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Abstract The diagnosis and management of nontuberculous
mycobacterial (NTM) lung infection remains difficult even
among experienced clinicians. Both the incidence and preva-
lence are likely expected to rise with an aging population.
Careful assessment of clinical, radiologic, and microbiologic
studies is warranted before initiating therapy, which is often
complicated by significant drug side effects and limited spu-
tum conversion rates. Indications to treat are best based on a
number of factors, including specific NTM species, NTM
lung-infection—associated symptoms, advanced
bronchiectatic or cavitary disease, expected tolerance of ther-
apy, and related comorbidities. Surgical resection of localized
disease or refractory infection may warrant consideration, but
should be done by an experienced surgeon and mycobacterial
program. Increased awareness and treatment of NTM lung
infection in recent years is likely due to earlier recognition and
improved treatment strategies, though the approach to the
NTM lung infection patient most often involves chronic lung
disease management. NTM lung infection is perhaps is best
characterized as a treatable lung infection, even without uni-
versally curable outcomes.
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Introduction

Nontuberculous mycobacterium lung infection remains a
challenge to even the most experienced clinicians in terms of
diagnostic and therapeutic management [ 1]. With an increased
awareness of NTM lung infections and its characteristic chro-
nicity, incidence and prevalence continue to rise, particularly
with an aging population. Its association with chronic lung
diseases such as emphysema, cystic fibrosis, and bronchiec-
tasis further complicates its diagnosis and management. This
article is an overview of current and recent advances in the
diagnosis and management of NTM lung infection in immu-
nocompetent patients, including indications for treatment,
approaches to advanced or resistant pathogens, and associated
long-term morbidity and mortality.

Epidemiology

The majority of nontuberculous mycobacteria (NTM) causing
human lung disease in the United States (US) are comprised of
three commonly presenting groups; 1) mycobacterium avium
complex (MAC) consisting of mycobacterium intracellulare
and mycobacterium avium; 2) the rapidly growing
mycobacteria (RGM) (M. abscessus, M. fortuitum, and
M. chelonae); and 3) M. kansasii. It should also be noted,
however, that over 140 species of NTM have been reported
and that geographic differences are substantial as to which
NTM species are most likely to cause infection worldwide
[2¢]. Clinicians who evaluate and treat NTM lung infections
should be familiar with potential NTM species that are likely
to cause infection based on local, regional, and national epi-
demiologic trends. Found ubiquitously in water and soil,
infection has been associated with exposure to tap water [3],
as well as biofilm-containing elements such as shower heads,
humidifiers, or saunas [4], the latter of which may also rarely
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provoke a type IV allergic hypersensitivity response known as
‘hot tub lung’ [5, 6]. Currently not considered a classic my-
cobacterial infection, NTM-associated hypersensitivity pneu-
monitis is characterized by poorly formed airway-centric
granulomas on pathology, with frequent clinical improvement
after removal from antigen exposure [7].

A recent Japanese case-controlled study suggested that
immunocompetent MAC lung infected individuals had in-
creased exposure to soil when compared to bronchiectatic
controls, while other studies have not demonstrated an asso-
ciation with specific water exposure or social habits, including
swimming or gardening [8, 9]. Despite such associations, little
conclusive evidence is available regarding preventative envi-
ronmental interventions and the reduction in risk of develop-
ment of or recurrence of NTM lung infection [10, 11]. Some
investigators have advocated for environmental modifica-
tions, including raising the temperature of hot water heaters
to greater than 130 degrees Fahrenheit, replacing shower
heads with large water droplet (>1 mm) rather than fine mist
heads, moistening peat moss when working with gardening
supplies to minimize dust exposure, and a variety of other
household measures to potentially minimize exposure [11].

The incidence and prevalence of NTM infection appear to
be increasing over the last decade or more, with the prevalence
of NTM now greater than tuberculosis in the United States.
Prevalences range from 1.4 to 6.6 per 100,000 [12] to 8.6 per
100,000, with increased prevalence in those aged greater than
50 years (20.4/100,000) [13]. A recent analysis of US Medi-
care beneficiaries aged 65 and older suggested an annual
prevalence of 2047 cases per 100,000, or 8.2 % per year
increase in both women and men throughout all regions of the
US [14¢]. Recent studies from Asia [15—17] and Europe [2¢]
also suggest an increasing incidence and prevalence, with
MAC [15] remaining the most frequent species in many areas
of'the world [2¢]. The significance of recent findings by Dutch
investigators noting 22 % of presenting individuals with spu-
tum analysis in the setting of acute chronic obstructive pul-
monary disease (COPD) exacerbation with a positive NTM
culture remains unclear. [18]. A prior study evaluating the
infectious etiology in COPD patients hospitalized with acute
exacerbation noted lower frequency of NTM positive sputum,
but applied only solid culture media [19]. The association of
NTM lung infection with bronchiectasis [20] and cystic fibro-
sis (CF) is well known [21-23], and in patients with diffuse
tree-in-bud or nodular infiltrates in the setting of CF, progres-
sive lung deterioration may occur [24]. The incidence of NTM
lung infection in patients with CF, which most often occurs in
patients older than 15 years of age and increases with age, has
been estimated to be between 13 and 20 % [1, 22, 25]. In a
selected cohort of bronchiectasis patients, NTM was cultured
in 10 % of patients [26], which, interestingly, is also similar to
a 10 % isolation rate of NTM in primary ciliary dyskinesia
patients [1]. One study has also suggested increased NTM

@ Springer

prevalence among those with gastroesophageal reflux disease
on proton pump inhibitor therapy [27]. Pre-existing structural
lung disease as that seen with emphysema, CF, or bronchiec-
tasis has been associated with NTM lung infection [28].

Most patients with NTM infection have bronchiectasis,
while many patients with primary bronchiectasis do not have
NTM lung infection. Whether NTM lung infection or bron-
chiectasis comes first in those without pre-existing lung dis-
ease as a “chicken or egg” scenario is uncertain. In any case, it
is likely that there are many phenotypic pathways that lead to
the development of bronchiectasis with or without NTM lung
infection [29¢]. Finally, in patients with chronic immunosup-
pression or immunocompromised states, NTM may manifest
not only with lung infection, but also disseminated infection,
as seen in infection associated with HIV/AIDS [30], transplant
patients [31], or those on biologics (e.g., TNF-antagonists)
[32].

The economic burden of managing NTM was recently
assessed and found to be substantial, with a median cost of
$19,786 per patient, including significant drug side effects
seen in 50 % of patients receiving commonly used regimens
treated over a median of 2,638 days [33].

Clinical presentation

Clinical symptoms of NTM lung infections vary and are
nonspecific, but may include cough, fatigue, dyspnea, and
weight loss [9, 34]. Low-grade fever and night sweats may
also be noted, along with hemoptysis. Other associations have
included mitral valve prolapse, pectus excavatum, and scoli-
osis [9]. Fulminant or acute lung injury resulting in respiratory
failure or septicemia requiring hospitalization may occasion-
ally occur as a first presentation of infection, although this
remains rare [35]. Patients may also be asymptomatic, despite
multiple positive sputum cultures with abnormal radiologic
findings.

As NTM are found ubiquitously in the environment, spe-
cific host factors importantly play a pivotal role in increasing
risk of infection [36]. Recent studies have supported a distinct
phenotype of MAC lung infection patients, represented by
taller and thinner postmenopausal women without pre-
existing lung disease [9, 37¢¢]. Abnormal immune phenotypes
in these patients have been less consistently demonstrated.
Specifically, measured serum levels of leptin and adiponectin
involved in the regulation of body fat and cytokine production
(IFN-y and IL-10) were notably abnormal in those with NTM
disease compared to non-infected controls [37¢]. However,
patients with NTM infection had no direct relationship be-
tween serum leptin levels and body fat, with decreased IFN-y
production and increased IL-10 levels measured by stimulated
whole blood assays suggesting a blunted inflammatory re-
sponse. In contrast, similar immune abnormalities were not
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observed when IFN-y production was measure by stimulated
peripheral blood monocytes in MAC lung-infected patients
[9]. Patients were, however, thinner overall prior to infection,
suggesting this as a possible risk factor for disease rather than
infection causing subsequent weight loss [9]. Implications for
this morphotypic profile in terms of prospective risk of devel-
oping disease and likelihood of relapse among treated patients
is currently unknown, but remains an area under active inves-
tigation, including studies involving genetic mutations of
fibrillin and related moieties [38].

Radiologic patterns of disease are characterized by com-
puted tomography (CT) as nodular or tree-in-bud infiltrates
without underlying structural disease, bronchiectatic disease
with focal or diffuse cylindrical bronchiectasis, or
fibrocavitary disease often the result of prior emphysema or
pre-existing structural abnormality. Cylindrical bronchiectasis
with nodular infiltrates in the right middle lobe or lingula are
characteristic of the presentation of NTM lung infection in
phenotypically taller, thinner post-menopausal women histor-
ically labelled as having Lady Windemere’s syndrome.
[39-41]. Recent data supports the long-standing clinical ob-
servation correlating more advanced infection or chronic
fibrocavitary radiologic findings with worse prognosis and
less response to therapy [42], as well as worse clinical scores
and quality of life measures [43].

Diagnostic criteria

The 2007 American Thoracic Society / Infectious Disease
Society of America (ATS/IDSA) guidelines proposed the
following criteria for the diagnosis of nontuberculous myco-
bacterium lung infection: 1) Positive AFB culture sputum
from at least two separate sputum samples, or one broncho-
scopic washing or lavage; 2) Clinical symptoms (cough, dys-
pnea, fatigue, hemoptysis, fever, or unintended weight loss)
and nodular or cavitary opacities or multifocal bronchiectasis
on radiographic imaging; and 3) exclusion of other responsi-
ble or causative diagnoses [1]. Initial fluorochrome or acid fast
staining of both fluid and tissue specimens with semiquanti-
tative scaling of visible organisms per high power field is
recommended when available. It should be emphasized that
a prerequisite of microbiologic assessment of NTM lung
infection is identification of organisms at the species level,
prior to committing to a treatment program [1]. Likewise,
abnormal microbiologic findings such as positive sputum or
bronchoscopic specimen mycobacterial cultures in the setting
of a lack of symptoms and radiologic abnormalities may not
represent NTM lung infection. Respiratory symptoms and
positive microbiologic studies in the absence of radiologic
findings may also suggest other causes for current presenta-
tion, though no criteria exist in this setting to exclude potential
infection, particularly if initial smear or culture burden is low.

In such cases, repeat imaging and close follow-up are war-
ranted. Isolation of a single NTM isolate without supporting
criteria or a presumptive diagnosis based only on clinical and
radiologic features is inappropriate for initiation of treatment
[1].

The development more recently of a specific IgA
serodiagnostic test for MAC lung infection demonstrated a
strong specificity of 94 % and modest sensitivity ranging
between 70 % and 82 % [44]. How this serologic diagnostic
tool will impact clinical decision making and NTM lung
infections remains to be determined.

General treatment considerations

Despite isolation of NTM organisms from multiple respiratory
specimens, particularly among those with structural lung dis-
ease, a clear diagnosis of infection and assignment of respira-
tory symptoms to NTM lung infection are often confounded
by concomitant respiratory disease such as COPD or bronchi-
ectasis. In this setting, correlation of microbiologic data such
as positive AFB smear or culture results with nonspecific
clinical or radiologic features may be difficult. It is not un-
common for the clinician to require longitudinal follow-up
and /or assessment of response to empiric therapy of underly-
ing pre-existing lung disease to further assist in determining
whether presenting symptoms are related to NTM lung infec-
tion or another process. In contrast, less common NTM spe-
cies that usually represent infection if present include
M. xenopi, M. szulgai, and M. kansasii. If these NTM are
present in respiratory secretions with appropriate radiologic
and clinical findings, directed therapy for NTM lung infection
is often warranted. Geographic variability also impacts the
likelihood of a specific NTM species causing NTM lung
infection. For example, M kansasii in the US frequently
represents NTM lung infection when isolated in respiratory
secretions, whereas it is a less common pathogenic isolate
when isolated in select areas of Western Europe [1, 45]. Other
species such as M. fortuitum are uncommonly associated with
significant NTM lung infection, although M. fortuitum is
frequently associated with esophageal disease, which should
be evaluated accordingly [46]. NTM species such M. terrae
and M. gordonae generally do not cause lung infection.
Some patients may initially be relatively asymptomatic,
despite concerning microbiologic burden or notable radiolog-
ic findings. In the setting of upper lobe cavitary disease, timely
definitive specific identification of the responsible infection
and initiation of directed therapy is recommended rather than
delayed observation, even in the asymptomatic patient [47].
Other patients with less extensive disease may have minimal
progression over time, reflecting the variability of the natural
history of NTM lung infection. In the balance, the decision to
treat often becomes difficult, as treatment is complex and
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prolonged over many months with a substantial proportion of
patients experiencing medication-related side effects. Relapse
may occur in up to 50 % of patients within 2 years of treatment
completion [1]. Even among a range of clinicians, expert and
non-expert opinion regarding diagnosis and aggressiveness of
therapy varies. Non-experts are less likely to perceive micro-
biologic findings as significant infection or see opportunity for
successful therapy [48]. This is presumably based on a biased
understanding that prolonged courses of antibiotics often re-
sult in cumulative effects of drug toxicity and related symp-
toms adding to the risk of poor compliance. Patients should
fully participate in this decision to treat or not to treat, being
mindful of the balance of risks and benefits of treatment, as
well as expectations of goals of therapy. A diagnosis of NTM
lung infection does not in itself dictate the immediate start of
treatment, although patients with known or suspected NTM
lung infection must be monitored closely and reassessed pro-
portionately to extent of disease and potential goals of therapy.

Treatment
MAC

Treatment of MAC lung infection involves macrolide-
centered therapy, consisting of a macrolide, a rifamycin, and
ethambutol with or without an aminoglycoside [1]. Differen-
tiating M. avium from M. intracellular has not clearly resulted
in different treatment responses, although a recent report
suggests patients with M. intracellular had more severe clin-
ical presentations and less response to therapy [49]. Suscepti-
bility testing of MAC is only recommended for macrolides,
given evidence that in vitro and in vivo correlation with other
antimycobacterial agents is poor [50]. Reasons for this discor-
dance remain complex, and are an area under active investi-
gation [51]. A standard starting regimen for mild MAC lung
infection consists of azithromycin (500 mg/day) or
clarithromycin (1000 mg/day), ethambutol (25 mg/kg daily),
and rifampin (600 mg daily), given in an intermittent fashion
three times a week [1]. Additional dose adjustments for pa-
tients weighing less than 50 kg may be needed with the
macrolide and rifamycin. Daily treatment is recommended in
MAC lung infection patients with more advanced or diffuse
bronchiectasis and fibrocavitary disease. In this situation,
triple drug mycobacterial therapy includes azithromycin
250 mg daily or clarithromycin 500 mg twice daily; etham-
butol 15 mg/kg daily, and rifampin 600 mg daily[1]. Finally,
in those with more extensive infection, consideration may be
given to the use of adjunctive intravenous amikacin (25 mg/kg
three times a week) initiated for the first two to four months of
therapy. The role of inhaled amikacin in the initial and / or
maintenance treatment regimens remain uncertain, although
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recent preliminary data presented in abstract form suggests
substantial potential [52, 53].

A recent retrospective analysis of 180 patients with
nodular/bronchiectatic disease undergoing the recom-
mended ATS/IDSA-guided macrolide-based therapy re-
ported an overall sputum conversion rate of 86 %, includ-
ing the use of a better-tolerated, thrice weekly regimen
[54+]. Monotherapy with macrolides is not recommended,
with limited evidence for efficacy using macrolide combi-
nation therapy with fluoroquinolones [55], which may also
increase macrolide resistance when used as a single first-
line therapy [56]. Given this increased risk for the devel-
opment of macrolide resistance, the combination of
macrolide and quinolone should be avoided [56]. The role
of clofazimine as adjunctive therapy is equally unclear,
with limited data available [57, 58].

The frequent occurrence of drug intolerances can be
addressed in part by initiating medications in a step-wise
fashion so as to improve tolerance. Our practice is to
initiate treatment with one oral MAC medication at a time,
starting with a lower dose and sequentially and incremen-
tally increasing to full dosing of all medications over a 2—
3 week period. Close follow-up and monitoring with
blood work and eye exams are recommended to ensure
safety, tolerance, and patient compliance. The impact of
the use of probiotics for drug tolerance during treatment of
mycobacterial infection has not been studied, but is a
common practice. Routine chest computed tomography
(CT) scans during therapy are generally not recommend-
ed. Plain chest radiographs done on a 6—12 month basis
provide adequate imaging information. A ‘new’ baseline
chest CT imaging at the end of mycobacterial therapy may
be useful as a point of reference, although there is no data
to support this practice. Support and assistance delivered
by a multidisciplinary team to facilitate management and
monitoring of multidrug regimens for NTM lung infec-
tion, including pharmacy, nursing, and respiratory therapy,
have been well received by patients. The general endpoint
of successful MAC therapy is 12 months of sustained
negative sputum culture. Sputum conversion, when it does
occur, generally occurs after a period of no more than 3—-6
months, assuming smear positive fibrocavitary disease is
not present. Follow-up monthly sputum samples are gen-
erally collected starting after 2-3 months of therapy. As
the duration of therapy is targeted for at least 12 months
from the first of the sustained negative sputum culture
assessments, most patients receive between 15 and
18 months of therapy. Patients with more extensive dis-
ease or fibrocavitary disease often require 18 to 24 months
or longer of therapy; some of these patients never convert
sputum cultures. Refractory disease is defined by failure to
convert AFB sputum culture after receiving 6 months of
recommended mycobacterial therapy. Although reasons
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for lack of conversion may include incomplete or subop-
timal therapy due to patient non-compliance or medication
intolerance, some MAC patients do not convert sputum
cultures even without extensive or fibrocavitary disease.
Repeat macrolide susceptibility should be performed on
isolates from patients failing to convert sputum, to ensure
the absence of development of macrolide resistance. If
sputum conversion does not occur, transitioning from
thrice weekly therapy to daily therapy may be appropriate,
along with substitution of rifampin with rifabutin, which
has less p450 cytochrome activation [59] and therefore
less potential to reduce macrolide plasma concentrations.
Care should be taken to appropriately dose rifabutin if a
change from rifampin is made. Therapeutic drug monitor-
ing has continued to generate interest for its potential role
in establishing antimicrobial efficacy and drug modifica-
tion. However, Koh and colleagues recently reviewed
therapeutic drug levels of patients with MAC treated with
combined therapy, and concluded that although lower
levels of clarithromycin plasma concentrations were seen
when given with rifampin, there was no association of
lower plasma concentrations with worse treatment out-
come [60]. In contrast, pharmacokinetic assessment of
general regimens used to treat MAC as reviewed by van
Ingen et al. suggested lower serum levels than expected
for the bactericidal activity of several agents, including
clarithromycin, azithromycin, and ethambutol; this defi-
ciency was proposed as a mechanism for less than desired
outcomes and prolonged therapeutic regimens with MAC
treatment [61]. Macrolide resistant disease is treated with the
addition of a parenteral agent (usually amikacin) added to a
rifamycin and ethambutol. Although cessation of macrolide is
historically done, there is no data in this situation to evaluate
any potential benefit of continued macrolide use as an immu-
nomodulatory agent. Treatment failure defined by lack of
sputum conversion is highest in those with greater microbio-
logic burden, structural lung disease such as cavitation, previ-
ous use of macrolide monotherapy, and those in whom there is
relapse or recurrence.

If focal disease is noted, the combination of a multidrug
mycobacterial regimen in conjunction with surgical resection
may yield the best opportunity for sustained sputum conver-
sion. Surgical resection is often recommended in localized
cavitary or bronchiectatic disease, and is often initiated after
an attempt at optimal medical therapy (at least 3 to 6 months)
[62]. Some centers recommend earlier assessment for surgical
consideration in select patients. Medical therapy is required
when surgical options are explored, and is generally started
prior to surgery, continued in the perioperative period, and
maintained postoperatively. Selection criteria for surgical re-
section have not been standardized and final recommenda-
tions toward eligibility for a surgical intervention often depend
on a multidisciplinary mycobacterial approach [63], with the

recommendation that resection be done by a surgeon and at an
institution with robust mycobacterial surgical experience.

Rapidly growing mycobacterium (M. abscessus)

M. abscessus is the most common of the rapidly growing
mycobacteria, comprising the majority of RGM-related lung
infections and being the second most common NTM lung
infection in the US [64]. M. abscessus is often also associated
with extrapulmonary infection including skin, soft tissue or
bone disease. Similar to MAC, the largest affected demo-
graphic with M. abscessus lung infection are postmenopausal
Caucasian female non-smokers, often presenting with cylin-
drical bronchiectasis and nodular infiltrates. Discrimination
between M. abscessus and MAC lung infection cannot be
done based solely on phenotypic presentation or radiographic
abnormalities, underscoring the importance of microbiologic
confirmation before the consideration of the start of NTM
treatment. Prior data suggests that in 15 % of patients with
M. abscessus lung infection, MAC may also be present [64],
while a more recent study suggests up to 55 % of patients may
have coexistent or subsequent MAC cultured in respiratory
secretions [65¢]. Microbiologic susceptibility testing is recom-
mended for all culture isolates of M. abscessus. Susceptibility
is most often assessed for clarithromycin, amikacin, cefoxitin,
ciprofloxacin, imipenem, linezolid, and tigecycline.
Macrolides may play a central role in the treatment regimen
of a select group of M. abscessus lung infections, in addition
to multiple other oral and intravenous agents added based on
in vitro susceptibility testing. The role of inhaled therapies,
and in particular inhaled amikacin, remains uncertain, al-
though preliminary results recently presented in abstract form
suggest substantial promise. There is no proven regimen that
regularly succeeds in sustained sputum conversion [1]. A re-
cently demonstrated regimen with a sputum conversion rate of
68 % included clarithromycin in combination with parenteral
cefoxitin and amikacin for a minimum of 1 month, followed by
combination oral therapy with ciprofloxacin or doxycycline for
12 months [66]. The discordance between in vitro susceptibility
results and in vivo clinical response for M. abscessus lung
infection was recently explained in part by the recognition of
an inducible erythromycin ribosomal methylase (erm) gene
[67]. Specifically, M. abscessus has been further sub-
classified in part based on the presence or absence of an
inducible erm gene that reduces macrolide binding and imparts
macrolide resistance. Gene sequencing analysis of the 16s
rRNA as well as other genes outperforms conventional bio-
chemical assays to differentiate M. abscessus ssp. abscessus,
ssp. massiliense, and ssp. boletti. M. abscess ssp. abscessus is
known to have an inducible erm gene, whereas M. abscessus
ssp. massiliense and most isolates of M. boletti do not have an
active erm gene and retain macrolide susceptibility. Assessment
for the inducible erm gene is best determined by assessing
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macrolide with in vitro susceptibility after a 14 day period of
incubation with macrolide. Other RGM such as M. fortuitum
also express an inducible erm gene, whereas M. chelonae does
not. The practical implication of the presence or absence of
inducibility is that macrolides are retained as an important
element of a multidrug mycobacterial regimen for those
RGM without inducible erm genes. For M. abscessus ssp.
abscessus, a typical multidrug mycobacterial regimen would
therefore include amikacin with two additional agents such as
cefoxitin or imipenem, as well as tigecycline or linezolid. For
M. abscessus ssp. massiliense, a macrolide remains an impor-
tant component to a similar multidrug treatment regimen. The
clinical significance of clarithromycin inducing a greater ex-
pression of the erm gene than azithromycin is intriguing, but
uncertain in terms of management and initial drug choice [68].
Long-term mycobacterial therapy is recommended for most
patients with M. abscessus. Recent published data suggest that
prolonged use of a macrolide-based therapy using one or two
additional parenteral agents (amikacin and cefoxitin or imipenem)
led to an 80 % conversion rate in one series [69]. Those treated in
combination with surgical resection also fare better than medical
management alone. Recently, Jarand et al. reported the 7-year,
single-center experience of 69 M. abscessus patients, noting sim-
ilar outcomes in those with medical therapy alone and medical
therapy in conjunction with surgical resection, though those with
resection had less relapse [65]. Reported historical differences in
treatment responses of M. abscessus are likely related in part to
different proportions of patients with M. abscessus ssp.
massiliense (no erm gene, better response) compared to M.
abscessus ssp. abscessus (active erm gene, less response). Cura-
tive therapy for those unable to tolerate surgery and without
localized disease may not be possible, although suppressive
therapy, either with intermittent therapy for several months at a
time or continuous therapy, may be possible in some patients.

M. kansasii

M. kansasii is a less common etiology of NTM lung infection in
the US. The clinical presentation may mimic that of initial or
reactivation tuberculosis. It is frequently associated with under-
lying structural lung disease or heavy smoking history, and
radiologic features of upper lobe nodular or cavitary disease
are present in about half [70] to 80 % of patients [71]. In the
United States, there is a predilection for disease occurrence
along the Southern and Central states [72]. The cornerstone of
therapy is rifampin, with initial susceptibility testing recom-
mended for rifampin alone. If rifampin resistance is detected,
additional in vitro drug susceptibility is recommended. The
traditional recommended regimen for rifampin-sensitive
M. kansasii consists of daily therapy using isoniazid (INH),
ethambutol, and rifampin, to complete at least 12 consecutive
months of negative sputum culture while on drug therapy.
Macrolides and fluoroquinolones generally have demonstrated
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good in vitro and in vivo activity against M. kansasii. In the
setting of rifampin resistance, a multidrug regimen can be based
on in vitro susceptibilities [73]. Intermittent therapy is feasible,
though daily therapy is generally recommended. Overall, spu-
tum conversion rates for M. kansasii with standard therapy
approach 100 %, with approximately two-thirds requiring only
initial treatment regimens [74] and a relapse rate of 5-10 %
over the initial 5-year post-treatment period.

Other NTM

Less common NTM isolates contributing to lung infection in-
clude several subspecies of the other rapid growers, M. chelonae
and M. fortuitum, the latter being less common in terms of
clinically significant pulmonary infection. M. szulgai, M.
malmoense, and M. xenopi in the correct clinical setting likely
warrant therapy, as they often represent true NTM lung infection
when isolated. Treatment regimens for M. xenopi commonly
include a three-drug regimen similar to regimens used to treat
MAC, while M. szulgai is approached in a similar fashion as
M. kansasii [1]. In vitro susceptibility testing is helpful to assist
guiding initial therapy for M. szulgai, but not for M. xenopi,
which appears to have poor clinical correlation with in vivo
response [1]. M. fortuitum less commonly contributes to pulmo-
nary infection, though if treatment is initiated, limited use of
macrolide therapy is appropriate, given the universal presence
of the inducible erm gene mutation. M. gordonae and M. terrae
complex rarely cause lung infection, though clinical disease has
been reported [75, 76]. Major antibiotic strategies may be cate-
gorized as macrolide-based (M. chelonae, M. xenopi) or multi-
drug INH or rifampin-based regimens, according to drug suscep-
tibilities (M. malmoense, M. szulgai,). An individualized ap-
proach is necessary for the less common NTM, as standardized
or directed therapy remains elusive. Targeted end points of
therapy are generally extrapolated from the experience with
MAC lung infection, and include clinical and radiologic stabili-
zation with sputum culture conversion for 12 consecutive months
of therapy. Again, care must be taken to assess for underlying
etiologies of lung disease before initiation of therapy, and where
appropriate, consultation with an NTM expert is recommended.

Associated bronchiectasis

NTM lung infection is not uncommonly associated with
bronchiectasis. The underlying pathophysiologic factors
of structural lung disease that may contribute to a favor-
able milieu establishing concomitant NTM lung infection
are not yet well understood. In some instances, NTM lung
infection including nodular infiltrates clearly precede the
development of bronchiectasis. Characteristically, most
patients with NTM lung infection have a component of
bronchiectasis, whereas only a fraction of those with
bronchiectasis have NTM disease. Delineating symptoms
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of bronchiectasis from NTM infection may prove chal-
lenging, as patients often have both NTM and other bac-
teria present in the airways. Chronic macrolide use as an
inflammatory or immunomodulatory agent in patients with
cystic fibrosis or recurrent symptomatic non-CF bronchi-
ectasis is an increasingly common practice based on recent
studies [77-79]. The clinical imperative is to avoid the
development of macrolide resistance through routine
screening for NTM in patients with bronchiectasis and
CF prior to the consideration of use of macrolide mono-
therapy for immunomodulatory purposes [23]. The bene-
fits of concomitant bronchial hygiene as an adjunct to
NTM infection has not been clearly defined, although
bronchial hygiene remains an essential element of the
management of bronchiectasis, independent of etiology.
Treatment of other pathogenic bacteria in the setting of
bronchiectasis is recommended and may clarify whether
presenting respiratory symptoms are secondary to bron-
chiectasis, NTM infection, or both. If clinical or radiologic
symptoms improve despite recurrent NTM cultures, close
follow-up and observation may be appropriate in lieu of
initiating directed NTM therapy. When present, attention
to other comorbid conditions, including GERD and sinus
disease, is equally essential.

NTM morbidity and mortality

Mortality data for NTM-related pulmonary disease is
largely unknown. Mirsaeidi et al. recently reviewed
NTM-related causes of death from 1999 through 2010
using mortality data from the National Center for Health
Statistics, noting an age adjusted mortality rate of 0.1 per
100,000 person years [80]. Risk factors for increased risk
of death included older age, female gender, and non-
Hispanic white ethnicity. Structural lung disease associat-
ed with COPD or bronchiectasis was also more common
in those with NTM as compared to those with tuberculous-
related deaths. In a recent study from Japan, mortality
from NTM appears to be increasing since the 1970s, with
5-year follow-up of patients seen from 2004-2005 sug-
gesting a mortality rate of 1-2 % annually [17]. Ito and
colleagues reported upper lobe cavitary disease in MAC
infected patients as highly predictive of 5-year mortality,
noting an all-cause mortality rate of 25.6 %, with no
statistical difference between those were treated and un-
treated (22.3 % vs. 33.3 %, p=0.30) [47]. Although fur-
ther epidemiologic study is needed, the incidence of NTM
lung infection is expected to climb with age and related
comorbidities, disproportionately contributing to increased
health care expenditures as well as increased morbidity
and mortality.

Conclusion

NTM lung infection represents an increasingly adverse impact
on lung health in an aging population in the US and other
areas of the world. The most common NTM isolates causing
lung infection in the US include MAC, M. abscessus, and
M. kansasii. Geographic differences in epidemiology are no-
table and need to be taken into account when assessing rela-
tive prevalence and risk of NTM lung infection warranting
therapy. As a disease of the elderly and those with underlying
chronic structural lung disease, the incidence and prevalence
of NTM lung infection is expected to rise with ongoing
challenges in the recognition, diagnosis, and treatment of
infection. Therapy remains complex and is often characterized
by a prolonged and arduous multidrug treatment course com-
plicated by significant drug side effects, limited sputum con-
version, and substantial risk of relapse. The NTM lung infec-
tion patient may be best cared for through a multidisciplinary
approach utilizing both medical and surgical options, along
with a multidisciplinary team including pharmacy, respiratory
therapy, and nursing. Combinations of oral, inhaled, and par-
enteral mycobacterial therapies that represent optimal treat-
ment of NTM lung infection is an area of active investigation
through ongoing clinical trials. With or without treatment,
NTM lung infection patients need continued monitoring and
comprehensive attention to other comorbid conditions, includ-
ing bronchiectasis, GERD, and sinus disease, when present.
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