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2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

TB Cases 765 768 806 750 754 606 684 714 894 1,089 967

Rate* 3.9 4.0 4.2 3.9 3.9 3.1 3.4 3.5 4.4 5.4 4.8

Tuberculosis (TB) in New York

https://www.cdc.gov/tb/statistics/default.htm

~8% Drug 

Resistant 

(DR-TB)

1-2% 

Multidrug 

Resistant 

(MDR-TB)

https://www.health.ny.gov/statistics/diseases/communicable/tuberculosis/docs/1960-current_cases_rates.pdf

*Rate calculations are based on United States decennial Census data; per 100,000 population)

We’ve come a long way!

1960 -7,075 cases (Rate 42.2)
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https://www.health.ny.gov/statistics/dis

eases/communicable/tuberculosis/

https://www.nyc.gov/assets/doh/downloads/pdf/tb/tuberculosis-

in-new-york-city-2025-annual-report.pdfTB became a 

reportable 

disease on 

January 19, 1897



Wadsworth Center, New York State Department of Health

Bacterial Disease Lab 

–5 Units including Mycobacteriology

–60 Staff

–>100 Laboratory developed tests (LDTs)

–10 Clinical next generation sequencing

(NGS) tests

Notable features

–Largest US state public health laboratory 

–800 staff, 5 sites

–Basic and applied research

–Clinical Laboratory Evaluation Program (CLEP)

– In-house developed Laboratory Information 

Management System (CLIMS)

Wadsworth Center Images



The LDT Toolbox

www.Biorender.com

http://www.biorender.com/


Mycobacterium tuberculosis Testing Algorithm

CLINICAL TESTING – ISOLATE PATH CULTURE-BASED TESTING (ISOLATE) DIRECT SPECIMEN TESTING

Heat-

killed

Isolate Specimen Processed,

Decontaminated

Heat-

killed

CULTURE

Culture Testing:

• BACTEC MGIT  960

• Löwenstein-Jensen

DST Methods:

• MGIT  DST

• MIC Testing

Real-time PCR

MTBC & MAC

MTBC-Positive

ExtRD9

Ct ≤30

ExtRD9

Ct >30

Targeted

NGS
13 Targets/ 9 

Drugs

Targeted

NGS
5 Targets/ 

3 Drugs

Mutations Detected

Report

FINAL REPORTS INCLUDE

MTBC Species

Identification
Lineage &

Spoligotype

SNP

Relatedness

Drug Resistance

Mutations
Phenotypic DST/

MIC Results

MTBC = Mycobacterium tuberculosis complex   •   MAC = Mycobacterium avium complex •   SNP = Single Nucleotide Polymorphism 

DST = Drug Susceptibility Testing  •   MIC = Minimum Inhibitory Concentration   •   BPaL regimen-bedaquiline, pretomanid, and linezolid    

NGS = Next Generation Sequencing   •   Ct = Cycle Threshold

1 2 3

Real-time PCR

MTBC & MAC

MTBC-Positive

Whole Genome 

Sequencing (WGS)

MTBC

Species

Mutations-

Drug 

resistance

Lineage

Spoligotype

SNP

Relatedness

No Mutations

Detected

Final Report

Mutations Detected

Report

DST 1st-

Line

Drugs

DST 2nd-

Line

Drugs

DST BPaL MIC

testing

KEY FEATURES
Integrated isolate & direct testing pathways

WGS for comprehensive genomic insights

Targeted NGS for rapid resistance detection

Phenotypic DST & MIC for confirmation

Actionable results to guide patient care & public health

✓

✓

✓

✓

✓
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Goals for TB WGS:

• Utilize as soon as possible in testing algorithm to impact patient treatment

• Expand molecular resistance prediction

• Provide more comprehensive results

• Mixed infections, heteroresistance, typing

• Assess costs and staff time

2013- Wadsworth Center Public Health Genomics Center (PHGC) funding announcement

2014- PHGC funding to test 60 M. tuberculosis isolates by whole genome sequencing (WGS) 

Background on MTBC WGS clinical testing

MTBC= Mycobacterium tuberculosis complex

www.Biorender.com

http://www.biorender.com/


MTBC WHOLE GENOME SEQUENCING

www.Biorender.com

Pascal Lapierre, Vincent Escuyer, Joseph Shea, Tanya Halse

http://www.biorender.com/


High-confidence and future considerations mutations  
Currently

16 targets

9 drugs

Hundreds of 

mutations

Many more under 

evaluation

V6 pipeline

Antimicrobial Locus Codon/NT position

Rifampin (RIF) rpoB 251, 511, 513, 516, 522, 

526, 531, 533, 572 

Isoniazid (INH) katG

oxyR-ahpC promoter region

mabA promoter region

mabA

inhA

279, 315, 394, 525 

-81

-17, -15, -8

203

94

Pyrazinamide 

(PZA)

pncA/pncA promoter region Any change (except 

Thr87Met or G(-33)A)

Ethambutol (EMB) embB

embC-embA promoter 

region 

306, 328, 406, 497

-12

Streptomycin (SM) rrs

rpsL

512, 513, 516, 906

43, 88

Kanamycin/Amika

cin (KAN/AMI)

rrs 1401

Kanamycin (KAN) eis promoter region -10, -37

Fluroquinolones

(FLQ)

gyrA

gyrB

74, 90, 91, 94

499

Ethionamide 

(ETH)

mabA promoter region

mabA

ethA

-17, -15, -8

203

Frameshift/STOP 

Received clinical approval in February 2016

https://www.who.int/publications
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SOP
• Intended use

• Limitations

• Step-by-step procedures

• Reports

• Interpretation

• Quality control (QC)

• Assay controls

• Proficiency Testing

Clinical Validation and LDT Test Approval

SOP= Standard Operating Procedure

https://www.wadsworth.org/sites/default/files/WebDoc/Microbiology_NAAT_Checklist_0211.pdf

Assay Validation
•Specificity

•Sensitivity

•Reproducibility: Intra- & Inter-assay

•Accuracy

Microsoft Icons
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New Approach with WGS as First-line DST

Shea et al., Tuberculosis, 2023
DST= Drug Susceptibility Testing 

Collaboration!



New Approach with WGS as First-line DST

Shea et al., Tuberculosis, 2023 

• Communication with State and City

TB Control Epidemiologists

• Health Commerce System Advisories

• Local Health Departments

Microsoft Icons



Interpretation

Mutations

REPORT

Updated Report following reduced DST



MTBC WGS Performance Characteristics with Culture-based DST as the Gold Standard

EMB FLQ INH PZA RIF SM KAN ETH ALL

Specificity 1.00 1.00 1.00 0.98 0.98 1.00 1.00 0.98 0.99

Susceptibility-PV 1.00 0.99 0.98 0.98 1.00 0.92 0.99 0.91 0.98

n 1961 625 1993 2021 1996 1463 501 581 11141

2025

V1        V6

EMB= ethambutol

FLQ= fluoroquinolones

INH= isoniazid

PZA= pyrazinamide

RIF= rifampin

SM= streptomycin

KAN/AMI= kanamycin/amikacin

ETH= ethionamide

DST= Drug Susceptibility Testing

Almost 8000 

MTBC Genomes

to date

Wadsworth Center Data

Wadsworth Center Data



10 years of Wadsworth 
Center MTBC WGS

Microsoft Office Icons

• Improved understand of drug resistance mutations

• Improved data on low-level drug resistance

• Advances in interpreting SNP thresholds for relatedness

• Assessments of drug resistance prevalence and trends

• over time

• Evaluations of Clusters of TB disease over time

• Improved understanding of TB lineage and sublineage

• on drug resistance and relatedness

What can we learn?



Low-level Rifampin Resistance
Centers for Disease Control and 

Prevention (CDC) Model Performance 

Evaluation Program (MPEP 2020):

“…isolates with mutations conferring low-level RMP 
resistance may test as susceptible with growth-
based drug susceptibility methods. 



Isoniazid Resistance



Euro-American (53%)

Beijing (23%)

Central Asian Strain (CAS) (6.3%)

East African-Indian (EAI) (13.3%)

Other species (4.4%)

MTBC WGS -Added Bonus-Relatedness Analysis

Cluster= 2 or more TB 

WGS that are <20 SNPs

Epi Report

<=10

≤ 5 SNP= Recent Transmission

SNP= single nucleotide polymorphism

Central Asian Strain 

(CAS)

Wadsworth Center Data



Wadsworth Center Data



Wadsworth Center Data



Wadsworth Center Data



TB Clusters Through Time in NYS (≤10 SNP)

Wadsworth Center Data



Wadsworth Center Data



Wadsworth Center Data



Nanopore targeted next generation sequencing (tNGS) assay for 
Mycobacterium tuberculosis complex (MTBC)

www.Biorender.com

http://www.biorender.com/


Development and Validation of a Direct Specimen MTBC tNGS assay
Bioinformatic 

Analysis

In-house pipeline

Real-time analysis

Nanopore 
Sequencing

GridION
< 2 hr sequencing

Reusing Flow cells

Manual stop of runs

Library 
Preparation

Manual Prep

Targeted, 
Multiplex PCR

13 Targets

9 Antimicrobials

DNA 
Extraction

Automated

EZ1 (QIAGEN)

• Offers more information than pyrosequencing: 

rifampin, isoniazid, fluoroquinolones

• Results concordant with WGS

https://nanoporetech.com/products/gridion

www.Biorender.com

Real-time PCR<30 CT

Microsoft Image

https://nanoporetech.com/products/gridion
http://www.biorender.com/


tNGS Loci to Detect DR-TB
Key Improvements:
➢ Longer amplicons

➢ Additional targets

➢ Additional drugs

➢ Multiplex 2 reactions

*pyrosequencing target

❖Most tNGS assays run for 1-2 hours/ 50,000 reads, all 

targets pass

❖Positive and Negative controls in every run

❖Flow cells reused up to 3 x if Platform QC indicates 

>800 active pores no repeating barcodes are used

❖Revalidation/Validation Plans



Regulatory Approval

Laboratory Developed Test (LDT) -April 2023

Notification to all NY Microbiology 
Laboratories-May 2023

Microsoft Icons



tNGS MTBC Testing Increase

Wadsworth Center Data
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tNGS Assay PCR levels

‘Not Detected’ for ExtRD9 PCR target only; these were 

positive for multi-copy IS6110 target

324 PCR positive specimens

• 59% tNGS Main

• 41% tNGS 3 Drug Panel

96.2% respiratory

26 PCR negative specimens not tested 

by tNGS

Wadsworth Center Data



tNGS Testing by Specimen Type

• 463/580 (80%) Pan susceptible (No High Confidence Mutations)
• 64/580 (11%) Failed QC for 4 or more targets on
• 12 multidrug resistant (MDR) MTBC
• 1 extensively drug resistant (XDR) MTBC
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Impact of tNGS as an early detection method for drug-

resistant MTBC

Average 15-day improvement 

for primary specimens

Whole-Genome 

Sequencing (WGS)

Targeted Next 

Generation Sequencing 

(tNGS)

Average 43-day improvement for 

mixed/ contaminated cultures

Stat results available in < 24 hr

Cost <$75, batched 1 x per week  

www.Biorender.com

4–7-day turnaround time 14–21-day turnaround time from specimen receipt

Comprehensive genome analysis

SNP Relatedness

Continued assessment of mutations

Comprehensive DR profiling

Cost $65, batched 1-2 x per week  

Microsoft Icons

Now $48 with 

NextSeq 1000

http://www.biorender.com/


Case #1: Direct detection of extensively drug-resistant (XDR) MTBC

Rifampin-resistant MTBC 
detected in sputa

Patient:
32 weeks pregnant

Sent to Wadsworth Center 
for testing

www.Biorender.com

IMPACT

0 5 10 15 20 25

Antimicrobial Gene/loci Mutations Susceptibility

Rifampin rpoB Ser531Leu Resistant

Isoniazid katG Ser315Thr Resistant

Pyrazinamide No amplification Not Determined

Ethambutol embB Met306Ile Resistant

Streptomycin rpsL Lys43Arg Resistant

Kanamycin/Amikacin rrs A(1400)G Resistant

Fluoroquinolones gyrA Asp94Asn Resistant

Ethionamide ethA Leu478Arg Unknown

MTBC 

detection

tNGS 

report

WGS 

report

. . .
84

DST 

results

Milestone:

First time NYS has 

detected an XDR 

case direct from a 

patient sample

47-day improvement

http://www.biorender.com/


Case #2:   Rifampin resistance detected by GeneXpert

Rifampin-resistant MTBC 

detected in sputaPatient
Sent to Wadsworth 

Center for testing

False rifampin-resistant GeneXpert result caused by silent rpoB mutation

www.Biorender.com

Pan-susceptible

Result in < 24 hours

CSF grew an MTBC-

positive isolate

12 months old

Very sick
Sent to Wadsworth 

Center for WGS

TB-positive 

relative

Case #3: STAT testing for pediatric TB case

http://www.biorender.com/


Together, bedaquiline, pretomanid, and linezolid comprise the 

BPaL regimen, which has been endorsed by the World 

Health Organization (WHO) for the treatment of MDR-TB.

MDR-TB is defined by TB strains that are resistant to at 

least the two first-line drugs: rifampin and isoniazid.

Phenotypic drug-susceptibility testing (DST) for BPaL drugs is 

limited nationwide, only a small number of laboratories are 

currently performing this testing. The Wadsworth Center is 

among the few facilities that currently offer phenotypic testing 

for BPaL drugs as well as clofazimine and delamanid. 

BPaL SUSCEPTIBILITY TESTING IN THE US

Microsoft Office Icons



ACCESS TO BPaL SUSCEPTIBILITY TESTING IN THE US
➢ Currently only public health laboratory in the US offering 

clinical susceptibility testing for the three BPaL drugs. 
Offering testing to the rest of the country

➢ Member of the BPaL Implementation group in the US led 
by CDC. One of the two reference laboratories for 
phenotypic testing with Johns Hopkins Medical 
Microbiology laboratory

➢ Laboratory expert for the Global TB Institute, one of the 
National Tuberculosis Centers of Excellence funded by CDC

➢ Since implementation in 2023, tested over 100 MDR/XDR 
isolates for ~40 states in addition to the provinces of 
British Columbia, Ontario and Nova Scotia in Canada

tNGS assay in validation:
Additional PCR pool(s) for predict resistance to BPaL

Wadsworth Center Data

Antimicrobial Gene/Loci

Clofazimine/
Bedaquiline

Rv0678​, Rv0678-mmpS5 
promoter, atpE, pepQ

Pretomanid fgd1​, fbiAB ​, fbiC​, fbiD​, ddn

Linezolid rplC​, rrl





Microreact TB Dashboard

Wadsworth Center Microreact Dashboard

Future Directions
•Maintain and improve tNGS 

assays

• Improve sensitivity full tNGS

• Evaluating commercial assays

•Revalidation plans

•Direct specimen WGS

•Evaluating MTBC in wastewater



BIGGEST WIN                  BIGGEST CHALLENGE
• Instrument and test discontinuation

• Validation and revalidations

• Navigating sequencing improvements

• Complex data analysis- LIMS pulls

• Early adopter

• Impact on patient treatment and 

management

• Impact on TB case surveillance

• Turnaround times NGS

• Reduced cost and staff time 

associated with phenotypic DST

• Sharing with others:

• SOPs

• Validation strategies

• Pipelines

Microsoft Office Icons



2015

Method 
Development

2016

First clinical 
WGS report

2017

ReSeqTB 

2018

Updated 
reporting

2019

>1-year 
reduced 
DST

2020-21

Reduced 
Turnaround 
time

tNGS 
develop
-ment

2022-23 2024-25

Clinical 
tNGS 

10 yr 

WGS 

Wadsworth Center MTBC NGS Timeline

Analytical 
Pipeline 
Construction

2014

2013  
internal 
Funding

2013 2026

Microsoft Icons

APHL- Association of Public Health Laboratories

First 
MTBC 
WGS

CLEP NGS
Guidance 

APHL Funding
NIH R01Direct

Universal 
WGS in NYS

CDC/ APHL 
Funding

Reduced 
DST 
Algorithm

Related-
ness 
Reporting

NIH R21 
MinION  
WGS

Sharing 
Pipeline

CLIMS 
Investigation 
Module

National BPAL / PZA 
support

Cluster 
reporting 
≤10 SNPs

MiSeq WGS ($210) NextSeq 500 ($68) NextSeq 
1000 ($48)

1000        2000                  3000            5000           6000           8000

MTBC genomes sequenced
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