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150history of NTM 
(nontuberculous mycobacterium)

TB in chickens    Lab:           NTM in human          US: 1-2% NTM in

(M. avium)      not Mtb       (MAC-lung dz)            TB sanatoriums

1868                 1890             1930s (1943)              1950s

https://www.nationaljewish.org/conditions/ntm-nontuberculous-

mycobacteria/ntm-nontuberculous-mycobacteria-overview/history

HIV, ART(-): 20-40%        immuncopentent       CF case: M. abscessus

disseminated MAC dz          pt: NTM-lung dz ↗    P‐to‐Person transmission       

1990 report                      2000-2010                  2016



-M. tuberculosis complex
-M. leprae
Slowly growing (SGM)
-M. avium complex (MAC)
-M. gordonae
-M. kansasii
Intermediate growth rate

Rapidly growing(RGM)
-M. abscessus group (MAB)
-M. chelonae
-M. fortuitum
Ungrouped

膿腫分枝桿菌鳥型分枝桿菌

Mycobacteria: MTB, NTM
Domain(域/總界): Bacteria

Phylum(間): Actinobacteria

Order(目): Actinomycetales

Family(科): Mycobacteriaceae

Genus(屬): Mycobacterium

Colony (+) < 7-14 days
on agar plate 



Nontuberculous mycobacteria (NTM)

• naturally-occurring organisms,
– In water & soil, 200 species (differ in pathogenicity)

• NTM are inhaled and cleared from the lungs
– In most people, do not become ill
– In susceptible individuals

✓Lung, lymph node, SSTI, CNS
✓Catheter‐related, disseminated infections



• NTM can cause progressive inflammatory LD

✓ structural lung disease, immuno-compromised → NTM-LD
✓ Cough, SOB, hemoptysis, Constitutional symptoms (fatigue/BW loss/ fever/sweats)

✓ M. abscessus or M. malmoense: frequently indicate NTM-LD,

• Also can transiently, intermittently or permanently 
reside within the lungs without causing NTM‐PD

✓ asymptomatic infection→ colonization

✓ M. gordonae: contamination or transient colonization

NTM‐lung disease (LD)

M. abscessus group (Mab)

M. a. abscessus, 

M. a. massiliense, 

M. a. bolettii subspecies

M. avium complex (MAC) 

M. avium,

M. Intracellulare

M. chimaera subspecies



Host susceptibility

• Pre‐existing lung disease

• COPD, cystic fibrosis (CF), 
non-CF bronchiectasis, ..

✓ Inflammation/impairing 
mucociliary clearance→
predispose to NTM infection

Chmiel JF, Davis PB - Respir. Res. (2003) 

• Immunodeficiency

• low BMI, RA, HIV‐AIDS, 
anti‐IFNγ antibodies

• ICS; anti‐TNF α therapy, 
transplantation, cancer

✓ Immune survey if disseminated 
NTM infection, Recurrent, 
persistent, severe NTM-PD,



• Fibro‐cavitary (FC)

✓ commonly mistaken for PTB

✓ often in current/ex-smokers

✓ often smear‐positive samples

• Nodular bronchiectatic (NB)

✓ often in women without 
previously lung disease

✓ paucibacillary samples (diagnostic uncertainty)

NTM‐PD radiographic characteristics

NORD Guides for Physicians



NTM epidemiology

• A rise in prevalence over the last four decades.

✓ improved laboratory methods did not explain this

• UK data: the incidence of NTM-positive cultures ↗

✓ 4.0/100,000 in 2007 to 6.1/100,000 in 2012 (respiratory samples)

Prevalence of NTM-PD in 
USA,  50,000-90,000 people 
Older adults: ↗frequency

in USA, NB> FC disease, 
NTM‐PD females> males 
But, in Europe, reversed 

Adjemian AJRCCM 2012 



NTM disease in Taiwan

• Pulmonary NTM vs extra-pulmonary=  9:1

• Immunocompromised, Immunocompetent

• Airway colonization✓,  NTM-PD incidence↗

Emerg Infect Dis. 2010;16:294-6

NTM-PD

Extra-Pul



Taiwan, Emerg Infect Dis. 2010;16:294-6

NTM %

MTB %
Sputum isolates

Overall incidence
of NTM isolation

NTM isolates

RGM



Taiwan, Emerg Infect Dis 2014;20:1382-5. 

NTM Dz

TB

Disease incidence

NTM 
infection



Scientific Reports 7, Article number: 16300 (2017) doi:10.1038/s41598-017-16559-z

NTM-LD in Taiwan 
- a Retrospective, Five-Year Multicenter Study (Scientific Reports 2017)

Hung-Ling Huang, Meng-Hsuan Cheng, Po-Liang Lu, Chin-Chung Shu, Jann-Yuan Wang, et al.

Southern Taiwan, 
MAB 27.7% and 
MAC 27.3% 

Northern Taiwan, 
MAC 42.3%



A real underlying increase in NTM-PD

• ↗ clinician awareness, detection methods, changing environmental, host factors

✓ In cystic fibrosis (CF) studies

• Overtime ↗ in NTM‐positive cultures with no change in 
surveillance intensity or culture methodology

✓ In NTM skin test studies

• Overtime ↗ in rates of skin test reactivity to NTM antigens 
in US population‐based studies→↗exposure to NTM

In cystic fibrosis (CF) studies

In NTM skin test studies



2000                 2007                          2017

BTS guideline on 
the management 
of opportunistic 
mycobacterial

infections

Griffith AJRCCM 2007 



Algorithm for 
investigation 
of NTM-PD

No sputum→sputum induction  or BAL BTS Guidelines 2017



NTM‐pulmonary disease

NTM-
PD

manage co-
exiting lung 
conditions

→clinical 
decline to 
NTM-PD

NTM‐PD? clinical symptoms due to NTM infection? 

NTM‐pulmonary colonization 

NTM‐PD, severe (Cavity)?, Immune? Goal?
with Disease progression? (ICD-go)

NTM‐PD, start treatment (species, subspecies, DST)
observation, spontaneous conversion?



• Evidence

✓ NTM serology → not validated for NTM-PD.

✓ Sputum, bronchial washings or lavage (BAL) samples and 
transbronchial biopsies can be used to evaluate NTM-PD

• Recommendation:

✓ All respiratory NTM isolates→ identified to at least species 
level using validated molecular or MALDI‐TOF MS (Grade A)

✓ Isolates of M. abscessus →sub‐speciated using appropriate 
molecular techniques. (Grade C)

Microbiological sampling to detect NTM-PD, typing

BTS Guidelines 2017October 2017



Fulfilling the ATS/IDSA NTM-PD criteria does not necessarily imply 
that treatment should be started (can remain stable without Rx)

→Careful longitudinal assessment → treatment requirements.

→ICD-goal

identification of Disease progressive NTM-PD

BTS Guidelines 2017October 2017

CT features
↗ size/number nodules, 

new or worsening lung cavitation,
new foci of consolidation / 

tree‐in‐bud opacity and 
worsening extent and /or 
severity of bronchiectasis. 

Microbiological 
features

↗ smear positivity,
≥2 positive cultures 
of the same NTM, 

particular NTM 
species

Patient related 
factors

severe symptoms, 
low BMI, lung 
cavitation and 
comorbidity

Treatment 
requirements 

TNFα inhibitors, 
future lung 

transplantation

(Evidence level 3)

Progressive Disease attributable to NTM 
provides a stronger case for treatment

Immune status, Severity (Cavity, 
symptoms), Goal of treatment



Poor adherence to ATS/IDSA guideline

Survey of NTM Diagnosis and Treatment in the EU 

446 physicians, 1012 patients with NTM-PD
– France 206, Germany 211, Italy 210, Spain 230, UK 155
– Pulmonologists 29%, Internal Medicine  21%, GP 30%

•MAC 79%, M. abscessus 20%
•68% received antibiotic treatment

Proportion of patients with MAC-PD that received 
> 6 months of Macrolide/Ethambutol/Rifampicin ?
EU 9% (UK 18%, Spain 8%, France 8%, Germany 4%)

van Ingen Eur Res J 2016 October 2017



• Progressive Disease in 1-3 years: 50-75% 

• Abx initiation: 20-65%

• Side effect →DC Abx:
• MAC 20-40% (Macrolide-ER)

• MAB 60% (Macrolide, IV Amikacine+Imipenen…)

• Cure rate 50-60% (Mab: 58% culture- >12M)

• Recurrence: MAC 1/4, Mab 1/3

• 5-year mortality: 28%

Diagn Microbiol Infect Dis. 2012 Feb;72(2):161-5

NTM-PD course and outcomes

Clin Infect Dis. 2017 May 24. doi: 10.1093/cid/cix479



NTM‐pulmonary disease

Disease progression and Treatment response? 
MAC & MAB-Subspecies

NTM‐colonization 

NTM‐PD, severe (Cavity)?, Immune? Goal?
with Disease progression? (ICD-go)

NTM‐PD, start treatment (species, subspecies, DST)
observation, spontaneous conversion?



AJRCCM 2015;191(11):1310-7. 

MAC or MAB subspecies & NTM-PD disease course

M. Intracellulare
or M. chimaera

M. Intracellulare M. chimaera

Other rare 
subspecies

MAB



MAC subspecies, USA   .

M. chimera, 126 (28%)

M. avium, 241 (54%)

M. Intracellulare 81 (18%)

5 rare causes of infection in humans 
(M. colombiense x2, M. marseillense, 
M. timonense, and M. yongonense)

AJRCCM 2015 

AJRCCM 2015;191(11):1310-7. 



MAC-isolate(+)
→ATS criteria 57% (251/436)

M. avium and M. intracellulare:   
virulence↗ than M. chimera

M. chimera: immunosuppressed

AJRCCM 2015;191(11):1310-7. 



Risk factor for MAC-PD vs colonization



MAC-PD cases

(ATS criteria)

Started on 
treatment: 
48-55%

M. avium & 
chimera: 
relapse↗

AJRCCM 2015;191(11):1310-7. 

Risk assessment for NTM-PD → progression? → Relapse 



Among MAC patient 
M. intracellulare exhibited a more severe presentation such as cavitary disease 
and showed a higher progression rate compared with patients with M. avium 

M. Intracellulare > M.avium

Won-Jung Koh et al 
CHEST 2012; 142(6):1482–1488

Risk assessment for NTM-PD → progression/Rx → Relapse 

?? M. chimaera
(2012 study?
(Korea data?



Ji An Hwang et al, ERJ 2017;49(3). pii: 1600537

73 % progression

with 3 first year, need Rx

MAC-PD can remain stable without treatment, Korea

27 % stable
with 3 first year

48% Spontaneous negative conversion 
of sputum cultures occurred in 48 (51.6%) patients among 
the 93 untreated patients in the stationary group.



Risk assessment for NTM-PD → progression/Rx → Relapse 

Eur Respir J. 2017 Mar 8;49(3). pii: 1600537



Risk assessment for NTM-PD → progression/Rx → Relapse
→ spontaneous sputum conversion

Eur Respir J. 2017 Mar 8;49(3). pii: 1600537



Unpublished Data

北榮台大兩院合作計畫 2014-2018

•MAC-PD, n=123, risk factor for disease progression

•M. chimaere+others vs av+in, aHR:0.51 (0.27-0.97) p=0.039

Follow-up Years
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34

Other Independent factor: BMI, AFS, FC pattern

Log rank p=0.035



Respir Med. 2019 May;151:1-7.

55% Abx Rx
after a median of 1.1 years

MAC or MAB-PD w non-cavitary NB pattern, Korea



No significant difference 
between MAC and MAB

MAC or MAB-PD non-cavitary NB, Korea,
Cumulative rate of treatment initiation  

Respir Med. 2019 May;151:1-7.

M intracellulare

M avium

M massillense

M abscessus



AJRCCM 2015;191(11):1310-7. 

MAC or MAB subspecies & NTM-PD disease course

M. Intracellulare
or M. chimaera

M. Intracellulare M. chimaera

Other rare 
subspecies

MAB



MAB subsp: M. abscessus vs M massiliense

Culture
Conversion

Diagnosis Treatment Sustain

Progression?➜ No different ! Outcome? Predictors?

2006/1~2015/6,

56 M. abscessus-LD

54 M. massiliense-LD

Follow-up period 3.5 years, 

disease progression (+Abx)

M. abscessus-LD: 37.5

M. massiliense-LD: 38.9%

(P = .881). 

CID 2017;64(3):301–8
Seoul National University Hospital 



M. massiliense vs M. abscessus

Culture
Conversion

Diagnosis Treatment Sustain

Progression?➜ No different !

AZM > Clarithromycin
the superiority of azithromycin 
in preventing inducible 
resistance ? some controversy

Outcome?

CID 2017;64(3):301–8 

Predictors?

M. abscessus

M. massiliense

MAB subsp. abscessus →
non-conversion (sustain), 
partly mediated by different 
susceptibilities to clarithromycin



1.BTS Guidelines 2017

• rrl gene mutation (23srRNA): constitutional macrolide resistance

• erm(41) gene, Erythromycin Ribosomal methyltransferase (erm)
✓ MAB. massiliense: erm gene, 397-bp deletion→nonfunctional
✓ MAB. abscessus: erm, no deletion, C28→nonfunctional

T28→inducible macrolide resistance (7-14 days Rx)

• .

MAB subspecies: macrolide-resistance→ outcomes



CHEST 2016; 150:1211-1221 

Oral Macrolide Therapy Following Short-term Combination 
Antibiotic Treatment of Mycobacterium massiliense -PD

✔
✔
✔



Among MAB patient 

CID 2017;64(3):301–8

Disease progression: MAB. massiliense = MAB. abscessus
Treatment responses : MAB. massiliense > MAB. Abscessus

(macrolide resistance)

Risk assessment for NTM-PD → progression/Rx → Relapse 

Respir Med. 2019 May;151:1-7.

M. abscessus

M. massiliense

Rx → culture (+) Abx initiation

M. abscessus

M. massiliense

Abx ↑? disease progression↑



14.Semin Respir 
Crit Care Med. 

2018; 39: 362-376.

Treatment: MAB-PD

IV Amik +

Tige, Imipe

Oral A/C

IV Amik +

Tige, Imipe

Constitutional resistanceNon-R or inducible R

IV Amikacin +

Imipenem or Cefoxitin

(or Tigecycine)

Oral A/C



1.BTS Guidelines 2017
13. Semin Respir Crit Care Med. 2018; 39: 351-361

Treatment: MAC-PD

A/CER, TIW A/CER, QD H/MER, QD

Non-severe Severe Macrolide

resistance

NB pattern Cavitary Macrolide

resistance

Severe or 

prior Rx



Suspicious case       NTM-PD? Follow-up      Rx initiation   Conversion +12M                     

Confirm NTM-PD by 
ATS-2007 guideline

Sent 3 sputum 
for AFS & culture
CXR and CT scan

 progressive 
NTM-PD

AFS (-) → +
CT: new lesion

BTS Guidelines 2017October 2017

long-term assessment & treatment follow-up

DST →→
Follow-up
1) Symptoms
2) Microbiology

sputum Q3M during Rx and for 12 months after completing Rx; 
3) Radiology
→ CT scan before starting NTM Rx and at the end of treatment

4) Side effect of anti-NTM Rx 

I: Immunity
C: Cavity, severity
D: Disease 
progression
go: goal of treatment

NTM-ID, DST 
species/subsp.
M. Intra > M avium



NTM 
C+

NTM
-PD

Disease 
progression

Spontaneous 
culture negative

Treatment 
response

Relapse

++ 1

++ 17.2

2.1 1 4.5

3.1 1.3 1

1 ? 5.6

MAC

M. avium

M. Intracellulare

M. chimaera

MAB abscessus, 

MAB massiliense, 

潘聖衛醫師sanweipan@gmail.com

菌株次分型鑑定在NTM-PD的重要性

• NTM 150 years, NTM-PD ↗

• ATS 2007→BTS 2017: Disease Progressive, ICD-go

• NTM-species, subspecies (Mab)

OR/HR

• Decision to start treatment

✓DST (genotyping), Regimen, Risk & Benefit


