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C R I T I C A L  N E E D  FO R  B E T T E R  A N D  FA S T E R  D I AG N O S T I C S  FO R  D R -T B

 Early detection and optimal treatment critical for tackling TB

 New drugs and shorter regimens now available 

o Get people on the right treatment from the start
o Preserve the efficacy of new drug regimens so more people can avail of the treatment for as long as possible 

Targeted NGS-based diagnosis of DR-TB direct from clinical samples presents a paradigm shift

 Strong genotype  phenotype correlations in TB

 Adaptable to new genes and mutations

 Scalable, lower biosafety requirements; multi-disease platform

 Faster results to inform clinical decision-making

Confidential 



3

Generate evidence and boost in-country capacity to support the global 
adoption of end-to-end tNGS solutions for comprehensive diagnosis of DR-TB

R A P I D , C O M P R E H E N S I V E  t N G S  S O L U T I O N S  F O R  D R - T B  D I A G N O S I S

4: Prepare for Scale

3: Assess NGS 
Implementation 
Models1+2: Inform WHO Policy 

on use of tNGS Solutions 

1b: Clinical
Evaluation

Phase II

1a: Analytical
Validation

Phase I

2: Mutations Catalogue & 
WHO TB Knowledgebase

2019 2020 2023 2024 2025

https://www.finddx.org/what-we-do/projects/seqtreat/ Confidential 
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S E Q & T R E A T O U T P U T  1 :  E V I D E N C E  G E N E R A T I O N  F O R  t N G S  S O L U T I O N S  

A N A LY T I C A L  A N D  C L I N I C A L  E VA LUAT I O N  O F  t N G S  FO R  D R -T B  D E T E C T I O N

• Phase 1: Internal analytical validation of tNGS solutions demonstrated 
reproducibility, and SNP calling accuracy 

• When a SNP is present, it is called accurately 

• Phase 2: Multicenter, cross-sectional, diagnostic accuracy study in three countries

• Trial population: Confirmed pulmonary TB patients at risk/proven to have DR-TB

• Study size: 750 participants

• Composite Reference: Phenotypic DST & WGS

• Comparators: Xpert MTB/RIF+Hain LPA

• Objective: Assessment of diagnostic accuracy for resistance to 13 anti-TB drugs: 
RIF INH MOX LEV PZA AMK KAN CAP BDQ LZD CLF STR EMB
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G E N O S C R E E N  A N D  O N T  T N G S  WO R K F LOW S
T A R G E T E D  N G S  E N D - T O - E N D  S O L U T I O N S  T H A T  W E R E  E V A L U A T E D
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C L I N I C A L  R E S U LT S  P U B L I S H E D !

6

This study represents the first            
large-scale multicentre clinical evaluation 
of two commercial end-to-end tNGS 
workflows for diagnosing drug-resistant 
tuberculosis in diverse settings. 
By implementing GenoScreen and ONT 
workflows, the study assessed    
diagnostic accuracy and failure rates
across various drug compounds. 
The research demonstrates the potential 
of tNGS to replace conventional methods 
by providing accurate and comprehensive 
drug resistance profiles directly from 
tuberculosis clinical specimens.
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● Both tNGS solutions provide accurate & reproducible 
results from direct clinical samples

● >95% of clinical samples produced TB sequence 
data on tNGS

● High rate of tNGS sequence data generation

● Sequence failure is associated with lower bacterial 
loads using Xpert semi-quantitative proxy

● Genoscreen: >91% of sediment samples 
produced DR information; 1.2% drug target 
failure

● ONT: >94% of sediment samples produced DR 
information, 5% drug target failure

R E S U LT S  S U M M A RY
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G E N O S C R E E N  AC C U R AC Y
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• Genoscreen: >95% sensitivity for RIF, INH, FQ, AMK, SM, and EMB; >83% for PZA, BDQ, CLF, CAP, and KAN

• GS performance on BDQ and CLF was above TPP minimum  [84% sens, 98% spec]

• Performance on LZD is reduced [GS:46% sens, 99% spec

• Indicates performance will improve as knowledge of mutations associated with resistance is expanded
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O N T  AC C U R AC Y
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• ONT: >94% sensitivity for RIF, INH, and FQ; >80% for INJ, EMB; >75% for PZA, and SM

• Performance on BDQ & CLF was poor [6% sens, 99.8% spec]

• Performance on LZD is reduced [ONT:50% sens, 100% spec]

• Sequence data generated for targets  performance will improve with expanded ONT mutation list
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F R O M  E V I D E N C E  TO  P O L I C Y  O N  N G S  FO R  PAT I E N T  C A R E
T N G S  G U I D E L I N E  R E L E A S E

● Rapid Communications issued by WHO Jul 2023 ahead of guidelines

● Final guidelines issued March 2024: class-based recommendations on use of tNGS for DR-TB diagnosis

WRD: WHO-recommended rapid diagnostics for TB and MDR-TB detection

WHO consolidated guidelines on tuberculosis: rapid diagnostics for tuberculosis detection. 3rd ed. https://www.who.int/publications/i/item/9789240089488
Confidential 
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M OV I N G  F R O M  P O L I C Y  TO  I M P L E M E N TAT I O N  O F  t N G S

WHO consolidated guidelines on tuberculosis: rapid diagnostics for tuberculosis detection. Third edition.   https://www.who.int/publications/i/item/9789240089488

● tNGS was cost-effective depending on context, costs 
varied by
► prevalence of resistance
► current standard of care
► potential impact of loss to follow-up
► implementation approach

● tNGS was acceptable and implementable in routine 
programmatic conditions despite inherent complexity

● Optimal implementation models and algorithms will 
be context dependent, need further investigation

Acceptability
 Comprehensive
 Convenient
 Rapid and Adaptable

Challenges
– Set-up, high technical complexity
– Specialized infrastructure and expertise
– Procurement and supply chain 
– Data management and storage
– Routine update of the mutations catalogue

Values, preferences, and equity considerations
• Implications for access based on placement
• Affordability and cost-effectiveness

User perspectives, economic and qualitative findings on tNGS
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• The WHO now endorses tNGS for direct-from-sample resistance profiling across 10+ drugs

• But, tNGS identifies mutations, not resistance — clinical interpretation is essential to translate 
mutations into actionable treatment decisions

• Not all mutations confer resistance — some are benign, some uncertain, others indicate high or low-
level resistance

• Accurate interpretation is central to effective DR-TB care — but it requires standardized tools and 
practical guidance

T R A N S L AT I N G  M U TAT I O N S  TO  R E S I S TA N C E  I N FO R M AT I O N

 Mutation Catalogue! 
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B A S I S  F O R  P R E D I C T I N G  R E S I S T A N C E  F R O M  S E Q U E N C E

M U TAT I O N S  C ATA LO G U E  A N D  W H O  T B  K N OW L E D G E B A S E

https://www.who.int/publications/i/item/9789240028173

Knowledgebase

Catalogue

Interpretation

Standardized data collection and analysis

v1 released 2021: 38,000 isolates from 40 countries

v2 released 2023: 53,000 isolates (+15,000)

● Expanded geographic coverage

● Mutations for BDQ, LZD, DLM, CFZ resistance added

v3 to be released ~June 2025

● ~82,000 clinical Mtb isolates (+ 29,000)

● Approx 20,000 isolates w BDQ, LZD and DLM, with 
WGS & pDST data

● Includes mutations associated with Pa resistance

Powered by the WHO TB Sequencing Knowledgebase which 
collates global TB genotypic-phenotypic datasets 
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I M P R OV E D  P E R FO R M A N C E  W I T H  U P DAT E D  M U TAT I O N  L I S T S

● Where tNGS sensitivity was low
● Sequence data was generated for targets
● Thus, performance will improve with added 

mutation-to-resistance calls
● Additional mutations in WHO mutation catalogue v2 

● >70% sensitivity of BDQ and CLF
● As gene regions were amplified in the assay, only 

changes needed are in bioinformatics and 
reporting

● In case of drugs with low to no coverage in v2 – LZD, 
Pretomanid
● Performance will likely improve as knowledge of 

mutations associated with resistance expands - v3
● May require assay wet-lab changes to add genes or 

regions not yet covered

Seq&Treat Phase II performance of WGS compared 
to phenotypic DST reference based on 1st and 2nd

editions of WHO mutations catalogue
Catalogue version 1 Catalogue version 2

v1 Sensitivity v1 Specific ity v2 Sensitivity v2 Specific ity

RIF 0.98 (0.96, 0.99) 0.76 (0.69, 0.82) 0.98 (0.96, 0.99) 0.79 (0.73, 0.85)

INH 0.95 (0.93, 0.97) 0.99 (0.97, 1.00) 0.95 (0.93, 0.97) 0.99 (0.97, 1.00)

MOX 0.96 (0.94, 0.98) 0.98 (0.96, 0.99) 0.97 (0.94, 0.98) 0.97 (0.95, 0.98)

LEV 0.96 (0.92, 0.97) 0.98 (0.95, 0.99) 0.96 (0.93, 0.98) 0.97 (0.94, 0.98)

AMK 0.90 (0.79, 0.96) 1.00 (0.99, 1.00) 0.92 (0.81, 0.97) 1.00 (0.99, 1.00)

CAP 0.78 (0.65, 0.88) 0.99 (0.98, 1.00) 0.78 (0.65, 0.88) 0.99 (0.98, 0.99)

KAN 0.79 (0.69, 0.86) 0.96 (0.94, 0.97) 0.79 (0.70, 0.87) 0.96 (0.94, 0.97)

PZA 0.91 (0.88, 0.94) 0.94 (0.91, 0.96) 0.87 (0.83, 0.90) 0.96 (0.93, 0.98)

SM 0.92 (0.90, 0.95) 0.92 (0.88, 0.95) 0.92 (0.89, 0.94) 0.93 (0.88, 0.95)

EMB 0.87 (0.84, 0.90) 0.81 (0.76, 0.85) 0.84 (0.79, 0.87) 0.81 (0.76, 0.85)

LZD 0.39 (0.23, 0.58) 1.00 (0.99, 1.00) 0.52 (0.32, 0.71) 1.00 (0.99, 1.00)

CLF 0.78 (0.61, 0.89) 0.98 (0.96, 0.99)

BDQ 0.74 (0.58, 0.86) 0.98 (0.96, 0.99)
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S E Q & T R E A T  O U T P U T S 3 A N D  4

P R AC T I C A L  C O N S I D E R AT I O N S  FO R  N G S  I M P L E M E N TAT I O N  A N D  S C A L E

Assess country readiness for NGS implementation 

Technical and operational guidance for uptake of NGS for DR-TB 
diagnosis and surveillance

Training in partnership with key stakeholders: WHO, National TB 
Programmes, implementers, advocacy

TB NGS products included in global procurement lists with access 
pricing - Global Fund, GDF, UNDP

• Genoscreen-Illumina partnership for kit packages and supply

• ONT-bioMérieux partnership for supply and distribution

Cost-effectiveness and impact modelling 

Genomics costing tool for country planning and forecasting
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W H AT ’ S  N E X T  FO R  N G S  S O LU T I O N S  FO R  D R -T B  D I AG N O S I S ?
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 Updated Mutations Catalogue(s) v3 and more as knowledge of targets and 
mutations associated with drug resistance grows 

 Re-analysis of performance in silico for updated software-analytic pipelines

 Increased level of automation at various steps in the workflow
 Simplified DNA extraction and processing
 Reduced number of steps in library preparation 
 Combined sample and library prep
 WGS direct from sputum samples
 tNGS/WGS from non-sputum samples

 Newer versions of tNGS assays with new gene targets based on updated 
Catalogue and/or growing knowledge of resistance mutations

 Generative AI and predictive analytics for future mutation catalogue updates
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ONT sensitivity vs. reference

Drug Original 
pipeline

Updated 
pipeline

BDQ 5.9% 69.4% 

CLF 0 66.7% 

2024
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AC K N OW L E D G E M E N T S

alongside significant contributions from our 
private sector partners

Our work is made possible by our donors
our country and technical partners

...and the FIND sequencing team

Anita.suresh@finddx.org

www.finddx.org/sequencing

• WHO GTB
• Ospedale San Raffaele Milan
• Mutation Catalogue Experts
• Brazil NTP, MoH
• Indonesia BGSi, NTP, MoH
• South Africa NTP, NICD
• Hinduja Hospital, Mumbai
• Georgia NTP
• UCSD
• DataArt
• Several Technical Consultants and 

Academic Partners
…

mailto:Anita.suresh@finddx.org
http://www.finddx.org/sequencing
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