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Live oral typhoid vaccine Ty21a elicited cross-reactive 

multifunctional IL-17A producing T cell responses against 

Salmonella enterica serovars in humans. 



Observations in field studies (M. Levine et al.) suggests that Ty21a partially cross-

protects against S. Paratyphi B but not S. Paratyphi A.

Due to increases in the incidence of S. Paratyphi A, the development of an effective

vaccine against S. Paratyphi A has become an priority.

Successful development of a vaccine against S. Paratyphi A will be aided by a better 

understanding of the complex human host-immune responses mediating protection 

against Salmonella.

The exact protective immune mechanism of Ty21a in humans is not well understood.

However, the vaccine induced robust Cell Mediated Immunity (CMI) mediated by

CD8+ as well as CD4+ T cell responses are suggestive of its dominant role in

protection.

Interleukin-17A producing (IL-17A+) T-cells are likely to play a critical role in

protecting humans against intracellular organisms, including Salmonella-spp.

Therefore, we investigated the induction of Salmonella (S. Typhi, S. Paratyphi A and

B)–responsive IL-17A+ CD4+ and CD8+ T-cells in volunteers immunized with the oral

typhoid vaccine Ty21a.

Background



Experimental Design

Volunteers (n=8) were  immunized with 3-4 doses of Ty21a and blood samples were 

drawn before (Day 0) and at several post-vaccination times (e.g., days 42 and 84). 

Purified PBMC were cryo-preserved. 
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Multi-functional IL-17A+ cells Methods 

Representative volunteer #74: 

Post-vaccination day 42 PBMC stimulated with 
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necrosis factor- (TNF-α), IL-2, macrophage 

inflammatory protein-1β (MIP-1β), IL-17A, and/or 

expression of cytotoxicity marker CD107a. 

FCOM: Winlist 7.1: The tool classifies events based on combinations of selected gates



Post-vaccination increases in cross-reactive IL-17A producing CD4+ TEM cells 
following immunization with Ty21a
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The peak-post vaccination increases (days 42 or 84) were calculated 

by subtracting the corresponding pre-vaccination (day 0) levels

N=8

ST: S. Typhi-, PA: S. Paratyphi A-, PB: S. Paratyphi B-infected targets
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Post-vaccination increases in cross-reactive Multifucntional IL-17A+ 
producing CD4+ TEM cells

Salmonella specific IL-IL17A+ cells were segregated into S+ and MF cells. The 

peak-post vaccination increases (days 42 or 84) were calculated by subtracting 

the corresponding pre-vaccination (day 0) levels in each subset of cells. 

N=8

ST: S. Typhi-, PA: S. Paratyphi A-, PB: S. Paratyphi B-infected targets
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Characterization of Multifunctional  IL-17A+ producing CD4+ TEM cells
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1. This is the first description of the induction of Salmonella cross-reactive IL-

17A cells in CD4+ T cell subsets with their effector/memory and

Multifunctional characteristics.

2. Post-vaccination increases in IL-17A producing CD4+ T effector-memory

(TEM; CD45RA-CD62L-) following stimulation with S. Typhi-infected targets

were observed in 75% of the volunteers studied (n=8). Similar cross-reactive

responses against S. Paratyphi A- and B-infected targets were observed in

38% and 63% of volunteers, respectively.

3. S. Typhi- and S. Paratyphi B- but not S. Paratyphi A-responsive MF IL-17A+

CD4+ TEM cells showed a strong trend to be higher than the corresponding

Single+ cells.

4. Salmonella-responsive IL17A+ CD4+ TEM cells were 65-70% MF producing

three or more (3+ or 4+) cytokines or expressing CD107a.

5. In contrast, Salmonella-infected target-responsive TEM or RA positive TEM

(TEMRA: CD45+CD62L-) CD8+ T cell subsets from 38% of the same volunteers
showed similar increases of IL17A+ MF cells (data not shown today)

Summary 



Overall Conclusions

 Immunization with Ty21a induces predominantly CD4+

MF Th17 helper cells, which might be an important

component of vaccine induced protective CMI

responses.

 These observations detailing vaccine elicited immune

responses in humans are likely to contribute to

advance the development of more effective vaccines

against S. Typhi, novel vaccines against S. Paratyphi A

and B infection, as well as bivalent vaccines.
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