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Systems biology approaches provide novel 
diagnostic, preventative and therapeutic strategies
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K. pneumoniae is an AMR One Health pathogen

Wyres & Holt, 2019
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Sequence Type

NCBI reference genomes do not capture sufficient 
genetic diversity

J. Ho (Lee Lab)
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K. pneumoniae: AMR trafficker with lots of plasmids

J. Ho (Lee Lab)
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AMR and plasmids in Klebsiella pneumoniae are widespread

• Resistance is primarily carried on plasmids 
regardless of isolation source

• Similar plasmids are found across all 
isolation sources and around the globe
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8GBD 2021 Antimicrobial Resistance Collaborators, Lancet, 404(10459): 1199-1226

The Hidden Pandemic: Antimicrobial Resistance (AMR)

• ~ 1.2 million people died in 2019 from antibiotic-resistant bacterial infections
•  More than 39 million deaths from AMR infections estimated between now and 2050
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https://cepi.net/cepi-20-and-100-days-mission

Barnsley, Gregory et al. 2024. The Lancet Global Health, V12, I11

The 100 Days Mission – Vaccine 
DevelopmentCoalition for Epidemic Preparedness 

Innovations
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Advanced RNA LNP Vaccines Engineered with 
Next-Generation designs to
Enhance pandemic Readiness

Program Directors:    Dr. Pieter Cullis and Dr. Anna Blakney

CullisBlakney Jan Kizhakkedathu
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AVENGER will build domestic capacity for a 100-day response using 
next-generation RNA LNP technology
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• Aim 1: Develop high-performing, RNA LNP vaccines with improved efficacy ​ 
• 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&I, 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)
• 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&I, Infection prevention and control

• Logistics and implementation of a biomanufacturing pipeline
• Adaptable platform technology



Dr. M. Trimble (Lee Lab)
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Sequencing of clinical isolates:
Species To be 

sequenced
Sequenced

K. pneumoniae 101 > 400

S. aureus 356 > 60

S. pneumoniae 114 -

MRSA 17 - 

Total 588
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Reverse Vaccinology to the Rescue!
Sadarangani

T. Blimkie; J. Ho (Lee Lab)
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RNA LNP technology development

• Identified PEG substitutes

• Designed new alphaviral vectors for saRNA backbones

• Establishing immunological assessments of benchmark vaccines

• Establishing immune alterations in variably aged and frail mice

• Standardizing immunoassays for evaluating new formulations​

Bacterial antigen discovery and engineering

• 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 Next Steps



CIHR Funded One Health AMR Training Platform: CAN-AMR-NET

• Central Coordination through the University 
of Calgary 

• Encompassing 5 Regional hubs under 4 
themes

1. One Health/AMR Translational 
Competencies

2. Transdisciplinary Training & Career 
Readiness

3. Excellence in Knowledge Translation & 
Communication

4. Integration of Indigenous Knowledge 
and Community-Led Research

Lee

https://canamrnet.org/
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AVENGER takes on 3 Key Priority AMR Pathogens
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Reverse Vaccinology



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

Klebsiella pneumoniae: a Global AMR Threat



19https://vaccinesforamr.org

K. pneumoniae: Vaccine Evaluation Profile
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