
The nontuberculous mycobacteria (NTM), defined as any 
mycobacterial pathogen other than Mycobacterium tubercu-
losis or Mycobacterium leprae, are a diverse group of patho-
gens that collectively cause a substantive but often unap-
preciated worldwide burden of illness. Although NTMs may 
cause illness similar to M. tuberculosis, these pathogens 
generally do not respond to classic tuberculosis (TB) drug 
regimens, resulting in misdiagnosis and poor treatment, 
particularly in resource-poor settings. Although a few high-
quality epidemiologic surveys have been made on the topic, 
existing evidence suggests that NTM-associated disease is 
much more common than previously thought: more com-
mon than TB in the industrialized world and likely increasing 
in prevalence globally. Despite this evidence, these organ-
isms remain markedly understudied, and few international 
grants support basic science and clinical research. Here 
we suggest that the considerable efforts in developing new 
treatments and diagnostics for TB can be harnessed in the 
fight against NTM-associated illnesses.

In recent years, major investments in basic research re-
lated to Mycobaterium tuberculosis have culminated in 

the large-scale rollout of the GeneXpert (Cepheid, Sunny-
vale, CA, USA) diagnostic platform, the approval of be-
daquiline for treatment of patients with drug-resistant tu-
berculosis (TB), and a deeper fundamental understanding 
of how the bacteria causes disease. These advancements 
stand in stark contrast to the poor understanding of the 
nontuberculous mycobacteria (NTMs). The NTMs are a 
group of organisms within the genus Mycobacterium (ex-
cluding M. tuberculosis and M. leprae) that cause a spec-
trum of diseases that include TB-like lung disease; local-
ized infections of the lymphatic system, skin, soft tissue, 
or bone; and systemic disease (1). Previous studies have 

helped uncover NTM prevalence in industrialized coun-
tries in which differentiating between TB and NTM infec-
tions is much less challenging because of the availabil-
ity of molecular techniques for detecting and identifying 
microorganisms. However, recent studies that have been 
done to examine the NTM burden of illness in industrial-
ized settings have consistently uncovered an unexpectedly 
large prevalence (Figure).

Major obstacles to adequately addressing NTM dis-
ease include the challenges of diagnosis and treatment as 
well as the lack of active research to understand the patho-
genesis of these organisms. In each of these arenas, it is 
critical that we address gaps in the knowledge and capacity 
to deal with NTM-associated illness. By increasing fund-
ing to programs that seek to expand basic knowledge of 
NTMs and leveraging advancements in TB diagnostics 
and therapeutics, we can begin to form a deeper under-
standing of these pathogens and develop appropriate mea-
sures to address them. Here, we outline some of the chal-
lenges surrounding the diagnosis and treatment of NTMs 
and research of these organisms and propose avenues for 
how the road paved by the fight against TB can serve as a 
scaffold for advancing our understanding of these related, 
neglected pathogens.

The Challenges of Diagnosis
NTMs share many characteristics with M. tuberculosis that 
make the bacteria difficult to differentiate in resource-poor 
settings. The standard method for diagnosing TB is through 
microscopic examination of sputum smears, but when this 
approach is used, NTMs appear identical to M. tuberculo-
sis. Without molecular methods, which are unavailable in 
much of the developing world, these organisms are difficult 
to distinguish. Furthermore, in resource-limited settings, 
patients are often assumed to have M. tuberculosis infec-
tions because the clinical manifestations of many NTMs 
can mimic those of TB. In a study in Nigeria, Pokam et al. 
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found that 16.5% of culture and sputum isolates thought 
to be M. tuberculosis were bacteria other than M. tubercu-
losis upon molecular typing; 25% of these misdiagnosed 
cases (4% overall) were found to be caused by NTMs (2). 
In another study in Nigeria, Aliyu et al. found that of 1,603 
suspected TB cases, 15% were found to be NTM infec-
tions (3). Recent evidence has suggested that the rate of 
confusion between M. tuberculosis and NTMs may be even 
larger. Turnbull et al. discovered that inmates in a prison 
in Zambia who had symptoms of cough and an abnormal 
chest radiograph image showed an NTM prevalence of 
5.4% compared with a 3.8% rate for M. tuberculosis (4). 

These findings have substantial implications for glob-
al health approaches to TB. Given that traditional treat-
ments for M. tuberculosis infection are ineffective against 
most NTMs, the unexpectedly high rate of NTMs is likely 
a contributing factor to perceived TB treatment failure. 
In Brazil, a national mycobacterial referral center found 
that of 174 patients with pulmonary NTM, 79% had un-
dergone TB treatment for up to 6 months before NTM in-
fection was diagnosed (5). Studies conducted in Burkino 
Faso and Mali found that 18%–20% of patients suspected 
of having chronic TB were found to have NTM in their 
sputum (6). Similarly, a study in Iran showed that as many 
as 30% of suspected cases of multidrug-resistant TB were 
in fact NTMs, further suggesting the generalization of 
this phenomenon (7). Understanding the true prevalence 
of NTMs in the developing world is especially valuable 

considering that evidence suggests that NTM infection 
may interfere with the Bacille Calmette-Guérin vaccine, 
a widely used tool in preventing TB infections in the de-
veloping world (8).

These studies must be taken with some caution, as 
it is often difficult to distinguish whether the NTMs are 
a true source of infection or a contaminant in biological 
specimens or laboratory equipment. To account for this, 
the American Thoracic Society and the Infectious Disease 
Society of America guidelines for NTM diagnosis require 
isolation and growth of the pathogen on >2 separate occa-
sions from the same patient to diagnose a pulmonary NTM 
infection (9). Because clinicians in most countries in the 
developing world often make diagnosis of TB on the basis 
of clinical symptoms, these guidelines may place a tremen-
dous burden on laboratories in resource-poor settings. Any 
new diagnostic platform for the NTMs must account for 
the issues behind species differentiation and contamination 
and do so in a way that is feasible for application globally.

The Challenges of Treatment
The difficulty of diagnosing NTMs and the frequent confu-
sion of these pathogens with TB is compounded by the fact 
that standard TB treatments are often ineffective against 
NTM infections. Anti-TB medications produce a disap-
pointing ≈50% response rate (10) in NTM-associated dis-
ease. As a result, misdiagnosis and mistreatment have huge 
implications on patient outcomes. Even within the NTM 
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Figure. Summary of key studies of the epidemiology of nontuberculous mycobacteria (NTM) disease in countries populated by low- and 
middle-income residents. TB, tuberculosis; MDR TB, multidrug-resistant tuberculosis.
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class, there is a substantial difference between the various 
species, which defies a one-size-fits-all treatment approach. 
This group encompasses pathogens with huge varieties of 
growth rates, host preferences, and inherent resistance to 
antibacterial drugs.

The introduction of macrolides, such as clarithromy-
cin, for treatment for NTMs did improve cure rates for 
certain species, but in a retrospective study by Huang et 
al., many patients treated with these drugs for at least 12 
months continued to have symptoms, and chronic illness 
was documented among patients who were successfully 
treated (11). Moreover, macrolide resistance is now well 
documented (12). The recommendation of multidrug regi-
mens to counter such resistance is a logical next step, but 
often these regimens are minimally studied, and few if any 
have been investigated in a rigorous clinical trial. There-
fore, while many clinicians rely on multidrug regimens for 
the treatment for NTM disease, the ideal combination of 
agents, duration of therapy, and true efficacy remain un-
validated and unknown.

The Challenges of Current Research Paradigms
Fundamentally, poor understanding of the NTMs arises 
from a lack of investment. There have been few clinical 
studies of treatment for NTM-associated disease; most date 
from a time when advanced HIV infection was common in 
industrialized countries and opportunistic NTM infections 
were seen at an alarming frequency among HIV/AIDS 
patients. We conducted a search using the RePORTER 
tool (http://projectreporter.nih.gov/reporter.cfm) to find 
currently active grants from the US National Institutes of 
Health for this topic and found 228 grants related specifi-
cally to research on mycobacterial pathogens. Of these, 
only 5 (2.2%) were awarded to study specific aspects of the 
NTMs. These 5 grants cover a wide range of unmet needs, 
from understanding NTM susceptibility to novel drug dis-
covery. However, this level of attention is clearly insuf-
ficient to address the many gaps that exist.

As prevalent as they are, many basic facts about 
the NTMs remain unknown. For example, it was largely 
thought that environmental exposure was the sole method 
of infection. However, a recent report that described whole 
genome sequencing as a molecular epidemiologic tool sug-
gested that, in the context of cystic fibrosis patients, which 
is a population exceptionally susceptible to these patho-
gens, there may be a possibility of person-to-person trans-
mission of M. abscessus (13). If true, control measures sim-
ilar to those used for TB transmission might be effective, 
at least for highly susceptible persons. Although this study 
suggests that alternate modes of transmission may exist, it 
is still widely believed that environmental transmission is 
the major source of NTM infection, and numerous reser-
voirs such as household water sources have been identified 

(14). However, it can often be difficult to trace infections 
to a specific environmental source, which is a problem that 
is compounded by delayed and often incorrect diagnoses.

Additionally, it remains unclear why anti-TB medi-
cations are not effective treatment options. NTMs have 
complex cell walls, systems that modify both antibacterial 
drugs and their targets, and an extensive array of drug ef-
flux pumps, but all these mechanisms also exist in M. tu-
berculosis. It may be that in NTMs, differing synergy of 
these and other mechanisms might conspire to produce a 
poor response to therapy. However, these differences must 
be studied to determine their significance. Such questions 
highlight the numerous areas in which our ability to ad-
dress these pathogens would benefit from a better funda-
mental understanding.

Addressing the Challenges:  
Leveraging Advancements in the TB Field
Although there are no simple solutions to the challenges 
of effectively addressing the NTMs, recent advancements 
in the TB field have potential for synergistic effects. One 
of the major breakthroughs in TB diagnostics over the past 
decade was the move toward using molecular methods 
such as the GeneXpert system. Although GeneXpert test-
ing distinguishes fairly well between NTMs and M. tuber-
culosis, it does not distinguish within the broad category of 
NTMs, which is a necessary prerequisite to effective treat-
ment. However, this advancement provides an opportunity 
to reconfigure molecular diagnostic platforms to include at 
least common NTM pathogens, providing a rapid and spe-
cific detection method. Even so, this method would not be 
a panacea. Because NTMs can colonize humans without 
causing disease and can contaminate biologic samples and 
laboratory equipment, simply finding the organism does 
not provide a definitive diagnosis. However, even raising 
the possibility can alert a clinician to consider the diagnosis 
of NTM-associated illness, limiting misdiagnosis and, as a 
result, incorrect treatment. These systems would also pro-
vide researchers with a tool to uncover the true burden of 
illness from NTMs.

Substantial efforts have been invested in anti-TB 
drug development. These have yielded 2 new approved 
antibiotics, bedaquiline and delamanid; several others are 
in clinical development. These drug discovery platforms 
could easily be transferred to screening for NTM-active 
compounds, and some of the new agents have already 
been shown to have activity against NTMs. For example, 
bedaquiline is more effective than currently existing anti-
mycobacterial agents in treating M. ulcerans in a mouse 
model of infection and has shown promise as a salvage 
therapy for M. avium and M. abscessus (15,16). Moreover, 
new oxazolidinones, a class of drug effective against many 
NTMs, are currently being developed for TB and might 
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prove clinically useful (17). Although many antitubercular 
compounds have poor activity against NTMs, new agents 
could serve as starting points that could be optimized; for 
example, bedaquiline derivatives have been found to have 
broad-spectrum activity (18).

While building on discoveries in the TB field, devel-
oping new interventions to diagnose, treat and prevent 
NTM-associated illness will likely require a better basic 
understanding of these organisms. Mycobacteria are ex-
tremely diverse; >150 species have been identified to date 
and vary in pathogenicity, virulence, mode of transmission, 
and antibiotic susceptibility. Here, too, the path paved by 
TB biologists could afford some insight into NTM physiol-
ogy. The sequencing of the M. tuberculosis genome and 
the development of genetic tools to probe the bacterium’s 
physiology afforded novel insights into how this pathogen 
causes disease. Similarly, the sequencing of many NTM 
species, now being completed, could lead to novel discov-
eries that highlight why these organisms have been so dif-
ficult to treat in the past and why exactly they diverge from 
M. tuberculosis (19).

None of these measures will be taken without in-
creased funding. The prevalence of NTMs not only in de-
veloping countries but also in the United States and many 
parts of Asia suggests that many public agencies should be 
willing to support NTM research. However, public funding 
is not the only avenue for increasing investment. Consid-
ering the prevalence and chronicity of these organisms in 
the industrialized world, a potentially substantial market of 
affected entities may exist. Resources from private inter-
ests and pharmaceutical companies could be leveraged to 
develop novel diagnostics and therapeutics if encouraged 
by advancements in the academic setting in our basic un-
derstanding of these pathogens.

The evidence that has been uncovered to date points 
to the NTMs as a source of substantial and growing bur-
den of illness. NTM infections not only effect thousands 
of people, requiring lengthy and taxing treatments that 
are often not available in resource-poor settings; they also 
muddy the waters in the global fight against TB by draining 
resources resulting from misdiagnosis and mistreatment. 
Only through a concerted effort by researchers, clinicians, 
industry, and global health policy stakeholders to under-
stand and address these issues can we respond to this large 
and neglected threat.
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processes in M. tuberculosis and nontuberculous mycobacteria, 
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