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Understanding Responses to Polysaccharide and 
Conjugate Vaccines in infants and adults 

  Biology of encapsulated bacteria and the role of the capsule 

  Polysaccharides as vaccine antigens and the development of conjugates  

  Pneumococci in the nasopharynx: impact of vaccines on carriage and the         
     influence of exposure to capsule on subsequent vaccine responses 
  Pneumococcal disease in the elderly: Biology and Prevention – Conjugate 
    or polysaccharide? 
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Epidemiology of invasive infection due to 
H. influenzae type b, N. meningitidis  and S. pneumoniae. 
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Capsule = Virulence Factor 
        (94 different pneumococcal serotypes  

           distinguished by capsule structure) 
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Goldschneider II, et al. J Exp Med. 1969;129:1307-1326. 

The Age-dependent Prevalence of Meningococcal 

Disease in Relation to Population Immunity 

Measured by Serum Bactericidal Activity (SBA) 
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Serum bactericidal activity 

Disease prevalence 



JID 2005 

6 years  95% (68-99)  77 (-364 - 99) 

 

2-5 years  62% (-403- 97)  -74 (-1956- 85) 

 

< 2          No Evidence of Protection 

Vaccine Effectiveness (95% CI) 

After 0-2 years   After 3-5 years 
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LIMITATIONS 

• Generally Poor Ab  

   response 

   <2 years of age 

 

•  Short Duration of 

   Protection 

 

 

PRP 

23PPV 



* 
* 
* 
iC3b/C3dg 

CR2/CD21 

B 

CD19 

Iga 

Igb 

Polysaccharide 
specific  
antibody 

 Purified Polysaccharides (T independent antigens): 

 Poor B cell response below 2yrs of age 

    (absent/poorly developed marginal zones?) 

 Isotype restricted at any age (IgG2) 

 No evidence of B cell memory in humans 

 Possible depletion/inhibition of reactive B cell pool  



Invasive pneumococcal disease incidence rate per 100,000  

population by age grouping England and Wales, 1996-2005 
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Invasive pneumococcal disease incidence rate per 100,000  

population by age grouping England and Wales, 1996-2005 
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Polysaccharide 
Specific Antibody 
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Birth  10w 
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Invasive pneumococcal disease incidence rate per 100,000  
population by age grouping England and Wales, 1996-2005 

 

                                                                                                                                                                                  

0

10

20

30

40

50

60

70

80

<2m 2-5m 6-11 m 1 year 2-4 years 5-9 years 10-14

years

15-44

years

45-64

years

65-74

years

75-79

years

80+ years

Age range

R
a

te
 p

e
r 

1
0

0
,0

0
0

 p
o

p
u

la
ti

o
n

1996/97 1997/98

1998/99 1999/00

2000/01 2001/02

2002/03 2003/04

2004/0552 

40 

21 

8 

% % carriage, UK popn [Goldblatt et al 2006] 



 

                                                                                                                                                                                  

0

10

20

30

40

50

60

70

80

<2m 2-5m 6-11 m 1 year 2-4 years 5-9 years 10-14

years

15-44

years

45-64

years

65-74

years

75-79

years

80+ years

Age range

R
a

te
 p

e
r 

1
0

0
,0

0
0

 p
o

p
u

la
ti

o
n

1996/97 1997/98

1998/99 1999/00

2000/01 2001/02

2002/03 2003/04

2004/0552 

40 

21 

8 

% % carriage, UK popn [Goldblatt et al 2006] 

93.4 

60.6 

86.3 

% Roca et al PLOS Medicine 2011 



Months from start of trial 

= conjugate vaccine 

= 23V polysaccharide 

   vaccine 

Lancet 2003 

Carriage of 

Non 7V vaccine serotypes Mainly serotypes 

11A, 15B and 16 

Serotypes\
age 12-24m >24m  

11A   45.3 41 mg/ml 

15B   11.83 23 mg/ml 

Sanders & Veenhoven (Personal Comm) 



PIDJ 2014 

Difference in  

VT Carriage  

Prevalence: 

Vaccinated vs 

Unvaccinated/ 

Placebo for 

Carriage in  

1st year of life 



High Circulating IgG following 
Conjugate Vaccine 

High Circulating IgG following 
Polysaccharide Vaccine 

Carriage reduced 

No Impact on Carriage 



 0       1       2       3        4       5  6       7   8       9      10      11     12    13 months    

PCV11 

PCV7 

6B, 19F and 23F GMC sig 
 reduced @ 18w and 9m if homologous 

serotype carried at 6w 

Dagan et al JID 2010 

Vakevainen et al J Paeds 2010 

6B, 19F and 23F GMC sig reduced 
to 1o and boost if homologous serotypes 

 detected 

Impact of  
Carriage on 
Vaccine  
Responses 





Carriage/ 
Disease 

↓ 
Response 



 

Infant  PCV7 Prime 
2/3/4m of age 

 
Half received  

PPV23 Boost @12m 
 

All received 
0.1ml  (20%) PPV23 

(@17m) 

OPA results similar 
Russell at al Vaccine 2011 



PLOS One 2013 

Neonatal Mice 
 

Primed with  
Pnc1-TT +LT-K63  

in or sc 

1, 2 or 3 doses 

Boosted with 
PPS1+LT-K63, 
PPS1-TT or 
saline 

Spleen 
(+GC formation) 

Bone Marrow 

PPS1  
Specific 
Memory  
B Cells  



Figure 1. Subcutaneous administration of PPS-1 booster depletes Pnc1-TT-induced PPS-1-specific 

AbSC pool in the spleen. 

Bjarnarson SP, Benonisson H, Del Giudice G, Jonsdottir I (2013) Pneumococcal Polysaccharide Abrogates Conjugate-Induced Germinal Center 

Reaction and Depletes Antibody Secreting Cell Pool, Causing Hyporesponsiveness. PLoS ONE 8(9): e72588. doi:10.1371/journal.pone.0072588 
http://www.plosone.org/article/info:doi/10.1371/journal.pone.0072588 

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0072588


Responses at the  
B Cell level 



Over 1 month  

Over 6 months 

J Infect Dis 2012 



Pneumococcal  
Polysaccharide or   

Conjugate Vaccines 
In Adults? 



2008 

• PPV prevents IPD in healthy adults 
• RCT’s less clear in chronic illness 
• No evidence for pneumonia prevention 
                   or mortality reduction 
 



7th September 2007 Pneumococcal polysaccharide 

vaccination 

36 

By blinding 

NOTE: Weights are from random effects analysis

.

.
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Overall  (I-squared = 89.1%, p = 0.000)

Riley 1977

Austrian 1976

Zhogolev a 2003

Austrian b 1980

Not reported to be double blind, placebo-controlled

Subtotal  (I-squared = 39.9%, p = 0.126)

Unblinded, not placebo-controlled

Örtqvist 1998

Subtotal  (I-squared = 82.5%, p = 0.000)

Koivula 1997

Zhogolev b 2003

Kaufman 1947

Honkanen 1999

Smit b 1977

ID

Subtotal  (I-squared = 87.5%, p = 0.000)
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Steentoft 2006
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By blinding

All cause pneumonia, cases/episodes combined

Huss et al CMAJ 2009 



 

Eurosurveillance 2005;10(9):174-8 



23 Valent PPV Coverage >65y 

Canada 

26% 

69% 
12-22% 

(HR) 

28% 

36% 

40% 

42% 

  6% 

29% 



Invasive pneumococcal disease incidence rate per 100,000  

population by age grouping England and Wales, 1996-2005 
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Specific Ab produced per 
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Baxendale et al Vaccine 2010 



Increasing age but 

reduced function  

 



2 groups of adults: 18-49y (n=39), 65-89y (n=27) 
Pneumovax 23™ (Sanofi Pasteur MSD) , bled day 7 and 28 

IgG IgA IgM 



Phagocytes from the young (mean age 34y) & elderly (mean age 74y)  
differ in their capacity to kill pneumococci 

Simell et al Vaccine 2011 



Summary of Head to Head PCV vs PPV 
immunogenicity studies in healthy adults 

Author Country Date Population N Result of PCV vs PPV 

comparison (ELISA) 

Jackson 2007 70-79y 219 7vPCV=PPV 

 

De Roux 2008 >70y 219 7vPCV superior  

for 6/7 serotypes (not 19F) 

Scott 2008 20-50y 15 13vPCV=PPV 

 

Goldblatt 2009 50-80y 599 7vPCV superior  

for 3/7 serotypes (4, 9V, 23F) 

Ridda 2009 >60y 241 7vPCV=PPV (4 serotypes 

analysed: 4, 6B, 18C, 23F) 

Miernyk 2009 55-70y 203 7vPCV=PPV (4 serotypes 

analysed: 4, 6B, 14, 19F) 

Lazarus 2011 50-70 348 7vPCV superior  

for 4/7 serotypes (4, 9V, 18C, 23F) 



Title of Dutch study 

 

October 2008, Vol 66, No 9  



• 84,496 Dutch volunteers ≥ 65yrs old 

• Randomised to PCV13 or control 

• Primary Endpoint: Accrual of Vaccine Type 
Community Acquired Pneumonia (CAP) 

• Other endpoints:  

– VT non bacteraemic/non invasive 
 pneumococcal CAP 

– VT invasive Pneumococcal Disease 

• Vaccine type pneumonia confirmed by 
Serotype Specific Urinary Antigen Detection 

Data Presented ISPPD9, March 2014 



 

Efficacy Endpoint Vaccine Group VE (%) 95.2% CI p-Value 

PCV13 
(n=42,240) 

Placebo 
(n=42,256) 

First episode of 
confirmed VT 
pneumococcal 
CAP 

49 90 45.56 (21.82,62.49) 0.0006 

First episode of 

confirmed NB/NI VT 

pneumococcal CAP 

33 60 45.00 (14.21, 65.31) 0.0067 

First episode of VT-IPD 7 28 75.00 (41.43, 90.78)* 0.0005 

Primary and Secondary Objectives: Per Protocol 

* 95% Confidence Intervals 

Data Presented ISPPD9, March 2014 



• Vaccine was safe 

• Most prominent effects were on serotypes 3, 
7F and 19A 
{Holland introduced PCV7 into the NIP in 2008 and 
PCV10 in March 2011, all 13 serotypes were 
circulating during the study} 

• Effectiveness was stable over the period of 
observation (mean 3.97 years) 

• No effect on mortality 

Data Presented ISPPD9, March 2014 



Summary 
1. Polysaccharides remain interesting! 
2. They are limited as pure vaccine antigens 
3. Conjugated to proteins they make powerful vaccines 
4. Exposure to pure polysaccharides as 

i. vaccine antigens 
ii. through infection or  
iii. NP carriage  

      interferes with the immune system and effects 
subsequent responses. 

5. This may be related to B cell apoptosis 
6. There may be an as yet unrecognised role for T cells in 

polysaccharide immunity 
7. In healthy adults PCV can prevent pneumonia, this will 

intensify the debate about PCV use in adults. 


