:1969-1973.



Nature 589, 16-18 (2021)



Currently licensed/authorized vaccines

mRNA vaccines
 Pfizer:

 ≥ 16 (EUA December 2020, full approval August 2021)

 12 – 15 (EUA May 2021)

 5 – 11 (EUA October 2021)

 Moderna

 ≥ 18 (EUA December 2020)

Vector vaccine
 Johnson and Johnson

 ≥ 18 (EUA February 2021)
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Main Outcomes

Efficacy: what is the incidence of infection in vaccinated versus 
unvaccinated individuals? 

Immunogenicity: What is the immune response in vaccinated versus 
unvaccinated individuals?

Safety: What are the short- and long-term adverse events in 
vaccinated versus unvaccinated individuals?



Selected Inclusion Criteria

Male or female participants ≥12 years at randomization

Healthy participants who are determined by medical history, physical 
examination and clinical judgment of the investigator to be eligible 
for inclusion in the study.
 Healthy participants with preexisting stable disease, defined as disease not requiring 

significant change in therapy or hospitalization for worsening disease during the 6 weeks 
before enrollment, can be included

Participants who, in the judgment of the investigator, are at higher 
risk for acquiring COVID-19



Selected Exclusion Criteria

Previous clinical (based on COVID-19 symptoms/signs alone, if a 
SARS-CoV-2 NAAT result was not available) or microbiological 
(based on COVID-19 symptoms/signs and a positive SARS-CoV-2 
NAAT result) diagnosis of COVID-19

Immunocompromised individuals with known or suspected 
immunodeficiency or individuals who receive treatment with 
immunosuppressive therapy

Pregnancy



Temporary Delay Criteria

Current febrile illness (body temperature ≥100.4°F [≥38°C]) or other 
acute illness within 48 hours before study intervention 
administration. This includes current symptoms that could represent 
a potential COVID-19 illness: 
 New or increased cough

 New or increased shortness of breath

 Chills

 New or increased muscle pain

 New loss of taste/smell

 Sore throat

 Diarrhea

 Vomiting



Temporary Delay Criteria

Receipt of any seasonal or pandemic influenza vaccine within 14 
days, or any other non-study vaccine within 28 days, before study 
intervention administration

Anticipated receipt of any seasonal or pandemic influenza vaccine 
within 14 days, or any other non-study vaccine within 28 days, after 
study intervention administration

Receipt of short-term (< 14 days) systemic corticosteroids.  Study 
intervention administration should be delayed until systemic 
corticosteroid use has been discontinued for at least 28 days.  
Inhaled/nebulized, intra-articular, intra-bursal, or topical (skin or 
eyes) corticosteroids are permitted





Monitoring for Adverse Events

Adverse event – Any undesirable experience associated 
with the use of a medical product in a patient
Graded for severity or intensity

Assessed for relatedness to study product



Solicited Adverse Events

Local Injection Site Reactions

Monitored for specified period

Participants / LARs rate local site reactions following vaccination using electronic or 
paper diaries
Pain – intensity (mild, moderate, severe)
 Tenderness - intensity (mild, moderate, severe)
Swelling / Induration - intensity (mild, moderate, severe)
Redness - intensity (mild, moderate, severe)

Recorded information is obtained from participants / LARs electronically or during 
telephone calls and clinic visits



Local Injection Site Reactions

Solicited Adverse Events



Solicited Adverse Events

Adult
 Fatigue / Malaise

 Body aches

 Joint aches

 Headache

 Nausea

 Vomiting 

 Diarrhea

Young Children
 Irritability

 Decreased appetite

 Lethargy

 Vomiting

 Diarrhea

Systemic Reactions

• Monitored for specified period

• Daily temperature measurements and rating (mild, 

moderate, severe) of general body symptoms following 

vaccination using electronic or paper diary

• Age dependent assessments

• Recorded information is obtained from participants / LARs 

electronically or during telephone calls and clinic visits



Solicited Adverse Events
Systemic Reactions





Unsolicited Adverse Events

Adverse events (time period specified)

Medically attended adverse events (time period specified)

Adverse events of special interest (time period specified)

Onset of a new chronic medical condition (time period specified)



Serious Adverse Events

Serious adverse event – an adverse event when the participant or 
patient outcome was:
 Death

 Life-threatening

 Hospitalization (initial or prolonged)

 Disability or Permanent Damage

 Congenital Anomaly/Birth Defect

 Required Intervention to Prevent Permanent Impairment or Damage (Devices)

 Other Serious (Important Medical Events)

Need to be reported to the FDA



Adverse Events: Causality
Health problem occurs during a plausible time period following vaccination

Adverse event corresponds to those previously associated with a particular vaccine

The event conforms to a specific clinical syndrome whose association with vaccination  has a strong 
biologic plausibility or occurs following natural disease

A laboratory result confirms the association

The event recurs on re-administration of vaccine

A controlled clinical trial demonstrates greater risk of a specific adverse event in those vaccinated when 
compared to control groups

A finding linking an adverse event to vaccine has been confirmed in other studies

Atkinson W, Wolfe S, Hamborsky J, Eds. 12th Ed., Second Printing. Washington DC: Public Health Foundation, 2012.



Main Outcomes

Efficacy against confirmed COVID-19 occurring from 7 days after 
the second dose

Immunogenicity: Non-inferiority in participants 12 to 15 years of age 
(and later 5 – 11) compared to participants 16 to 25 years of age

Safety: Percentage of patients with
 Local reactions for up to 7 days following each dose 

 Systemic events for up to 7 days following each dose 

 AEs from Dose 1 to 1 month after the second dose 

 SAEs from Dose 1 to 6 months after the second dose



Efficacy Outcomes
Prior SARS-CoV-2 infectionb Vaccine Placebo VE% (95% CI)

No previous infection 0 cases 16 cases 100.0 (75.3-100.0)

With or without previous 

infection

0 cases 18 cases 100.0 (78.1-100.0)

All-available efficacy 

populationc

3 cases 35 cases 91.4 (72.2-97.4)

a Positive SARS-CoV-2 PCR plus at least one COVID-19 symptom, at least 7 days after Dose 2
b By NAAT nasal swab at visit 1, 2, and any point up to 7 days after Dose 2
c Randomized and received at least 1 dose of vaccine 

VE = vaccine efficacy, CI = confidence interval 



Immunogenicity Outcomes

Randomly selected subset of participants ages 12-15 (and later 5-
11) vs ages 16-25 with no evidence of past SARS-CoV-2 infection

Measured immune response (SARS-CoV-2 50% neutralizing titers) 
1 month after Dose 2

Both age-groups met non-inferiority objectives



Local reactogenicity, 12-15



Local reactogenicity, 5-11

Walter et al, NEJM 2021
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Selected Inclusion Criteria

Male or female participants 12 - < 18 years at consent in good 
general health based on review of medical history and screening 
physical examination

BMI ≥ 3rd percentile



Selected Exclusion Criteria

Travel outside of the United States within 28 days prior to screening

Pregnancy

Prior COVID vaccine receipt or current treatment

Immunocompromising conditions

Other conditions that makes participation unsafe



Temporary Delay Criteria

Current febrile illness (body temperature ≥100.4°F [≥38°C]) or other 
acute illness within 24 hours before enrollment

Licensed vaccine within 28 days prior to the first dose or planned 
receipt within 28 days following the last dose









Randomized control trials: what we know

COVID vaccines are efficacious

COVID vaccines are immunogenic 

No major safety concerns



Randomized control trials: what we don’t know

Impact of prior symptomatic infections

Impact of concomitant vaccine receipt

Immunogenicity in immunocompromised individuals

Safety in pregnancy

Impact of race



Diversity in Pediatric COVID vaccine trials

Pfizer 12 – 15: 85% white, 5% black, 12% Hispanic 

Moderna 12- 15:  84% white, 3% black, 12% Hispanic 

Pfizer 5 – 11: 79% white, 7% black, 21% Hispanic
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Post-licensure vaccine safety

Once a vaccine is approved for use in the population vaccine safety 
assessments continue.  This is important to:
 Identify rare AEs that may not have been found in trials that “only” included 50,000 people

 Identify AEs that may occur in individuals who were excluded from the trials.  

Currently, almost 500 million doses administered 









There are several long-standing post-licensure mechanisms:
 Vaccine Adverse Event Reporting System (VAERS)

 Vaccine Safety Datalink (VSD)

 Clinical Immunization Safety Assessment (CISA)

Post-licensure vaccine safety



VAERS
www.vaers.hhs.gov

A passive surveillance system that allows anyone (health care providers, 
patients or their families) to report unexpected signs or symptoms after 
vaccine receipt

VAERS functions as an “early warning system” 

Importantly, there is no comparison group, only patients who received a 
vaccine and had an adverse event are included. VAERS data are 
hypothesis generating but can be used to design other more rigorous 
studies to explore causation

VAERS data DO NOT imply causation in and of themselves 

http://www.vaers.hhs.gov/


Adolescent VAERS reports
9,246 reports of 
adverse events in 
adolescents 
 About 1 per 1000 doses 

administered

 8,383 (91%) nonserious
events

 863 (9.3%) serious events

Hause et al, MMWR, 8/6/21



https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2021-06/05-COVID-Wallace-508.pdf

Myocarditis data in VAERS
Female Male

Age

(years)

Cases Doses 

administered

Rate per million

doses

Cases Doses 

administered

Rate per 

million doses

12 – 17 19 2,189,726 8.68 128 2,039,871 62.75

18 – 24 23 5,237,262 4.39 219 4,337,287 50.49

25 – 29 7 4,151,975 1.69 59 3,625,574 16.27 



Limitations

• Reporting bias (e.g., 
underreporting, stimulated 
reporting)

• Inconsistent data quality 
and completeness

• Generally cannot assess if 
vaccine caused an AE

• Lack of unvaccinated 
comparison group

Strengths

• National data

• Rapid signal detection 

• Can detect rare adverse 
events (AE)

• Generates hypotheses for 
further study

• Data are available to the 
public http://vaers.hhs.gov/index

VAERS: Strengths and Limitations

VAERS website: http://vaers.hhs.gov 

http://vaers.hhs.gov/index


Adolescent V-safe reports

Hause et al, MMWR, 8/6/21



Vaccine Safety Datalink

One way to conduct a more epidemiologically rigorous vaccine 
safety study involves the Vaccine Safety Datalink (VSD)

VSD is a partnership between the CDC and several geographically 
diverse managed care organization.  VSD includes clinical data for 
nearly 10 million individuals each year

VSD data are updated weekly and allow for a better understanding 
of causation by comparing rates of an adverse event of concern 
among individuals who received a vaccine as compared to those 
who did not





During the study period:

11.8 million doses of mRNA vaccine administered to 

6.2 million individuals

6.7 million Pfizer, 5.1 million Moderna

The 8 participating health plans include 12.5 million 

people (3.6% of US population)

Multiple comparators are used in this surveillance 

system.  Main outcome for this study was incidence 

rate in days 1-21 as compared to days 22-42



None of these conditions met signal criteria

• 183 reported cases of anaphylaxis

• 171 adjudicated

• 55 confirmed

• Almost all in women

• Median 10 (IQR 5 – 20) min

• 4.8 cases per million doses



Myocarditis

No signal in overall cohort

Post-hoc review of members 12-29

34 cases of confirmed myocarditis/pericarditis

Median 24 years (13 - 29)

Mostly (85%) male 

Most (82%) hospitalized – median length of stay 1 day





Clinical Immunization Safety Assessment 
(CISA)

A longstanding partnership between CDC 
and seven medical research centers that 
provides expert consultation and conducts 
clinical research on vaccine-associated 
health risks

Dedicated CISA COVIDVax program 
launched December 2020

Since December, there have been daily 
check-ins (7 days a week) to discuss 
emergent vaccine safety concerns from 
across the US

Several trials underway/planned:

Maternal and pediatric cohorts

RCT of concomitant vs serial vaccine



Summary

•The vaccine development process includes multiple stages and 
review processes.  These were modified to maximize efficiency 
during COVID vaccine development, but no corners cut

•Based on published clinical trials, COVID-19 vaccines are 
efficacious, safe and immunogenic 

•Post-licensure (EUA) safety surveillance has identified rare adverse 
events after COVID vaccines
• Anaphylaxis

• Myocarditis

• TTS
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