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2020-23 were extraordinary years for 
vaccine technologies

 How has the COVID-19 pandemic pushed vaccine technologies forward? 
– Vaccines were developed and approved at record speed (rational vaccine 

design)
– A novel technology (mRNA) was proven safe and very effective (novel 

technologies)
– Vaccines have been manufactured at mass scale at unprecedented speed 

(advances in manufacturing)
– Understood the urgent need for inexpensive/thermostable vaccines for 

world-wide (stabilization/delivery)

 Where do we go from here? 



Platform Technologies Speed 
Development

Graham, Mascola, Fauci. JAMA.



What is Rational Vaccine Design?

 Traditional vaccine development has largely been empirical
– Whole-inactivated viruses
– Attenuated viruses through animal or tissue culture passage or cold-

adaption

 Rational vaccine development is harnessing the knowledge of effective 
immune responses to design vaccines that elicit a targeted response 
predicted to be protective

 Shift towards rational vaccine design enabled by development of new 
technologies



Rational Vaccine Design Process
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Rational vaccine antigen design: 
RSV 

Reference: Graham BS. (2017). 
Current Opin Virol. 23: 107-112.

Neutralization-Sensitive Epitopes are
Conformation-Dependent

F is a class I fusion protein

May 3, 2023

May 18, 2023



Rational vaccine design: coronaviruses  
(Class I fusion)

Stabilized SARS-CoV-2 Spike protein
Wrapp D, et al. Science. 2020 Feb 19.



mRNA Vaccine Platform

 Advantages
– Very rapid to produce
– Safe and non-toxic

• Non-infectious
• Non-integrating
• Degrade in 2-3 days

– Ag expressed intracellularly
– Don’t induce vector-specific 

immunity
• Repeated immunizations  are 

possible

 Disadvantages
– Until 2021, never been licensed 

in humans
– Booster shots required
– Expensive to produce
– Stability

• 30 days at 4C
• Up to 9 months at -15 to -75C



mRNA Vaccine Development Process

https://pubmed.ncbi.nlm.nih.gov/33740454/

First cell-free system to manufacture vaccines
• in vitro, cell-free transcription reaction
• No cell derived impurities and contaminants



May 15:
OWS
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Adenovirus-Vectored Vaccine Platform

 Advantages
– Well-established technology 

(plug and play)
– Strong immune response 

involving both B and T cells
– Thermostable

• 2-8 C for 6 months
– Scalable production
– Low cost

 Disadvantages
– Previous exposure to vector 

could reduce effectiveness
– Relatively complex to 

manufacture



Slide source: AS Fauci



Protein Subunit Vaccine Platform

 Advantages
– Well-established technology
– Suitable for people with 

compromised immune systems
– No live components, so no risk 

of vaccine triggering disease
– Relatively stable

 Disadvantages
– Relatively complex to 

manufacture
– Adjuvants and booster shots 

may be required
– Determining the best antigen 

combination takes time

Source: GAVI



Self-replicating mRNA platform

https://doi.org/10.1042/bio_2021_142

• Lower dose-reduced cost
• Several COVID 19 vaccines in 

development

• Gennova- approved in India
• Arcturus- in Phase 3 trials in 

Vietnam
• Others in clinical development

https://doi.org/10.1042/bio_2021_142


Project NextGen-UPDATE 

April 10, 2023

• Current vaccines are highly protective against severe disease and death
• Protection from infection decreases over time and with the emergence of variants

• Priorities of Project NextGen
• Mucosal vaccines
• Broadly protective vaccines
• New Monoclonal Antibodies



The Potential of Mucosal Vaccines 

 Faster immunity recall after 
viral exposure

 Infection and transmission blocking
 Needle free delivery

 Workshop on November 7-8, 2022 on SARS CoV-2 mucosal vaccines
 NIAID, CEPI, BMGF, BARDA, Wellcome Trust and vax developers
 5 COVID mucosal vaccines authorized/registered and 13 in clinical development
 Gaps in research include mucosal correlates of protection, standardized assays and 

sampling protocols, regulatory pathways to approval
 https://doi.org/10.1038/s41541-023-00654-6

18

https://doi.org/10.1038/s41541-023-00654-6


Vaccine Manufacturing

Must be reliable, efficient, low-cost, and flexible to 
allow on-demand production

 In vitro
– mRNA

 Cultured cells 
– Recombinant viral vector
– Live attenuated
– Recombinant Protein

 Eggs-based
– Live-attenuated, inactivated

 Plants



Main steps in biomanufacturing

https://doi.org/10.1080/14712598.2020.1693541



Recent innovations in biomanufacturing

 Single use bioreactors
– Greater flexibility
– Less risk of contamination
– “Ready-to-use manufacturing rooms”

 Automation of process analytical technologies
– To monitor manufacturing through timely measurements of critical quality and 

performance attributes
 Continuous manufacturing (vs batch manufacturing)

– Improve efficiency and control
– Smaller footprint
– Reduce cost

https://bioprocessintl.com/topic/manufacturing/

https://bioprocessintl.com/topic/manufacturing/


Plant-based expression and manufacturing

Image source: Medicago.com 

Medicago VLP based SARS-CoV2 vaccine 
approved in Canada ( Feb 2022)

Medicago shuts down (Feb 2023)



Vaccine Delivery

 Needle and syringe
 Mucosal delivery
 Microneedles
 Nanoparticles

Credit: James Gathany, CDC



Characterization of Aerosolized Ad5-nCoV

Viability of aerosolized vaccine 

Dosage (ml) Infections unit (IFU) 
recovery (%)

Viral particles (VP) 
recovery (%)

0.1 81.28% 97.54%

0.2 98.62% 96.45%

No impact on morphology of Ad5-nCoV 

Pre Nebulize 0.1ml                     Nebulize 0.2mlExpert Rev Vaccines. 2019

Vaccine deposition following aerosol delivery

Credit: Chunlin Xin-CanSino Biologics INC.



Vaxxas Microarray Patch

https://www.vaxxas.com/technology-platform/

https://www.vaxxas.com/technology-platform/


Nanoparticles containing 
DNA vaccines + adjuvant 

Separable Microneedle Patch to Protect and 
Deliver DNA Nanovaccines Against COVID-19



Artwork by Yizhi Qi. Qi Y, Fox CB, Expert Rev Vaccines 2021, doi: 10.1080/14760584.2021.1902314

Thermostability and vaccines



Flexible, Thermostable Platform 
for RNA Vaccine Delivery

 Current RNA vaccines against SARS-CoV-2 
are limited by instability of both the RNA and 
the lipid nanoparticle delivery system, 
requiring storage at -20°C or -70°C.

 This study demonstrates the thermostability 
and adaptability of a nanostructured lipid 
carrier (NLC) delivery system for RNA 
vaccines that has the potential to address 
these concerns. 

Gerhardt A et al. Molecular Therapy: Methods & Clinical Development 
(2022). https://doi.org/10.1016/ j.omtm.2022.03.009 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8924030/


WHAT’S NEXT? 



Rationally Designed Nanoparticles for 
Vaccines

Reference: Marcandalli J, et. Al. (2019). 
Cell 176: 1420-1431. Slide source: AS Fauci



SKYCovione approved in South 
Korea



“Omics” and identification of infection 
and vaccination biomarkers

Omics-based ‘systems serology’ can 
inform effective vaccine responses 

Metabolomics informs COVID 
severity, and the technology can 
identify vaccination biomarkers



Artificial intelligence and 
vaccine design

 Adjuvant–ag match
 Protein determination
 The identification of antigenic 

proteins that induce immunity 
 Models to predict linear or 

conformational B cell epitopes 
 Ability to predict how different individuals may respond to 

vaccination and to understand which epitopes might best 
protects individuals from infection (personalized vaccines)

Citation: Petovsky, et. al. (2021. Vaccine Design. 
https://link.springer.com/protocol/10.1007/978-1-0716-1884-4_6

https://link.springer.com/protocol/10.1007/978-1-0716-1884-4_6


AI to design mRNA vaccines that are 
more potent and stable

Zhang H. et al. Nature https://doi.org/10.1038/s41586-
023-06127-z (2023).

Compared to conventional 
vaccines, optimized mRNA 
induced ab levels 128 greater 
in mice and extended shelf 
stability by 6 fold



AI and Machine Learning Accelerate 
Structure-based Design 

Deep Learning for structure-based sequence design gives >10-fold improvement on 
retrospective datasets. Preliminary experimental results are extremely encouraging.

Miniprotein inhibitor 
LCB1.
Length:   55 amino acids
Stability: >95°C  Tm

Cao L, et al. (2020) Science
Cao L, et al. (2022) Nature

Current Status: Minibinder inhibitors are heading to clinical trials in 2022 for 
Pre-exposure prophylaxis and Early post-exposure prophylaxis 

https://www.bakerlab.org/wp-content/uploads/2020/09/Cao_etal_Science_COVID_spike_binders.pdf
https://www.nature.com/articles/s41586-022-04654-9#Abs1


Conclusions
 The current SARS-CoV 2 pandemic has catalyzed a major renaissance in 

vaccine technologies 
 These new technologies should help advance other important vaccine areas 

(e.g. HIV, TB, malaria, influenza etc)
 Vaccine technologies don’t solve all the problems. It’s of critical importance 

to understand basic pathogen biology to rationally design effective vaccines 
– Correct antigens/epitopes, antigen conformation, most appropriate 

expression platform for a given target, etc.
 Investments in basic research and vaccine platform development are 

essential to support the development of future vaccines
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