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Nontuberculous mycobacteria (NTM) are ubiquitous in the environment and an important cause of disease. The most common spe-
cies causing pulmonary disease are members of Mycobacterium avium complex (MAC). MAC pulmonary disease (MAC-PD) can be
chronic, debilitating, costly, and associated with a high mortality. However, MAC diagnoses are often delayed due to the nonspecific
presentation of MAC-PD and radiological findings that overlap with other pulmonary diseases. Patients with risk factors and who
meet the diagnostic criteria—which include clinical, radiological, and microbiologic criteria—should be considered for treatment.
Diagnosis requires 2 or more positive sputum cultures or 1 bronchoscopic specimen culture. The recommendation for those who
are treated is a 3-drug regimen including macrolide, rifamycin, and ethambutol that is continued for 12 months beyond sputum
culture conversion to negative. MAC-PD is difficult to treat, with frequent drug-related side effects and suboptimal treatment out-
comes. Refractory and recurrent disease is common, leading to lifelong follow-up of patients. There are limited treatment options for
patients with macrolide-resistant or refractory disease. Amikacin liposome inhalation suspension is recommended for treatment-
refractory patients whose cultures remain positive after 6 months of guideline-based therapy. Among the research priorities to im-
prove patient outcomes and quality of life are developing new, more rapid diagnostic tests, investigating biomarkers associated with
disease progression, and identifying new drugs and routes of administration as well as new, shorter, and better-tolerated regimens.
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Mycobacteria comprise a broad group of organisms, many of
which are associated with disease. The 3 categories of mycobac-
teria are Mycobacterium tuberculosis complex; Mycobacterium
leprae, which causes leprosy; and nontuberculous mycobacteria
(NTM), which are environmental organisms. Pulmonary dis-
ease (PD) caused by NTM is becoming increasingly important
as a chronic and debilitating disease primarily in older adults.
It is difficult and costly to treat and associated with impaired
quality of life [1, 2]. Increased awareness and a better under-
standing of the natural history of the disease, its diagnosis, and
treatment are necessary for healthcare providers who manage
patients with MAC.

NTM live in soil, lakes, and rivers, and they are ubiqui-
tous in municipal and natural water systems. They live in bi-
ofilm, which they either make or find. They often incorporate
into biofilm with other microorganisms such as amoebas and
Legionella. Humans are presumed to have frequent NTM ex-
posure. NTM are categorized as slow growers, which in-
clude Mycobacterium avium complex (MAC), Mycobacterium
kansasii, and Mycobacterium xenopi, or as rapid growers, which
include Mycobacterium abscessus, Mycobacterium chelonae, and
Mycobacterium fortuitum. Slow growers take >7 days to grow in
subcultures, whereas rapid growers grow in <7 days [3].

There are >190 species of NTM, and the number of species
continues to rise now that current sequencing techniques can
identify slight differences between organisms. As many as 80
species of NTM have caused disease in humans, although many
have done so rarely and most often in patients who are immu-
nocompromised. MAC, which consists of 12 species, accounts
for most cases of disease [4-6]. Approximately 80% of NTM dis-
ease is pulmonary, and the principal disease-causing NTM spe-
cies are members of MAC, the most common of which include

M. avium, Mycobacterium intracellulare, and Mycobacterium chi-
maera [3, 7]. An Oregon population-based analysis of NTM iso-
lates for the years 2007-2012 found that 83.6% of isolates from
all disease sites were MAC and that MAC accounted for 92.8% of
pulmonary isolates [7]. The second most common NTM species
causing pulmonary disease was M. abscessus/M. chelonae com-
plex (4.2%), but in other parts of the United States (US), particu-
larly the South, M. kansasii is the second-most common isolate.

EPIDEMIOLOGY OF NTM PULMONARY DISEASE

The epidemiology of NTM disease has been difficult to de-
termine because, unlike tuberculosis, NTM infections are not
reportable in most states and countries. To obtain prevalence
estimates, studies have used large claims databases and NTM
isolation rates from various geographic catchments. Most such
studies have identified increases in the prevalence of NTM-PD.

In the US and other countries with a low or moderate preva-
lence of tuberculosis, the incidence of NTM has risen dramat-
ically since the 1990s. Data from Japan show a sharp increase
in NTM-PD beginning in the mid-1990s, with a dramatic
increase in incidence in 2014 that was 2.6 times that in 2007
[8]. The same study showed that, beginning in the 1990s, cul-
ture- and smear-positive cases of tuberculosis declined mark-
edly. Similarly, the incidence of NTM-PD in Taiwan increased
significantly, from 1.26 cases/100 000 patients in 2006 to 7.94
cases/100 000 patients in 2008 [9].

Data from Ontario, Canada, show increases in both the annual
isolation and prevalence of pulmonary NTM [10]. The mean an-
nual increase in isolation of pulmonary Mycobacterium species
was 6.3% between 1998 and 2010, and the 5-year prevalence rate
of NTM-PD rose significantly, from 29.3 cases/100 000 persons
for 1998-2002 to 41.3/100 000 persons for 2006-2010 (Figure 1)
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Annual isolation prevalence and disease prevalence per 100 000 persons of pulmonary nontuberculous mycobacteria, Ontario, Canada, 1998-2010 [10].
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[10]. Data from the US show a similar trend in increasing NTM
incidence as well as regional differences in the incidence rates
[11]. The likely reasons for the increase in incidence of NTM are
multifactorial: Better detection and recognition among clinicians
and radiologists, changes in environmental NTM exposure, an
aging population, higher incidence of underlying chronic lung
disease, and more patients with suppressed immune systems are
all contributory factors.

From a worldwide convenience survey of expert centers in 2008,
MAC accounted for 47% of cases of NTM-PD, but its distribution
varied geographically, ranging from 31% in South America to 71%
in Queensland, Australia [12]. Distribution of isolates of pulmo-
nary NTM also varied considerably by geographic area. The inci-
dence of rapid growers ranged from a high of 31% of isolates from
Asia to 20% of isolates from both North and South America to 7%
in South Africa. These differences are important, as results of NTM
treatment studies from 1 geographic region cannot necessarily be
extrapolated to another without taking into account differential
NTM species distributions between such studies.

NTM-PD primarily affects people >60 years of age (Figure 2)
[7,13]. The incidence of NTM-PD is higher in women >60 years
of age and overall. Only in those <60 years of age is the inci-
dence of disease slightly higher in men than in women. These
trends in disease occurrence are consistent worldwide. Why
NTM-PD affects women to a greater extent is unclear but might
be related to a longer life span, higher likelihood of visiting a
doctor, or differences in risk (genetic, exposure).

The 5-year mortality in patients with NTM-PD is higher than
that in patients who do not meet the criteria for disease. Studies
from Ontario, Canada and from Oregon found that the hazard
ratio for mortality in those meeting the criteria for NTM dis-
ease, compared with those who were colonized, ranged from
1.23 to 1.37 [14, 15]. In both studies, compared with the general

population, the adjusted mortality was approximately 1.5 times
higher in those with NTM disease.

DIAGNOSIS OF MAC PULMONARY INFECTION

The most common mycobacterial species identified in cases of
NTM-PD are MAC, M. abscessus, and M. kansasii. The 2020
American Thoracic Society (ATS), European Respiratory Society
(ERS), European Society of Clinical Microbiology and Infectious
Diseases (ESCMID), and Infectious Diseases Society of America
(IDSA) diagnostic criteria for NTM-PD are summarized in Table 1
[16]. Patients must have symptoms, radiographic evidence of dis-
ease, and at least 2 sputum cultures or 1 bronchoalveolar lavage or
lung tissue culture positive for MAC. However, MAC diagnoses are
often delayed due to the nonspecific presentation of MAC-PD and
radiological findings that overlap with other pulmonary diseases
(18].

NTM-PD typically presents as 1 of 2 clinical phenotypes:
(1) older men with underlying lung disease such as chronic
obstructive pulmonary disease (COPD) and fibrocavitary ra-
diographic findings and (2) older, nonsmoking women with
nodular bronchiectatic disease [19]. However, it is important
to note that there is a great deal of overlap between these 2
phenotypes. In older females, NTM-PD has been termed the
“Lady Windermere” subtype after a character from an Oscar
Wilde play. Women tend to be tall, thin, often have scoliosis
or a pectus deformity, and typically have bronchiectasis in
the right middle lobe or lingula (Figure 3). Computed to-
mography typically shows bronchiolitis (“tree in bud”) as well
as nodularity and mucoid impaction. This form of NTM-PD
in women usually progresses slowly compared with that in
fibrocavitary disease. A Lady Windermere counterpart re-
cently was described in older males with low body mass index
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Figure 2. Average annual age- and sex-specific incidence of pulmonary nontuberculous mycobacterial disease in Oregon, 2007-2012 [7]. Adapted with permission of the
American Thoracic Society. Copyright 2020 American Thoracic Society. All rights reserved.
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Table 1. 2020 American Thoracic Society/European Respiratory
Society/European Society of Clinical Microbiology and Infectious
Disease/Infectious Diseases Society of America Diagnostic Criteria for
Nontuberculous Mycobacterial Pulmonary Disease

e Clinical criteria
— Pulmonary symptoms
— Radiographic evidence
AND
— Exclusion of other diagnoses
e Microbiologic criteria
— Positive culture results from at least 2 sputum specimens
OR

— Transbronchial or other lung biopsy with histology of granulomatous
inflammation and >1 positive culture from sputum or bronchial wash

Source: Daley et al [16].

Risk Factors

Risk factors for NTM-PD are listed in Table 2. Some environ-
mental risk factors might carry greater risk, such as a steam
sauna compared with gardening, but the relative risk associated
with environmental risk factors is unknown.

Bronchiectasis is both a risk factor for and a consequence
of NTM disease [22]. Bronchiectasis is associated with many
conditions, including cystic fibrosis, a-1 antitrypsin and em-
physema, primary ciliary dyskinesia, immunodeficiencies, au-
toimmune disorders, tuberculosis and other infections, and
gastroesophageal reflux disease with microaspiration. The
cause of NTM-PD associated with gastroesophageal disease is

more likely a rapid grower species such as M. fortuitum [23].

Figure 3.  Computed tomography scan from a 74-year-old woman with recurrent
Mycobacterium avium complex (MAC) pulmonary disease. This thin woman has
classic features of MAC pulmonary disease, including pectus excavatum and right
middle lobe and lingula bronchiectasis with infiltrate.

Table 2. Risk Factors for Pulmonary Nontuberculous Mycobacterial
Disease

e Underlying lung architectural abnormalities
— Bronchiectasis, cystic fibrosis
— o-1 antitrypsin, emphysema
— Prior infections, eg, tuberculosis
— GERD with microaspiration
e Exposure/transmission
— Gardening
— Hot tubs
— Others

Abbreviation: GERD, gastroesophageal reflux disease.

Rheumatoid arthritis is another risk factor for NTM disease,
as approximately 15%-20% of patients with rheumatoid ar-
thritis develop chronic, underlying interstitial lung disease, and
bronchitis. A population-based study with a 10-year follow-up
conducted in Taiwan showed that the risk of NTM disease in
patients with rheumatoid arthritis is 4.22 times greater than in
patients without rheumatoid arthritis [24].

Immunosuppressive therapy is a risk factor for tuberculosis
and NTM disease. A population-based study in the US found
that the risk of developing NTM disease in patients with rheu-
matoid arthritis receiving anti-TNF-a therapy was approxi-
mately 5 times greater than that in patients with arthritis who
had not received anti-TNF-a [25, 26]. The increased risk of
NTM-PD in patients with chronic pulmonary disease (COPD,
asthma) who take oral or inhaled corticosteroids is also well
documented [9, 27-30]. The risk associated with corticosteroid
use is dose and duration dependent. Oral doses of predni-
sone >15 mg and of inhaled corticosteroid in doses equivalent
to >800 mg of fluticasone are associated with elevated risk of
NTM-PD [28, 29]. Inhaled corticosteroid use for >5 years also
is associated with elevated risk of NTM-PD.

TREATMENT STRATEGIES

Studies of the natural history of NTM-PD provide insight on
disease progression. In 1 study of 488 patients who met the
ATS/IDSA diagnostic criteria for MAC-PD and were treatment-
naive, approximately 62% progressed, resulting in treatment in-
itiation within 3 years of diagnosis, while approximately 24%
remained stable and untreated [31]. Of those who remained
stable, sputum cultures spontaneously converted to negative in
approximately 52%. In another study of 551 patients who met
the diagnostic criteria for MAC-PD, approximately 59% pro-
gressed and received treatment within 3 years of diagnosis, 41%
remained stable requiring no treatment, and 52% of the stable
patients had spontaneous sputum conversion [32].

Several risk factors are associated with progression of
MAC-PD and initiation of treatment (Table 3) [31-33]. Patient
factors include young age, male sex, low body mass index, and
having comorbidities. Elevated inflammatory markers, anemia,
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Table 3. Risk Factors Associated With Progression of Nontuberculous
Mycobacterial Pulmonary Disease

* Host/demographic
- Male sex
— Younger age
— Presence of comorbidities
— Low body mass index
e Radiographic
— Fibrocavitary disease
— Extent of disease
e | aboratory
— Elevated inflammatory indices (ESR, CRP)
— Anemia
— Hypoalbuminemia
e Microbial
— Bacterial load
— Species

Sources: Hwang et al [31], Kwon et al [32], Moon et al [33].

Abbreviations: CRE, C-reactive protein; ESR, erythrocyte sedimentation rate.

and hypoalbuminemia are among the laboratory risk factors.
Patients with fibrocavitary and/or more extensive disease are
more likely to have disease progression. Not only the bacterial
load but also the species of Mycobacterium are associated with
progression of NTM. For example, M. intracellulare might be
more pathogenic than M. avium [31].

Initiating Treatment

Before initiating treatment, antimicrobial susceptibility testing
is necessary. Current guidelines recommend testing the
organism’s susceptibility to clarithromycin (macrolide class
representative) and to amikacin because these are the only
drugs for which in vitro susceptibility correlates with treat-
ment outcome [34]. The breakpoints for resistance are >32 ug/

mL for clarithromycin, >64 ug/mL for intravenous amikacin,
and >128 pg/mL for amikacin liposome inhalation suspen-
sion (ALIS). Susceptibility testing might be performed on the
second-line drugs moxifloxacin and linezolid or potentially
other drugs; however, their clinical effectiveness is unproven.

A treatment algorithm for pulmonary MAC disease is shown
in Figure 4 [35]. The first consideration for initiating treatment
is whether the organism is susceptible to a macrolide. A second
consideration is whether there is radiographic evidence of cav-
itary disease. Patients with cavitary disease are prescribed daily
treatment with a 3-drug regimen, and depending on the extent
of the disease, patients also may receive intravenous amikacin
for 2 months. The preferred macrolide is azithromycin, and it
should be given with ethambutol and a rifamycin (rifampin is
preferred if drug-drug interactions do not preclude its use).
Patients without cavitary disease are prescribed a thrice-weekly,
3-drug regimen because studies have demonstrated similar ef-
ficacy and better tolerance when compared with daily adminis-
tration [36, 37]. If the organism is not susceptible to a macrolide,
a daily regimen with rifampin, ethambutol, and another drug
such as clofazimine, moxifloxacin, or bedaquiline is recom-
mended. Intravenous amikacin also may be added, as improved
outcomes have been shown in patients with macrolide-resistant
MAC disease. The duration of treatment is the time to achieve
a 12-month period of negative cultures, necessitating collection
of sputum cultures every 1-2 months.

There is about an 80% rate of culture conversion to neg-
ativity in patients with noncavitary macrolide-sensitive dis-
ease and a range of 50%-80% in patients with cavitary disease
[36-38]. Macrolide monotherapy, or a combination regimen
of a macrolide with a quinolone, is particularly associated with
the development of macrolide resistance [35]. In patients with
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macrolide-resistant MAC-PD, the rate of sputum culture con-
version is very low (5%-15%) [35, 39]. However, the rate of
sputum culture conversion can be increased significantly with
surgical resection plus an intravenous aminoglycoside adminis-
tered for >6 months [35, 39].

Recurrence, including both relapse and reinfection, of MAC
infection is common after a successful treatment course. In a
study of 155 patients with nodular bronchiectatic disease, mi-
crobiologic recurrence (culture negative at the end of treatment
that became positive) occurred in 48% of patients and a new in-
fection in 75% determined by pulsed-field electrophoresis [37].
Another group reported a 25% recurrence rate in 190 patients,
and 46% of patients developed a new infection determined by
pulsed-field electrophoresis [40]. A third study of 402 patients
found a 29% rate of microbiologic recurrence and a 74% rate
of new infection determined by repetitive element sequence—
based polymerase chain reaction [36]. In this study, patients
with nodular bronchiectatic disease were twice as likely as pa-
tients with fibrocavitary disease to have a microbiologic recur-
rence, indicating the need for lifelong follow-up.

Refractory MAC-PD

Patients with MAC-PD should have several sputum cultures
performed during their treatment course. The Nontuberculous
Mycobacteria Network European Trials Group (NTM-NET)
consensus panel defined treatment failure as “the re-emergence
of multiple positive cultures or persistence of positive cul-
tures with the causative species from respiratory samples after
>12 months of antimycobacterial treatment while the patient is
still on treatment” [5]. However, waiting for 12 months to con-
sider someone to have failed treatment could result in further
unnecessary disease progression if something could be done
earlier in the course of therapy to improve treatment.

Several studies provide evidence to suggest that we can deter-
mine who is likely to fail treatment much earlier than 12 months
into therapy. In a study of 180 patients treated with standard
therapy for MAC-PD, 83% of patients had sputum conversion
to culture-negative [41]. The change from baseline to month 3
in semiquantitative sputum culture score was highly predictive
of subsequent sputum culture status at 12 months as well as
treatment success. Others have shown that culture conversion
by 6 months predicts culture status at 12 months [42]. A study
of 470 treatment-naive patients with MAC-PD found that 76%
achieved culture conversion to negative within 12 months of
treatment. Of those patients, 94% were culture-negative within
6 months of treatment. For the 24% of patients who did not
achieve culture conversion to negative at 12 months, 93% did
not have negative culture conversion at 6 months. Accordingly,
patients who have not converted their culture by 6 months of
therapy are unlikely to do so, and such patients are considered
to have “treatment-refractory” disease. Together, these studies
strongly suggest that culture status or change in semiquantitative

cultures in the first 6 months of therapy is predictive of subse-
quent response to therapy.

Optimum treatment of patients with refractory MAC-PD has
yet to be determined. Several retrospective studies of different
treatment strategies reported approximately 30%-50% culture
conversion rates [43-47]. A study of 20 patients who switched
from intermittent to daily treatment found that 30% achieved
culture conversion to negative [43]. In 87 patients with refrac-
tory NTM-PD who had failed previous therapy, 50% of patients
treated with clofazimine converted to culture-negative within
12 months [44]. Of 41 patients with MAC-PD and persistent
positive cultures after >6 months of standard therapy who were
then treated with a moxifloxacin-containing regimen, 29% had
sputum culture conversion to negative after a median of 91 days
[45]. A study of off-label use of bedaquiline in 10 patients with
NTM-PD who had failed therapy found that 50% had 1 or more
culture conversions to negative after 6 months of therapy [46].

One prospective, open-label, randomized study (CONVERT)
evaluated the addition of ALIS to guideline-based therapy
(n=224) vs guideline-based therapy alone (n=112) in patients
with treatment-refractory MAC-PD (MAC-positive sputum
cultures with >6 months of treatment) [48]. The primary end-
point of the study was the percentage of patients with sputum
culture conversion to negative, defined as 3 consecutive monthly
MAC-negative cultures by month 6. Beginning at month 1 and
continuing throughout treatment, a greater percentage of pa-
tients treated with the ALIS-containing regimen achieved
negative sputum cultures compared with patients treated with
guideline-based therapy (Figure 5) [48]. At month 4, there was a
significant difference in response favoring the ALIS-containing
regimen: 29% vs 8.9% had negative sputum cultures for NTM
(adjusted odds ratio, 4.22; P<.001). The microbiologic response
occurred up to an amikacin minimum inhibitory concentration
of <64 pg/mL. Patients who experienced culture conversion
demonstrated greater improvement in 6-minute walk distance
than nonconverters. There was no improvement in quality of
life as measured by an instrument that has not been validated in
patients with NTM-PD.

Respiratory treatment-emergent adverse events were much
more common with ALIS therapy: dysphonia (45.7% vs 0.9%),
cough (37.2% vs 15.2%), dyspnea (21.5% vs 8.9%), hemoptysis
(17.5% vs 13.4%), and oropharyngeal pain (10.8% vs 1.8%).
These adverse events, including dysphonia, typically occurred
in the first month of therapy with declining incidence of new
onset thereafter [48]. Audiological treatment-emergent ad-
verse events also were more common with ALIS therapy: tin-
nitus (7.6% vs 0.9%) and dizziness (6.3% vs 2.7%). Hearing
loss was not more common with ALIS therapy (4.5% vs 6.3%),
and the occurrence of serious adverse events was similar for
the ALIS-containing and guideline-based regimens (20.2% vs
17.9%). ALIS is currently approved by the US Food and Drug
Administration for the treatment of adults who have limited
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or no alternative options for the treatment of MAC-PD as part
of a combination antibacterial drug regimen in patients who
do not achieve negative sputum cultures after a minimum of
6 consecutive months of a multidrug background regimen
therapy [49]. The approved dose is 590 mg/8.4 mL once daily,
administered using a Lamira nebulizer system. Monitoring
parameters include baseline and periodic (eg, every 3 months)
audiograms and baseline spirometry, which is repeated as nec-
essary (eg, if there is cough or shortness of breath). The la-
beling for ALIS includes a black box warning for an increased
risk of respiratory adverse reactions. Clinically, it is impor-
tant to utilize strategies that reduce the risk of dysphonia and
cough, such as predosing with a bronchodilator or a break in
therapy and reintroducing ALIS on a thrice-weekly regimen
with an increase to daily therapy.

Adjunctive Therapy

In addition to antimicrobial treatment, the patient’s underlying
lung disease as well as other comorbidities should be addressed.
For patients with bronchiectasis, airway clearance is a critical
component of therapy and should be individualized to the
patient’s needs. Exercise and pulmonary rehabilitation should
be encouraged, and nutrition should be improved.

Surgical resection of involved lung may be helpful in
selected patients who have localized disease and who can tol-
erate surgery. Patients who may benefit from surgery include
those who are failing therapy or have macrolide-resistant dis-
ease or other significant disease-related complications such
as hemoptysis. In general, treatment outcomes in surgical
series reported culture conversion rates of approximately 80%
postoperatively with low complications rates, particularly
when video-assisted thoracoscopic approaches are used [50].
Whenever possible, surgery should be performed by a surgeon

with considerable experience with resectional surgery for my-
cobacterial disease [51].

RESEARCH PRIORITIES

An NTM Research Consortium Patient Advisory Panel met in
2015 with the goal of defining patient-centered research pri-
orities for NTM pulmonary infections. The groups priorities
for research in the areas of treatment and clinical outcomes
are summarized in Figure 6 [52]. Among the top research pri-
orities were the prevention of NTM infection, more effective
treatments with fewer adverse effects and easier administration,
understanding the best chest physiotherapy methods, use of
validated tools to measure quality of life, and development of a
disease-specific activity and severity assessment tool.

Diagnosis of NTM-PD requires collection of respiratory spe-
cimens for culture and susceptibility testing, which can take
weeks to months to obtain a result in many clinical settings.
More rapid identification, speciation, and assessment for mo-
lecular markers of resistance would improve our diagnostic
capabilities. Biomarkers that can predict which patients are
more likely to develop progressive disease would improve the
ability of providers to determine which patients would benefit
most from antimicrobial therapy.

New treatments being studied include repurposed
antimicrobials, new antimicrobials or new formulations,
and nonantimicrobial drugs, among others (Table 4).
Antimicrobial agents that are being used but require ad-
ditional study, including alternate routes of administra-
tion, are bedaquiline, clofazimine, and tedizolid. Several
nonantimicrobial drugs administered by inhalation, in-
cluding nitric oxide, granulocyte-macrophage colony-stim-
ulating factor, and gallium, currently are in clinical trials
[53]. Mycobacteriophages are in early stages of development.
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Figure 6.

Research priorities for nontuberculous mycobacterial pulmonary infections.

Develop and evaluate alternative delivery
systems for IV antibiotics

Repurpose existing therapies

Develop new, more effective drugs with a
shorter therapy duration

Role of therapy in mild cases to prevent
disease progression

Predictors of treatment response
Develop a composite index of disease
activity or severity that includes
microbiological, chest-imaging, and
quality-of-life measures

Identify biomarkers associated with
disease risk, prognosis, or treatment
response

Abbreviations: IV, intravenous; NTM, nontuberculous mycobacteria.

Table 4. Potential New Treatment Approaches Currently Under Study for
Mycobacterium avium Complex Pulmonary Disease

* Repurposed antimicrobials
- Bedaquiline
— Clofazimine
- Tedizolid
— Omadacycline

Nonantimicrobial drugs
— Inhaled nitric oxide
- Inhaled GM-CSF

— Inhaled gallium

New antimicrobials or formulations
— Gyrase inhibitor

— Oral amikacin

— Inhaled clofazimine

Other

— Bacteriophage

Abbreviation: GM-CSF, granulocyte-macrophage colony-stimulating factor.

Research continues to identify a scientific approach to pre-
vent recurrence of MAC-PD.

CONCLUSIONS

NTM includes many species that are ubiquitous in the en-
vironment. The principal causative species for NTM-PD
are members of MAC. Several groups in multiple countries
have documented the increasing incidence of MAC-PD. Not
all patients with risk factors and who meet the criteria for
MAC-PD require treatment initially, but most will at some
point during the course of their disease. Those with bron-
chiectasis require pulmonary hygiene and treatment of
other comorbidities while the decision whether to treat the
MAC infection is being made. Antimicrobial susceptibility

testing for macrolides (clarithromycin or azithromycin)
and amikacin is recommended for MAC disease. A 3-drug
macrolide-containing regimen is recommended as the initial
regimen, which is administered for 12 months beyond cul-
ture conversion to negative. A thrice-weekly regimen is re-
commended for patients with noncavitary disease, and a daily
regimen for those with cavitary disease or in those under-
going retreatment. Intravenous amikacin is recommended for
patients with macrolide-resistant or cavitary disease. Patients
with refractory disease should be considered for ALIS if their
sputum cultures have not converted to negative by 6 months.
Patient education, active monitoring, and management strat-
egies are important for improving patient adherence and
tolerance to ALIS treatment. Surgery might be helpful in
selected patients. Ongoing research for additional treatment
options is critical, as outcomes in patients with macrolide-
resistant MAC-PD are poor.

Supplementary Data

Supplementary materials are available at The Journal of Infectious
Diseases online. Consisting of data provided by the authors to
benefit the reader, the posted materials are not copyedited and
are the sole responsibility of the authors, so questions or com-
ments should be addressed to the corresponding author.
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POSTTEST

To receive credit, please complete the online CME posttest,
with a score of 70% or better, and evaluation form at:
www.rockpointe.com/NTMsupplement. The posttest ques-

tions are listed below for your reference and convenience.
They are identical to the posttest you will find online.

However, to receive credit, you must complete the online
form at: www.rockpointe.com/NTMsupplement. If you are
experiencing problems or have any questions, please email
cme@rockpointe.com.

1. Jane is a 66-year-old Hispanic female, US-born citizen with
40 pack-year smoking history. She has rheumatoid arthritis
(RA), chronic obstructive pulmonary disease (COPD), a
10-week history of productive cough, fever, malaise, and night
sweats. She is on infliximab and prednisone. She spent 1 year
in Southeast Asia 30 years ago as a Peace Corps volunteer. She
was screened for tuberculosis prior to starting infliximab 1
year ago. That tuberculin skin test was negative, and she does
not remember having a tuberculin skin test prior to 1 year
ago. What factors in Jane’s history suggest she may be at risk
for having tuberculosis?

Having lived in Southeast Asia
Immunosuppression
Both a and b are correct

a0 o

Neither a nor b is correct

2. What is the recommended initial treatment for noncavitary
nodular bronchiectatic macrolide-susceptible nontuberculous
mycobacterial pulmonary disease?

a. Azithromycin, rifampin, and ethambutol 3 times a
week

b. Levofloxacin, rifampin, and ethambutol daily

c. Azithromycin, rifampin, and ethambutol daily

d Intravenous amikacin, azithromycin, rifampin, and

ethambutol 3 times a week

3. Which of the following are included in current diagnostic cri-
teria for pulmonary NTM?

a. Radiographic evidence of disease, pulmonary symp-
toms, and at least 1 positive sputum culture

b. Radiographic evidence of disease, pulmonary
symptom, and at least 2 positive sputum cultures

c. Radiographic evidence of disease, pulmonary symp-
toms, and 1 broncho-alveolar lavage or tissue spec-
imen with positive culture

d Both b and c are correct

d. None are correct

4. Ellen is
Mycobacterium avium complex (MAC) on 2 previous occa-

a 65-year-old white woman treated for

sions with macrolide, rifampin, and ethambutol. She now
has an acid-fast bacilli smear-positive sputum specimen

and culture positive for Mycobacterium intracellulare.

What would be your next step in managing this patient?

a. Refer for bronchoscopy
Order antimicrobial susceptibility testing

Initiate treatment with azithromycin and a
fluoroquinolone

d. Do not initiate treatment but follow for evidence of
progression

5. Which patient/demographic feature is associated with in-
creased risk of progression in patients with MAC pulmonary

disease?

a. Low body mass
b. Female sex

c. Adolescence

d. Asian descent

6. Should Ellen be restarted on a 3-drug regimen before the re-
sults of the culture and sensitivity are reported?

a. Yes
No
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7.By 6 months, Ellen was still culture-positive on daily
azithromycin, rifampin, and ethambutol. Antimicrobial sus-
ceptibility test results were as follows: clarithromycin min-
imum inhibitory concentration (MIC) >32 ug/mL; amikacin
MIC = 32 pg/mL.

What would be your next step in managing this patient?

a. Add moxifloxacin to the regimen

b. Add amikacin liposome inhalation suspension to the
regimen

C. Continue the current regimen

Stop the current regimen and follow for further
progression

8. Azithromycin was stopped, ethambutol and rifampin were

continued, intravenous amikacin was added, and clofazimine
was added. After 8 weeks of intravenous amikacin, inhaled
amikacin was substituted.

Which of the following testing/monitoring would you need
to discuss with Ellen prior to initiating amikacin liposome
inhalation suspension therapy?

Blood sugar assessment
Hearing evaluation with audiograms
Visual acuity testing

a0 o

Liver function assessment

. Because Ellen had macrolide-resistant MAC with a large

cavity in the right lower lobe and lingula and bronchiectasis
in her right middle lobe, Ellen underwent video-assisted
thoracoscopic surgical resection of her lingula, her right
middle lobe, and her superior segment done serially over
several months. Ellen continued treatment with amikacin
liposome inhalation suspension, rifampin, ethambutol, and
clofazimine for 12 months after surgery. Her sputum cultures
converted to culture-negative. Can Ellen’s treatment be dis-
continued at this time?

a. Yes
No

Diagnosis and Management of MAC « JID 2020:222(S4) (Suppl4) « S211



