Sequencing in the real world of TB

Are we ready for prime time ?
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Consultant Microbiologist
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The real world of tuberculosis
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Case

SK41M
8 Nov 2010 : LRKT, immuno suppresives

11 June 2011 : Fever, bleeding PR,

Cecal ulcer biopsy : nonspecific colitis
Bone marrow biopsy : normal

Fever continued
22 June 2011
CT chest: necrotic sub carinal LN mass

Patient refused a CT guided biopsy
Empirically started on INH,EMB,PZA,LVF




11 July 2011: readmitted with pancytopenia

Skin biopsy septic vasculitis

Tuberculosis cutis orificialis

13 July 2011: miliary TB

Sepsis Tuberculosa Acutissima
hematogenous, disseminated TB & shock

16 July 2011: Hypotension, acidosis,
massive Gl bleed & Expired




... 100 little ..too late

MTBDR plus MTBDR s/

/

16 July 2011 : Bone marrow culture(17 June) : MTB

LPA GenoType MTBDR plus & s/ : XDR
Confirmed by MGIT DST

10 August 2011 : Blood culture (11 July) : XDR TB
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What did this case teach us ?

In the Immune compromised, in high DR endemic regions
( poly R, MDR, pre XDR, XDR)

Simply cannot treat TB empirically
Need to get DST results fast



With increasing drug resistance, DST is vital

Suspected MDR Case
Solid Culture Liquid Culture
& DST 8 DST Molecular Tests

y 4 3

Rapid diagnosis with DST is fundamental




Outline

- Empiric treatment with local lab epidemiology
- Pyrosequencing applications

- Expanding the mutation knowledge base

- Sequencing directly from clinical samples



Regional prevalence specifics for DR conferring mutations

Refere  Mutations % global % % South

gce R Moldova Africa
enes

katG  S315T, S315N, S315I 785 92

inhA- . ¢15t,-17t 46 47
fabG1
moB  S450L, 83.1 84
D435V, 2 57
H445Y, H 445D 2
H445R S450W,H445L , D435G,H445C, HA45G
Q432K, Q432P, D435F, Q432L,F433,S450F, L452P
D94G,
A90V,
D94A, D94N/Y 9

A1401g,
c1402t, g1484t
-c14t, -c12t-g10a

A1401g, g1484t
A1401g, c1402t, g1484t
N236K

Paolo M Eur Respir J 2017;50:1701354
Georghiou SB. AMAC 2016; doi:10.1128/AAC.00222




Use of Xpert MTB/RIF in Decentralized Public
Health Settings and Its Effect on Pulmonary
TB and DR-TB Case Finding in India

Kuldeep Singh Sar:hdeva"_. MNeeraj Flaizadaif_. Achuthan Sreenivas?®, Anna H. van't Hoog®,
Susan van den Hof*®, Puneet K. Dewan ., Rahul Thﬂkur"" R. S. Gupta’,

Shubhangi Kulsan ge Bhavin Vadera®, Ameet Babre®, Christen Grﬂyr Malik Parmar”,
Mayank Ghedia®, Ftaruﬂnl Flamachﬂndran Umesh Alavadl Mimalan Arlnamlnpathy

Claudia I:Inlanllun-gnﬂr't Catharina Boeshme?, E: M. Paramﬂswﬂn

Implementation of Xpert MTB / RIF for suspected PTB
at the district level, increased case notification by
39% & rifampicin resistance notification by five fold

PLoS ONE 10(5):e0126065. doi:10.1371/journal.pone.0126065



Resistance Patterns among Multidrug-
Resistant Tuberculosis Patients in Greater
Metropolitan Mumbai: Trends over Time

Alpa Dalal’, Akshay Pawaskar®, Mrinalini Das®, Ranjan Desai®, Pralhad Prabhudesai®,
Prashant Chhajed®, Sujeet Rajan”, Deepesh Reddy®, Sajit Babu®, Jayalakshmi T. K.,
Peter Saranchuk?®, Camilla Rodrigues'?, Petros Isaakidis®*

——MDR-TB

——pre-XDR-TB
—— X DR-TB

i XX DR-TB

Higher rates of Pre XDR TB than MDR TB (56.8% vs 29.4%)

PLoS One 2015 :10(1):¢0116798



Rifampicin-resistant tuberculosis: what is
the best initial empiric regimen in
Mumbai, India?

TABLE 1 Positive predictive values of rifampicin resistance in predicting resistance to

individual drugs in the derivation and validation coharts 120
Drug Positive predictive value of rifampicin Positive predictive value of rifampicin 100
resistance in predicting resistance resistance in predicting resistance

[derivation cohort) Ivalidation] 80
Isoniazid 99 (97-100) 100 (98.6-100] 60 [ ——————— -
Streptomycin 93 (89-94) 95.4 (92-97.4)
Pyrazinamide 83 (78-88 66 (59.9-71.8) A0 M Derivation
Ethambutol 77 (72-83) 79.2 (73.7-839)] m Validation
Ofloxacin 69 [63-75) 70.7 (64.7-76.1) 20
Moxifloxacin 64 [60-72) 63.7 (57.5-69.4)
Ethionamide 60 [54-56) B4.4 [48.2-60.6) 0 II . Hd
PAS 15 (10-20) 143 110.3-19.1) N 5 @ @ o 0
Kanamycin 1319-18] 11.2(7.6-15.7) @?f S F O & FSFLFE S
Amikacin 8(5-12) 85(5.4-124) (3' \\b d‘\\ 6‘0 \o'@o \o*fbb fb& ? (“\\D & 6& «,\@\
Capreomycin 6 [6-10] 8.1(5.1-12.1) Q \(\ & o ~}§ & ré@ P @0 &

& AP 0 *o ¥ QO

Clofazimine 1(0-3) 12(0.2-3.3) f-g Q¢ N ()

J Mullerpattan et al doi.org.10.1183/13993003.02182.2016



At HNH, in Rif R
the best derived initial empiric regimen

SLI ( KAN, CAP, AMK)
Clofazimine
Linezolid
Cycloserine
Ethionamide

PAS

Moxifloxacin

J Mullerpattan et al doi.org.10.1183/13993003.02182.2016



Stratifying FQ R mutations that maybe overcome with HD MOX

Molecular tests may better predict treatment outcomes
gyrA A90V & gyrA D94A maybe treated with HD MOX

Fluoroquinolone Resistance Mutation Detection Is
Equivalent to Culture-Based Drug Sensitivi* "~
Predicting Multidrug-Resistant T>-"

Outcome: A Retrospect:- W
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LPADST : clinical implications with positive mutant bands

Mutation Isoniazid Ethionamide || Mutation | Moxiflox Levoflox | Ofloxacin
katG S315T X v gyrA X X X
MUT 1 D34 Check DST at 2

I(NIY)IG]
inhA HD X MUT 3B/ 3C
MUT1 C15T

A HD

MUT2  A16G 00V v X X
MUT3A/B 8A/C MUT 1
katG S315T plus | X X gyrA \ HD X X
inhA D94A

MUT3A
Mutation Rifampicin | Rifabutin Mutation | Kanamycin | Amikacin | Capreo
rpoB S531L X X rrs A1401G | X X X
MUT3 MUT 1 check DST
H526Y/D
MUT 2A/2B s G1484C | X X X

MUT 2
rpoB D516V X Check DST
MUT 1 eis X \ \

promoter

C14T

MUT 1







JOM

Predicting Extensively Drug-Resistant Mycobacterium tuberculosis
Phenotypes with Genetic l\-lutatmnb

Timothy C. Rodwell,” Faramarz ‘u"alafar,h James Dnuglas, Lishi Qian,” Fllchard 5. Garfein,® Ashu :’.Zhan.-.rl:—:,h Jessica Torres,t

Victoria Zadorozhny,” Min Soo Kim,” Matt Hoshide,“ Donald Catanzaro,” Lynn Jackson,” Grace Lin,” Edward Desmond,”
Camilla Rodrigues,® Kathy Eisenach,” Thomas C. Victor,? Nazir Ismail," Valeru Crudu,' Maria Tarcela Gler, Antonino Catanzaro®

Sensitivity and Specificity of Mutations for Predicting M/XDR-TB
Phenotypes in India, Moldova, Philippines and South Africa

katG, inhA prom. +95%0 (N=894) 98-100%
rpoB : +97% (N=777) 97-100%

gyrA +92% (N=562) 99-100%

rrs ] m(n 293) 99-100%

rrs, eis promoter 0 (N=404) 96-100%
rrs ] % (Nn=279) 98-100%

< 30 SNPs in 6 genes could predict XDR TB with 90 - 98% sens

J Clin Microbiol 2014 ;52(3):781-789 doi 10.1128/JCM.02701-13.



Outline

Pyrosequencing applications
Expanding the mutation knowledge base
Sequencing directly from clinical samples



Pyrosequencing (PSQ) to detect XDR TB

e Rapid, accurate, robust, high throughput tech

delivers targeted sequencing

e Clinically relevant results in < 6 hrs directly from samples

e Flexible :
adaptable to regional prevalence specifics & new mutations



PSQ : detecting > 64 mutations in <6 hrs

Target Location Mutations

M tuberculosis 1IS6110
complex

katG 312 - 316
inhA promoter |-4to -20
ahpC- oxyR -4 t0-23

Isoniazid

Rifampicin rpoB 507-521
522-533

Fluoroquinolone gyrA 88-96

SLI rrs 1397-1406
KAN,AMK,CAP

KAN ' -6 to -47




Pyrosequencing (PSQ) applications

What do we use PSQ for ?

() Smear Positive Samples with LPA any WT band absent
but with no corresponding mutant band

(i) Resolving discordant Xpert & MGIT DST
(ili) Smear negative TB



Evaluation of pyrosequencing for extensive drug resistance-defining anti-
tuberculosis drugs for use in public healthcare

Remya Nambiar™™", Daksha Shah”, Kanchan Ajbani”, Mubin Kazi®, Meeta Sadani”, Anjali Shetty”,
Padmaja Keskar”, Sanjeev Kamble”, Alex van Belkum®, Camilla Rodrigues™"

Comparison of PSQ, GenotypeMTBDR & MGIT DST

Trdoy di

Incremental increase in
SNP detection over LPA
INH :1.3%
RIF :13%
FQL : 8.2%

Tuberculosis 2018 :110:86-90



Pyrosequencing (PSQ) applications

What do we use PSQ for ?

(ii) Resolving discordant Xpert & MGIT DST

(ilf) Smear negative TB



Pyrosequencing to resolve discrepant Xpert MTB/RIF and
Mycobacterial Growth Indicator Tube 960

Kanchan Ajbani, Mubin Kazi, Jeffrey Tornheim’, Swapna Naik, Rajeev Soman®, Anjali Shetty, Camilla Rodrigues

Centre, Mumbai, Maharashira, India, ‘Johns

linical Global Health Education, Baltimore, MD [UUSA

* Operator related

 Protocol related

* Heteroresistance
* [Inadequate knowledge about mutations

Lung India 2018;35(2):168-170



Discrepant samples : Algorithm for Xpert MTB / RIF & MGIT DST

Xpert MTB/ RIF : Susceptible Xpert MTB / RIF : Resistant
MGIT DST RIF : Resistant MGIT DSTRIF  : Susceptible

Repeat Xpert from original MGIT tube
v v
Repeat Xpert RIF: Resistant Repeat Xpert RIF : Resistant
l !
v v v
Check LJ for 2 types of Repeat Xpert RIF Perform PSQ for the Perform RIF

colonies (Heteroresistance) Susceptible exact SNP MGIT MICs at
l 0.25/0.12

Send isolate for WGS

Lung India 2018:35(2):168-170




Pyrosequencing (PSQ) applications

What do we use PSQ for ?

(iii) Smear negative TB



AG 2 year old F treated elsewhere in
October for fever,chest infiltrate
started HREZ

In December, presented to HNH
drowsiness, seizures, ptosis
miliary TB & tuberculomas




Case contd.....

Childs’s mother
On HRZE for TB
for 5 months but
not improving

Mother’s sputum &
Child’s gastric

aspirate sent for culture
& PSQ done




Pyrosequencing: XDR TB detected in 6 hrs

Well HR2 Well: £
P run: 19 26 full pate P20 run: 19 26 full plate
Entry 10: B-524-522-533-090611 Entry ID: gh-52-050611
| sanen B M ..ta'geﬂBh'IB [;,0; 521 )-rBSW (322-533] hbq«,u -20-11 (20110314, 3:18:08 PH) ]| Sequence ibrary: B target-rBMB [307-521)-B5W (522-533] brary-07-20-11 (2011-09-14, 3:13:06 ™M)
- i AAGCGICGA Query sequence:  GRCGACGCGTCGATCTACGGCALCC

Result:  qyrA mutations 34GGC & 95ACC (fQ-R) Score; 100
Quality:  Good

Rif R rpo531 FQ R gyrA 94

Result:  rpoB-52A mutation 531 tog/tg-(RIF-R)
Quality:  Good

v
; TCC to 1GG L GGCtoAAC
s ﬁ q

sl .- i '~|" . ) [ ‘

1 ; 4 5 i 0 \'f Bop 0 ET1'3r"*: L.

ll I' .. . |

Lok h A
UL
B ‘ \ ‘ | ‘ \ rI ‘ \ J l T l | | l ﬁ ¢ I ¥ paiddel LT L \ \ﬁ--‘l""""l‘-n-“‘—"-r‘-'-’—r‘ﬂ'i-u-v-mw
0 A 0 Y P

il - T I I I Iy Ll A T T T T T S T Y S

: T5 C Tt TCo Rt ToACE AGC oL GRETITCAOTOEGTTE © L TGl WA TGt T el Lo ATL TALTOATLALL

il F*""_ ) Well: Fé

I_"S«IJ fn ﬂﬁ;:E:_ :l plate P50 run: 19_25_ful plate

By WG IBEL Eotry ID: elt-S4-090611

§ Sepuece Ibmy. 8 arget 4B (50752685 (512533 oary 072041 (2055 044, BAB06 ) e
" s, CIGETGETEAT, o1l Sequence ibrary: “ta'gehBME[JU; 521]-rBSW (522-533] library-07-20-11 (2011-09-14, 8:18:06 PM)

D anane ST
m:ll I@jJ!qu!&Hm]nggi[mﬂ]-[[NH-R], SR —— Result:  rr5-1401 mutation A/G (aminoglycoside-R) Score: 100
N m Quality:  Good
Isoniazid R katG SLI' R

N S 315 GGT toAAC Jo e e e rs1401
i 4 ‘ ‘ T il ‘ ‘ '

M

| i | iy
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Global Consortium for Drug resistant TB Diagnostics (GCDD) funded by NIH, USA : Grant #5U01Al1082229




Case contd.....

e The child was on IV dexamethasone & anti epileptics

e Salvage Treatment
clofazimine (1 mg/kg)
linezolid (10 mg/kg/day)
PAS (150 mg/kg)
amox clav (875/125 mg/kg)

Referred to ID for optimizing treatment
e cycloserine + ethionamide added



Case contd.....

Sputum of mother
LPA GenoType MTBDR plus & s/ :

XDR
Subsequently confirmed by
MGIT DST in both mother & child

Needless delay of 4-6 weeks avoided....

Both child & mother well at 2 year FU

MTBDR plus

MTBDR sl



Contents lists available at SeienceDirect

AL Tuberculosis

jourmal homepage: www.elsevier.com

Utility of pyrosequencing for rapid detection of tubercular meningitis (TBM) and
associated susceptibility directly from CSF specimens

Kanchan Ajbani®, Mubin Kazi®, Swapna Naik®, Rajeewv Soman®, Anjali Shetty®, Camilla Rodrigues®™ *

Phenotypic

Pyrosequencing

MTE Mutations

POS 531 TTG rpoB, katG 315 ACC

POS 531 TTG rpoB, katG 315 ACC, gyrA 94
GGC, rs 1401G
rpoB 516 GTC, katG 315 ACC, inhA -15T
rpoB 531 TTG, katG 315 ACC
N.A.
wild type
wild type
katG 315 ACC, 1rs 1401G, rpoB NI gyTA
NI
rpoB 531 TTG, katG 315 ACC, inhA -15T,
gyTA 94 GGC
kat G 315 AGC

M.
N.
N.
M.
5

U

Z

=

MN.A.
wild type
rpoB 521 TTG, kat G 315 ACC




TBM: CSF PSQ

PHENOTYPIC GENOTYPIC
Pyrosequencing
Mutations MDR/ XDR

14 Male NA katG 315 ACC INH monoresistance

526 AAC rpoB, katG 315
15 Male MDR ACC MDR

rpoB 531 TTG, katG 315

16 Female MDR + FQ ACC, gyrA 94 GGC MDR + FQ
17 19 Male Sus wild type Pan S
18 28 Female Sus wild type Pan S
19 53 Male Sus wild type Pan S
20 25 Male NA wild type Pan S
21 37 Male NA NA NA
22 50 Male NA wild type Pan S
23 38 Male NA wild type Pan S
24 87 Female NA NA NA
25 71 Female NA NA NA
26 55 Female NA NA NA
27 39 Male NA NA NA
28 55 Female NA NA NA
29 58 Female wild type
30 31 Male wild type

531 TTG rpoB, katG 315
31 21 Female ACC
32 68 Female NG NA wild type
33 31 Female NG NA wild type

531 TTG rpoB, katG 315
34 53 Male NG NA ACC
35 38 Male NG NA wild type
36 35 Female NG NA wild type
37 18 Male NG NA wild type
38 6 Male NG NA wild type

531 TTG rpoB, katG 315
39 32 Female NG NA ACC
40 10 Female NG NA NA

rpoB 531 TTG, katG 315
41 64 Female NG NA ACC, gyrA NI
42 47 Male NG NA NA NA
43 43 Female NG NA wild type
44 16 Female NG NA NA NA
45 34 Female NG NA NA NA
46 27 Female NG NA NA NA
Female NG NA NA NA

Of 47 TBM suspects, 34 PSQ +ve with with 10 MGIT positive & 14 Xpert positive

Culture Cullture-DST




Dilemmas in management of TBM / tuberculomas

* Drug resistance
» Paradoxical response

* Adequate drug penetration
Vasculitis / infarcts
Hyponatremia

Brain edema

Hydrocephalus

Seizures

Mixed infections ( HIV )



AK 16 years
TBM

Started on HRZE & steroids
partial improvement

After tapering of steroids,
c/o severe headache

Intercisternal tuberculomas with exudates
Referred to ID




Sample Type:
Assay Information

Assay Version Assay Type

P
Xpert MTB-RIF Assay G4 In Vitro Diagnostic

? Drug Resistant TB or

\nalyte Result

P nalyte Ct EndPt Analyte Probe

. ame Result Check

Resulit

dalraqaoxical respons P C———
p Probe C ¥ NEG PASS

Probe E X - NEG PASS
Probe B X NEG PASS
sSPC x PASS PASS
Probe A A NEG PASS
Qc-1 . NEG PASS

Xpert : MTB not detected 0 ER .

PSQ:Mono R to INH katG 315ACC

inhA promoter
* INH replaced with ETH S

Rifampin poB
(better CSF penetration & EBA) =

« Re started steroids

Capreomycin

Fluoroguinolones | gyrA
i.e. Ofloxacin,
. . Moxifloxacin
Pa tl e nt I m p r OV e d O n F U PSQ is a rapid screening technique for molecular detection of drug resistance. For the confirmation of the

PSQ results, culture-based drug susceptibility testing should be performed, A negative
mutation) does not rule out contributory mutations present elsewhere in

not be used as the sole criterion but can be used in conjunction with other clinical data
drug resistant tuberculosis.

result (e.g. no
the genome. The test results should

for the diagnosis of







Culture
MGIT
DST

4 -8
weeks

|solation
4-6 weeks
+ DST

2 weeks

Current TAT with DST methods
MGIT, Genotype MTB DR plus & MTB DR s/, PSQ, NGS (Targeted & WGS)

Genotype
MTB DR plus
MTB DR s/

2 days

Pyrosequencing

Targeted
NGS

37 hrs

Enrichment 4 hrs
Prep 5 hrs
Sequencing MiSeq
28 hrs

Batch 48 samples

WGS from
culture

9-12 days

Enrichment 7-10 days
Prep 5 hrs
Sequencing MiSeq
28 hrs

Batch 9 samples




HNH 2017 : DR conferring mutations detected by MTBDRplus & MTBDRs/

1728 (87%) katG 315 49(2.23%)

202 (9.2%) inhA -15
16

27 (1.23%) -8

32 (1.4%) WT1 :505-509 -
6 0.2° WT2 :510-513 12(0.5%)
4 ( 0 1;’,} WT 2/3: 510-517 8 (0.3%)
(0.18%) WT 3/4 :513-519 13 (0.5%)
Wt 4/5 : 516-522 6 (0.27%)
0 WT 5/6 : 518-525 -
177 (93 A’) WT7 : 526-529 52 (2.3%)
WT8 : 530-533 21 (0.95%)

318 (26%) gy

WT1: 85-90

14 (1.1%) WT2 : 89-93 ) .
30 (24%) WT3: 92:67 48 (3.96%)
21 (1.73%)

423 (64%)

12 (1%)

gyrB WT1 : 538-540 4 (0.3%)
2 (0.1%)

4  (0.33%) eis 5 (0.4%)
WT1: G37T, 44 (3.63%)
WT2:-10-14 : WT3: -2
106 (94%)
rrs WT 1: 1401-1402 9 (0.8%)
WT2 1484




WGS for DR conferring mutations :
Incremental value over current LPA / PSQ ?

XDR drugs : <10% (LPA WT absent with no mutant)
Oral FLD . Ethambutol , PZA
Oral SLD . Ethionamide, PAS, cycloserine

Re purposed drugs ;. CFZ, LZD
New Drugs . BDG, DLD



Outline

- Expanding the DR mutation knowledge base

WGS for identification of more genomic variants
& detection of associations of genetic variants with quantitative DST

- Sequencing directly from clinical samples
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A standardised method for interpreting
the association between mutations and

phenotypic drug resistance in @QRESEQTB
Mycobacterium tuberculosis Relational Sequencing TB Data Platiorm
Dirug | phenotypic Gene High-confidence mutations M od erate-confi dence Min imal-confidence No association with
besting) mutations miurtations resistamc e
First-Lime
Rifampicin [R] paf FS05V+051 6Y, 55127, U513H+L533F, U51.3-F51 &ins, 513K, G513L, G513P, D514Y, 55221, HA24F, L511F, H52&N, I5T2F
Faladupl, M313k-05376Y, 9164, DDM6F, D160, 51 6lx-L533F, [516ims, Lad3P

U31ai, DO16Y, Del M318, 50281, H32E, Ha2eD, HadaF, Hodel, Hodel,
H526R, H326Y 5531F, 5531L, 55310, 5531W, 5531, DelskE

Isoniazid [H] infA-mabd g-1025"" c-15t g-M2a*?, t-80g, g-47c,
T&l
ks s 5315, 5315M, 53157, pooled frameshifts amd premature stop codons ATT0V, RESIL, LatiM
fir& L&BF
s e AlgTyes Hi115
Second-Une [group Al
Moxifloxacin [MFX] Qyra CHEC, AFDY, S71F, DVLA, DRLG, DFLN, DFLY E214, 595T, G2475,
Gea80, VI12L
Ofloxacin JOFX]/ QA GHEA, GEEC, SYIF, AYDY, DYLA, DY¥LG, DY4H, DVLAN, D&Y L E£TU, THOA, 53T,
levofloxacin [LFX] G2475, GaadD, VIN2ZL
ayrg E45FE, AS0LY
Second-lne [group B)
Anikacin [AM] TS alélig, gliast
Kanamycin |KM] =1 c-14t, g-10a g-Jit, o-1.21 alidsc
TS aS14c”, a1401g, 1402, gl 484
ITS+8I5 rrs cB1MY + ais g-3M
Capreamycin [CM] TS alélig, c1402t, glégit c517t
Tipd N234K, pooled frameshifts and premature stop codons D1 4% H
Streptomycin [5] psl K&3IR, KadT, KBE0, KEER, T4
TS alalig®, abibe, ablat, cabZt, <513, 51T
gial Ew2p"" L1&R, ¥1106, pooled
frameshifts amd
premature stop Codons
Second-Une [group C|
Ethionamide and ahd C-13H1T¥4T, c-1554%A c-13t
prothionamide afha L34 Stop
|[ETO/ FTaO]
Second-lUne [group D)
Pyrazinamide [Z] oA 1-12c, a-11g, t-7c, AJE, LAS, T, V70, DEE, DBG, DEN, Q10P, D124, D12N, Y76, QI0E, Po4L, D126, F3EL HNE, imdel - c-125del, BT,
C14R, G170, L19F, G240, Y34D, ALY, KABT, DAFGE, DU¥N, H51Q, HE1R, Fh45, WHBG, K¥SE, KF&T, IT33T, V1384 L35SR, TATA, |61, KAET,
H570Y, H5TF, HSTR, HSTY, S59F, PA2L, PA20, DA3G, S44P, SETP, WAL, WESR, ATTE, M17TH T114M

HPD, AW, RY, CT2R, TVeP, HEZR, LEsP, LEDR, FYAL, P45, K¥ah, KY¥oH,
GYSL, GFID, 0¥Fa, Y10GH, 5T04R, G108R, L116F, L116K, LY20P, R123F,
V1ZF, V1250, Y1280, G1324, G1320, G135, Ald4Y, T135M, T135P, H137F,
C138Y, Y1390, Y13¥L, Q141P, T142A, T142K, T142M, indel - R148ins

linframe], L1515, V1556, L15%F, T160F, G1420, T168F, L172P, M175T, M1T5Y, Eur ReSpII' J 2017;50:1701354

widlF, v1gll, Pooled frameshitts and premature stop codons




The Coming of Age of Drug-Susceptibility Testing
for Tuberculosis

1. Database validation for all drugs with High, moderate
& minimal confidence resistance conferring mutations

2. Development of standardized analytical pipelines to
differentiate DR mutations from phylogenetic
markers & synonymous mutations



Outline

- Sequencing directly from clinical samples



Sequencing directly from sputum

Sputum contains a mix of DNA

» Mostly human

> Bacteria / NTM

> Viruses

> 1B
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Sputum : How do you enrich the TB DNA signal ?

1. Sequence all DNA present at high depth (MTB coverage 0.002 - 0.7x)

2. Enrich with Baits (83% samples achieved >20x depth )

3. Lysis to remove target DNA (65% > 3X depth)

4. Early MGIT culture (1-5 days)

Doughty, et al. Peer J 2014
Brown, et al. J Clin Micro 2015
Doyle RM J Clin Micro 2018
Votintseva, et al. J Clin Micro 2017



How TB continues to conquer the world

Out of Africa
and Back Again

The two oldest families of TB
germs began in West Africa, where
they are still found. Four more
lineages took hold around the
Indian Ocean and in India, East
Asia and Europe. Further migration
and colonization led to a greater
spread. Still unclear: why the slave
trade did not establish the West
African lineages in the Americas.

Major TB Lineages
Ancient

s \West African 1
= West African 2
== [ndo-Oceanic

= Hypothesized
COMIMon ancestor
of modem lineages

Modemn
= Euro-American
== East African—Indian

s East Asian

Current Distribution
Different families of TB germs
spread at different rates. Africa

is the only continent where all the
TB lineages that have so far been
identified can still be found. A par-
ticularly dangerous member of
the East Asian family of TB germs,
known as the Beijing group, is
now threatening the globe.

Hypothesized prehistoric migration
paths of TB lineages (bold arrows)

1986 until well into the

1990s, was evenmuzlly traced to

the Beijing group of TB germs.

Asia

\
{
AL

Australia

Modern migration
paths (thin arrows)

|
A seventh lineage,
limited to the Horn

of Africa, has recently
been identified.

Evolved into 7 lineages




When does bacterial resistance become global ?

e \Vhen the strain is easily fransmissible (high density settings)

e \When resistance imposes little fitness burden



Global implementation of NGS
are we ready for prime time ?

Direct WGS still not standard

Not near enough to the patient

Current pipelines focus XDR defining drugs

For oral SLD / repurposed drugs not all mutations are known
Expertise for analysis with complex workflows

Cost

.we certainly need to get on with WGS for surveillance
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Prediction of Susceptibility to First-Line Tuberculosis Drugs
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