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The real world of tuberculosis



SK 41 M 

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

Case  



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 GI bleed  & Expired



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

LPA GenoType MTBDR plus & sl  : XDR
Confirmed by MGIT  DST 

10 August 2011 : Blood culture (11 July) : XDR TB

MTBDR plus   MTBDR sl

…Too little ..too late



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

Liquid Culture

& DST
Molecular Tests

Solid Culture

& DST

Suspected MDR Case

Rapid diagnosis with DST is fundamental
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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

Drug Refere

nce

Genes 

Mutations % global

R 

%

Mumbai

%

Moldova

% South

Africa

INH katG

inhA-

fabG1

S315T, S315N,  S315I

- c15t,-17t

78.5 89

18

92

46

44

47

RIF rpoB S450L,

D435V, 

H445Y, H 445D
H445R,S450W,H445L , D435G,H445C, H445G 

Q432K, Q432P, D435F, Q432L,F433,S450F,L452P

83.1 83

2

3

84

2

2

17

57

low

MXF gyrA D94G, 

A90V, 

D94A,  D94N/Y

82.8 46

26

8/8

6

19

19

46

9

9

KAN rrs

eis
A1401g, 

c1402t, g1484t

-c14t, -c12t -g10a

81.7 85-95

4

7

53

85-95

4

AMK rrs A1401g, g1484t 78.6 85-95 33 85-95

CAP rrs

tylA
A1401g, c1402t, g1484t

N236K

77 85-95 40 85-95

Paolo M  Eur Respir J 2017;50:1701354   

Georghiou SB. AMAC 2016; doi:10.1128/AAC.00222 



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



PLoS One 2015 :10(1):e0116798

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



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



Molecular tests may better predict treatment outcomes 

gyrA A90V  & gyrA D94A  maybe treated with HD MOX

Stratifying FQ  R mutations that maybe overcome with HD MOX



Mutation Isoniazid Ethionamide

katG S315T

MUT 1
X 

inhA
MUT1          C15T

MUT 2         A16G

MUT3 A / B  8A / C

HD X

katG S315T plus 

inhA
X X 

Mutation Rifampicin Rifabutin

rpoB S531L

MUT3

H526Y/D

MUT 2A/2B

X X 

rpoB D516V

MUT 1
X Check DST

Mutation Moxiflox Levoflox Ofloxacin

gyrA

D94  
/ (N /Y) /G /

MUT 3B / 3C 

X  
Check DST at 2 

X X 

gyrA

A90V 

MUT 1

 HD X X 

gyrA

D94A

MUT3A

 HD X X  

Mutation Kanamycin Amikacin Capreo

rrs A1401G

MUT 1
X X X

check DST

rrs G1484C

MUT 2
X X X 

eis

promoter

C14T 

MUT 1

X  

LPA DST : clinical implications with positive mutant bands  



- Sanger Sequencing

- Pyrosequencing (PSQ)

- NGS (Targeted & WGS)

Sequencing in the DR TB world  



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

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



Outline

• Empiric treatment with local lab epidemiology

• Pyrosequencing applications  

• Expanding  the mutation knowledge base

• Sequencing directly from clinical samples



Pyrosequencing (PSQ) to detect XDR TB 

 Rapid, accurate, robust, high throughput  tech 

delivers targeted sequencing  

 Clinically relevant results in < 6 hrs directly from samples

 Flexible :
adaptable to regional prevalence specifics & new mutations



20

Target Location Mutations Length

M tuberculosis 

complex
IS6110 - 24

Isoniazid

katG 312 – 316 5 13

inhA promoter - 4 to -20 7 17

ahpC- oxyR - 4 to -23 5 24

Rifampicin rpoB 507-521

522-533

32 45

35

Fluoroquinolone gyrA 88-96 13 25

SLI

KAN,AMK,CAP
rrs 1397-1406 2 10

KAN eis -6 to -47 5 42

PSQ : detecting > 64 mutations in < 6 hrs



What do we use PSQ  for ?

(i)   Smear Positive Samples with  LPA any WT band absent         

but with no corresponding  mutant band

(ii)  Resolving  discordant  Xpert  & MGIT DST

(iii) Smear negative TB  

Pyrosequencing (PSQ) applications



Comparison of PSQ, GenotypeMTBDR & MGIT DST

Incremental increase in

SNP detection over LPA 

INH  : 1.3% 

RIF   : 13%  

FQL  : 8.2% 

Tuberculosis 2018 ;110:86-90



What do we use PSQ  for ?

(i)  Smear Positive Samples with a LPA WT band present        

but with no corresponding  mutant band

(ii) Resolving  discordant  Xpert & MGIT DST

(iii) Smear negative TB  

Pyrosequencing (PSQ) applications



• Operator related 

• Protocol related 

• Heteroresistance 

• Inadequate knowledge about mutations

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



Repeat  Xpert   RIF: 
Resistant

Check LJ for 2 types of 
colonies Repeat  Xpert RIF 

Susceptible

Send isolate for WGS 

Repeat  Xpert  RIF : 
Resistant

Perform PSQ for the 
exact  SNP 

Perform RIF 
MIC at 0.25   / 

0.12

Xpert  MTB/ RIF : Susceptible

MGIT  DST RIF   : Resistant
Xpert MTB / RIF   :  Resistant

MGIT DST RIF      :  Susceptible

Repeat  Xpert from  original MGIT tube

Repeat  Xpert RIF: Resistant                                              

Check LJ for 2 types of 

colonies  (Heteroresistance)

Repeat  Xpert RIF 

Susceptible

Send isolate for WGS 

Repeat  Xpert  RIF : Resistant

Perform PSQ for the 

exact  SNP 

Perform RIF 

MGIT MICs at 

0.25 /0.12

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

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



What do we use PSQ  for ?

(i)  Smear Positive Samples with a LPA WT band present        

but with no corresponding  mutant band

(ii) Resolving  discordant  Xpert & MGIT DST

(iii) Smear negative TB

Pyrosequencing (PSQ) applications



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



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

Case  contd…..



Pyrosequencing: XDR TB detected in 6 hrs

Rif  R rpo531                                                                                   FQ  R gyrA 94

TCC to TGG                                                                                    GGC to AAC

Isoniazid R katG                                                                                 SLI   R

315 GGT toAAC                                                                                  rrs1401

R

Global Consortium for Drug resistant TB Diagnostics (GCDD) funded by NIH, USA : Grant #5U01AI082229



 The child was on IV dexamethasone & anti epileptics

 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

 cycloserine + ethionamide added

Case  contd…..



Sputum of mother

LPA GenoType MTBDR plus & sl : 

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

Case  contd…..





TBM :  CSF PSQ  
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PHENOTYPIC GENOTYPIC

Culture Cullture-DST
Xpert Pyrosequencing

MTB RIF MTB Mutations MDR/ XDR

14 65 Male NG NA Neg NA Pos katG 315 ACC INH monoresistance

15 33 Male Pos MDR Pos Res Pos

526 AAC rpoB, katG 315 

ACC MDR

16 55 Female Pos MDR + FQ Pos Res Pos

rpoB 531 TTG, katG 315 

ACC,  gyrA 94 GGC MDR + FQ

17 19 Male Pos Sus Pos Sus Pos wild type Pan S

18 28 Female Pos Sus Pos Sus Pos wild type Pan S

19 53 Male Pos Sus Pos Sus Pos wild type Pan S

20 25 Male NG NA Pos Sus Pos wild type Pan S

21 37 Male NG NA Neg NA Pos NA NA

22 50 Male NG NA Neg NA Pos wild type Pan S

23 38 Male NG NA Neg NA Pos wild type Pan S

24 87 Female NG NA Neg NA Neg NA NA

25 71 Female NG NA Neg NA Neg NA NA

26 55 Female NG NA Neg NA Neg NA NA

27 39 Male NG NA Neg NA Neg NA NA

28 55 Female NG NA Neg NA Neg NA NA

29 58 Female Pos Sus Pos Sus Pos wild type Pan S

30 31 Male Pos Sus Pos Sus Pos wild type Pan S

31 21 Female Pos MDR Pos Res Pos

531 TTG rpoB, katG 315 

ACC MDR

32 68 Female NG NA Neg NA Pos wild type Pan S

33 31 Female NG NA Neg NA Pos wild type Pan S

34 53 Male NG NA Pos MDR Pos

531 TTG rpoB, katG 315 

ACC MDR

35 38 Male NG NA Neg NA Pos wild type Pan S

36 35 Female NG NA Neg NA Pos wild type Pan S

37 18 Male NG NA Neg NA Pos wild type Pan S

38 6 Male NG NA Neg NA Pos wild type Pan S

39 32 Female NG NA Neg NA Pos

531 TTG rpoB, katG 315 

ACC MDR

40 10 Female NG NA Neg NA Neg NA NA

41 64 Female NG NA Neg NA Pos

rpoB 531 TTG, katG 315 

ACC,  gyrA NI MDR

42 47 Male NG NA Neg NA Neg NA NA

43 43 Female NG NA Neg NA Pos wild type Pan S

44 16 Female NG NA Neg NA Neg NA NA

45 34 Female NG NA Neg NA Neg NA NA

46 27 Female NG NA Neg NA Neg NA NA

47 64 Female NG NA Neg NA Neg NA NA

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



• Drug resistance 

• Paradoxical response

• Adequate drug penetration 
• Vasculitis / infarcts

• Hyponatremia

• Brain edema

• Hydrocephalus

• Seizures

• Mixed infections ( HIV )

Dilemmas in management of TBM / tuberculomas 



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  



? Drug Resistant TB or 

paradoxical response 

Xpert  : MTB not detected

PSQ:Mono R to INH katG 315ACC

• INH  replaced with ETH 
(better CSF penetration & EBA)  

• Re started steroids

Patient improved on FU



- Sanger Sequencing

- Pyrosequencing (PSQ)

- NGS (Targeted & WGS)

Sequencing in the DR TB world  
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Culture

MGIT 

DST

Genotype
MTB DR plus

MTB DR sl

Pyrosequencing Targeted 

NGS

WGS from 

culture

4 -8 

weeks

Isolation 

4-6 weeks 

+ DST 

2 weeks 

2 days < 6 hrs 37 hrs

Enrichment 4 hrs

Prep 5 hrs

Sequencing MiSeq

28 hrs

Batch 48 samples

9 -12 days

Enrichment 7-10 days

Prep 5 hrs

Sequencing MiSeq

28 hrs

Batch 9 samples 

Current TAT with DST methods 
MGIT, Genotype MTB DR plus & MTB DR sl, PSQ, NGS (Targeted & WGS)
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Resistant  Phenotype Reference 

Genes

DR  conferring 

mutations

No(%) Detected ONLY 

WT absent

% Only WT 

absent

INHR kat G

inhA

S315T1/ S315T2

C15T

A16G

T 8C

1728 (87%)

202      ( 9.2%)

27        (1.23%)

katG 315

inhA -15

-16

-8

49(2.23%)

-

-

RIFR rpob D516V

H526Y

H526D

S531L

32       ( 1.4%)

6         ( 0.2%)

4         ( 0.18%)

1717 (93%)

WT 1     : 505-509

WT 2     : 510-513

WT 2/3 :  510-517

WT 3/4  : 513-519

Wt  4/5  : 516-522

WT 5/6 :  518-525

WT 7    :  526-529

WT 8    :  530-533

-

12(0.5%)

8 (0.3%)

13 (0.5%)

6 (0.27%)

-

52 (2.3%)

21 (0.95%)

OFXR gyrA

gyrB

A90V
S91P

D94A

D94N/Y

D94G
D94H

N538D/ E540G

318   (26%)
14       (1.1%)

30       (2.4%)

21       (1.73%)

423  (64%)
12       (1%)

2         (0.1%)

gyrA

WT1 :  85-90

WT2 : 89-93

WT3:  92-97

gyrB WT1 :  538-540

-

-

48 (3.96%)

4 ( 0.3%)

KANR

KANR /AMKR / CAPR

eis

rrs

C14T

A1401G
G1484T

4        (0.33%)

106 (94%)

eis
WT1: G37T,

WT2: -10-14  : WT3 : -2

rrs WT 1: 1401-1402

WT2 1484

5  (0.4%)

44 (3.63%)

9 (0.8%)

HNH 2017 : DR conferring mutations detected by MTBDRplus & MTBDRsl



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

• Empiric treatment with local lab epidemiology

• Pyrosequencing applications  

• 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



CRyPTIC : Microtitre phenotypic MICs vs Whole Genome Sequencing



Eur Respir J 2017;50:1701354



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

• Empiric treatment with local lab epidemiology

• Pyrosequencing applications  

• Expanding the mutation knowledge base

• Sequencing directly from clinical samples



Sequencing directly from sputum 

Sputum  contains a mix of DNA

 Mostly human

 Bacteria / NTM

 Viruses

 TB 

Sputum



Oxford Nanopore Sequencing
Oxford Nanopore MinION Sequencing

http://www.technologyreview.com/sites/default/files/legacy/nanopore_x616[1].jpg



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

Sputum : How do you enrich the TB DNA signal ?  



How TB continues to conquer the world 

Evolved into 7 lineages 



When does bacterial resistance become global ?

 When the strain is easily transmissible (high density settings) 

 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 



M  Pai  et al. BMJ Global Health doi:10.1136/bmjgh-2018-000755 



History will judge us not by our scientific

breakthroughs, but how we apply them…


