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Immunological perspective on 
correlates for bacterial 

polysaccharide vaccines: responses, 
memory and assays

Talk Outline
• Bacterial Capsular Polysaccharide Immunity
• Derivation of the Correlate of Protection 
for Pneumococcal Conjugates

• Are these correlates relevant in Africa?
• Can these correlates be used to predict the 
performance of the vaccine following 
introduction?

• Conclusions and further questions

Haemophilus influenzae type b

S. pneumoniae

N. Meningitidis
Serogroup C

O’Brien et al Lancet 2009

Why do we need a correlate of 
protection for bacterial 

conjugate vaccines?

• Evaluation of licensed vaccines to inform 
local immunisation policy

• Licensing of the next generation of vaccines

Capsule = Virulence Factor
92 different capsular types
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(at all ages)

Memory B Cells

How to Define the Level of Antibody
That Is Protective?

Passive infusion of antibody
in animals or humans

Passive infusion of antibody
in animals or humans

Seroepidemiology
linked to disease

epidemiology
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Observations from
efficacy trials

Observations from
efficacy trials
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Siber GR, et al. Vaccine. 2007;25:3816-3826.

Fedson DS, Musher DM. In: Plotkin SA, Orenstein WA, eds. Vaccines. 
4th ed. Philadelphia: Elsevier, Inc; 2004.

Serologic Correlate of 
Protection 

Vaccine efficacy for Invasive Pneumococcal Disease (% protected)

Distribution of serum antibody concentrations 
in vaccinated population

Serum Antibody Protective Threshold

Definition of a correlate: 
A phenomenon that accompanies another phenomenon, is 

usually parallel to it, and is related to it in some way

11Siber GR, et al. Vaccine. 2007;25:3816-3826.
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Antibody Concentration (μg/ml)

Vaccine Efficacy of 80%
Serologic Correlate = 1.0 μg/mL

Reverse
Cumulative
Distribution

12Siber GR, et al. Vaccine. 2007;25:3816-3826.

VE = 1- IPD Rate Vaccinated Grp
IPD Rate in Control Grp

VE = 1- % of Vax Group < Abprot
% of Control Group < Abprot

VE = 1- IPD Rate Vaccinated Grp
IPD Rate in Control Grp

VE = 1- % of Vax Group < Abprot
% of Control Group < Abprot

After Kohberger and Chang
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Efficacy, safety and immunogenicity of 
heptavalent pneumococcal conjugate vaccine 
in children
STEVEN BLACK, MD, HENRY SHINEFIELD, MD, BRUCE FIREMAN, MA, EDWIN LEWIS, MPH, PAULA RAY, MPH,
JOHN R. HANSEN, BA, LAURA ELVIN, KATHY M. ENSOR, RN, JILL HACKELL, MD, GEORGE SIBER, MD,
FRANK MALINOSKI, MD, PHD, DACE MADORE, PHD, IH CHANG, PHD, ROBERT KOHBERGER, PHD,
WENDY WATSON, MD, ROBERT AUSTRIAN, MD, KATHY EDWARDS, MD AND THE NORTHERN CALIFORNIA
KAISER PERMANENTE VACCINE STUDY CENTER GROUP*

Pediatr Infect Dis J, 2000;19:187–95 Vol. 19, No. 3
Copyright © 2000 by Lippincott Williams & Wilkins, Inc. Printed in U.S.A.
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Curves of Antibody Concentration: 

N. California Kaiser Permanente Trial

14Black S, et al. Pediatr Infect Dis J. 2000;19:187-295.

Per protocol VE: 97.4%

Antibody Concentration (μg/mL)

Reverse Cumulative Distributions of Post-Dose 3 ELISA Antibody 
Concentrations in NCKP Population: 7 Serotype Aggregates
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Black S, et al. Pediatr Infect Dis J. 2000;19:187-295. Jódar L, et al. Vaccine. 2003;21:3265-3272.
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Predicted VE with 0.2μg/mL cut off: 97.3%

Assumptions/Caveats
• Aggregate Efficacy
• Aggregate Immunogenicity
• Protection related to post primary IgG
• Protective levels similar for different popn

• Protection is a step function

Efficacy and safety of seven-valent conjugate 
pneumococcal vaccine in American Indian children: group 
randomised trial
Katherine L O’Brien, Lawrence H Moulton, Raymond Reid, Robert Weatherholtz, Jane Oski, 
Laura Brown, Gaurav Kumar, Alan Parkinson, Diana Hu, Jill Hackell, Ih Chang, Robert 
Kohberger, George Siber, Mathuram Santosham

THE LANCET • Vol 362 • August 2, 2003

Chang I et al, Report to WHO 2003

Per Protocol VE: 76.8% Predicted VE with 0.99 μg/ml cutoff: 76.7%
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A Trial of a 9-Valent Pneumococcal Conjugate
Vaccine in Children with and Those

without HIV Infection

Keith P. Klugman, M.B., B.Ch., Ph.D., Shabir A. Madhi, M.B., B.Ch.,
Robin E. Huebner, Ph.D., Robert Kohberger, Ph.D.,

Nontombi Mbelle, M.B., B.Ch., M.Med., and Nathaniel Pierce, M.D.,
for the Vaccine Trialists Group

N ENGL J MED 349:14  WWW.NEJM.ORG OCTOBER 2, 2003

Chang I et al, Report to WHO 2003

Per Protocol VE: 90% Predicted VE with 0.68 μg/ml cutoff: 89.9%

Protective Pneumococcal Antibody Concentrations
- Protective Levels in 3 Controlled Trials -

95% CI

(0.11, 0.85)0.3593%Pooled (weighted)

(0.09. 0.89)0.3593%Pooled (unweighted)
(0.03, 6.00)0.6890%South Africa

(0.25, > 50.00)1.0076.8%American Indian
(0.03, 0.67)0.2097.4%NCKP

Protective 
Level 

(μg/ml)

EfficacyStudy:

,

Siber et al. Vaccine. 2007

Non-inferiority at the serological correlate of protection 0.35μg/ml

Invasive Pneumococcal D
isease

PNEUMONIA KILLS MORE CHILDREN 
THAN ANYOTHER ILLNESS –

MORE THAN AIDS, MALARIA AND 
MEASLES  COMBINED
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Efficacy of nine-valent pneumococcal conjugate vaccine
against pneumonia and invasive pneumococcal disease in
The Gambia: randomised, double-blind, placebo-controlled
Trial
F T Cutts, S M A Zaman, G Enwere, S Jaffar, O S Levine, J B Okoko, C Oluwalana, A Vaughan, S K Obaro, A Leach, K P McAdam, E Biney, M Saaka,
U Onwuchekwa, F Yallop, N F Pierce, BMGreenwood, R A Adegbola, for the Gambian Pneumococcal Vaccine Trial Group*

Lancet 2005;365:1139-46

Combined RCD – Gambia Efficacy Trial
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2.3

IPD correlate 7V:
VE 87%, 1.24 μg/ml

IPD correlate 9V:
VE 77%, 2.3 μg/ml

Saaka, Okoko, Kohberger et al Vaccine 2008

Protective Pneumococcal Antibody Concentrations
- Protective Levels in 4 Controlled Trials -

(0.03, 6.00)0.6890%South Africa

95% CI

(1.0, 5.0)2.377%Gambia (9V)
(0.3-3.4)1.2487%Gambia (7V)

(0.25, > 50.00)1.0076.8%American Indian

(0.03, 0.67)0.2097.4%NCKP

Protective 
Level 

(μg/ml)

EfficacyStudy:

,

Different Disease Spectrum?

Occult Bacteraemia 
vs

Bacteraemic Pneumonia 

Pneumococcal conjugate vaccine 
efficacy against various endpoints 

(μg/ml)

-80 -60 -40 -20 0 20 40 60 80 100 120

Pneumonia

Otitis Media

NP Carriage

IPD 0.2-2.3

2.5

2.0–3.5

5.0

Vaccine Efficacy

Can the 
consensus 
correlate (0.35) 
be used to predict 
vaccine efficacy?
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Black S, et al. Pediatr Infect Dis J. 2000;19:187-295.

0.19 1.0

Vaccine efficacy from the CDC Case Control study

CDC Case Control study: Whitney et al  Lancet 2006
Pediatr Inf Dis J, 2010

After 2 dose primary series
Serotype 6B: 47% > 0.35μg/ml

Cumulative weekly numbers of reports of IPD
due to serotype 6B in children < 2 years of age

England and Wales, Epidemiological year: July-June (2003-date)

Estimated 2 dose effectiveness
in the UK for 6B: 67% (yet only 47%>0.35)

Estimated 2 dose effectiveness
in the UK for 6B: 67% (yet only 47%>0.35)

Data courtesy of Liz Miller, CFi, HPA

ELISA Value OPA >1:8

<0.2 (n=32) 6/32 (19%)

0.2-0.35 (n=16) 11/16 (69%)

>0.35 (n=28) 23/28 (82%)

ELISA Value OPA >1:8

<0.2 (n=32) 6/32 (19%)

0.2-0.35 (n=16) 11/16 (69%)

>0.35 (n=28) 23/28 (82%)

Goldblatt et al PIDJ 2010

Highest ELISA concn

No efficacy
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Immune memory and 
long term protection?

• Elimination of carriage provides long term 
sustained reduction in the vulnerable 
population (Carriage as a correlate?- Gates 
Funded Grand Challenge “Pneumocar”)

• What happens when carriage re-
established?

• Can immune memory alone protect?

Cases of invasive Haemophilus influenzae type b 
(Hib), 1990-2008 by quarter, England and Wales
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Source: Health Protection Agency (Mary Ramsay)

Hib Conjugate
Vaccination
Commenced
2/3/4 months 
No booster

Routine
Booster
And Catch
up

Summary and Conclusions
• Correlates for bacterial conjugates are required
• They are currently imperfect
• They are not the same for each serotype (pneumo)
• They are not the same for different populations for reasons 
that are likely to be multifactorial

• Concentrations after priming may not predict long term 
protection

• The role of the booster dose is not currently factored in 
when developing correlates (However: long term 
protection documented in South Africa without a booster!) 

• Concentrations estimated by ELISA may not agree with 
functional antibody estimates

• Reduction in carriage may be a useful correlate
• Experience with different vaccines may not be directly 
applicable to each other even though all are capsular 
polysaccharide conjugates
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