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Basic concepts
▪ Ro = the basic reproduction number – is the average number of 
transmissions expected from a single primary case introduced into a 
totally susceptible population.

▪ Describes the maximal spreading potential of an infection in a 
population.  

▪ Later in the epidemic preventive measures and immunity (from 
vaccination or disease exposure) modifies the Ro



https://moffitt.org/endeavor/archive/the-science-behind-covid-19/

https://moffitt.org/endeavor/archive/the-science-behind-covid-19/


What is herd immunity?
▪ Also known as indirect protection, community protection or 
community immunity.

▪ Herd immunity was first used in a paper published in 1923 by 
Topley and Wilson

▪ Refers to the prevalence or proportion of immune persons in a 
population but often used with reference to indirect protection of 
non-immune persons, attributable to the presence and proximity 
to immune persons. 

▪ May be achieved through vaccination or natural infection. 



Herd immunity threshold 
▪ Defined as the proportion of 
individuals in a population who, having 
acquired immunity, can no longer 
participate in the chain of transmission.

▪ Herd immunity: Rt < 1 even when p = 0 
so immunity (from vaccination or 
disease exposure) alone makes 
epidemic stop 





Date of download:  11/3/2020

From: Herd Immunity and Implications for SARS-CoV-2 Control

JAMA. Published online  October 19, 2020. doi:10.1001/jama.2020.20892

Herd Immunity Thresholds by Disease

The locations included are the locations in which the threshold was measured.



Herd immunity in COVID-19
▪ For COVID-19 it is estimated that 50 to 70% of the population 
would have to be infected to reach herd immunity.

▪ Herd immunity threshold = 1 – 1/Ro.

▪ At Ro = 2.5, that would be 1 – ½.5 = 0.6 or 60% (Ro = 2 to 3 so 50 –
67%).



What is the herd immunity threshold in the US?



Herd immunity threshold estimation

▪ Some argue that this threshold estimate is inflated, suggesting:

◦ inhomogeneity in infectivity and susceptibility violate the assumptions of the simple 
compartment model

◦ herd immunity threshold might be closer to 20%

Gomes MGM, et al. https://www.medrxiv.org/content/10.1101/2020.04.27.20081893v2

https://www.medrxiv.org/content/10.1101/2020.04.27.20081893v2


COVID-19 spreads heterogeneously 
▪ Herd immunity theory is built on the assumption that all individuals mix 
randomly, that individuals are fully susceptible or fully immune and that the 
population is uniform.

▪ Strong empirical evidence suggests that COVID-19 is highly affected by 
heterogeneities (cluster outbreak, k-dispersion, etc.)

▪ At least four types of individual heterogeneities:

▪Age

▪ Susceptibility

▪ Social activity

▪ Infectivity



If Ro = 2.5 in an age-structured community with mixing rates fitted to social 
activity, then the disease-induced herd immunity can be  ~  43% 



Sweden’s approach to COVID-19

▪ Sweden refused to lock down the country.

▪ The architect of the strategy was state epidemiologist Anders Tegnell.

▪ Sweden has chosen to rely on citizens’ sense of public duty and trust that 
they’ll practice social distancing even without a host of rules meant to keep 
people apart.



Sweden’s approach to COVID-19

▪ Swedish authorities have not officially declared a goal of reaching 
herd immunity but “augmenting immunity” is no doubt part of the 
government’s strategy or at least a consequence of keeping schools, 
restaurants and most business open.

▪ Mathematical models suggested that if ~ 40% of the population in 
Stockholm was infected spread of SARS-CoV-2 would stop and this 
would likely occur by mid-June.

▪ This did not happen. 



Sweden’s strategy is unlikely to work in 
the US because:

◦ We have less people in single person 
households

◦ Higher obesity and diabetes rates 

◦ More individualistic approach

◦ Less trust in government and others

However as the US reopened this was 
the path we end up taking anyway. 



▪ Modeling looking at the  

interplay between vaccine 

efficacy, duration of protection 

and proportion vaccinated in 

ability to achieve herd 

immunity.

▪ A large proportion of the 

population will need to be 

vaccinated to achieve herd 

immunity. 

https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)32318-7/fulltext



The Great Barrington Declaration 
✓The “Great Barrington Declaration” is released pushing for a “herd immunity” 
approach to the pandemic.

✓“The most compassionate approach that balances the risks and benefits … is to allow 
those who are at minimal risk of death to live their lives normally to build up immunity 
to the virus through natural infection, while better protecting those who are at highest 
risk”



https://www.johnsnowmemo.com/

https://www.johnsnowmemo.com/




https://www.youtube.com/watch?v=CJ3-2j2rmAc

https://www.youtube.com/watch?v=CJ3-2j2rmAc


Vaccines for COVID-19
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https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2020-10/COVID-Bell.pdf

https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2020-10/COVID-Bell.pdf
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https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2020-10/COVID-Bell.pdf


https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2020-10/COVID-Bell.pdf

https://www.cdc.gov/vaccines/acip/meetings/downloads/slides-2020-10/COVID-Bell.pdf


Vaccine Development Licensure Process

Preclinical Phase 1 Phase 2 Phase 3 Phase 4

Licensure



Operation Warp Speed

• Overseen by the Dept Health and Human Services and Dept of 
Defense

• Diagnostics, therapeutics and vaccines

• Goal to produce 300 million doses of COVID vaccine with first 
doses by January 2021

• Done with investment and coordination

• Many partners—public and private

• Protocols are overseen by federal government 

• No steps eliminated—steps proceed simultaneously 
• Manufacturing and filling before completion of phase 3 trials and licensure

• Financial risk but not product risk



Transparency

• Protocols for Phase 3 trials have been released

• Nine biopharmaceutical companies, including those who are 
furthest along in their vaccine testing programs, signed an 
unusual pledge to uphold "high ethical standards and sound 
scientific principles," suggesting they won't seek premature 
government approval for Covid-19 vaccines

• Emergency Use Authorization 
• Relatively new strategy used for several diagnostic tests, PPE, devices, and 

medications

• Hydroxychloroquine (EUA withdrawn) and convalescent plasma

• Would or should it be used for a vaccine???



Vaccine efficacy

• FDA threshold 50% with confidence interval around it so VE 
could be as low as 30%

• Collecting cases with interim analyses planned after
• 30+

• 60+

• 90+

• 120+

• 160+



Emergency Use Authorization (EUA)
Food Drug & Cosmetic Act, 21 USC 360bbb-3:  access to unapproved drug, unlicensed vaccine, or uncleared 
device. 
With each EUA decision, FDA weighs known and potential benefits of product against known and potential risks. 
• EUAs helped speed access to COVID-19 diagnostic tests, N95 respirators, and remdesivir.
• COVID-19 vaccines: FDA prefers phase-3 studies be completed. EUA sooner could impair efficacy + safety 

determination. 
How Can There Be Enough Information to Grant an EUA But Not License a Vaccine?  Examples:
• Results are positive, but sponsor has not yet manufactured three lots that consistently meet quality checks.
• Results are positive, but FDA staff have not finished reviewing hundreds of thousands of pages of primary data.
Is EUA Status a Low-Quality or Substandard Approval? No, when supported by sufficient objective evidence. 

If COVID-19 Vaccine Released via EUA, How Would Clinicians Handle It Differently?
Healthcare providers (HCPs) and potential patients must be informed: 
• that HHS Secretary authorized EUA.   ●of known and potential benefits and risks of vaccine,
• of extent benefits and risks of vaccine are unknown ● of alternatives to product and their benefits and risks. 
• of option to accept or refuse administration, ● of consequences of refusing administration.

These facts will appear in succinct fact sheets that must be given to each potential recipient. 
No obligation for vaccinators to collect signatures attesting that recipient understands information provided. 
HHS Secretary may establish conditions related to distribution. 

www.fda.gov/emergency-preparedness-and-response/mcm-legal-regulatory-and-policy-framework/emergency-use-authorization
This slide is courtesy of John D. Grabenstein, RPh, PhD 

http://www.fda.gov/emergency-preparedness-and-response/mcm-legal-regulatory-and-policy-framework/emergency-use-authorization


COVID-19 vaccine plan

• ACIP is developing a recommendation for vaccine priority

• Maximize vaccine impact by minimizing morbidity and mortality, 
social and economic disruption and ensuring equity

• Preliminary plan
• Phase 1a.  Healthcare workers

• Phase 1b.  Essential workers, high risk medical conditions and age >65 years

• Broad network of vaccine providers, including pharmacies, 
clinics, public health clinics, FQHC

• Assure vaccine storage requirements

ACIP October 2020



Phase 1

ACIP September 2020

• Cancer

• Chronic kidney disease

• COPD

• Heart conditions 

• Immunocompromise

• Obesity (BMI>30)

• Sickle cell disease

• Smoking

• Type 2 diabetes

https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-with-medical-

conditions.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fneed-extra-precautions%2Fgroups-at-higher-risk.html

https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-with-medical-conditions.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fneed-extra-precautions%2Fgroups-at-higher-risk.html
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Ethical principles:  maximum benefit, equal concern, mitigation of health inequity

Risk-based criteria to set priorities to allocate vaccine. 

●risk of acquiring infection, ● severe morbidity and mortality, 

● negative societal impact, ● and transmitting infection to others.

Proposed phases of vaccine distribution

Phase 1a, “Jumpstart”:  High-risk health workers who risk exposure to bodily 

fluids or aerosols, first responders

Phase 1b: People with comorbid and underlying conditions at significantly higher 

risk; plus older adults living in congregate or overcrowded settings.

Phase 2: K-12 teachers and staff, childcare; critical workers in high-risk settings; 

people with comorbidities at moderately higher risk; residents and 

staff in homeless shelters, group homes, jails; all other older adults

Phase 3: Young adults, children, workers in roles important to functioning of 

society

Phase 4: Everyone residing in USA not previously mentioned

National Academies of Sciences, Engineering, & Medicine 
(NASEM) releases final consensus report

Framework for Equitable Allocation of COVID-19 Vaccine

www.nationalacademies.org/our-work/a-

framework-for-equitable-allocation-of-vaccine-

for-the-novel-coronavirus. 2020 Oct 2
This slide is courtesy of John D. Grabenstein, RPh, 
PhD 

https://www.nap.edu/catalog/25917/framework-for-equitable-allocation-of-covid-19-vaccine#resources


The Playbook contains information for states, 

territories, and local public health and their 

partners to plan for the distribution of a 

COVID-19 vaccine. It covers many areas of 

vaccination program planning to ensure a 

comprehensive plan can be developed and 

implemented. 

https://www.cdc.gov/vaccines/imz-managers/downloads/COVID-19-Vaccination-

Program-Interim_Playbook.pdf



COVAX—World Health Organization

• Pandemic

• Governments, global health organizations, manufacturers, 
scientists, private sector, civil society and philanthropy to 
provide innovative and equitable access to COVID-19 
diagnostics, treatments and vaccines. 

• The COVAX focuses on equitable access to vaccines

• About 2/3 of the world is involved

https://www.gavi.org/vaccineswork/covax-explained

https://www.gavi.org/vaccineswork/covax-explained


Questions 

• So many

• Timing of completion of Phase 3 trials

• Appropriate and transparent data sharing
• FDA uses advisory panels

• ACIP will make recommendations for use

• Public acceptance

• Research should continue after EUA or licensure

Bauchner, JAMA Oct 6, 2020



Resources

• Callaway.  The race for coronavirus vaccines. Nature 2020; 
580: 576-7.

• Centers for Disease Control and Prevention. COVID-19 
vaccination program interim playbook for jurisdiction operations. 
https://www.cdc.gov/vaccines/imz-managers/downloads/COVID-19-Vaccination-Program-Interim_Playbook.pdf

• COVAX explained https://www.gavi.org/vaccineswork/covax-explained

https://www.cdc.gov/vaccines/imz-managers/downloads/COVID-19-Vaccination-Program-Interim_Playbook.pdf
https://www.gavi.org/vaccineswork/covax-explained


National Center for Immunization & Respiratory Diseases

CDC post-authorization/post-licensure safety 
monitoring of COVID-19 vaccines

Tom Shimabukuro, MD, MPH, MBA
CDC COVID-19 Vaccine Task Force 
Vaccine Safety Team
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CDC vaccine safety monitoring for COVID-19

▪ Vaccine Adverse Event Reporting System (VAERS)

▪ Vaccine Safety Datalink (VSD)

▪ Clinical Immunization Safety Assessment (CISA) Project

▪ V-safe text monitoring active surveillance



Vaccine Adverse Event Reporting System (VAERS)



+

Co-managed by
CDC and FDA

Vaccine Adverse Event 
Reporting System

http://vaers.hhs.gov

VAERS is the nation’s early warning system for vaccine safety

http://vaers.hhs.gov/


Time

Onset interval 

(time from vaccination to signs/symptoms of the adverse event)

Vaccination of an 

individual patient

True adverse reaction

or 

Coincidental health 

event not related to 

vaccination

✶ ✶

Adverse health event 

following vaccination

✶

Decision to submit a 

report to VAERS

Example of a spontaneous adverse event report



Vaccine Adverse Event Reporting System (VAERS)

Strengths

▪ National data 

▪ Accepts reports from anyone

▪ Rapidly detects safety signals 

▪ Can detect rare adverse events

▪ Data available to public

Limitations

▪ Reporting bias 

▪ Inconsistent data quality and 
completeness

▪ Lack of unvaccinated comparison group

▪ Generally cannot assess causality

‒ VAERS accepts all reports from all reporters without making judgments on 
causality or clinical seriousness of the event

‒ VAERS is a signal detection or hypothesis generating system



VAERS covers the entire U.S. population

▪ 320 million U.S. residents 
as a covered population for 
safety monitoring

▪ all ages, races, 
states/jurisdictions, healthy 
people, those with co-
morbidities, etc.

▪ 40-50 thousand  
total U.S. reports 
received each year



Approaches to analyzing VAERS data

▪ Traditional methods 

– Clinical review of individual reports 

– Aggregate report review (automated data), e.g., case counts, frequencies of 
adverse event coding terms, reporting rates, reporting trends over time

▪ Statistical data mining methods

– Detects disproportional reporting of specific vaccine-adverse event 
combinations in VAERS database



Healthcare providers’ (HCP) role in VAERS reporting

▪ HCPs have been CDC’s longstanding partners for reporting vaccine adverse 
events (AEs) to VAERS

– VAERS depends on HCPs to identify and report suspected AEs, even if they 
aren’t sure if a vaccine caused an AE

▪ HIPAA permits reporting of vaccine AEs and medical documentation (e.g., 
medical records) to VAERS for public health purposes

▪ Specific guidance on VAERS reporting for vaccines authorized for use under 
Emergency Use Authorization (EUA) will be forthcoming



How to report an adverse event to VAERS

▪ Go to vaers.hhs.gov

▪ Submit a report online

For help:

call
1-800-822-7967

email
info@VAERS.org

video instructions
https://youtu.be/sbCWhc
QADFE

http://www.vaers.hhs.gov/
https://youtu.be/sbCWhcQADFE


Vaccine Safety Datalink (VSD):
Active surveillance and research



VSD
Vaccine
Safety
Datalink

9 participating integrated healthcare organizations

Data on over 12 million persons per year



Birth and death 
certificate 
information & 
family linkage

Immunization 
recordsEnrollment and 

demographics

VSD electronic files + chart review 

Linked by 
study IDs

Images created by Wilson Joseph, Megan Mitchell, Ananth, and Iga from the noun project

Outpatient and 
clinic visits

Emergency room 
visits

Procedure codes Hospital discharge 
diagnosis codes



VSD planned monitoring for COVID-19 vaccine safety

▪ Near real-time sequential monitoring (Rapid Cycle Analysis [RCA]) 

▪ Monitoring for vaccine-mediated enhanced disease (VMED)

▪ Studies to evaluate COVID-19 vaccine safety during pregnancy, including fetal 
death and infant outcomes 

▪ Tree-temporal scan data mining

▪ Projects to assess:
– Changes in healthcare utilization during COVID-19 and impact on AE monitoring
– Utility of smartphone technology to enhance vaccine safety monitoring
– Multisystem inflammatory syndrome (MIS-C and MIS-A) as vaccine AEs
– Safety in an expanded underserved VSD population
– Knowledge, attitudes, beliefs around acceptance/refusal of COVID-19 vaccination



Clinical Immunization Safety Assessment 
(CISA) Project



7 participating medical 
research centers with 
vaccine safety experts

†More information about clinical consults available at: 
http://www.cdc.gov/vaccinesafety/Activities/CISA.html

CISA 
Clinical
Immunization
Safety
Assessment 
(CISA) Project 

▪ clinical consult services†

▪ clinical research

http://www.cdc.gov/vaccinesafety/Activities/CISA.html


CISA Project consult service for COVID-19 vaccine safety

▪ Supports U.S. healthcare providers and health departments on complex 
clinical vaccine safety questions

▪ Assists with evaluations of patients with adverse events after COVID-19 
vaccine or in making clinical decisions about administering COVID-19 
vaccine to a person who may be at increased risk for an adverse event

– Advice from CDC and the CISA Project is meant to assist in decision-making, 
rather than provide direct patient management

▪ Available to U.S. healthcare providers and health departments by 
contacting CDC-INFO*

*https://www.cdc.gov/cdc-info/index.html

https://www.cdc.gov/cdc-info/index.html




▪ V-safe is a new smart-phone based active surveillance program for COVID-19 
vaccine safety

– Uses text messaging to initiate web-based survey monitoring

– Conducts electronic health checks on vaccine recipients

• Daily for first week post-vaccination; weekly thereafter until 6 weeks post-vaccination

• Additional health checks at 3, 6, and 12 months post-vaccination

– Includes active telephone follow-up with vaccine recipients reporting an event with 
health impact during any health check

– Captures information on pregnancy status and enables follow-up on pregnant women



1. Text message check-ins from CDC (daily 1st week; 
weekly thru 6 weeks; then 3, 6, and 12 mo.)

Vaccine recipient completes web survey

Call center

2. Clinically 
important 
event(s) 
reported

Vaccine recipient 

3. A VAERS customer service representative 
conducts active telephone follow-up on a 
clinically important event and takes a report 
if appropriateThis Photo by Unknown Author is licensed under CC BY-SA

This Photo by Unknown Author is licensed under CC BY-SA

✓ Missed work

✓ Unable to do normal 
daily activities

✓ Received medical care

https://en.wikipedia.org/wiki/Telephone
https://creativecommons.org/licenses/by-sa/3.0/
https://commons.wikimedia.org/wiki/File:Black_Man_Looking_at_Phone_Cartoon_Vector.svg
https://creativecommons.org/licenses/by-sa/3.0/


CDC asks that:

▪ Healthcare providers 
give a one-page 
information sheet*

with enrollment 
instructions to 
patients at the time 
of vaccination

▪ Healthcare providers 
counsel patients on 
the importance of 
enrolling in v-safe

*CDC will create an electronic version of the v-safe information sheet for printing



Summary



Key takeaways

▪ The Vaccine Safety Datalink (VSD), Clinical Immunization Safety Assessment 
(CISA) Project, and other planed projects are key components of COVID-19 
vaccine safety monitoring and adverse event assessment

▪ VAERS is the U.S. frontline vaccine safety monitoring system

– VAERS traditionally has provided the initial data on the safety profile of new 
vaccines when they are introduced for use in the population

– Healthcare providers (HCPs) can play an important role in identifying and 
reporting potential AEs to VAERS: HCPs are partners in safety monitoring

▪ V-safe is a new smart-phone based active surveillance program

– HCPs can play an important role in helping CDC enroll patients in v-safe at the 
time of vaccination: HCPs are partners in safety monitoring
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What’s included in a spontaneous adverse event reporting database?

Vaccinated                       

with adverse 

event and 

reported

Adverse event

Individual 

vaccinated 

Individual not 

vaccinated

No adverse event

Not vaccinated                 

with adverse event

Vaccinated                       

no adverse event

Not vaccinated                     

no adverse event



Preliminary list of VSD pre-specified outcomes for RCA

▪ Acute disseminated encephalomyelitis (ADEM)

▪ Acute myocardial infarction (AMI)

▪ Anaphylaxis

▪ Acute respiratory distress syndrome (ARDS)

▪ Convulsions / seizures

▪ Disseminated intravascular coagulation (DIC)

▪ Encephalitis / myelitis / encephalomyelitis / meningoencephalitis / meningitis / encephalopathy (not ADEM or TM)

▪ Guillain-Barré syndrome (GBS) 

▪ Immune thrombocytopenia (ITP)

▪ Thrombotic thrombocytopenic purpura (TTP)

▪ Kawasaki disease (KD)

▪ Multisystem Inflammatory Syndrome (MIS-C and MIS-A)

▪ Myocarditis / pericarditis

▪ Narcolepsy / cataplexy

▪ Stroke – hemorrhagic and ischemic

▪ Transverse myelitis (TM)

▪ Venous thromboembolism (VTE)



Q&A and Discussion



Continue the 

conversation on Twitter

@RealTimeCOVID19

#RealTimeCOVID

We want to hear from you! Please 
complete the post-call survey. 

Next CDC/IDSA COVID-19 Clinician Call: 
Saturday, November 14th. 

Recordings of this call and past calls are 
available at www.idsociety.org/podcasts

Contact Us:
Dana Wollins (dwollins@idsociety.org)

Deirdre Lewis (dlewis@idsociety.org)

http://www.idsociety.org/podcasts
mailto:dwollins@idsociety.org
mailto:dlewis@idsociety.org


COVID-19 Real-Time Learning Network

With funding from the Centers for Disease Control and 
Prevention, IDSA has launched the COVID-19 Real Time Learning 
Network, an online community that brings together information 
and opportunities for discussion on latest research, guidelines, 
tools and resources from a variety of medical subspecialties 
around the world.

Specialty Society Collaborators:

• American Academy of Family Physicians
• American Academy of Pediatrics
• American College of Emergency Physicians
• American College of Physicians
• American Geriatrics Society
• American Thoracic Society
• Pediatric Infectious Diseases Society 
• Society for Critical Care Medicine
• Society for Healthcare Epidemiology of America
• Society of Hospital Medicine
• Society of Infectious Diseases Pharmacists

www.COVID19LearningNetwork.org

@RealTimeCOVID19

#RealTimeCOVID19

http://www.covid19learningnetwork.org/


cdc.gov/coronavirus

CDC-IDSA Partnership: Clinical 
Management Call Support

Announcing a new service for clinicians: 

FOR WHOM? 
- Clinicians who have questions about the clinical 

management of COVID-19

WHAT?
- Calls from clinicians will be triaged by CDC to a group of 

IDSA volunteer clinicians for peer-to-peer support

HOW?
- Clinicians may call the main CDC information line at 

800-CDC-INFO (800-232-4636) 
- To submit your question in writing, go to 

www.cdc.gov/cdc-info and click on Contact Form


