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Overview 

• BCG is current gold standard tuberculosis (TB) 
vaccine 

• Variable efficacy of BCG demands new approaches 

• New TB vaccine approaches aim to boost or replace 
BCG 

 



TB: Challenges 



History of BCG 

Albert Calmette 
1863-1933 

Camille Guérin 
1872-1961 

Mycobacterium bovis BCG (Bacille Calmette et Guérin) 



BCG: The basics 

• BCG (Bacille Calmette et Guérin): Attenuated form of 
Mycobacterium bovis 

• First human use in 1921 

• Most widely used vaccine in the world 

 

 



TB: Infection Cycle 

Stewart et al. (2003) Nature Reviews 97-105 



BCG: The basics 

• BCG vaccination induces cell- and antibody-
mediated immunity 

• Protection against subsequent challenge with 
virulent mycobacterial strains 

 



BCG: Pros and cons 



BCG: The benefits 

• Excellent safety record 

• Protects against childhood tuberculosis meningitis 
(TBM) and other forms of disseminated disease 

• Protection against and treatment of other diseases 
(eg leprosy, bladder cancer) 

 

 



BCG: The problems 

• Injectable 

• Limited duration of immunity 

• Variable efficacy  

• Limited antigenic repertoire  

• Interference with diagnosis 

• Safety concerns in immune-compromised individuals 

 





BCG: Variable efficacy 

• 0-80% efficacy against pulmonary tuberculosis 

• Possible explanations: 

– BCG strain variation 

– Environmental mycobacteria 

– Masking effects of endemic TB 

– Population genetics 

– Nutrition (eg. ..................) 

– Other infections (eg. ..................) 

 



BCG: strain variation 
• Seed lots established in 1956  

• Genome era has revealed numerous sequence differences 
in commonly used strains 

• Differences in immune responses, not necessarily in 
protective efficacy 

 

 



BCG: influence of environmental 
mycobacteria  

• Sensitization with environmental mycobacteria can 
influence BCG replication and protective efficacy 

 

 

Brandt et al (2002) Failure of the Mycobacterium bovis BCG vaccine: some species of environmental mycobacteria 
block multiplication of BCG and induction of protective immunity to tuberculosis. Infect Immun 70(2):672-8 
 



BCG: Antigenic repertoire 

http://www.pasteur.fr/recherche/unites/Lgmb/Deletion.html 



BCG and TB diagnosis 

•Mantoux tuberculin skin test used routinely to identify 
TB infection  

 

 

 

•Intradermal injection of PPD 
(purified protein derivative) 
causes DTH response in 
sensitized individuals 

•BCG vaccination can cause 
false-positive tuberculin skin 
test 



BCG: Safety concerns 

• WHO/GACVS: “The reported risk associated with 
vaccinating HIV-infected children may outweigh the 
benefits of preventing severe tuberculosis, especially 
since the protective effect of BCG against 
tuberculosis in HIV-infected children is not known.”  

• Hesseling et al. (2009) Bull World Health Organ. Disseminated bacille 
Calmette-Guérin disease in HIV-infected South African infants. 

 

 

 



New approaches 



Our new arsenal 

• Genome sequence(s) 

• Genetic tools 

• Improved understanding of TB 
immunology 

• Novel funding approaches 

• Infrastructure 

• New vaccine candidates 

 
Cole et al. (1998) Nature, 393:537-44 



The ideal 

• Affordable 

• Easily administered soon after birth 

• Safe 

• Immunogenic 

• Effective at all ages, in all populations 

• Not interfere with diagnosis 

• Not impacted by environmental mycobacteria 

• Effective in preventing primary TB, reinfection and 
reactivation as well as extrapulmonary disease 



Vaccination strategies 

Kaufmann (2011) Lancet Infect. Dis. 



Kaufmann (2012) Trends in Immunology 

Viral vectored Adjuvanted protein booster Recombinant mycobacterial prime 



New candidates: 3 examples 



Dietrich et al. (2006)  
Vet. Microbiol. 112:163-169  

Example: 

Ag85 complex 

Pre-clinical: antigen mining 



New candidates: Example 1 

MVA85A 

• MVA85A: Modified vaccinia virus Ankara + Ag85A 

• BCG prime/MVA85A boost strategy 

• Immunogenicity and protective efficacy demonstrated in various 
animal models 

• 1st subunit vaccine in clinical trials 

• Extensive preclinical and clinical data supporting immunogenicity 
and safety 



MVA85A: Summary of clinical trials 

McShane et al 



But... 

New candidates: Example 1 



New candidates: Example 2 

MTBVAC01 

• M. tuberculosis ΔphoP Δfad26 

• Two attenuating mutations: 
– PhoP: part of 2-component regulator 

– FadD26: PDIM synthesis 

• Confers protection in animal models 

• More attenuated than BCG 



New candidates: Example 2 



New candidates: Example 3 

VPM1002 (rBCG Δure::hly) 

• Recombinant BCG lacking urease C gene, expressing 
listeriolysin 

• Promotes antigen translocation to cytoplasm and 
enhanced apoptosis and antigen cross-presentation 

• Superior protection in animal models 

• Clinical Phase I in 2007 



New candidates: Example 3 

Macrophage 

CD4+ 

MHC II 

BCG 



New candidates: Example 3 

rBCG Δure::hly 

BCG 

Listeriolysin 

CD8+ 

MHC I 

ΔUreC 



New candidates: example 3 

rBCG Δure::hly 

CD8+ 

MHC I 

BCG Δ UreC 

Listeriolysin 

Dendritic cell 

CD8+ 

MHC I 



New candidates: rBCG Δure::hly+ 
Promotes antigen 

translocation to cytoplasm  

Enhances apoptosis  
(and cross-presentation) 

Grode et al, (2005) J Clin Invest 

rBCG 

wt 

Protection 

rBCG 

wt 

naive 

 

Safety 

rBCG 

hly+ wt 



Additional considerations 

• Biomarkers 
• Regulatory concerns 
• Ethical issues 
• Economic considerations 
• Trial site infrastructure 
• Route 
• Timing/Application 

– Pre-infection 
– Booster 
– Post-infection 
– Adjunct to therapy 

 
 



Novel Approaches? 

• Immunomodulation 
 

 



Novel Approaches? 

• Formulations/routes of delivery 
 

 



New candidates: summary 

Example Some advantages 

MTBVAC01 • safe 

• ease of production 

• wider antigenic repertoire 

VPM1002 

(rBCG Δure Hly+) 

• “safe” 

• regulatory benefits 

• ease of production 

• superior immune response 

MVA85A/Aeras-485 • safe 

• diagnostic benefits 

• ease of production 

• regulatory benefits 



Summary 

• BCG is current gold standard tuberculosis (TB) 
vaccine 

• Variable efficacy of BCG demands new 
approaches 

• New TB vaccine approaches to replace or 
boost BCG 

• Live (………………………….) 

• Subunit (………………………….) 

• Immune modulation (………………………….) 

• Delivery systems (………………………….) 

 



Learning outcomes 

• Outline the strengths and limitations of the current 
form of the TB vaccine, BCG 

• Discuss how new TB vaccine candidates aim to 
overcome some of the limitations of BCG 
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