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Dura0on of humoral immunity to  
common viral and vaccine an0gens (1) 

An7‐viral an7body responses 
Following natural infec0ons 
are remarkably stable with 
half‐lives ranging from 50 years 
for VZV to > 200 years for other 
viruses like measles and mumps. 

An7body responses against 
tetanus and diphtheria wane 
more quickly with es7mated 
half‐lives of 11 and 19 years, 
respec7vely. 

Amanna et al. N Engl J Med 2007;357:1903 



Dura0on of humoral immunity to  
common viral and vaccine an0gens (2) 

Serum an7body responses against eight 
an7gens were followed in four subjects 
with serum samples for a period of more  
than 25 years. 

•  Each subject received a booster small 
pox vaccina7on in 2003 

•  Serum an7body levels against vaccinia 
and other an7gens were closely 
monitored 

•  Subject 2 was seronega7ve for EBV 
and seroconverted during the 
observa7on period 

•  Subjects received booster doses for 
tetanus (#3) or [tetanus + diphtheria] 
(#1,2,3,4) 

Amanna et al. N Engl J Med 2007;357:1903 



Kine0cs of prototypical serum an0body response 

Van Damme et al. J MedVirol 2001;65:6‐13 Amanna and Slica. ImmunolReviews 2010;236:125 



Cellular interac0ons in secondary lymphoid organs: 
development of Ag‐specific Th and B lymphocytes 

McHeyzer‐Williams. Ann Rev Immunol 2005;23:487 



Cellular ac0vity in the germinal center 

McHeyzer‐Williams. Ann Rev Immunol 2005;23:487 



Three concepts for the maintenance of 
concentra0ons of specific an0body 

Constant genera7on of short‐ 
lived plasma cells from memory 
B cells by chronic an7gen‐driven 
immune reac7on 

Replacement of long‐lived PC that 
have a defined half‐live of several  
weeks with bystander ac7vated  
plasmablasts 

Genera7on of plasmablasts that  
are competent to home to survival 
niches.  

Radbruch et al. Nature Rev Immunol 2006;6:741 



Compe00on between plasmablasts and long‐
lived plasma cells (PCmem) for survival niche.  

Radbruch et al. Nature Rev Immunol 2006;6:741 



Ontogeny of plasma cells 

Radbruch et al. Nature Rev Immunol 2006;6:741 



Size, repertoire and fading of humoral memory (1)  

•  Based on immuniza-on experiments in mice, a mouse PCmem is 
es-mated to maintain an Ag‐specific Ig level of 56 ± 22 ng 

•  In human adults, TT‐specific IgG levels range from 10‐20 µg/ml 

•  If a human PCmem has the same Ig produc7on capacity as a 
mouse PCmem, the number of human TT‐specific PCmem can be 
es7mated to be 0.8 x 106 – 1.6 x 106 

•  The immune response to a given pathogen or vaccine and the 
maintenance of humoral memory require ± 106 PCmem 

Radbruch et al. Nature Rev Immunol 2006;6:741 



Size, repertoire and fading of humoral memory(2)  

•  The human bone marrow has survival niches to support in the 
order of 109PCmem.  

•  Since the immune response to a pathogen or vaccine represents 
± 106Pcmem, 106plasmablasts induced by a “new” an7gen are 
recruited to the bone marrow niche and will displace 106 “old” 
PCmem 

•  Therefore the repertoire of human humoral memory is 
es7mated to represent ± 1000 main specifici7es. 

•  This fits with the observa7on that aner vaccina7on, the plasma 
cells mobilized and detectable in the blood, secrete an7bodies 
against any of the tested bystander an7gens with a  frequency 
of 0.1%. 

Radbruch et al. Nature Rev Immunol 2006;6:741 



How can memory against “past” an0gens be 
maintained without loosing the capacity to generate 
memory against “new” specifici0es? 

•  Old PCmemneed to be replaced by new ones 

•  Compe77on exists for a limited number of places in the niche 

•  Incoming “new” plasmablasts displace “old” PCmem 

•  Since total memory repertoire consists of ± 1000 specifici7es 
each incoming new specificity leads to the replacement of 
0.1% of old specifici7es 

•  Aner 692 new challenges the serum concentra7on of the old 
an7gen would s7ll be 50% of the original concentra7on at 
steady state 

Radbruch et al. Nature Rev Immunol 2006;6:741 



How long would it take to reach the 50% level? 

In 50 healthy blood donors: 

•  two showed increased frequencies of migra7ng plasmablasts 
at a given moment 

•  indica7ng that an an7gen challenge had occurred 6‐7 days 
before blood dona7on 

•  Plasmablasts circulate for ± 2 days 

•  Therefore this phenomenon is es7mated to happen maximally 
30 7mes per year 

•  At this rate it would take 23 years for 692 events to occur and 
for a given an7body 7ter to decrease to 50% 

Radbruch et al. Nature Rev Immunol 2006;6:741 



Adjuvants and long‐term immunity 



AS04 adjuvant system induces higher and longer 
las0ng an0body responses to HPV16/18 L1 VLP 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AS04 consists 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Al(0H)3 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MPL 

Giannini et al. Vaccine 2006;24:5937 



Effect of AS03 adjuvant on the persistence of neutralizing 
an0bodies against influenza A/Vietnam/1194/04 (H5N1) 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Leroux‐Roels I et al. Lancet. 2007 Aug 18;370(9587):580‐9 



Cellular interac0ons in secondary lymphoid organs: 
development of Ag‐specific Th and B lymphocytes 

McHeyzer‐Williams. Ann Rev Immunol 2005;23:487 

Event s7mulated by adjuvant 



Cellular ac0vity in the germinal center 

McHeyzer‐Williams. Ann Rev Immunol 2005;23:487 

Event s7mulated by adjuvant 



Adjuvants and immune response 

•  Adjuvants induce inflamma7on at the injec7on site 
•  Recruitment of inflammatory cells and APC to 
injec7on site and draining lymph node 

•  Increased T cell numbers and depending on adjuvant 
used change in Th polariza7on 

•  Altera7on of T cell repertoire? 
•  Increase of B cell response 
–  B cell ELISPOT 
–  Serum an7body response (early phase) 

•  Effects on T and B memory need to be further 
explored 




