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TB lab functions: 



Outline 

• Resistance testing 

– Genotypic  

– Phenotypic 

• Which tests are done when, and why… 

• Reporting of results 

 

• All in an effort to standardise across NHLS! 

 

 



Phenotypic 

• Does the organism grow in the presence of the 
antibiotic? 

– Solid or liquid culture 

– Concentration of antibiotic 

– Purity of culture 

– Experience of technologist 

• What is “gold standard” 

– Still debatable – probably agar proportion method 

• What does NHLS use 

– MGIT or agar proportion (ideally want MGIT for all) 



Which antibiotics 

• Theoretically any! 
 

• Reproducibility 
• Reliability 
• Convenience / ease 
• Correlation with clinical response 

 
• Rif and INH well established, well accepted 
• Aminoglycosides, quinolones also accepted 
• Ethambutol, ethionamide, PZA, streptomycin - ? 



Three questions… 

• What is reliable? 

 

• What is useful? 

 

• What is practical? 
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Kruuner JCM 2006 

200 clinical isolates, varying susc patterns 
RRM – resistance ratio method (on LJ) 



Kruuner JCM 2006 

133 MDR clinical isolates 



Angra, J Clin Micro, 2012 

100-120 labs across US 
Panels distributed annually 
Majority agreement ref standard 
  

2 strains with borderline 
rif resistance (His526Leu) 



Grace Lin, JCM, 2009 



What about PZA 

• Used to be problematic 

• New MGIT kit – good results 

 

• Concern with false resistance (14/57  Chedore 
et al) 

 



Genotypic 

• Look for mutations that confer resistance 

 

• Only works if mutations known! 

• Quicker 

• Potentially more difficult 

• 3 in widespread use 
– GeneXpert MTB/Rif (Cepheid) 

– MTBDRplus (Hain Life Sciences) 

– MTBDRsl (Hain Life Sciences) 

 

 



Line probe assays 

• Hain LifeSciences MTBDRplus kit 

– Detection of rifampicin and isoniazid resistance in M. tb 

– >95% rif resistance due to mutations in a specific region of 
rpoB gene 

– 70-80% INH resistance due to mutations in either katG or 
inhA 

• Hain LifeSciences MTBDRsl kit 
– Resistance to fluoroquinolones, injectable agents, 

ethambutol 

– Works fairly well for FQs, injectables; poor for ethambutol 
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Line probe assay - MTBDRplus 
rpoB gene 

controls 

WT 1-8 

MUT 1-3 

Presence of band =  
known resistance mutation Absence of band (with no MUT band) = 

mutation in rpoB 





rpoB 

• Rif resistance – detects >98% 

• Missing WT plus MUT = resistance 

• Missing WT alone = ? 

 

• Up to 50% of missing WT/absent MUT susceptible 
(varies acc to which band) 

• Also possible geographic variation 

• Limitation of susc testing methodology 
– MICs being planned 

– Clinical relevance? 
Beylis, unpublished 



inhA and katG 

• Overall LPA detects 70-90% INH resistance 

• katG mutation 

– Predicts high level INH resistance (80-92%) 

– No prediction of ETH 

• inhA mutation 

– Predicts low level INH resistance (78-90%) 

– Predicts ETH resistance (50-80%) 

– WT inhA does not = ETH susceptible… 
Barnard, AJRCCM, 2008 
Kim, DMID, 2003 
Brossier, JCM, 2006 
Morlock, AAC, 2003 
Schaaf, IJTLD, 2009 



Real time PCR 

• GeneXpert  

– Amplify portion of rpoB gene most commonly 
linked to mutations (RRDR – rifampicin resistance 
determining region) 

– 5 Molecular beacons designed to overlap and 
cover entire 81bp region 









How well does it work – for rif? 

85-90% of rif resistant results on Xpert are “true resistance” 

http://www.stoptb.org/wg/gli/assets/html/4th%20GLI%20meeting%2017-19%20April%202012%20AGENDA.htm 



Recap 

Phenotypic 

• Rif, INH, amik, kana, oflox, 
moxiflox all reproducible 

• PZA – some concerns 

• Ethionamide – MGIT may be 
better (?) 

• Ethambutol – not as reliable 

Genotypic 

• LPA 
– Great for Rif  

– 70-90% sens for INH, good 
specificity 

– katG vs inhA givs some extra 
info 

• Xpert 
– Rif sens – reliable 

– Rif resistant needs 
confirmation 



Three questions… 

• What is reliable? 

 

• What is useful? 

 

• What is practical? 

 



Basic algorithm 



DST as it stands 

• Xpert Rif susceptible 
– No further DST 

– INH mono-resistance will be missed 

• Xpert Rif resistant 
– Confirm Rif (LPA and/or phenotypic) 

– 2nd line DST on isolate 

• Xpert negative / culture pos 
– LPA Rif and INH 

– LPA Rif resistant – 2nd line DST 



Management of 
Drug Resistant 
Tuberculosis Policy 
Guidelines 2011 



INH mono-resistance? 

• Guidelines suggest standard therapy 

 

• In practice? 

– Add moxiflox 

– Add ethionamide 

– Add other? 

• Outcomes of INH mono-resistant TB? 



MDR treatment 
• Kanamycin / amikacin 
• Moxifloxacin (levofloxacin in children) 
• PZA 
• Terizidone 
• Ethionamide 

 
• Adjust once DST available 

 
• “Ethambutol may be used as an additional item (sixth item 

in the standardised regimen) in areas with confirmed low 
prevalence to ethambutol resistance or in patients who 
have not received ethambutol for more than one month 
before DR-TB treatment.” 

Management of Drug Resistant Tuberculosis Policy Guidelines 2011 



XDR treatment 

• Capreomycin  

• Moxifloxacin (levofloxacin)  

• Ethionamide  

• Terizidone  

• Pyrazinamide  

• PAS  

• Clofazimine 



Three questions… 

• What is reliable? 

 

• What is useful? 

 

• What is practical? 

 



Going forward 

• Standardise methodology 

– LPA first line 

– MGIT for phenotypic 

• Expensive but quicker 

• Will be challenging to roll out… 

• Centralise SLD – up to a point 

– No formal plan as yet 

– Logistics must improve 





Standardise SLD 

Rif resistant 

INH low and high level Moxifloxacin 

High conc moxi if 
resistant 

Kanamycin and amikacin 

Strep and capreo if kana 
and amik resistant 

PZA 

Levofloxacin? 
Moxi R seems to predict levo R 

Or low followed 
by high – upfront 
easier at lab level 

Or just high level 
– if “S”, add INH 



INH mono-resistant 

• Relex testing for 

– Moxiflox 

– ?PZA 

– ?Ethionamide 

 

• BUT – many (most) INH mono-R cases will be 
missed in any case… 



Standardise reporting 

• LPA –Rif 
– WT missing, no MUT band = inconclusive 
– Confirm with phenotypic (ideally MICs if possible) 

 
• LPA – INH 

– Report on katG vs inhA? 
– Wording of comment challenging 

 

• LPA – mixed 
– Treat as MDR but add Rif / INH 



MTBDRsl? 

• Fine for FQs, injectables 

• Poor for EMB  

 

• Potentially offer MTBDRsl, but needs 
confirmation with phenotypic DST 

• Will it cause confusion at clinic level? 



Unresolved issues 

• Ethionamide  

– ?on request 

– ?routine 

• Ethambutol 

– On request only, ? Useful 

• MTBDRsl 

– Valuable, but maybe confusing as well 

 



Acknowledgements 

• TB standardisation 
committee 

• Wendy Stevens 

• Mark Nicol 

• Nazir Ismail 

• Linda Erasmus 

• Simon Schaaf 

• Keertan Dheda 

• Peter Donald 

• Hendrik Koornhof 

• Marlein Bosman 

• Marinus Barnard 

• John Simpson 


