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Infection and wP, and more variably aP, also induce Th17 cells 
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B. Pertussis infected 
Wild type  

Ross et al. PLoS Pathog. 2013;9(4):e1003264.  

Natural immunity induced by infection with           
B. pertussis is mediated by Th1 and Th17 cells 
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‘after the fifth dose of DTaP, the odds of acquiring 
pertussis increased by an average of 42% per year’ 

‘Our findings highlight the need to develop new 
pertussis-containing vaccines that will provide 
long-lasting immunity.’ 

 

Suggests aP are poor at inducing  
Immunological memory 
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Mechanisms of Immunological memory 
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• Facilitate germinal center formation,   
B cell activation, antibody production 
& generation of long-term memory B 
cell responses. 

• Secrete IL-21 and IL-4/IFNγ  

• Induced during infection 

• Induction influenced by adjuvants   
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Vaccine Tissue resident memory (TRM ) cells 

• Reside locally in mucosal tissues to provide 
the front line of defense against pathogens 

• Derived from precursors that entered tissues 
during the effector phase of immune 
responses & remained poised within this 
compartment (i.e. maintain memory) 

• A potential role in vaccine-induced immunity 
against microbes that infect mucosal tissues  

Spleen + other  
lymphoid tissue  

 
TCM 

TEM 

  Teff 

Th1 
Th17 

Macrophage 
Neutrophil 

‘Primed’ 
lung 

Infected  
lung 

TRM 
TRM 

 infection 

? 

Th17          Th1 

(poised) 

IFN-γ 



0

1

2

3

4

5
TCM

C
e

lls
 x

1
0

5

0

5

10

15

20 TEM

Naive             aP              wP

C
e

ll 
x
1
0

^5

Immunization with wP induces superior effector 
memory T (TEM) cells than an aP vaccine  

Spleen day of challenge  

Day -42                        -14             0              6 

Immune responses & CFU 



Tfh  

cells 

 

DC 

Naive  

B cell 

Naive  

 T cell 

Memory  

B cells 

Effector Th1/Th17 cells 

Memory T cells 

Lymph 
 Node 

DC 

Naive  

 T cell 

Effector  

Th2 / Th17 cells 

Memory T cells 

Lymph 
 Node Tfh 

cells  

 

Naive  

B cell 

Memory  

B cells 

Spleen + other  
lymphoid tissue  

 
TCM 

TEM 

  Teff 

Th1 
Th17 

Macrophage 
Neutrophil 

‘Primed’ 
lung 

Infected  
lung 

TRM 
TRM 

 infection 

? 

Th17          Th1 

(poised) 

IFN-γ 

Spleen + other  
lymphoid tissue  

 

‘Primed’ 
lung 

Infected  
lung 

wP vaccine aP vaccine 
√ Effector Th1/Th17 
√ Memory T/B 
√ Tfh / TRM cells 

√ Effector Th2/Th17 
√ Antibody 



Higgins and Mills, Curr Infect Dis Rep, (2010) 12 4-12. 

Adjuvants: activate innate immunity 

STING 

Bacteria 
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Novel TLR2 agonist  and antigen  
from B. pertussis 

BP1569 
• 40 kDa lipoprotein from B. pertussis.  

• A TLR2 agonist. 

• Immunostimulatory in vitro and in vivo        

• Antigenic component of B. pertussis – 
immune responses to Bp1569 in infected 
mice. 

 

NFκB 

Pro-inflammatory cytokines:  
IL-6, IL-1, IL-12p40, TNFα 

TLR2 TLR1 

BP1569 

LP1569 
• Synthetic lipopeptide version of BP1569. 

• Activates dendritic cells that promote Th1 
and Th17 responses. 

• Adjuvant activity in vivo 

DC 
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A rationally designed pertussis vaccine based 
on established correlates of Immunity? 
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Conclusions 

• Current aP vaccines administered with alum as the 
adjuvant  have suboptimal efficacy and in particular 
induction of long term immunity  
 Fail to induce appropriate immunological memory 
 Fail to induce appropriate T cell responses, including Th1, 

circulating Tfh and lung TRM cells  

• Possible solutions 
– Booster immunization with a reformulated vaccine (e.g. 

add new adjuvant to existing Tdap for pre-
school/adolescent booster) 

– 3rd generation paediatric aP vaccine with Th1/Tfh/TRM 
inducing adjuvant (+/- alum) needed to address 
resurgence of pertussis 
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