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Domain Bacteria 

Phylum or Division Actinobacteria 

Class Actinobacteria 

Subclass Actinobacteridae 

Order Actinomycetales 

Suborder Corynebacterineae 

Family Mycobacteriaceae 

Genus Mycobacterium 

 

https://cnx.org/contents/GFy_h8cu@10.99:pOpVdIwp@11/Prokaryotic-Cells

CDC



 Mycolic acids: 
special staining 
required

 Specific nutrients 
required

 Slow growth

18 h

Cell 2006 124, 783-801DOI: (10.1016/j.cell.2006.02.015) 



Mycobacterium

Mycobacterium 
tuberculosis complex

(MTBC)

Nontuberculous 
Mycobacteria (NTM)

M. leprae

M. ulcerans
(Buruli ulcer)

M. tuberculosis
M. bovis
M. bovis BCG
M. africanum
…

Mycobacterium avium
complex (MAC)
M. kansasii
M. marinum
M. scrofulaceum
M. fortuitum
M. chelonei
…

http://www.bacterio.net/
mycobacterium.html
185 species

MOTT (mycobacteria 
other than TB)

http://www.bacterio.net/mycobacterium.html


> 95% DNA homology







TB Laboratory Diagnosis Challenges
In both adults and children

TB diagnosis 
 Respiratory specimens

 Quality/variability of specimen
 Infection control

 Culture still gold standard
 Costly, specialized labs
 Not perfect: contamination
 Long

 No real point of care test
 Xpert helps but other tests 

needed

 Variation in tests and 
procedures used, with many 
non-automated steps

Compared to HIV 
diagnosis
 Diagnosis on blood 

specimen
 Rapid point of care 

tests



TB Laboratory Diagnosis in children

 Additional challenges:
 Paucibacillary nature of childhood TB
 Culture confirmed in 30% cases

 Specimen collection is invasive in young 
children

 Variety of specimens used
 Volumes collected often small
 Difficult to evaluate new diagnostic tests
 Tests evaluated in adult sputum  applicable 

to gastric aspirate and other specimens? 



TB Laboratory Diagnosis in children

 Why confirm the diagnosis?
 Clinical diagnosis not always easy

 Guide treatment if MDR-TB 
 Research

Courtesy of E. Walters



Variability
 Variability in procedures in TB labs worldwide
 Smear: auramine, ZN, Kinyoun
 Solid culture: LJ, 7H11
 MGIT culture: automated and commercially available: 

however, identification of positive cultures varies

 If same procedure (non-automated), variability 
due to individuals performing them 
 e.g. smear reading, sputum processing

 Variability of diagnostic algorithms
 Culture or culture based DST not always done



WHO. Implementing tuberculosis diagnostics. Policy framework.
http://www.who.int/tb/publications/implementing_TB_diagnostics/en/

Variety of TB diagnosis algorithms

http://www.who.int/tb/publications/implementing_TB_diagnostics/en/


Research Context

 Variability of tests/methods in TB labs worldwide
 Not a problem for routine programs
 Problem to compare results across sites in multi-centre studies

 ACTG-IMPAACT network labs
 Approval process, EQA
 Harmonisation efforts for TB labs based on Key Elements: Draft Sourcebook 

currently reviewed
 Not always possible to have all specimens tested in network labs
 Collecting extra specimen for research 
 Easier for adults to collect sputum, not so easy for invasive specimen in children



 P1108 and 2005 
 Children diagnosed as MDR-TB by routine services must be 

treated for a period before entering the study and have 
Bedaquiline or Delamanid added to OBR

 Repeating specimen collection in young children (gastric 
aspirate or induced sputum) would be invasive, costly, time 
consuming and unlikely to yield positive results after many 
weeks of treatment. 

 A5300/I2003
 Evaluation of delamanid given to contacts of MDR-TB 

patients to prevent TB
 MDR-TB Index cases already on treatment for weeks and may 

or may not be culture + when approached by the study team



Research context

 Considerations when MDR TB diagnosis made outside of network 
lab:
 Isolates cannot be stored for further testing: DST for new drugs, MIC, WGS, 

etc. 
 Not all OBR drugs/mutations may have been tested 
 e.g. no INH R result with Xpert thus no inhA mutations to guide use of ethionamide

and high dose INH 

 Not possible to definitively confirm the MDR diagnosis 
 Errors are rare but could occur

 Solution: obtaining baseline isolate 



Research context

 Understanding TB Lab results from routine program 
 For inclusion or late exclusion criteria
 To complete TB Lab CRF

 Challenging 
 Requires understanding of the different tests done in the TB laboratory
 Results can be complex, especially for MDR-TB when drug susceptibility 

results done by different methods



Phases of laboratory testing

Pre-Analytical Analytical Post-Analytical



Phases of laboratory testing

Pre-Analytical



Pre-analytical phase

 Decision of 
 Test
 Specimen type

 Specimen collection and 
transport

 Context
 Routine diagnostic / 

National TB Program
 Research https://www.degruyter.com/view/j/cclm.2013.51.issue-5/



Specimens

 Respiratory vs non-respiratory
 Sputum (expectorated, induced), Gastric 

aspirate/lavage, Naso-pharyngeal aspirate, Broncho-
alveolar lavage (BAL), etc.

 Fine needle aspirate (FNA) of lymphadenopathy, 
Cerebrospinal fluid (CSF), tissue, fluids, etc.

 Contaminated vs sterile
 From normally sterile sites (e.g. CSF) vs from sites 

contaminated with normal flora (e.g. sputum)



Sputum (expectorated)

 Main specimen for diagnosis of TB disease in adults and older 
children

 ACTG IMPAACT SOP
 Available on HANC website



Sputum (expectorated)

Key Elements
• Participants must rinse their mouth with boiled/sterile/bottled or distilled water prior to 

collection. 
• Collect at least 3 to 5 mL of sputum. Larger volumes are preferred. A minimum of 1 mL is 

acceptable.

• Store specimens in a refrigerator or cool box (2-8°C) if not transported to the laboratory 
within 1 hour of collection 

• Transport specimens to the laboratory in a cool box (2-8°C) as soon as possible after 
collection. Respiratory specimens must be delivered to the laboratory as soon as possible 
and/or within 24 hours of collection. 

Critical Technical Points
• Procedures for the collection, transport and receipt of all mycobacteriology specimens 
• Infection control measures during specimen collection



Potential specimens 
for 

bacteriological 
confirmation of PTB 

Slide courtesy of E. Walters

Specimens
Sputum 
Induced Sputum



Induced Sputum

 Saline nebulisation inducing 
cough

 Can be done in adults, children 
and young infants
 Naso-pharyngeal aspiration

 Nebulisation material
 Infection control measures
 No network SOP yet
 WHO guidance



Gastric aspirate 

 Collection of secretions swallowed overnight 
 Naso-gastric tube inserted to aspirate stomach 

content after fasting
 Traditionally in hospital x 3 consecutive days

 Aspirate vs lavage
 Aspiration only
 Lavage using sterile water or saline. Dilution factor

 Inpatient vs outpatient
 Timing
 Early morning



Gastric aspirate 

 Neutralisation of gastric aspirates with bicarbonates is 
recommended by many organisations including WHO, 
American Society of Microbiology
 Acid is detrimental to mycobacteria
 JCM 2013 Parashar et al. questioning need to neutralise GA 

specimens
 More research is needed 

 Different neutralisation methods and formulations
 Solution vs solid/powder form
 Added by clinical team or by laboratory at reception
 Unless processing done < 4 hours of collection

 No network SOP yet
 Various references including WHO and videos



Key Elements
• Collect at least 5 to 10 mL of gastric aspirate. Larger volumes are preferred. A minimum of 

1 mL is acceptable.
• Collect gastric aspirate after a minimum fasting period of at least 4 hours. Early morning 

collection is preferred.
• Gastric aspirate must be pH neutralized as soon as possible after aspiration unless the 

laboratory can neutralize or process the specimen within 4h of collection. 

• Store specimens in a refrigerator or cool box (2-8°C) if not transported to the laboratory 
within 1 hour of collection 

• Transport specimens to the laboratory in a cool box (2-8°C) as soon as possible after 
collection. Respiratory specimens must be delivered to the laboratory as soon as possible 
and/or within 24 hours of collection. 

Critical Technical Points
• Procedures for the collection, transport and receipt of all mycobacteriology specimens 
• Infection control measures during specimen collection
• Collect the gastric content by aspiration first as lavage introduces dilution. If adequate 

volumes are not obtained, lavage can be performed using sterile water or saline.

Gastric aspirate 



Infection control measures

• Personal protective equipment (PPE)
• Well ventilated area:
• Sufficient time for air changes in room 

in between procedures
• Guidance available

Technique preparation

Material preparation

Assistant to hold the child

Time and patience to obtain adequate 
volume

http://www.google.co.za/url?sa=i&source=imgres&cd=&cad=rja&uact=8&ved=0CAkQjRwwAGoVChMI19uJqra_yAIVRsAUCh0lewh4&url=http://nursingfornurse.blogspot.com/2005/11/how-to-confirm-nasogastric-tube-ngt.html&psig=AFQjCNFhup3X6hLdksF27UeVmMnB-FS1bg&ust=1444824903049482
http://www.google.co.za/url?sa=i&source=imgres&cd=&cad=rja&uact=8&ved=0CAkQjRwwAGoVChMIpdOkj7a_yAIVRWkUCh2_fAO6&url=https://alfa.saddleback.edu/data/nasogastric-tube-insertion&psig=AFQjCNGvcav0SHD-8nWa1aEqsWA00cbubQ&ust=1444824846817990


• TB Lymphadenitis = most common extrathoracic 
manifestation in children

• FNA = simple, feasible, minimally invasive, high yield

Fine needle aspiration

Study Location Population % yield

Balaji 2009 India Children 34% culture

Sharma 2010 India Adults and 
children

33% (ZN, culture 
and PCR)

Wright 2010 South Africa Children 52% culture

Cadmus 2011 Nigeria Adults and 
children

25% culture

Van Wyk 2011 South Africa Children 69% culture

Coetzee 2014 South Africa Children 58% Xpert, 
cytology, culture

Slide courtesy 
of E. Walters



Fine needle aspiration

 No network SOP yet
 References including video



Specimens 

 Study specific information: type, number, timing of specimen etc. 
 For the IMPAACT TB studies
 Sputum
 Gastric aspirate or Induced sputum
 FNA 
 Other specimens can be collected



Phases of laboratory testing

Analytical





Tests

 Diagnostic performance characteristics
 Prevalence
 Context: diagnostic vs research
 Work-up done in National TB programs vs TB tests done to evaluate new 

drugs in multi-centre study



Tests

http://phprimer.afmc.ca/Part2-MethodsStudyingHealth/Chapter6MethodsMeasuringHealth/Interpretingtestsonindividuals



Specimen

Processing

CultureDirect tests

Further tests if 
positive culture





 Mycobacteria do not stain well with Gram stain
 Carbol fuschin stain: heat softens waxy lipid wall 

penetration of stain (mixture of dye and phenol)
 Cooling  acid alcohol "decolouriser" poured over it
 acid removes carbol-fuschin from normal cells 
 cold waxy coat of "acid fast" bacteria repel the decolouriser 

and remain stained: "acid fast" means acid cannot decolourise 
them

Smear microscopy



Test/Procedure Smear microscopy

Type/Example Carbol-fuchsin: Ziehl-Neelsen (ZN), Kinyoun
Fluorochrome: Auramine, Auramine-Rhodamine

Done • Directly on specimen: direct smear
• On specimen after processing: concentrated smear
• On culture if positive: ZN

Sensitivity • High bacterial load 5,000-10,000 bacilli /mL is required for 
detection (culture detects 10 to 100 bacilli/ mL)

• Compared to culture: Se 20-80%
• ↑ 18% with processing (concentrated)* 
• ↑ 10% with fluorescent vs conventional microscopy*

Specificity • All mycobacteria are acid fast
• Does not provide species identification
• Local prevalence of MTB and NTM determine the 

predictive values of a positive smear for MTB
• Cording suggestive of MTBC but also seen in some NTMs

Turnaround time • 24h

Reporting • WHO-IUATLD, ATS
*Steingart Expert Rev. Anti Infect. Ther. 2007



WHO Policy on Light Emitting Diode (LED) (2011): 
• FM is 10% more sensitive and operational advantages
• Phased approach to change from brightfield to LED-based FM
• LED vs conventional FM: no dark room, less expensive lamps







Specimen

Processing

CultureDirect tests

Further tests if 
positive culture

Direct smear

Ziehl Neelsen on 
positive culture

Concentrated 
smear



Processing

Normal respiratory flora M.tuberculosis

18 h



Test/Procedure Processing (Decontamination-Digestion)

Type/Example • NALC (N-acetyl L-cysteine)-NaOH (sodium hydroxide)
• Oxalic Acid

Done Directly on specimens from non-sterile sites 
Principle Decontamination (NaOH):

• To eliminate contaminants as much as possible without 
affecting the viability of mycobacteria

Digestion (NALC):
• To release mycobacteria trapped in specimen mucus 
• To improve the decontamination process
• To facilitate concentration of the specimen

Limitations • Delicate procedure: if it is too harsh, the yield is affected, as 
mycobacteria are also killed; if too mild, specimens will be 
overgrown by other bacteria. Many manual steps. 

• Optimal method for specimens other than sputum?
• Risk of cross-contamination

Result N/A. Sediment or pellet obtained: used for smear, nucleic acid 
amplification test (NAAT) or culture

Quality 
indicator

Contamination rate: cultures overgrown by bacteria. Target: 
3-5% (solid) and 8-10% (liquid)





or sediment



Specimen

Processing

CultureDirect tests

Further tests if 
positive culture



Lowenstein-
Jensen (LJ)

Middlebrook
7H9 broth

Middlebrook 7H10 or 
7H11 agar (plate, tube)

MGIT tube: 
Middlebrook 7H9 broth +
OADC enrichment: oleic acid, 
albumin, dextrose, catalase
+ PANTA antibiotic mixture
(polymyxin B, amphotericin 
B, nalidixic acid, 
trimethoprim, azlocillin)

MODS = 
Microscopic 
Observation Drug 
Susceptibility
(Middlebrook 7H9 
broth)

• Nutrients: egg, potato, etc. 
• LJ: Malachite green to 

inhibit bacteria
• Antibiotics can be added

Thin Layer Agar (TLA): 
Microscopic on agar



MGIT

Mycobacterial Growth Indicator Tube 



Test/Procedure Culture

Type/Example • Solid vs Liquid:
Solid egg based: Lowenstein-Jensen (LJ), Ogawa
Solid agar based: Middlebrook 7H10, 7H11 
Liquid: Middlebrook 7H9
• Manual vs Automated (ex: MGIT 960,VersaTREK,MB/BacT ALERT)
• Non-selective or selective (ex: 7H11S)

Done • On processed sample for non-sterile sites
• Directly on specimens for sterile sites 

Sensitivity • Considered gold standard (liquid and solid)
• Detects 10 (liquid) to 100 (solid) TB bacilli / mL

Specificity • Depends on identification method
Turn around 
time

• 8-10 days for smear-positive samples
• 2–6 weeks for smear-negative samples
• MGIT negative after 6 weeks (42 days). Solid often kept longer.

Limitations • MGIT susceptible to contamination
• Cost, expertise, biosafety, delays

Reporting • Qualitative: positive/negative for MTBC, etc.
• Quantitative: Solid: #colonies Liquid: time to detection (TTD) 



Specimen

Processing

CultureDirect tests

Further tests if 
positive culture



Identification of 
M. tuberculosis from liquid culture 

ZN: serpentine cords of varying 
length or district linear clumping

Identification 
test

Automated system but 
manual steps for 
identification

Blood agar plate

Ziehl-Neelsen



http://www.stoptb.org/wg/gli/assets/documents/gli_mycobacteriology_lab_manual_web.pdf

http://www.stoptb.org/wg/gli/assets/documents/gli_mycobacteriology_lab_manual_web.pdf


Identification methods

 Biochemical tests
 Growth rate, morphology, pigmentation, combination of 

biochemical tests (nitrate, NAP, etc)  abandoned
 No growth on medium with p-nitrobenzoic acid (PNB)

 High performance liquid chromatography (HPLC)
 Molecular methods
 DNA probes (Accuprobe MTBC)
 MPT64 antigen tests (lateral flow assays)
 Nucleic acid amplification tests (NAAT) 

 Hain MTBDRplus done on positive culture 

 Other methods



Test/Procedure MPT64 antigen test (Immunochromatographic tests, lateral 
flow assay tests)

Type/Example – Capilia TB-Neo [Tauns Laboratories;Japan]
– SD Bioline’s TB Ag MPT64 Rapid Test [South Korea]
– Becton Dickinson’s TBcID[Maryland, USA]

Principle Detection of presence of the MTBC-specific protein MPT64 
in culture isolates. 

Done • On culture if positive (solid or liquid). Also works on 
contaminated cultures

Sensitivity • Detection limit ∼ 105 CFU/ml: done on positive culture
• High Se (92.4%–99.2%)

Specificity • High specificity (99-100%)
• Doesn’t differentiate members of the MTBC
• Some substrains of M. bovis BCG lack MPT64 and will be 

negative
• Strains of microbes, such as S. aureus, that produce 

protein A may produce a false positive result
Turn around time 15 minutes
Reporting N/A. Part of the identification of positive cultures



Identification of mycobacteria

 Usually, in the context of TB drug trials: 
 MTBC or not
 NTM may or may not be identified to species level

 Differentiation within MTBC
 Not differentiated by Xpert MTB/RIF, Hain MTBDRplus
 Specialised testing
 LPA for MTBC differentiation, PCR Region of Differences

 Could be useful in the context of BCG studies



Nucleic acid amplification tests (NAAT)

 Many commercially available
 Most used TB high burden 

countries:
 GeneXpert
 Line probe assays (LPA) e.g. 

Hain MTBDRplus

 Detection of MTB
 Detection of drug resistance



Drug susceptibility testing (DST)

 Genotypic (molecular) 
DST

 Based on detecting the 
presence of wild-type 
sequences or mutations 
in genes known to be 
associated with antibiotic 
susceptibility or 
resistance. 

 Phenotypic (culture 
based) DST

 Based on whether or not 
the organism can grow in 
the presence of the 
antibiotic

 Currently regarded as 
the gold standard

 Slow



Specimen

Processing

CultureDirect tests

Further tests if 
positive culture

GeneXpert

LPA (Hain)

GeneXpert
LPA (Hain)





http://www.who.int/tb/publications/diagnosis/en/

http://www.who.int/tb/publications/diagnosis/en/


Test/Procedure Nucleic acid amplification test

Type/Example GeneXpert MTB/RIF (Cepheid)

Principle Cartridge-based assay that integrates sample preparation, 
amplification, and detection of DNA. Real time PCR using 
molecular beacons (5 probes). Designed to identify RIF 
resistance mutations in an 81-bp region of rpoB gene:
“Rifampicin-resistance-determining region” (RRDR)

Done • On direct specimen or processed specimen (sediment)
Sensitivity
Specificity

• Cochrane adults 2014: 
For TB detection as smear replacement: Se 89% Sp 99%
As add-on test after negative smear: Se 67% Sp 99% 
For RIF R detection: Se 95% Sp 98%   
• Lancet Resp Med 2015 SR MA children: 
Compared to culture: Se 62% sputum 66% GL; Sp 98% 
For RIF R detection: Se 86% Sp 98%

Limitations Initial high Se and Sp for detecting TB and DR, but 
afterwards concerns for false pos R other test to confirm 
DR (LPA, phenotypic). Also false negatives

Turn around time 2h



For RIF R detection: Se 95% Sp 98%
If pooled accuracy are applied to a hypothetical cohort of 1000 individuals where:

15% of those with symptoms are rifampicin resistant: Xpert®MTB/RIF would 
correctly identify 143 individuals as RIF R and miss 8 cases
correctly identify 833 individuals as RIF S and misclassify 17 individuals as R

5% of those with symptoms are rifampicin resistant, Xpert® MTB/RIF would 
correctly identify 48 individuals as RIF R and miss 3 cases
correctly identify 931 individuals as RIF S and misclassify 19 individuals as R



Xpert Ultra

 Improved limit of detection 
 16 CFU/ml vs 114 CFU/ml Xpert MTB/RIF
 Culture ~10 - 100
 Smear microscopy ~10 000

 An additional semi-quantitative category (‘trace’) to take into 
account the higher sensitivity
 Lowest bacillary burden for TB detection
 Updated categories: high, medium, low, very low and trace 



Ultra

 Ultra vs Xpert in 1520 adults
 Se Ultra 5% higher than Xpert
 Highest in smear negative patients and HIV infected

 Sp Ultra 3.2% lower than Xpert
 Lowest in patients with history of TB. Detects non-viable 

bacilli. Problem in high endemic setting. 
 The impact of increased sensitivity results in decreased 

specificity for TB detection…and becomes a trade-off 
between increased diagnosis and overtreatment

 As good accuracy for RIF detection

http://www.finddx.org/wp-content/uploads/2017/03/Ultra-WHO-report_24MAR2017_FINAL.pdf

http://www.finddx.org/wp-content/uploads/2017/03/Ultra-WHO-report_24MAR2017_FINAL.pdf


Ultra

 For EPTB and paediatric TB: ↑ Se due to trace-call
 Se Ultra 95% vs 45% Xpert in TBM
 Se Ultra 71% vs 47% Xpert resp specimens children 
 Positive Xpert Negative Culture



http://who.int/tb/publications/2017/XpertUltra/en/

http://who.int/tb/publications/2017/XpertUltra/en/


http://www.stoptb.org/wg/gli/assets/documents/GLI_ultra.pdf

http://www.stoptb.org/wg/gli/assets/documents/GLI_ultra.pdf


Test/Procedure Nucleic acid amplification test: Line Probe Assays 

Type/Example • Hain MTBDRplus to detect MDR-TB by detecting mutations
in rpoB gene (RIF)
and katG and inhA (INH)
• Hain MTBDRsl to detect XDR-TB by detecting mutations
in genes for susceptibility to FQs (ofloxacin, moxi, levo)
and second line injectable drugs (SLIDs; amikacin, kanamycin,and
capreomycin)

Principle Hybridization of labeled amplicons (amplified by PCR from M. 
tuberculosis DNA present in patient specimens) to oligonucleotide 
probes arranged on a membrane strip

Done • On processed specimen (sediment) from smear positive or 
negative patient OR on positive culture 

Sensitivity
Specificity

See next slides

Limitations • Open tube format: possible cross contamination
• Requires appropriate laboratory infrastructure and equipment
• Reading strips: possible subjectivity
• LPAs are less sensitive for the detection of isoniazid resistance

Turn around time 24-48h







RIF resistance

 WHO Policy update LPA INH RIF 2016
 Test accuracy LPA for direct testing compared with phenotypic RIF 

DST (done on sputum):
 Sensitivity: 0.96 (95% CI:0.95-0.97)
 Specificity: 0.98 (95% CI: 0.97-0.99)

 Test accuracy LPA for indirect testing compared with phenotypic RIF 
DST (done on culture):
 Sensitivity: 0.97 (95% CI: 0.95-0.98)
 Specificity: 0.99 (95% CI: 0.99-1.00)

http://www.who.int/tb/publications/molecular-test-resistance/en/

http://www.who.int/tb/publications/molecular-test-resistance/en/


INH resistance
 Resistance-conferring mutations in inhA and katG genes account 

∼ 90% of INH R detected by phenotypic DST
 Test accuracy LPA for direct testing compared with phenotypic 

INH DST (done on sputum):
 Sensitivity: 0.89 (95% CI: 0.86–0.92)
 Specificity: 0.98 (95% CI: 0.97–0.99)

 Test accuracy LPA for indirect testing compared with phenotypic 
INH DST (done on culture):
 Sensitivity: 0.91 (95% CI: 0.89–0.93)
 Specificity: 1.00 (95% CI: 0.99–1.00)

 Conventional culture-based DST should be used in the follow-up 
evaluation of patients with a high risk for INH R and a negative 
LPA result, especially in settings with a high pre-test probability 
of INH R 
 A 90% prevalence of INH R likely in a population of MDRTB patients 

when a patient is diagnosed by the Xpert MTB/RIF assay





Hain MTBDRsl



VERSION 1  (compared to culture based DST)
26 studies

• FQ R: direct testing, MTBDRsl
Se 86.2% Sp 98.6% smear-positive specimen
• FQ R: indirect testing, MTBDRsl
Se 85.6% Sp 98.5% smear-positive specimen

• SLID R: direct testing, MTBDRsl
Se 87.0% Sp 99.5% smear-positive specimen
• SLID R: indirect testing, MTBDRsl
Se 76.5% Sp 99.1% smear-positive specimen

• XDR-TB: direct testing, MTBDRsl
Se 69.4% Sp 99.4% smear-positive specimen
• XDR-TB: indirect testing, MTBDRsl
Se 70.9% Sp 98.8% smear-positive specimen

VERSION 2 (compared to culture based DST)
1 study

• FQ R: direct testing, MTBDRsl
Se 97% Sp 98% smear-positive specimen
Se 80% Sp 100% smear-negative specimen

• SLID R: direct testing, MTBDRsl
Se 89% Sp 90% smear-positive specimen
Se 80% Sp 100% smear-negative specimen

• XDR-TB: direct testing, MTBDRsl
Se 79% Sp 97% smear-positive specimen
Se 50% Sp 100% smear-negative specimen



2016

http://www.who.int/tb/publications/molecular-test-resistance/en/

http://www.who.int/tb/publications/molecular-test-resistance/en/


http://pipelinereport.org/home

http://pipelinereport.org/home


NAAT in TB drug trials

 Adult TB drug trials
 Screening tests for patient enrolment
 e.g. r/o MDR if drug susceptible TB study
 e.g. confirm FQ susceptibility in MDR-TB study giving FQ 

 Always confirmed by culture 

 Paediatric TB 
 Xpert part of TB confirmed definition
 Xpert usually done on specimen and Hain done on culture 



Drug susceptibility testing (DST)

 Molecular: done on sample or on culture
 GeneXpert
 LPA: Hain MTBDRplus and MTBDRsl
 Whole genome sequencing

 Phenotypic (culture-based)
 On sample (direct) or on culture (indirect)
 On liquid culture or on solid culture
 Methods: proportion method (most used), absolute 

concentration method, and resistant ratio method



Specimen

Processing

CultureDirect tests

Further tests if 
positive culture

Drug susceptibility 
testing (DST)

Drug susceptibility 
testing (DST)



The isolate is considered 
resistant if the number of 
colonies in the drug 
quadrant is equal to or 
more than 1% of that in 
the control quadrant 





Growth Control tube
STR
INH
RIF
EMB

• MGIT DST is a modified proportion method
• Results in 4-14 days after the test is set up

• The method is based on the fluorescence 
produced from reduced oxygen in the MGIT 
medium due to microbial growth. 

• The fluorescence generated is then converted 
to “growth units” (GU). In general, more GU 
indicates more growth.

• When the growth control generates GU to 
400 within 4-14 days, the DST is valid for 
interpretation:

• If a drug-containing MGIT tube yields 
GU<100, the organism is interpreted as 
being susceptible

• If GU is ≥100, the organism is considered 
resistant.



http://www.stoptb.org/wg/gli/assets/documents/Updated%20critical%20concentration%20table_1st%20and%202nd
%20line%20drugs.pdf

http://www.stoptb.org/wg/gli/assets/documents/Updated%20critical%20concentration%20table_1st%20and%202nd%20line%20drugs.pdf




Drug susceptibility testing (DST)

 Discordants
 Different genotypic tests 
 Genotypic and phenotypic tests 
 Genotypic and/or phenotypic tests and clinical 

response to treatment 



Gold 
standard



Drug susceptibility testing (DST)

 In TB drug trials
 Screening using NAATs
 Hain can help to guide OBR
 MGIT DST 
 DST for new TB drugs or MICs sent to reference lab

 Complex and evolving field
 Role for both phenotypic and genotypic methods



Whole genome sequencing





Phases of laboratory testing

Pre-Analytical Analytical Post-Analytical



Lab report

 Important to understand what tests are done
 Verify results for all specimens collected
 Verify final reports
 Contact laboratory if unclear



Smear

MGIT
Time to detection in days

Identification of positive culture



Hain MTBDRplus



Specimen

Processing

CultureDirect tests

Further tests if 
positive culture

Questions?
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