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Estimated TB Incidence in 2010

WHO Report 2010





TB Vaccines

• The Stop TB Partnership (WHO) announced 
the goal of eliminating tuberculosis by the year 
2050 (one new TB case per million)  (Geneva, WHO 
Press, 2006) 

• Tuberculosis research makes remarkable 
progress in past 10-15 years

• Lacks of understanding of what constitutes a 
protective immunity in TB are major obstacles



Current Vaccine: BCG

• The one and only available TB vaccine since 1921

• Most widely administered vaccines worldwide

• Effective in protection against severe forms of 
childhood TB

• Fails to protect against adult pulmonary TB

• Has not reduced global burden of TB 

• Can cause BCG-related disease in HIV+ newborns





BCG World Atlas: A Database of Global BCG Vaccination Policies and Practices

Zwerling et al., PLoS Med (2010)





Vicious Cycle of TB

Kaufmann, Immunity (2010)



Necessity of New TB Vaccines

• Nearly 9 million new cases and 1.7 million 
deaths per year 

• Vaccine that prevent pulmonary TB in all age 
groups is in need to significantly reduce 
disease incidence

• TB vaccine pipeline was empty in 1990s but 
now we have more than 12 novel vaccine 
candidates in human clinical trials 



Ottenhoff and Kaufmann, PLoS Pathogens (2012)

Immunology of TB and Vaccines



Designing New TB Vaccines

• Lacks of reliable correlates of protection 
(biomarkers) and human challenge model �

empirical testing of vaccine candidates

• Two basic types: 

(1) Live vaccine to replace BCG: rBCG or 
attenuated M. tuberculosis 

(2) Booster vaccine for BCG: subunit vaccines 



Live Vaccine

• Replacement of the conventional BCG vaccine
(1) live recombinant BCG (rBCG)

(2) live attenuated M. tuberculosis (∆PhoP∆fad 
strain)
Should be:

-safer or equivalent to BCG
-more immunogenic

-inducing long lasting protection and inducing 
protection against highly virulent strains 
(MDR/XDR TB or Beijing strains)



Subunit Vaccines

• Priming vaccines or booster vaccines in 
combination with BCG vaccine

(1) recombinant proteins with adjuvants

(2) non-replicating viral vectors

(3) DNA vaccines



Preclinical TB Vaccine Development

Walker et al., 2010 (Vaccine)



TB Vaccine Trials in Animal Models

Okada and Kita, 2010 (Human Vaccines)



Ottenhoff and Kaufmann, PLos Patho (2012)



Kaufmann, Trends Immunol (2012)

Development Pipeline for New TB Vaccines (as of 2012)

√

√
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-Modified vaccinia Ankara virus-expressing Ag85A
-the first new tuberculosis vaccine in 90 years
-Developed as a heterologous prime boost for BCG
-Improved BCG-induced protection in animals
-Induced antigen-specific Th1 and Th17 in infants 
-Phase IIb: infants (4-6 m/o HIV- with BCG vaccination)
Enrolled 2797 infants
-Well tolerated and induced modest CMIR
-Endpoints: incident of TB/Quantiferon TB Gold Conversion    

NO PROTECTIVE EFFICACY (up to 37 months)



VPM1002: (BCG ∆ureC::hly)

• MPIIB/Vakzine Projekt Management 
GmbH/TBVI

• Genetically engineered to express listeriolysin 
from L. monocytegenes as a fusion protein 
with Ag85B under hsp60 promoter

• Deletion of urease C to keep pH in phagosome 
to 5.5

• Better protection against
Beijing strains 



Currently in Clinical Phase 2a

-Total of 80 healthy male volunteers
-Varying doses: 5x103-5x105CFUs ID
-No AEs and well tolerated 
-Induced IFNγ producing and 
multifunctional T cells and antibody 
in BCG-naïve and BCG-immune 
settings



Multi-state Subunit Vaccine for Post-
exposure Vaccine

Early antigens (Ag85B and ESAT-6) 
Latency-associated protein (Rv2660c)

-Better containment of late-stage infection
-Control reactivation and lower bacterial load

CAF01 Adjuvant}
synthetic two-component liposomic adjuvant 
comprising the quaternary ammonium dimethyl-
dioctadecyl-ammonium (DDA) and the immune 
modulator trehalose 6,6'-dibehenate (TDB)



• Deletion of Esx-3 from M. smegmatis 
• Introducing M. tuberculosis Esx-3 into this mutant
• Strong bactericidal immunity
• Sterile eradication 



Obstacles in Developing New TB 
Vaccines

• Lack of knowledge on what constitutes a 
protective host immune response

• Lack of good animal models

• Lack of surrogate endpoint markers (correlates 
of protection)

• Lack of funding (everywhere and especially in 
Thailand)



Research in New TB Vaccines in 
Thailand 

• Almost none exists

• Some grant application attempt was made to 
government funding agency but ended 
unsuccessfully

• Recombinant BCG vaccine/DNA 
vaccine/Subunit vaccine

• Discovery step (pre-clinical vaccine 
development)





Do We Need to Invest in New TB 
Vaccines?

• There is no guarantee that the current vaccine 
candidates will go all the way

• Need to keep the pipeline full of new 
candidates

• Different geographic and ethnic settings 

• Different M. tuberculosis lineages 

• No active TB vaccine research in ASEAN





DNA Vaccine

Okada et al., Human Vaccine (2011)



Kita et al., Human Vaccines (2011)



DNA Vaccine to Enhance 
Immunogenicity against Ag85B

Priming via subcutaneous
and boost with nasal route 

s.c. s.c. i.n.

0       2       4       6    weeks

s.c.

Meerak and Palaga, 2012



Challenges for Initiating New TB 
Vaccine (Globally and Locally)

• Preclinical evaluation of vaccine candidates 
(mice, guinea pigs, NHP): Facility for animal 
studies

• Predictive parameters (biomarkers) for vaccine 
efficacy 

• Financing of preclinical and clinical development

• (Re)awakening of TB vaccine research 

• Human resources: training and incentives (local)



Tuberculosis Vaccine Initiative

Funding, political and multinational support with 
increase public awareness of the needs for new TB 
vaccine



Next Generation of Vaccine 
Candidates

• Most current vaccine candidates are 
administered pre-exposed to prevent active TB

• The goal is not to achieve sterile clearance 

• Vaccines that can result in sterile eradication 
and therapeutic vaccines (post exposure) are 
the next generation candidates (with the rise in 
TB/HIV co-infection)

New Antigens; Therapeutic Vaccines; Environment of Host



Moran et al., PLoS Medicine (2009)


