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The volume is dedicated to my colleague,
mentor, and friend, Richard J. Wallace, Jr.,
whose contributions to the study of NTM
diseases are unsurpassed. His profound and
enduring influence on everyone currently
working in the field is also unsurpassed. It is
my incalculable good fortune to have worked
with him over the last 40 years.

Fig. 1 Richard J. Wallace, Jr., Emanuel
Wolinsky, Barbara Brown-Elliott circa 1990
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Nontuberculous Mycobacterial Disease:
An Introduction and Historical Perspective

David E. Griffith

I want to begin this volume on nontuberculous mycobacterial (NTM) disease with a
plea and an admonition. First, many aspects of NTM disease are difficult to under-
stand, counterintuitive, and even paradoxical. I am repeatedly reminded about how
poorly the nuances and idiosyncrasies of NTM disease are generally understood
through years of interactions with clinicians who seek my advice about NTM dis-
ease management. Many aspects of NTM disease defy easy explanations and require
sometimes detailed background information to build an adequate context for inter-
pretation and comprehension. The reader is strongly encouraged to use this volume
as more than a quick reference or handbook on NTM disease management. Rather,
each chapter should be read in its entirety to promote an in-depth understanding of
NTM disease with all of the attendant complexities, contradictions, and knowledge
gaps. There are no shortcuts.

Second, many aspects of NTM disease defy the kind of evidence-based analysis
and conclusions that would support rigorous or robust evidence-based recommen-
dations. The necessary accumulation of information to achieve that goal is simply
not yet available. In the absence of a better evidence base, many recommendations
for NTM management have their origin in “expert opinion,” and many recommen-
dations in this volume reflect that reality. Clinicians faced with difficult NTM man-
agement decisions still require guidance, even the imperfect guidance of expert
opinion. Controversial areas where strong opinions are offered will be evident to the
reader who will be savvy enough to judge the merits of those opinions and to seek
alternative opinions.

Interest in the “nontuberculous mycobacteria” or NTM is a relatively recent phe-
nomenon that has now reached unprecedented levels. Although NTM were identi-
fied more than a century ago, their role as human pathogens was generally perceived
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2 D. E. Griffith

as minor, even inconsequential during most of that time. For the purposes of this
volume, the NTM are comprised of species in the genus Mycobacterium excluding
species in the M. tuberculosis complex and M. leprae.

The term “nontuberculous mycobacteria” (NTM) is now in common use but is
not universally endorsed as the collective term for these organisms. Alternative
names such as “atypical mycobacteria,” “mycobacteria other than tuberculosis”
(MOTT), or “environmental mycobacteria” have been championed with variable
penetrance into the NTM vernacular. “Atypical mycobacteria” is probably the most
commonly used alternative label and presumably referred to isolation of a mycobac-
terial species other than “typical” M. tuberculosis. It seems inappropriate now
because strictly from the perspective of isolation frequency, the “atypical” myco-
bacteria far outnumber “typical” M. tuberculosis isolates in major mycobacteriol-
ogy laboratories in the United States. While “environmental mycobacteria” is
appealing from taxonomic and pathophysiologic standpoints, the label NTM is now
so firmly entrenched it cannot be easily displaced and is our preferred, if imperfect,
term for this group of organisms.

For most of its history in the United States, NTM disease knowledge and under-
standing was impeded by the difficulty separating NTM pathogens and associated
clinical disease syndromes from disease caused by M. tuberculosis. Clinical NTM
isolates, especially those from respiratory specimens, were often regarded as con-
taminants and dismissed as clinically insignificant. It was also generally assumed
that NTM pathogens and disease would respond favorably to antituberculosis anti-
microbials leading to inevitable and understandable frustration when they did not.
The lack of therapeutic response was probably also an unintentional disincentive to
aggressively recognize and diagnose NTM disease, especially NTM lung disease.
Clearly, the identification of NTM pathogens and recognition of their clinical sig-
nificance have markedly improved. However, an easy separation between NTM dis-
ease and tuberculosis continues to be an ongoing and evolving process especially in
the developing world, where due to a lack of available resources to isolate, identify,
or treat NTM pathogens, mycobacterial disease is often initially assumed to be
caused by M. tuberculosis.

The emergence of NTM pathogens and disease as subjects of serious interest in
the United States can be dated roughly to the publication in 1980 of a state-of-the-
art review in the American Review of Respiratory Disease by Dr. Emanuel Wolinsky
titled, Nontuberculous Mycobacteria and Associated Diseases [1]. This highly
influential manuscript, published almost 40 years ago, was the first comprehensive
and more importantly widely read NTM disease review and represents a clear
watershed moment in the recognition and appreciation of NTM disease. Progress in
the NTM disease realm has been nothing short of remarkable since then. This brief
introduction highlights some important milestones in that progress with chapter ref-
erences to guide the reader to more detailed information and discussion about spe-
cific NTM disease aspects.

At the time of the Wolinsky manuscript, there were approximately 40 recognized
NTM species that were identified utilizing insensitive phenotypic and biochemical
characteristics including colony morphology and patterns of nutrient metabolism
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[1, 2]. A widely adopted early NTM classification system based on this approach
was eponymously labeled the Runyon classification system after Dr. Ernest
H. Runyon [3]. The speed and accuracy of mycobacterial species identification dra-
matically improved first with high-performance liquid chromatography (HPLC),
closely followed by the introduction of molecular laboratory methods, including
DNA probes and gene sequencing techniques [4—7]. High-performance liquid chro-
matography and DNA probes are rapid and widely available but are restricted to
identification of some commonly isolated NTM species including Mycobacterium
avium complex (MAC), M. kansasii, and M. gordonae.

Nontuberculous mycobacterial species identification expanded in an almost
explosive manner with the widespread application of 16S rRNA gene sequencing, a
gene thought to be highly preserved within NTM species [7]. Utilizing this and
other molecular-based techniques, the number of recognized NTM species contin-
ues to expand and has grown to approximately 200 [8]. It is now apparent that the
16S rRNA gene analysis, by itself, does not always satisfactorily discriminate
between all NTM species and/or subspecies [7, 9—11]. The process of NTM organ-
ism identification has become sufficiently complex that discriminating between
some NTM species and subspecies requires either multigene sequencing or whole-
genome sequencing [7, 9-11]. Even then, controversy persists about the degree of
difference between NTM isolates that is necessary for species versus subspecies
determination and differentiation [10, 11]. Overall, however, molecular methods
have revolutionized the microbiologic evaluation of NTM including rapid and accu-
rate methods for clinical NTM isolate identification, molecular epidemiology inves-
tigations and discovery of innate NTM resistance mechanisms [12—-14]. This
important and rapidly changing field is discussed in detail in chapters “The Modern
Mycobacteriology Laboratory and Its Role in NTM Disease Diagnosis and
Management” and “In Vitro Drug Susceptibility Testing for NTM and Mechanisms
of NTM Drug Resistance” with focused discussion in several other chapters.

Genotyping environmental and clinical NTM isolates has provided invaluable
insights into the identification of NTM environmental niches and possible routes of
NTM pathogen acquisition [12, 15-17]. This approach is a necessary element for
developing disease prevention strategies which are discussed in chapters
“Environmental Niches for NTM and Their Impact on NTM Disease” and
“Healthcare Associated NTM Outbreaks and Pseudo-outbreaks”. Genotyping clini-
cal Mycobacterium avium complex (MAC) isolates from MAC lung disease patients
also allows discrimination between true disease relapse isolates and (presumed)
reinfection isolates which is discussed in chapter “Mycobacterium avium Complex
Disease” [18, 19].

Ironically, the new molecular laboratory methods have so radically changed our
view and understanding of NTM pathogens and disease that the advances have out-
paced the capability of most mycobacterial laboratories to adopt and perform these
invaluable services. Currently, most clinicians do not have access to laboratories
utilizing these invaluable methods which have proven indispensable for optimal
NTM patient management.
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At the time of Dr. Wolinsky’s manuscript, there was little data and limited under-
standing about the epidemiology of NTM disease. Initial efforts to estimate NTM
disease prevalence in the United States suggested that it was 1-2 cases/100,000
population based on NTM isolation prevalence calculated at the Centers for Disease
Control and Prevention (CDC) [20, 21]. Because NTM disease was not reportable,
the NTM isolates received by the CDC were not part of a comprehensive national
survey of NTM isolates or disease. Currently a minority of states within the United
States have mandatory NTM reporting with variable requirements for the informa-
tion that is collected.

Aside from the absence of a national or universal reporting requirement, the
second major impediment to accurate determination of NTM disease prevalence is
that in contrast to tuberculosis, a single NTM isolate is not necessarily an indication
of active NTM disease, especially lung disease [22—26]. Unlike tuberculosis, NTM
isolation prevalence from respiratory specimens does not equate to actual NTM
lung disease prevalence. This frustrating observation is primarily due to the possi-
bility that clinical specimens can be contaminated by NTM from environmental
sources. Patients with suspected NTM lung disease, therefore, must meet a set of
diagnostic criteria that are difficult to apply retrospectively in epidemiologic inves-
tigations without obtaining detailed information from the patient’s medical record.
The challenges of NTM disease diagnosis are discussed in detail in chapters
“Epidemiology of NTM Disease: United States” and “Epidemiology of NTM
Disease: Global”.

Some investigators have undertaken the tedious analysis that is necessary for
accurate NTM case definition [27-30]. Other investigators have utilized alternative
epidemiologic tools such as querying extensive insurance-based patient databases
utilizing diagnostic codes [31, 32]. While estimates of NTM disease prevalence
vary, the available data consistently show that NTM prevalence in the United States
is increasing. Mandatory NTM disease reporting would provide more accurate esti-
mates of prevalence but would also facilitate new insights into incidence, which has
been an elusive goal so far. Chapter “Epidemiology of NTM Disease: United States”
discusses in detail the current understanding of NTM disease epidemiology in the
United States.

Investigators outside the United States are providing a clearer picture of global
NTM disease epidemiology [33—-35]. Nontuberculous mycobacterial infections in
the developed world have broadly comparable epidemiology to that in the United
States although some important differences, particularly in Western Europe exist.
Why those differences exist is unclear, but their investigation offers opportunities
for better understanding of multiple NTM disease aspects beyond epidemiology.

Unfortunately, NTM disease epidemiology remains poorly described in large
areas of the developing world. Even in these areas, however, NTM epidemiologic
information is becoming more accessible in part because of the expanding avail-
ability of rapid and accurate tuberculosis diagnostic tools such as the Cepheid
GeneXpert TB/RIF technology [36, 37]. This platform gives a first approximation
of NTM disease prevalence by identifying patients whose respiratory specimens are
acid-fast bacilli (AFB) smear positive but nucleic acid amplification negative for
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tuberculosis. As with NTM disease prevalence in developed countries, it is highly
likely that the extent of NTM disease in the developing world will be much higher
than is currently appreciated with an inevitable attendant demand on limited
resources for treating the expanding number of NTM disease patients. Global NTM
disease epidemiology is discussed in detail in chapter “Epidemiology of NTM
Disease: Global”.

When the Wolinsky manuscript was published, NTM lung disease pathophysiol-
ogy was assumed to be analogous to tuberculosis with the notable exception that
NTM lung disease pathogens had not been demonstrated to be transmissible
between humans. It was also known that NTM were environmental organisms that
inhabited specific niches including natural water sources inviting speculation that
NTM lung disease might be the consequence of organism inhalation after naturally
occurring aerosolization of the organism [15, 38—41].

Recently there have been multiple reports describing isolation of NTM respira-
tory pathogens from environmental sources including household or municipal
water, and with the aid of organism genotyping, it has also been shown that some
clinical NTM respiratory isolates are genotypically identical to household water
NTM isolates [15, 42, 43]. These observations are strong evidence that municipal
water is the source of NTM respiratory pathogens, especially Mycobacterium avium
complex (MAC), for some patients with NTM lung disease. Municipal water is also
a known environmental niche for NTM respiratory pathogens such as M. kansasii
and M. xenopi as well as nosocomially acquired pathogens such as M. abscessus
and M. chimaera [12, 15, 43]. The demonstration of NTM acquisition from specific
environmental sources is a necessary prerequisite for developing NTM disease pre-
vention strategies. The environmental acquisition of NTM is discussed in chapters
“Environmental Niches for NTM and Their Impact on NTM Disease” and
“Healthcare Associated NTM Outbreaks and Pseudo-outbreaks™ including recom-
mendations for the investigation of nosocomial NTM outbreaks and
pseudo-outbreaks.

When the Wolinsky manuscript was published, NTM lung disease was regarded
as clinically and radiographically similar to tuberculosis, and clearly NTM lung
disease does sometimes present radiographically with upper lobe fibrocavitary
changes similar to reactivation tuberculosis [1, 23, 44]. Currently, however, in the
United States NTM lung disease, especially MAC lung disease, is now more com-
monly associated with nodular and bronchiectatic radiographic changes [23-25,
45]. Recognition of this shift has influenced the way that many NTM experts view
NTM lung disease pathophysiology. Specifically, there is growing consensus that
many (perhaps most) NTM lung disease patients not only require exposure to NTM
but also must have a vulnerability or susceptibility to NTM infection such as struc-
tural lung abnormalities associated with bronchiectasis or obstructive lung disease
[46, 47]. For many NTM lung disease patients, the infection is the consequence of
the underlying anatomic lung abnormality or predisposition rather than a primary
event. Recent work suggests that some patients with “idiopathic” bronchiectasis
have polygenic mutations, the sum of which predispose to bronchiectasis and NTM
infection [46, 47]. The role of NTM in cystic fibrosis, a disease associated with
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severe and progressive bronchiectasis, is discussed in chapter “NTM Disease
Associated with Cystic Fibrosis”. The management of bronchiectasis, which is an
essential element in the comprehensive treatment of the NTM lung disease patient,
is discussed in chapter “Management of Lung Diseases Associated with NTM
Infection”.

The identification of both genetic and acquired factors predisposing to NTM
infection is rapidly expanding and is discussed in chapters “Vulnerability to NTM
Lung Disease or Systemic Infection Due to Genetic /Heritable Disorders” and
“Acquired immune Dysfunction and NTM Disease”. Nontuberculous mycobacte-
rial lung infection has, in general, not been found to be associated with systemic
immune deficiency, although extrapulmonary and disseminated NTM disease is
usually a consequence of systemic immune dysfunction or suppression [25, 48].
The role of NTM infection in children who represent another special and vulnerable
host is discussed in chapter “NTM Disease in Pediatric Populations”.

When the Wolinsky manuscript was published, NTM treatment was based on the
principles of tuberculosis therapy. There was a limited armamentarium of antituber-
culosis drugs whose use was guided by in vitro susceptibility test breakpoints estab-
lished for M. tuberculosis but not validated for NTM [1, 23]. One study suggested
that MAC lung disease treatment success depended on the number of antituberculo-
sis drugs used (up to five or six), including second-line TB drugs such as ethion-
amide and cycloserine [49]. The limitations of this approach were recognized at the
time although few studies were done that critically evaluated the use of traditional
antituberculosis medications in NTM disease [50].

In the mid-1980s, a seismic shift occurred in NTM disease with the advent of the
acquired immunodeficiency syndrome (AIDS) epidemic and the emergence of
MAC as a lethal pathogen [51-53]. These catastrophic events created a sense of
urgency in the effort to find effective MAC therapy. Multiple antibiotics and combi-
nations of antibiotics were tried with the new macrolide drugs, clarithromycin and
azithromycin, emerging as the foundation of effective disseminated MAC therapy
and prophylaxis [54-56]. It is noteworthy that this once feared AIDS-related infec-
tion is now infrequently encountered due to the success of antiretroviral therapy for
AIDS.

Over the subsequent three decades, multiple studies demonstrated the utility of
macrolide-based regimens for treating MAC Iung infections [19, 57-62].
Regrettably, MAC lung disease therapy has stagnated with almost no significant
innovations since the introduction of macrolide-based regimens. The recent intro-
duction of an inhaled liposomal amikacin suspension (ALIS) for treatment of pul-
monary MAC disease may prove to be an important exception to this generally
bleak picture [63, 64]. While treatment outcomes have been generally favorable,
MAC treatment success is still not comparable to the almost universally favorable
TB treatment outcomes. Additionally, many other NTM respiratory pathogens such
as M. xenopi, M. malmoense, M. abscessus, and M. simiae remain even more diffi-
cult to treat than MAC [25, 65]. The many challenges for treating MAC and other
NTM pathogens as well as suggested treatment strategies are discussed in detail in
chapters “In Vitro Drug Susceptibility Testing for NTM and Mechanisms of NTM
Drug Resistance”, “General Management Principles for NTM Lung Disease”,
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“Mycobacterium avium complex Disease”, “NTM disease caused by M. kansasii,
M. xenopi, M. malmoense and Other Slowly Growing NTM”, and “Mycobacterium
abscessus Disease and Disease Caused by Other Rapidly Growing NTM”.

Since the publication of the Wolinsky manuscript, the presence of a particularly
troublesome and frustrating aspect of NTM therapy has been repeatedly confirmed.
For reasons that are not yet well understood, in vitro antibiotic susceptibility results
for multiple NTM pathogens may not be predictive of treatment success or failure
with a specific antibiotic [66, 67]. For MAC, for instance, the only antibiotic agents
where in vitro susceptibility predicts in vivo response are macrolides and amikacin
[25, 66]. Understanding the nuances and limitations of in vitro susceptibility testing
for NTM is of such importance that the topic is covered in two chapters in this vol-
ume (chapters “The Modern Mycobacteriology Laboratory and Its Role in NTM
Disease Diagnosis and Management” and “In Vitro Drug Susceptibility Testing for
NTM and Mechanisms of NTM Drug Resistance”). The reader will note that the
two chapters approach NTM in vitro susceptibility testing from different perspec-
tives and with different areas of emphasis, but practical management considerations
largely coincide between the two chapters. Both perspectives are valuable and
instructive, and the reader is strongly encouraged to read both chapters in detail.

Molecular laboratory techniques have provided tools for investigating paradoxi-
cal NTM antibiotic resistance and have made us aware of multiple factors possessed
by NTM that are associated with innate or natural drug resistance [66, 67]. These
innate resistance factors may not be reflected in the MIC of the organism for specific
drugs. This is the most vexing and counterintuitive characteristic of NTM lung dis-
ease for clinicians and the area where experience with tuberculosis is least helpful.
Probably the best known example of this phenomenon is the inducible macrolide
resistance gene, or erm gene, present in M. abscessus subsp. abscessus and subsp.
bolletii as well as other mycobacterial species, such as M. fortuitum and even M.
tuberculosis [13]. The activity of this gene can only be detected in vitro by preincu-
bation of the organism in the presence of macrolide. While erm gene activity is only
one mechanism of innate NTM drug resistance, its recognition has been transforma-
tive for how we approach patients with M. abscessus respiratory disease (chapters
“In Vitro Drug Susceptibility Testing for NTM and Mechanisms of NTM Drug
Resistance” and “Mycobacterium abscessus Disease and Disease Caused by Other
Rapidly Growing NTM”).

Ultimately, the future of NTM lung disease therapy will be guided by recognition
of innate antibiotic resistance mechanisms and the discovery of ways to overcome
them. The complexities of in vitro susceptibility testing for treating NTM disease
are discussed in chapters “Laboratory Diagnosis and Antimicrobial Susceptibility
Testing of Nontuberculous Mycobacteria” and “In Vitro Drug Susceptibility Testing
for NTM and Mechanisms of NTM Drug Resistance” as well as multiple other
chapters. For successful management of NTM infections, clinicians must become
familiar with the idiosyncratic behavior of NTM pathogens. There is no substitute
for having this knowledge.

Unfortunately, the discussion of NTM antibiotic drug resistance does not end
with innate drug resistance. Many NTM pathogens including MAC and M. absces-
sus subsp. abscessus are also vulnerable to acquired mutational drug resistance, a
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mechanism for acquired drug resistance well known to clinicians who treat tubercu-
losis. For instance, macrolides must be protected by effective companion drugs in
MAC treatment regimens to avoid the emergence of macrolide resistance through
selection of organisms with a 23S rRNA mutation. This occurrence is associated
with poor treatment response and poor overall outcome [68]. Acquired mutational
drug resistance occurs with other NTM pathogens, notably the rpof gene and
acquired M. kansasii rifamycin resistance. This type of antibiotic resistance is both
predictable and avoidable if the clinician is aware of the risk for specific NTM
pathogens and the necessary steps to avoid it. Again, there are no shortcuts and no
substitutes for this knowledge. The management of NTM pathogens in the context
of both innate and acquired drug resistance mechanisms is discussed in chapters
““In Vitro Drug Susceptibility Testing for NTM and Mechanisms of NTM Drug
Resistance”, “General Management Principles for NTM Lung Disease”,
“Mycobacterium avium Complex Disease”, “NTM disease caused by M. kansasii,
M. xenopi, M. malmoense and Other Slowly Growing NTM”, and “Mycobacterium
abscessus Disease and Disease Caused by Other Rapidly Growing NTM”.

In large part because of antimicrobial resistance, surgical intervention is impor-
tant for management of both pulmonary and extrapulmonary-pulmonary NTM dis-
ease and is discussed in chapter “Surgical Management of NTM Diseases” as well
as chapters discussing treatment of specific NTM pathogens. Surgical resection of
diseased lung has consistently been shown to be effective for selected NTM lung
disease patients [13]. Surgery is a sufficiently important potential adjunct to medical
therapy for NTM lung disease that it should be considered whenever possible.
Surgical debridement of diseased tissue is absolutely essential for successful ther-
apy of NTM skin, soft tissue, and bone infections.

Since 1990, there have been three NTM statements sponsored or co-sponsored
by the American Thoracic Society [23-25]. These documents summarized contem-
porary knowledge about NTM with recommendations for treating specific NTM
pathogens. As much as anything else, they focused attention on the numerous and
persistent NTM disease knowledge gaps and the sparse evidence base for making
NTM disease management recommendations. The NTM statements did, however,
provide treatment recommendations based on the limited evidence base and expert
opinion. The MAC lung disease recommendations proved to be effective if imper-
fect and less reliably effective than TB therapy. In that context, it is instructive that
two studies have shown that there is poor adherence to the published treatment
guidelines worldwide which may account for some of the frustration experienced
by clinicians related to ineffective therapy [69, 70].

Unquestionably, many weaknesses and gaps in our knowledge of NTM disease
remain. We need better understanding of environmental niches and mechanisms of
organism acquisition. For NTM lung disease especially, we need markers of disease
activity so that we can predict which patients will have progressive disease and
require therapy. That type of marker would allow eliminating the confusing and the
sometimes insensitive and nonspecific NTM disease diagnostic criteria. Equally
important we need the ability to identify those patients with NTM lung disease who
are likely to relapse after successful therapy. Overall, we need more efficient ways
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to define and predict the course of NTM lung disease. We need better ways to deter-
mine NTM disease prevalence and ultimately incidence. Making NTM disease uni-
formly reportable in the United States and globally would go a long way toward
accomplishing those goals, although, without tools that improve diagnostic accu-
racy, even universal case reporting would probably still entail considerable inaccu-
racies. The most pressing need is for new and more effective antimicrobial agents,
a process that will be driven by improved understanding of NTM drug resistance
mechanisms. We will need new approaches to NTM disease prevention, a process
only possible with early identification of patients at risk for developing NTM lung
disease and better understanding of NTM environmental niches and mechanisms of
organism acquisition from these niches.

The reader is once again strongly encouraged to read each chapter for a compre-
hensive overview of the complexities, subtleties, and paradoxes of NTM disease and
its treatment. The understanding of NTM disease is clearly nascent, but we are expe-
riencing an exciting acceleration in the pace of discovery and knowledge. It is also
remarkable that progress so far has been accomplished largely without extramural
funding from national (the United States) and international funding agencies,
although that bleak scenario may be gradually improving. Convincing extramural
funding sources that NTM disease, especially lung disease, is a growing international
health burden and that committing research dollars to this field will yield important
and widely applicable results are major priorities and challenges. A vital element in
this task is procuring funding for prospective treatment trials which are necessary not
only for critical evaluation of current treatment strategies but also to establish opti-
mal study designs for testing new drugs as they become available [63, 64].

Since the publication of the Wolinsky manuscript, the study of NTM disease has
been completely transformed. A fledgling field in 1980 has acquired legitimacy and
momentum with a sound footing in clinical and basic science. There are many rea-
sons to be optimistic about continued and accelerating progress with NTM disease.
First among them is the proliferation of investigators around the world including the
very talented investigators who contributed to this volume. I am immensely grateful
to them for their excellent contributions. I am also impressed, humbled, and inspired
by the superb quality of their innovative work. It is clear to me that over the next
40 years, there will be further exponential expansion of NTM disease knowledge
and understanding. The inevitable result will be achievement of the ultimate goal,
improved outcomes for our patients.
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Introduction

Prior to the 1990s, clinical mycobacteriology laboratories used phenotypic cultural
characteristics and conventional biochemical testing for a large portion of nontuber-
culous mycobacteria (NTM) species identification [1].

Following the “biochemical era” (and even today), some larger reference labo-
ratories, especially public health laboratories, and some research laboratories
relied upon species identification based on chromatographic/chemotaxonomic
methods including high-performance liquid chromatography (HPLC) of cell wall
mycolic acids, thin-layer chromatography (TLC), and gas-liquid chromatography
(GLO).

Beginning in the 1990s, the advent of molecular testing by PCR and gene
sequencing for species and subspecies identification of NTM marked a new era
for NTM with the subsequent explosion of more than 100 species being
described compared to approximately 55 species identified from 1880 to 1990!
The definition of a “species” is somewhat of a “moving target” requiring con-
stant modification as newer diagnostic methodologies are introduced. Gene
sequencing has now become the accepted reference method for the identifica-
tion of NTM [2]. As with the previous methodologies, the accuracy and quality
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