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2001-2015, Samsung Medical Center

NTM lung disease (LD)

J Korean Med Sci 2018;33:e65



BMC Infectious Diseases 2016;16:195

Public Health England, 2007-2012, 

21,118 NTM culture positive isolate 



Tuberc Respir Dis 2016;79:74–84

The fibrocavitary (FC) form

The nodular bronchiectatic (NB) form



MAC LD patients with FC disease

: usually require immediate treatment 

: rapid progression

: because cavitary disease is associated with 

a higher rate of mortality

Int J Infect Dis 2016;45:123–134



NB form

: Often progresses slowly

: Early treatment of mild and indolent 

nodular bronchiectatic disease may not be advisable

Int J Infect Dis 2016;45:123–134



2 yrs later

59/F Cough with sputum



Identification

M. avium

M. avium

M. avium



Eur Respir J 2017;49:1600537

Spontaneous sputum conversion – 51.6% (48/93)

1998-2011, 488 patients with MAC-LD

Of the 93 untreated patients with stable MAC-LD



6 months later



Taiwan

2011-2016

Clin Infect Dis 2017;65:927–934



Natural history of MAC lung disease

Cavitary MAC lung disease

Antimicrobial susceptibility testing

Treatment of refractory MAC lung disease

Environmental sources

Recurrence



NB form Cavitary NB form

Mycobacterial burden 



2002-2013, Samsung Medical Center, South Korea

481 MAC-LD who received treatment for ≥ 12 month

- FC form, 25% (n = 123)

- NB form, 75% (n = 358)

- Cavitary NB form (n = 80)

- Noncavitary NB form (n = 278)

Eur Respir J 2017;50:1602503



Eur Respir J 2017;50:1602503



Treatment regimen for MAC LD

Non-cavitary NB form

Clarithromycin 1000mg or azithromycin 500mg TIW 

Ethambutol 25mg/Kg TIW

Rifampin 450-600mg TIW

Int J Infect Dis 2016;45:123–134

Cavitary NB or FC form

Clarithromycin 1000mg or azithromycin 250mg daily 

Ethambutol 15mg/Kg daily

Rifampin 450-600mg daily

Streptomycin or amikacin 10-15mg/Kg 
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Non-cavitary NB form

Clarithromycin 1000mg or azithromycin 500mg TIW 

Ethambutol 25mg/Kg TIW

Rifampin 450-600mg TIW
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Cavitary NB or FC form

Clarithromycin 1000mg or azithromycin 250mg daily 

Ethambutol 15mg/Kg daily

Rifampin 450-600mg daily

Streptomycin or amikacin 10-15mg/Kg 



British Thoracic Society guideline

Thorax 2017;72:ii1–ii64



Cavitary NB formFC form

High mycobacterial burden

Limited drug penetration

 Aminoglycoside treatment duration,

longer than recommended?

Poor blood supply



Duration of aminoglycoside (AG) treatment 

and outcome of cavitary MAC lung disease

Asan Medical Center, cavitary MAC-LD, 2000-2013

101 patients treated with regimen containing AGs

Median (IQR) duration of AG treatment: 126 (86-196) days 

Overall treatment success: 63.4%

AGs for ≥3 months (median duration 164 days): 69.3%

vs. <3 months (median duration 59 days): 46.2% (P = 0.035)

Clin Infect Dis 2018, doi: 10.1093/cid/ciy804

AG for ≥3 months: adjusted OR 3.602 (95% CI 1.249-10.39) 
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Antimicrobial susceptibility testing (AST) 

of MAC isolates

Antimicrobial agents Method (pH)
MIC (µg/mL) for category

S I R

Primary

Clarithromycin Broth microdilution ≤8 16 ≥32

Radiometric method ≤16 32 ≥64

Secondary

Moxifloxacin Broth microdilution ≤1 2 ≥4

Linezolid Broth microdilution ≤8 16 ≥32

CLSI (Clinical and Laboratory Standards Institute) 2011



In vitro MIC data for RIF, EMB

 Poor correlation between the MIC and the outcome

 AST of MAC isolates for RIF and EMB is not recommended 

Am J Respir Crit Care Med 2007;175:367–416

Respir Med 2014;108:417–425

Recommendation based on studies 

with a limited number of patients and the adequacy of treatment 



Antimicrob Agents Chemother. doi:10.1128/AAC.00491-18

2008-2013, 274 MAC isolates, Asan Medical Center

Broth microdilution method using the Sensititre Myco susceptibility plate 



Antimicrob Agents Chemother. doi:10.1128/AAC.00491-18
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Systematic review and meta-analysis, MAC-LD

16 studies involving 1462 patients, Treatment success rate

Clin Infect Dis 2017;65:1077–1084



Antimicrobial susceptibility testing (AST) 

of MAC isolates

Antimicrobial agents Method (pH)
MIC (µg/mL) for category

S I R

Primary

Clarithromycin Broth microdilution ≤8 16 ≥32

Radiometric method ≤16 32 ≥64

Secondary

Moxifloxacin Broth microdilution ≤1 2 ≥4

Linezolid Broth microdilution ≤8 16 ≥32

CLSI (Clinical and Laboratory Standards Institute) 2011



Eur Respir J 2015;45:285–287

Germany, a tertiary referral center, 2002-2012

in vitro MIC of linezolid (LZD) against 148 M. tuberculosis isolates



J Infect Chemother 2018;24:315–318

Samsung Medical Center, 2011–2016

1060 M. avium, 823 M. intracellulare isolates

MIC, broth microdilution method



N Engl J Med 2012;367:1508–1518

XDR-TB, Linezolid,

Randomized trial, South Korea 

National Masan Hospital and 

National Medical Center



Eur Respir J 2015;45:1177–1179

102 NTM patients (27% with cavity)

- MAC (33%)

- Macrolide (80%), AG (45%), FQ (33%)

LZD – median 21.4 weeks , 600mg once daily (79%)

45% developed adverse events after a median 19.9 weeks

 87% stopped therapy 

 43% resumed LZD 



CHEST 2017;152:800–809



CHEST 2017;152:800–809



Prospective, open-label, randomized trial

Treatment refractory MAC lung disease (n = 336)

Guideline-based therapy (GBT) 

vs GBT + Amikacin Liposomal Inhalation Suspension (ALIS)

AJRCCM in press, doi: 10.1164/rccm.201807-1318OC



AJRCCM in press, doi: 10.1164/rccm.201807-1318OC





“Refractory” ?

Persistent positive sputum cultures after at least 6 months of treatment

“Persistence of the original strain”

Persistent positive sputum cultures after at least 12 months of treatment

Am J Respir Crit Care Med 2017;195:814–823

AJRCCM 2018; doi: 10.1164/rccm.201802-0321OC

Antimicrob Agent Chemother 2018;62 e00011–18



Samsung Medical Center, 49 patients with refractory MAC lung disease

73%  reinfection with new strains

AJRCCM 2018; doi: 10.1164/rccm.201802-0321OC

Genotyping analysis 
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Clin Chest Med 2015;36:35–41



Water distribution system

Chlorine and ozone



Appl Environ Microbiol 2000;66:1702–1705

Most of the M. avium strains were highly resistant to chlorine and ozone

than E. coli (500 fold)

than Pseudomonas (40 fold)



Showerhead

Showerhead – specific niche 

- moist 

- warm

- frequently replenished with low-level nutrient 

PNAS 2009;106:16393–16399
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Aerosolization

Mycobacteria

- Resistant to shear force

- Hydrophobic (lipid rich, mycolic acid)

PNAS 2009;106:16393–16399

- Waxy
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Emerg Infect Dis 2003;9:763–767

Aerosolization can result in > 1,000 fold increase in

numbers of viable mycobacterial cells

Less than 0.5 μm 



N Engl J Med 2004;350:1710–1712



The global increase in NTM infections may reflect 

the use of showers rather than bathing 

Int J Mycobacteriol 2015;4:81–91



Refractory MAC lung disease

Persistent positive sputum cultures despite ≥ 6-12 months of treatment

Persistent infection with the original strain

Genotyping

 Clofazimine, inhaled AK, moxifloxacin...

Reinfection with new strains

 Avoid environmental exposure



Curr Environ Health Rep. 2016;3:161–7



“Pink Slime”

Pink-pigmented Methylobacterium

Clin Chest Med 2015;36:35–41
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158 successfully treated MAC-LD patients. 

31.6% recurrence was noted, during a median follow-up of 43.8 mo

Antimicrob Agent Chemother 2015;59:2972



Ann Am Thorac Soc 2016;13:1956–1961



Eur Respir J 2017;50:1602503



Thorax 2017;72:ii1–ii64
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Respiratory Medicine 2007;101:130-138

Multicenter 

Prospective study, Japan

1998-2004

With SM Without SM

Sputum conversion: 71.2% Sputum conversion: 50.7%

15mg/Kg/TIW 

for 3 months





Injectable amikacin sulfate solution, 15mg/Kg/day for 30 min

Commercial available compressor nebulizer 

43.5% - sputum culture conversion

BMC Infect Dis 2017;17:558

26 patients with NTM lung disease

No serious adverse events



2015-2016, Samsung Medical Center

77 patients with refractory NTM lung disease

Sputum culture conversion, 18%

Injectable amikacin sulfate solution

Antimicrob Agent Chemother 2018;62 e00011–18





Sensititre™ Myco Susceptibility Plate for Slow Growing Mycobacteria  

(Thermo Fisher Scientific Inc., Waltham, Massachusetts, USA)







No. of isolates susceptible at indicated MIC (ug/ml)                                                                                                  

(cumulative % susceptible)

1 2 4 8 16 32 > 32

MAC 2 (2) 3 (4) 17 (13) 50 (39) 63 (72) 52 (100)

Antimicrob Agents Chemother 2003;47:1736–1738

University of Texas, 189 MAC isolates

Inhibition of MAC by LZD at specified MICs





Antimicrob Agents Chemother 2001;45:764-767



Linezol
id

MIC 

M. avium (n 
= 27)

M. Intracellulare
(n = 33)

2 2 0

4 7 8

8 10 11

16 7 12

32 0 1

64 1 1
1: M. avium
2: M. intracellulare







MIC



MIC

< 25

















J Korean Med Sci 2018;33:e65

The proportion of NB form > FC form





Odds ratio of treatment success in MDR-TB

WHO MDR-TB guideline, 2011











LZD는 AUC/MIC에 비례해서 약효가 있다.
LZD 600mg qd 투여시 peak가 12, trough가 5라면
결핵균 MIC 0.25 보다는 무조건 높음



LZD 600mg qd 투여시 peak가 12, trough가 5라면
MAC MIC 16 보다는 무조건 낮다  아무 효과가 없음


