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Remember immunity -antibodies and cell-mediated

T cells are the major
immune defense T cell B cell

against viruses If"“\l
g / ) \
/ \ |

Memory T cells Memory B cells

CD4+ CD8+ Plasma cell
T cell T cell .Y

Of note, want

Thl:ThZ ratio >>1 for Th1 cells for Cytotoxic T > -

viruses, Th2 CD4s intracellular cells A

block antiviral Th1- pathogens; Th2 cells

CD4s and CDS8s for extracellular Makes antibodies
pathogens

Most vaccine trials measured antibodies and T cell responses



Platform

Non-clinical results

# who got
vaccine

Protection from
hospitalization
from COVID-19

Protection from
COVID severe dz
(some at home)

Efficacy against
milder COVID

MmRNA-1273 Neutralizing Abs; Strong | ~15,000 97% (1 in vaccine | 97% (30 cases in 94.1%
MRNA in lipid Th1l CD4+, CD8+; arm after 2nd placebo arm; 0 in
mOdemQ nanoparticle protection from dose vaccine reported but
challenge (macaques) hospitalized) 1 severe per FDA)
BNT162b2 Neutralizing Abs; Strong | ~18,600 100% 100% (9 cases in 95%
} mMRNA in lipid Th1l CD4+, CD8+; placebo arm; 0 in
& Pfizer . . S0 Ay
nanoparticle protection from vaccine- 1 initially
challenge (macaques) severe but not)
INJ-78436725 Neutralizing Abs; Strong | ~22,000 100% 85.4% across 3 sites | 72% US; 61%
9 li ot Non-replicating Th1l CD4+ > Th2; CD8+; US, Latin (7 deaths, 16 Latin America;
- human challenge protection America, hospitalizations, all 64% S. Africa
adenovirus/DNA (macaque) S. Africa in placebo arm) (96% B1.351)
AZD 1222 Neutralizing Abs; Strong | ~8588 100% 100% (15 in placebo | 70% overall;
Non-replicating Th1l CD4+ > Th2; CD8+; — all hospitalized; 0 76% 1 dose; S.
AstraZeneca | Chimp Adenovirus- protection from in vaccine) Africa trial
DNA challenge (macaques) halted for mild
NVX-CoV2373 Neutralizing Abs; Strong | ~8833 100% 100% (10 severe in 96.4% UK; 89%
NOVAVAX ' spike protein/RBD Th1 CD4 > Th2; challenge | (Phase 3 placebo in UK/SA; 0 | B117 UK; 55%
+ Matrix M protection (macaques) UK; 2b SA) in vaccine) SA (94% B1351)
] adjuvant
SPUNIKV L 6 and ads NAbs; IFN-y secretion | ~14964 | 100% 100% (20 in placebo; | 91.6%

J..} sinovac

adenovirus/DNA

PMBC s, cellular response

0 vaccine)



https://urldefense.proofpoint.com/v2/url?u=https-3A__www.fda.gov_media_144434_download&d=DwMFaQ&c=iORugZls2LlYyCAZRB3XLg&r=fVPu5DWlmaV9WEzo6ojzQhi7kEOGEd3Z5GRv81asLQc&m=ATz-8a_F4vRxAjd6ylaL6-WeYVGmAaeMwd-OJVXGH9s&s=H7DeZ_rNTnJBi2mkTUbJXhtl2kj2eqWSmZhnepAkBnI&e=
https://urldefense.proofpoint.com/v2/url?u=https-3A__www.fda.gov_media_144245_download&d=DwMFaQ&c=iORugZls2LlYyCAZRB3XLg&r=fVPu5DWlmaV9WEzo6ojzQhi7kEOGEd3Z5GRv81asLQc&m=ATz-8a_F4vRxAjd6ylaL6-WeYVGmAaeMwd-OJVXGH9s&s=geqIkrGEDdnNxacMO74VCLfBZsYSvYtVtXzPbtNzuik&e=

nature

nature Vol 455(25 2008 dok10.1038, Article

Biochemical and Biophysical Research Communications

LETTERS SARS-CoV-2-specific T cellimmunity in cases of
) COVID-19 and SARS, and uninfected controls T cell immunity to SARS-CoV-2 following natural infection and
vaccination

Neutralizing antibodies derived from the B cells of

1918 influenza pandemic survivors . : £ JEMi-

Xiaocong Yu'*, Tshidi Tsibane’®, Patricia A. McGraw', Frances S. House', Christopher J. Keefer', Mark D. Hicar', nature rewews | m m u n O | Ogy ARTICLE

Terrence M. Tumpey’, Claudia Pappas’™, Lucy A. Perrone’, Osvaldo Martinez’, James Stevens®, lan A. Wilson', . . . . .

Patricia V. Aguilar’, Eric L. Altschuler’, Christopher F. Basler’ & James E. Crowe Jr' No one is naive: the Signiﬁcance Of heterologous T_ nghly fu nctlonal V|rus-spec]ﬁc cellu lar immune
cellimmunity response in asymptomatic SARS-CoV-2 infection
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How does functional T-cell response
modulate severity of disease?

nature reviews immunology

T cell responses in patients with COVID-19 T cell responses modulate the severity of disease

Strong T cell responses in all of these trials seem to have led
to prevention of severe disease

Even prior to vaccines, data indicating cross T-cell immunity
from other coronaviruses led to more mild SARS-CoV-2
infection

@ CelPress Thorade i mmisiolog If you get re-infected after natural infection or vaccine (likely
rare), should be mild if mounted good T-cell response

T Cells: Warriors of SARS-CoV-2 Infection Fun fact: Study from 1918 survivors of influenza pandemic

show durable B cell immunity (memory B- Ab) 90 years later!



@Pﬁzer
Pfizer/BioNTech frial

2 shots, 30ug, 3 weeks apart

* Of 37,706 reported on in NEJM, 49.4%
females, 82.9% White, 9.83% AA, 28%
Hispanic/Latino

e 21.4% >65 years, Median age 51

e Obesity (35.1%), diabetes 8.4%; pulmonary
disease 7.8%

* Of 170 who became infected with COVID-
19, 162 in placebo arm and 8 in vaccine
arm so 95% effective (same level across
subsets)

» Severe disease from COVID-19-9in
placebo group; 0 in vaccine group (1
Initially said severe, but FDA said not)
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Efficacy End-Point Subgroup

Covid-19 occurrence
After dose 1
After dose 1 to before dose 2
Dose 2 to 7 days after dose 2
=7 Days after dose 2

T T T T T T T T T T T T T 1
28 35 42 49 56 63 70 77 84 91 98 105 112 119

Days after Dose 1

BNT162b2, 30 ug (N=21,669) Placebo (N=21,686)
No. of participants  Surveillance time  No. of participants  Surveillance time

VE (95% Cl)

person-yr (no. at risk) person-yr (no. at risk) percent

50 4.015 (21,314) 275 3.982 (21,258) 82.0 (75.6-86.9)
39 82 52.4 (29.5-68.4)
2 21 90.5 (61.0-98.9)
9 172 94.8 (89.8-97.6)




moderna

|i!l; Intention-to-Treat Analysis

Moderna vaccine

(95% CI) (95% ClI) Placebo

.|. M | % per 1000 person-yr
rl O 307 Placebo 79.8 (70.5-89.9)

mRNA-1273 93.0 (88.9-95.6) 5.6 (3.4-8.8)

* Phase 3 enrolled 30,351 with data (15,170 E 201
in placebo, 15,181 in vaccine), >18 years of £ ;.
age :

* 2 shots, 100ug, 4 weeks apart
* 47.3% female, 24.8%, 265 years of age, ik

0.0- :

36.5% of participants communities of color 0 10 20 30 40 50 60 70 80 90 100 11

0 .. . . Days since Randomization
* 22.3% participants high-risk (mean BMI Risk
29 3) o 14,598 14,590 14,567 14,515 13,806 12,352 12,694 11,450 9736 6729 4067 12

. -1273 14,550 14,543 14,532 14,504 13,825 13,398 12,791 11,573 9911 6871 4179 12

. . . . lacebo m -

* 196 final total symptomatic infections (e.g. Covid 19 Onset [N-145%8) (No14.550)
11 in vaccine group; 185 in placebo group), Randomization to 14 days aferdose 1 - ;
ose 2 to ays after dose 0
94' 1 A) effl ca Cy ?tartirlzgtl4];adysyaﬂeﬁr d-:?se 2 .2 . 2(1)3 12
Total (any time after randomization) 269 19

e Severe disease: 30 of the severe cases
occurred in the placebo group (1 FDA
reviewed in vaccine group)



Johnson and Johnson 1-dose phase 3 trial
efficacy

85% effective against severe
100% effective against disease (could be 02 sat
468 cases symptomatic hospitalization/death from <93% but subset of severe
COVID COVID-19 (7 deaths & 14 disease included those
hospitalizations in placebo) hospitalized/died) across all

3 regions

72% effective against
moderate (>93% O, sat)
disease in U.S., 64% in South Immunogenicity data
Africa, 61% Latin America from NEJM phase I/II
(66% overall)

89% efficacy against severe
disease in South Africa
where 95% of strains were
B.1.351 (501Y.V2) variant

shows increases in
immune responses
over time, past 28

days

Press release: Phase 3 ENSEMBLE trial



https://www.jnj.com/johnson-johnson-announces-single-shot-janssen-covid-19-vaccine-candidate-met-primary-endpoints-in-interim-analysis-of-its-phase-3-ensemble-trial

Will vaccines halt

transmission? Biological
plausibility (4 main reasons)

NVX-CoV2373 Protected Lower & Upper Airways in Rhesus Macaques

No viral replication observed following Day 38 challenge with WT SARS-CoV-2

Lower Airway

Placebo NVX-CoV2373
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Upper Airway

Placebo NVX-CoV2373

1
1
<57 H i O 5 ug vaccine

+ 50 mg Matrix-M

25 ug vaccine
+ 50 mg Matrix-M

Days Post Challenge

Days Post Challenge

4. Challenge experiments with macaques in pre-clinical trials show
blocking of viral replication (or no/low viral RNA) in BAL and nasal swabs
(Mercado Nature J&J vax, 2020; Guebre-Xabier Vaccine Novavax 2020)

1. 1gG antibodies measured in trials found
in high levels in nasal mucosa

REVIEW ARTICLE
published: 16 July 2013
doi 10.3389/fimmu.2013.00200

ITONUErs N
IMMUNOLOGY

Antibodies and their receptors: different potential roles in
mucosal defense

2. Systemic vaccines induce IgA (mucosal
immunoglobulin) and recent study shows
mRNA COVID-19 vaccines induce IgA

meaan  Clinical and Vaccine
SOCIETY FOR
o MICROBIOLOGY Immunology

Parenteral Vaccination Can Be an Effective Means of Inducing
Protective Mucosal Responses

BIOLOGICAL SCIENCES - ARTICLE

SARS-CoV-2 mRNA vaccines induce a robust germinal centre
reaction in humans

3. Monoclonal antibodies hasten viral
clearance from airways

ORIGINAL ARTICLE

SARS-CoV-2 Neutralizing Antibody
LY-CoV555 in Outpatients with Covid-19



March 11, 2021- a year after
REAL-WORLD EVIDENCE CONFIRMS HIGH EFFECTIVENESS OF :

e s sl ae s il WHO pandemic declared
HEALTH IMPACT OF VACCINATION ONE YEAR AFTER PANDEMIC

DECLARED

e Real-world roll-out data from Ministry of
Health Israel, Pfizer vaccine

* 94% of asymptomatic infection
prevented

* 97% effective against symptomatic
COVID-19 cases, hospitalizations, severe
and critical hospitalizations, and deaths

* Unvaccinated individuals 44 times more
likely to develop symptomatic COVID-19
and 29 times more likely to die from

COVID-19

e * 80% of circulating virus during roll-out
was B117 variant




Clinical Infectious Diseases

ACCEPTED MANUSCRIPT

Impact of the COVID-19 Vaccine on
Asymptomatic Infection Among Patients
Undergoing Pre-Procedural COVID-19
Molecular Screening

Aaron J Tande, MD &, Benjamin D Pollock, PhD, MSPH, Nilay D Shah, PhD,

e Swabbed pre-operative
patients across the Mayo
Clinic system

* Risk of asymptomatic
infection was 80% lower after
even 1 dose (and still after 2
doses) of mMRNA vaccine than
those unvaccinated

* As expected, symptomatic
and asymptomatic infection
reduced by vaccines



Seven Studies to date that showed COVID-19 vaccines reduce asymptomatic infection (transmission)

Setting Finding of xx% reduction in  Reference

asymptomatic or infections
that included asymptomatic

Healthcare workers in England 86% Hall SSRN, February 22, 2021

(o]
Healthcare workers in Israel 759 Amit, Lancet, March 6, 2021

0
Patients in Mayo Clinic health system 38.7% Pawlowski medRxiv, February 27, 2021
Israel Ministry of Health 94% Pfizer press release, March 11, 2021
(nationwide)

Dagan NEJM, February 24, 2021
Israel general population (Pfizer) 90% : y
Pre-surgical patients in Mayo Clinic 30% Tande Clin Inf Dis, March 10, 2021
health system 0
Healthcare workers in Cambridge o Weekes Authorea, February 24, 2021
L . 75%

University Hospitals

Moreover, nasal viral loads from post-vaccination exposures are low and likely noninfectious per CT values (use rapid Ag test)



https://poseidon01.ssrn.com/delivery.php?ID=854006004112117112078021022067099069021032069011093069025025053120114009045117069024125015068123029117100003054084001107112097118096064125008069082075072017013083012059088127069069023127121061022002007070090011041007078098117000120086028025091075085065092022031105121066012065123080120000104&EXT=pdf&INDEX=TRUE
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(21)00448-7/fulltext
https://www.medrxiv.org/content/10.1101/2021.02.15.21251623v3
https://www.pfizer.com/news/press-release/press-release-detail/real-world-evidence-confirms-high-effectiveness-pfizer
https://www.nejm.org/doi/full/10.1056/NEJMoa2101765
https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciab229/6167855
https://www.authorea.com/users/332778/articles/509881-single-dose-bnt162b2-vaccine-protects-against-asymptomatic-sars-cov-2-infection
https://www.medrxiv.org/content/10.1101/2021.02.06.21251283v1.full.pdf
https://www.medrxiv.org/content/10.1101/2021.02.08.21251329v1

Real-world data amazing (US, UK, Israel
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Will vaccines work against
variants?




Why T cell response will work against variants? First look at natural infection

Cell Reports

Medicine

Comprehensive analysis of T cellimmunodominance

and immunoprevalence of SARS-CoV-2 epitopes in

COVID-19 cases

Graphical Abstract

Authors

Alison Tarke, John Sidney,
Conner K. Kidd, ..., Daniela Weiskopf,
Alba Grifoni, Alessandro Sette

Correspondence
agrifoni@lji.org (A.G.),
alex@lji.org (A.S.)

In Brief

Tarke et al. show a broad T cell repertoire,

suggesting that viral escape of T cell
immunity is unlikely. CD4
immunodominant regions correlate with

|
Broad T cell
repertoire (>19 CD4
epitopes; 17 CD8
epitopes) after
infection. Means
viral escape of T
cell-immunity (from
both natural
infection and
vaccination)
unlikely, re-infection
if happens mild




Negligible impact of SARS-CoV-2 variants on CD4+ and CD8+T cell reactivity in
COVID-19 exposed donors and vaccinees.

Alison Tarke, John Sidney, Nils Methot,

Fig. 2
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Then look at T-cell response to variants after vaccines- still intact

bioRyiv
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p=0.0830
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0.5771

Yun Zhang,
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Jennifer M Dan, Benjamin Goodwin, Paul Rubiro,

p=0.3008
0.0195
0.1484
0.2500

o—o0
Sum of all antigens

o Looked at SARS-CoV-2-specific

CD4+ & CD8+ T cell responses
from those with natural infection
with non-variant, compared to
variants B.1.1.7, B.1.351, P.1,
CAL.20C

No difference seen between
pool of spike protein peptides
corresponding to ancestral
sequence & those from variants
T cell reactivity against those
pools from variants remained
intact if you had mRNA
vaccination (Pfizer/Moderna) (or
natural infection)



Why not to
Worry

clinically too
much about
variants

This is what RNA viruses do, mutate more readily than DNA viruses
SARS-CoV-2 doesn’t mutate that fast, it is just transmitted a lot

Neutralizing Ab titer information from Moderna/ Pfizer vaccines
reassuring

T cell responses and B cells and antibodies all elicited by vaccines;
reassuring data about no hospitalizations/deaths in J&J (Brazil, S.
Africa UK) and AZ trial (included Brazil, South Africa) and Novavax (S.
Africa) suggests T cells mediating protection against severe infection

MRNA vaccines and DNA vaccines can be readily “tweaked” (as they
are being) from companies to code for new variant ‘boosters’ in
future

SLOWER EVOLUTION DUE TO
BETTER PROOFREADING ABILITY

CORONAVIRUS

INFLUENZA
VIRUS




That said, we want to tamp down transmission to
increase efficacy of vaccine- peel off restrictions slowly!

By A. David Paltiel, Jason L. Schwartz, Amy Zheng, and Rochelle P. Walensky

pol: 101377/

o s . Clinical Outcomes Of A COVID-19

©2021 Project HOPE—
The People-to-People Health

Vaccine: Implementation Over
Efficacy

Fauci urges COVID vaccinations to
stop new strains: 'Viruses cannot
mutate if they don't replicate'



Want to Motivate Vaccinations? Message

B -— CDC guidelines — March 8, 2021
Optimism, Not Doom ;ZB ( 4 & ’
Q Monica Gandhi
OPINION ESSAY | COVID-19 ,’ (1S . Feel free to
cenrers ror oneaeee Vaccinated and mingle with
23 ] . ?
vaccinated: mmmm) each other
Importantly. no need fo With?“j‘
quarantine if exposed restrictions
after vaccination if no
sympfoms

Ok if privacy of
home with non-

Vaccinated around

susceptible
* Vaccine optimism can reduce vaccine unva.ccinated and - persofms; Keep
hesitancy public? masks,
* Public is savvy enough to understand tiered distancing in
messaging public; social
* Philosophy of “give an inch, they will take a norms
mile” is not harm reduction
e Lessons from HIV (“serosorting”)- we (or least Unvaccinated and
the good ones) never messaged abstinence unvaccinated? ‘ Keep all usual

restrictions



European Commission

“I'll do it to protect my father and organise a big family weekend get-
together.” AS

JEAS
Prof. Dr. Steven Van Gucht Vaccinated People Are Going to Hug Each Other

Chief Scientific Adviser, | The vaccines are phenomenal. Belaboring their imperfections—and telling people who receive them never to let
down their guard—carries its own risks.

JANUARY 27, 2021

Julia Marcus

Epidemiclogist and professor at Harvard Medical
School

“Pll do it
to protect
my father

and organise
a big family
weekend
get-together.”

Prof Dr. Steven Van Gucht
Chiel Scientibc Adviser

Belgum
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Summary

Vaccine trials show amazing efficacy and
safety

All vaccines reduce severe disease
significantly, likely due to T-cell response —
love the T cell

Vaccines are almost certain to decrease

transmission
Variants can be managed- don’t worry

Vaccine messaging can be tiered and
optimistic



