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Global Toll 
9 million people develop TB each year  
1.5 million people people die each year 
In a single day - equivalent to 15 airliner crashes 

New TB drugs are being approved for MDR TB 

 Our only licensed TB vaccine – BCG - was developed in 
1921….. 

Do we need a new TB vaccine? 



A little history…… 
1882: Robert Koch discovers the tubercle bacillus 





Robert Koch’s “therapeutic 
vaccine” 
Purified Tuberculin Protein (PPD) 
August 1890   
•  10th International Medical Congress in Berlin attended by 8000 

participants 
•  Keynote speech by Koch on opening day 
•  Urged by Emperor William II to present something spectacular 

•  General acclaim. Patients and scientists flocked to Berlin…. 
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•  Given The Grand Cross of the Red Eagle by the Emperor 
William II 

•  The Emperor declared all profits belonged to the discoverer 

•  Rumoured that the Hoechst Company (later part of Sanofi-
Aventis) bought exclusive rights to manufacture tuberculin for 1 
million Gold Marks. 

One of his contemporaries  (Professor of Medicine, Janos 
Flesch) said: 

The Famous Scientist, His Mistress, and The 1 Million 
Gold Marks 



Robert Koch’s ‘cure’ for TB: 
Purified Tuberculin Protein (PPD) 

1891: First negative reports of clinical trials  
•  Total 1769 patients  
•  More patients died during therapy than were cured 
•  Most of deaths due to advanced pulmonary TB 
•  Fewer that 20% of all patients improved substantially 
•  50% showed no improvement 

    Animal models may be misleading…. 



The Doctor, The Vet, and The Cow 

Bacille Calmette-Guerin (BCG) Vaccine 
•  Albert Calmette (physician) and Camille Guerin (vet) 
•  Pasteur Institute, Lille, France (1921) 
•  Attenuated bovine TB strain (Mycobacterium bovis) 
•  Cultured virulent bacilli obtained from a cow with TB 

mastitis 
•  Added bile as natural culture detergent  organism 

unexpectedly lost virulence 
•  Tested as vaccine in calves, guinea pigs, rabbits, horses, 

monkeys 
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BCG vaccine 

Natural experiments 
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Does BCG work? 

Trials  and observational studies 

0 - 81% protection 

Vaccine efficacy varies by latitude, 
age group, type of disease, among 
other things….. 
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Young children have been the historical focus of TB vaccine 
trials 

Young children have higher risk of progression from TB infection to disease 

And higher risk of disseminated disease (TB meningitis and miliary TB) 
      Marais IJTLD 2004 
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BCG protects against 
severe disease in 
children 

64% efficacy against TBM 

78% efficacy against 
disseminated TB disease 



The BCG Atlas 
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Does BCG work in 
adults? 
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Little evidence to suggests that BCG protects against PTB 
in adults… 

…who are the source of transmission 
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We need a new TB vaccine 
strategy 
Safe + effective  

….in infants, children, and adults 

….and in HIV infected people 

Protection against TB? 

-  Primary infection in children? 

-  Pauci-bacillary childhood disease? 

-  Disseminated TBM / miliary disease / death? 

-  Reactivation  adult-type cavitatory PTB? 



50 candidate TB vaccines in pre-clinical development…. 



Sutton’s Law Applied to TB Vaccine Trials 
South Africa: TB incidence 993 per 100,00 

     (Global TB Report 2012) 



Global TB Vaccine Pipeline* 

Ad5Ag85A 
McMaster, CanSino 

MTBVAC 
TBVI, Zaragoza, Biofabri 

ID93+GLA-SE 
Infectious Disease 
Research Institute (IDRI), 
Aeras 

Crucell Ad35/MVA85A 
Crucell, Oxford, Aeras 

ChAdOx851A/ MVA85A 
Oxford  

Dar-901                        
Aeras, Dartmouth 
University 

VPM 1002 
Max Planck, VPM, 
TBVI, Serum Institute  

H1+IC31 
SSI, TBVI, EDCTP, 
Intercell 

RUTI 
Archivel Farma, S.L. 

H56/AERAS-456 
+IC31 
SSI, Aeras, Intercell 

H4/AERAS-404 
+IC31 
SSI, sanofi-pasteur, 
Aeras, Intercell 

Crucell Ad35/
AERAS-402 
Crucell, Aeras 

MVA85A/ 
AERAS-485 
Oxford, Aeras, 
EDCTP 

M72+AS01 

GSK, Aeras 

M. Vaccae 
Anhui Longcom 

Phase II Phase III Phase IIb Phase I 

  Prime 

  Boost 

  Post-infection 

  Immunotherapy 

                   TB Vaccine Types 
Viral-vectored: MVA85A, AERAS-402, Ad35Ag85A, 
Ad5Ag85A 
Protein/adjuvant: M72, Hybrid-1, Hyvac 4, H56, ID93 
rBCG: VPM 1002 
Killed WC or Extract: Mw, RUTI 

M. indicus pranii 
Cadila Pharmaceuticals, Govt of India 

*Adapted to highlight vaccine 
candidates evaluated at the SATVI 

site 



12 candidate TB vaccines in 
clinical development 

BCG 
VPM-1002 
MTBVAC 

MVA-Ag85A  (MVA85A) 

Mtb32,39 in ASO1E  (M72) 
Ag85B,TB10.4 in IC31   (H4) 
ESAT-6,Ag85B in IC31   (H1) 

ESAT-6,Ag85B,Rv2660c in IC31   (H56) 
Rv2608, Rv3619, Rv3620, Rv1813 in GLE  (ID93) 

Birth 6,10,14 weeks Adolescence 
Adulthood 

 Prime Boost Boost 



Design: Infant TB vaccination 
Prime and boost strategy 
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BCG*  
at 
birth 

Childhood 
TB Disease 

Exposure & 
Infection 

Exposure & 
Infection 

New 
vaccine 

Adult 
TB Disease 

Long-lasting protection against all forms of TB disease 

Pre-exposure Strategy 



The first infant TB vaccine efficacy trial since BCG…. 

CBS News: Tuberculosis vaccine MVA85A fails to protect babies in new 
study 

SABC News: Key tuberculosis vaccine fails, more waiting in the wings 

Deutsche Welle: There is good news. And there is bad news. 
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MVA85A did not offer additional protection against TB disease…. 



MVA85A A402 M72 H1 HyVac4 H56 
Dominant 
CD4 T cell 
subset 

IFN-γ
+IL-2+TNF+ 

No 
dominance 

IFN-γ
+IL-2+TNF+;        
IFN-γ alone 

IL-2+TNF+ IL-2+TNF+ IFN-γ
+IL-2+TNF+; 
IL-2+TNF+ 

Th17 Co-
expressed 
with Th1 

None IL-17 alone Very few Very few Very few 

CD8 T cells None Potent 
IFN-γ+TNF+ 

Some None None None 

Whole blood ICS assay 
Hawkridge et al., 2008; Scriba et al., JID 2011;  

Abel et al., AJRCCM 2010; Day et al.,  AJRCCM 2013 

New TB vaccines induce T cells with 
distinct functional patterns 

Viral vectored  Subunit + Th1 adjuvants  



 Verreck, et al. PlosOne 2009;4:e5264. 

 Vordermeier, et al. Infect. Immun. 2009;77:3364. 

Preclinical development 
Animal models of MVA85A 



Classical Th1 cytokine responses after vaccination 
do not associate with risk of TB disease 

Many other T cell markers also investigated:   
none differed between cases and controls 

Ben Kagina, many others!                                                                       
*BCG given at birth. Infants followed for 2 years to 

assess protection; Whole blood incubation with 
BCG at 10 weeks of age for 12 hours. 

From 5,724 enrolled infants: 

TB cases (n=29) 

TB cases Community controls (n=55) 
Household controls (n=55) 
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The Good News 
Safety of MVA85A viral-vectored vaccine boost. No Koch phenomenon 
observed. 

Questions still to be answered… 
 Efficacy independent of BCG prime? 
 Efficacy in different geographical populations? 
 Efficacy in adolescents/adults? 
 Efficacy in HIV infected people? 
 Efficacy against severe/disseminated TB? 
 Immune mechanism/correlates of risk? 
 Comparison with other candidate TB vaccines? 

“Now is a key moment in tuberculosis vaccine research…..We need to go on 
playing the high-stakes game.” 
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Homo sapiens and Mycobacterium tuberculosis have co-evolved 

Expect variation in MTB genes encoding antigens – attempt to evade host immune 
system 

 Since MTB interacts with humans through antigen-specific CD4+ or CD8+ T-
cells 

  Expect T cell epitopes to be the most diverse genes in the MTB 
genome…. 

The spread of MTB lineages 
Out-of-and-back-to- Africa 
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T cell epitopes are highly conserved in the MTB genome 
Suggests human T cell recognition offers some evolutionary benefit to the pathogen 

Human T cell response  
  Establishment of latency  Subsequent cavitation  
 Transmission to later generations of susceptible hosts 

Could vaccine-induced immunity against highly conserved T cell epitopes 
perversely increase TB transmission long-term? 



Design: Newborn TB vaccination 
BCG replacement strategy “The Holy Grail” 
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New 
vaccine  
at birth* 

Childhood 
TB Disease 

Exposure & 
Infection 

Exposure & 
Infection 

Adult 
TB Disease 

Long-lasting protection against all forms of TB disease 

Pre-exposure Strategy 
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VPM-1002  = BCG ureC::hly 

Recombinant BCG strain expressing 
listeriolysin, which perforates the phagosomal 
membrane 

To provide optimal pH for biological activity of 
listeriolysin, the urease C gene was deleted 

 improved release of BCG-derived antigens 
into the cytosol and increased apoptosis of 
host cells 

Safer than BCG in SCID mice 

Safe and well-tolerated in adults 

Produces B and T cell responses 
comparable to BCG 

 Phase II trials in infants 
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MTBVAC 
M. tuberculosis clinical isolate with 2 independent 
gene deletions 

 phoP – transcription factor  
 fadD26 - essential for the synthesis of a 
 virulence factor  

Safety profile similar to BCG and confers 
superior protection in animals  

Currently in first-in-human trial in Switzerland 
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Historical infant BCG 
trials in the pre-
chemotherapy era 

Clinical course followed 
the natural history of 
disease over months or 
years  

 evaluation of 
classical features of 
late-stage TB as trial 
endpoints  



Mass vaccination of adults will be 
needed to control the epidemic 

Abu-Haddad, et al.  PNAS 2008; 106:13980. 

TB Disease TB Deaths 



Interrupt of TB transmission 

Prevent TB among young adults 



Design considerations: Adult TB vaccination 
Prime and boost strategy 
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BCG at birth New 
Vaccine 

TB Disease 

Exposure & 
Infection 

Exposure & 
Infection 

Protection against PTB 
disease  

Post-exposure Strategy (MTB and NTM) 



37 

M72 
Protein subunit vaccine, derived from the 
MTB proteins Mtb32 and Mtb39, in GSK 
proprietary adjuvant AS02A 

BCG prime  Mtb72F/AS02A boost: 
protection superior to BCG alone in 
non-human primate MTB challenge 
studies 

Safe and immunogenic in humans 

Large, multi-centre Phase IIb proof-of-
concept efficacy trial… 





Worcester, Western Cape (SATVI) 

Hassan Mahomed, many others. TST+ if >5mm. 

Evaluate new TB vaccines for prevention of infection (and 
disease) in adolescents 

QFT+ adolescents have 3-fold higher 
TB disease incidence than QFT- 

(640 per 100,000 person years) 
Mahomed et al, PLOS ONE 2011 

     

Recent QFT+ converters have 8-fold 
higher TB disease incidence than 

persistent QFT- adolescents 

(1,460 per 100,000 person years) 
Machingaidze et al, AJRCCM 2012 

>60% of adolescents are TB infected 
before they leave High School 
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What about BCG? 
BCG Vaccine may protect against primary MTB infection (QFT conversion) in children 

Might novel TB vaccines protect against primary MTB infection? 
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H4 
Fusion protein (antigens Ag85B and TB10.4), 
given in the adjuvant IC31 

Mouse model 
BCG prime with H4 boost  Increased protective 
anti-MTB immune response dominated by IFN-
gamma/TNF-alpha/IL-2 producing CD4 T cells 

Safe and immunogenic in QFT- and QFT+ adults 

Entering adolescent prevention-of-infection trial… 



Global TB Vaccine Pipeline* 

Ad5Ag85A 
McMaster, CanSino 

MTBVAC 
TBVI, Zaragoza, Biofabri 

ID93+GLA-SE 
Infectious Disease 
Research Institute (IDRI), 
Aeras 

Crucell Ad35/MVA85A 
Crucell, Oxford, Aeras 

ChAdOx851A/ MVA85A 
Oxford  

Dar-901                        
Aeras, Dartmouth 
University 

VPM 1002 
Max Planck, VPM, 
TBVI, Serum Institute  

H1+IC31 
SSI, TBVI, EDCTP, 
Intercell 

RUTI 
Archivel Farma, S.L. 

H56/AERAS-456 
+IC31 
SSI, Aeras, Intercell 

H4/AERAS-404 
+IC31 
SSI, sanofi-pasteur, 
Aeras, Intercell 

Crucell Ad35/
AERAS-402 
Crucell, Aeras 

MVA85A/ 
AERAS-485 
Oxford, Aeras, 
EDCTP 

M72+AS01 

GSK, Aeras 

M. Vaccae 
Anhui Longcom 

Phase II Phase III Phase IIb Phase I 

  Prime 

  Boost 

  Post-infection 

  Immunotherapy 

                   TB Vaccine Types 
Viral-vectored: MVA85A, AERAS-402, Ad35Ag85A, 
Ad5Ag85A 
Protein/adjuvant: M72, Hybrid-1, Hyvac 4, H56, ID93 
rBCG: VPM 1002 
Killed WC or Extract: Mw, RUTI 

M. indicus pranii 
Cadila Pharmaceuticals, Govt of India 

*Adapted to highlight vaccine 
candidates evaluated at the SATVI 

site 



Take Home Messages 

Many new TB vaccine candidates in pre-clinical and clinical development 
Animal models problematic in guiding up-selection for clinical development 

Children bear the greatest burden of morbidity 
Prevention of TB in adults critical to interrupt transmission 
Proof-of-concept trials in humans may green light expansion to large 
Phase III trials 

2021 will be the 100th anniversary of BCG vaccine…. 

 
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