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Routes of licenced vaccine administration 

Sughandi et al 2025, J Drug Deliv Science and Tech



Vaccination via skin injection

https://link.springer.com/chapter/10.1007/978-3-030-00710-2_14

https://www.nature.com/articles/s41577-020-00479-7



https://www.technoflex.net/en/news/flexmag/flexmag-14/4-injection-methods-4-levels-of-action/

Different types of skin injections



IM vs ID: dose sparing using ID

Zhang et al 2015, Expert Rev Vaccines



IM vs SC: similar responses but sometimes lower by SC route

Zhang et al 2015, Expert Rev Vaccines



Impact of site of injection & needle length on immunogenicity

Zhang et al 2015, Expert Rev Vaccines



Why should several vaccine administration routes be used ?

Sughandi et al 2025, J Drug Deliv Science and Tech

Inhalation

Boosting local immune responses; 
SIgA responses, tissue-resident
memory responses

Common mucosal system



Peyer’s patches (Inductive site)

➢ Subepithelial dome with M cell (blue)

➢ Antigen-presenting cells (e.g. dendritic cells)

➢ Interfolicular regions enriched in naive T cells (red)

➢ Follicles enriched in naive B cells (green)

Lamina propria (Effector site)

➢ IgA plasma cells (green)

➢ Intraepithelial lymphocytes

➢ CD4 and CD8 T cells

➢ Macrophages, polymorphonuclear

leukocytes

Mucosal-associated lymphoid tissues e.g. gut-associated lymphoid tissues



Role of SIgA at mucosal surfaces

Lumen

Lamina propria



Mucosal pathogens

Ward and Lavelle, 2021, Nat Rev Immunol
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Benefits: mucosal route for vaccination

1) Needle-free strategies:

(i) Ease of administration
(ii) Non-invasiveness
(iii) High-patient compliance
(iv) Suitability for mass vaccination
(v) High safety

2) Immune responses: induction of local immune responses (mucosal sIgA, mucosal cellular responses; mucosal memory 
immune responses)



Only a few licensed mucosal vaccines

Ward and Lavelle, 2021, Nat Rev Immunol

+ Morocco, Indonesia

dNS1-nCoV-RBD-LAIV, China Razi Cov Pars vaccine (Iran) 

Gam-COVID-Vac (Russia) 
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1) Stability of vaccine formulation and vaccine uptake (delivery of antigens)

2) Local tolerance

3) Induction of long-term responses

4) Criteria to approve a vaccine are currently based on systemic immune responses 

Challenges: mucosal route for vaccination



https://www.sciencedirect.com/science/article/pii/S2211383522003136#fig2

Antigen delivery

Challenge: cross the epithelium barrier for inactivated vaccines, 
subunit vaccines or acid nucleic-based vaccines



https://www.sciencedirect.com/science/article/pii/S2211383522003136#fig2

Antigen delivery

Challenge: pH, mucus, proteases at the mucosal surfaces (e.g. intestinal surfaces, pH differs based on intestinal region)

• Avoid damaging antigen

• Make sure the antigen will be delivered

• Make sure the antigen will target APCs and that 
there will be an activation of immune responses in 
lymph nodes



Challenges linked to mucosal administration

Ward and Lavelle, 2021, Nat Rev Immunol
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https://www.sciencedirect.com/science/article/pii/S2211383522003136#undfig1

Design some vectors



Oral vaccination – main challenges

1. Destruction of the vaccine by stomach acids and enzymes

2. Poor oral immunogenicity of subunit antigens and but there are some whole cell killed antigens. Absence of licenced

oral adjuvants

3. Lack of a comprehensive understanding of how orally active adjuvants activate gut immune responses

Davitt and Lavelle, 2015
https://doi.org/10.1016/j.addr.2015.03.007



SmPill to deliver oral vaccines
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Enhancement of oral vaccine-mediated mucosal antibody responses following encapsulation of formulations in SmPill®

1st round of oral imm. 2nd round of oral imm. 3rd round of oral imm.

Day 0, 1 Day 14, 15 Day 28, 29 

Day 13 Day 27 Day 34 

Fecal pellet collection

3 x 108 JT-49 E.coli + 10µg α-GalCer in solution or in SmPill

Fecal pellet collectionFecal pellet collection

Davitt, Neela and Longet et al 2016 
10.1016/j.jconrel.2016.05.001

Mice

https://doi.org/10.1016/j.jconrel.2016.05.001
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NHP were sedated with ketamine chlorhydrate for 1 h. 

Group 1 received five SL immunizations with CTB-mgp41 (100 
μg/dose of mgp41 antigen at W0, 4, and 12 and 50 μg/dose at 

W8 and 20) with CT (10 μg/dose). => Sublingual

Group 2 received three SL immunizations with CTB-mgp41 and 
CT (SL priming) at W0, 4, and 8 similarly to group 1 followed by 
IM boosts with 100 μg of mgp41 in Alum (500 μg/dose) at W12 

and 20. => Sublingual /intramuscular

Group 3 received a SL priming with CT alone (10 μg) at W0, 4, 
and 8 followed by IM boosts with 100 μg of mgp41 in Alum 

(500 μg/dose) at W12, 20, and 28. => intramuscular

The SL vaccine was administered in a 500 μL volume of PBS 
under the tongue of sedated animals with their head bending 
forward to avoid leakage of excess of vaccine and was then 
rinsed with PBS 15 min later in order to avoid swallowing. 

Example: modified gp41 polypeptide coupled to the cholera toxin B subunit administered in liquid formulation

Heterogenous antibody responses Bekri et al 2017, Frontiers in Immunology

Sublingual vaccination
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Paris et al 2021, Journal 
of controlled released

Dilution rate in saliva !

Sublingual vaccination



Intranasal vaccination – main challenges

1. Destruction of the vaccine by enzymes in nasal area

2. Poor oral immunogenicity of subunit antigens. Absence of licenced nasal adjuvants

3. Lack of a comprehensive understanding of how intranasal vaccine formulation activate airway immune 

responses
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Example: administration of SARS-CoV-2 RBD by intranasal route using an amphilic albumin which can bind to 
neonatal Fc receptor expressed by mucosal epithelial cells

Mucosal samples

Hartwell et al 2022, Science AdvancesRole of FnRn: IgG transport, IgG recycling, albumin recycling



IgA Reverse Transcytosis

2

1 - SIgA entrance at the inner 

membrane of enterocytes
1 -SIgA binding to the surface of M cells

- Abnormal immune response

to peptides derived from gluten 

(gliadin)

- Retro-transport of IgA1-

gliadin complex

Coeliac:Colocalisation experience IgA - M cell in mice

(Corthésy, 2007)

SIgA are associated with the 

PP immune cells, preferentially 

with CD11c+ DCs and CD4+ T 

cells. (Corthésy, 2007)

Antigen

SIgA could be used as vector



Rochereau et al 2015

Specific uptake and transport of p24-SIgA across murine follicle-associated epithelium in intestine

Mouse intestine



Prime-pull vaccination strategy – 2x SC and 1x IN

TB vaccine candidate: H56 = antigen; CAF01 = liposome; PLGA =poly(lactic-co-glycolic acid) Mouse model

Roces et al 2019, Vaccines



Serum

Supernatants from lung lymphocytes

Restimulation of lung cells and splenocytes with H56 for 72h hours - ELISA

Roces et al 2019, Vaccines

IgG responses - ELISA



Prime-pull vaccination strategy – combinations IM and IVag

Context – HPV vaccines (IM: Ad5-based vectors and IVag: HPV Pseudovirus) Mouse model

Local antigen presentation promotes in situ proliferation and 
upregulation of CD103 (resident marker on genital T cells) 

+ recruitment of activated CD8+ T cells
Cuburu et al 2019, J Immunol



Human models to evaluate mucosal vaccines

https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2023.1211388/full

Wagar et al 2024, Nat Med





Rai et al 2024, Vaccines

Advantages & disadvantages of vaccine routes

Flumist/Fluenz

Yellow fever vaccine

Intradermalor subcutaneaous


