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The thinking human being,
Not able to express himself,
Stands at the same level as
Those who cannot think.

[Pericles, 495- 429 B.C.]

The Thinker (1902)
By Auguste Rodin,
French Sculptor
Rodin Museum
Philadelphia
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The journey sets the destination
1978-1981 University Hospital, Basel-Switzerland
1981-1992 University of Zurich, Dept. Medical Microbiology, Zurich-Switzerland
1986-1988 Sabbatical – Denver, Colorado

National Jewish Health, University Hospital, Webb-Waring Lung Institute

1992-2006 Wadsworth Center, Albany, New York
2006-2012 State Public Health Laboratory Director, Tallahassee, Florida
2012-2018 Advanced Diagnostic Laboratories, National Jewish Health, Denver, CO
2018 – University of South Florida, College of Public Health, Tampa, FL

DrPH Program - Public Health and Clinical Laboratory Science and Practice 
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Tuberculosis – US, 1993-2019 (CDC)
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Pulmonary NTM cases – age 65 and older 1997-2007

Annual prevalence of pulmonary nontuberculous mycobacteria cases among a sample of 
U.S. Medicare Part B enrollees by sex from 1997 to 2007. PNTM ¼ pulmonary 
nontuberculous mycobacteria. PNTM = pulmonary nontuberculous mycobacteria.  Adjemian 
et al 2012
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Pulmonary NTM cases – age 65 and older 1997-2007

Period prevalence of pulmonary nontuberculous mycobacteria cases among a 
sample of U.S. Medicare Part B enrollees aged 65 and older from 1997 to 2007 by 
sex and race/ethnicity. PNTM = pulmonary nontuberculous mycobacteria. Adjemian 
et al 2012
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FL: AFB positive respiratory specimens NTM > TB

Positive  AFB smear and culture for mycobacteria, FL, 2009-2017. (FDOH, Bureau of Public 
Health Laboratories, 2017).8



Laboratory’s charge

To provide the clinician 
with accurate results in 
a timely fashion
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Toolbox 1
Specimen – sputum, CSF, formalin-fixed tissue 

– NALC-NaOH versus Oxalic acid (CF w/history of Pseudomonas 
aeruginosa)

– AFB microscopy
– Solid (NTM plate) & broth-based media
– NAAT-D (TB complex, NTM - mostly MAC)
– NAAT-R (RIF, INH and more)
– Direct AST

Patient management (culture negativity after 2 months on treatment)

Ideally, molecular TB testing 7 Days a week
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Toolbox 2
AFB positive culture (broth-, solid-based media)

– TB Yes/No (final identification within TB complex)
– NAAT-R
– Broth-based AST
– Agar-based AST
– Minimal Inhibitory Concentration (MIC)

Population management/genotyping
– RFLP-IS6110, Spoligotyping and MIRU –
– whole genome sequencing 
– standardization through contracted PHL-Michigan
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Quality specimen

Quality testing
requires 

quality specimen
[5 to 10 ml sputum]
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Acceptable specimens and rejection 
criteria
Most specimens sent to the laboratory that are acceptable for 
routine bacterial culture are also acceptable for processing for AFB; 
however, every laboratory should develop specific criteria for 
acceptance and rejection to provide methods for the optimal 
isolation of Mycobacterium spp. Most specimens will be obtained 
from the respiratory tract, especially expectorated and induced 
sputum (the optimal volume is 5 to 10 ml), bronchial aspirates, and 
bronchoalveolar lavage fluids. Furthermore, the 2017 
ATS/IDSA/CDC TB diagnosis guidelines recommend that post 
bronchoscopy sputum specimens be collected from all adults 
with suspected pulmonary TB who undergo bronchoscopy.
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Quality specimen
Sputum, expectorated or induced:
Collection: Instruct patients on the proper method of sputum collection

– the material brought up from the lungs after a productive cough what is desired, and 
not nasopharyngeal discharge and saliva 

• 5 - 10 mL sputum collected in a sterile container. 
• Difficulty in producing sputum

– sputum induction by inhalation of an aerosol of sterile hypertonic saline (3%) or 
sterile water produced by a nebulizer that causes coughing. Label as INDUCED

• Perform in areas with adequate environmental controls under supervision. 
• 3 consecutive specimens in 8- to 24-hour intervals, with at least one being an 

early morning specimen. 
• Sputum specimens should not be pooled. 
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Quality specimen

CSF:
• Collection: At least 5 mL of CSF should be aseptically collected.
• Minimum volume required: 2 to 3 mL; optimal volume is 10 mL. 
• A separate sample should be collected for chemistry and hematology. 

Gastric Lavage:
• Collection: Specimens should be collected in early morning before patients eat and while they are still 

in bed. The lavage should be performed with 25 to 50 mL of chilled, sterile, distilled water. Recovered sample 
should be placed in a leak-proof, sterile container (e.g., 50-mL conical tube).  

• Transport: Gastric wash or lavage material should be submitted in a sterile leak-proof container, such as a 
sterile 50-mL conical tube or sterile urine collection container.  

• Transport time and temperature: Specimens should be transported at room temperature as soon as possible.
– If transport is delayed for more than one four hour, specimens should be neutralized with 100 mg sodium carbonate 

within one hour of collection, and transported as soon as possible at room temperature.
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Quality specimen
Abscess:
• Tissue (at least 1 g, if possible) or fluid is preferred. Tissue should not be frozen or preserved. 
• A swab is strongly discouraged unless it is the only specimen available. Swabs should be submitted 

in 2 to 3 mL sterile saline. Swabs submitted in transport medium or a commercial swab transport 
device are unacceptable. 

Blood:
• Collection: Manufacturer’s instructions for automated blood culture systems should be followed. 
• Alternatively,  10 mL whole blood should be collected aseptically in a  yellow-top collector tube 

containing SPS, or green-top collector tube containing heparin. 
• Blood must not be collected in a red-top tube, EDTA (purple top), or ACD (yellow top). 
• Minimum volume is 5 mL for adults; 1 mL for children.
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TB NAAT
• FDA approved for respiratory specimens

‾ Smear-positive (December 1995)
‾ Smear-negative (September 1999)

• MMWR, January 16, 2009 [Universal]

In July 2013, the FDA granted Market Authorization to a cartridge-
based assay. This NAAT can simultaneously identify Mycobacterium 
tuberculosis complex (TBC) and genetic mutations associated with 
resistance to rifampin from raw sputum and concentrated sputum 
sediments. 
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TB NAAT recommendations
“NAA testing should be performed on at least one 
respiratory specimen from each patient with signs and 
symptoms of pulmonary TB for whom a diagnosis of TB 
is being considered but has not yet been established, 
and for whom the test result would alter case 
management or TB control activities.” 

MMWR Jan 16, 2009  

19



Xpert MTB/RIF only performed
… the following actions must be taken:
• It is strongly recommended that specimen be sent to a reference laboratory 

for AFB smear and culture as soon as possible regardless of the NAA result. 
If there is a sufficient volume of raw sputum, split the specimen and send to a 
reference laboratory for both concentrated AFB smear and culture. The sample 
must be split prior to the laboratory mixing a sputum sample with the Sample 
Reagent (or SR). If volume is insufficient, request an additional sputum specimen 
for AFB smear and culture. 

• Report results from a cartridge-based assay as soon as available while awaiting 
culture confirmation.

• If RIF resistance is detected, a specimen should be sent to a reference 
laboratory to confirm the resistance by DNA sequencing as soon as 
possible.

APHL Factsheet Sept 2013
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TB NAAT comparison
AFB Smear + Smear -

MTD* 97% 76%
Laboratory Developed Test** 99.6% 75.4%
Xpert*** 100% 71.7%
Xpert – Ultra**** -&+/+ 90% 63%
Xpert **** -&+/+ 77% 46%
* Greco et al Thorax 61:783-790(2006)
** Halse et al JCM 48:1182-1188(2010)
*** Helb et al JCM 48:229-237(2010)
**** Dorman et al Lancet ID18:76-84(2018)

Ultra: CE-marked – Not FDA approved

21



1 NAAT vs. 3 AFB Smear & Culture 
(Moore/Guzman/Mikhail – DMID 2005
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Decision to discontinue airborne infection 
isolation in healthcare settings
NTCA/APHL Consensus Statement on the Use of Cepheid Xpert 
MTB/RIF Assay in Making Decisions to Discontinue Airborne Infection 
Isolation in Healthcare Settings
• It is important to note that the process described herein is not to 

be used alone to rule out TB; Xpert negative or acid-fast bacilli 
(AFB) smear-negative sputum may contain viable organisms and 
represent infectious tuberculosis. 

• Furthermore, NAA testing should not be used to monitor response 
to treatment or to release a newly confirmed TB patient from AII.

April 2016
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Decision to discontinue airborne infection isolation 
in healthcare settings
Interpretation of an Xpert result must be made in the context of the clinical and 
radiographic presentation and the clinician’s suspicion for infectious TB. A 
decision to remove a patient with a negative Xpert result from AII must 
consider the clinical presentation and the risk of possible transmission of 
TB from an infectious patient to others. Such a decision should not be 
based on sputum test results alone. The sensitivity of sputum testing for TB is 
subject to variability from a variety of factors, including sampling (e.g., poor 
specimen quality), inappropriate transport and processing of the specimen, 
errors in performance of the assay itself, and errors in labelling or reporting. 

NTCA/APHL GeneXpert Consensus Statement – April 2016
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San Francisco study
• In a prospective cohort study with a pragmatic, before-

and-after implementation design, the authors analyzed 
621 consecutive hospitalized patients undergoing 
sputum examination for evaluation of active pulmonary 
TB from January 2014 to January 2016 at the 
Zuckerberg San Francisco General Hospital and 
Trauma Center.

JAMA Intern Med. 2018; 178(10):1380-1388
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San Francisco study – the savings ($$$)
• The mean hospital costs per molecular TB test-

negative patient decreased from $46,921 to $33,574 
after implementation of the algorithm, providing an 
average savings of $13,347 per patient.

• The authors estimated utilization and costs for 
approximately 250 patients completing TB evaluation 
each year and projected a total annual savings to the 
hospital of $3.3 million.
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Reading/interpretation: ZN & F stain

A quantification of the numbers of acid-fast organisms per field should be rated 1+ to 
4+. The number of tubercle bacilli in pulmonary secretions is directly related to the 
risk of transmission.
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Clinical and Laboratory Standards Institute 
(CLSI) M48 2nd ed. (2018)
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Demanding instant results!

20 Min 20 Hours34



Processing sputum samples
• Procedures kill all but 10-20% of the mycobacteria
• Contamination

2-5% of sputum specimens on Loewenstein-Jensen medium (LJ)
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1 NAAT vs. 3 AFB smear & culture 
(Moore/Guzman/Mikhail – DMID 2005
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Mycobacterium species
194 Species and 13 Subspecies in genus Mycobacterium as of July 28, 2021

M. tuberculosis complex
M. tuberculosis; M. bovis; M. bovis BCG; 
M. africanum; 

M. caprae; M. microti; M. canettii; 
M. pinnipedii; M. mungi; M. orygis
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Mycobacterium tuberculosis complex

Wadsworth Center – NYS-DOH

Rapid and Simple Approach for Identification of Mycobacterium 
tuberculosis Complex Isolates by PCR-Based Genomic Deletion Analysis -
Parsons et al JCM 40:2339 -2345 (2002)
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Human TB (N=35) by Mycobacterium bovis
New York City 2001 – 2004

Winters et al 2005 MMWR 54:605-60840



Bladder cancer with M. bovis BCG treatment

79-year Old Male    - Somoskovi et al Eur J Clin Microbiol Infect Dis 26:937-940 
(2007)41



Mycobacterial species in pulmonary NTM
Four integrated health care delivery systems*, 1991-2007
• M. avium complex 1,495 (80.1%)
• M. chelonae/abscessus 225 (12.1%)
• M. fortuitum 106 (5.6%)
• M. kansasii 102 (5.5%)
• M. simiae 53 (2.8%)
• M. xenopi 33 (1.7%)
*KP Southern California, KP Southern Colorado, Group Health, Geisinger

Am J Respir Crit Care Med 2010 Prevots et al.
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Reference antimicrobial susceptibility testing
Agar Proportion Method [CLSI M24]:
 % resistant colonies
 Recognition of mixed cultures
 Up to 3 weeks’ incubation
 Direct AST (AFB+ smears)

• Broth-based methods [WHO]:
 Susceptible vs. resistant
 Shorter TAT
 Walk-away system
 Strains with elevated MICs under-recognized
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CLSI M24 3rd edition MGIT & VersaTrek

45



WHO Technical Report, 2021*

*Technical Report on critical concentrations for drug susceptibility testing of isoniazid and the rifamycins 
(rifampicin, rifabutin and rifapentine)
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Molecular detection of drug resistance
Drug Gene Sens. Spec.
RIF rpoB 97.1% 97.4%
INH katG, inhA 86.0% 99.1%
EMB embB 78.8% 94.3%
PZA pncA 86.0% 95.9%
F-quinolones gyrA 79.0% 99.6%

Curry Center: Drug-resistant tuberculosis – A survival guide for clinicians, 3rd ed. 2016
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Molecular testing - limitations
• Potential to identify mutations that do not confer phenotypic 

resistance
• Not all genetic loci associated with resistance are known; 

therefore,

‘no mutation detected’ does not 
rule out resistance
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WHO Catalogue of mutations in MTBC and 
their association with drug resistance, 2021

15 antimicrobials
38,000 isolates
>17,000 mutations
https://www.who.int/publications/i/item/9789240028173
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Molecular detection of drug resistance
• Acid-fast smear-positive specimen 
• Some of the specimen sediment is available for sending to 

reference lab (State Public Health Lab) 
• Drug resistance is suspected, or 
• A susceptible population has been exposed, or 
• The culture is mixed or non-viable, so regular antimicrobial 

susceptibility testing can’t be done 
• CDC also has Molecular Detection of Drug Resistance 

(MDDR) program: tests for mutations associated with 
resistance to additional drugs—ethambutol, pyrazinamide 
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In-house AFB service performed - APHL/CDC 
Survey 2011
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Practice guidelines for clinical microbiology 
laboratories: Mycobacteria, 2018
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2015
• Validation, Extraction Development
• Guidance created
• RFA Establishment of MTBC WGS Reference Centers
• NIH R01 TB WGS Sputum

2016
• First clinical WGS report
• Universal WGS in NYS

2017
• ReSeqTB contributions
• Major TB WGS Improvements
• 1000 TB genomes

2018
• Updated reporting
• New reduced DST 

algorithm
• 2000 TB genomes

2019
• >1-year reduced DST 

Comparison to MIC data
• NIH R21 MinION

2020/2021
• Reduced cost Nextseq
• Reduced TAT
• 3000 TB genomes
• Direct specimen NGS
• External Pipeline 

TB WGS Timeline

• First TB WGS in NYS
• Analytical Pipeline 

Construction

2014

• 2013 WC Public Health 
Genomics Center internal 
funding opportunity pilot

2013
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Laboratory information management system
• Electronic laboratory testing ordering
• Electronic laboratory resulting
• Billing
• Algorithm
• Inventory management
• Sample centric versus patient centric
• Integrate instruments
• Audit trails
• Data storage
• Sample management
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LIMS/LIS - vendors
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Mycobacterium avium identification - sequencing
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Direct molecular drug resistance - pyrosequencing
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Corrected/amended report
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AFB notification & disclaimer molecular DR
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Thank you for the opportunity to be 
with you today!

max@usf.edu

Maroon Bells, Colorado Roseate Spoonbills, Florida     
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