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First human administration of BCG to a 

newborn infant - Paris, 1921 

ÅBCGs still given at or close to birth 
ÅOriginally administered per os; now 

mostly intradermal 
Å >3 billion doses administered 
ÅProtect children vs. TBM and miliary 

TB (case-control data) 
Å <0.2/106 serious complications 
Å Unreliable protection by newborn 

immunization against adult pulmonary 
TB, which accounts for most TB 
transmission and disease burden 

Å Despite use, BCGs have not had major 
impact on the global TB epidemic 

Å Not known to protect against latent or 
reactivation TB  

 



Additional complexity of BCG: an issue? 

3 a 



Gagnieux, S. 2012. Philos Trans R Soc 

Lond B Biol Sci. 367:850-9 

Six major strains of M. 

tuberculosis worldwide 

Will Vaccines be Effective Against all Strains Mtb? 



Key Challenges 

 
ï Lack of validated 

animal models clear 
correlates of protection 
or immunity 
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ïLarge and expensive 

trials needed to prove 

efficacy- 300K-1M 

dollar per case 

detected 

ïDiversity of BCG, 

populations, and 

environmental factors may 

require more than one 

vaccine 



Better TB Vaccines: Reasons to be Optimistic 

  Most people (80-90%) do not get disease when infected 

  Evidence of BCG vaccine efficacy in children 

  New TB vaccine candidates protect in animal models 

  NHPs and humans are able to efficiently sterilize lesions 

  There are clinical clues to guide immunologic hypotheses 

Å Low CD4+ T cells are more susceptible to M.tb infection 

Å Gamma interferon and IL-12 genetic deficiency associations 

Å  Anti-TNF treatment is associated with reactivation 



Strategies for TB Vaccine Development   

Pre-infection: to prevent infection 

Å Improved priming vaccines 

ÅNovel booster vaccines 
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Post-infection: to prevent disease  

ÅDevelop novel booster vaccines 

to extend and enhance immune 

protection 
 

Immunotherapeutic: treatment  

ÅShorten the course of 

chemotherapy for active TB 

ÅDecrease the risk of recurrence 



Predicted Impact of 50% Effective  

New TB vaccine 
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Further Modeling 74 Middle Income Countries 

Infants- 11.6M Cumulative incident 

cases averted over 30 years 

 

Adolescents and adults- 49.5M 

Cumulative incident cases averted 

over 30 years 

Å 20% coverage rate for adolescents & adults*  

Å 90>% coverage rate for infants 

Å Steady state vaccination ï infants and 10yr. olds 

Å Mass vaccination campaigns every 10 years 

adolescents and adults 

Å 60% vaccine efficacy 

Å Country ramp up to full coverage ranges 2-6 

years depending on the population of country 

 

TB adolescent & adult vaccine 

 

TB infant vaccine 



The Global Pipeline of TB Vaccine Candidates 
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 Aerosol Ad5 Ag85A 
McMaster CanSino 

rBCG- VPM 1002 
Max Planck, VPM, 

TBVISII 

H1 (ESAT6/85B + 

IC31) 

SSI, TBVI, EDCTP,  

Phase IIa Phase III Phase IIb Phase I

Immunotherapeutic: 

Mycobacterial ð whole cell 

or extract 

ID93 + GLA-SE  
IDRI, Aeras 

H4 (TB10.4/85B) 
SSI, Sanofi-Pasteur,  

H56 
(ESAT/85B/2660)+ 

IC31 
SSI, Aeras, Intercell 

 MVA85A/AERAS-
485 

Oxford, Aeras 

Crucell Ad35 
(85A/85B/3407)  

Crucell, Aeras 

RUTI 

Archivel Farma, S.L 

M. Vaccae 

Anhui Longcom, 

China 

M72 + AS01 

GSK, Aeras 

 MTBVAC-Attenuated 
TB 

TBVI, Zaragoza, 
Biofabri 

rBCG 

Viral vector 

Protein/adjuvant 

Attenuated M.tb 

Combination Ad35/ 
MVA85A  

Crucell, Oxford, Aeras 

April 2013 



1
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Was the lack of 

protection due to: 

 

Wrong hypothesis? 

 

Magnitude or quality 

of the response? 

 

Wrong antigen? 

 

Population used? 

MVA Ag85A in 2800 infants given at 4-6 months 



Wrong hypothesis? 

 A study to determine biomarkers of protection against 

TB, following BCG vaccination 

Birth 10 weeks 2 years 

Identify infants who are: 

Protected against TB Not Protected against TB 

Efficacy of percutaneous versus intradermal BCG (Tokyo strain) in  
South African infants. Hawkridge, A. et al. BMJ 2008;337:a2052  

Store PBMC  5,724 infants 



Classical Th1 responses do not associate with risk of 

TB disease, after BCG!  

Ben Kagina, AJCCR  

*BCG given at birth. Infants followed for 2 years to assess protection; 

Results shown from whole blood incubation with BCG at 10 weeks of age.  

TB cases (n=29) 

TB cases (n=29) Community controls (n=55) 

Household controls (n=55) 

IL-2 

IL-17 

IFN-ɔ 

TNF 

From 5,724 enrolled infants: 



T cell Ag approach versus newer approaches 

Glycolipids- induction of CD1a,b,c restricted 

responses  or induction of CD1d-restricted iNKT 

cell responses  

Glycolipid consortium 

Polysaccharide conjugate vaccines- induction 

of protective antibodies 

Antibody accelerator  

Immunomodulators (adjuvant, biologics, small 

molecules) 

Adjuvant study under design for NHP 

Subdominant antigen approaches 

Underway at SSI and Aeras, testing in NHP 

Phosphoproteins  and other antigensï induce 

gd T cells 

New tools and measures needed 

Novel antigens 



How do we select candidates to move to Phase 2B? 
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Approaches to studies in human populations to 

explore likelihood of technical success at lower cost 

 Å Small intensive immunologic studies in Phase 1 in endemic area (when 

feasible) to see if novel animal data can be reproduced in humans 

ï Phase 1 trials are to measure safety, assess immune response, generate 

human samples for investigation, head to head comparisons 

 

In both Prevention of Infection and Prevention of recurrence studies samples 

collected for both correlates of infection and/or correlates of risk 



Is infection prevention a dream? 

Reduced TB  infection risk associated with BCG: 
Recent reports using IGRA, plus supportive data in animal 

models 
Å Roy et al 2012: 1,128 children in EU at  risk 

and investigated for LTBI 

      -BCG with >50% TB infection Risk Reduction (RR) 

Å Eriksen et al 2010: 168 children in London 

hospital exposed to nurse with TB.  

      - BCG associated with 66% TB infection RR 

Å Eisenhut et al 2009: 199 UK school children 

exposed to pupil with TB.  

      - BCG associated with 74% TB infection RR 

Å Soysal et al 2005: 979 children in Turkey 

exposed to TB by household contact.  

       - BCG associated with 40% TB infection RR 

Å Ewer et al 2003: 535 children in UK school 

outbreak. 

-BCG not associated with TB infection RR 

 
 

 

Courtesy of Ed Nardell 



stronger weaker 

Monocytes increased in cases among stronger responders 

and decreased in cases among weaker responders 

Elisa Nemes, Tom Scriba, others at SATVI.  

*BCG given at birth. Infants followed for 2 years to assess 

protection; Results shown from whole blood incubation 

with BCG at 10 weeks of age.  


