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DISCLAIMER

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

The content Is based on my personal view and
R2Say Qi NBF{SOU lye 27FF

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




OUTLINE

ARole of LPAlin the initial management of MDR
patients

ADST for new drugs

ANew and future molecular tests for diagnosis of
MDR TB
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ALTERNATIVE REGIMENS FOR MDR TB/ REGIN?IE
WITH NEW DRUGS

OSPEDALE SAN RAFFAELE

Theshort MDR-TBregimen

The use of delamanid in the treatment of
multidrug-resistant tuberculosis in children
Regimen composition
4-6 KmMfx-Pto-CfzZ-Hhigh-dose E /5 Mfx-CfzZ-E

Interim policy guidance: 2016 Update

Guideline Development Group
Report

CRITERIA: Do any of the following apply ? Meeting
¥ Confirmed resistance or suspected ineffectiveness to a medicine in the shorter MDR-TB
regimen (except isoniazid resistance)

v Exposure to >1 second-line medicines in the shorter MDR-TB regimen for >1 month
¥" Intolerance to >1 medicines in the shorter MDR-TB regimen or risk of toxicity (e.g. drug-drug
interactions)
v"  Pregnancy
v Extrapulmonary disease Th B us e 0"
v At least one medicine in the shorter MDR-TB regimen not available in the programme

bedaquiline in
the treatment of
multidrug-resistant

- -

NO YES

FAILING REGIMEN, DRUG INTOLERANCE, . )
RETURN AFTER INTERRUPTION >2 MONTHS, Individualised
SL LT I LG R EL B EMERGENCE OF ANY EXCLUSION CRITERION (“conventional”)

MDR/RR-TB regimens

Intensive phase
Duration: 4-6 months
Composition: 4 second-line drugs

Continuation phase
Duration: 5 months
Composition: 2 second-line drugs

Supported by selected first-line TB drugs

Intensive phase
Duration: Up to 8 months
Composition: 4 or more second-line drugs

Continuation phase
Duration: 12 months or more
Composition: 3 or more second-line drugs

Supported by selected first-line TB drugs

tuberculosis

Interim policy guidance



PHENOTYPIC METHODS ARE UNSUITAB
FAST SCREENING

A Phenotypic methods Require a positive culture
Require appropriate infrastructure
Require technical capacity
Require fast and temperature
controlled referral of samples

containing class 3 microorganisms

To oo o T

Time to DST using solid culture

y A Standardization issues:
V Media
Time to DST using liquid culture V' Critical concentration
¢ v A Mechanism of action non compatible
S | 9AGK GAy GAGNR GSa
>60 A Cost

A Time to results
Average contamination rate in low resources settings: A .
o uality of results
15-35%liquid culture Q y

1-15 solid cultures




WHOENDORSHBPOLECULAR
TOOLS

Specimen Free DNA | | DNASSTRIP® with specific probes

DNA |
extraction

L)
DNA Isolation
o
L/ Reverse
3 hybridization -
——— Evaluation

. i
T o

DNA*STRIP®with ensuing color
formation

A GenotypeMTBDRIus NIPRO NTM+MDRTB, Genoty
MTBDRIusV2: TB, RIR (poB) and INHR katG, inhA)

A GenotypeMTBDRIV2: TB, F@ @yrA gyrB and SLID
R (rs, ei9



ROLEOF SLPA IN THE
MANAGEMENT OF MDR
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OSPEDALE SAN RAFFAELE

All patients with rifampicin-resistant TB or MDR-TB

SL-LPA: Resistanceto FQ,
SLID, or both detected

l

.

*Initiate treatment with second-line
regiment
*Refera specimen for SL-LPA?

sInitiate individualised MDR-TB treatment
based on S5L-LPA results and considering use of
new drugs and later generation
fluoroquinolone

*During treatment monitoring, any positive
culture suggestive of treatment failure should
undergo phenotypic2™ line DST, if available.
Review treatment regimen based on
phenotypicDST results

SL-LPA: Resistance NOT SL-LPA
detected to both FQ and SLID indeterminate

l l

*|nitiate patient on the shorter MDR-TB treatment regimen if patient
meets criterial

*If not eligible, initiate an individualised MDR-TB regimen in
accordance with national guidelines

*In settings with high underlying prevalence of resistance to FQs or
SLIDs or for patients considered at highrisk of resistance, refera
specimen for culture and phenotypic2™ line DST

*During treatment monitoring, any positive culture suggestive of

Review treatmentregimen based on phenotypic DST results

treatment failure should undergo phenotypic 2™ line DST, if available.




DISCREPANCIES GENOTYPIC/PHENOTY

AOperator related:
ATrivial errors
Alnterpretation

AProtocol related:
AMedia
A Critical concentrations

Aeteroresistance |

ALack of knowledge
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MAIN LOCI ASSOCIATED TO DRUG RESI

OSPEDALE SAN RAFFAELE

Drug Gene name Gene locus References
Amikacin (rrs MTB000019 Maus 2005 (15673735; 16048924); Reeves 2015
Capreomycin MTBO0O0019 Maus 2005 (15673735; 16048924); Reeves 2015
tlyA Rvi694 Maus 2005 (15673735; 16048924); Johansen 2006
Kanamycin tap RvI258¢ Koser 2013; Reeves 2013
@ MTBO0O0019 Maus 2005 (15673735; 16048924); Reeves 2015
@ Rv2416¢ Zaunbrecher 2009
whiB7 Rv31974 Koser 2013; Reeves 2013
Streptomycin rpsl Rv0682 Finken 1993
tap Rvi258c Koser 2013; Reeves 2013
rrs MTB000019 Finken 1993
whiB7 Rv31974 Koser 2013; Reeves 2013
gidB Rv3919¢ Okamoto 2007; Wong 2011
Levofloxacin @ Rv0006 Takiff 1994; Nebenzahl-Guimaraes 2014
(S Rv0005 Kocagiz 1996; Nebenzahl-Guimaraes 2014
Ofloxacin Rv0006 Takift 1994; Nebenzahl-Guimaraes 2014
% Rv0005 Kocagdz 1996; Nebenzahl-Guimaraes 2014
Moxifloxacin Rv0006 Takiff 1994; Nebenzahl-Guimaraes 2014
% Rv0005 Kocagoz 1996; Nebenzahl-Guimaraes 2014
Isoniazid mshA Rv0486 Vilchéze 2008; Vilcheze 2011
JabGl Rvi483 Ando 2014
@ RvI484 Banerjee 1994; Kapur 1995; Nebenzahl-Guimaraes 2014
@ Rv1908¢ Zhang 1992; Ando 2011; Nebenzahl-Guimaraes 2014
Sfurd Rv1909¢ Ando 2011
ethionamide mshA Rv0846 Vilchéze 2008; Vilcheze 2011
JabG1 RvI483 Ando 2014
inhA RvI484 Banerjee 1994; Nebenzahl-Guimaraes 2014
ethA Rv3199¢ DeBarber 2000; Dover 2007; Gopal 2015
prothionamide mshA Rv0846 Vilcheze 2008; Vilcheze 2011
JabGl Rvi483 Ando 2014
inhA Rvi484 Banerjee 1994; Nebenzahl-Guimaraes 2014
ethA Rv3199¢ DeBarber 2000; Dover 2007; Gopal 2015
Pyrazinamide pneA Rv2043c Scorpio 1996
Rifampicin (poB) Rv0667 Telenti 1993; Williams 1998; Schén 2013

> Includedin LPAHainMDRplusandsl|
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Knowledge of local pattern
of mutations helps in the
Interpretation of data
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FLUOROQUINOLONES "\

OSPEDALE SAN RAFFAELE

No. of isolates No. of isolates wit No. of isolates  No. of isolates with| No. of isolates No. of isolates with
ayrA gyrB witi1 resistant .susceptible with resistant susceptible with resistant susceptible Mut_class  Mut_class_|

phenotype (OFX phenotype (OFX phenotype phenotype phenotype phenotype OFX MFX

(MFX 0.5pug/mL)  (MFX 0.5pg/mL) | (MFX 2.0pg/mL) (MFX 2.0ug/mL)
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 + Asp94As WT 1 0 1 0 1 0 High High
Ala90Val + Asp94GI 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

OFX (R 30, S 168Ens93.3%, spec 98.8%
-X05 (R 27, S 163ENns88.9%, spec 96.3%
MFX2 (R 8, S 182ens100.0%, spec 87.9%

<

Mutation analysisWHO andCountries in submission
Mutation classificationMiotto et al, in submission
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SECONDINE INJECTABLE DRUGS N

OSPEDALE SAN RAFFAELE

‘ rrs sequencingor AMK and CAP
rrs and eissequencingor KAN

Ng. of is_olates No. of isolates N(_). of is_olates No. of isolat_es with Nc_:. of is_olates l\_lo. of isolat_es
s cis with resistant with susceptible with resistant susceptible with resistant with susceptible |[Mut_class Mut_classMut_class |
phenotype henotvoe (AMK phenotype phenotype phenotype phenotype _KAN _AMK CAP
(AMK)  Phenotype ( (CAP) (CAP) (KAN) (KAN)

al40lg - 21 2 21 2 - - High High
al4a0lg WT - - - - 22 0 High
al40lg 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

AMK (R 24, S 158ens87.5%, spec 98.7%
CAP (R 22, S 155gns95.5%, spec 98.7%
KAN (R 30, S 158Ens93.3%, spec 82.8%

Mutation analysisWHO andCountries in submission
Mutation classificationMiotto et al, in submission



Emerging Bacterial
Pathogens Unit

RIFAMPICIN \

OSPEDALE SAN RAFFAELE

Nq. of is_olates I\_Io. of isola’;es Mut class
rpoB with resistant | with susceptible RIF |
phenotype (RIF phenotype (RIF)
Asp435GIu + His445A 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
Leud430Pro 0 2 Minimal
Ser450Leu 49 2 High
Ser450Trp 1 0 High
TOT 88 7

RIF (R 93, S 98kns94.6%, spec 92.8%

Mutation analysisWHO andCountries in submission
Mutation classificationMiotto et al, in submission



Emerging Bacterial
Pathogens Unit

ISONIAZID \

OSPEDALE SAN RAFFAELE

. No_. of isolates with No. of isola'ges Mut class
katG inhA resistant phenotype with susceptible INH |
(INH) phenotype (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-8¢ 18 0 High
WT c-15t 2 0 Moderate
TOT 116 0

INH (R 118, S 73ens98.3%, spec 100.0%

Mutation analysisWHO andCountries in submission
Mutation classificationMiotto et al, in submission
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PYRAZINAMIDE )

OSPEDALE SAN RAFFAELE

No. of isolates with No. of isolates witF
pncA sequencing| resistant phenotype susceptible Mut';g:ss_
(PZA) phenotype (PZA)
a-11g 3 0 High
Alal02Pro 1 0 NA
Alal02Thr 1 0 NA
Asp49Asn 1 0 High
Asp49Gly 23 1 High [Wayne pos, mut dp
Glu37Stop 1 0 High
GIn10Arg 1 0 Moderate)
His51GIn 1 0 High
His137Asn 1 0 NA
His57Asp 5 0 High |No M. bovis
11e133Thr 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
Leul72Pro 5 0 High
Met175lle 0 2 ModeratelWayne neg
Met175Thr 1 0 High
Met1Thr 1 0 NA
Pro62Leu 2 0 High
Trp68Gly 9 0 Moderate]
Thrl42Met 1 0 High
Val7Ala 2 0 NA
Val7Gly 2 0 High
3

PZA (R 83, S 114Ens97.6%, spec 97.4%

Mutation analysisWHO andCountries in submission
Mutation classificationMiotto et al, in submission



HOW TO INTERPRET LPA: PRESE’N
- OF MUTATED BANDS

Alf a MUT band iglentified the strains has some
degree of resistance

ATo be excluded:

Arandomerrors
A crosscontamination

Koseret al 2017



HOW TO INTERPRER FOR FQS: %~

ABSENCE OF WILD TYPE BANDS ..

AfaNB aAadl vy Okaged dndhe Abgehcd NN
a WT bandthere are three possibllities:
ATrue resistance (G88C, G88A, D94Y (probe 3C)
A Synonymous mutations
Anon-synonymous mutations that do not cause resistance

Thesecases are rare globally but can be frequent in
certainsettings

Koseret al 2017 AAC



FALSIPOSITIVELUOROQUINOLON
RESISTANCE RESULTS Wi

ADouble mutations irgyrApreventing the binding of
the WT2 probe
AAcd GecT80A+ gCdgGgA90G

Alndependent studies havdemonstrated that these
double mutations do not confer resistance to any of the
four fluoroguinolonesused for TB

APossible hypersensitivity to FQs
ALinked to specific geographical areas

ASynonymous mutations:
AgcGgcAA90A
AatQatTI91l ce

Koseret al 2017 AAC
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BURNING QUESTIONS

AHow do you handle a SL LPA negative reigult
settings with high burden of MDR?

A When phenotypidSTis needed taconfirm
susceptibility given sensitivity of SL 4PA

AWhat further diagnostic workup is needed for &L
LPA positive restit

ACan we make prediction based on the different
mutations?
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LPA INTERPRETATION ALGC)RITHI\/I§>

OSPEDALE SAN RAFFAELE

Absence of WT NG
mutated probe

Treat as Resistant

Confirm by
sequencing

Synonymous
Presence of DR mutations/mutations
conferring mutation NON conferring
resistance

Confirm therapy Revise therapy

-~

-

Phenotypic DST

known breakpoints

~

Interpretation based or

J

Revise therapy i
necessary

f

Additional test:pncAsequencing

1
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LPA INTERPRETATION ALGORITHM -~

Absence of WT WIT
mutated probe

Evaluatehe mutation
and the gene involveq

Treat as Resistant

Proceed to phenotypig
DST if low confidencs
mutations

Revise therapy based
DST if necessary

Wild-Type pattern no
mutations inpncA

Treat as MDR

Consider short regime
when applicable

Proceed to phenotypig

Revise therapy based
DST if necessary




Alf no evidence of a 'resistance' mutatiorfasind:

AThe isolate is sensitive:

A Sensitivity and specificity varies in different settings and for
different drugs
AThe isolatecan still be resistant because the mutation in
guestion might have been below the lirof-detection
of the assay (i.e. loMirequency hetereresistance

AThe isolate can still be resistamtcauseof mutations in
other regions
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CONFIDENCE THRESHOLD FOR IDENTIFICAYIO

OSPEDALE SAN RAFFAELE

Thresholds adopteda@videnc#vased medicine have been adapted to grade
M. tuberculasigtations

Adapted thresholds for the ReSeqTB

LR - OR Interpretation
High Confidence for resistance 8 L ar ge 1
2a8e %10 isolates evaluated and conclusive evidence that 1

mutation confers drug or is associated with resista
Moderate Confidence for resistance 8 Mo d e r 3
5)X.. <10 evidence that the mutation confers or is associated
drug resistance; additional data desirable
Minimal Confidence for resistance 8 | nc on
@ 1>K..<5| evidence that the mutation confers or is associated
drug resistance; substantial additional data requir

No confidence of associatiod No evi d
association between mutation and drug resistang

@ <1

ease

Indeterminate - no statistically significant threshold reached
additional data required

® ReSeqTB

Relational Sequencing TB Data Platform
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Dataset \

OSPEDALE SAN RAFFAELE

Collected data Number of studies
Drug loci of Total #of  Isolation Represented S
. : . : creened Included
interest isolates time frame countries

Rifampicin rpoB 13031 19992014 37 459 95
Isoniazid katG 11847

inhA-mabA 9407

furA 361

mshA 288 19922014 42 650 127 Dataset:
Ethionamide, inhA-mabA 346
prothionamide ethA 181

mshA 117 - 11 drugs
Ofloxacin gyrA 5911 _

gyrB 3078 18 genes
e SR S wemswmw | e
Levofloxacin gyrA 449

gyrB 218
Pyrazinamide pncA 4949 19902014 36 378 81
Streptomycin rpsL 3263

tap 0

rrs 2598

whiB7 0

gidB 812
Amikacin res 2105
Capreomycin (s 5533 19852013 43 423 104

tlyA 1854
Kanamycin res 1727

tap 56

eis 2029

whiB7 56

© O ReSeqTB

Relational Sequencing TB Data Platform



GRADING OF MUTATIONS BASED
TODAY KNOWLEDGE



