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Objectives

* Describe the unique challenges of influenza
virus and influenza vaccines

e Review new vaccines for influenza prevention

e Describe approaches being used to develop
vaccines against SARS Cov?2

* Review how vaccines against SARS Cov2 will
be licensed and implemented



Influenza : Basics

* Influenza A viruses

= Subtypes based on surface glycoproteins
—Hemagglutinin (HA) and Neuraminidase (NA)

Hemagglutinin (H) - 16 subtypes
(attachment, penetration)

Neuraminidase (N) - 9 subtypes
(release)

8 viral genes
(assembly, replication, etc.)

M2 Protein
(penetration)

—Current human influenza A virus subtypes: HIN1, H3N2

" Infect multiple species

" Epidemics and pandemics
Influenza B

®* Humans only reservoir

= Less mortality than influenza A

= Associated with epidemics, not pandemics

= Two circulating lineages (Yamagata and Victoria), resulting in
expansion of influenza vaccine to include 4 antigens (2 A and 2 B)



Human Influenza - Clinical

e Acute febrile respiratory illness

- “Influenza-like illness”
- Fever or feverish

- Cough and/or sore throat or other
manifestations (otitis)

- More serious pulmonary manifestations

- Primary or secondary pneumonia, croup,
bronchiolitis

e Non-specific febrile illness

e Extra-pulmonary manifestations
- Neurologic — Encephalitis, seizures

- Myositis Absence of data does not
- Cardiac equal absence of influenzal!
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Seasonal Influenza: What do we know?

e Recent estimates of US influenza burden
e CDC, 2019-2020 season Data
* 39 million-56 million illnesses
e 410,000-740,000 hospitalizations
e 24,000-62,000 deaths
* Highly variable from year-to-year

* Infection rates highest among children and children
play an important role in the spread of influenza

* Severe disease and death most common at extremes
of age, pregnant women are also at risk and those with
underlying chronic conditions

e Most data on burden are from high resource settings

luliano AD. Lancet 2018: 391. Lancet Respir Med 2019: 7



Influenza Positive Tests Reported to CDC by U.S. Public Health Laboratories,

Mumber of Positive Specimens
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% of Visits for ILI

Percentage of Visits for Influenza-like lliness (ILI) Reported by
the U.5. Outpatient Influenza-like lllness Surveillance Network (ILINet),
Weekly National Summary, 2019-2020 and Selected Previous Seasons
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Influenza-Associated Pediatric Deaths
by Week of Death, 2016-2017 season to 2019-2020 season

2019-2020
Mumiber of Deaths = 186

2018-2019
Murmber of Deaths = 144

2017-2018
Mumber of Deaths = 188

A

B Deaths Reported Previous Weeks

2016-2017
Number of Deaths = 110
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Influenza: Challenges

e Constantly changing virus
* Non-specific clinical manifestations
°Influenza burden variable from year-to-year

*Influenza vaccine must be changed
frequently to capture the circulating strain



Conventional Influenza Vaccine Manufacture and
Distribution is a Year-Round Process
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Centers for Disease Control and Prevention

MMWR Morbidity and Mortality Weekly Report

Recommendations and Reports /Vol. 68 / No. 3 August 23, 2019

Prevention and Control of Seasonal Influenza
with Vaccines: Recommendations of the
Advisory Committee on Immunization Practices —
United States, 2019-20 Influenza Season

Routine annual influenza vaccination of all persons aged
26 months continues to be recommended.
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TABLE 1. Influenza vaccines — United States, 2019-20 influenza season*®

HA (Vs and RIV4) or virus
count (LAIV4) for each vaccine

Trade name (Manufacturer) Presentation Age indication virus (per dose) Route
IV4—Standard Dose—Eqq based"
Afluria Quadrivalent (Seqirus) 0.25-mL PFSS 6 through 35 mos 7.5 ug/0.25 mL% M
0.5-mL PFSS >3 yrs 15 pg/0.5 mLS
5.0-mL MDVS =6 mos (needle/syringe)
18 through 64 yrs
(jet injector)
Fluarix Quadrivalent (GlaxoSmithKline) 0.5-mL PFS =6 mos 15 pug/0.5 mL MY
FluLaval Quadrivalent (GlaxoSmithKline) 0.5-mL PFS =6 mos 15 pg/0.5 mL MY
5.0-mL MDV =6 mos
Fluzone Quadrivalent (Sanofi Pasteur) 0.25-mL PF5** 6 through 35 mos 7.5 ug/0.25 mL** MY
0.5-mL PFS** =6 mos 15 ug/0.5 mL**
0.5-mL SDV** =26 mos
5.0-mL MDV** =6 mos
IIV4—Standard Dose—Cell culture based (ccllV4)
Flucelvax Quadnvalent (Seqirus) 0.5-mL PFS 24 yrs 15 pg/0.5 mL IM9
5.0-mL MDV >4 yrs
IIV3—High Dose—Eqq based (HD-11V3)
Fluzone High-Dose (Sanofi Pasteur) 0.5-mL PFS =65 yrs 60 pg/0.5 mL IMT
IIV3—5Standard Dose—Egg based’ with MF59 adjuvant (allV3)
Huad (Seqirus) 0.5-mL PFS =65 yrs 15 ug/0.5 mL M9
RIV4—Recombinant HA
FHublok Quadrivalent (5anofi Pasteur) 0.5-mL PFS =18 yrs 45 ug/0.5 mL M9
LAIV4—Egqg based
FluMist Quadrivalent (AstraZeneca) 0.2-mL 2 through 49 yrs 106575 NAS
prefilled single-use fluorescent focus
intranasal sprayer units/0.2 mL

MMWR / August 23,2019 / Vol.68 / No.3
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Contraindications/Precautions

e Contraindications:

e History of severe allergic reaction to the vaccine or any of its
components

e ACIP recommends that persons with egg allergy of any severity
receive influenza vaccine

e Precautions:

* Moderate or severe acute illness with or without fever.

e Guillain—Barré syndrome within 6 weeks following a previous dose
of influenza vaccine.

13



TABLE 3. Dose volumes for inactivated influenza vaccines licensed
for children aged 6 through 35 months*— United States, 2019-20
influenza season

Dose volume for children

aged 6 through 35 mos
Trade name (Manufacturer) (ug HA per vaccine virus)
Afluria Quadrivalent (Seqirus) 0.25 mL (7.5 ug)
Fluarix Quadrivalent (GlaxoSmithKline) 0.5 mL (15 ug)
FluLaval Quadrivalent (GlaxoSmithKline) 0.5 mL (15 ug)
Fluzone Quadrivalent™ (Sanofi Pasteur) 0.25 mL (7.5 ug)
or

0.5 mL (15 ug)

Abbreviation: HA = hemagglutinin.

* For persons aged =36 months (=3 years), the dose volume is 0.5 mL for all
inactivated influenza vaccines.

T Fluzone Quadrivalent may be administered as either 0.25 mL or 0.5 mL per

dose (with no preference expressed for one volume over the other) for children
aged 6 through 35 months.

MMWR / August 23,2019 / Vol.68 / No.3

FIGURE. Influenza vaccine dosing algorithm for children aged
6 months through 8 years* — Advisory Committee on Immunization
Practices, United States, 2019-20 influenza season

Did the child receive =2 doses of
trivalent or quadrivalent influenza vaccine
before July 1, 20197
(Doses need not have been received
during the same or consecutive seasons.)

! Y
Yes No or Don’t Know
1 |
2 doses of
1 dose of 2019-20
2019-20 influenza vaccine
influenza vaccine (administered
>4 weeks apart)

* For children aged 8 years who require 2 doses of vaccine, both doses should
be administered even if the child turns age 9 years between receipt of dose 1
and dose 2.
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Interim Estimates of 2019-20 Seasonal Influenza Vaccine Effectiveness —
United States, February 2020

Influenza-positive Influenza-negative Vaccine effectiven

Vaccinated Vaccinated Unadjusted Adjusted®
Influenza type/Age group Total no. (%) Total no. (%) % (95% Cl) % (95% Cl)
Influenza A and B
Overall 1,060 390 (37) 3,052 1,682 (55) 53 (45 to 59) 45 (36 to 53)
Age group
6 mos-17 yrs 462 142 (31) 934 492 (53) 60 (50 to 69) 55 (42 to 65)
18-49yrs 413 143 (35) 1,084 452 (42) 26 (6 to 42) 25(3to 41)
=50yrs 185 105 (57) 1,034 738(71) 47 (27 to 62) 43 (19to 60)
Influenza B/Victoria
Overall 634 211(33) 2,968 1,641 (55) 60 (52 to 66) 50(39to 59)
Age group
6 mos-17 yrs 353 104 (29) 934 492 (53) 62(51to71) 56 (42 to 67)
=18yrs 317 117 (37) 2,118 1,190 (56) 54 (42 to 64) 32(11to 48)
Influenza A(HIN1)pdm09
Overall 326 138 (42) 3,052 1,682 (55) 40 (25 to 53) 37(19to 52)
Age group
6 mos-17 yrs 98 35 (36) 934 492 (53) 50 (23 to 68) 51(22t0 69)
18-49 yrs 125 48 (38) 1,084 452 (42) 13 (-27 to 40) 5(-45to 37)
>50yrs 103 55(53) 1,034 738(71) 54(31to 69) 50 (20 to 68)

*Vaccine effectiveness was estimated as 100% x (1 — odds ratio [ratio of odds of being vaccinated among outpatients with CDC's real-time RT-PCR influenza-positive

test results to the odds of being vaccinated among outpatients with influenza-negative test results]); odds ratios were estimated using logistic regression.

T Adjusted for study site, age group, sex, race/ethnicity, self-rated general health, number of days fromiillness onset to enrollment, and month of illness using logistic regression.

MMWR Morb Mortal Wkly Rep 2020;69:177-182.
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Original Investigation

Association Between Hospitalization With
Community-Acquired Laboratory-Confirmed Influenza
Pneumonia and Prior Receipt of Influenza Vaccination

Table 4. Subgroup Analyses Within Study of Influenza Vaccination and Influenza Pneumonia

Cases Who Were Controls Who Were stimated Vaccine
Vaccinated, Vaccinated, Adjusted Odds Ratio Effectiveness,
Subgroups No./Total No. (%) No./Total No. (%) (95%Cl) % (95% CI)°*
Overall estimate 28/162 (17) 766/2605 (29) 0.43(0.28 t0 0.68) 56.7 (31.9t0 72.5)
Groups
Children 7168 (10) 376/1309 (29) 0.25(0.11 t0 0.58) 74.6 (42.5 10 88.8)
Adults 21/94(22) 390/1296 (30) 0.59(0.34 to 1.02) 41.5(-2.2 10 66.5

JAMA. 2015;314(14):1488-1497. i
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Figure 1. Seasonal Flu Vaccination Coverage,
by Age Group and Season, United States, 2010-2017
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Error bars represent 355 confidence intervals around the estimates.
Starting with the 2011-12 season, adult estimates reflect changesin BRFES survey methods: the addition of cellular telephone samples and a new weighting method.



M1 (Matrix protein)

Lipid bilayer

M2 (lon channel protein)

Segmented RNA genome

Globular head domain
(variable region)

_ Stem or Stalk domain
(conserved region)
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Pathway to a Universal Influenza Vaccine

New Platforms for Seasonal and
Pandemic Influenza Vaccines
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New Approaches to Influenza Vaccine

Vaccine Adjuvants

B Reduce amount of
antigen needed

Vaccine with
adjuvant

B Promote earlier,
stronger, more
durable immune
responses

Antibody Response

Vaccine without
adjuvant

B May increase cross-
protective Immune
response

Days



For 2020-2021, trivalent (three-component) egg-based vaccines are recommended to contain:
*A/Guangdong-Maonan/SWL1536/2019 (H1N1)pdmOQ09-like virus (updated)
*A/Hong Kong/2671/2019 (H3N2)-like virus (updated)
*B/Washington/02/2019 (B/Victoria lineage)-like virus (updated)

Quadrivalent (four-component) egg-based vaccines, which protect against a second lineage of B
viruses, are recommended to contain:

sthe three recommended viruses above, plus B/Phuket/3073/2013-like (Yamagata lineage) virus.
For 2020-2021, cell- or recombinant-based vaccines are recommended to contain:

*A/Hawaii/70/2019 (H1N1)pdm09-like virus (updated)

*A/Hong Kong/45/2019 (H3N2)-like virus (updated)

*B/Washington/02/2019 (B/Victoria lineage)-like virus (updated)

*B/Phuket/3073/2013-like (Yamagata lineage) virus



Summary

* Influenza is a common respiratory illness
accounting for substantial morbidity and so
mortality annually

e Influenza vaccines are safe and effective

e Absolute efficacy varies by year and influ
by circulating virus, vaccine administerec
characteristics and previous influenza ex

* New influenza vaccines are being deve

me

enced
, host
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Emerging Coronaviruses

« SARS-CoV (2002-2004). — Severe Acute Respiratory Syndrome

« >8000 cases, 10% mortality, 32 countries in 3 months.

» Bats —Civet Cats / Raccoon Dogs / Humans

« MERS-CoV (2012-Present) (Middle East Respiratory Syndrome)

« > 2500 cases, ~35% mortality, 27 countries

+ Bats — Camels— Humans

- COVID-19, SARS-CoV-2 (2019-present)

* 13,378,853 global cases; 580,045 deaths
« Bat mostlikely
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Two ways to become immune to a virus

One way is being infected and surviving
aviralinfection. For many viruses like
measles and chickenpox, the infection
will make you immune to that virus for
the rest of your life. For other viruses, like influenza,
infection will make you immune for a shorter period and
only against a specific virus type.

The safest way to become immune is to
receive a vaccine that protects you
against the infection without making you
) sick. The best way to ensure that a lot of
people become immune in a population is with a vaccine
that can be given to everyone. Vaccines help the body
learn how to fight off a disease before it strikes the body.

25



How Herd Immunity Would Look Without a Vaccine

Generally, the fraction of a population that needs

to be immune before the population is protected
from a virus by community immunity depends on
how contagious the pathogen is; for example, for
SARS-CoV-2, the the virus that causes COVID-19, the
fraction of the population that needs to be immune is
estimated between 60-75%b.

The scientific evidence is not yet in about how much

immunity having COVID-19 provides us, or for how
long. Furthermore, in our models of local COVID-19
spread, less than 15%b of the population may be infected
at the peak, leaving us far below the 60-75%b needed to
achieve community immunity.

Each dot represents 1% of the population: . Immune Susceptible

60-75% needed for herd immunity
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Having more people become infected to achieve this level of immunity would be costly since the rate of hospitalization with

COVID-19 is very high and the estimated case fatality for COVID-19 is 10 times higher than for the average seasonal
influenza infection. Those rates are even higher in vulnerable populations like the elderly.

Each dot represents 1% of the population:
@) Infected Susceptible (@) Deceased
For example, if 70% of Tennesseans
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Staying the Course With Social Distancing

It is much safer, then, to continue with some level of appropriate social distancing and hygiene, along with public
health measures like increased testing and contact tracing while scientists develop a vaccine. When a safe and
effective vaccine becomes available, we can then vaccinate the population and achieve herd or community immunity.
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Overview of Potential SARS-CoV-2 Vaccine Platforms

Current stage: Development
of vaccine candidates and

pre-clinical testing
Spike protein ()

.

Receptor binding domain ~ s RNAvaccines

O DMNA vaccines

Envelope protein (E)

Recombinant
protein vaccines

=

_“ Vectored vaceines

"\:H o
’ .ﬂ#:. i Inactivated
Tty vaccines

g B

Matrix protein (M) not to scale

'\.".‘ p

B ™

Nucleoprotein (N) ‘ :.ﬂ: ~ Live attenuated

and viral RNA Ty vaccines

Immunity 52, April 14, 2020 @ 2020 Elsevier Inc.
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B Non-profit
M Public
[ Academic
M Private, industry

LM:L

Confirmed Unconfirmed Confirmed Unconfirmed Confirmed Unconfirmed Confirmed Unconfirmed
North America China Europe Asia and Australia®

Number or projects

Nature Reviews | Diri

Fig. 2 | Profile of COVID-19 vaccine developers by type and geographic location. For partnerships, the location is that of the
lead developer. *Excluding China.
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Vaccine Approach: Strategies
AN ARRAY OF VACCINES

Virus Viral vector Nucleic acid Protein-based
Inactivated | Replicating  DNA B Protein subunit

Weakened Non-replicating RNA ~ Virus-like particles

Virus

Viral vector
Nucleic acid
Protein-based
Other*

0 5 10 15 20 25 30 35
Number of vaccines in development

* Other efforts include testing whether existing vaccines against poliovirus or

tuberculosis could help to fight SARS-CoV-2 by eliciting a general immune

response (rather than specific adaptive immunity), or whether certain

Nature 580, 576-577 (2020) immune cells could be genetically modified to target the virus.



Traditional Paradigm —
Multiple Years

Target 1D, development partner
selection, and preclinical trial

Go or no-go First trial

decision to invest
in candidate

Target 1D, develop-
ment partner
selection, and
preclinical trial

Outbreak Paradigm —
Owverlapping Phases
Shorten Development Time

GO0 or No-go
decision to invest
in candidate

A

First in humans Efficacy trial

(safety)

Manufacturing development, scale-up,
clinical trial material, commercial
scale, validation of process

Small-scale clinical trial material

Phase 1

in humans

Clinical development

Manufacturing scale-up,

commercial scale, = Bﬁ scale
validation of process man rng
Phase 2a Phase 3 Licensure
A A
Efficacy trial Evaluation trial
in humans in humans

Safety/dose selection  Safetyfefficacy

A
Regulatory pathway for
emergency authorization

Large-scale manufacturing

Access: Geographic spread of
manufacturing and development
sites and pursuit of emergency
authorization before licensure

Difference between Traditional Vaccine Development and Development Using a Pandemic Paradigm.
The pandemic paradigm requires multiple activities to be conducted at financial risk to developers and manufacturers and without knowing
whether the vaccine candidate will be safe and effective, including very early manufacturing scale-up to commercial scale before establish-

ment of clinical proof of concept. 1D denotes identification.

M EMGL ) MED 382721
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

An mRNA Vaccine against SARS-CoV-2 —
Preliminary Report

L.A. Jackson, E.J. Anderson, N.G. Rouphael, P.C. Roberts, M. Makhene,
R.N. Coler, M.P. McCullough, J.D. Chappell, M.R. Denison, L.J. Stevens,
A.J. Pruijssers, A. McDermott, B. Flach, N.A. Doria-Rose, K.S. Corbett,

K.M. Morabito, S. O’Dell, S.D. Schmidt, P.A. Swanson Il, M. Padilla, J.R. Mascola,
K.M. Neuzil, H. Bennett, W. Sun, E. Peters, M. Makowski, J. Albert, K. Cross,
W. Buchanan, R. Pikaart-Tautges, J.E. Ledgerwood, B.S. Graham, and J.H. Beigel,
for the mRNA-1273 Study Group*

This article was published on July 14, 2020,
at MEJM.org.
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Table 1. Characteristics of the Participants in the mRNA-1273 Trial at Enrollment.*

Characteristic
Sex — no. (%)
Male
Female
Age —yr
Race or ethnic group — no. (%)

American Indian or Alaska Native

Asian

Black

White

Unknown

Hispanic or Latino — no. (%)

Body-mass index{

25-ug Group
(N=15)

9 (60)
6 (40)
36.7+7.9

0
0
0

15 (100)
0
1(7)

24.6+3 .4

100-ug Group

(N=15)

250-pg Group

(N=15)

6 (40)

9 (60)

31.0+8.0

1(7)

14 (93)

2 (13)%
24.7+3.1

Overall
(N=45)

22 (49)
23 (51)
33.08.5
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B Mild B Moderate [l Severe
Symptom Dose Group Vaccination 1

Any systemic symptom 15 pg
100 pg
250ug

Vaccination 2

Arthralgia 25pg [—
100 pg
250 ug
Fatigue 15 pg
100 pg
250 ug

Fever 5pg [ — _
1o0pg | —
50pg | —
Chills 25 ug | —
loopg
250 ug

Headache 25 ug
100 pg
250ug

Myalgia 25 ug
loopg
250 g

Nausea 15 ug —
1oopg | —
250 ug

Any local symptom 25 ug
looug
250 g

Size of erythema or redness 25 pg | — —
100 pg
250 ug

Size of induration or swelling 5pg | — =
100 g
250ug

Pain 25 ug

100 pg
250ug

) 20 40 &0 50 00 0 70 40 50
Percentage of Participants

Figure 1. Systemic and Local Adverse Events.
The severity of solicited adverse events was graded as mild, moderate, or severe (see Table S1).
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This article was published on July 14, 2020,

at MEJM.org.
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The Vaccine Evaluation Process

Pre-licensure

Medical need

& disease
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Vaccine development and testing

h

Submission to FDA for a Biclogics License Application

¥
Vacanes and related Advises
biological products > FDA licensure
advisory committee
. . ¥ ¥ . .
Au:lws::ury Cnmar;_‘:rl:tee Advises CDC ACP’s Board of Regents | Advises M:Ij 5 i?;:ltl_.lrt Immunization
on Immunization > : : : : < nitiative Physician
Practices consideration consideration Advisory Board
¥ ¥
Recommendations for use Recommendations for use
published in MMWR published in Annals
Y Y
Insurance or :
Medicare coverage = Uptake and financing

Y ¥
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FIGURE 1. Development and dissemination of vaccine recommendations and policies. ACP = American College of Physicians;
Annals = Annals of Intemal Medicine; CDC = Centers for Disease Control and Prevention; FDA = Food and Drug Administration;
MMWR = Morbidity and Mortality Weekly Report. From Ann Intem Med.” Copyright © 2019 American College of Physicians. Used with

permission.

Mayo Clin Proc. ® March 2020;95(3):600-608
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Prioritization of Vaccination

PRIORITY POPULATIONS

* Native/Indigenous

* AA/Black

e Latinx

e Occupational Engagement

e People with pre-existing
health conditions

e Communities experiencing health
disparities

e Older Adults

* Nursing Home
e Assisted Living Facility residents

e All activities will be tailored for
each of these vital priority
populations

 Priority populations will require
varying:
e Qutreach
* Engagement
e Recruitment approaches

e Building and maintaining
relationships with experts
working with these groups



Summary

Safe and effective vaccines are needed for COVID-19; must be
accessible, affordable and globally available

Vaccine development is a staged, deliberate and careful
process

Many challenges — New disease, poorly understood immunity,
uncertain trajectory of outbreak

Vaccine safety will be meticulously assessed
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