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Timeline Showing Highlights of Robert Koch’s Work  
and the Ongoing Threat Posed by Tuberculosis 

N Engl J Med 353;23:2423-2426 
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The spectrum of TB — from Mycobacterium tuberculosis 
infection to active (pulmonary) TB disease  
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Nature Reviews Disease Primers 2016 (2), Article number: 16077 

Evolution of WHO Global TB Strategies 

WHO 2015: Implementing the end TB strategy: the essentials 
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Integrated, Patient-Centered Care  
and Prevention 
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International Standards for TB Care 
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 International Standards for Tuberculosis Care 
2006 
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Standard 1  
 All Persons with otherwise Unexplained Productive Cough Lasting  

Two–three Weeks or more Should be Evaluated for TB 
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Taiwan ? 
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Standard 2 
All  Patients Suspected of Having Pulmonary TB Should Have Sputum 

Specimens Obtained for Microscopic Examination 
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Standard 4 
All Persons with Chest Radiographic Findings Suggestive of TB 

Should Have Sputum Specimens Submitted for Microbiological Examination 

A diagnosis of tuberculosis cannot be established by radiography alone 
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CXR 
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Standard 5 
The diagnosis of Sputum Smear-negative Pulmonary TB: at Least Three 

Negative Sputum Smears; CXR consistent with TB; and Lack of Response 
to a Trial of Broad-spectrum Antimicrobial Agents 
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• If facilities for culture are  available,  
sputum  cultures  should  be  obtained 

(1) 
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Sputum Acid-fast Stain (+) 

Female, 58 y/o Female, 64 y/o 
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M. avium complex M. tuberculosis 

1. Mycobacterium tuberculosis (TB) vs.  
Nontuberculous Mycobacteria (NTM) 

• NTUH, 2000–2012 
• 13,652 respiratory isolates  

– M. tuberculosis: 5,878 (43.1%)  
– NTM: 7,774 (56.9%)  

 
Positive Acid-fast stain =TB (?) 

Rates of MTB infection, NTM infection, 
and NTM colonization/contamination 

Pulmonary Infection and Colonization with Nontuberculous Mycobacteria, Taiwan, 2000–2012. Emerg Infect Dis 2014; 20:1382-5 
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Sputum Acid-fast Stain (-) 
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2. Smear-negative Pulmonary TB 
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Taiwan CDC 2019.5.8 



Comparative Evaluation of the BACTEC MGIT 960 System with 
Solid Medium for Isolation of Mycobacteria 

Int J Tuberc Lung Dis 2003;7:569-74 
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Sputum AFS (+) x III 
Sputum culture (+) 18, 16, 16 days 

Sputum AFS(-) x III 
Sputum Culture (+) 19 days 
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Robert Koch 
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N Engl J Med 2010:363; 1070-1071 



Nucleic Acid Amplification Methods 
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Eur Respir J 2005; 26: 339–350 

Reduction in Turnaround Time for Laboratory Diagnosis of 
Pulmonary TB by Routine Use of a Nucleic Acid Amplification Test 

Diagn Microbiol Infect Dis 2005; 52: 247–54 

Identification and testing every first diagnostic specimen by NAAT has the potential 
to reduce the overall TAT for laboratory TB diagnosis by approximately 2 weeks 
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Updated Guidelines for the Use of Nucleic Acid 
Amplification Tests in the Diagnosis of Tuberculosis 

Individualized Decisions Reasonable Approach Standard Practice 
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Performance of Nucleic Acid Amplification Tests for  
Diagnosis of Tuberculosis in a Large Urban Setting 

Clin Infect Dis 2009; 49:46–54 

The sensitivity, specificity and predictive values of the test in a real-life situation were high 
for patients who had a specimen that tested positive for AFB on smear, and they were at a
cceptable levels for patients who had a specimen that tested negative for AFB on smear. 

30 



TB vs. NTM (1) 

• Sputum acid-fast stain(+) 
• NAA test (-) 
• Sputum acid-fast culture 

– Nontuberculous 
Mycobacteria 
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Male, 78 y/o 

TB vs. NTM (2) 

• Sputum acid-fast stain (+)  
• NAA test (-) 
• Sputum acid-fast culture 

– M. kansasii 

Male, 35 y/o 
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TB vs. NTM (3) 

• Sputum acid-fast stain (+) 
• NAA test (+) 
• Sputum acid-fast culture 

– M. tuberculosis 

Male, 52 y/o 
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TB vs. NTM (4) 

• Sputum acid-fast stain (+) 
• NAA test (+) 
• Sputum acid-fast culture  

– M. tuberculosis 

Male, 68 y/o 
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TB vs. NTM (5) 

• Sputum acid-fast stain (+)  
• NAA test (+) 
• Sputum acid-fast culture  

– M. tuberculosis 

Male, 93 y/o 
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 TB vs. NTM (6) 
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55 y/o, MDR-TB 
Sputum AFS (4+), Culture (+) 

Sputum AFS (+), NAA test (-)  
Sputum culture: M. abscessus 



TB vs. NTM (7)  

• Sputum acid-fast stain (-)  
• Nucleic acid amplification 

test (+)  
• Sputum acid-fast culture 
– M. tuberculosis 

•
NAA  
– 50%  80%
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Female, 35 y/o 

 TB vs. NTM (8)  

Acid-fast stain (-) x III, 
NAAT (-) 

Culture: MTB 

58 y/o, Female 
Anti-TB treatment for 2 months 

CXR with improvement 
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TB vs. NTM (9)  

(Video-Assisted Thoracoscopic Surgery, VATS) 
Granulomatous inflammation with caseous necrosis 

Tissue culture: MTB 
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(2017) 

NAA  
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(2017) 
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Global Tuberculosis Report 2018 
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• Globally  in  2017,  an  estimated  3.5% of  new  cases  and  18% of  previously  
treated  cases  had  MDR/RR-TB  

• There were an estimated 558,000 incident cases of MDR/RR-TB in 2017 
• The proportion of cases estimated to have MDR-TB was  82%  
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Taiwan CDC 2019.5.8 
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SHER/Gout 2 /MDR-TB 
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Multidrug-Resistant TB (MDR-TB) 

MDR-TB  

MDR-TB:46  
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GeneXpert MTB/RIF Assay 

•
 

– 2 MTB
Rifampin  

•  
– 98% 
– 99% 

•  
– 68% 
– 99% 

 2017   33  20  

2015  
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Standard 3  
All Patients Should Have at Least Two Sputum Specimens Submitted for Smear 

Microscopy or a Single Sputum Specimen for Xpert® MTB/RIF Testing 

• Xpert MTB/RIF 
– Excellent performance 

characteristics  for detecting 
M. tuberculosis  and 
rifampicin resistance 

 

• Should have Xpert MTB/RIF 
performed as the initial 
diagnostic test 
– Risk for drug resistance 
– HIV risks 
– Seriously ill  
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Standard 5  
In Patients Suspected of Having Pulmonary TB Whose Sputum Smears Are 

Negative, Xpert MTB/RIF and/or Sputum Cultures Should be Performed 

• WHO recommendations 
– Use of rapid molecular 

testing for diagnosis of 
TB among persons who 
are suspected of having 
the disease but have 
negative sputum smear 
microscopy are 
presented 
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Among patients with sputum that is 
negative by smear and Xpert 
MTB/RIF who have clinical evidence 
strongly suggestive of TB, anti-TB 
treatment should be initiated after 
collection of specimens for culture 
examination 

Standard 11 
For Patients in Whom Drug Resistance is Considered to be Likely, an Xpert 

MTB/RIF Should be the Initial Diagnostic Test 

• The use of Xpert 
MTB/RIF in assessing 
for rifampicin resistance 
and line probe assay for 
detecting resistance to 
both isoniazid and 
rifampicin 
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 Female, 35 y/o 

• RMP-resistant TB contact 
• Sputum acid-fast stain (-)  
• Nucleic acid amplification 

test (+)  
– MTB 
– Rifampin-resistant TB 

• Sputum culture 
– M. tuberculosis 
– Rifampin-resistant TB 
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28  

• 2012-4-16  
–  

• 2012-4-18  
– MDR-TB 

• 2012-5-22 
–
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WHO’s Policy Recommendations 2016 

• For patients with confirmed 
rifampicin-resistant TB or MDR-TB, 
SL-LPA may be used as the initial 
test, instead of phenotypic 
culture-based DST, to detect 
resistance to fluoroquinolones 

• For patients with confirmed 
rifampicin-resistant TB or MDR-TB, 
SL-LPA may be used as the initial 
test, instead of phenotypic 
culture-based DST, to detect 
resistance to the second-line 
injectable drugs 
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MDR-TB, 53 y/o 
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(2017) 
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(2) 
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Isoniazid-resistant Tuberculosis  

Male, 29 y/o  
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Isoniazid-resistant TB vs. Isoniazid-sensitive TB 
• Higher treatment failure (11% vs 1%) 
• Relapse (10% vs 5%) 
• Higher rates of acquired multidrug resistance (8% vs 0.3%)  

60 



Clin Microbiol Infect 2015; 21: 59–68 
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Isoniazid-resistant Tuberculosis  

About 8% of TB cases worldwide 
are estimated to have confirmed 
rifampicin-susceptible, isoniazid-
resistant TB (Hr-TB), ranging from 
5 to 11% between the WHO 
regions  
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Recommendations  

• In patients with confirmed rifampicin-susceptible and 
isoniazid-resistant tuberculosis 
– Treatment with rifampicin, ethambutol, pyrazinamide and 

levofloxacin is recommended for a duration of 6 months 

• In patients with confirmed rifampicin-susceptible and 
isoniazid-resistant tuberculosis 
– Not recommended to add streptomycin or other injectable 

agents to the treatment regimen 
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Resistance to SM, INH, RMP and EMB  
by Treatment History 
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GeneXpert MTB/RIF: Rifampin-resistant ? 
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Discordance 
 Phenotypic and Molecular Methods for Drug Susceptibility Testing 
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Male, 19 y/o 
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Female, 44 y/o 
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Thanks for Listening! 
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