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K. pneumoniae is an AMR One Health pathogen
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K. pneumoniae strains
acquire AMR genes and
plasmids in all niches,

which they can carry between
niches and donate to other
human pathogens.
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NCBI reference genomes do not capture sufficient

genetic diversity

N . -
4
Y N
. z i »
N \ 3
\g#® g
X . rrhv —
y AN 3 &

J. Ho (Lee Lab)

of Klebsiella
600

600

N
o
o

400

Genome Count

200

Count

Top 9 Klebsiella pneumoniae sequence types in GenBank
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K. pneumoniae: AMR trafficker with lots of plasmids

Distribution of Klebsiella pneumoniae plasmid counts in RefSeq
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The Hidden Pandemic: Antimicrobial Resistance (AMR)

Mortality rate
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e ~1.2 million people died in 2019 from antibiotic-resistant bacterial infections
e More than 39 million deaths from AMR infections estimated between now and 2050

t; AVENGER GBD 2021 Antimicrobial Resistance Collaborators, Lancet, 404(10459): 1199-1226 8




CEPI The 100 Days Mission — Vaccine
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https://cepi.net/cepi-20-and-100-days-mission
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AVENGER will build domestic capacity for a 100-day response using
next-generation RNA LNP technology
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S % ° Aim 1: Develop high-performing, RNA LNP vaccines with improved efficacy

I Pillar — Research and innovation, Infection prevention and control

LNP with improved potency, stability, and safety

saRNA and mRNA optimized for low-dose vaccines
Formulations that induce long-lived adaptive responses
Formulations for aged and frail populations

Aim 2: Develop vaccine candidates against antimicrobial-resistant (AMR) bacteria

(K. pneumoniae, S. pneumoniae, S. aureus)

Pillar — Surveillance; R&l, Infection prevention and control
Build a strategy and extensive database for bacterial vaccine antigen selection and optimization

Obtain and sequence clinical isolates — long read sequencing (Nanopore)
D At least one RNA LNP vaccine for an AMR bacterial pathogen

Aim 3: Bio-manufacture a candidate vaccine and test it in an NHP infection model

Pillar — R&l, Infection prevention and control
Logistics and implementation of a biomanufacturing pipeline

Adaptable platform technology
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Reverse Vaccinology to the Rescue!
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AVENGER Next Steps

£-_7% RNALNP technology development
R
* Establishing immunological assessments of benchmark vaccines
* Establishing immune alterations in variably aged and frail mice
* Standardizing immunoassays for evaluating new formulations
>0

Bacterial antigen discovery and engineering

°Q
* Candidate antigens for K. pneumoniae and S. aureus have been engineered
from existing data sets

* Acquiring clinical isolates of AMR bacteria (~900)
* Building a whole-genome assembly and reverse vaccinology pipeline

* Establishing murine infection models

€ AVENGER
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Molecular Therapy

Original Article

Alphaviral backbone of self-amplifying RNA
enhances protein expression and
immunogenicity against SARS-CoV-2
antigen
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* Central Coordination through the University CAN-AMR-Net
of Calgary

https://canamrnet.org/

* Encompassing 5 Regional hubs under 4

themes ' > Atlantic Canada Québec Ontario
1.  One Health/AMR Translational
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AVENGER takes on 3 Key Priority AMR Pathogens

| Reverse Vaccinology | §%
) Sadarangani, Sadarangani, '%/ §
pheumomae Russell Lee Lee /\ Strynadka Blakney, Jan Cullis AW
) [ N O N ) N (O N
e 1. Purify,
. Identify highly . Clone best
Obtain Sequence characterize, and . .
. . . . . conserved, . candidates into Encapsulate
pneumoniae clinical > clinical > engineer .
: : surface-exposed . saRNA/mRNA in LNP
isolates isolates . . potential
protein antigens antigens constructs
___J \U J RN J /. J

Howlett, Gujar

4 N

Challenge studies

Sadarangani, Russell

- D

Challenge studies

/

F 3

in aged and frail
models

N /

AVENGER

in mice

N )

-

Sadarangani, Russell

\

Immunological

Sadarangani, Russell

- D

assessments

J

3

Immunize mice

N /

F 3

17



Klebsiella pneumoniae: a Global AMR Threat
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Figure 4: Global deaths (counts) attributable to and associated with bacterial antimicrobial resistance by pathogen, 2019
Estimates were aggregated across drugs, accounting for the co-occurrence of resistance to multiple drugs. Error bars show 95% uncertainty intervals.

t; AVENGER GBD 2019 Antimicrobial Resistance Collaborators, Lancet, 399(10325): 629-655 18



K. pneumoniae: Vaccine Evaluation Profile

Health impact:
Direct health impact

1.0 0.0

Mortality Morbidity

Impact on AMR reduction

1.0 2.0

Antibiotic use Urgency of AMR
threat

Secondary health impact
None identified

Sub-population benefits

Individuals with recurrent urinary tract
infections, HIV, chronic lung conditions
or diabetes

Alternative interventions

¢ AVENGER

Probability of R&D success:

0.0 0.5 0.5

Pre-clinical and
clinical R&D

Pipeline robustness Pathogen biology

Combination potential
None identified

Acceleration potential
None identified

Major barriers to development
Lack of understanding of disease epidemiology

Probability of uptake:

1.0 0.0 1.0

Commercial Expected policy Payer, government
attractiveness stance or Gavi support

https://vaccinesforamr.org

1.0

Barriers to uptake
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