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-ntroduction

o GeneXpert instruments utilised diagnose TB and rifampicin
resistant

o TDRC refereral lab for Rif Resistant isolates

o DST done to confirm INH and RIF resistance on Line Probe
Assay and MGIT (Phenotypic DST)

o Molecular DST for 2 line drugs used to treat drug resistant
TB limited to quoroq1inoIines

« New and repurposed drugs not covered!!!




What does an Xpert Rif resistant result mean?

Probe A Probe B Probe C Probe D




Routine isoniazid drug susceptibility testing

Sputum Specimen
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Disputed rpoB mutations
O T Y T T

| 1 7 41 - =100 40,125 ROME
I 508 Ehp- dedetion z 1 135 Probe A
IR 511 TsL 14 <1-31 <0.125 Probe A
513 Bbp dedetion z =100
[ 5 | 513 > 3 20 - >100 =2 Prabe B
[ 6] 513 B 2 =50 - =100 0.5 - 1.0 Prabe B
IR 513 AT 2 =50 - »100 =2 Prabe B
I 515 Gibp deletion z =100 =2 Probe B
IR 516 3bg dedetion 4 >1- <100 0.25-0.5 Prabe B
I 516 @s=T 15 1 - =100 40,125 - 1.0 Prabe B
e 516 GASTG 1 <1 <0.125 Prabe B
I 516 GAETT 1 =1 <5 ai.125 Prabe B
[ 13 | 516 Bt 2 <1 <0125 MISSED??
[ 1 516 8T a1 »1 - <100 A 135 - =1 Prabe B
I 517 Ibp deletion 3 «1- 10 al.125 Pixed B + C
I 518 Ibp dedetian i =145 0125 Probe B
522 =T 2 =100 0.125 Prabe C
I 526 Cail 3 <1 0125 Probe D
I 526 =G 18 =50 - =100 =2 Probe D
IE 526 T 13 =50 - >100 =2 Probe D
I 526 CATE 1 =145 al.125 Probe D
I 526 A 3 20 - >100 »2 Probe
23 526 A>T 4 <1- <10 125 - <2 Probe D
BT s €6 4 »100
I 531 =T 146 41 - =100 0,125 - =2 Prabe E
I 531 CG>AC 1 =100
531 CG=TT 2 =100 =2 Prabe E
I 533 TaL 10 <1 - <50 0,125 - 1.0 Prabe E
BEEE  sii+516 TaG + GT 1 =5 210 =142 Probe A anly
[ 30 ST G+ G3T 1 =100
[ 31 S ERATS =G+ AT 1 =100 =2 Prabe B anly
BEE -5 oG + A>G 1 3145 <0.125 Prabe B anly
B sii+5%6 TaC # C=T 1 =145 al.125 Probe A anly




The Road Map

A b Two new families of glycine-

4,411,529 base pairs 3. SN . wborcuiosis T -] ”tCh ;;rote;rr\‘s :V'th 4 repetntw:

4,000 genes e H37Rv ; structure that may represent a
: = 4,411,520 bp b source of antigenic variation.

The outer circle shows the scale in Mb, with O representing the origin of replication. The first ring from the exterior denotes the positons of
stable RNA genes (LRNAs are blue, others are pink) and the direct repeat region (pink cube); the second ring inwards shows the coding sequence
by strand (clockwise, dark green; anticlockwise, light green); the third ring depicts repetitive DNA (insertion sequences, orange; 13E12 REP
family, dark pink; prophage, blue); the fourth ring shows the positions of the PPE family members (green); the fifth ring shows the PE family
members (purple, exduding PGRS); and the sixth ring shows the positions of the PGRSsequences (dark red). The histogram (centre) represents
G + C content, with <65% G + C In yellow, and >65% G + C In red. The figure was generated with software from DNASTAR.

Deciphering the biology of Mycobacterium tuberculosis
from the complete genome sequence

Nature 393, 537-544 (11 June 1998)



Paired-End Reads Alignment to the Reference Sequence
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Figure 2.2: Paired-End Sequencing and Alignment: Paired-end sequencing enables both ends of the DNA fragment to be
sequenced. Because the distance between each paired read is known, alignment algorithms can use this information to
map reads over repetitive regions more precisely. This results in much better alignment of reads, especially across
difficult to sequence, repetitive regions of genome (http://www.illumina.com/technology/next-generation-

sequencing/paired-end-sequencing_assay.html).




One sehected base on forward strand: 1417333

1T 1 | I (|
| I I I 11 | | | I I | I I | ] | | [ 1 e e re ren
e (N (AN I I - 1 ] (N L I I | [ I I |
(=] ALE5E0 4] G500 417200 7500 41 Ta08 o 418400 418700 415030 419300 419600 A0 420500 420850 421100 471400 421730
nlaz_featurs  mlsc_festurs
[ —— | 11l I [ [ B | I I FII I:'fl | Il
..r! | | | I [ —— . | | — | E—— | f" I [ T e A 01
R 1238 Rl 268¢ lprat
I | [T | e I (| | o I | | | | |\ ——
P17

STﬂPTﬁTBDOHB+HSPLLIlﬂiRHHF'.ﬁi!IlSHLQUSIQAETEPLLHC.‘IT!HEG!SI'iCBlK'I.'PIEERTRSL‘YHVSPIH!FPRIEiRﬂlHT
LLRLMATHNUMNAST RCLGYPDGTGVYFSIVICMNGFSAHARFESSREF ¥ oA F A FPFWLAVW VATGHCDTTFRRBRCGENPOGSREHAMYRCLCI
Attl:l*l!‘l’hL L AW GCPMAPGCECRRSS5S5 AMY Q) RBGRS RALSPLSEYOQOFLEREYLRGEGL R Y S | P VIVYIFPFRPFADALAYRTOQDLOGTPTCLCDWV

iPG'ﬁHEiI’GLHk‘I’PTL!P‘ﬂS\"‘I’NkRHPLFEPQ‘HL‘.!THH\'
ER AGODFQHAGYHS &CG6TALIJPFPHOTIT AOCPHRRYDDATTWALFRLRAEMSEEETI GCSDR+WAJdMNMRTA ARP RHWPFWLMLLTDDS 3T HTIOREKUESATLVYWS FY¥Y dHSTI
+PHTF|'ISSHCP-&CLQNSPPlRHCRPﬂ.TEL'RCHDI.CJ.STSGSRHQEA.?LI!IPDETHQPHLTIlIFHﬂ+RIJHH'I‘HTEﬁIH.‘I'SOI.IEﬁRREIT

SUUrce 1 481532
s 1 1524 FeQ0E], (MTOOEl, MTVDES, Gl, PABE5EH. len: 507 @2, dnak, chrompsomal replication imitistor protedn {see citations below). equivalent to other Myccbocterisl CHRONDSDMAL REPLICATION INITIATOR FROTEINS &.q. FA6368| DMAA_WTCLE from Mycobect
mige_testurs 645 FS00817 ATR/GTP-banding =1te motif & [P- lmpl
mise_Testure 136 1aab PSOI00E Dnak protein s re
[n i} fratird . :] Ra08Z. | .02, _B). len: 402 aa_ crwd. DHA pl‘l'[.lrnu IIT [beta chain} (BC 2.7.7.7) (see criations below]. nt to other Mycobecterial DNA POUYMERESES TIT BETA (HATH e WP 011301 [NC DOPETT from Mycobscteriue lep
s} 3380 4437 RwO083, (MTCYLOHA.@1), lem: 383 aa. recF, DWA replication and repair protein (see citations below). equivalent te others E;.d:.:hri:'l_ O replication and repair proteirs e.g. WP_300131. 11“ OEMTT from Mycobacteriue leprae {383 aa);
mice_feature F7 3 PSE0El ATR/OTP-binding csite motif &
mige_feature 3634 3608 PSO0S1T RNCF protein sigraturs 1
mise_featurs 4143 4296 PSO0G1E RcF protein airm.l
Add agay RwO00d.  [ATCYLOHA, 020 16" a3, Conserved Bypotheticdl protein (=& Salazar a1 &l.. 1994). hly sLmilar, bl longer 21 3& Ln N-TErminus. 1o RAF3G006, 1| F2ZZ2760 usknden proTELn Trom CBBLTAFLUN S¥IiUN subsp. paratubenculosis (1
5122 767 Re00D5, (MTCYIOWA. 03D, lém: 714 4. grl, DWA gyreee subumil B (EC 5.99.1.30 {ise eatations hlw equivalent, sxcept in N-terminus, to other Mpocbscterial DML GYRUSES SUBLNIT B #.q. T1 Aron Wycobstleriue lepree (657 &) GELTLI|
mizc_feature 08 G034 PSAOLTY DMA 1 zomprase I signature
Tz cELE Fiwr0008., :mﬁ ed), lem: 828 ﬂ FA. DMA gyrace cubumit A (EC 5.99.1.3) (fae citationd Bolew). equivalent, except in N-berminus, 1o other Mpeckactorisl DM GYRASES SUBLNLIT A @.g. QST332)GrRd MrOLE|T10006 froa Mycobacterium lopra
mice_foature €511 994G  PSE0ELE EF-hand calcius-binding da ) - _ - )
=ﬁl l.mm ;mm ReQ0BT. (MTCTLOH4, 05D, lem: 354 a3, Pessible corserved membrane profean. highly samilar te Z7072ZIMLCENFTE_7 from Mycobacterium leprae (393 aab, FRSTA scores: apt: B2, E[}: 1.Ge-25. (54.7% identity in 315 s overlapl, C-terminal part




Drug resistance Heteroresistance Outbreak detection Surveillance
o O
O O
1 Nucleotide 1‘0 O ----- O ‘‘‘‘‘‘ O

Mycobacteriu




Determining the drug susceptibility
profiles of disease causing
organisms based on known

genotype-phenotype associations
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Population Stance
heterogeneity

v

the quality or state of
being diverse in character
or content

Nucleotide
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A standardised method for interpreting the association between mutations and
phenotypic drug resistance in Mycobacterium tuberculosis

Paolo Miotto, Belay Tessema, Elisa Tagliani, Leonid Chindelevitch, Angela M. Starks, Claudia Emerson, Debra Hanna, Peter S. Kim, Richard Liwski, Matteo Zignol, Christopher Gilpin, Stefan Niemann, Claudia M. Denkinger, Joy Fleming,

Robin M. Warren, Derrick Crook, James Posey, Sebastien Gagneux, Sven Hoffner, Camilla Rodrigues, Ifiaki Comas, David M. Engelthaler, Megan Murray, David Alland, Leen Rigouts, Christoph Lange, Keertan Dheda, Rumina Hasan,
Uma Devi K. Ranganathan, Ruth McNerney, Matthew Ezewudo, Daniela M. Cirillo, Marco Schito, Claudio U. Késer, Timothy C. Rodwell

European Respiratory Journal 2017 50: 1701354; DOI: 10.1183/13993003.01354-2017

TABLE 2

Orvervizw of praposed confidence levels for grading mutations associated with phenofypic resistance

Symbol LA™ and R

Fualus waliie

High [Hi] senfidznce for azzcciation with rezistance - «0.05 =10

Strong azzcciation of the mutation with phanctypic drug
resistance. sullicient evidence el the mulstion confers o is
strong by axsoo at=d with drug resistance

Moderate (Mo| confidenca for association with resistance e «<0.05 B2 510
Moderate szsccistion of the mulation with phensiypic drug resisiance;
addifienal data desirable for improved evidence that the mutation

canfors or is srengly aseac sted with drug resizterce

Minimal (Mi) conflidence for association with resistance Ha <0.05
‘Weak amscciation of the mutafion with phenctypic drug resistance;
ineendusive evidencs that the mutation sonfers or is strongly

associated with diug resistance. Subsiantial sdditional data requinsd

He association with resistance - =0.05 =1

Ne svicence of asscciation between the mutatian and drug rasistance

Indeterminats Indeter =1.05
Ko stetistically significant threshald reached; additional data raquirad

The table shows the thresholds apolied to likelihood rafios (LR} and odds ratios (OR) 10 arade the association of mutations with phenctypic drug resistance. LR positive likelihood
ratio. “Additional data”is defined 23 a requirement far 1) more phenotyoically drug resistant and suscentible isolates teated with the mutation in question: andior 2) betier
understanding of the mechanism of drug resistance le.g. to investigate epistasis, orthe interactions betwean drug-resistance canferring mutations, lineage-specific genefic factors
and compensatory mutations [23, 24] or synergistic factors when mare than one mutstion is requirsd te confer resistance [25]).




Phelan et al. Genome Medicine (2019) 11:41

https://doi.org/10.1186/513073-019-0650-x Genome Medl(:l ne

SOFTWARE Open Access

Integrating informatics tools and portable @
sequencing technology for rapid detection
of resistance to anti-tuberculous drugs

Jody E. Phelan'’, Denise M. O'Sullivan?’, Diana Machado®, Jorge Ramos’, Yaa E. A. Oppont_;]], Susana Campinou
Justin O'Grady”, Ruth McNerney”, Martin L. Hibberd', Miguel Viveiros®, Jim F. Huggett*®" and Taane G. Clark'*" '@




R

« High computing power and storage needed
« 22 drugs can be reported on

« Not all mutations causing resistance have been
identified



Articles I

Genetic variants and their association with phenotypic X ®
resistance to bedaquiline in Mycobacterium tuberculosis:
a systematic review and individual isolate data analysis

Nabila Ismail*, Emmanuel Riviére*, Jason Limberis, Stella Huo, John Z Metcalfe, Rob M Warren, Annelies Van Rie

Summary
Background Bedaquiline is a crucial drug for control of rifampicin-resistant tuberculosis. Molecular drug resistance Lancet Microbe 2021;
assays could facilitate effective use of bedaquiline and surveillance of drug resistance emergence. To facilitate 2:¢604-16
molecular assay development, we aimed to identify genomic markers of bedaquiline resistance. Published Online
August 31, 2021
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Catalogue of mutations in

complex and their association
with drug resistance
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Linezolid

Only rp/C C154R was found to be a marker for resistance (group 1), resulting in a sensitivity of 38.2% (95% Cl, 29.6-47.4%). This may be an
underestimate, as the PPV of phenotypic DST is unlikely to be high, with a prevalence of resistance of only 1.1% in this dataset (95% Cl, 0.9-1.3%).
This finding is consistent with earlier findings that this is the dominant LZD resistance mutation in vitro and in clinical isolates (7). In fact, the PPV of
this mutation (73%; 95% Cl, 61-84%) was comparable to the PPVs of rr/ g2270t and g2814t, two other well-documented LZD resistance mutations
in MTBC and other bacteria (i.e. 70%; 95% Cl, 35-94%; and 75%; 95% Cl, 48-93%, respectively (7)). As resistance mutations in rr/ were rarer and
more diverse, however, the PPV|SOLOs for these rrl mutations did not meet the criteria used in this analysis.
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LZD pIC_C154R 17 |10878| 47 76 | 38.2% | 99.8% | 73.4% | 71.2% | 57.9% | 82.2% | 375.720 Assocw R ALL+WHO 1) Assocw R
LZD ms_c-187t 1122 0 1 0 |[100.0%| 0.0% | 0.1% | 0.1% | 0.0% | 0.5% NA Not assoc w R WHO 5) Not assocw R
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« 2 Line Phenotypic DST needs to be
Implemented as this is GOLD std

o All rifampicin resistant strains to be sequenced
« Strengthen BIOINFORMATICS
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