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What is the goal of COVID-19
vaccines?



Goal #1:

Prevent severe illness
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Abstract

Although clinical trials and real-world studies have affirmed the effectiveness and safety of the
FDA-authorized COVID-19 vaccines, reports of breakthrough infections and persistent emergence
of new variants highlight the need to vigilantly monitor the effectiveness of these vaccines. Here we



Vaccine Effectiveness (96)

Effectiveness in Minnesota Against COVID-19 Associated Hospitalization
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Vaccine effectiveness against hospitalization over time
Adults 218 years of age
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Efficacy of mRNA vaccines against severe disease in settings
where Delta variant is circulating, Sept 2021
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Protection against severe illness
is mediated by memory B cells,
which are long-lived
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Do immunological studies
support epidemiological
studies?
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Abstract

SARS-CoV-2 mRNA vaccines have shown remarkable efficacy, especially in preventing severe
illness and hospitalization. However, the emergence of several variants of concern and reports of
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Longitudinal Measurement of Immune Memory

SARS-CoV-2-Specific
Response
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Induction of memory cells

* At the beginning of the pandemic, experts believed that
COVID vaccines would have to be given in 3 doses to
generate high frequencies of memory B and T cells.

 Researchers believed that mMRNA vaccines would be
similar to purified protein vaccines (e.g., HBV, HPV) and
whole inactivated viral vaccines (polio, HAV), where 4-6-
month intervals were necessary to induce high frequencies
of memory B and T cells.

* To date, this hasn’t been necessary for healthy young

people.



Goal #2:

Prevent all symptomatic illness



Effectiveness of mRNA BNT162b2 COVID-19 vaccine up to
6 months in alarge integrated health system in the USA:
a retrospective cohort study
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Summary

Background Vaccine effectiveness studies have not differentiated the effect of the delta (B.1.617.2) variant and potential
waning immunity in observed reductions in effectiveness against SARS-CoV-2 infections. We aimed to evaluate
overall and variant-specific effectiveness of BNT162b2 (tozinameran, Pfizer-BioNTech) against SARS-CoV-2 infections
and COVID-19-related hospital admissions by time since vaccination among members of a large US health-care
system.



In All Age Groups, Vaccine Effectiveness Wanes Over

Time Against Infections but Not Against Hospitalizations
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Vaccine Effectiveness (94)

Vaccine effectiveness against infection over time
Adults 218 years of age
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Protection against mild or
asymptomatic infection is
mediated by high-titers of
circulating, virus neutralizing
antibodies, which are relatively
short-lived



Decreasing Neutralizing Activity with Time
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Phase 3 trials created unrealistic
expectations for protection
against all symptomatic illness



MRNA vaccines:

Pfizer



First COVID-19 Occurrence From 7 Days After Dose 2

Phase 2/3 Efficacy - Final Analysis

Subjects WITHOUT Evidence of Infection Prior to 7 days after Dose 2

BNT162b2 (30 pg) Placebo
N=18,198 N=18,325 : . .
Surveillance Surveillance = VE Pr (VE
Efficacy Endpoint n Time (n) n Time (n) (%)  (95%Cl)  >30%)
First COVID-19 occurrence
>7 days after Dose 2 8 2214 (17,411) | 162 2.222(17,511) 95.0 (90.3,97.6) >0.9999
Total surveifance time: 1000 person-years for all subjects within each group at risk for the endpoint.. CC-40

Pr=Posterior probability



MRNA vaccines:

Moderna



CO-41

Study 301: Primary Efficacy Objective Met, VE Against
Confirmed, Symptomatic COVID-19 Cases is > 94%

Per Protocol
Interim Analysis Primary Efficacy Analysis
. mRNA-1273 Placebo mRNA-1273  Placebo

Confirmed, Symptomatic COVID-19 Cases N=13.934 N=13883 N=14,134 N=14,073
Number of cases, n (%) 9(<0.1%) 90 (0.6%) 11(<01%)  185(1.3%)

Vaccine efficacy based on hazard ratio 94.5% 94.1%

(95% Cl) (86.5%, 97.8%) (89.3%, 96.8%)

p-value <0.0001 <0.0001

Incidence rate per 1000 person-years 18 334 3.3 96.5




The first communications error:

“breakthroughs”



Centers for Disease Control and Prevention

Morbidity and Mortality Weekly Report
Early Release / Vol. 70 July 30,2021

Outbreak of SARS-CoV-2 Infections, Including COVID-19 Vaccine
Breakthrough Infections, Associated with Large Public Gatherings —
Barnstable County, Massachusetts, July 2021
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During July 2021, 469 cases of COVID-19 associated ~  transmission might consider expanding prevention strategies,
with multiple summer events and large public gatherings in  including masking in indoor public settings regardless of vac-

e



FIGURE 1. SARS-CoV-2 infections (N = 469) associated with large public gatherings, by date of specimen collection and vaccination status* —
Barnstable County, Massachusetts, July 2021
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The second communications error:

“boosters for all”
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COVID-19 Vaccine Effectiveness

August 18, 2021




Vaccine Effectiveness against Infection has Decreased over
Time
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Vaccine Effectiveness against Hospitalizations Remains
Relatively High
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Summary

» Vaccine effectiveness against infection (symptomatic and
asymptomatic) is decreasing over time

» Vaccine effectiveness against severe disease, hospitalization, and
death remains relatively high

» Vaccine effectiveness is decreased for the Delta variant

* Anticipating further waning immunity and the ongoing Delta
surge, we are preparing for a booster vaccine




By “further waning of immunity,”
was the administration referring
to waning of protection against all
symptomatic illness or severe
disease?



FDA vaccine advisory committee
(VRBPAC) convenes on

September 17, 2021



The Israeli experience:

Erosion in protection against
severe disease?



The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Protection of BNT162b2 Vaccine Booster
against Covid-19 in Israel

Yinon M. Bar-On, M.Sc., Yair Goldberg, Ph.D., Micha Mandel, Ph.D.,
Omri Bodenheimer, M.Sc., Laurence Freedman, Ph.D., Nir Kalkstein, B.Sc.,
Barak Mizrahi, M.Sc., Sharon Alroy-Preis, M.D., Nachman Ash, M.D.,
Ron Milo, Ph.D., and Amit Huppert, Ph.D.

ABSTRACT

BACKGROUND

On July 30, 2021, the administration of a third (booster) dose of the BNT162b2
messenger RNA vaccine (Pfizer-BioNTech) was approved in Israel for persons who



The Israeli Experience

 75% of participants greater than 70 years old.

« 60-69-year-olds: Incidence of severe illness was 2.8% In
the non-booster group and 1.3% in the booster group.

« 70-79-year-olds: Incidence of severe illness was 7.5% iIn
the non-booster group and 1.3% in the booster group.

« >80-years-old: Incidence of severe illness was 18.2% in
the non-booster group and 7.9% in the booster group.



Nationwide decrease in percentage of positive tests began

only after boosters were administered to most age groups
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Daily New Cases in the United States

Daily New Cases

Cases per Day
Data as of 0:00 GMT+0
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FDA Vaccine Advisory Committee

e Pfizer’s mRNA vaccine could be distributed as a third
dose for those over 65 years of age.

* The committee voted “no” on the question of whether a
booster dose should be approved for those 16 years of age
and older.



ACIP convenes on
September 23, 2021



Recommendations from the
Advisory Committee on
Immunization Practices (ACIP)



/43 Proposed recommendations for booster doses of COVID-19 vaccines

Age

mRNA COVID-19 vaccine primary series

18-49
years

No risk factors

Should
receive a booster

May
receive a booster

Underlying
medical
conditions

Should

receive a booster

May
receive a booster

Resident of LTCF

Should

receive a booster

Janssen
COVID-19
vaccine
primary series

Should
receive a booster

bl
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FDA clears Moderna’s and Pfizer’s
Covid vaccine booster shots for all
U.S. adults
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November 19, 2021



ACIP reconvenes on
November 19, 2021



Pfizer Booster Study



Cumulative Incidence Curve for First COVID-19 Occurrence After Booster

Vaccination - All Available Efficacy Population
Curves diverge rapidly, starting even before 7 days after booster
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Relative Vaccine efficacy during blinded follow-up period
Booster dose was highly effective against symptomatic COVID-19

Subjects WITHOUT Evidence of Infection Prior to 7 days after Dose 2

BNT162b2 (30 pg) Placebo
N=4695 N=4671
Surveillance Surveillance RVE
Efficacy Endpoint n Time (n) n Time (n) (%)  (95% Cl)
First COVID-19 occurrence
from 27 days afterbooster ¢ a3 (4esa) | 123 0792 (4614) 953 (89.5,98.3)

vaccination to <2 months after
booster vaccination

Tolal survelliance time in 1000 person-years for the given endpoint across all participants within each group at risk for the endpoint
RVE = relative vaccine efficacy of the BNT 16202 booster group relalive 1o the placedo group (nonbooster)

ePﬁm W Reso e Dovlpmat s




/&3 Proposed recommendations for booster doses of COVID-19 vaccines

mRNA COVID-19 vaccine primary series Janssen
COVID-19
Age Underlying Resident of LTCF :
No risk factors medical T .Vacc'"e
conditions primary series

Should
receive a booster

Should

receive a booster

Should Should
receive a booster receive a booster

May
receive a booster
18-49 May

years receive a booster




November 29, 2021:

Omicron variant



Changing Landscape of Circulating Variants

FIGURE 1. National weekly proportion estimates* of SARS-CoV-2 variants’ — United States, January 2, 2021-January 22, 2022
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Lambrou et al. Genomic Surveillance for SARS-CoV-2 Variants: Predominance of the Delta (B.1.617.2) and Omicron (B.1.1.529)
Variants — United States, June 2021-January 2022 https://www.cdc.gov/mmwr/volumes/71/wr/mm7106a4.htm




Recent Trends in Weighted Variant Proportion Estimates & Nowcast
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Characteristics of SARS-CoV-2 Omicron variant of concern

* Detection of cases in multiple countries
" Potential increased transmissibility

* 30 mutations in spike gene (S-gene)
~ 15 in receptor binding domain

" Potential reduction in efficacy of some
antibody treatments

* Potential reduction in neutralization by sera
from vaccinated or convalescent individuals

Key mutations (yellow) in the
Omicron spike protein (top view)
Source: New York Times




' Article

Striking antibody evasion manifested by the
Omicronvariant of SARS-CoV-2

https://doi.org/10.1038/541586-021-04388-0  Lihong Liu¥, Sho lketani'*’, Yicheng Guo"’, Jasper F.-W. Chan™*’, Maple Wang"’, Liyuan Liu®’,

Received: 14 December 2021

Accepted: 23 December 2021

Published online: 23 December 2021

¥ Check for updates

Yang Luo', Hin Chu**, Yiming Huang®, Manoj 5. Nair', Jian Yu', Kenn K.-H. Chik’*,

Terrence T.-T. Yuen®, Chaemin Yoon®, Kelvin K.-W. To**, Honglin Chen®, Michael T. Yin'®,
Magdalena E. Sobieszezyk'®, Yaoxing Huang', Harris H. Wang®, Zizhang Sheng',
Kwok-Yung Yuen™ & David D. Ho'***

The B.1.1.529/0Omicron variant of SARS-CoV-2 was only recently detected in southern
Africa, butits subsequent spread has been extensive, both regionally and globally',
Itisexpected to become dominant in the coming weeks®, probably due to enhanced
transmissibility. A striking feature of this variant is the large number of spike mutations®
that pose a threat to the efficacy of current COVID-19 vaccines and antibody therapies’,
This concernisamplified by the findings of our study. Here we found that B.1.1.529 is
markedly resistant to neutralization by serum not only from patients who recovered
from COVID-19, but also from individuals who were vaccinated with one of the four
widely used COVID-19 vaccines. Even serum from individuals who were vaccinated and
received a booster dose of mRNA-based vaccines exhibited substantially diminished
neutralizing activity against B.1.1.529. By evaluating a panel of monoclonal antibodies



Omicron spike mutations substantially drop VE against infection

@ Omicron M Delta
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CDC Expands COVID-19 Booster Recommendations

Media Statement

For Immediate Release: Monday, November 29, 2021
Contact: Media Relations
(404) 639-3286

The following is attributable to CDC Director, Dr. Rochelle Walensky

Today, (DCis strengthening its recommendation on booster doses for individuals who are 18 years and older, Everyone
ages 18 and older should get a booster shot either when they are 6 months after their initial Pfizer or Moderna series or

2 months after their initial J& vaccine.



CDC Expands Booster Shot Eligibility and Strengthens
Recommendations for 12-17 Year Olds

Espariol (Spanish)

Media Statement

For Immediate Release: Wednesday, January 5, 2022
Contact: Media Relations
(404) 639-3286

Today, CDCis endorsing the Advisory Committee on Immunization Practices' (ACIP) recommendation to expand
eligibility of booster doses to those 12 to 15 years old. CDC now recommends that adolescents age 12 to 17 years old
should receive a booster shot 5 months after their initial Pfizer-BioNTech vaccination series.



Age-Adjusted Rates of COVID-19-Associated Hospitalizations by Vaccination
Status in Adults Ages 218 Years, October 2021-February 2022
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Endpoint: hospitalization Population: adults |

VISION: mRNA VE against hospitalization by number of doses and time
since last dose receipt for adults 218 years, Aug 2021-Jan 2022

Adjusted VE @ Omicron @ Delta
% (95% Cl)
Predominant variant:  Delta Omicron
2 doses
<2 months 94 (92-96) 71 (51-83) +- b
2-3 months 91(89-92) 65 (53-74) —_— v
4 months 90 (89-92) 58 (38-71) = i
25 months 82 (82-83) 54 (48-59) —_— a
3 doses
<2 months 96 (95-97) 91 (88-93) i
2-3 months 93 (91-95) 88 (85-90) e
24 months 76 (14-93) 78 (67-85) o
No routine booster recommendations in this time frame; vaccinated + + T J
individuals may be primanly immunocompromised individuals. 40 60 80 100
Vaccine Effectiveness (%)
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COVID-19-associated Hospitalizations Among Vaccinated Adults 218 Years

with COVID-19 as Primary Reason for Admission — COVID-NET
January 1, 2021-January 31, 2022

Category Unvaccinated  Fully vaccinated
weighted % weighted %
o Fiill ; d N=8,013 N=1,768
ully vaccinated cases Age group (median, IQR) 58 (46-70) 70 (59-80)
more likely to be: 18-49 years 3 1
— Older 50-64 years 33 16
— Long-term care LT’-C‘:" i 3 7;
g . i 4 1
facility resident iasio
DNR/DNI/CMO 6 14
~ DNR/DNI/CMO code Underlying medical conditions*
* More underlying Chronic lung disease 28 42
. - di lar di
medical conditions SR 3 %
Neurologic disease 15 29
Renal disease 14 30
Immunosuppressive
condition 1 24

23 Underlying medical conditions 50 76




Protection against mild iliness
fades after dose 2 or 3
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Booster dosing

* At this point, we needed to define which groups benefited
from a 3-dose vaccine for protection against serious
IlIness.

* If the goal of a booster dose is to afford better protection
against mild illness (as was the case with immune evasive
strains like omicron or BA-2), then booster doses would
need to be repeated every 6 months.

 To date, no clear evidence exists that booster dosing
affords better protection against serious illness in
otherwise healthy young people < 50 years of age.



Pfizer’s fourth dose:
March 28, 2022
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Fourth Dose of BNT162b2 mRNA Covid- —
19 Vaccine in a Nationwide Setting
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Abstract
Background
With large waves of infection driven by the B.1.1.529 (omicron) variant of severe

L L I T S i L | LI | ™~



4th dose protection against mortality in 60+ age group
(Adjusted for age, gender, sector, and calendar day using quasi-Poisson regression)

Marginal VE against mortality:
76% [71%, 81%] (versus 3rd dose)
55% [35%, 69%)] (versus 4th dose internal control group)

Mortality analysis period:

all infections confirmed during
Jan-10 to Mar-5, 2022 that
resulted in mortality during 21
days after confirmation

Mortality Mortality Mortality Adj. rate ratio for | Adj. Rate ratio for
3rd dose only 4th dose day 12+ | internal control group | 4th dose day 12+ | 4th dose day 12+
relative to 3rd relative to
(person-days (person-days (person-days dose Internal control
at risk) at risk) at risk) [95% Cl] [95% ClI]
453 95 35 4.2 2.2
(32,601,391) (22,078,800) (2,721,309) (34, 5.2] [1.6, 3.2]

Absolute rate difference per 100,000 risk-days: 1.3 (versus 3rd dose) and 0.5 (versus internal control group)
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Weakness of the Israeli study

* Israel offered a fourth dose for anyone who chose to take
It, targeting those with multiple comorbidities.

 This was a retrospective study; some participants chose to
take the fourth dose, others didn’t. Average age was 72
years.

 Researchers assumed that both groups were the same in
terms of attentiveness to their health, protective measures,
and risky behavior.



Second Booster (4™ Dose) - Indications

o Age 60 years and older

o Individuals 2 18 years old with comorbidities and risk factors
for developing severe COVID-19 and their caretakers

o Facility residents and their caretakers 2 18 years old
o Caretakers of elderly 2 18 years old

o Health care workers or other workers with significant
exposure to COVID-19 in their workplace 2 18 years old
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CDC Recommends Additional Boosters for Certain
Individuals

Media Statement

For Immediate Release; March 29, 2022
Contact: Media Relations
(404) 639-3286

Data continue to show the importance of vaccination and booster doses to protect individuals both from infection and
severe outcomes of COVID-19. For adults and adolescents eligible for a first booster dose, these shots are safe and
provide substantial benefit. During the recent Omicron surge, those who were boosted were 21-times less likely to die
from COVID-19 compared to those who were unvaccinated, and 7-times less likely to be hospitalized. CDC continues to
recommend that all eligible adults, adolescents, and children 5 and older be up to date on their COVID-19 vaccines,
which includes getting an initial booster when eligible.

Following EDA's regulatory action [4 today, CDC is updating its recommendations to allow certain immunocompromised
individuals and people over the age of 50 who received an initial booster dose at least 4 months ago to be eligible for
another mRNA booster to increase their protection against severe disease from COVID-19. Separately and in addition,




ECDC and EMA on 4t dose

« European Centre for Disease Prevention and Control
(ECDC) and European Medicines Agency (EMA)

* “Fourth dose can be given to adults 80 years of age and
older.”

* “No clear evidence 1n the EU that vaccine protection
against severe disease iIs waning substantially in adults
with normal immune systems aged 60 to 79.”

* “For adults less than 60 years of age with normal immune
systems, not conclusive evidence that vaccine protection
against severe disease 1s waning.”



Booster dosing

* We need to define for whom COVID-19 vaccines are 2-
dose, 3-dose or 4-dose vaccines and stop using the word
“booster.”

 Consistent with published studies, mRNA vaccines are:
1) a 4-dose vaccine for those who are immune
compromised; 2) a 4-dose vaccine for those who are over
65 who have multiple co-morbidities; 3) a 3-dose vaccine
for everyone over 12 with comorbidities; and 4) a 2-dose
vaccine for healthy people less than 65 (but this ship has
probably sailed).



Comorbidities

 Chronic heart, lung, kidney or liver disease.

 Obesity, which comprises about 30 percent of US
population.

 Diabetes, types 1 or 2.

 Chronic neurological conditions.
* Pregnancy and recent pregnancy.
* Smoking.

e Tuberculosis



Potential harms from frequent
booster dosing



“Original antigenic sin”



mRNA-1273 or mRNA-Omicron boost in vaccinated macaques
elicits comparable B cell expansion, neutralizing antibodies and

protection against Omicron

Authors:

Matthew Gagne'”’, Juan I. Moliva'?, Kathryn E. Foulds"’, Shayne F. Andrew"’, Barbara J.
Flynn ', Anne P. Werner'?, Danielle A. Wagner', I-Ting Teng', Bob C. Lin', Christopher
Moore', Nazaire Jean-Baptiste!, Robin Carroll', Stephanie L. Foster, Mit Patel’, Madison Ellis,

Venkata-Viswanadh Edara’, Nahara Vargas Maldonado?, Mahnaz Minai®, Lauren McCormick',
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When will we need a variant-
specific vaccine?



Variant-specific vaccine

* To date, all vaccines have been made against the ancestral
strain (WU/2020) that first appeared in Wuhan in 2019.

 But the variant D614G, not WU/2020, was the strain that
left China and swept across Asia, Europe, and the United
States.

* D614G was subsequently replaced by the more
contagious variants alpha, then delta variants, followed by
the more Immune evasive omicron and BA.2 variants.

* In all cases, protection afforded by vaccines made to
protect against the ancestral strain have also protected
against severe disease with subsequent variants.



Will we need a yearly COVID-19
vaccine in a manner similar to the
influenza vaccine?



Yearly COVID-19 vaccines?

* We get yearly influenza vaccine because natural infection
or immunization the previous year doesn’t necessarily
protect against severe disease the following year.

* Coronaviruses aren’t influenza virus. To date, protection
against severe disease appears to be holding up for more
than one year.

« If a variant emerges that Is resistant to protection against
severe disease, then we will need a variant-specific
vaccine, not a yearly vaccine.



Moving from pandemic to
endemic



Moving from pandemic to endemic

« Either natural infection or immunization protects against
severe disease, possibly for years.

 Neither natural infection nor immunization protects
against mild illness for longer than several months.

« At some point, we are going to have to abandon our
current policies of zero tolerance and accept mild disease,
much in the same way that we accept mild disease for
other winter respiratory viruses.

* Stay home 1if you’re sick. If you can’t stay home, wear a
mask.



Find us online:

vaccine.chop.edu

@_.I Children’s Hospital
¢ B of Philadelphia

VVaccine Education Center



To ask a question:

Type your question into the Q&A box
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Thank You/

* Instructions on how to claim credit for your participation in
today’s Let’s Talk webinar “COVID-19 Boosters: Where from

Here?” will be emailed to all of today’s participants, along with a
recording of the session.

* If you have any additional questions or issues, please email
info@paaap.org.

 Save the date for PA AAP’s annual Advocacy Day in
Harrisburg, PA on June 8th, 2022 !
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