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SETTINGS

Chiangrai background

• Population: mainly Thais

• Ethnic minorities: Tibeto-Burman (Ahka
and Lahu), Hmong-Mien, etc.

• History: Settlement since 7th century, 
becoming Lanna Kingdom and then 
occupied by various tribes: Myanmar, 
Lao, Thai.

• Current: Tourist destination and 
transportation hub

• Populations: 1.2 M

• TB Incidence 2011: 152.6/100,000

Study Methods

• 1170 pulmonary tuberculosis patients, 2003-
2010

• Bacteria: 

• Phenotypic drug susceptibility

• Experimental LSP and spoligotyping

• WGS by Illumina Hi-Seq at Sanger Institute

• Patients:

• Clinical profiles 

• High density genotyping (Illumina 
HumanOmniExpressExome-8 v1.2 
BeadChip, 938764 SNPs)



RESULTS



A: LSP and global phylogeny for MTB define 6 main lineages. Countries 
where the predominant lineages are B. 2 and 4, C. 1 and 3, D. 5 and 6 
Coscolla and Gagneux. Sem Immunol 2016. 



THE POSSIBLE CAUSES OF PHYLOGEOGRAPHIC 
ASSOCIATIONS

• Founder Effects

• Co-evolution



CORRELATION BETWEEN SNP GENOTYPES AND SPOLIGOTYPIC
CLADES REVEALED THAT MANY CLADES AND TYPES ARE 
HOMOPLASTIC, THAT IS, GENOTYPIC MEANINGLESS
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EAI2

EAI6

<EAI1

EAI3?

FREQUENCY DISTRIBUTION OF L1 WAS DIFFERENT 
FROM GLOBAL SAMPLES

EAI1, EAI4 
and EAI5 are 
homoplastic 



CORRELATION OF NON-HOMO-
PLASTIC SPOLIGOTYPE PROFILES 
OF L1 BETWEEN COUNTRIES
• Excluding homoplastic spoligotypes and 

studies on special  bact. pop. such as MDR 
or Epul TB.

• Correlations in the same countries were 
high 

• No correlation between East Africa and SEA
and within Mainland SEA

• Correlations between neighboring countries 
were intermediate but exceptionally high in

• India-Pakistan

• Bangladesh and Myanmar

• ISEA (Indonesia, the Philippines), Singapore
and Taiwan

India and Pakistan

Island SEA 

Mainland 
SEA 



DISTRIBUTION OF L1 SUBLINEAGES CORRELATES WITH LANGUAGE 
FAMILIES OF OFFICIAL LANGUAGES OF COUNTRIES IN SEA: AN 
EVIDENCE OF CO-EVOLUTION

Bangladesh: Indo-Arayan

Myanmar: Tibeto-Burman
Thailand: Tai-Kadai 
Vietnam: Austroasiatic (Vietic: Kinh)
Malaysia: Austronesian
Indonesia: Austronesian
Philippines: Austronesian
Southern Taiwan: Austronesian
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Lineage 2 classification 
scheme by Shitikov, et al.,
2017
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IMPLICATIONS IN TB CONTROL PROGRAM

• MDR-associated sublineages: indicated  an evolutionary adaptive clones that 
cause primary MDR-TB, necessitate university drug susceptibility testing or at 
least genotypic screening.

• High mortality lineages may explain failure to achieve WHO-targeted cure rates, 
even with apparently reasonable TB control programs.

• Interactions between human and MTB are poly-mechanistic. Co-evolutionary 
hypothesis implied differential importance for different strains and different 
genetic populations. 



TB VACCINES IN NEW LIGHT

• The universal functioning TB vaccines needs to be polygenic and poly-antigenic

• Particular attention should be given to the testing and trials in targeted 
populations with very high-burden. At this moment it means

• India and Pakistan: L1.1.1, L1.1.2 and L3

• China: Modern Beijing (L2.2.1/modern)

• Indonesia and Philippines: Modern Beijing and Manila (L1.2.1.1) strains

• Challenging strain for vaccines development should not be H37Rv strain 
anymore (L4.9).

• Not even a single mice challenge test with L1 has ever reported!



https://image.slidesharecdn.com/geneticdiversityofmycobacteriumtuberculosisinnepal-
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LUNG

Greater protection against M. tuberculosis
Beijing/W by vaccination with ureC hly+
rBCG. BALB/c mice were vaccinated with 
ureC hly+ rBCG (diamonds) or parental BCG 
(circles) or left naive (squares). At day 120 
after vaccination, mice were aerosol 
challenged with 200 CFU of M. tuberculosis
Beijing/W. M. tuberculosis load in lung was 
determined at the indicated time points. 
Upper panel: lung, P < 0.001 (Mann-Whitney 
U test) for ureC hly+ rBCG compared with 
parental BCG at day 200 p.i.; and P < 0.05
(Friedman test) for the whole observation 
period. Lower panel: spleen, P < 0.001 (Mann 
Whitney U test) for ureC hly+ rBCG 
compared with parental BCG at day 200 p.i. 
Shown is 1 representative experiment of 2. 
The mean of results for 7 mice is shown (±
SEM).

ureC hly+ rBCG

Beijing (200 cfu aerosol) H37Rv (200 cfu aerosol)

Protection of  BCG and VPM1002 (rBCG ΔUreC::hly)

against H37Rv and a Beijing 
isolate in mice

(Grode L, et. al. Increased vaccine efficacy against

tuberculosis of  recombinant BCG mutants
that secrete listeriolysin. J Clin Invest 2005)

Unvaccinated

BCG

VPM1002

Unvaccinated

BCG

VPM1002
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