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Monkeypox outbreak

75,885 74,994
Total Cases

in locations that have not historically reported monkeypox

891

n locations that have historically reported monkeypox
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Orthopoxviruses

Orthopoxvirus

EV envelope

Ectromelia virus

MV membrane
/ Lateral body Cowpox virus (strain GRI-80)
= Core wall e T
v . 3 s W

Vaccinia viis ===l Used for vaccination
Monkeypox virus === Cauises Monkeypox

Nucleocapsid T

Camelpox virus

= | 250nm
Talerapox virus

Variola virus === CaSes Smallpox

Cowpox virus (strain Brighton Red)

Mature Virion (MV) ¥ Enveloped Virion (EV) Raccoonpox virus

0 Unclassified (Skunkpox virus)

Virus Taxonomy, 2012 doi.org/10.1016/B978-0-12-384684-6.00028-8.

m All Orthopox viruses vaccines are based on vaccinia virus:
- Dryvax: live vaccine with combination of vaccinia strains discontinued in 1972.
High efficacy, Low safety profile ORFs= 240
- Acam2000: live vaccine, single vaccinia strains from Dryvax. Comparable to Dryvax.
- MVA (Jyanneos): live vaccine non-replicating modified vaccinia Ankara
Efficacy tested only in animal models, High safety profile ORFs= 157

Acam2000 and MVA are both currently licensed for Monkeypox (ORFs = 200)

2022 IEDB User Workshop



Design peptide pools able to detect vaccine responses

VACV-specific Megapool design
STEP1: Orthopox epitope inventory

‘~§r IMMUNE EPITOPE DATABASE
|| AND ANALYSIS RESOURCE

coa @

STEP2: Conservation analysis

@
Other 4 f\ MA001
orthopoxviruses LTRAN

~r
_
\A"L-,/,"f CD4 96%
CD8 80%

STEP3: Orthopox

megapool generation
STEP4: Orthopox X
megapool validation

Grifoni, Zhang...... Scheuermann, Sette Cell Host & Microbe 2022

g DryVax

’ Pre, 2w, 6mo
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VACV-specific Megapool design

Table 1. IEDB inventory of orthopox virus CD4 and CD8 T cell epitopes
Orthopox virus

Type Host Cowpox  Ectromelia Monkeypox Vaccinia Variola Total
Ch4 Humans 0 0 0 209 38 241 STEP1: Orthopox epitope inventory
Macaques 0 0 0 0 0
Tg mice 0 0 0 0 0 0
Mice 0 40 0 31 0 71 i/ AND ANALYSIS RESOURCE
Any 0 40 0 240 38 | 318 |
S N
CD8 Humans 0 0 0 207 31 ~nt s
Macaques 0 0 2 17 0 19 v
Tg mice 0 0 0 182 0 182 cD8
Mice 1 2 0 217 0 220
Any 1 2 2 623 31 659

Tallies are non-redundant diminishing: macaques does not include those also recognized in humans, Tg mice does not include those recognized in humans or macaques, etc.

STEP2: Conservation analysis

OPXV CD4 MP: 318 epitopes identified in any host -
Other
. . - . orthopoxvirusesmﬁ \:\' pbAb L
OPXV CD8 MP: 238 epitopes identified only in Human ﬁ_(
| o
—I;::,/“f CD4 96%
CD8 80%

Grifoni, Zhang...... Scheuermann, Sette Cell Host & Microbe 2022
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How to use IEDB to extract VACV epitopes

W IMMUNE EPITOPE DATABASE
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CD4 epitope query
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Welcome AR DUR AR R Epitope Analysis Resource &
The Immune Epitope Database (IEDB) is G - - = ; i
a freely available resource funded by Epitope (2) 2 ;. Assay (2 T Cell Epitope Prediction (@
MIAID, It catalogs experimental data on W = . .
antibody and T cell epitopes studied in @ Any " TCell ﬁ;ﬁ;:g ;l:}t:g:;v:e&?enoe Tar aniing/acid
humans, non-human primates, and other . : 1 o ’
animal species in the context of infactious Qﬂaﬁpﬁ?@e--—— D B:Cel MHC | Binding
disease, allergy, autoimmunity and Exact || Ex: SUNFEKL [ MHC Ligand MHC I Binding
transplantation. The IEDB also hosts tools O Discontinuous [ Ex: neutralization | = Find
to assist in the prediction and analysis of o Wandar == - MHC | Processing (Proteasome, TAP)
epitopes. O Non-peptidic Outcome: Positive [_] Negative MHC I immunogenicity
Learn More ‘ -

Epit: S (6 MHC Restricti )] -
Upcoming Events & News Biioes S bevichon @ # B Cell Epitope Prediction @

Organism Predict linear B cell epitopes using:
AAI Exhibitor Booth May 6-10 D O Any P ¥
FOCIS Exhibitor Booth June 21-24 Orthopoxvirus (ID:10z] = Find O class | Antigen Sequence Properties
Virtual User Workshoy - wnfigen ; ; ;
SRR R Oct 26-28 Anfigen ® Class I Predict discontinucus B cell epitopes using

register here r e “ (O Non-classical antigen structure via:
Ex: core, capsid, myo:| = Find = mp— ;
IEDB SARS-CoV-2 Enitope Analysis Videos = | | Of ex:Hian0201 | Fing p——
S B ElliPro
Summary Metrics Host () | Disease @
c‘ ? Epitope Analysis Tools @
idic Epitopes 1,545,392
i L _p‘ pe_ @® Any @® Any . Analyze epitope sets of:
Non-Peptidic Epitopes | 3,147 OH O infect
T Cell A 446,386 uman Infectious Population Coverage
B Cell Assays 1 335’27? LM O Alergic Conservation Across Antigens
P 41683{598 O Non-human primate O Autoimmune s -
nd Assays : . . | I s
g s O | Ex: dog, camel B Find | ) | Ex: asthma Find psters Wil simiar sequences

Epitope Source Organisms 4,241 Rtk iwenthok— e . =,
Restricting MHC Alleles 971 - =
References 23,343 Rese! \QSIEICIN |
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How to use IEDB to extract VACV epitopes

IMMUNE EPITOPE DATABASE
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How to use IEDB to extract VACV epitopes
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How to use IEDB to extract VACV epitopes
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How to use IEDB to extract VACV epitopes
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CD8 epitope query
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Welcome

The Immune Epitope Database (IEDB) is
a freely available resource funded by
NIAID. It catalogs experimental data on
antibody and T cell epitopes studied in
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animal species in the context of infectious
disease, allergy, autoimmunity and
transplantation. The IEDB also hosts tools
to assist in the prediction and analysis of
epitopes.
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How to use IEDB to extract VACV epitopes
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Testing VACV pools on a Dryvax vaccinated cohort
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Design peptide pools able to detect MPXV responses

Grifoni, Zhang......

2022 IEDB User Workshop

MPXV-specific Megapool design
STEP1: MPXV orthologs of inventoried epitopes

a Aok, MAQ01
— >
(‘ﬂh‘

STEP2: MPXV ortholog STEP3: Immunodominant
protein determination protein mapping

D N=19  N=40
ok

# of epitopes

CD4 CD@

~f
U5 STEP4: MPXV MHC
binding predictions

megapool generation
STEP6: MPXV

§ DryVax |
Pre, 2w, 6mo '
megapool validation
cpa 8ap

CD8
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MPXV-specific Megapool design

STEP1: MPXV orthologs of inventoried epitopes
ek, MA001

[ o Rl
/t‘g&\

STEP2: MPXV ortholog STEP3: Immunodominant
protein determination protein mapping

ok

N=19 N=40

CD4 CD@

# of epitopes

~f
W5~ STEPA: MPXV MHC
binding predictions

Grifoni, Zhang...... Scheuermann, Sette Cell Host & Microbe 2022
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Selected proteins with 5 or more epitopes
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Testing MPXV pools to assess T cell cross-reactivity on a
Dryvax vaccinated cohort
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Pox-specific T cells produce multiple cytokines

CD4
OP-CD4-E MPX-CD4-P

L

o

=

(Q\

(7))

=

S Cytokines:

E 21 IFNg

5 = IL-2
=3 TNFa
— GZMB

Grifoni, Zhang...... Scheuermann, Sette Cell Host & Microbe 2022
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Conclusions

@ _‘c}rt\lfﬁ)i * i MPxy h°|°gs ® We defined dominant cross-reactive
= \O,’VRA ' 2& ORFs to generate peptide MPs to
~J measure T cell responses
Dy ) ® Wide breadth of both CD4+ and

CD8+ T cell immune responses

Dz
%E
e

o

T cell epitopes are largely conserved
between VACV and MPXV

) ® (CD4 responses are more durable
CD4 CcD8 .
' Ve Wa over time than CD8

f IFNy \ I,—-"f GZMB \
/@ \™* . ‘Qz ™ ® Thereis a large population of Pox-
/ (cpg L .
V/ & - 4 specific Granzyme B+ CD40L+ CD4 T
2 wlreeks 6 morlnhs ce | IS

Pox-specific
T cell responses

Grifoni, Zhang...... Scheuermann, Sette Cell Host & Microbe 2022
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“How to use IEDB in your
research”

Examples on SARS-CoV-2

Presented by: Alba Grifoni, PhD, Instructor/Research Faculty

Lajolla |Life °

Institute | VVithout
FOR IMMUNOLOGY | LJISease.

2022 IEDB User Workshop



Predicted impact of mutated epitopes
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1 B.1.1.7 (alpha) == B.1.351 (beta) [ P.1.(gamma) =1 B.1.427/429 (epsilon) Early
£ B.1.1519 == B.1525(eta) =W B.1526(ota) =W B.1.526.1 == B.1.621 (Mu)
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Tarke....... Grifoni and Sette Cell 2022

Grifoni and Sette CRI 2022
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Impact of spike Omicron mutations on T cell epitopes
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