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Basic Principles of TB Control

• Early and accurate detection, diagnosis, and reporting of TB 
cases leading to initiation and completion of treatment

• Identification of contacts of patients with infectious TB and 
treatment of those at risk with an effective drug regimen

• Identification of other persons with LTBI at risk for progression to 
TB disease and treatment of those persons with an effective drug 
regimen

• Identification of settings in which a high risk exists for 
transmission of M. tuberculosis and application of 
effective infection-control measures





Standard 4 
All persons with chest radiographic findings suggestive of tuberculosis should 

have sputum specimens submitted for microbiological examination



Pulmonary TB, 22 y/o, Male



• Until recently, a laboratory-based diagnosis of 
pulmonary tuberculosis (TB) has relied on the 
use of specimens obtained from the respiratory 
tract of patients
– By use of both smear microscopy and mycobacterial 

culture

Clin Infect Dis 2009;49:55–7



Acid-Fast Stain



• Low sensitivity
– 5,000 to 10,000 bacilli per milliliter        ATS/CDC 2000



Acid-fast Bacteria Seen on Smear

• M. tuberculosis
• Nontuberculous 

mycobacteria ( NTM )



Cause of Sputum Acid-Fast Smear-Positive 
Mycobacterium tuberculosis or nontuberculous mycobacterium

• From September 2005 to June 2006
– 100 new patients with smear- positive sputum

• MTB group
– 65 culture-positive for MTB

• NTM group
– 30 (85.7%) culture-positive for NTM
– 5(14.3%) culture- negative for mycobacteria
• The increasing proportion of NTM patients in all with smear- 

positive sputum points out the necessity of applying a rapid 
and specific test for identification of M. tuberculosis in smear- 
positive sputum                                                 
Chest  2007



Mycobacterial Culture

• All clinical specimens suspected of containing 
mycobacteria should be inoculated onto culture media 
– Culture is much more sensitive than microscopy
– Growth of the organisms is necessary for precise species 

identification 
– Drug susceptibility testing requires culture of the organisms
– Genotyping of cultured organisms may be useful to identify 

epidemiological links between patients or to detect laboratory 
cross-contamination 

ATS/CDC 2000



• Culture: 10 to 100 organisms per milliliter  ATS/CDC 2000



Liquid Media Systems

• The use of liquid media systems
– Can provide information in less time than solid media
– should be available in all laboratories that perform 

culture for mycobacteria

• 培養分枝桿菌時

– 最好是選擇液體培養基再加上LJ 斜面



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

Int J Tuberc Lung Dis 2003; 7:569–574



Positive MGIT=Mycobacterium tuberculosis ?

TMU-WFH (2005~2007): NTM: 25.7%



MGIT(+): Cord Formation

Cord(+) Cord(-)

TMU-WFH :1658 MGIT(+) : Conclusive 1604(96.7%),  Inconclusive 54 (3.3%)
Sensitivity: 96.5%, Specificity: 90.0%, PPV: 95.8%, NPV: 91.8%



Laboratory Services for Optimal TB Control 
Essential Laboratory Tests



80 y/o, male (ICU) 



Rapid and Reliable Detection and 
Identification of M. tuberculosis ?

Nucleic Acid Amplification Test
(Amplifying RNA or DNA from M. tuberculosis)



Nucleic Acid Amplification Assay

• The Amplified Mycobacterium tuberculosis Direct Test 
(MTD, Gen-Probe, San Diego, California)
– FDA (1995): AFB smear-positive respiratory specimens
– FDA (1999): AFB smear-negative respiratory specimens

• The Amplicor Mycobacterium tuberculosis Test 
(Amplicor, Roche Diagnostics, Basel, Switzerland)
– FDA (1996): AFB smear-positive respiratory specimens

MMWR 2000



Update: Nucleic Acid Amplification Tests for    
Tuberculosis             MMWR 2000

• A reasonable approach 
to NAA testing of 
respiratory specimens 
from patients with signs 
or symptoms of active 
pulmonary TB for whom 
a presumed diagnosis 
has not been established



結核病診治指引
 Taiwan Guidelines for TB Diagnosis & Treatment 

第三版

• 利用分生技術作為結核菌之快速偵測、分型、
 抗藥性菌株偵測及測定突變，是不可阻擋之趨
 勢，但現階段仍無法取代傳統之塗片耐酸性染
 色及培養，特別是藥物感受性試驗。



Updated Guidelines for the Use of Nucleic Acid 
Amplification Tests in the Diagnosis of Tuberculosis



Nucleic Acid Amplification Assay 
Background

• AFB smear microscopy is limited by 
– Poor sensitivity

• 45%–80% with culture-confirmed pulmonary TB cases
– Poor positive predictive value

• 50%–80% for TB in settings in which nontuberculous 
mycobacteria are commonly isolated



Sensitivities and Specificity of 
Nucleic Acid Amplification Methods

• Amplicor
– Smear-positive: sensitivity 97%, Specificity >95%
– Smear-negative: sensitivity 40-73%, Specificity >95%

• AMTD
– Smear-positive: sensitivity 92-100%, Specificity >95%
– Smear-negative: sensitivity 40-93%, Specificity >95% 

Eur Respir J 2005; 26:339-350



Nucleic Acid Amplification Assay 
Background

• Compared with AFB smear microscopy, the added 
value of NAA testing
– Greater positive predictive value (>95%) with AFB smear- 

positive specimens in settings in which nontuberculous 
mycobacteria are common

– Ability to confirm rapidly the presence of M. tuberculosis in 
50%–80% of AFB smear-negative, culture-positive 
specimens



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

• 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

Diagn Microbiol Infect Dis 2005; 52: 247–254



Nucleic Acid Amplification Assay 
Background

• Compared with culture
– NAA tests can detect the presence of M. tuberculosis 

bacteria in a specimen weeks earlier than culture for 80%– 
90% of patients suspected to have pulmonary TB whose TB 
is ultimately confirmed by culture



Updated Recommendation

• NAA testing become a standard practice in the United States to 
aid in the initial diagnosis of patients suspected to have TB, 
rather than just being a reasonable approach

• 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
– The test result would alter case management or TB control activities



Interpret NAA Test Results 
in Correlation with the AFB Smear Results (1)

• AFB smear (+) and NAA (+)
– Presume the patient has TB and begin anti-TB treatment

• AFB smear (-) and NAA (+)
– Use clinical judgment whether to begin anti-TB treatment 

while awaiting culture results and determine if additional 
diagnostic testing is needed



Interpret NAA Test Results 
in Correlation with the AFB Smear Results (2)

• AFB smear (+) and NAA (-)
– Use clinical judgment to determine whether to begin anti-TB treatment 

while awaiting culture results and determine if additional diagnostic testing 
is needed

– A patient can be presumed to have an infection with nontuberculous 
mycobacteria if a second specimen is smear positive and NAA negative 
and has no inhibitors detected

• AFB smear (-) and NAA (-)
– Use clinical judgment to determine whether to begin anti-TB treatment 

while awaiting results of culture and additional diagnostic tests



Cautions (1)

• NAA testing should become standard practice for 
patients suspected to have TB
– All clinicians and public health TB programs should have 

access to NAA testing for TB to shorten the time needed to 
diagnose TB from 1–2 weeks to 1–2 days

– The currently available NAA tests should not be ordered 
routinely when the clinical suspicion of TB is low

• The positive predictive value of the NAA test is <50% for such cases



Cautions (2)

• To maximize benefits of NAA testing, the interval from 
specimen collection to communication of the laboratory 
report to the treating clinician should be as brief as 
possible (within 48 hours of specimen collection) 

• For procedural and economic reasons, NAA testing 
might be impractical in laboratories with a small volume 
of testing
– Referral of samples for NAA testing to high-volume 

laboratories might be preferable to improve cost-efficiency, 
proficiency, and turnaround times



Cautions (3)

• Clinicians should interpret all laboratory results 
on the basis of the clinical situation
– A single negative NAA test result should not be used 

as a definitive result to exclude TB
• Especially when the clinical suspicion of TB is moderate 

to high



Cautions (4)

• NAA testing has the potential to provide overall 
cost savings to the treatment center and TB 
control program through reduced costs for 
isolation, reduced costs of contact investigations 
of persons who do not have TB, and increased 
opportunities to prevent transmission 



Feasibility of Shortening Respiratory Isolation with a 
Single Sputum Nucleic Acid Amplification Test

• The first-sputum NAA had a higher sensitivity (0.87) and specificity (1.0)
• The smear sensitivity (0.76) and specificity (0.96)

Am J Respir Crit Care Med 2008; 178: 300–305



Performance of Nucleic Acid Amplification Tests for Diagnosis of 
Tuberculosis in a Large Urban Setting

Clin Infect Dis 2009; 49:46–54 



Pulmonary TB, 46 y/o, Male 
Sputum AFS(+), NAA(+)



TB Contact, 40 y/o, Male 
Sputum AFS(+), NAA(-)



Pulmonary TB, 16 y/o, Male 
Sputum AFS(-), NAA(+)



MDR-TB, 42 y/o, Female 
Sputum AFS(+), NAA(-)



Clin Infect Dis 2009;49:55–7



Report of an Expert Consultation on the Uses of Nucleic 
Acid Amplification Tests for the Diagnosis of Tuberculosis

• Laboratories performing 
NAA testing should 
participate in a NAA 
proficiency testing 
program

CDC 2008
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