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• Nontuberculous mycobacteria (NTM): mycobacterial 

species other than Mycobacterium tuberculosis complex 

and Mycobacterium leprae

• Also known as:

– atypical mycobacteria

– opportunistic mycobacteria

– mycobacteria other than tuberculosis (MOTT)

– environmental mycobacteria

• Like MTb they are acid-fast bacilli (AFB)

NTM definitions



NTM general features (i)

• Waxy, hydrophobic, triple-layered cell 

wall that renders them unusually 

resistant to varied physical conditions 

and chemical agents

• Can make use of a wide variety of 

carbon and nitrogen sources and can 

survive in nutrient-poor environments 

• Optimal growth temperatures vary and 

may influence distribution

– MAC are often isolated from potable hot-

water sources

– M. marinum is found in the cooler water of 

fish tanks
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• Can be found in the environment (soil, dust, and water)

• Can form difficult-to-eliminate biofilms

• Opportunistic pathogens of humans and animals (less 

virulent than Mtb)

• As of 2015: >172 different species with distinct virulence 

features 

• Can be classified according to the growth rate in:

– RGM, rapid-growing mycobacteria

– SGM, slow-growing mycobacteria

NTM general features (ii)



NTM general features (iii)

NTM Mycobacterium tuberculosis

Not obligate pathogens – normally live free 
in the environment

Obligate pathogens: require host

Low virulence: not usually pathogenic in the absence of 
predisposing conditions

Pathogenic

Human-to-human transmission extremely rare, but some 
evidence of this in the cystic fibrosis community

Human-to-human transmission

Infection rates increasing, 
especially in developed countries

Infection rates decreasing, 
especially in developed countries

Large heterogeneous group of species
Mycobacterium tuberculosis complex contains 

small group of closely related subspecies

NTM and Mycobacterium tuberculosis differ in terms of pathogenicity, infection rates 

and transmission routes



Runyon classification

Rapidly growing 
nontuberculous 
mycobacteria (RGM)

M. fortuitum

M. chelonae

M. abscessus complex (M. massiliense, M. bolletii, and M. abscessus sensu stricto)

Slowly growing 
nontuberculous 
mycobacteria (SGM)

Photochromogens 
(produce a yellow-orange pigment when exposed to light)

M. kansasii

M. marinum

Scotochromogens
(produce a yellow-orange pigment regardless of whether they 
are grown in the dark or the light)

M. gordonae

M. scrofulaceum

Nonchromogens
(never produce pigment, regardless of culture conditions)

M. avium complex (M. avium, M. intracellulare, M. chimaera)

M. terrae complex

M. ulcerans

M. xenopi

M. simiae

M. malmoense

M. szulgai



Fedrizzi T, et al. Sci Rep 2017; Thomson R, et al Respirology 2009

Classification based on genotyping



Slow Growing Mycobacteria - SGM

• Special mycobacterial media (Lowenstein-Jensen, Middlebrook) are 

required, usually necessary 2-3 weeks to grow 

• Dosing schedules for SGM antimicrobial agents can be 3 times/week, 

commensurate with the long replication times 

• Daily dosing for severe disease

MAC M. kansasi

M. xenopi M. malmoense

SGM



Rapid Growing Mycobacteria - RGM

• Can grow on standard microbiologic media (avg 7 days)

• Dosing schedules for RGM antimicrobial agents are more frequent, 

commensurate with the relatively shorter replication times 

• Therapy of the RGM typically involves agents without activity against 

other mycobacterial pathogens

• RGMs commonly elicit a weakly granulomatous tissue response or a 

frankly dimorphic reaction (a combination of granulomatous and/or 

pyogenic features)

M. abscessus M. chelonae

M. fortuitum M. smegmatis

RGM



• Asymptomatic infections with NTM are common in humans and are 

probably acquired most often from childhood contact with soil, 

water, and possibly animals (Skin test positive for MAC in 40% of 

HCWs from the US)

• Since latent infection is not a recognized characteristic of NTM, most 

symptomatic infections are thought to represent recent exposure

• Environmental exposures are assumed to cause most symptomatic 

infections

• Documented cases related to nosocomial outbreak and surgical 

procedures

Epidemiology (i)

Von Reyn et al. International Journal of Tuberculosis and Lung Disease 2001 

Philips et al. Clinical Infectious Diseases 2001

van Ingen et al. The Lancet Inf Dis 2017

M. chimaera

Prosthetic valve endocarditis and 

disseminated disease
+



NTM habitats are intimately shared with those of humans 

Potting soils

Acidic, brown-

water swamps 

Hot tubs and 

spas 

Metal removal 

fluid systems 

Natural water 

sources 

Drinking water 

distribution 

systems (biofilm 

formation)

Boreal forest 

soils and peats 

Epidemiology (ii)



Epidemiology (iii)

MAC M. kansasii M. xenopi

M. malmoense M. abscessus M. fortuitum

Heofsloot et al. ERJ 2013



Increasing prevalence (i)

Ringshausen et al. EID 2016

Ringshausen et al. IJID 2021

Prevost & Marras. Clinics in Chest Medicine 2015

• Growing prevalence of NTM-LD

• In Western countries now more prevalent than Mtb

Germany 

2014

Germany

2016

US Canada



Increasing prevalence (ii)

• Reasons for increasing prevalence:

– Increased awareness of the disease

– Improved diagnostic techniques

– Ageing population

– Increasing number of immunosuppressed individuals

– Decrease of cross protection due to previous MTb infections

• Nonetheless, NTM infection rates may be underestimated 



Risk factors (i)

Sexton et al. ERJ 2008



Risk factors (ii)

Lake et al. BMC Medicine 2016



Risk factors (iii)

Lombardi et al. Microrganisms 2021



Clinical manifestations (i)

Harrison’s Principles of Internal Medicine. 17Ed
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• Can cause a variety of cutaneous disease syndromes when inoculated directly

• Associated with localized or disseminated cutaneous disease in 

immunosuppressed patients

• M. abscessus, M. fortuitum, M. chelonae, M. marinum, and M. ulcerans

are the most commonly involved species

• Lesions may be single, or the infection may spread proximally up the 

lymphatics, producing additional nodules (sporotrichoid spread)

• In compromised host possible bacteremic spread

• Clinical suspicion: chronicity + absence of bacterial growth on routine 

culture + failure to respond to standard antibacterial therapy

• Biopsies: granuloma formation + positive acid-fast stains

Clinical manifestations: cutaneous disease

M. marinum 

M. ulcerans M. marinum 

Nguyen. NEJM 2004

Sizaire et al. Lancet ID 2006

Schwendiman et al. Derm Online Journ 2009



Clinical manifestations: lymphatic disease

• Lymphadenitis is the most common manifestation of NTM disease in 

otherwise healthy children

• Mainly caused by MAC or M. kansasi

• Usually occurs in immunocompetent children between one and five years of 

age and involves the cervicofacial lymph nodes

• Unilateral, nontender node that slowly enlarges over several weeks, during 

which fluctuance, violaceous discoloration, thinning of the overlying skin, 

and sinus drainage may develop

• Diagnosis: detection of NTM with culture or PCR assay of fistula drainage, 

tissue, or caseous material

• Management:
– Surgical excision without ATB therapy if feasible

– ATB therapy (AZT, CLT, ETB, RIB, RIF)

Esparcia et al. Journ Clin Micro 2008

Lindeboom et al. CID 2007



• At risk those 

immunocompromised:

– PLWH

– SOT/HSCT

– Lymphoma/leukemia

– Anti-TNF-α therapy

– IFN-γ deficit

• Signs/symptoms:

– Fever

– Weight loss

– Fatigue 

– Hepatosplenomegaly or 

lymphadenopathy

–  ALP, anemia

• M. avium and M. kansasii 

are the species most 

commonly isolated

• Widespread presence of 

foamy macrophages with 

AFB, which may be 

demonstrated in biopsy 

samples of bone marrow, 

intestine, or liver

• Granulomas are typically 

absent in patients with 

impaired cellular immunity

• Positive mycobacterial blood-

culture

Clinical manifestations: disseminated disease



• Most frequent manifestation

• Diagnosis hampered by: 

– Variability in clinical and radiologic manifestations

– Frequent presence of significant prior pulmonary disease

– Isolation of NTM from the sputum may represent harmless colonization of the 

lower respiratory tract

• Signs and symptoms:

– Chronic cough with/without sputum

– Dyspnoea

– Fatigue

– Fever is unusual

• Heterogenous radiologic pattern

Clinical manifestations: pulmonary disease (i)



Clinical manifestations: pulmonary disease (i)

Epidemiology
• Postmenopausal females1

• Scoliosis, mitral valve prolapse, low BMI1,2

• No pre-existing lung disease2

Clinical course
• Prolonged cough, fatigue, weight loss1

Microbiology (classical)
• Low yield of Ziehl-Neelsen positive sputum culture - should 

repeat or use BAL4

Radiology
• Bronchiectasis with nodules “tree-in-bud” appearance1

• Middle lobe and lingula worst affected1,2

Epidemiology
• Mostly males1

• Middle-aged (late 40s-early 50s)1

• Pre-existing COPD, silicosis, fibrosis3

Clinical course
• Tuberculosis-like, but slower4

Microbiology (classical)
• Often Ziehl-Neelsen positive sputum4

• High yield of culture4

Radiology
• Fibro-cavitary lesions, upper lobes3

Fibrocavitary

Nodular/bronchiectatic

“Lady Windermere syndrome”
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Diagnosis: NTM-LD

• Expert consultation should be obtained when NTM are recovered that are either 

infrequently encountered or that usually represent environmental contamination.

• Patients who are suspected of having NTM pulmonary disease but do not meet the 

diagnostic criteria should be followed until the diagnosis is firmly established or 

excluded.

• Making the diagnosis of NTM pulmonary disease does not per se, necessitate the 

institution of therapy, which is a decision based on the potential risks and 

benefits of therapy for individual patients. 

Dailey et al. CID 2020



Diagnosis: NTM-LD (ii)

Lombardi & Colaneri et al. Resp Med 202



AST in NTM-LD treatment

Daley et al. CID 2020

Mycobacteria Susceptibility-based treatment Breakpoint

MAC CLT >= 32 ug/mL

AMK ev >= 64 ug/mL

Lyposomal AMK (ALIS) >= 128 ug/mL

M. kansasii RIF >= 2 ug/mL

CLT >= 32 ug/mL

M. abscessus AMK >= 64 ug/mL 

AZT* >= 64 ug/mL

CLT* >= 8 ug/mL

LNZ >= 32 ug/mL

• For macrolides, a 14-day incubation and/or sequencing of the erm(41) gene is required in order to evaluate for 

potential inducible macrolide resistance



Treatment: MAC-LD

Daley et al. CID 2020

Drug Daily Dosing Thrice Weekly 

Dosing

Hepatic 

Impairment

Renal Impairment

Azithromycin (AZT) 250-500 mg 500 mg N/A N/A

Clarithromycin (CLT) 500 mg bid 500 mg bid N/A 50% dose reduction if CrCl<30 mL/min

Ethambutol (ETB) 15 mg/Kg die 25 mg/Kg die N/A Increase dosing interval

Amikacin (AMK iv) 10-15 mg/Kg die 15-25 mg/Kg die N/A Increase dosing interval or reduce dose

Amikacin (ALIS) 590 mg N/A N/A N/A



Treatment: MAb NTM-LD

Daley et al. CID 2020



Treatment: “others” NTM-LD (i)

Haworth et al. Thorax 2017



Treatment: “others” NTM-LD (ii)

Lange et al. The Lancet Inf Dis 2022

Overall: scarce evidence, therapy based on susceptibility and clinical experience



Conclusions

• NTM are ubiquitous bacteria leading to disease among 

immunocompromised patients (but incidence among apparently 

immunocompetent is growing) 

• In children mainly lymphatic disease

• Among adults lung is the most frequently affected organ

• Be aware of their existence to perform the right test and don’t miss 

them

• Therapy is long and complex
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