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What is special 

about M. tuberculosis AST ?

E coli (rapid growers) M. tuberculosis

Duplication time 10-20 min 12-18h

SIR (clinical breakpoints) Yes No (except DLM and BDQ)

ECOFFs defined Yes No (not enough data)

Disc diffusion (MICs) used

in clinical practice

Yes No (S/R testing at single concentrations

in >4 different media using 3 strategies)

Time to culture/AST 1-24h/4-24h (BSL2) >1-2 weeks/1-2 weeks (BSL3)

Molecular tests used to 

rule in resistance/MDR

Not routinely Yes (Xpert MTB/RIF, HAIN etc)

Usual treatment strategy Single therapy Multi drug regimens (>4 drugs)

Treatment duration Days-weeks

(colonisation)

Always treated. Minimum 6 months



Transition to low-incidence



• Karta (MDR etc senare)



What is tuberculosis?

• Mycobacterium tuberculosis

• Several outcomes of exposure ! 

• Pulmonary disease (>60%)

• Symptoms:

– Cough, weight loss, night sweating, neck swelling



Standard treatment of TB 

• Isoniazid 300 mg, 6m

• Rifampicin 600 mg, 6m 

• Pyrazinamide  1,5 g (20 mg/kg), 2m

• Ethambutol 1,2 g (15mg/kg), 2m 

• Pyridoxine 40 mg, 6m

-> Usually, TB treatment is straight forward



Aminoglycosides
Kanamycin, amikacin, capreomycin   

Fluoroquinolones 

Levofloxacin, moxifloxacin, ofloxacin

Ethambutol Pyrazinamide

Rifampicin Isoniazid1st

Line

2nd

Line

RIF + INH = MDR-TB

Resistance to:



Injectables
Kanamycin, amikacin, capreomycin   

Fluoroquinolones 

Levofloxacin, moxifloxacin, ofloxacin

Ethambutol Pyrazinamide

Rifampicin Isoniazid1st

Line

2nd

Line

RIF + INH = MDR-TB

+

Resistance to:

Any fluoroquinolone

= XDR-TB

Any injectable





In total: ~ 500 000 MDR TB and ~50 000 XDR TB cases !

MDR TB, 15 % in previously treated and 3 % in new patients



Dheda K et al. Lancet Respir Med 2017; 5:291-360

Susceptible TB MDR TB XDR TB

Cost (Euro) 334 (40-1200) 23000 (2100-77000) 90000 (65000-150000)

Mortality 5% 10-40% 50-70%



Development of drug resistant TB

• Natural resistance
– Thick cell wall, slow generation time

• Random mutations – not horizontal transfer

• Selection during suboptimal therapy –> transmission !
– MDR/XDR TB associated to previous treatment

– 1940ies monotherapy

• Risk factors for XDR/MDR
– Contact history and/or poor compliance

Dheda K et al. Lancet Respir Med 2017; 5:291-360



What´s new in diagnosis and 

treatment of TB ?

• Shorter treatment duration of MDR TB

• Bedaquiline and Delamanid  

• Personalized medicine

– MIC determination, drug concentrations

• Rapid tests – drug resistance mutations

– HAIN, Xpert MTB/RIF Ultra 

• WGS directly on sputum samples

– Rapid prediction of S and R !

http://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=An%20external%20file%20that%20holds%20a%20picture%2C%20illustration%2C%20etc.%0AObject%20name%20is%20nihms-235517-f0002.jpg%20%5BObject%20name%20is%20nihms-235517-f0002.jpg%5D&p=PMC3&id=2947799_nihms-235517-f0002.jpg
http://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=An%20external%20file%20that%20holds%20a%20picture%2C%20illustration%2C%20etc.%0AObject%20name%20is%20nihms-235517-f0002.jpg%20%5BObject%20name%20is%20nihms-235517-f0002.jpg%5D&p=PMC3&id=2947799_nihms-235517-f0002.jpg


Standard media for susceptibilty testing 

of M. tuberculosis

• Löwenstein Jensen (LJ)
– Pro: Widely used, inexpensive

– Con: Variation in preparation, takes time (4w)

• Middlebrook 7H9 (used in MYCOTB/MGIT)

– Pro: 96-well format possible, established (MGIT), ”rapid”

– Con: Contamination, ”readability” (MYCOTB)

• Middlebrook 7H10/7H11
– Pro: Used by CLSI (standardized protocol)

– Con: Variation in preparation, contamination

WHO, ECDC and CLSI guidelines.



Which are the challenges in susceptibility 

testing of mycobacteria ?

• Slow (phenotypic testing) and resource demanding (P3)

• Many methods and strategies 

– WHO (”critical concentrations”), no standard method!

– Indirect proportion metod: 1:100 diluted control without antibiotics

• Unclear definitions -“critical concentrations” 
– What about WT-distributions, PK/PD and clinical outcome ?

– QC-ranges not defined



WHO general guidelines on treatment of tuberculosis 2000-2010: 

“If a history of prior anti-TB drug use suggests that a drug is likely to be 

ineffective, that drug should not be relied on as one of the four core drugs 

in the regimen, even if DST shows the strain to be susceptible.

-> Not a lot of confidence in AST…

Susceptibility testing for isoniazid, rifampicin, the fluoroquinolones, and

the injectable agents is fairly reliable. For other agents it is less reliable,

and basing individualized treatments on DST for these agents should be

avoided. The clinical effectiveness or ineffectiveness of a drug cannot be

predicted by DST with 100% certainty.

Since a fluoroquinolone and an injectable agent form the backbone of 

MDR treatment, they should be used even if the patient’s M. tuberculosis 

demonstrates resistance to all available drugs in these two classes.”



WHO 2014
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Ofloxacin genotype vs phenotype

Niward K., Schön T. et al. J Antimicrob Chemother. 2015 



Ethambutol – poor reproducibility

Schön T et al JAC 2009 

and unpublished observations

WHO (2013/1998) CLSI (2011) WHO

LJ 7H10 7H10 MGIT

EMB 2 5 5/10 5



EUCAST subcommittee on Anti-

Mycobacterial Susceptibility Testing (AMST)

• Initiated at ECCMID Amsterdam, 2016

• Chair: Emmanuelle Cambau, 

• Scientific Secretary: Thomas Schön

• ESGMYC members: Miguel Santin and Miguel Viveiros

• ERL-net-TB members: Daniella Cirillo and Jim Werngren

• EUCAST members: Gerard Lina and Johan Mouton



Strategies and tasks for AMST

• Use the EUCAST strategy/SOPs for setting ECOFFs and clinical 

breakpoints

– Epidemiological wild-type cut offs (ECOFFs)
• Collect available MIC data – separate by method

• Clinical breakpoints and rational documents for new drugs

• Develop a reference method for susceptibility testing of 

Mycobacterium tuberculosis

– Method protocol developed for Middlebrook 7H10 and 7H9 

– Testing in 7H10 nearly completed for INH, AMI and LEV at 4 laboratories 

for reference strain Mycobacterium tuberculosis H37Rv ATCC 27294

– Testing initiated in a Middlebrook 7H9 (INH, AMI and LEV at 4 

laboratories H37Rv). 

http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/EUCAST_SOP

s/EUCAST_SOP_1.2_Setting_breakpoints_new_agents_20161121.pdf

http://images.google.se/imgres?imgurl=http://ilovebacteria.com/Images/tbphoto.jpg&imgrefurl=http://ilovebacteria.com/tuberculosis.htm&h=466&w=700&sz=50&hl=sv&start=169&um=1&usg=__qcByCQUwxCqn9iwzGGQ_OeYhdKk=&tbnid=5NitjRTuCcNVeM:&tbnh=93&tbnw=140&prev=/images?q%3Dmycobacterium%2Bpictures%26start%3D162%26ndsp%3D18%26um%3D1%26hl%3Dsv%26sa%3DN
http://images.google.se/imgres?imgurl=http://ilovebacteria.com/Images/tbphoto.jpg&imgrefurl=http://ilovebacteria.com/tuberculosis.htm&h=466&w=700&sz=50&hl=sv&start=169&um=1&usg=__qcByCQUwxCqn9iwzGGQ_OeYhdKk=&tbnid=5NitjRTuCcNVeM:&tbnh=93&tbnw=140&prev=/images?q%3Dmycobacterium%2Bpictures%26start%3D162%26ndsp%3D18%26um%3D1%26hl%3Dsv%26sa%3DN
http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/EUCAST_SOPs/EUCAST_SOP_1.2_Setting_breakpoints_new_agents_20161121.pdf


Clinical breakpoints - bedaquilin 

and delamanid

Tentative ECOFF

7H11

Tentative ECOFF

MGIT/ CB



WHO TB review – 2018



Linezolid MIC in Middlebrook 7H10



?

?



Indications for AST in NTMs

• MAC (Mycobacterium avium/intracellulare)

– Treatment failure on claritromycin/azitromycin

– Broth microdilution in Middlebrook 7H9

• M abscessus (subspecies!)

– Planned treatment. 

– Broth microdilution in Middlebrook 7H9

– HAIN Genotype NTM-DR 

• erm(41): Clarithromycin , rrs: Amikacin

• M abscessus subsp. abscessus/massiliense/boletti

Griffith DE et al. Am J Respir Crit Care Med. 2007; 175: 367-416



Are we treating NTMs (MAC) with 

efficient drugs ?

• “Poor correlation between AST and clinical outcome ?”

• Inefficient drugs used ?

(mg/L) 0.016 0.032 0.064 0.125 0.25 0.5 1 2 4 8 16 32 64 128 256 512

Rifampicin 0 0 0 2 1 4 12 30 60 43 77 0 0 0 0 0

Amikacin 0 0 0 0 0 0 3 4 11 52 115 33 9 2 0 0

Moxifloxacin 0 0 0 0 1 10 24 82 85 18 9 0 0 0 0 0

Linezolid 0 0 0 0 0 0 1 6 4 25 75 93 22 3 0 0

TMP/SMX 0 0 0 2 1 9 48 109 41 13 6 0 0 0 0 0

Schön and Chryssanthou. IJID, 2017. 



Conclusions

• Too many AST methods for Mycobacteria

– Urgent need for a reference method !

• MDR/XDR –TB -> Clinical BPs (dosing)

– NGS/POC – identify drug resistance mutations (5 days vs 4 weeks)

• Clinical breakpoints should be established by ECOFFs, 

PK/PD and clinical outcome data in breakpoint committees. 

• Some of the ”old stuff” needs to be critically revised

• The AMST will:
– work towards defining a reference method for MIC testing for M. tuberculosis

– use MIC-distributions to define ECOFFs and CB by EUCAST criteria
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