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DIAGNOSTIC METHODS USED IN THE ANALYSIS
OF M.TB SAMPLES

PHENOTYPIC DST GENOTYPIC DST

Reference standard for some Rapid assessment of drug
drugs, not all resistance mutations against key

first-line anti-TB drugs

« only identify common drug

- significant delays in diagnosis resistance mutations in few gene

(requires a minimum of 2 weeks)

targets
« force suboptimal and empirical « Only limited number of mutations
treatment evaluated

Nimmo et al., 2017 ; Cabibbe & Cirillo, 2016; Outhred et al., 2015 Soundararajan et al.,2020; Nimmo et al., 2017; Outhred et al., 2015



NEXT GENERATION SEQUENCING

(NGS) WORKFLOW
[ \

WHOLE GENOME S‘LEQUENCING (WGS) TARGETED NGS (tNGS)
v
CLINICAL SPECIMEN (SPUTUM) o
{ | \ Clinical sample
FROM CULTURE DIRECTLY FROM SPECIMEN v
' i) Inactivation and DNA extraction
Specimen inactivation and \
MGIT iulture DNA extraction PCR amplification of targeted
Culture inactivation and v FEEIONS
DNA extracti PR v
extraction V Library preparation
\ MTB enrichment '
Library preparation (biotinylated RNA baits / Myco Cap) Sequencing
\ \
Sequencing Library preparation
‘1' . Cabibbe et al. 2016 Macedo et al., 2023;
Sequencing

Soundararajan et al.,2020 5



NEXT GENERATION SEQUENCING
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WHOLE GENOME SEQUENCING FROM MGIT CULTURE

powerful tool for epidemiological and drug-resistant Next Generation Sequencing-based
Algorithms in Anti TB Drug Resistance

routine surveillances Surveillance - 2020

offers a rapid and simultaneous screening of all the

surveillance of
drug resistance
in tuberculosis

clinically-relevant mutations 7 Guidance for the

support the conventional contact tracing for

epidemiological studies with high discriminatory power

ensure the required high DNA quality and quantity

(.
L 2

performed on genomic DNA from primary culture samples K@%

(2-3 weeks growth period)

{} World Health
Organization

may cause loss of clonal diversity

Lozano et al,, 2021; Soundararajan et al.,2020; Cabibbe & Cirillo, 2016



WGS:TOOL FOR CROSS BORDER CLUSTERS EVALUATION

Figure 1: Whole genome sequencing coverage

Table 1: Country contribution to cross-border clusters )
of reported RR/MDR-TB cases in European

Country RR/MDR-TB cases Percentage Percentage of clustered 1 H

in cluster among clustered RR/MDR-TB cases among Un|0n/EurOpean economic area’ 2018
(N) strains submitted ones (N=2,217) -

Austria 9 2.8 36.0 W 90-100%

Belgium 5 1.6 26.3 B 70-89%

Bulgaria 6 1.9 9.2 B 50-69% %ﬁ

Croatia 0 - -

Czech Republic 6 1.9 24.0 W 30457

Denmark 0 - - . na.

Estonia 5 1.6 7.6

Finland 2 0.6 22.2

France 11 3.5 11.1

Germany 40 12.7 16.3

Hungary 2 0.6 9.1

Ireland 3 0.9 13.0

Italy 38 12.0 29.9

Latvia 3 0.9 3.5

Lithuania 43 13.6 24.0

Netherland 5 1.6 20.8

Norway 1 0.3 10

Poland 7 2.2 7.1

Portugal 0 - -

Romania 101 32.0 11.7

Slovakia 2 0.6 25.0

Slovenia 0 - -

Spain 9 2.8 13.6

Sweden 8 25 32.0

UK 10 3.2 12.3

Total 316 100 14.3

a A cross-border cluster is defined as two or more RR/MDR-MTBC isolates having a SNP
difference <5, and isolated in at least two different countries.

S

EUSeqMyTB,

Tagliani et al. ERJ 2019



EUSegqMyTB: cross border clusters

Cluster | Number of | Lineage WGS-based drug resistance profile (gene;
name strains in classification | mutation; number of strains with mutation)
cluster

snpCL1

snpCL1 30 4.8 R-R (rpoB; S450L; n=30);

H-R (katG; S315T; n=30; inhA prom; c-15t; n=30);
E-R (embB; M306; n=30);

Z-R (pncA; A146V; n=30);

FQ-R (gyrA; D94Y; n=11; gyrB; A504V; n=3);
BDQ-R (Rv0678; large deletion; 5/30)

snpCL3 16 4.6.2 R-R (rpoB; S450L; n=16);

H-R (katG; S315T; n=16);

E-R (embB; M306l; n=16);

Z-R (pncA; W68C; n=16);

CAP-R (tlyA; N236K; n=16);

snpCL8 12 4,2.2 R-R (rpoB; S450L; n=12);

H-R (katG; S315T; n=12);

E-R (embB; G406A; n=12); ﬁ
Z-R (pncA; T76P; n=12); i

R: rifampicin; H: isoniazid; E: ethambutol; Z: pyrazinamide; FQ: fluoroquinolones; BDQ: bedaquiline; CAP: capreomycin; R: resistance; n: numbers.
All strains were isolated between 2017 and 2019.

Tagliani et al. ERJ 2019 9



XDR Cluster

a) P01-P10 b)
P11
2016 2017 2018 2020
4 P12
P14
P15
P13
\.
Index case
P10
Workers in the nightclub
Client "‘u\Client
Same household -
Epidemiological links SNP-based clustering P11 P12 P08
=== (ontact at workplace Isola.tes with 0 SNPs distance
Confirmed epidemiological link St e Sane caiolies

"""" Probable epidemiological link Isolates with =1 SNPs

Nationality distance to each other Diagnosed at Rome Contactof

O Italian Drug resistance Lost to follow-up MDR-TB

O Foreign-born #  XDR-TB Unknown lfomans

epidemiological link

FIGURE 1 a) Spatial and b) temporal distribution and description of epidemiological links of clustered tuberculosis (TB) cases. MDR: multidrug

resistant; XDR: extensively drug resistant; SNP: single nucleotide polymorphism.
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WGS data submission

« ECDC upload app
« Bionumerics plugin
 ENA/SRA identifiers

ECDC Bionumerics client plugin

Hows touse Features

»  Downlosdand install the plugin, see link below # R uines Shorearrerics wnd that eithar

v Repdtre meral and cordipore dets rapping from your detsbase fo TESSy, Bt f S i accassion of assamblias ara
persoral support is gty bl e tregu gh te BODC PR mpilko storad o the Beoeesrrercs database

= IF raw reads ane poing o B= submitied theouph ENESEE, st up ENASAA +  Sienpdoiapdoad prooees
duts submission and make the idendtifiers pumilable Inyor Blionume rics * Cam uploed sccemnibdicg and B/ SR8
dedpkbase, Support avallpble fromECDE and froen BE8s0E0 idantifiarsto TESSy

= Siart uploscing cata acoording to e reporting prodocol

> - >> mappings >> uplaad

#  Cam not shara resy reads teaugh SFTP
+  Camnot submit data to ENASSAA

| Bionumenics |— Tessy |
| Emcalfesw/Ums |—= EMaSSRA |

Options for WGS data upload

Haowr to use

ECDC WGS upload application

Features

4+ Downlosdand install theeapplication, sad link Esb

+ Aot maral and ooedipora the data uploed for sach patiogan, parsoeal
suppon & svaillabla treough thea ECOT FUAD madlibos [TwdPecd e aurogpa.aul

+  Configuredata ivgsortymapping from Excedcay, ywour LINE. systam, of setar -

data diretly

+  Start uploadieg ina few clicks aooording bo the negorting proboool
+  Tre dascriptive data are submittad to TESSy ondy, e WAGS rasdsfassambly & E
subimittad to the salacted systens)

D D i

Sirgglia-click

EC{SC

Lo e
s e
ELES Ay

Can be condipured to iImport cata from
detabases or bocal files [Py 500, S0L Sarver,
Sl e, Excel, cov)

Configure crdy onee, wingle click uplosd
Can uplosd pemamiblies {0 TESSy and 5FTR,
raw reads io SFTP and EM& {configurable)
Cata sharing trenugh 55T s ENE

@y{ TESSy |
N

upload

> [ ecelicauruns | .

{ e |

Direct TESSy submission — manual or machine-to-machine

How to use

Features
v TESSy data, mchadieg EE SR identdiers and Baeedd-encoded prg- "
compressed FASTE i avallsble arepaat imto 3 oo fille {mareal uplosd) or an
TESSY WAL Fille | rmgschiimes— bor mschime|
= The= baich i3uplosdedand sperovesd manuslly throwgh TESSy {oov] or throwugh
Hrem TESSY pppilicy bicem im e ripes | XBAL)
»  Perscral support and a lava oeary for rmachine-io-rmachine implementation
13 avall sbde through the EODC FAWD mallbod Fud @ecde sorops =y For
maschire-bo- machire sobations, 5F TR upload can also be mplemerded,

Con uplosd pmarnindias ynd EYE M558
Identifiersio TESSy

Merral uplosdis ey to =t up but
iy s recwrrieg mareal work

B e bo- migchimes uploo d raguires
devalopenand but erables high levedsof
wainmation

= EMa/sRa |
LIBAS.
Uploed and sFTP |
HML:"m' approvde
Stréc duscrigtive data, Eln-rnn:m;d:nndnhhﬂl Suppaort:
Termporan fwdBecde ruroga, ey

WS assamblias, linksto hmm:ﬂ matadata indafindaly. :.L:ml oo | e ek
E%A /S84 or o filas iy Duta hava bo svantually b e .
submitied treough SFTR. Co mle b weved for date mads public [Enersdiateky Toarozmi—be Iy o e, ey T I
Lisa=s Bioriuimianecs Tar T P riiaets ara Feot aloo s rad n=Tech v b uiadel i
walysic trenugh SFT9)



Flusso ceppi

Continua la raccolta di MDR-TB da inviare alla attenzione di

« E. Borroni o DM CIRILLO Ospedale San Raffaele

* borroni.emanuele@hsr.it

Dopo sequenziamento I Fastg saranno disponibili per chi li richiede
Saranno depositati mensilmente su EPIPULSE

Nel caso Fastq siano gia disponibili contattare

« Spitaleri.andrea@hsr.it

OSR trasferira I fastg insieme a quelli sequenziati da OSR dopo controllo di qualita

12
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Drug-resistant

Groups and steps Medicine Abbreviation
Levofloxacin or Lfx
Group A: rmoxiflowxacin kAT
Include all three medidnes Bedaguiline®* Bdqg
Linezolid® Lzd
Clofazimine Cfz
Group B:
Add one or both medicines Cycloserine or Cs ‘ 1Co
terizidone Trd .
tuberculosis
Ethambutol E
Delamanid® Dlm Module 4: Treatment
Pyrazinamide' Z Drug-resistant
i i i tuberculosis treatment
Group C: Irmipenerm—cilastatin Ipm—Cln R
) OF meropeanem? M prm 2022 update
Add to complete the regimen and when
medicines from Groups A and B cannot be used Armikacin Am
[or streptormyecin)” (%)
Ethicnamide or Eto
prothionamide’ Pto

P-aminosalicylic acid PAS

Section 1. The 6-month bedaquiline, pretomanid,
linezolid and moxifloxacin (BPaLM) regimen for
MDR/RR-TB (NEW)

1.1 Recommendation _
No.

Recommendation

11  WHO suggests the use of a 6-month treatment regimen composed of bedaquiline,
pretomanid, linezolid (600 mg) and moxifloxacin (BPaLM) rather than the 9-month or
longer (18-month) regimens in MDR/RR-TB patients.

(Conditional recommendation, very low certainty of evidence)

‘‘‘‘‘‘

TO
¥ %

A
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Rapid approved molecular assays for MDR-TB cases

Table 2. Possible Test Results for Each Target in the Xpert MTB/XDR Assay

oxyR- ahpC intergenic region

NA

-5 to -50 intergenic (or -

Capreomycin

eis promoter

NA

Ethionamide inhA promoter? NA -1 to -32 intergenic
Fluoroquinolones | %’ A 87-95 261-2685

gyrB 531-544 (or 493-505)'<"* [1596-1632
Amikacin, s NA 1396-1417
Kanamycin,

-6 to -42 intergenic

a. The absence of mutations in the inhA promoter region does not exclude ETH resistance. Mutations conferring ETH re:
reported to be present in genomic regions not targeted by the Xpert MTB/XDR assay.15

Targets specific mutations in the
QRDR of gyrA (from codon 85 to 96)
and of (from codon 536 to 541)
genes for detection of resistance to
fluoroguinolones and the rrs (nucleic
acid position 1401, 1402 and 1484)
and the eis promoter region (from -
37 to -2 nucleotides upstream) for

detection of resistance to SLI drugs.

Flueroguinolone

Amikacin

Kanamycin

Drug Class Result Call
INVALID/ERROR/NO RESULT
Table 3. Drug resistance determining regions targeted interrogated NA
Drug Gene Target Codon Regions Nucleotid
inhA promoter NA -1 to -32 intergenic
Isoniazid katG 311-319 939-957
fabG1 199-210 597-630 Isoniazid

INH Resistance INDETERMINATE

FLQ Resistance INDETERMINATE

AMK Resistance INDETERMINATE

KAN Resistance INDETERMINATE

Drug Class

Capreomyein

Ethionamide®

Result Call

CAP Resistance INDETERMINATE

a.  Ethionamide will not provide an indeterminant by assay design.

2 Amplification Control
3 M. tuberculosis complex TUB
4 gyrA Locus Control gyrA
5 gyrAwild type probe 1 gyrA WT1
6 gyrA wildtype probe 2 gyrA WT2
7 gyrAwildtype probe 3 gyrA WT3
8 gyrA mutation probe 1 gyrA MUT1
9 gyrA mutation probe 2 gyrA MUT2
10 gyrA mutation probe 3A gyrA MUT3A
11 gyrA mutation probe 3B gyrA MUT3B
12 gyrA mutation probe 3C gyrA MUT3C
13 gyrA mutation probe 3D gyrA MUT3D
14 gyr8Locus Control gyr8
15 gyr8wildtype probe gyr8 WT
16 gyr8 mutation probe 1 gyr8 MUT1
17 gyr8 mutation probe 2 gyr8 MUT2
18 rrs Locus Control rrs
19 rrs wild type probe 1 rrs WT1
20 rrs wild type probe 2 rrs WT2
21 rrs mutation probe 1 rrs MUTL
22 rrs mutation probe 2 rrs MUT2
23 eis Locus Control eis
24 eis wild type probe 1 eis WT1
25 eis wild type probe 2 eis WT2
26 eis wild type probe 3 eis WT3
27 eis mutation probe 1 eis MUT1
p—{ Colored marker

http://www.who.int/iris/handle/10665/246131.

€ abwrng srmeemd ——

il e 3w ol -

Month

9 10 11

——  Bedaquiline

High-dose isoniazid

Ethionamide/
prothionamice

Levofloxacin

Clofazimine

Pyrazinamide

Ethambutol

14



WGS DIRECTLY FROM CLINICAL SAMPLES (SPUTUM) &

STRENGTHS

« reduce delays in case detection and

characterization of susceptibility profiles

 generate a complete genetic drug

CHALLENGES

presence of large amounts of accompanying DNA
requires enrichment procedures for high coverage
often hampered by poor quality

limitation on degree of confidence for resistance

detection

resistance profile

« retains minority variants present in the

clinical sample

« improves turnaround time for prompt .

appropriate treatment

EMPLOYED SOLUTIONS

selectively eliminating the human DNA present in

the clinical sample

using MTB DNA enrichment systems, e.g., specific
biotinylated RNA baits, in-house DNA capture
platform (Myco Cap)

Lozano et al,, 2021; Soundararajan et al.,2020 ; Cabibbe & Cirillo, 2016

qO2
2, = 2
A
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¢7@%Y, World Health
7 Organization

o |l " -l#‘]
) o el
-1#-.-"";.-

Use of targeted next-generation sequencing
to detect drug-resistant tuberculosis

Rapid communication, July 2023

BAvailable evidence supports the use of targeted NGS to detect drug resistance after TB
diagnosis, to guide clinical decision-making for drug-resistant TB treatment

— Not a replacement of WRD, can be alternative especially where comprehensive DST is
required

B Targeted next-generation sequencing was found to be accurate
B Targeted next-generation sequencing was found to be cost-effective depending on context

B Targeted next-generation sequencing was found to be acceptable and implementable under
routine conditions, despite inherent complexity




NGS technologies

WGS workflow for management of NTMs

SRS LRS

Low
s Ref ——r 7 1 coverage in
0233,'22 R R repetitive
’ B == regions
_— (41/169) i m
" DNALibefary
High-coverage preparation
Variant Calling to overcome
Comparative Analysis error rate "
AVTVUGVGTTVIN
Long read
Whole Genome sequencing

Drug Resistance

a®

High number
of contigs
De Novo Assembly Identification of known NTM species Genome reconstruction for identification of
LOW NG 50 Detection of resistance associated mutations new species
Molecular epidemuciogical analysis

Di Marco et al, Front Microbiol 2023; Ghodousi A, 2023




NEBPU

First WHO catalogue of DR mutations in MTBC &%

Building components:
1.High quality phenotypic DST data

2.High quality, standardized WGS for generating unbiased raw sequence data Catalogue of mutations in

CRyPTIC Consortium complex and their association

ReSeqTB with drug resistance
WHO Surveillance Program Contributors

Multinational TB researchers
Public Health Bodies

5-49

38k pDST/WGS matching data (QA/QC passed) from

B so00 - INEIE P 3
e o >40 countries
K- AMI, BDQ, CFZ, DLM, EMB, ETH, INH, LEV, LZD, MXF, PZA, RIF, STM (CAP, KAN) \
3.A standardized bioinformatics pipeline for variant detection and annotation \

) E-E-=

) . ‘%‘ﬁ World Health
v https://github.com/igbal-lab-org/clockwork E2/ Organization
Remove Trim reads Variant cal
(o) ) () o{mm) 2

4.A standardlzed and validated methodological approach for associating genotype-phenotype

o Identification of “solo” mutations (i.e. single mutations within a set of genes of interest that
best explain the observed DR phenotype, once neutral mutations have been excluded)

o Data-driven grading based on odd ratio and associated p-value, and PPV 95% ClIs

o Additional criteria based on literature evidence and expert rules

1200 variants associated with resistance
246 variants associated with no resistance



https://github.com/iqbal-lab-org/clockwork

WHO catalogue V2

D Dataset Previous catalogue Current catalogue Variation
Mg PAlSSEl rotal %R (95%Cl) Total %R  (95%Cl) Change %R . )
RIF  WHO 27063 249 (244-254) 35401 326 (321-331) 31 Incresead geographical representation
ALL 34375 287 (28.2-292) 47730 353 (34.9-35.8) 23
INH  WHO 26727 316 (31.0-321) 34881 385 (38.0-390) 22 Increased number of genomes: from 38 to
ALL 34437 354 (34.9-359) 48706 43.0 (42.6-43.5) 21
EMB  WHO 23706 152 (14.8-157) 33240 198 (19.4-20.3) 30 ]
ALL 30708 160 (155-16.4) 45515 21.0 (20.6-21.3) 31 53.000!
PZA  WHO 15003 146 (14.1-152) 19889 191 (18.6-19.7) 30
ALL 15002 146 (14.1-152) 21319 208 (202-21.3) 42
LFX  WHO 10305 19.6 (18.8-20.4) 12441 22.0 (21.3-22.7) 12 e Tncreased percentages Of resistant strains
ALL 18277 17.0 (16.5-17.6) 27576 213 (20.8-21.8) 25
MFX  WHO 6904 158 (150-16.7) 8439 208 (19.9-21.7) 31
ALL 13351 14.0  (13.4-14.6) 22783 177 (17.2-182) 2 for new/repurposed dl"UQS
BDQ  WHO 88 34 (0.7-96) 2165 417 (39.6-43.7) 1122 o
ALL 8321 09 (07-1.1) 14135 73 (6.9-7.8 736 e Tncreased sensitivity for Bd, Cz, L, DLM
LZD  WHO 1131 08  (04-15) 6825 20  (1.7-2.3) 152
ALL 11018 11 (0.9-1.3) 18010 21 _ (1.9-23 86 . .
CFZ  WHO 3635 06 (04-09) 5027 43  (3.74.8) 576 No data on pretomanld
ALL 10179 12 (1.0-15) 14904 45  (4.2-4.9) 270 i
DLM  WHO 89 22 (03-79) 575 94 (1-118) 318 « Evaluation of more relaxed rules for
ALL 7778 14 (0.8-1.3) 11803 21  (1.9-24) 103
AMK  WHO 8040 83  (7.7-89) 8958 125 (11.9-13.2) 52 mterpretatlon aSSOCIatEd tO mutat|0n5
ALL 16978 7.6  (7.2-80) 24710 100 (9.7-10.4) 32
STM  WHO 0043 283 (27.4-29.3) 19747 39.3 (38.7-40.0) 39 . .
ALL 13084 331 (324-339) 26166 39.8 (39.2-40.4) 20 targeung non-essential genes
ETO  WHO 2184 405 (38.4-426) 5999 364 (35.2-37.6) 10 _ _ _
ALL 13018 213 (206-220) 20936 250 (244-256) 18 « Epistasis and effect on genetic
KAN®  WHO 7381 93  (8.7-100) 8014 201 (19.3-21.0) 116
ALL 16154 92  (8.7-9.6) 24582 145 (14.1-15.0) 58 : :
CAP*  WHO 9103 7.7  (72-83) 10025 131 (12.5-13.8) 70 lnterpretatlon of DR
ALL 11526 84  (7.9-89) 17716 11.7 (11.2-12.1) 39

Provisional numbers 19



Deeplex Myc-TB

o

o)

<,
s,
a, N
hspé5-based identification best match

Mycobacterium tuberculosis complex

« Single 24-plex PCR
« 18 drug resistance-associated gene

targets comprising Rv0678 for BDQ

c-151

Spoligotype

Beijing - SIT 1

SNP-based phylogenetic lineage .‘C Glaz,,
‘ Lineage 2 (M. tuberculosis) CT1420,
| Gen O‘é\creen

104
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Bedaquiline resistance mechanisms

Efflux

Periplasm

Periplasm c l
ytoplas
BDQ atpkE
T High level
resistance: ATP R
ATP synthase  synthase C chain Upregulation
\J 3 A MmpR
. Transcriptional  §
repression *

s )
mmpL5  —mmpS5 Rv0678

! T

Loss-of-function
Mutation Loss-of-function

- Abolished by mmpL5/55 Mutation
LoF mutations

 Resistance mutations
also in pepQ

* Cross-resistance to
clofazimine

Haseboehrl et al., Front Cell Inf Microbiol, 2021; Guo et al., Nature, 2021; Kadura et al., JAC, 2020

Main resistance
target in clinical
isolates: Rv0678
encoding
repressor of
MmpL5-mmpS5
efflux pump

21



M. tuberculosis Linezolid-resistance associated mutation

mechanism:
C154R (rplC) or G2814T/G2270T (rrl)

Linezolid
Ty 8
N O O
F \_&y_

N
H

Mutated L3(C154R)
50S - Wild type L3

Mutated 23S (G2814T/G2270T)
: 50S - Mutated

22

Klitgaard et al, Antimicrob Agents Chemoter, 2015; Rui Pi et al, Journal of Antimicrobial Chemoterapy, 2019
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Courtesy of P. Supply

Deeplex Myc-TB Deeplex Myc-TB XL

C
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(%ol 4)@1
LN
hsp65-based identification best match
Mycobacterium tuberculosis complex
C-157
Spoligotype

Beijing - SIT 1 '

SNP-based phylogenetic lineage
Lineage 2 (M. tuberculosis)

8
ARt
Spoligotype —gac94aac-DI4N
OO mEREm 0 "agc95acc-595T
EAIS - SIT 1399

SNP-based phylogenetic lineage
Lineage 1.2.2 (M. tuberculosis)

. Single 42-plex PCR
z « 27 drug resistance associated gene targets incl.:
* Single 24-plex PCR - Full ddn, fgd1, fbiA, fbiB, fbiC, fbiD genes for PTM/DLM
« 18 drug resistance associated gene targets - Full Rv0678, atpE, pepQ, mmpL5, mmpS5 for BDQ
comprising Rv0678 for BDQ * Optimized target design for other drugs
« Enhanced limit of detection on paucibacillary samples N,

Geno‘écreen Confidential - Unpublished



OSR report template WGS

Direttore: Dott. Massimo Locatelli

Unita Patogeni Batterici Emergenti
Responsabile: Dott_ssa Daniela Cirillo

Servizio di Medicina di Laboratorio
Ospedale 5an Raffaele
SPEDALE

Protocollo: IT-1187 Allegato al Referto del: NA
Lineage: LAM (433 ) Campione arrivato il: 09-05-2019
Coverage: 1134 Cluster: Isolato MON in custer®
*Database di riferimento includono tutti gli solsti sequenziati presso Emerging Bacterial Pathogens Unit- IRCCS San Raffaele —
Milamo
Pag.1/2
Farmaco Regione Gene Mutazione Interpretazione  Altre Informazioni®**
[aminoac.]
Rifampicina Rw0667 rpoB  Serd50Leu Resistente
o Rv1483 imh4 c-15t . Mutzzione sssociata o bassi livelli di
Isoniazide Rv1908c koG f Resistente resistenza al farmaco isoniazide;
Etambutolo Rv3795 embB Met306lle Resistente
Pirazinamide Rv2043c pncA  Hisd5Arg Resistente
Rv0006 gyrd Glu21Gin - Mutazioni legate al genotipo;
SeraSThr - ArpddbHis (rerBl: Mutazione osservata siz
orochi : in fenotipi sensibili che resistenti: non o
Flu ] "_“:llom Gly2475er Indeterminato sono guindi evidenze che tale mutazione
{WF-'LEV'DFL:I GI'I'SGSASD sia associzta a farmacoresistenza; s
Rv0005 gyrg Argd44iHis raccomanda di eseguire il test fenotipico di
conferma;
L RvnrDl s / L
Amika Sensibil
Mmisacina Tv2416c o _II" ENSIDNe
- RvnrDl  rrs J
Ka
namicina Rv4l6c eis |/
Capreomicina Runr0l s /
P Rv1G94 oyA  (sil)leull
Rv3B5d  ethd |
Etionamide Rv3B55 ethA [ Resistente
Rv1483  inhA c-15t
n Rv1305 aipE | »
Bedaquilina TOETE 7 Sensibile
Delamanid Rv3261 fhid [
Rv3262 fhiB / Sensibile
Rv1173  fliC /

Mod. EEP DMA 10

In case of no mutation,
resistance cannot be excluded

Pag. 272
Rvd07 fgal [
Rv3547  ddn J
Linezolid Rv0701  rpiC / do o
Linezolid B2 ] Jensiile
RvD&78 /
o Sensihi
Clofazimine 19790 ] Sensibile

“" Mutazioni non rilevate; wild-type

§ Pipeline di analisi del genoma: MTBseq. Kohl TA, Utpatel €, Schlewsener ¥, De Filippo MR, Beckert P, Cirillo DM, Niemann 5. 2018.
MTBseq: = comprehensive pipeline for whole penome sequence analysis of Mycobacterium tubercwiosis complax isolates. Peer]
6:e5805 D01 10,7717 /fpeer. 58095

** Eccezioni o wariazioni rispetto slle condizioni standard di analisi MTBseq sono riportste in guests sezione.

“ Il non rilevamento di mutazioni in una particolare regione del genoma {Rv), non esclude [z possibilita di farmacoresistenza per il

relative farmaco.

Milano, 20-05-2019

Mutation linked to low level resistance

Mutation observed among R and S.
No evidence of its role in
resistance.

Phenotypic testing recommended

Phenotypic test for Bd, L, Cl to be
referred id resistance is suspected
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Person diagnosed with TB

RIF or RIF/INH molecular test on smear positive sample

NEBPU

RIF/INHS TB RIF R/TB
Liquid Culture positive oatment.
Treatment: BPaLM
. 6 months
2HRZE/4HR (6 month regimen)
or 2HPMZ/2HPM (4 month regimen WGS T

(FQ)*

* Fluoroquinolone

* Linezolid (LZD)*
NO SNPs IN/DEL / - AV SINPSa) Ny expec
gatgenes

Detected in Detectedin. target SEnes”

TED
CTED

Levofloxacin (LFX), Moxifloxacin (MXF))

BPaL * Amikacin (AMK)*
6-9 months » INH, Ethambutol, PZA (first-line drugs)

Sto
P A

o

| ddjsonalesédantcgradirs@ aadzp O STS

imen




Progetto CCM 2018: Definizione di strategie di controllo della tubercolosi associata ad
HIV in Italia nel contesto di una strategia di eliminazione della malattia tubercolare

1

Ceppi raccolti:

2935
A b
Ceppi Ceppi non
sequenziati: sequenziati ®
2731 (93%) 204 (7%)
o . Y - =N

Ceppi con dati
WGS di qualita

inadeguata =

202 (6,9%)

Ceppi con dati
WGS analizzabili

2529 (86%)

b A

Ceppi esclusi

Ceppi analizzati:

(re-isolamenti)
2513 (85,6%)

16 (0,5%)

a: esclusi a causa di contaminazione, assenza di crescita in coltura, insufficiente quantita
di DNA estratto; (ceppi provenienti esclusivamente da Emilia-Romagna)

b: esclusi perché non MTBc, mixed con altre specie, o basso sequencing coverage (<25x)
(ceppi provenienti da Lombardia (51%), Lazio (285), Piemonte (19%)).

complex raccolti

> AIM: Utilizzare i dati genomici (WGS) dei ceppi di M. tuberculosis

in 4 regioni italiane (Lombardia, Emilia-Romagna,
Piemonte, Lazio) nel quadriennio 2017-2020 a fini epidemiologici per
determinare i maggiori cluster di trasmissione circolanti in Italia e

caratterizzarne i profili di resistenza ai farmaci antitubercolari.

Numero e percentuale dei ceppi raccolti ed analizzati nello studio rispetto ai casi notificati per regione
(01/2017- 06/2020)

Regione % di casi analizzati
rispetto alle colture

positive

50,4%

Numero (%) di
ceppi analizzati

Numero (%) di
ceppi raccolti

Numero (%)
colture positive

Numero
casi TB
notificati

1219 (33,5) 1116 (30,6)

2213 (60,8)

Lombardia 3642#

Emilia-Romagna* 1394 1020 (73,2) 600 (43,0) 391 (28,0) 38,3%
Lazio 1964 958 (48,8) 863 (43,9) 807 (41,1) 84,2%
Piemonte 1140 619 (54,3) 253 (22,2) 215 (18,9) 34,7%

# Basato su numero di casi notificati per gli anni 2017, 2018 e 2019, e numero di notifiche stimate per il 2020.

* Buona parte delle colture sequenziate provenienti dal laboratorio di Bologna non hanno permesso un

sequenziamento soddisfacente in quanto conservate in modo improprio.
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Sensibilita e specificita del WGS nel predire il profilo di resistenza
ail farmaci di 1a linea

-
Sensibilita
(95%C]) 88,6 (79,7-94,1) 79,6 (73,3-84,8) 54,8(41,8-67,3) 53,2 (44,1-62,0)

Soecificits
S 99,4 (99,0-99,7) 99,3 (98,9-99,6) 99,0(98,5-99,3) 985 (97,8 -98,9)

(95%Cl)

> Limiti del test fenotipico (i.e., mutazioni borderline, MIC elevate in alcuni lineages...)

Fluorochinoloni

> 100% (N= 36) profilo di resistenza fenotipico-genotipico concordante.
> 100% Sensibilita e specificita, ma numero di ceppi con profilo fenotipico
ridotto (test non eseguito/non disponibile per tutti i ceppi con resistenza a

rifampicina e isoniazide).
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Profilo genotipico di resistenza ai farmaci antitubercolari
dei ceppi analizzati (h=2513)

RS-TB RR-TB
(n=2419) (n=94)

104 (4,3%) 83 (88.2%)

OO 39(1,6%)  22(23.4%)
7O 61(2,5%) 46 (48,9%)
2(0.1%) 22 (23,4%)
0(0%) 14 (14,9%)

Casi di TB rifampicina resistente (n=94) identificati nello studio per anno (2017-2020)
I O O N
RR-TB 3 1 5 2 11 5 casi resistenti
MDR-TB 22 15 12 12 61 / aBDQed 1
preXDR-TB 4 7 5 0 16 caso resistente
XDR-TB 1 3 2 0 6 a LZD

Totale 30 26 24 14 94

RR/MDR-TB 25 16 17 14 72
% RR/MDR-TB 83,3 61,5 70,8 100,0 76,6

29



& TB WGS for DST (RIF)

EUROPEAN CENTRE FOR
DISEASE PREVENTION
AND CONTROL

| Sensitivity, (95% Cl) Specificity, (95% Cl)

Casaliet al,, 2014 0.89  0.83 0.95 Casalietal., 2014 0.94  0.88 1.00
Casaliet al., 2012 1.00  0.70 1.00 Casalietal., 2012 1.00 0.70 1.00
loerger et al., 2010 091 041 1.00 loerger et al., 2010 0.67 0.24 1.00
loerger et al., 2009 1.00 041 1.00 loerger et al., 2009 1.00 041 1.00
Lanzas et al., 2013 0.99 0.79 1.00 Lanzas et al., 2013 1.00  0.80 1.00
Saunders et al,, 2011 1.00 0 1.00 Saunders et al., 2011 1.00 0 1.00
Wu et al., 2013 1.00  0.02 1.00 Ali et al.,, 2015 1.00  0.70 1.00
Ali et al., 2015 1.00  0.70 1.00 Coll et al., 2015 0.98 091 1.00
Brown et al., 2015 1.00 0.43 1.00 Feuerriegel et al., 2015 094 074 1.00
Coll et al., 2015 0.96  0.89 1.00 Gonzalo et al., 2015 1.00 061  1.00
Feuerriegel et al., 2015 1.00  0.80 1.00 Liu et al., 2014 1.00 026 1.00
Gonzalo et al., 2015 0.89  0.52 1.00 Niehaus et al., 2014 093 0.1 1.00
Li et al., 2015 1.00 0 1.00 Walker et al., 2015 098  0.95 1.00
Liu et al., 2014 1.00 0.26 1.00 Witney et al., 2015 1.00  0.51 1.00
Niehaus et al., 2014 1.00 0.92 1.00 Combined 096  0.94 1.00
Ocheretina et al., 2015 1.00 0.31 1.00 , |

Regmi et al., 2015 1.00  0.02 1.00 1 100

Walker et al., 2015 0.98 095 1.00

Witney et al., 2015 1.00 0.51 1.49

Combined 097 094 0.99

100

Papaventsis et al.,, CMI 2017
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Accuracy of DST prediction

Table 2. Prediction of Phenotypes of Resistance or Susceptibility to Individual Drugs.*

Analysis and
Drug

WGS, all iso-
lates
Isoniazid
Rifampin
Ethambutol
Pyrazinamide
WRAs, all iso-
lates::
Isoniazid
Rifampin
Ethambutol
WGS, unen-
riched ||
Isoniazid
Rifampin
Ethambutol
Pyrazinamide
WRASs, unen-
riched |
Isoniazid

Rifampin

Ethambutol

Resistant Phenotype

R

3067

2743

1410

863

2886

2669

961

314

126

72

109

295

114

57

S

90

69

81

82

355

143

641

36

11

16

U

93

94

117

F

44

84

55

774

53

91

38

Total

R

Susceptible Phenotype

S

number of isolates

3294

2903

1640

1139

3294

2903

1640

335

135

73

125

335

135

73

65

85

468

204

27

129

241

15

31

47

30

10

22

29

6313

6763

6835

6146

6675

6826

7895

3770

3958

3711

4003

3965

3957

4220

U

215

232

781

197

104

103

458

14

F

117

147

70

108

272

18

90

116

36

58

229

Total

6710

7227

8154

6655

6710

7227

8154

3979

4208

4252

4105

3979

4208

4252

Sensitivity
(95% CI)

97.1
(96.5-97.7)

97.5
(96.9-98.1)

94.6
(93.3-95.7)

91.3
(89.3-93.0)

89.0
(87.9-90.1)§

94.9
(94.0-95.7)§

60.0
(57.5-62.4)§

97.5
(95.2-98.9)

100.0
(97.1-100.0)

98.6
(92.6-100.0)

94.8
(89.0-98.1)

89.1
(85.3-92.3)§

91.2
(84.8-95.6)§

78.1
(66.9-86.9)§

Specificity
(95% 1)

99.0
(98.7-99.2)

98.8
(98.5-99.0)

93.6
(93.0-94.1)

96.8
(96.3-97.2)

99.6
(99.4-99.7)§

98.1
(97.8-98.4)9

97.0
(96.6-97.4)§

99.6
(99.3-99.8)§

99.2
(98.9-99.5)**

98.7
(98.3-99.1)§

99.3
(98.9-99.5)§

99.7
(99.5-99.9)

99.4
(99.2-99.7)

99.3
(99.0-99.5)**

PPV
(95% Cl)

97.9
(97.4-98.4)

97.0
(96.3-97.6)

75.1
(73.0-77.0)

80.9
(78.4-83.2)

99.1
(98.7-99.4)§

95.4
(94.5-96.1)9

80.0
(77.6-82.2)9

95.4
(92.6-97.4)9

80.3
(73.2-86.2)§

60.5
(51.1-69.3)§

78.4
(70.6-84.9)

96.7
(94.1-98.4)

83.8
(76.5-89.6)

66.3
(55.3-76.1)

NPV
(95% )

percent

98.6
(98.3-98.9)

99.0
(98.7-99.2)

98.8
(98.5-99.1)

98.7
(98.4-99.0)

95.0
(94.4-95.5)§

97.9
(97.6-98.3)§

92.5
(91.9-93.0)§

99.8
(99.6-99.9)§

100.0
(99.9-100.0)§

100.0
(99.8-100.0)§

99.9
(99.7-99.9)§

99.1
(98.8-99.4)§

99.7
(99.5-99.9)§

99.6
(99.4-99.8)§

Walker et al.,, NEJM 2018
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Resistant Phenotype

Sensitive Phenotype

Prediction

Analysis
l;:udg R s Uu F  Tul R s U F Toul S(egnss:ig)y S(‘:.:s(:izllt)v (9:;ch (9?9? a)
ieonientd % i 30 % 9 a0 M (99,619(6’,0;‘00%) (93.73::;;79"; (99.4921?:97.‘93%) (95.7;2:’;0(.»‘)
} Rifampicin ¥ & 0. 10 28 9; a0t 26 10 A0S (99.6;2:,:00%) (32.73:,7 ;:.sam (991:?3:94’5) (90.3;23,:00’6)
‘ Ethambutol H g 2 10 2 A L R (96159:;:494%) (67.887:9::.46’6) (99.133{,7‘9’339%) (72.1:&,991;‘.47x) '
|Peslnsmide. 23 » 1 o '® 0 w17 0 0 1017 (99.6;2:,;00%) (34.9;;.3 Z.osm (95.931.1 ;:93%) (375:%00%)
B GENOTYPIC DRUG PROFILE PREDICTIONS OF PANSUSCEPTIBILITY
Prediction and Genotypic Drug Profile No. of Isolates No. of Phenotypically
Isoniazid Rifampicin Ethambutol Pyrazinamide Predicted to Pansusceptible Isolates
Have Profile Predicted to Have Profile
(%Predicted Correctly)
Predicted to be pansusceptible
S S ) S 901 873 (96.89%)
Predicted to be pansusceptible when U mutations are
inferred to be consistent with susceptibility
S S ) U 0 0
s v s > > 90% of DST to be saved
(100%)
= ] ]
I T R : n fully sensitive strains
S U S S 23 22 O y
(95.65%)
S U U S 2 2
(100%)
Total 64 63
(98.43%)
Predicted to have some phenotypic resistance
R S RorS,noUorF RorS,noUorF 44 0
S At leastoneR,noUorF 8 0
R R RorS,noUorF RorS,noUorF 27 0
Total 79 0
No prediction made; drug profile prediction incomplete
U SorU SorU SorU 15 9 (60%)
At leastone F, noR 0 0
AtleastoneRandone U, noF 18 0
At leastoneRandoneF,noU 0 0
At least one R and one F and one U 0 0 32
Total 33 9 (27%)




ERLN TB-NET3

Continue to support the EU/EEA Member States, the EU Enlargement Countries in ensuring the provision of reliable,
high quality and timely TB diagnostic services with the specific focus on the challenges of TB control and elimination in
the EU settings

ERLTB-Net structure

* Establish the current performance of the ERLTB-Net laboratories and
identify training needs and areas for improvement

European Reference o
Laboratory Network organisations,

associations and

for TB (ERLTB-Net) initiatves

* Support molecular surveillance and related public health needs in the
field of TB

* Further develop continuity/resilience arrangements and schemes

* Provide support to the Member States, EU Enlargement Countries in : )
implementation of standardised TB laboratory techniques Diagnostic methods

Academia

* Further develop and implement training schemes

* Strengthen TB laboratory networks and improve TB laboratory Coordination Neighbouring
diagnosis at community, national and regional levels through building EQA SR
synergies and coordinating actions with other EU and global TB Training
initiatives O The figure outlines the activities of the EU Reference Laboratory Network for TB (ERLTB-Net) and its stakeholders.
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>

EQA

Lab Score
code 2022 2021 2020 2019

1 100 90 938 80
2 100 86 91 80*
3 75 S0 81 85
4 95 81 79 80
5 98 83 100 85**
6 100 100 100 85
7 84 79
8 98 82 100 90
9 100 74 79 85

10 91*** ?9*** NA***

11 100 FTHEEx 81 85

12 100 B¥*** 81 85

13 90 93 98 90

14 90

15 90 82 88 95

16 100 79 88 90

17 Delayed 77 83

22 S0

23 100

24 80

Type of failureferror

Failure to detect and report a significant mutation.

Incorrectly report resistance (resistant without sufficient or
no evidence in the WHO catalogue, or no resistance for a
mutation associated with resistance).

Failure to correctly classify a mutation correctly identified.

Genotyping:
Failure to identify a sample as a member of a cluster or the
incorrect inclusion of a sample in a cluster.

2018
100
100

88
85
97

49
88
85

100
100
97
66

2017
90
85
87
87
78
90
87
87
89
87
88
88
88

Loss of points

10

10

35 NRLs invited
to join the EQA
scheme

in 08/2022

24/10/2022

31/10/2022

Week End/12/2022

End/01/2022

End 01 2022

Dec 2022

|EQA DNA shipped to 17 registered labs |

Link to download FASTQ files shared,;
Reporting form shared

Results returned by email using the
reporting form (deadline 02/12/2022)

R 2

Preliminary score generated; Feedback
on EQA results and list of errors
shared with participating laboratories

¥

EQA panel of DNA extracts and
FASTQ files selected, checked,
and prepared for distribution

by organising laboratory

3 labs registered for FASTQ analysis
only deadline end/12/2022

16 reports received between 16/11
and 22/12. One report delayed.

Possibility to query / request
feedback on scores awarded

- errors or ambiguous results

resolved by agreement

. 4

Final mark awarded

- Labboratories scoring over 75%

certificate awarded

¥

Report of the EQA activity
shared with ECDC

(results anonymized)

NRL = EU/EEU National TB reference laboratories
EQA = External quality assessment
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Considerazioni per la discussione I Sl

WGS rappresenta il metodo con piu alta risoluzione per la genotipizzazione e l'analisi filogenetica
dei ceppi di MTBC, consentendo di identificare in modo rapido le catene di trasmissione dell’'infezione

tubercolare.

In un paese a bassa incidenza quale UItalia, un progetto di sorveglianza molecolare della TB e
necessario sia per interventi mirati ad interrompere catene di trasmissione, sia per la

sorveglianza delle resistenze.

Per essere efficace, dati WGS devono essere forniti in tempi rapidi e i dati analizzati in centri di

riferimento nazionali e non solo a livello regionale.
Dati WGS devono essere trasferiti sulla piattaforma ECDC (EpiPulse) per un’analisi transnazionale.

Dati italiani e europei mostrano come l'implementazione in routine del WGS in centri qualificati con

EQA adeguato permetterebbe di non effettuare il DST fenotipico in circa il 90% dei casi.

tNGS nei casi R resistenti o in cui si sospetti resistenza ad isoniazide (contatti, diagnosi molecolare

iniziale)

35



	Diapositiva 1
	Diapositiva 2: Diagnosi NGS per TB:  lo stato dell’arte
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8: WGS:TOOL FOR CROSS BORDER CLUSTERS EVALUATION
	Diapositiva 9: EUSeqMyTB: cross border clusters
	Diapositiva 10: XDR Cluster
	Diapositiva 11: WGS data submission
	Diapositiva 12: Flusso ceppi
	Diapositiva 13
	Diapositiva 14: Rapid approved molecular assays for MDR-TB cases
	Diapositiva 15
	Diapositiva 16
	Diapositiva 17
	Diapositiva 18
	Diapositiva 19
	Diapositiva 20
	Diapositiva 21
	Diapositiva 22
	Diapositiva 23
	Diapositiva 24
	Diapositiva 25
	Diapositiva 26:   
	Diapositiva 27
	Diapositiva 28
	Diapositiva 29
	Diapositiva 30: TB WGS for DST (RIF)
	Diapositiva 31: Accuracy of DST prediction
	Diapositiva 32
	Diapositiva 33:  ERLN TB-NET3
	Diapositiva 34
	Diapositiva 35

