Understanding immune responses to
SARS CoV?2 infection and vaccination
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Alba Grifoni, PhD

SARS-CoV-2 should be immunogenic

Scarce data initially available

Strong sequence homology and
structural similarity with SARS-CoV1
Similarity also at the epitope level
Predicted CD4 and CD8 epitopes in
SARS CoV?2

Enable experimental testing
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Do people develop immunity to SARS CoV2?
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Antibodies
(from B cells)

Important in almost all
currently licensed human
vaccines

Helper T cells

Critical for antibody
responses

Protect independent of
antibodies in SARS mouse
model

Killer T cells

Important in many viral
infections

Critical to eliminate infected
cells



T cell and antibody responses in ‘mild’ cases of COVID-19

Cell

Targets of T Cell Responses to SARS-CoV-2
Coronavirus in Humans with COVID-19 Disease and
Unexposed Individuals
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SARS-CoV-2 immune memory following natural infection
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Evidence pointing to substantial contributions of T cells to SARS CoV2

immunity
* Early T cell responses correlate with better outcomes and lower viral

loads

 CDS8T cells provide control in monkeys

* People lacking antibodies resolve SARS CoV?2 infections

* Onset of protection from Moderna or Pfizer vaccines in absence of
detectable neutralizing antibodies
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Vaccine protection against SARS-CoV-2

Protection against Protection against
Detectable Infection Hospitalizations & Deaths

Antibodies T cells . .I ! erggr
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Comparison of immune memory to four COVID-19 vaccines

28 days
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Comparison of immune memory to four COVID-19 vaccines

mMRNA-1273 BNT162b2 Ad26.COV2.S NVX-CoV2373
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Zeli Zhang, PhD
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Jen Dan, MD/PhD

Figures modified from Zhang et al. bioRxiv 2022.03.18.484953; doi: https://doi.org/10.1101/2022.03.18.484953



Comparison of immune memory to four COVID-19 vaccines

mRNA-1273 BNT162b2 Ad26.COV2.S NVX-CoV2373
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ﬁi@éﬁgiﬁffﬁé 100% of individuals made memory CD4+ T cells, with Tfh highly represented

after mRNA or Novavax vaccination. CD4-CTL were also unexpectedly common

CTL, Cytotoxic T-Lymphocyte; Tfh, follicular helper T cells Figures modified from Zhang et al. bioRxiv 2022.03.18.484953; doi: https://doi.org/10.1101/2022.03.18.484953



Comparison of immune memory to four COVID-19 vaccines

MRNA-1273 BNT162b2 Ad26.COV2.S NVX-CoV2373
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MRNA vaccines and J&J induced comparable CD8+ T cell frequencies, though memory CD8+
T cells were only detectable in 60-67% of subjects at 6 months

Jose Mateus, PhD
Figures modified from Zhang et al. bioRxiv 2022.03.18.484953; doi: https://doi.org/10.1101/2022.03.18.484953



Comparison of immune memory to four COVID-19 vaccines

Camila Coelho, PhD

RBD, Receptor-Binding Domain
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Spike- and RBD-specific memory B cell responses were detected in all individuals
to each of the four vaccines, and their frequency increased over time

Figures modified from Zhang et al. bioRxiv 2022.03.18.484953; doi: https://doi.org/10.1101/2022.03.18.484953



Comparison of immune memory to four COVID-19 vaccines
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What about variants?

SARS-CoV-2
Alpha Beta Gamma B. 1 19
(B1 1.7) (B.1.351) (P.1) (B.1.617.1)
Delta Lambda Omicron

(B.1.617.2) (C.37) (B. 1 621) (B.1.1.529)



Breadth of SARS CoV2-specific CD4 and CD8 T cell responses

* |dentified 280 different CD4 and 523 different CD8

epitopes virions .
e Eachindividual recognizes multiple epitopes and . o
antigens; conservative estimate of 30-40 epitopes

recognized per donor

cyl?c;kine

Tarke et al., Cell Med Rep Jan 2021 production

* Metanalysis of SARS CoV2 human T cell epitopes;
2049 different human SARS-CoV-2 T cell epitopes

defined so far
Grifoni et al., Cell Host & Microbe May 2021

Elemans M, Seich al Basatena N-K, Asquith B
(2012) PLoS Comput Biol 8(2): PMID: 22383867



T cell reactivity to SARS-CoV-2 variants in vaccinated individuals

SRS S Vaccinated
. . T\ » MRNA-1273
. NS . //} - BNT162b2
Alpha Beta Gamma B. 11 oi@ « Ad26.COV2.S
B117) (81351 (P1) (B.1.617.1) Q) % « NVX-CoV2373
2 week post-vax
3-4 month post-vax
Delta Lambda Omicron 6 month post-vax
(B.1.617.2) (C.37) (B.1 621) (B.1.1.529)

Alba Grifoni, PhD Alison Tarke Tarke A et al, Grifoni and Sette. Cell. Jan 2022 PMID: 35139340



Fold-change of
AIM*CD4" T cells

Fold-change of
AIM*CD8" T cells

T cell recognition of Omicron is preserved
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Tarke A et al, Grifoni and Sette. Cell. Jan 2022 PMID: 35139340



SARS CoV-2

Bioinformatic analysis

Overall
conservation
of epitopes
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1 Keeton et al.,

December 78, 2071
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SARS-CoV-2 Vaccination Induces
Immunological Memory Able To
Cross-Recognize Variants From Alpha
to Omicron
A Tarke, A Sette et al.

M T cell responses to spike epitopes across SARS-CoV-2
variants, including Omicron, are largely preserved 6
months after vaccination

Netherlands

d Madelon et al.,

Tarke A et al, Grifoni and Sette. Cell. Jan 2022 PMID:35139340

Switzerland

CcCOoVvID-19
RESPONSE

PRESS BRIEFING

.3
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VACCINES.GOV

Nature 2022: South Africa

1 GeurtsvanKessel et al.,2022 Sci Imm:;

0 Gao et al., Nat Med 2022; Sweden

JAMA Neur 2022;



Vaccine protection against SARS-CoV-2

Protection against Protection against
Detectable Infection Hospitalizations & Deaths

Antibodies T cells . .I ! erggr

Major Minor




Adjusted estimated vaccine effectiveness (%)

Waning protection against Minimal waning protection against
Detectable Infection Hospitalizations & Deaths
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Thoughts on booster vaccination (4" dose) authorized in USA for over 50

Mortality Reduction at Calit Health for Initial Booster and Second Booster

3rd shot vs 2 shots, age 50+ 4t shot vs 3-shots, age 60+
0.0010
90% Reduction 78% Reduction
Mo booster
0.0008 -
Vaccination Group
First Boosber
E  0.0006- =+~ Second Booster
|
X
I
& 00004 | .
: - s Eric Topol . Ground
£ —
o] J PRy =
o2 —_— sttt Truths March 29th
-‘—‘—'______r‘——-‘—'"————_——_ ' Follow-up time, days : i '
0.0000 T T T T r 1 Number at nsk
o (-] 12 18 24 0 36 42 48 54
Follow-up (days) 550648 453524 329688 284252 264512 250861 243292 238311 233847
No. at Risk
Mo boostar 841,428 713,609 520,459 326,741 202,797 145,021 111,761 101,695 80,036 23 985 12817 109774 233373 278549 208038 311424 318775 323819 328022
Booster 46,259 119,332 322,203 515,639 639,315 696,859 729,971 739,945 756,591 757614

* Israeli studies show positive effects of a 4th immunization in the older age (Pzifer vaccine).

* However:

* 3 immunizations already protect well from hospitalization and deaths, and short follow up are limitations
* Antibodies levels restored to peak levels observed after the 3d shot.
* No measure of T cell and B cell memory.

Antibody titers contract more rapidly than cellular immunity, which tends to be more stable

Still need to address long term effects on disease; we might be approaching a stage of limited returns on further immunizations.



Thoughts on booster vaccination (4" dose) authorized in USA for over 50

Mortality Reduction at Calit Health for Initial Booster and Second Booster

3rd shot vs 2 shots, age 50+
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I
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No. at Risk
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 Still there is value in the approval of the 4th immunization
* new variants can dramatically alter the situation
* protection offered by the third immunization might wane over time. particularly antibodies in older people.

* The authorization offers an important additional tool to manage the pandemic.
* In the current situation there is a continued need to monitor infections, hospitalizations and

variants.

Follow-up time, days
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Where are we going? IgG CCC titers are sustained over the years

NL63:t %2 = no decline 229E:t 2 = no decline
10000 (95% Cl: -31.4 to -25.6 years) 10000 (95% Cl: -38.2 to -31.1 years)

10004¢
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g 0 300 600 900 1200 0 300 600 900 1200
o
%)D HKU1:t %2 = 13.1 years 0C43:t 12 = 8.6 years
— 10000 (95% CI: 10.6 to 15.6 years) (95% Cl: 7.2 t0 9.9 years)
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CD4+ T cell responses are also sustained over time
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Pandemic preparedness. Beyond SARS CoV2

Diagram illustrating NIAID's approach to
pandemic preparedness

PROTOTYPE
PATHOGEN

PRIORITY

NIAID's approach to pandemic preparedness. NIAID



Reactivity is also detected in non-exposed individuals
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common cold
coronaviruses
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e Pre-existing immunity could
* influence the disease severity of subsequent SARS-
CoV-2 infection
* influence the outcome of SARS-CoV-2 vaccination

Alba Grifoni, PhD

Grifoni et al., Cell May 2020



Widespread evidence of cross-reactive T cell responses within
coronaviruses
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1 0.1 0.01 0.001 0.0001 0.00001 ] 01 001 0001 0.00010.00001
~_Peptide concentration Peptide concentration
in FluoroSPOT assay (ug/mL) in FluoroSPOT assay (ug/mL)
@ SARS-CoV-2 VLKKLKKSLNVAKSE 100 #® SARS-CoV-2 NVNRFNVAITRAKVG 100
| 229E IIKQLKKAMNVAKAE 60 B 229E NANRFNVAITRAKKG 87
A HKU1 QIKQLEKACNIAKSY 47 A HKU1 NVNRENVAITRAKKG 93
© NL63 LIKQLKRAMNIAKSE 53 MM3-1 NVNRFNLAITRAKKG 87
& 0C43 QLKQLEKACNIAKSA 53 MM3-3 NVNRFNVAITRARKG 87 Jose Mateus, PhD

Mateus et al., Science, August 2020



Preexisting immune memory effect on low dose Moderna mRNA-1273

Spike-specific CD4* T cells (%)

AIM* (OX40*CD137*)
1

Day 1

COVID-19 vaccine responses

<0.0001  <0.0001 - 002 001
] @ Pre-existing

S O No pre-existing
€N~

= ¥ .

8 5 1—:

Ea ®

29

O3

o X ® &

59

8+

n ;01 =

o < @

4

a

CD -------------------------------

&b Q
Day 1 15

Samples 17 18 17 18 15 17 15 17

Median  0.075 0.020 0.26 0.080 0.32 0.16  0.23 0.12
Responder (%) 100 0 100 94 100 100 100 94

&
Antibodies ASSJ[.' Prof. .
Daniela Weiskopf
10.0472
104 ' '
@
—_~ 3
- 10
w o ©
O
= 2
o 10
i
@
Day 1 15 43 209
Samples 17 18 17 18 15 18 15 18
GMT 34 31 107 44 1868 1312 182 147
Responder (%) 6 0 100 89 100 100 100 100

Mateus et al; Science, Sept 2021



Further evidence of cross-reactive T cells roles in
prevention of symptomatic COVID-19
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Cross-reactive CD4* T cells enhance SARS-CoV-2 im-
mune responses upon infection and vaccination
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Potential usefulness of cross-reactive HCoV-specific human T cells
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Cross-reactive T cell responses can
modulate disease severity

Several other coronaviruses are also
of concern

Is a “pan-corona” or “pan-sarbeco”
vaccine feasible?

Experimentally determine epitopes/
regions that are widely crossreactive
A T cell vaccine or vaccine component
might be effective in broadly
preventing severe disease and death

Alba Grifoni, PhD Alison Tarke



Thoughts on broadly crossreactive T cells

* T cell inducing vaccine components as a broad
concept to enhance preparedness against future
pOSS i ble pa n d e m iCS Diagram illustrating N\SASWD‘S approach to

 Strategy could be considered for virus families of
pandemic preparedness concern (Arenav, Flavi,
Bunya, Paramixo, Togav, Picorna and Filioviridae)

PROTOTYPE
PATHOGEN

* Not an alternative to antibody strategies, but PrioY
rather synergistic

PATHOGEN

 The human influenza T cell repertoire is broad
and multispecific

 Human epitopes immunogenic conserved in Old
and New world Arenaviruses

NIAID's approach to pandemic preparedness. NIAID

» Cross-reactivity of epitopes from multiple DENV
serotypes and ZIKV



Overall Conclusions

SARS CoV?2 infection induces a multispecific and multifunctional adaptive
responses which is durable over the 6-8 month period

Neutralizing antibodies likely key to protect from infection, but substantial
contributions of T cells likely at the level of protection from severe disease

Side-by-side longitudinal comparison of different vaccine platforms reveals
durable B and T cell responses, and allow correlation with vaccine efficacy

T cell reactivity is largely preserved at the level of SARS CoV2 variants, including
Omicron and Delta

CCC cross-reactivity albeit rare, is detected and has biological relevance, with
potential pandemic preparedness implications

Responses to CCC are sustained in the adult population, offering a potential
glimpse in endemicity
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