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Outline

• Mycobacterium tuberculosis complex 
(MTBC)

• MTBC diagnostic testing

• Historical testing

• “Modern” testing

• Rapid screening

• MTBC ID from primary specimens

• Culture ID

• Susceptibility testing

• Benefits of MTBC molecular diagnostics
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• Started in 1998 as offshoot of WCLN 
• Mission: Ensure state-wide access to rapid 

and reliable TB testing

• Coordinated by WSLH; collaboration 
between public health and clinical labs, 
local and state public health, and other 
healthcare professionals

• Infrastructure for communication
• Education and outreach activities
• Assessment of state lab capacity
• Annual conference
• Laboratory-based surveillance

Wisconsin Mycobacteriology Laboratory Network (WMLN)
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WMLN: Non-Tuberculous Mycobacteria Epidemiology

NTM Infection rate
APHL/CDC four state pilot study (2020): 3.8 per 100,000 population

WI (2025): 25 per 100,000

NTM isolations are self-reported to the 
Wisconsin State Laboratory of Hygiene by 
mycobacteriology labs in the state of 
Wisconsin. These data represent one unique 
isolation per organism per patient. 
†Please note: Isolate data for 2021 is incomplete, as one WMLN
lab was unable to submit NTM isolation data that year.

Wisconsin Mycobacteriology Laboratory Network Data Report 2025
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Mycobacteria, aka Acid-Fast Bacilli (AFB)

• (Very) slowly growing
• Diagnosis
• Treatment

• Specialized cell wall
• Survival
• Treatment
• Staining

• Environmental pathogens*
• <200 species
• Infection generally via aerosol
• *Except MTBC

https://www.nature.com/articles/nrmicro3480
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Tuberculosis: Intersection of Clinical and Public Health Practice

• Disease caused by infection with MTBC organisms
• Includes M. tuberculosis, M. bovis, M. bovis-BCG (M. 

caprae, M. microti, M. africanum, M. canettii, M. 
pinnipedii, M. mungi)

• M. bovis and M. bovis-BCG should be differentiated if 
suspected

• MTBC can enter and survive within macrophages, 
enter circulatory/lymph systems

• MTBC can be isolated from any body site
• 2016-2024: lymph node, pleural, neck, urine, CSF, 

peritoneal, back, blood, chest, spine, hip, shoulder, stool, 
skin, pelvic fluid, pancreas, bone marrow, colon, gastric 
aspirate

https://www.nature.com/articles/d41586-022-02987-z
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Tuberculosis: Intersection of Clinical and Public Health Practice

• Leading cause of death from single 
infectious disease world-wide; 10.7m 
cases, 1.2m deaths (2024)

• Transmittable person-to-person via 
aerosol/droplet
• ID50: <10 bacilli

• Reportable disease in WI as of 1905
• Active (Class I) and Latent (Class II)

• MTBC can rapidly develop drug 
resistance with inappropriate treatment
• Standard treatment: 4 drug combination
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Reported cases of TB have decreased dramatically since 1953
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• 2025 WI rate 1.1/100,000 population (US rate 3.0)

• MTBC disease standardized mortality ratio ~3
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Modified from: https://www.nature.com/articles/nrdp201676

?%Infection Cleared

90% 10%Infected
5-10%LTBI

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN
10



MTBC diagnostics: Older than dirt
Galen’s “clinical” diagnosis 

(200 AD)
Fever, sweating, coughing, 

bloody sputum
Treatment: fresh air, milk, 

and sea voyages

Animal models of infection 
(1860s)

 Jean-Antoine Villemin
First: rabbits

Best: guinea pigs

First reported MTB stain and 
culture (1882)
Robert Koch

ZN stain (1885)
Modification of Koch’s stain 

by Ziehl, Neelson, others
[Koch-Ehrlich-Rindfleisch-

Ziehl-Neelsen method]

Chest X-ray (1890s)

TB skin test (1907)
Charles Mantoux

Kinyoun stain (1915)
Joseph Kinyoun

Many years later…

Auramine O stain (1960s), 
New media (1970s), 

Automated culture (1980s), 
IGRA (1990s), NAAT 

(>1990s)
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Modern Mycobacteriology

12

Rapid screen for potential 
MTBC infection

Rapid ID of MTBC from 
primary specimens

ID of MTBC from positive 
culture

Access to MTBC drug 
susceptibility testing

TST or IGRA

Positive TST/IGRA
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Rapid screen for potential MTBC infection
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TB Screening – Has there been TB exposure?
• TB skin test (TST) or Interferon Gamma Release 

Assay (IGRA)
• Measure immune response to MTBC antigens

• Advantages:
• Rapid screening (24-72hr)
• Specific (mostly) for MTBC

• Limitations:
• Requires multiple visits (TST) or laboratory 

(IGRA)
• Some cross-reactivity with TST
• Not ideal for those with BCG vaccine
• Require competent immune system

Sanofi

QIAGEN

Revvity
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AFB smear testing – Are there AFB present in primary clinical specimen?

Respiratory 
specimen

Prepare AFB smear 
from 1-2 drops 
concentrated 

sediment

Decontaminate: 
NALC/NaOH

Centrifugation 
concentration

Stain 
slides
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• 3-50ml of specimen  
<1ml concentrated 
sediment

• Digestion: 0.5% NALC; used 
to liquefy sputum 

• Decontamination: 2% NaOH; 
used to kill respiratory flora 

• High-quality specimens are 
thick/mucopurulent

• 3-5 ml in volume ideal

Rapid screen for potential MTBC infection

• Auramine O fluorescent 
stain provides best contrast 
for easy ID of AFB

• One slide per 
patient to prevent 
cross-contamination

14



Rapid screen for potential MTBC infection

AFB smear testing
• Advantages:

• Rapid and inexpensive screening tool
• All types of specimens can be examined

• Limitations:
• Limited specificity 
• Limited sensitivity (<50%)
• Does not indicate viability
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And then, an eternity passes (relatively speaking)
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Positive AFB Smear 
(<24 hours)

Positive culture
(2+ weeks)

Can we speed this process up?
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Modern Mycobacteriology
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Rapid screen for potential 
MTBC infection

Rapid ID of MTBC from 
primary specimens

TST or IGRA

Positive TST/IGRA
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Rapid ID of MTBC from Primary Specimens

• Molecular target: IS6110; present in multiple copies in most MTBC
• Sensitivity

• >95% for AFB smear-positive, culture-confirmed TB patients
• ~50% of  AFB smear-negative, culture-confirmed TB patients

• CDC recommendation: test first sputum of all patients suspected to have TB for 
whom the test result would alter case management or TB control activities

• Should not be routinely ordered when clinical suspicion of TB is low

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN

Specimen DNA Extraction DNA Amplification

WSLH TB/MAC PCR (LDT) – Is MTBC DNA present in this specimen?
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WSLH TB PCR: Fee-exempt testing criteria

• Patient must have signs and symptoms of pulmonary TB
• Patient must be reported to the local or state public health department as a suspect 

TB case as required by Wisconsin Statute Chapter 252.05 and Wisconsin 
Administrative Code Chapter HFS 145.04 (3)(a)

• Patient must be in respiratory isolation (for pulmonary disease)

• Patient must not have been diagnosed with TB or a non-tuberculous mycobacterial 
infection within the last 12 months

• Patient must have received ≤7 days of anti-mycobacterial therapy or no such 
treatment within the last 12 months

If patient is TB suspect, smear-negative PCR can be run with WI TB Program approval
• Contact WI TBP  Will send approval to WSLH

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN
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• Nested PCR assay
• Target: rpoB gene RRDR (RIF-

resistance determining region)
• Presence of MTBC-specific rpoB 

sequence
• Presence of rpoB mutations

• LOD: ≈130 AFB/ml

• FDA-approved for sputum only
• All other specimen types require 

lab-specific validation

20
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Rapid ID of MTBC from Primary Specimens

GeneXpert MTB/RIF

https://academic.oup.com/ofid/article/12/4/ofaf132/8052695



Interpreting GeneXpert MTB/RIF results

3 potential results based on the absence/presence of rpoB mutations
• MTB Not Detected  No MTB, or level of MTB is below limit of detection 

(ie: AFB smear-negative specimens)

• MTB Detected, No RIF-resistance Detected
• No mutations detected, patient MTB likely susceptible to RIF
• Some RIF-resistance mutations outside target area, so still need phenotypic susceptibilities!
 

• MTB Detected, RIF-resistance Detected
• rpoB mutation detected, isolate potentially RIF-resistant

• Could be any mutation, not specifically one conferring RIF-resistance

• Needs to be confirmed by either DNA sequencing or phenotypic testing (or both)!

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN
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Be aware of potential for false-positive and false-negative results!
• Known issues: 

• False-positive MTBC
• Previous TB patients may remain NAAT 

positive for >1 year
• Possible cross-reactivity with rare NTM 

species, or NTM at very high CFU/ml
• False-positive RIF-resistance 

• Silent mutations in probes A,B,D,E
• Very high MTB CFU/ml

• False-negative RIF-resistance
• rpoB mutations outside RRDR

• Check your curves!
• If RIF-resistance is predicted, send to 

WSLH for additional testing!
Modified from: https://academic.oup.com/ofid/article/12/4/ofaf132/8052695
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Modern Mycobacteriology
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Rapid screen for potential 
MTBC infection

Rapid ID of MTBC from 
primary specimens

ID of MTBC from positive 
culture

TST or IGRA

Positive TST/IGRA



• “Gold standard” 
• Most sensitive method for mycobacterial 

detection (10 viable AFB/ml)

• Slowest method
• Average time to detection: 15 days
• Range: 4-40+ days

• Culture required for certain testing
• Phenotypic DST
• Genotyping

ID of MTBC from positive culture

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN
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Mycobacterial culture – Is viable MTBC 
present in this patient specimen?



NAAT (LDT), MALDI-TOF, DNA 
sequencing (LDT), ?line probe assay (LDT)

• Limitations: 
• May need pure subculture
• List of FDA-approved MTB 

identification tests from culture:
• 510K MALDI-TOF libraries

• Access
• Very limited availability of commercial 

products in US
• Discontinuation of AFB testing products

https://www.hain-lifescience.de/en/products/microbiology/mycobacteria/tuberculosis/genotype-mtbc.html

Bruker

Cepheid

Hologic

ThermoFisher

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN

ID of MTBC from positive culture

25



Modern Mycobacteriology
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Rapid screen for potential 
MTBC infection

Rapid ID of MTBC from 
primary specimens

ID of MTBC from positive 
culture

Access to MTBC drug 
susceptibility testing

TST or IGRA

Positive TST/IGRA
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MTBC Drug Susceptibility Testing (DST)

• Guide for choosing 
treatment plan — provide 
the best chance of a cure 
and lower development of 
resistance

• Initiate appropriate 
treatment for contacts of 
infectious cases

https://wwwnc.cdc.gov/eid/article/30/3/24-0134_article

https://wwwnc.cdc.gov/eid/article/31/3/24-1675_article

https://wwwnc.cdc.gov/eid/article/13/3/06-1400_article

https://www.cdc.gov/mmwr/volumes/72/wr/pdfs/mm7235a4-H.pdf

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN
27



Standard First Line Therapy (RIPE/HRZE regimen)

• Rifampin (RIF/R) 
• Inhibits RNA polymerase (rpoB)
• Incredible penetration, even to CNS

• Isoniazid (INH/H) 
• Prodrug (katG)
• Inhibits mycolic acid synthesis

• Pyrazimamide (PZA/Z)
• Prodrug (pncA); MOA= ?
• Active at lower pH 

• Ethambutol (EMB/E)
• Inhibits cell wall synthesis

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN
28



MTBC Drug Susceptibility Testing: Phenotypic

BD MGIT, Versatrek, Sensititre 
MTB, agar proportion

• Advantages:
• “Gold standard” test
• Limited FDA-approval
• Test variety of drugs, 

concentrations

• Limitations:
• Requires viable pure culture
• Critical concentration updates?
• Reagent shortages

Phenotypic AST:  Incubate a standardized concentration 
of MTBC isolate with a known concentration of a drug 

• Does the isolate grow in the presence of drug?

https://www.aphl.org/conferences/proceedings/Documents/2008/TB-Conference/005-Metchock.pdf

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN
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Can we speed this process up?

TB PCR ID for 
smear positives
(<1 day)

AFB Smear 
(hours)

Positive culture
(2 weeks)

PCR ID
(2 weeks 
+ 1 day)

M. bovis/BCG ID
(2-5 weeks from culture)

Culture-based 2nd Line DST results 
(5 weeks from 1st-line results)

Culture-based 1st-line DST results
(2-3 weeks from culture)

And then, several eternities pass (relatively speaking)

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN

Positive AFB Smear 
(<24 hours)

Positive culture
(2+ weeks)

Image credit: TSO Photography https://vimeo.com/22439234

TB PCR ID for 
smear positives
(<1 day)
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MTBC Drug Susceptibility Testing: Molecular
GeneXpert, next-generation sequencing 
(NGS)

• Advantages:
• Can analyze mixed, non-viable cultures
• Possible to screen entire MTBC genome
• Much quicker than culture

• Limitations:
• Requires DNA isolation
• Requires knowledge of drug-resistance 

mutations
• Unknown or unlinked mutations
• Higher level sequencing requires 

bioinformatics know-how

Molecular DST: Examine the DNA of MTBC isolate
• Are there mutations present known or 

suspected to result in drug resistance?

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN
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Next-generation sequencing (NGS)

• Millions of short DNA strands 
(‘reads’) per specimen

• Whole Genome Sequencing 
(WGS) vs targeted NGS (tNGS)
• Time
• Cost
• Specimen type
• Assay design and complexity
• Computing power/analysis

MTBC Drug Susceptibility Testing: Molecular

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN
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MTBC tNGS kits
• Pre-made primer sets amplify gene of interest 

from sputum or culture
• Sequenced on Illumina platforms
• Analysis through proprietary software to 

identify organism (species), mutations in 
resistance genes

• Deeplex Myc-TB
• Amplifies 18 MTBC resistance genes, ID, 

spoligotype

MTBC Drug Susceptibility Testing: tNGS

https://www.deeplex.com/deeplex-myc-tb/

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN
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CDC Molecular Detection of Drug 
Resistance Program

• 15 gene targets covering 11+ drugs
• RIF, INH, EMB, PZA, FQ, AMK, CAP, 

KAN, BDQ, CLF, LZD

• Molecular data confirmed with 
phenotypic testing for majority of drugs

**Pre-approval required for all testing**
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MTBC Drug Susceptibility Testing: WGS

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN
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• WSLH has sequenced close to 400 MTBC isolates over the past 5 years

• Validation focused on MTBC species ID, 1st-line drug susceptibility prediction (INH, 
RIF, EMB, PZA)

• Validation set included:
• M. tuberculosis, M. bovis, M. bovis-BCG, and common non-tuberculous mycobacteria
• Isolates mono-resistant to INH, RIF, PZA, MDR-TB, pan-resistant strains, pan-susceptible strains

• Initially validated on MiSeq, NextSeq2000  Completing validation of MiSeq i100

• Initially validated using APHL-hosted pipeline Validating in-house analysis pipeline

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN

MTBC Drug Susceptibility Testing: WGS
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MTBC WGS Validation Summary

M. tuberculosis 
Identification

M. bovis 
Identification

M. bovis-BCG 
Identification

Non-MTBC 
identification

100% 100% 100% 100%

MTBC Identification: Accuracy

Rifampin Isoniazid Ethambutol Pyrazinamide

Positive 
Prediction

100% 88.2%† 100% 84.2%‡

Negative 
Prediction

95.6% 100% 100% 97.22%

Phenotypic DST: Accuracy

Did WGS correctly predict 
resistance?

Did WGS correctly predict 
susceptibility?

Rifampin Isoniazid Ethambutol Pyrazinamide

Positive 
Prediction

100% 100% 100% 100%

Genotypic DST: Accuracy

Did WGS correctly identify 
known mutation?

†: 2 isolates expected to be INH resistant had katG(D94N) mutation of unknown significance
‡: 3 isolates expected to be PZA resistant with ClpC1(V63A) disputed mutation

Did WGS correctly predict 
species?

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN
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WSLH: TB Whole Genome Sequencing Reports

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN

!

!
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WSLH: TB DST Whole Genome Sequencing Notes

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN

• Testing is performed on pure MTBC cultures only
• tNGS for primary specimens will not be validated at this time

• Mutations associated with resistance suggest the patient isolate will not respond 
favorably to use of that drug  Adjust therapeutic regimen more rapidly

• Phenotypic testing (except PZA) will be performed on all isolates, regardless of 
WGS results for the foreseeable future

• TB WGS will be replacing phenotypic PZA testing due to repeated manufacturer QC issues

• Specimens for which a single drug fails will not be repeated unless phenotypic 
testing for that isolate fails

• Detection of high-confidence resistance mutations that confer low-level drug 
resistance may result in discordant genotypic and phenotypic susceptibility results

• WSLH plans to expand validation to include reporting of additional drugs in the 
future!
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MTBC Diagnostics: So, What Do You Know Now?

• Large portion of MTBC diagnostic testing is unchanged since the 1900s
• MTBC culture is still the king!

• Accessing new MTBC testing is becoming increasingly difficult for US 
laboratories

• Many new platforms or tests not available in US
• Reagents have become increasingly centralized into just a few companies 
• About as many tests have been discontinued in US over the past 10 years have 

come to market

• Molecular testing is becoming increasingly useful
• Faster, cheaper
• Much more data available
• Be careful with interpretation

WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN
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WSLH TB Laboratory Team

Nate

Carter

NicholasLindsey

Chrystal Kristen
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WSLH Communicable Disease Division
 Allen Bateman

Alana Sterkel
Laura Louison
Michael Mamerow
CDD LIMS Admins

WSLH Mycobacteriology Laboratory
 Carter Seehafer
 Chrystal Egstad
 Kristen Wendtland
 Lindsey Moderski
 Nicholas Mack

WSLH Sequencing
Alicia Mooney
Ava Gehrke-Laundrie
Claire LaFleur

WSLH Bioinformatics
 Kelsey Florek
 Abigail Shockey
 Madeline Topf (APHL)

WI DHS TB Program
Claire Leback
Andrea Liptack
Mary Raschka

WI Mycobacteriology Laboratory Network
WI Clinical Laboratory Network

Centers for Disease Control and Prevention 
Department of TB Elimination 
DTBE TB Laboratory

Association of Public Health Laboratories
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