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Overview

 Immune responses to SARS-CoV-2

 Variable and conserved regions of coronaviruses
* GeoVax MVA-VLP technology
* MVA-VLP-COVID vaccine: preclinical evaluations

» Design features of a Pan-Coronavirus vaccine
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Immune Responses to Viral Infections

« Humoral immune response: antibodies specific for the virus
capture and neutralize virus, blocking infection and limiting cell-

to-cell spread

* Cellular immune response: cytotoxic (CD8) and helper (CD4)
T-cells limit viral replication and clear infection by killing virus-

Infected cells

* Multifunctional responses with memory: required for optimal
protection from infection and serious illness
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SARS-CoV-2 Antibody Responses - Infection 2

* Neutralizing antibodies, specific to the Spike (S) protein present
IN most sera of convalescent patients

Emerging Infectious Diseases 2021:27 (issue 2)

* Neutralizing antibody levels wane rapidly in the absence of
repeat exposure
Science 2020: 370 (issue 6521)

« Bone marrow resident plasma cells are detectable
Nature 2021: 595 (421-425)

 Memory B cells are induced
Science 2021: 371 (issue 6529)
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SARS-CoV-2 Antibody Responses - Vaccines

» Neutralizing antibody responses are induced readily by
vaccination

* The duration of neutralizing antibodies is variable depending on

vaccine format and often short-lived
Nature Micro 2020: 5 (1598-1607)

« S protein iIs the basis for most of the 1st generation vaccines

* Focus is on the induction of neutralizing antibodies
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Vaccine Challenge: Evolving Variation
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Varlants of Concern (VOC)
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Reduction of Neutralizing Antibody Function
Against VOC
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SARS-CoV-2 Cellular Immunity (T-cells)

* >90% of convalescent patients had detectable CD4+ T-cell

responses against epitopes in multiple viral proteins
Science 2021:371(issue 6529)

« Multi-specific and functional T-cell responses are associated
with accelerated viral control, clearance and with protection

from severe COVID iliness
Oxford Open Immunol 2021:2 (issue 1)

 T-cells in uninfected donors recognized epitopes in multiple viral
proteins, suggesting cross-reactive recognition seasonal viruses
and SARS-CoV-2

Nature 2020: 584 (457-462)
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Detection of SARS-CoV-2 T-cell Responses

In Uninfected Individuals
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SARS-CoV Conserved Sequences

Similarity plot based on the full-length

« Sequences of phylogenetically related
SARS-CoV vary in S, ORF3 and ORFS8

Nature Rev Micro 2019:171(181-192)

« Mutation in the S and ORF8 allowed for
efficient spread SARS CoV-1 from bats

to civets
PLOS Pathogens 2017:13(11)

« MERS-CoV, exhibits high sequence
homology among the ORF1a/b genes

but mutations in the S gene
PLOS Pathogens 2017: 13(11)
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Addressing Evolving Variants or Novel
Coronaviruses Through Vaccines

 Establish global surveillance

« Adjust vaccines using circulating variant S-protein sequences
e Booster immunization campaigns, yearly, regionally, as needed

» Develop vaccines specific to viral proteins that are less subject
to variation

« Ancestral or matrix S-protein sequences, targeting conserved epitopes

» Target conserved T-cell epitopes in other viral structural and
nonstructural viral proteins
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Potential Value of T-cell Responses to
Conserved Epitopes

* Nucleocapsid (N), Membrane (M) and Envelope (E) are highly
conserved structural proteins

 T-cell epitopes in N and M proteins are immunogenic and T-cells
detectable in convalescent SARS-CoV-2 patients

* Nonstructural genes (NSP & ORF) are the most highly
conserved amongst CoV-2 viruses

» T-cell epitopes in NSP are immunogenic and induce cross-reactive T-
cell responses

« Hypothesis: Targeting N, M and E using vaccination will protect
against emerging S variants, targeting ORF1ab will approach

universal protection
CGedVox>
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GeoVax MVA-VLP Vaccine Platform

Non-infectious virus-like particles (VLP) generated Iin vivo

mH5 mH5 mH5
% Gene 1 -[m Gene 2 -|+ Gene 3 -[m- Gene 4 -|+|— Gene 5 -[m- Gene 6 7%'

140 160

®
1 5 Vaccines Serving Humanity




16

MVA-SARS-CoV-2 (GEO-CM02)

MVA Encoding Stabilized Spike, Membrane and Envelope
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Body weight (% change)

GEO-CMO02 Efficacy In Hamsters
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GEO-CMO02: 100% protection against lethal

SARS-CoV-2 challenge In a single dose
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GEO-CMO02 Immunogenicity hACE2 Tg Mice
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GEO-CMO02 Immunogenicity hACE2 Tg Mice
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% Body Weight Change
MEAN & SEM

GEO-CMO02 Protects Against Beta Variant
SARS-CoV-2
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Data Interpretation: Efficacy against VOC

* The use of MVA as a vector supports the design and production
of “next-generation” vaccines encoding multiple viral proteins

« S protein as the primary antibody target
« M and E as T-cell targets

* The combination of S, M and E protein expression supports
VLP formation, optimal immunogenicity

* Functional antibodies and T-cell responses are induced that
mediate protection from infection and pathogenesis

« GEO-CMO02 protects animals from morbidity and mortality
against SARS-CoV-2 and the Beta variant <Ge\é%

22



23

Future Designs: Pan-Coronavirus Vaccines

« Express additional viral genes encoding conserved proteins as
antigens to increase the breadth of T-cell responses

* >60% of the viral genome (ORF) encodes NSP that are
sequence conserved and immunogenic in humans

* Build on existing MVA-SME (GEO-CM-02) vaccine construct

* Encode NSP under different promoters
« Expression not part of the VLP structure

CGe \é%
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Thank You

Creating Vaccines to Serve Humanity
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For More Information
GeoVax Labs, Inc.
info@geovax.com
678-384-7220

1900 Lake Park Drive, Suite 380
Atlanta, GA 30080

Tel: (678) 384-7220

Fax: (678) 384-7281

WWW. geovax.com
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