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TB Is a deadly disease...
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Deaths during the last 200 years

Paulson Nature 2013 502: S1-S3
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Number of Number of
cases deaths
All forms of TB 10.0 million 1.3 million

MDR-TB 560,000 230,000

AT ~ 50.000 ~ 25000

>509%0 Case-fatality:

— Entering Post-Antibiotic Era !
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* Diagnostics
~120 years old

 Drugs
~50 years old

* \accine
~100 years old
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Tuberculosis Treatment
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2nd line drugs:

Fluoroguinolo
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GOcin, moxifloxacin, gatifloxacin),
ifabufin, rifapentin - and rifalazil),
capreomycin, viomycin,  PAS,
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From Drug-sensitive to XDR-TB

Drug- INH-

e . —> MDR ——> Pre-XDR XDR
sensitive resistant

e No resistance plasmids

M. tuberculosis

H37Rv

e No horizontal gene transfer
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Global Phylogeography of M. tuberculosis
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Number of Number of
cases deaths
10.0 million 1.3 million

230,000

“Only” ~ 5% MDR / XDR




Swiss TPH g

DOGMA:

“Drug-Resistant Bacteria Are Less Fit”
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Lab
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Evolution of Drug Resistance

2727

Borrell & Gagneux 2009 IJTLD 13: 1456-66
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Experimental Evolution
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Compensatory Mutations in rpoA/C Swiss TPH

Comas et al. 2012 Nature Genetics 44: 106-110
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In clinico Fitness of rpoA/C Mutations
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Comas et al. 2012 Nature Genetics 44: 106-110
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Population-based Study in Georgia
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Georgian MDR(+) Mtb Dataset 2011-2013

659 MDR(+) strains

+ 53% of all MDR(+)
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Gygli et al. unpublished
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Bias Towards Lineage 2 (Univariate Analysis)

Proportion of strains
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Factors Associated with Increased Drug Resistance

Compensatory mutations in Isolation year 2013
rpoA/B/C
ORyq 1.5 l Clgs 1.0 - 2.3 ORqq 1.7 l Clos 1.1 -2.7
Lineage 2 Number of additional DR mut

Gygli et al. unpublished
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Factors Associated with Clustering of MDR/XDR-TB

Compensatory mutations
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Gygli et al. unpublished
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MDR/XDR-TB in Prisons & Clustering

Incarceration Clustering & Prisons
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Reconstructing Transmission Trees

/ 0 ® Prisoner
: ™ Civilian

Transmission network
Arrows indicate direction of transmission
Numbers indicate pairwise distance in SNPs
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Reconstructing Transmission Trees - Phybreak
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Contribution of Prisons to the MDR-TB Epidemic in Georgia
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Gygli et al. unpublished
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Posterior Probabilities of Transmission Events
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Gygli et al. unpublished



Swiss TPH g

Contribution of Prisons to the MDR-TB Epidemic in Georgia

Transmission events with >0.5 posterior probability

87 transmission events
l.e. 40 % linked to prisons
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**Of the total 217 high confidence transmission events Civilian

Gygli et al. unpublished
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Conclusions

e Compensatory mutations in RNAP of RIFR Mtb

e High frequency in MDR/XDR ‘hotspots’

e Associated with progression MDR to XDR

e Associated with ongoing transmission of MDR/XDR
e High spill-over from prisoners to civilians

— Compensatory evolution contributes
to the spread of MDR/XDR-TB

— Prisons as breeding grounds for fit MDR-TB




Thanks to... cmicaTrr S

IBV, Valencia
Ihaki Comas
University of Valencia
Mireia Coscolla
University of Cape Town
Helen Cox
Stellenbosch University
Rob Warren
University of Bern
Matthias Egger
University of Ghana
Dorothy Yeboah-Manu
ITM, Antwerp
Bouke de Jong
University of Basel
Richard Neher
ETH Zurich
Ruedi Aebersold/Ben Collins
Uwe Sauer
Tanja Stadler Swiss NATIONAL SCIENCE FOUNDATION
Jorg Stelling e
Christian Beisel \ /
FZ Borstel =220 FC
Stefan Niemann ’ \

""""" SystemsX.ch
European Research Council The Swiss Initiative in Systems Biology

Established by the European Commission

e Sonia Borrell

e Daniela Brites

e Andrej Trauner

e Miriam Reinhard

e Levan Jugheli

e Sebastian Gygli

¢ Liliana Rutaihwa

. o« Rhastin Castro

e Chloé Loiseau

e Monica Ticlla

e Peter Major

e Fabrizio Menardo

LB *» Nino Maghradze
W ¢ Jerry Hella

INS)

@

% s

o
sam\/\

\\\A77

sebastien.gagneux@swisstph.ch



