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INTRODUCTION

Epidemiology and resistance situation

Worldwide

European countries

TB: 10.4 million estimated new cases, 1.4 million deaths

TB: 323,000 estimated cases

MDR/RR-TB: 580,000 cases (3.9% new, 21% previously treated)

MDR/RR-TB: 16% new, 48% previously treated cases

9.5% of people with MDR-TB had XDR-TB

Estimated TB incidence rates (WHO, 2016)

Global spread of Mycobacterium tuberculosis lineages
(Gagneux, 2012)

Treatment of tuberculosis

Summary of the standard empirical regimens for treatment of TB (WHO, 2016)
Treatment

Drug-susceptible TB

Drugs
- Isoniazid (INH)
- Rifampicin (RIF)
- Pyrazinamide (PZA)
- Ethambutol (EMB)
-

MDR-TB

MDR-TB short
regimen

-

A fluoroquinolone (FLQ) (group A): levofloxacin, moxi, gati
An injectable drug (group B): amikacin (AMK), capreomycin (CAP),
kanamycin (KAN), streptomycin (STR)
At least two drugs (group C): ethionamide/prothionamide,
cycloserine, linezolid, clofazimine
PZA (group D1)
A FLQ (group A): MFX (or GFX)
An injectable drug (group B): KAN
Two drugs (group C): PTO and clofazimine
High-dose INH, PZA, and EMB (group D1)

Treatment duration
6-month regimen:
-

2 months intensive phase (HRZE)

-

4 months continuation phase (HR)

20-month regimen:
-

8 months intensive phase

-

12-18 months continuation phase

9-12-month regimen:
-

4 months intensive phase

-

5 months continuation phase

Multidrug resistance (MDR): INH + RIF
Extensively drug resistance (XDR): INH + RIF + FLQ + AMK/CAP/KAN

Drugs for treatment of tuberculosis and mechanisms of resistance

Drug

Mechanism of action

Genes involved

Mutations

Isoniazid (INH)

Inhibits the synthesis of mycolic
acids of the cell wall

katG (catalase-peroxidase)
inhA (enoyl acyl carrier protein reductase)

S315T
A-16G, C-15T, T-8C/A

Rifampicin (RIF)

Interferes with the synthesis of
mRNA

rpoB (β subunit of RNA polymerase)

S531L, H526Y/D, D516V
Other mutations in hotspot region

Ethambutol (EMB)

Inhibits the synthesis of mycolic
acids of the cell wall

embB (arabinosyl transferase)

M306V/I

Fluoroquinolones (FLQ)

Inhibit DNA synthesis

gyrA (DNA gyrase)

A90V, S91P, D94A/N/Y/H/G

rrs (16S rRNA)
eis (aminoglycoside acetyltransferase)

A1401G, G1484C/T
G-37T, C-14T, C-12T, G-10A

rrs (16S rRNA)
eis (aminoglycoside acetyltransferase)

A1401G, G1484C/T
C-14T

rrs (16S rRNA)

A1401G, C1402T, G1484C/T

Kanamycin (KAN)

Amikacin (AMK)

Capreomycin (CAP)

Inhibit protein synthesis

Phenotypic drug susceptibility testing (DST)

Phenotypic resistance is clinically significant when at least 1% of the strain population is resistant
The whole population is considered resistant

Proportion method in liquid media

BACTEC 460TB
(Becton Dickinson)

MGIT 960 system
(Becton Dickinson)

VersaTREK system
(TREK Diagnostics)

BacT/ALERT 3D system
(bioMérieux)

Genotypic drug susceptibility testing (DST)

DNA extraction

Reverse hybridization array / line probe assay

PCR

Detection of mutations

Real-time and multiplex PCR

Pyrosequencing

Example of melting curves
(García de Viedma, 2002)

Principle of solid-phase reverse hybridization

GeneXpert MTB/RIF

Principle of pyrosequencing

Molecular typing

Track the spread of Mycobacterium tuberculosis strains
Epidemiological links and outbreaks
Relapse / new infection
Laboratory cross-contamination
Phylogeographic specificity of circulating clades
Evolution and global phylogeny

Markers used for M. tuberculosis genotyping (Barnes, 2003)

IS6110
CRISPR locus (DR)
MIRU-VNTR
Comas, 2013

OBJECTIVES

Objectives

1

Diagnostic accuracy of molecular methods for genotypic drug susceptibility testing
To develop, optimize, and evaluate molecular methods for detecting drug resistance
to first- and second-line drugs in M. tuberculosis clinical strains and in patient specimens

2

Impact of the mutations on phenotypic drug resistance and clinical outcomes
To discuss the relationship between molecular and phenotypic drug resistance, and clinical outcomes

3

Novel methods to track the spread of M. tuberculosis strains
To develop and evaluate novel molecular methods for genotyping M. tuberculosis

MATERIAL AND METHODS

Material and Methods

Specimens and clinical strains
Specimens retrospectively selected from Hospital Universitari Germans Trias i Pujol
Decontamination → Acid-fast staining → Culture on solid and liquid media → Identification of M. tuberculosis

Clinical strains retrospectively selected from
 Hospital Universitari Germans Trias i Pujol, Laboratori de Suport per a Vigilància Epidemiològica de Malalties
transmisibles de l’Agència de Salut Pública de Catalunya (Badalona, Spain)
 Instituto Aragonés de Ciencias de la Salud, Fundación Instituto de Investigacion Sanitaria de Aragón, Red
Española de Vigilancia de la Tuberculosis Multirresistente (Zaragoza, Spain)
 Infectious Diseases and Tuberculosis Hospital, National TB Reference Laboratory (Vilnius, Lithuania)

Material and Methods

Phenotypic methods for detecting drug resistance
Strain resistance considered when ≥1% of the bacilli are resistant

Proportion method

BACTEC 460TB / MGIT 960

Drug-free control

1:100 dilution
Proportion method

Drug-containing tube(s)

MGIT 960 system
(Becton Dickinson)

Molecular methods for detecting drug resistance

Reverse hybridization array / line probe assay

GenoFlow DR-MTB Array Test (DiagCor Bioscience, Hong Kong)

Principle of solid-phase reverse hybridization (Micalessi, 2015)
AID TB Resistance assay (Autoimmun Diagnostika, Germany)

Molecular methods for detecting drug resistance

Multiplex PCR

Anyplex II MTB/MDR/XDR assay (Seegene, Korea)

Molecular methods for detecting drug resistance

Pyrosequencing

Principle of pyrosequencing

Examples of pyrograms

Methods for genotyping M. tuberculosis strains

IS6110 - Restriction Fragment Length Polymorphism (RFLP)
Spoligotyping

Examples of spoligotyping results
Examples of RFLP results

Methods for genotyping M. tuberculosis strains

Microbead-based spoligotyping (TB-SPRINT)

Procedure of microbead-based hybridization

Examples of microbead-based spoligotyping results

Methods for genotyping M. tuberculosis strains

Pyrosequencing-based genotyping (PyroTyping)

Examples of PyroTyping results

RESULTS AND DISCUSSION

1. Usefulness of molecular methods for detecting resistance to first- and
second-line drugs in M. tuberculosis clinical strains and patient specimens

1. Usefulness of molecular methods for detecting resistance to first- and
second-line drugs in M. tuberculosis clinical strains and patient specimens
Summary of the sensitivity and specificity values of the different molecular methods for detecting resistance to
first- and second-line drugs in clinical strains and patient specimens
Reverse hybridization array
Se (%)
Sp (%)
INH
RIF
EMB
FLQ
STR
KAN
AMK
CAP

Multiplex PCR
Se (%)
Sp (%)

Reverse hybridization LPA
Se (%)
Sp (%)

Pyrosequencing
Se (%)
Sp (%)

Strains

41/59 (69.5)

11/11 (100)

39/51 (76.5)

10/10 (100)

-

-

-

-

Specimens

38/39 (97.4)

10/10 (100)

14/15 (93.3)

14/14 (100)

45/46 (97.8)

14/14 (100)

-

-

Strains

22/23 (95.7)

47/47 (100)

35/36 (97.2)

24/25 (96.0)

-

-

-

-

Specimens

35/37 (94.6)

11/12 (91.7)

14/14 (100)

15/15 (100)

43/43 (100)

17/17 (100)

-

-

Strains

-

-

-

-

-

-

35/54 (64.8)

43/49 (87.8)

Specimens

-

-

-

-

21/35 (60.0)

22/24 (91.7)

-

-

Strains

-

-

19/27 (70.4)

29/33 (87.9)

-

-

24/34 (70.6)

70/70 (100)

Specimens

-

-

2/4 (50.0)

19/19 (100)

2/6 (33.3)

52/53 (98.1)

-

-

Strains

-

-

-

-

-

-

-

-

Specimens

-

-

-

-

22/22 (100)

28/29 (96.6)

-

-

Strains

-

-

22/27 (81.5)

28/33 (84.8)

-

-

28/30 (93.3)

58/71 (81.7)

Specimens

-

-

5/5 (100)

17/18 (94.4)

17/17 (100)

34/34 (100)

-

-

Strains

-

-

12/12 (100)

15/25 (60.0)

-

-

16/17 (94.1)

71/74 (95.9)

Specimens

-

-

-

-

-

-

-

-

Strains

-

-

7/7 (100)

33/53 (62.3)

-

-

9/10 (90.0)

91/91 (100)

Specimens

-

-

5/5 (100)

17/18 (94.4)

17/17 (100)

34/34 (100)

-

-

High: ≥90%

Moderate: 60-89%

Low: <60%

Se: sensitivity; Sp: specificity
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1. Usefulness of molecular methods for detecting resistance to first- and
second-line drugs in M. tuberculosis clinical strains and patient specimens

High sensitivity (≥90%) for rifampicin, streptomycin, amikacin, and capreomycin
Wild-type sequence  Use drug until phenotypic DST results are available

Moderate (60-89%) or low (<60%) sensitivity for isoniazid, ethambutol, fluoroquinolones, and kanamycin
Wild-type sequences  Interpret with caution and wait for phenotypic DST results

High specificity for most drugs
Mutations  Rule out drug until phenotypic DST results are available

1. Usefulness of molecular methods for detecting resistance to first- and
second-line drugs in M. tuberculosis clinical strains and patient specimens

Sensitivity and specificity of molecular methods are comparable between them
Genes and mutations targeted

Sensitivity and specificity values vary

Mechanisms of drug resistance
Prevalence of mutations

depending on the drug considered

Heteroresistance
Bacillary load

Molecular methods have a similar short turnaround time

Molecular methods present differences of throughput capacity, equipment and training required,
and interpretation of the results

1. Usefulness of molecular methods for detecting resistance to first- and
second-line drugs in M. tuberculosis clinical strains and patient specimens

Identify the specific mutation to tailor an adequate treatment regimen
Limited usefulness of standard treatment regimens
Perform DST for first- and second-line drugs
Phenotypic methods as reference standard for DST
Timely detection of any resistance by molecular methods

2. Relationship between molecular and phenotypic
drug resistance and clinical outcomes

2. Relationship between molecular and phenotypic
drug resistance and clinical outcomes

2. Relationship between molecular and phenotypic
drug resistance and clinical outcomes

3. Novel methods to track the spread of M. tuberculosis strains
TB-SPRINT
Concordance between microbead and membrane spoligotyping 99.6%
Spoligotyping less discriminatory than IS6110-RFLP, except for strains with low IS6110 copy number
Sensitive and specific for detecting drug resistance

Molecular characterization of Mycobacterium tuberculosis strains with TB-SPRINT.
Molina-Moya B, Gomgnimbou MK, Lafoz C, Lacoma A, Prat C, Refrégier G, Samper S,
Domínguez J, Sola C.
American Journal of Tropical Medicine and Hygiene. 2016. Under review.

Study performed during the stay in
Institut de Génétique et Microbiologie
(Orsay, France), in Dr. Sola’s group

3. Novel methods to track the spread of M. tuberculosis strains
PyroTyping
Complete concordance between spoligotyping, IS6110-RFLP, and PyroTyping

PyroTyping, a novel pyrosequencing-based assay for
Mycobacterium tuberculosis genotyping.
Molina-Moya B, Lacoma A, Garcia-Sierra N, Blanco S, Haba L,
Maldonado J, Samper S, Ruiz-Manzano J, Prat C, Arnold C, Domínguez J.
Scientific Reports. 2016. Under review.

3. Usefulness of a microbead-based spoligotyping method (TB-SPRINT) and
a pyrosequencing-based genotyping method (PyroTyping)

The selection of the genotyping method depends on the objective of the investigation
RFLP, PyroTyping → highly discriminatory

Spoligotyping, TB-SPRINT → phylogenetically robust marker

Epidemiological links and outbreaks

Evolution and global phylogeny

Laboratory cross-contamination

Phylogeographic specificity of circulating clades

Relapse / new infection

First-line screening of epidemiological links

Short turnaround time
Easy to perform and interpret
High-throughput
Specific equipment
Simultaneous detection of drug resistance

CONCLUSIONS

Conclusions

1

Diagnostic accuracy of molecular methods developed for genotypic drug susceptibility testing

The molecular methods evaluated present variable sensitivity and specificity, depending on the drug considered,
when compared with phenotypic DST. The sensitivity and specificity values of these molecular methods are
comparable between them.
In general, the different molecular methods evaluated show good results when tested either on clinical strains or
patient specimens. Nevertheless, sensitivity of detection of molecular methods can be affected by the bacillary load
in the patient specimen.
The main advantage of all these molecular methods is the short turnaround time of less than one working day.
Nevertheless, due to particular differences between them in terms of throughput capacity, equipment and training
required, and interpretation of the results, a specific method may be more convenient in a given setting.

Conclusions

2

Impact of the mutations on phenotypic drug resistance and clinical outcomes

Current knowledge on the genes and mutations involved in resistance varies depending on the drug considered. The
molecular mechanisms of resistance are known for RIF, and, to a lesser extent, for the injectable drugs. On the
contrary, the molecular mechanisms of resistance to INH, FLQs, and EMB remain to be completely elucidated.

The relationship between mutations, phenotypic drug susceptibility testing, and clinical outcomes has been studied for
some of the most common mutations in rpoB for RIF resistance, katG and inhA for INH resistance, gyrA for ofloxacin,
and rrs for KAN. However, studies assessing the effect of other mutations for these and other drugs on clinical
outcomes have not been performed yet.

Conclusions

3

Novel methods to track the spread of M. tuberculosis strains

TB-SPRINT and PyroTyping present differences in terms of discriminatory power, hence, the selection of the
genotyping method depends on the objective of the investigation.

These methods are rapid and easy to perform, have high-throughput capacity, and interpretation of the results does
not require a complex bioinformatics analysis, but they require specific equipment.

Microbead-based hybridization and pyrosequencing can be also used for detecting drug resistance simultaneously,
increasing the clinical value for patient management.
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