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Novel adjuvants and mucosal vaccination strategies



Lavelle and Ward. Nature Rev Immunol. 2022. 
doi: 10.1038/s41577-021-00583-2.



Mucosal vaccines in clinical use

Lavelle and Ward. Nature Rev Immunol. 2022. doi: 10.1038/s41577-021-00583-2.



Timeline of vaccine adjuvant development

Lavelle & McEntee, Immunity, 2024



Mucosal Vaccination
Targets the key site of infection, advantages for developing countries; less requirement for trained personnel 



Lavelle and Ward. Nature Rev Immunol. 2022. doi: 10.1038/s41577-021-00583-2.





MigVax
• Oral Tablet COVID-19 Subunit vaccine
• Dissolves on the tongue. 

• Stable at room temperature for 2 months.



CholeraETEC infections

Bio Ventures for Global Health http://www.who.int/gho/epidemic_diseases/cholera/epidemics/en/

Oral cholera vaccines need to be improvedNo vaccine

Particularly in developed countries, Helicobacter pylori causes chronic infections that can lead to peptic 
ulcers and may be a risk for gastric cancer development No vaccine



Increase the antigen load on whole cell killed bacteria

The strain was shown to be safe, well tolerated and immunogenic during trials in Swedish volunteers

Strategies to enhance oral vaccine immunogenicity

Tobias et al., 2008

Recombinant E. coli over-expressing CFA/I (JT-49 E. coli)

Identification of effective orally active adjuvants

Cholera toxin is the gold standard in animal models but is too toxic to be used in humans 

Mutated CT (mmCT) or ETEC heat-labile toxin (dmLT) - currently in clinical trials

Additional safe and effective adjuvants are required



doi: 10.1016/j.addr.2015.03.007
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α-GalCer is an effective adjuvant for oral vaccination with ETEC antigen 



a. b.

c.

Phase Contrast FITC anti-CFA/I mAb Merged

d.

E. coli JT-49 SmPill

SE
M



Oral cholera vaccines
3 licensed oral cholera vaccines (e.g. Dukoral®)

Challenges
- Short-term protection

- Less efficient in endemic populations

- Several whole cell killed V. cholerae strains

The Guardian, March 2018



α-GalCer enhances antigen-specific 
faecal IgA, serum IgA and IgG1 in 
female C57BL/6 mice

Davitt, Longet et al, 2019. Mucosal Immunol
doi: 10.1038/s41385-019-0159-z



Helicobacter pylori pathogenesis

Denise M. Monack et al. 
Nature Reviews Microbiology 2, 747-765

> Formaldehyde-killed H. pylori Hel-305 (CagA+ VacA+)
Raghavan et al IAI 2002
Sjökvist Ottsjö et al IAI 2013



Oral α-GalCer enhances  antigen-specific Th1 responses 

Longet et al NPJ Vaccines 2019.
doi: 10.1038/s41541-019-0139-z



Vaccine induced Th1 
responses are 

protective against H. 
pylori challenge

Longet et al NPJ Vaccines 2019.
doi: 10.1038/s41541-019-0139-z



Vax2muc – Vaccination against H. pylori

19

https://www.vax2muc.eu/

https://www.vax2muc.eu/
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ATRA analogs to promote gastrointestinal tissue resident immunity?

Bono, M., Tejon, G., Flores-Santibañez, F., Fernandez, D., Rosemblatt, M. and Sauma, D. (2016). 
Retinoic Acid as a Modulator of T Cell Immunity. Nutrients, [online] 8(6), p.349. 
doi:https://doi.org/10.3390/nu8060349.



Resolving adjuvant targets and mode of action is essential

Lavelle & McEntee, Immunity, 2024

• How are the vaccine target 
receptors and target cells 
regulated: influence of age, 
sex etc?

• Are the effects dependent 
on genetics, hormones, 
microbiome?

• Do we need to optimize 
mucosal vaccines for different 
groups?
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All groups were males with the 
exception of vaccine + sulfatide 
(females)
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