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DISCLAIMER 

The content of the presentation is based on scientific 
data some of them still under evaluation. 

The content is based on my personal view and 
ŘƻŜǎƴΩǘ ǊŜŦƭŜŎǘ ŀƴȅ ƻŦŦƛŎƛŀƭ Ǉƻǎƛǘƛƻƴ 

The WHO will convene a meeting to evaluate 
evidences and discuss some of the topics later in 
2017 



OUTLINE 

ÅRole of LPA sl in the initial management of MDR 
patients 

 

ÅDST for new drugs 

 

ÅNew and future molecular tests for diagnosis of 
MDR TB 
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ALTERNATIVE REGIMENS FOR MDR TB/ REGIMENS 
 WITH NEW DRUGS  

The short MDR-TB regimen 

Regimen composition 

4-6 Km-Mfx-Pto-Cfz-Z-Hhigh-dose-E / 5 Mfx-Cfz-Z-E  



PHENOTYPIC METHODS ARE UNSUITABLE FOR 
FAST SCREENING 

ÅPhenotypic methods 

 

 

 
 

Å Require a positive culture 
Å Require appropriate infrastructure 
Å Require technical capacity 
Å Require fast and temperature ς

controlled referral of samples 
containing class 3 microorganisms 
 

 

Å Standardization issues: 
V Media 
V Critical concentration 
Å Mechanism of action non compatible 
ǿƛǘƘ άƛƴ ǾƛǘǊƻ ǘŜǎǘƛƴƎέ 

Å Cost 
Å Time to results 
Å Quality of results 

 
 

Time to DST using solid culture 

Time to DST using liquid culture 

Average contamination rate in low resources settings: 

15-35% liquid culture 
1-15 solid cultures 

1                                      25                              
>60 



WHO-ENDORSED MOLECULAR 
TOOLS 

ÅGenotype MTBDRplus, NIPRO NTM+MDRTB, Genotype 
MTBDRplus V2: TB, RIF-R (rpoB) and INH-R (katG, inhA) 

ÅGenotype MTBDRsl V2: TB, FQ-R (gyrA, gyrB) and SLID-
R (rrs, eis) 

Boehme CC et al. N Engl J Med 
2010;363:1005-1015. 



ROLE OF SL LPA IN THE 
MANAGEMENT OF MDR 



DISCREPANCIES GENOTYPIC/PHENOTYPIC 

ÅOperator related: 
ÅTrivial errors 

ÅInterpretation  

ÅProtocol related:  
ÅMedia 

ÅCritical concentrations 

ÅHeteroresistance 

ÅLack of knowledge 

Different views 



Included in LPA Hain MDRplus and sl 

MAIN LOCI ASSOCIATED TO DRUG RESISTANCE 



Knowledge of local pattern 
of mutations helps in the 

interpretation of data 



FLUOROQUINOLONES 

OFX (R 30, S 160): sens 93.3%, spec 98.8% 

MFX05 (R 27, S 163): sens 88.9%, spec 96.3% 

MFX2 (R 8, S 182): sens 100.0%, spec 87.9% 

gyrA gyrB 
No. of isolates 
with resistant 

phenotype (OFX) 

No. of isolates with 
susceptible 

phenotype (OFX) 

No. of isolates 
with resistant 

phenotype 
(MFX 0.5µg/mL) 

No. of isolates with 
susceptible 
phenotype 

(MFX 0.5µg/mL) 

No. of isolates 
with resistant 

phenotype 
(MFX 2.0µg/mL) 

No. of isolates with 
susceptible 
phenotype 

(MFX 2.0µg/mL) 

Mut_class_ 
OFX 

Mut_class_
MFX 

Gly88Ala WT 1 0 1 0 0 1 High NA 

Ala90Val WT 5 0 3 2 0 5 High High 

Ser91Pro WT 1 0 1 0 0 1 High High 

Ala90Val + Asp94Ala WT 1 0 1 0 1 0 High High 

Ala90Val + Asp94Asn WT 1 0 1 0 1 0 High High 

Ala90Val + Asp94Gly WT 2 0 2 0 1 1 High High 

Ala90Val + Ser91Pro WT 1 0 1 0 1 0 High High 

Asp94Asn WT 2 0 2 0 1 1 High High 

Asp94Gly WT 10 0 10 0 2 8 High High 

Asp94His WT 1 0 1 0 0 1 High NA 

Asp94Gly Ala504Val 1 0 1 0 1 0 High High 

WT Arg446Cys 1 0 0 1 0 1 NA NA 

WT Thr500Asn 1 2 0 3 0 3 NA NA 

  TOT 28 2 24 6 8 22     

Mutation analysis: WHO and Countries, in submission 
Mutation classification: Miotto et al, in submission 



SECOND-LINE INJECTABLE DRUGS 

AMK (R 24, S 157): sens 87.5%, spec 98.7% 

CAP (R 22, S 155): sens 95.5%, spec 98.7% 

KAN (R 30, S 151): sens 93.3%, spec 82.8% 

Mutation analysis: WHO and Countries, in submission 
Mutation classification: Miotto et al, in submission 

rrs eis 

No. of isolates 
with resistant 

phenotype 
(AMK) 

No. of isolates 
with susceptible 

phenotype (AMK) 

No. of isolates 
with resistant 

phenotype 
(CAP) 

No. of isolates with 
susceptible 
phenotype 

(CAP) 

No. of isolates 
with resistant 

phenotype 
(KAN) 

No. of isolates 
with susceptible 

phenotype 
(KAN) 

Mut_class
_KAN 

Mut_class
_AMK 

Mut_class_
CAP 

a1401g - 21 2 21 2 - -   High High 

a1401g WT - - - - 22 0 High     

a1401g c-12t - - - - 1 0 High   

WT c-12t - - - - 3 20 Minimal   

WT c-14t - - - - 2 3 High   

WT g-10a - - - - 0 3 High   

  TOT 21 2 21 2 28 26       

rrs sequencing for AMK and CAP 
rrs and eis sequencing for KAN 



RIFAMPICIN 

RIF (R 93, S 98): sens 94.6%, spec 92.8% 

Mutation analysis: WHO and Countries, in submission 
Mutation classification: Miotto et al, in submission 

rpoB 
No. of isolates 
with resistant 

phenotype (RIF) 

No. of isolates 
with susceptible 
phenotype (RIF) 

Mut_class_
RIF 

Asp435Glu + His445Asn 1 0 Minimal 

Asp435Tyr 3 2 Moderate 

His445Arg 2 0 High 

His445Asp 24 1 High 

His445Leu 5 0 High 

His445Phe 1 0 High 

His445Tyr 1 0 High 

InDel 432 1 0 NA 

Leu430Pro 0 2 Minimal 

Ser450Leu 49 2 High 

Ser450Trp 1 0 High 

TOT 88 7   



ISONIAZID 

INH (R 118, S 73): sens 98.3%, spec 100.0% 

Mutation analysis: WHO and Countries, in submission 
Mutation classification: Miotto et al, in submission 

katG inhA 
No. of isolates with 
resistant phenotype 

(INH) 

No. of isolates 
with susceptible 
phenotype (INH) 

Mut_class_
INH 

Ser315Thr WT 54 0 High 

Trp321Stop WT 1 0 High 

Ser315Thr c-15t 40 0 High 

Ser315Thr t-8a 1 0 High 

Ser315Thr t-8c 18 0 High 

WT c-15t 2 0 Moderate 

  TOT 116 0   



PYRAZINAMIDE 

PZA (R 83, S 114): sens 97.6%, spec 97.4% 

Mutation analysis: WHO and Countries, in submission 
Mutation classification: Miotto et al, in submission 

pncA sequencing 
No. of isolates with 
resistant phenotype 

(PZA) 

No. of isolates with 
susceptible 

phenotype (PZA) 

Mut_class_
PZA 

a-11g 3 0 High 

Ala102Pro 1 0 NA 

Ala102Thr 1 0 NA 

Asp49Asn 1 0 High 

Asp49Gly 23 1 High Wayne pos, mut dp 

Glu37Stop 1 0 High 

Gln10Arg 1 0 Moderate 

His51Gln 1 0 High 

His137Asn 1 0 NA 

His57Asp 5 0 High No M. bovis 

Ile133Thr 1 0 Minimal 

His82Arg 5 0 High 

InDel 131 4 0 High 

InDel 133 1 0 High 

InDel 136 1 0 High 

InDel -7 1 0 NA 

InDel -5 1 0 High 

InDel 16 2 0 High 

InDel 39 1 0 High 

Leu85Pro 3 0 High 

Leu172Pro 5 0 High 

Met175Ile 0 2 Moderate Wayne neg 

Met175Thr 1 0 High 

Met1Thr 1 0 NA 

Pro62Leu 2 0 High 

Trp68Gly 9 0 Moderate 

Thr142Met 1 0 High 

Val7Ala 2 0 NA 

Val7Gly 2 0 High 

TOT 81 3   



Koser et al 2017 

HOW TO INTERPRET LPA: PRESENCE 
OF MUTATED BANDS 

ÅIf a MUT band is identified the strains has some 
degree of resistance 

ÅTo be excluded:  
Årandom errors  

Åcross-contamination  



Koser et al 2017 AAC 

HOW TO INTERPRET LPA FOR FQS: 
ABSENCE OF WILD TYPE BANDS 

ÅIf a 'ǊŜǎƛǎǘŀƴŎŜΩ ƛǎ ƛƴŦŜǊǊŜŘ based on the absence of 
a WT band, there are three possibilities: 
ÅTrue resistance (G88C, G88A, D94Y (probe 3C) 
ÅSynonymous mutations 
Ånon-synonymous mutations that do not cause resistance  
 
These cases are rare globally but can be frequent in 
certain settings 



Koser et al 2017 AAC 

FALSE-POSITIVE FLUOROQUINOLONE 
RESISTANCE RESULTS WITH THE MTBDRsl 

ÅDouble mutations in gyrA preventing the binding of 
the WT2 probe 
ÅAcc/Gcc T80A + gCg/gGg A90G  
ÅIndependent studies have demonstrated that these 

double mutations do not confer resistance to any of the 
four fluoroquinolones used for TB 
ÅPossible hypersensitivity to FQs 
ÅLinked to specific geographical areas 

ÅSynonymous mutations: 
ÅgcG/gcA A90A 
ÅatC/atT I91I 

Globally less that 1%  
Locally may result in >5% systematic false resistance  



BURNING QUESTIONS 

ÅHow do you handle a SL LPA negative result in 
settings with high burden of MDR?  

Å When phenotypic DST is needed to confirm 
susceptibility given sensitivity of SL LPA ? 

ÅWhat further diagnostic work-up is needed for a SL 
LPA positive result? 

ÅCan we make prediction based on the different 
mutations? 



Absence of WT NO 
mutated probe 

Treat as Resistant 

Confirm by 
sequencing 

Presence of DR 
conferring mutation 

Confirm therapy 

Synonymous 
mutations/mutations 

NON conferring 
resistance 

Revise therapy 

Culture 

Phenotypic DST 

Interpretation based on 
known breakpoints  

Revise therapy if 
necessary  

LPA INTERPRETATION ALGORITHM 

Additional test: pncA sequencing 



 Wild-Type pattern no 
mutations in pncA 

Treat as  MDR 

Consider short regimen 
when applicable 

Proceed to phenotypic 
DST 

Revise therapy based on 
DST if necessary 

LPA INTERPRETATION ALGORITHM 

Absence of WT WITH 
mutated probe 

Evaluate the mutation 
and the gene involved 

Treat as Resistant 

Proceed to phenotypic 
DST if low confidence 

mutations 

Revise therapy based on 
DST if necessary 



ÅIf no evidence of a 'resistance' mutation is found: 
ÅThe isolate is sensitive: 
ÅSensitivity and specificity varies in different settings and for 

different drugs 

ÅThe isolate can still be resistant because the mutation in 
question might have been below the limit-of-detection 
of the assay (i.e. low-frequency hetero-resistance) 

ÅThe isolate can still be resistant because of mutations in 
other regions. 

 



CONFIDENCE THRESHOLD FOR IDENTIFICATION OF DR  

Thresholds  adopted in evidence-based medicine  have been adapted to grade  

M. tuberculosis mutations: 

LR Interpretation LR - OR Interpretation

җ 10 Large and often conclusive increase in the likelihood of disease җ 10

High Confidence for resistance ð Large numbers of 

isolates evaluated and conclusive evidence that the 

mutation confers drug or is associated with resistance

5 Җ ... < 10 Moderate increase in the likelihood of disease 5 Җ ... < 10

Moderate Confidence for resistance ð Moderate level of 

evidence that the mutation confers or is associated with 

drug resistance; additional data desirable

2 Җ ... < 5 Small increase in the likelihood of disease

1 < ... < 2 Minimal increase in the likelihood of disease

1 No change in the likelihood of disease

0.5 < ... < 1 Minimal decrease in the likelihood of disease

0.2 < ... Җ 0.5 Small decrease in the likelihood of disease

0.1 < ... Җ 0.2 Moderate decrease in the likelihood of disease

Җ 0.1 Large and often conclusive decrease in the likelihood of disease

Indeter
Indeterminate  - no statistically significant threshold reached; 

additional data required

Evidence-based medicine accepted thresholds Adapted thresholds for the ReSeqTB

1 Җ ... < 5

Minimal Confidence for resistance ð Inconclusive 

evidence that the mutation confers or is associated with 

drug resistance; substantial additional data required

< 1
No confidence of association ð No evidence of 

association between mutation and drug resistance



Dataset 

Dataset: 

 

- 11 drugs 

- 18 genes 

- Sanger Seq data  

from 51619 isolates 

Drug 

Collected data  Number of studies 

loci of 

interest 

Total # of 

isolates 

Isolation 

time frame 

Represented 

countries 

 
Screened Included 

Rifampicin rpoB 13031 1999-2014 37  459 95 

Isoniazid katG 11847 

1992-2014 42 

 

650 127 

inhA-mabA 9407  

furA 361  

mshA 288  

Ethionamide, 

prothionamide 

inhA-mabA 346  

ethA 181  

mshA 117  

Ofloxacin gyrA 5911 

1991-2013 36 

 

243 75 

gyrB 3078  

Moxifloxacin gyrA 1019  

gyrB 735  

Levofloxacin gyrA 449  

gyrB 218  

Pyrazinamide pncA 4949 1990-2014 36  378 81 

Streptomycin rpsL 3263 

1985-2013 43 

 

423 104 

tap 0  

rrs 2598  

whiB7 0  

gidB 812  

Amikacin rrs 2105  

Capreomycin rrs 2533  

tlyA 1854  

Kanamycin rrs 1727  

tap 56  

eis 2029  

whiB7 56  

 



GRADING OF MUTATIONS BASED ON 
TODAY KNOWLEDGE 


