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Non-tuberculous mycobacteria (NTM) reports have been on the rise globally, with increasing incidence and prevalence accompanied 
by poor outcomes. The rise has been attributed to an ageing population with increasing comorbid illnesses, and improved laboratory 
techniques in diagnosing the disease. However, despite the increase, some parts of the world still lack data, especially sub-Saharan African 
countries. The lack of data in our setting is difficult to explain, as we have a significant burden of NTM risk factors (i.e. HIV, tuberculosis 
and bronchiectasis). This review therefore serves as a reminder and a challenge to start searching, and reporting on our experiences. The 
review will highlight the rising incidence, important risk factors, diagnosis and management of NTM pulmonary disease. 
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Non-tuberculous mycobacteria (NTM) are mycobacteria other than 
tuberculous (MOTT), with more than 200 species identified to date.[1] 
The organisms are found in the environment, particularly in the soil, 
water and dust, with an ability to form biofilms.[2] Contrary to historical 
belief, there is evidence of human-to-human transmission, first 
reported in the cystic fibrosis (CF) cohort, and subsequently outside 
the CF context.[3,4] For the disease to occur, a pathogenic species and 
an ideal host with risk factors are prerequisites. Risk factors include 
immunosuppression, such as HIV infection and drugs (corticosteroids 
and anti-tumour necrosis factor alpha agents), structural lung diseases 
(chronic obstructive pulmonary disease (COPD)), non-cystic fibrosis 
bronchiectasis (NCFBr), and post-transplant patients.[5-7] Other risk 
factors include rheumatoid arthritis (RA), gastro-oesophageal reflux 
disease (GORD), Lady Windermere syndrome and environmental soil 
exposure.[8-11] The clinical presentation varies, depending on the system 
involved, the extent of the disease (local v. disseminated disease) and 
the NTM species isolated. NTM commonly affect the lungs, but other 
organs that can be involved include the lymph nodes, gastrointestinal 
tract, skin, soft tissue, bones and bone marrow. Disseminated disease, 
in multiple organ systems, also occurs. The diagnosis and management 
of NTM infections is often based on the guidelines of the American 
Thoracic Society (ATS) and Infectious Disease Society of America 
(IDSA), British Thoracic Society (BTS) and the recent 2020 clinical 
practice of NTM pulmonary treatment guideline. [12-14] To determine the 
incidence of NTM worldwide remains a challenge. Some of the reasons 
for this include the fact that infections are not reported as a public 
health matter, that not every positive specimen translates into disease 
(i.e. positive specimens may be due to colonisation) and that not all 
cases fit the requirements for diagnosis based on the ATS/IDSA criteria. 

Methods
We searched the PubMed and Google Scholar databases. The terms 
used were ‘non-tuberculous mycobacteria’, ‘radiology in non-

tuberculous mycobacteria’ and ‘macrolide resistance in NTM’. The 
articles used were based on systematic reviews (level 1), meta-analysis 
(level 2), non-randomised controlled cohort studies (level 3) and 
guidelines (level 4). The articles used were not limited on basis of year 
of publication, type or language used.

Incidence of NTM
Reports from a national survey in the USA over a 2-year period, 1981 - 
1983, estimated a prevalence of 4 201 cases of NTM infection at a rate 
of 1.78 cases per 100 000 population.[15] A decade later, reports from 
the USA indicated that there had been an annual increase of cases 
from 20 to 47 per 100 000 persons, translating into an increase of 
8.2% per year.[16] Studies from Northern Australia during the period 
1989 - 1997 reported 58 cases, with an average yearly incidence of 3.9 
cases per 100 000 persons.[17] Similar reports from Ontario, Canada, 
showed an isolation prevalence of 9.1 per 100 000 population in 1997, 
14.1 per 100 000 population in 2003 and 19 per 100 000 population in 
2007, representing an increase of 8.4% per year.[18]

Despite this increasing trend globally, there are few studies that have 
been published in South Africa (SA) documenting the occurrence of 
NTM. In a gold-mining workforce, Corbett et al.[19] prospectively 
studied NTM isolates from the sputum of miners in the Free State 
Province and found that of 118 isolates, 32 (27%) cases met the ATS/
IDSA definition for pulmonary NTM disease. Of these, 23 were 
due to M. kansasii, 7 due to M. scrofulaceum and there was 1 each 
of M. avium and M. abscessus. Similarly, an observational study by 
van Halsema et al. [20] describing clinical relevance of NTM in a gold-
mining workforce found 228 (98%) out of 232 infected individuals to 
be male, with a median age of 44 years. Mycobacterium avium complex 
(MAC; 38 individuals), M. gordonae (60) and M. kansassi (50) were 
the common NTM species isolated. The MAC individuals tended to be 
more symptomatic, with higher documented HIV rates in those who 
were tested (57/74; 77%).[20] In KwaZulu-Natal Province, Sookan and 

Non-tuberculous mycobacteria pulmonary disease: A review of 
trends, risk factors, diagnosis and management
L Nqwata,1 MB ChB, FCP (SA), Cert Pulmonology; A R Ouédrago,2 MD

1 Division of Pulmonology, Faculty of Health Sciences, University of the Witwatersrand, Johannesburg, South Africa
2 Division of Pulmonology, Training and Research Unit in Health Sciences, University Joseph KI-ZEBRO, Ouagadougou, Burkina Faso 

Corresponding author: L Nqwata (drlamla@yahoo.com)

https://doi.org/10.7196/AJTCCM.2022.v28i2.157
mailto:drlamla@yahoo.com


AJTCCM  VOL. 28  NO. 2  2022   83

REVIEW

Coovadia,[21] using a commercial DNA strip assay, documented that 
among 200 specimens with suspected NTM isolates, 133 (65%) were 
confirmed to be NTM positive with the molecular test, with MAC 
species being the most common isolate, accounting for 76 (57.2%) 
cases. A systematic review and meta-analysis of NTM pulmonary 
samples in the sub-Saharan region from only 37 articles that met 
inclusion criteria found a prevalence of 7.5%, in keeping with findings 
of van Halsema et al.,[20] with males and a younger age group more 
affected, with a median age of 39 years. In addition, MAC (28%) was 
the most common isolated species in 19 of 37 studies, and there was 
a higher rate of HIV co-infection (40.5%) and previous history of 
pulmonary tuberculosis (32.4%) in the majority of the patients.[22]

Risk factors for NTM infection
Despite an increase in the NTM trends, a positive isolate does not 
always equate to clinically significant disease. There are, however, a 
number of factors that increase the risk of patients developing the 
disease. In a study by Sonnenberg et al.,[23] previous tuberculosis, 
silicosis and duration of underground work were found to be 
independent risk factors for NTM disease in SA miners. In patients 
with no underlying lung diseases, risk factors for the disease 
include GORD, drugs such as corticosteroids and transplant 
patients. NTM disease in HIV-seropositive patients commonly 
presents as disseminated disease, occurring at advanced stages of 
immunosuppression. These infections are common in patients with 
CD4 cell counts in the range of <100 cells/µL, with MAC being the most 
frequent isolate. [24,25] A SA study by Pettipher et al.[26] documented a 
10%-point prevalence of disseminated MAC in SA black patients 
with CD4 cell counts <100 cells/µL. A US study by Lapinel et al.[27] 
demonstrated NTM prevalence of 49% in HIV-positive patients who 
presented with pneumonia. Of note, there were no differences in the 
CD4 counts of the NTM and non-NTM groups. However, in contrast 
to the Lapinel et al. study, McCarthy et al.[28] found that none of their 
patients who were on antiretrovirals had NTM. However, in a SA 
gold mine, HIV-associated M. kansasii disease was uncommon, and 
most likely to occur at earlier stages of HIV infection, with unusually 
high CD4 cell counts of 480 cells/mmᶾ.[29] Despite the contrasting 
results in the CD4 counts, HIV infection is a well-recognised risk 
factor for NTM disease, with reports documenting CD4 counts as 
low as <50 cells/mm3.[30] In HIV-seronegative patients, structural 
lung diseases are a common risk factor for NTM infections. In 
NCFBr patients, a recent meta-analysis of eight separate studies by 
Chu et al.[31] found that among 1 492 patients, the overall prevalence 
was 9.3%. A recent South Korean study of NTM prevalence in 
NCFBr patients reported a prevalence of 12.8 per 100 000 in 2012, 
increasing to 25.2 per 100 000. This demonstrates an increasing 
prevalence of NTM. Among the NCFBr patients, there were factors 
that further increased the likelihood of NTM infections, and these 
included female gender, older age, lower body mass index (BMI) 
(mean <23 kg/m2) and childhood infections.[32-35] 

COPD is the most common structural lung disease associated with 
NTM infection. In a study from Taiwan, 47 of 251 COPD patients had 
>1 NTM isolate, with MAC being the most common species among 
multiple isolates (36.2%) and single isolate (28.6%) groups.[36] The 
presence of multiple NTM isolates in patients with COPD has been 
shown to worsen exacerbations and to be associated with a decline in 

forced expiratory volume in 1 second compared with patients with 
single or no NTM isolates. 

In solid organ transplant recipients, NTM infections are more 
commonly seen in lung and heart transplant patients than kidney and 
liver transplant patients, who have very low infection rates. Reported 
incidences of NTM infections with lung, heart, kidney and liver 
transplants are 4.4%, 2.4%, 0.8% and 0.04%, respectively. [37-39]

Diagnosis of NTM infection
The presentation and diagnosis of NTM infection depends on the 
organ involved, which may include the lungs, lymph nodes, skin, soft 
tissue, bursae, tendon sheaths, joints, bones and disseminated disease.
[12] Pulmonary involvement is by far the most common presentation of 
NTM disease. Both the ATS/IDSA, BTS and ATS/ERS/IDSA/ESCIM 
guidelines state that for a diagnosis of NTM lung disease, certain 
clinical features (cough, fever and constitutional symptoms), and 
microbiological criteria (two positive early morning sputum samples 
on different days, or one specimen obtained from a broncho-alveolar 
lavage) need to be fulfilled. [12-14] These symptoms should be accompanied 
by specific chest radiographical changes, including the presence of 
cavities, or the presence on high-resolution computed tomography scan 
evidence of multifocal bronchiectasis or nodules. The clinical criteria of 
symptoms (cough, dyspnoea, haemoptysis, constitutional symptoms) 
are unfortunately not specific to NTM pulmonary disease, as these 
may be explained by the underlying respiratory disease and active 
Mycobacterium tuberculous (MTB) infection. There are two distinct 
radiological patterns that are used to classify the disease: fibro-cavitary 
and nodular bronchiectasis. The differentiation between these two 
patterns has major clinical implications, as the fibro-cavitary pattern 
is associated with poorer outcomes and high mortality.[40] To include 
other radiological findings that fall outside these radiological patterns, 
Cowman et al.[41] used latent class analysis and came up with three 
radiological subgroups (class 1 - cavitary, class 2 - nodular and class 
3 - bronchiectasis), and similarly to other reports, the cavitary group 
was associated with markers of disease severity (high C-reactive protein 
and low BMI) and high mortality. In a 20-year review of radiological 
findings in NTM by dos Anjos et al.,[42] cavitation (88.9%) was the most 
common finding, followed by bronchiectasis (77.8%) and pulmonary 
nodules (55.6%) as the least common. The fibro-cavitary changes 
are typically described in elderly male smokers with COPD,[43] while 
nodular bronchiectasis is predominant in elderly post-menopausal 
females, typically lean, with skeletal deformities (scoliosis and pectus 
excavatum) without an underlying lung disease, also known as Lady 
Windermere syndrome.[44] When comparing radiological cavities in 
the MTB and NTM patients, there were varying differences in their 
phenotypes. Among the NTM patients, the cavities tend to be thin 
walled (6.9 (standard deviation (SD) 3.7) mm v. 10.9 (5.6) mm, p<0.001) 
with adjacent pleural thickening (62.5% NTM v. 25% MTB group).[45] 
Some of the ancillary findings in the NTM group in this study were 
pleural effusions, ill-defined satellite tree-in-bud nodules and fewer 
non-cavitary nodules >10 mm. There seem to be further differences 
in the radiological pattern depending on the immune status of the 
patients. Lee et al.[46] reviewed CT scan findings of both groups, the non-
AIDS immune-compromised and immune-competent, and cavitation 
was found to be a predominant feature in the non-AIDS immune-
compromised group, while ill-defined nodules were common in the 
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immune-competent. Disseminated disease in HIV-seropositive and 
HIV-seronegative patients requires culture isolation of NTM organisms 
in the blood or other closed sites, such as bone marrow. Typical clinical 
presentation of NTM infections in HIV-seropositive patients includes 
unexplained fevers, weight loss, anaemia and diarrhoea, in the presence 
of low CD4 count <50 cells/µL.

Diagnosis of involvement at other sites, including lymph nodes, soft 
tissue and bones, requires a positive NTM culture of tissue involved. 
Lymphadenitis tends to be unilateral and nontender, and commonly 
affects submandibular, axillary and cervical nodes and the lymph 
nodes.[12] The diagnosis requires specific isolation of the pathogen 
from lymph node cultures. Culture from drainage material for skin 
and soft-tissue infections and synovial biopsy for bone involvement 
is warranted for the diagnosis.

Management of NTM infection
The challenges in managing NTM pulmonary disease range from being 
able to differentiate colonisation from significant disease, different 
treatment regimens for specific NTM isolates, to longer treatment 
durations, which result in drug-drug interactions, drug resistance and 
adverse events. The ATS/IDSA,[12] BTS[13] and the recent ATS/ERS/
ESCMID/IDSA guidelines[14] recommendation for MAC lung disease 
is a three-drug regimen consisting of rifampicin/rifabutin, a macrolide 
(azithromycin or clarithromycin) and ethambutol, for a minimum 
duration of 12 months after culture conversion. Macrolides are the 
backbone therapy for NTM lung disease, hence macrolide-susceptible 
MAC lung disease has better outcomes in contrast to macrolide 
resistance. A retrospective study by Wallace et al.[47] evaluating the 
efficacy of a macrolide (azithromycin or clarithromycin)-containing 
regimen in MAC pulmonary disease showed overall treatment success 
in 84% of patients, with no report of macrolide resistance and better 
tolerance with intermittent doses compared with daily dosing. In a 
study by Marimoto et al.[48] of macrolide-resistant MAC lung disease, 
the 5-year survival rates were 71%, similar to that of multidrug-
resistant tuberculosis at 75%. Similar results were documented in a 
South Korean study by Moon et al.[49] showing poor outcomes in 85% 
of macrolide-resistant patients and a 5-year mortality rate of 50%. A 
Griffith et al.[50] study of macrolide resistance in MAC lung disease 
achieved sputum conversion after at least 6 months of injectable 
aminoglycosides and surgery, which proves the benefit of aggressive 
therapy and surgical intervention in these patients. The mortality rate 
at 1 year in patients who failed to achieve sputum conversion was still 
significant, at 34%. Macrolide resistance has been a major role-player 
in disease outcomes, and some of the reasons for resistance include 
macrolide monotherapy, macrolide and fluoroquinolone combination 
and omission of ethambutol. The recommendation by the guidelines is 
therefore to test for macrolide resistance prior to treatment initiation, and 
also to test for resistance to other drugs if there is no sputum conversion. To 
improve outcomes despite macrolide resistance, the intervention reported 
both by Marimoto et al.[48] and Griffith et al.[50] that what was of benefit 
was the use of injectable aminoglycosides for at least 6 months as well 
as surgical intervention in eligible patients. In the Marimoto study, in 
61% of cases clarithromycin was continued despite the resistance, and 
it showed no benefit, as was the case with other alternative therapies 
that were used, including fluoroquinolones and rifabutin, which also 
did not improve outcomes. However, in an observational cohort study 

assessing a clofazimine-containing regimen, 41 of 82 patients achieved 
culture conversion within 12  months of treatment.[51] As a salvage 
therapy, bedaquiline given for 6 months achieved culture conversion in 
50% of patients, with no major adverse events reported.[52] These reports 
demonstrate some potential activity of these drugs in macrolide-
resistant MAC treatment, but larger studies are required to confirm 
these findings. 

Surgical treatment of NTM lung disease
The treatment outcomes of NTM lung disease are poor despite 
optimal recommended regime therapies, with non-cavitary disease 
achieving rates of 24%, and 4% in cavitary disease.[53] The indications 
for surgical intervention were cavitary lesions (65.7%), haemoptysis 
(14.3%) and poor response to treatment (20%).[54] This led to surgical 
intervention as a justifiable option in suitable/selected patients. 
Studies have further proven favourable outcomes with less mortality, 
in a retrospective study by Fukushima et al. [54] comparing outcomes 
between NTM lung disease patients who were surgically treated v. 
those non-surgically treated with antimicrobials. In this cohort, long-
term negative sputum conversion was 82.2% in the surgical group 
v. 50% in the non-surgical arm. These results are not significantly 
different from other reports, with Kang et al.[55] and Asakura et al.[56] 
reporting negative sputum culture conversion of 81% and 91%, 
respectively. The complication rates were similar across studies,[54-56] 
with 20%, 21% and 22% reported, and these were higher in the post-
pneumenectomy patients.

Summary
NTM is a matter of concern considering its rising incidence globally, 
and the poor outcomes despite antimicrobial therapy. In sub-Saharan 
African countries, risk factors (HIV, bronchiectasis, tuberculosis) for 
NTM are at high levels, yet there is still a paucity of data compared 
with other parts of the world. Whether this is a matter of under-
reporting or whether the numbers rather reflect our true disease 
burden is something that needs further studies to confirm. However, 
an aggressive approach to NTM is needed in light of poor treatment 
outcomes, and surgical intervention should always be a consideration 
in surgically fit patients. 

Declaration. None.
Acknowledgements. We would to thank our colleagues and our mentors 
for their support and motivation.
Author contributions. LN contributed to the literature search and writing 
of the article manuscript; ARO contributed to the literature search and 
reviewed the article.
Funding. None.
Conflicts of interest. None.

1. Tortoli E, Fedrizzi T, Meehan CJ, et al. The new phylogeny of the genus Mycobacterium: 
The old and the news. Infect Genet Evol 2017;56:19-25. https://doi.org/10.1016/j.
meegid.2017.10.013

2. Falkinham JO III. Nontuberculous mycobacteria in the environment. Clin Chest Med 
2002;23(3):529-551. https://doi.org/10.1016/s0272-5231(02)00014-x

3. Bryant JM, Grogono DM, Greaves D, et al. Whole-genome sequencing to identify 
transmission of Mycobacterium abscessus between patients with cystic fibrosis: 
A retrospective cohort study. Lancet 2013;381(9877):1551-1560. https://doi.
org/10.1016/s0140-6736(13)60632-7

https://doi.org/10.1016/j.meegid.2017.10.013
https://doi.org/10.1016/j.meegid.2017.10.013
https://doi.org/10.1016/s0272-5231(02)00014-x
https://doi.org/10.1016/s0140-6736(13)60632-7
https://doi.org/10.1016/s0140-6736(13)60632-7


AJTCCM  VOL. 28  NO. 2  2022   85

REVIEW

4. Ricketts WM, O’Shaughnessy TC, van Ingen J. Human-to-human transmission of 
Mycobacterium kansassi or victims of a shared source? Euro Resp J 2014;44(4):1085-
1087. https://doi.org/10.1183/09031936.00066614

5. Varley CD, Ku JH, Henkle E, Schafer SD, Winthrop KL. Disseminated nontuberculous 
mycobacteria in HIV-infected patients, Oregon, USA, 2007 - 2012. Emerg Infect Dis 
2017;23(3):533-535. https://doi.org/10.3201%2Feid2303.161708

6. Winthrop KL, Chang E, Yamashita S, Iademairo MF, Lobuc PA. Nontuberculous 
mycobacteria infections and anti-tumor necrosis factor alpha therapy. Emerg Infect 
Dis 2009;15(10):1556-1561. https://doi.org/10.3201/eid1510.090310

7. Honda JR, Knight V, Chan ED. Pathogenesis and risk factors for nontuberculous 
mycobacterial lung disease. Clin Chest Med 2015;36(1):1-11. https://doi.org/10.1016/j.
ccm.2014.10.001

8. Liao TL, Lin CF, Chen YM, Liu HJ. Risk factors and outcomes of nontuberculous 
mycobacteria disease among rheumatoid arthritis patients: A case control study in a 
TB endemic area. Sci Rep 2016;6:29443. https://doi.org/10.1038/srep29443

9. Mekawa K, Yutaka I, Toychiro H, Seichiro I, Shuji T, Kohei F. Environmental risk 
factors for pulmonary complex disease. Chest 2011;140(3):723-729. https://doi.
org/10.1378/chest.10-2315

10. Koh WJ, Lee JH, Kwon YS, et al. Prevalence of gastro-oesophageal reflux in patients 
with non-tuberculous mycobacteria disease. Chest 2007;131(6):1825-1830. https://
doi.org/10.1378/chest.06-2280

11. Dhillon S, Watanakunakorn C. Lady Windermere syndrome: Middle lobe 
bronchiectasis and Mycobacterium avium complex infection due to voluntary cough 
suppression. Clin Infect Dis 2000;20(30):572-575. https://doi.org/10.1086/313726

12. Griffith DE, Aksamit T, Brown-Elliott BA, et al. An official ATS/IDSA statement: 
Diagnosis, treatment, and prevention of nontuberculous mycobacterial diseases. Am 
J Respir Crit Care Med 2007;175(4):367-416. https://doi.org/10.1164/rccm.200604-
571st

13. Haworth CS, Banks J, Capstick T, et al. British Thoracic Society Guideline for 
the management of non-tuberculous mycobacterial pulmonary disease (NTM-
PD). BMJ Open Respiratory Research 2017;72(2):1-64. https://doi.org/10.1136/
thoraxjnl-2017-210927

14. Darley CL, Iaccarino JM, Lange C, et al. Treatment of nontuberculous myocbacteria 
pulmonary disease: An official ATS/ERS/ESCMID/IDSA clinical practice guideline. 
Clin Infect Dis 2020; 71(4):e1-e36. https://doi.org/10.1183/13993003.00535-2020

15. O’Brien RJ, Geiter LJ, Snider DE Jr. The epidemiology of nontuberculous 
mycobacterium diseases in the United States: Results from a national survey. Am 
Rev Respir Dis 1987;135(5):1007-1014. https://doi.org/10.1164/arrd.1987.135.5.1007

16. Adjemian J, Olivier KN, Seitz AE, Holland SM, Prevots DR. Prevalence of 
nontuberculous mycobacterial lung disease in US Medicare beneficiaries. Am J Respir 
Crit Care Med 2012;185(8):881-886. https://doi.org/10.1164/rccm.201111-2016oc

17. O’Brien DP, Currie BJ, Krause VL. Nontuberculous mycobacterial disease in Northern 
Australia: A case series and review of the literature. Clin Infect Dis 2000;31(4):958-
967. https://doi.org/10.1086/318136

18. Al Houqani M, Jamieson F, Chedore P, Mehta M, May K, Marras TK. Isolation 
prevalence of pulmonary nontuberculous mycobacteria in Ontario in 2007. Can 
Respir J 2011;18(1):19-24. https://doi.org/10.1155/2011/865831

19. Corbett EL, Churchyard GJ, Clayton T, et al. Risk factors for pulmonary mycobacterial 
disease in SA Gold Miners. Am J Respir Crit Care Med 1999;159(1):94-99. https://doi.
org/10.1164/ajrccm.159.1.9803048

20. Van Halsema CL, Chihota VN, Gey van Pittius NC, et al. Clinical relevance of 
nontuberculous mycobacteria isolated from sputum in a gold mining workforce in 
South Africa: An observational, clinical study. BioMed Res Int 2015;2015 (8):1-10. 
https://doi.org/10.1155/2015/959107

21. Sookan L, Coovadia YM. A laboratory-based study to identify and speciate non-
tuberculous mycobacteria isolated from specimens submitted to a central tuberculosis 
laboratory from throughout KwaZulu-Natal Province, South Africa. S Afr Med J 
2014;104(11):766-768. https://doi.org/10.7196/samj.8017

22. Okoi C, Anderson STB, Antonio M, Mulwa SN, Gehre F, Adefia IMO. Non-
tuberculous mycobacteria isolated from pulmonary samples in sub-Saharan Africa 
– a systematic review and meta-analysis. Sci Rep 2018;14(8):7771. https://doi.
org/10.1038%2Fs41598-017-12175-z

23. Sonnenberg P, Murray J, Glynn JR, Thomas RG, Godfrey-Faussett P, Sheuret C. 
Risk factors for pulmonary disease due to culture positive M. tuberculosis or NTM 
in SA gold miners. Eur Respir J 2000;15(2):291-296. https://doi.org/10.1034/j.1399-
3003.2000.15b12.x

24. Nightingale SD, Byrd LT, Southern PM, Jockusch JD, Cal SX, Wynne BA. Incidence 
of Mycobacterium avium-intracellulare complex bacteremia in HIV positive patients. 
J Infect Dis 1992;165(6):1082-1085. https://doi.org/10.1093/infdis/165.6.1082

25. Horsburgh CR, Jr. Selik RM. The epidemiology of disseminated nontuberculous 
mycobacterial infection in the acquired immunodeficiency syndrome (AIDS). Am 
Rev Respir Dis 1989;139(1):4-7. https://doi.org/10.1164/ajrccm/139.1.4

26. Pettipher CA, Karstaedt AS, Hopley M. Prevalence and clinical manifestations 
of disseminated Mycobacterium avium complex infection in South Africans with 
acquired immune deficiency syndrome. Clin Infect Dis 2001;33(12):2068-2071. 
https://doi.org/10.1086/323979

27. Lapinel NC, Jolley SE, Welsh DA. Prevalence of non-tuberculous mycobacteria in 
HIV-infected patients admitted to hospital with pneumonia. Int J Tuberc Lung Dis 
2019;23(4):491-492.

28. McCarthy KD, Cain KP, Winthrop KL, et al. Non-tuberculous mycobacteria disease 
in patients with HIV in Southeast Asia. Am J Respir Crit Care 2012;185(9):981-988. 
https://doi.org/10.1164/rccm.201107-1327oc

29. Corbett EL, Churchyard GJ, Hay M, et al. The impact of HIV infection on 
Mycobacterium kansasii disease in South African gold miners. Am J Respir Crit Care 
Med 1999;160(1):10-14. https://doi.org/10.1164/ajrccm.160.1.9808052

30. Miguez-Barbano M, Flores M, Ashkin D, Rodriguez A, Granada AM, Quintero N. 
Non-tuberculous mycobacteria as a cause of hospitalisation in HIV-infected subjects. 
Int J Infect Dis 2006;10(1):47-55.

31. Chu H, Zhao L, Xiao H, et al. Prevalence of nontuberculous mycobacteria in patients 
with bronchiectasis: A meta-analysis. Arch Med Sci 2014;10(4):661-668. https://doi.
org/10.5114/aoms.2014.44857

32. Fowler SJ, French J, Screaton NJ, et al. Nontuberculous mycobacteria in bronchiectasis: 
Prevalence and patient characteristics. Eur Resp J 2006;28(6):1204-1210. https://doi.or
g/10.1183/09031936.06.00149805

33. Wickremasinghe M, Ozerovitch LJ, Davies G, et al. Non-tuberculous mycobacteria in 
patients with bronchiectasis. Thorax 2005;60(12):1045-1051. https://doi.org/10.1136/
thx.2005.046631

34. Máiz L, Girón R, Olveira C, Vendrell M, Nieto R, Martínez-García MA. Prevalence 
and factors associated with nontuberculous mycobacteria in non-cystic fibrosis 
bronchiectasis: A multicenter observational study. BMC Infect Dis 2016;16(1):437. 
https://doi.org/10.1186/s12879-016-1774-x

35. Mirsaeidi M, Hadid W, Ericsoussi B, Rodgers D, Sadikot RT. Non-tuberculous 
mycobacterial disease is common in patients with non-cystic fibrosis bronchiectasis. 
Int J Infect Dis 2013;17(11):e1000-e1004. https://doi.org/10.1016%2Fj.ijid.2013.03.018

36. Huang CT, Tsai YJ, Wu HD, et al. Impact of non-tuberculous mycobacteria on 
pulmonary function decline in chronic obstructive pulmonary disease. Int J Tuberc 
Lung Dis 2012;16(4):539-545. https://doi.org/10.5588/ijtld.11.0412

37. Malouf MA, Glanville AR. The spectrum of mycobacterium infection after lung 
transplantation. Am J Respir Crit Care Med 1999;160(5):1611-1616. https://doi.
org/10.1164/ajrccm.160.5.9808113

38. Huang HC, Weigt SS, Derhovanessian A, et al. Non-tuberculous mycobacterium 
infection after lung transplantation is associated with increased mortality. J Heart 
Lung Transplant 2011;30(7):790-798. https://doi.org/10.1016%2Fj.healun.2011.02.007

39. Patel R, Roberts GD, Keating MR, Paya CV. Infections due to nontuberculous 
mycobacterium in kidney, heart, and liver transplant recipients. Clin Infect Dis 
1994;19(2):263-273. https://doi.org/10.1093/clinids/19.2.263

40. Han D, Lee KS, Koh W-J, Yi CA, Kim TS, Kwon OJ. Radiographic and CT findings 
of non-tuberculous mycobacterial pulmonary infection caused by Mycobacterium 
abscessus. Am J Roentgenol 2003;181(2):513-517. https://doi.org/10.2214/
ajr.181.2.1810513

41. Cowman SA, Jacobs J, Obaidees S, Floto RA, Haworth CS, Loebinger MR. Latent 
class analysis to define radiological subgroups in pulmonary non-tuberculous 
mycobacterial disease. BMC Pulm Med 2018;18(1):145. https://doi.org/10.1186/
s12890-018-0675-8

42. Dos Anjos B, Parreira PL, Torres S, Kipnis A, Junqueira-Kipnis A, Rabahi 
MF. Non-tuberculous mycobacterial lung disease: A brief review focusing on 
radiological findings. Rev Soc Bras Med Trop 2020;53(21):e20200241. https://doi.
org/10.1590/0037-8682-0241-2020

43. Lewis AG, Dunbar FP, Lasche EM, et al. Chronic pulmonary disease due to atypical 
mycobacterial infections. Am Rev Respir Dis 1959;80(2):188-199.

44. Iseman MD, Buschman DL, Ackerson LM. Pectus excavatum and scoliosis. Thoracic 
anomalies associated with pulmonary disease caused by Mycobacterium avium 
complex. Am Rev Respir Dis 1991;144(4):914-916. 

45. Kim C, Park HS, Oh YS, Jo K-W, Shim TS, Kim MY. Comparison of chest CT findings 
in nontuberculous mycobacterial diseases vs. Mycobacterium tuberculosis lung disease 
in HIV-negative patients with cavities. PLoS ONE 2017;12(3):e0174240. https://doi.
org/10.1371/journal.pone.0174240

46. Lee Y, Song J-W, Chae EJ, Lee TS, Lee C-W, Do K-H. CT findings of pulmonary 
non-tuberculous mycobacterial infection in non-AIDS immunocompromised 
patients: A case-controlled comparison with immunocompetent patients. Br J Radiol 
2013;86(1024):20120209.

47. Wallace RJ, Brown-Elliott BA, McNulty S, et al. Macrolide/azalide therapy for nodular/
bronchiectatic Mycobacterium avium complex lung disease. Chest 2014;146(2):276-
282. https://doi.org/10.1378/chest.13-2538

https://doi.org/10.1183/09031936.00066614
https://doi.org/10.3201%2Feid2303.161708
https://doi.org/10.3201/eid1510.090310
https://doi.org/10.1016/j.ccm.2014.10.001
https://doi.org/10.1016/j.ccm.2014.10.001
https://doi.org/10.1038/srep29443
https://doi.org/10.1378/chest.10-2315
https://doi.org/10.1378/chest.10-2315
https://doi.org/10.1378/chest.06-2280
https://doi.org/10.1378/chest.06-2280
https://doi.org/10.1086/313726
https://doi.org/10.1164/rccm.200604-571st
https://doi.org/10.1164/rccm.200604-571st
https://doi.org/10.1136/thoraxjnl-2017-210927
https://doi.org/10.1136/thoraxjnl-2017-210927
https://doi.org/10.1183/13993003.00535-2020
https://doi.org/10.1164/arrd.1987.135.5.1007
https://doi.org/10.1164/rccm.201111-2016oc
https://doi.org/10.1086/318136
https://doi.org/10.1155/2011/865831
https://doi.org/10.1164/ajrccm.159.1.9803048
https://doi.org/10.1164/ajrccm.159.1.9803048
https://doi.org/10.1155/2015/959107
https://doi.org/10.7196/samj.8017
https://doi.org/10.1038%2Fs41598-017-12175-z
https://doi.org/10.1038%2Fs41598-017-12175-z
https://doi.org/10.1034/j.1399-3003.2000.15b12.x
https://doi.org/10.1034/j.1399-3003.2000.15b12.x
https://doi.org/10.1093/infdis/165.6.1082
https://doi.org/10.1164/ajrccm/139.1.4
https://doi.org/10.1086/323979
https://doi.org/10.1164/rccm.201107-1327oc
https://doi.org/10.1164/ajrccm.160.1.9808052
https://doi.org/10.5114/aoms.2014.44857
https://doi.org/10.5114/aoms.2014.44857
https://doi.org/10.1183/09031936.06.00149805
https://doi.org/10.1183/09031936.06.00149805
https://doi.org/10.1136/thx.2005.046631
https://doi.org/10.1136/thx.2005.046631
https://doi.org/10.1186/s12879-016-1774-x
https://doi.org/10.1016%2Fj.ijid.2013.03.018
https://doi.org/10.5588/ijtld.11.0412
https://doi.org/10.1164/ajrccm.160.5.9808113
https://doi.org/10.1164/ajrccm.160.5.9808113
https://doi.org/10.1016%2Fj.healun.2011.02.007
https://doi.org/10.1093/clinids/19.2.263
https://doi.org/10.2214/ajr.181.2.1810513
https://doi.org/10.2214/ajr.181.2.1810513
https://doi.org/10.1186/s12890-018-0675-8
https://doi.org/10.1186/s12890-018-0675-8
https://doi.org/10.1590/0037-8682-0241-2020
https://doi.org/10.1590/0037-8682-0241-2020
https://doi.org/10.1371/journal.pone.0174240
https://doi.org/10.1371/journal.pone.0174240
https://doi.org/10.1378/chest.13-2538


86   AJTCCM  VOL. 28  NO. 2  2022

REVIEW

48. Morimoto K, Namkoong H, Hasegawa N, Nakagawa T, Morino E, Shiraishi Y. 
Macrolide-resistant Mycobacterium avium complex lung disease: Analysis of 102 
consecutive cases. Ann An Thorac Soc 2016;13(11):1904-1911. https://doi.org/10.1513/
annalsats.201604-246oc

49. Moon SM, Park HY, Kim S-Y, Jhun BW, Lee H, Jeon K. Clinical characteristics, treatment 
outcomes, and resistance mutations associated with macrolide-resistant Mycobacterium 
avium complex lung disease. Antimicrob Agents Chemother 2016;60(11):6758-6765. 
https://doi.org/10.1128/aac.01240-16

50. Griffith DE, Brown-Elliot BA, Langsjoen B, et al. Clinical and molecular analysis of 
macrolide resistance in Mycobacterium avium complex lung disease. Am J Respir Crit 
Care Med 2006;174(8):928-934. https://doi.org/10.1164/rccm.200603-450oc

51. Jarand J, Davis JP, Cowie RL, Field SK, Fisher DA. Long-term follow-up of Mycobacterium 
avium complex lung disease in patients treated with regimens including clofazimine 
and/or rifampin. Chest 2016;149 (5):1285-1293. https://doi.org/10.1378/chest.15-0543

52. Philley JV, Wallace RJ, Benwill JL, et al. Preliminary results of bedaquiline as 
salvage therapy for patients with nontuberculous mycobacterial lung disease. Chest 
2015;148(2):499-506. https://doi.org/10.1378/chest.14-2764

53. Lam PK, Griffith DE, Aksamit TR, Ruoss SJ, Garay SM, Daley CL. Factors relating 
to response to intermittent treatment of Mycobacterium avium complex lung disease. 
Am J Respir Crit Care Med 2006;173(11):1283-1289. https://doi.org/10.1164/
rccm.200509-1531oc

54. Fukushima K, Miki M, Matsumoto Y, Uda E, Yamamoto Y, Kogita Y. The impact 
of adjuvant surgical treatment of nontuberculous mycobacterial pulmonary disease 
on prognosis and outcome. Resp Res 2020;21(1):153. https://doi.org/10.1186%2
Fs12931-020-01420-1

55. Kang HK, Park HY, Kim D, Jeong BH, Jeon K, Cho JH. Treatment outcomes of 
adjuvant resectional surgery for nontuberculous mycobacterial lung disease. BMC 
Infect Dis 2015;15:76. https://doi.org/10.1186/s12879-015-0823-1

56. Asakura T, Hayakawa N, Hasegawa N, Namkoong H, Takeuchi K, Suzuki S. Long-
term outcome of pulmonary resection for nontuberculous mycobacterium pulmonary 
disease. Clin Infect Dis 2017;65(2):244-251. https://doi.org/10.1093/cid/cix274

Accepted 12 April 2022.

https://doi.org/10.1513/annalsats.201604-246oc
https://doi.org/10.1513/annalsats.201604-246oc
https://doi.org/10.1128/aac.01240-16
https://doi.org/10.1164/rccm.200603-450oc
https://doi.org/10.1378/chest.15-0543
https://doi.org/10.1378/chest.14-2764
https://doi.org/10.1164/rccm.200509-1531oc
https://doi.org/10.1164/rccm.200509-1531oc
https://doi.org/10.1186%2Fs12931-020-01420-1
https://doi.org/10.1186%2Fs12931-020-01420-1
https://doi.org/10.1186/s12879-015-0823-1
https://doi.org/10.1093/cid/cix274

