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Abstract:

Nontuberculous mycobacterial (NTM) infections are an emerging problem. Common organisms include
Mycobacterium avium, M. intracellulare, and M. kansasii, along with the M. avium intracellulare complex
(MAC), which includes both M. avium and M. intracellulare. Typically, NTM infections affect the lungs and
subsequently demonstrate a chronic course. Therefore, persistent respiratory symptoms generally indicate of
the presence of pulmonary NTM diseases, and chest radiography, along with a sputum examination, are es-
sential for its diagnosis. Because NTM are ubiquitous environmental organisms, a positive culture from a
minimum of two separate expectorated sputum samples are required to make a diagnosis. The repertoire of
effective drugs for treatment is considerably limited, indicating the need for long-term management with mul-
tiple drugs. Establishing a treatment regimen with high therapeutic efficacy and safety is an important issue

for the future.
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Overview

Nontuberculous mycobacteria (NTM) include all myco-
bacteria except for Mycobacterium tuberculosis. Unlike tu-
berculosis, NTM etiologies are purely environmental, so pa-
tient isolation is not particularly important. Since these in-
fections primarily affect the lungs, their clinical manifesta-
tions are characterized by cough, sputum, malaise, bloody
sputum, and dyspnea. Patients may present with weight loss,
fatigue, and appetite loss, indicating the presence of chronic
inflammation. Common causative organisms include M.
avium, M. intracellulare, M. kansasii, and the M. avium in-
tracellulare complex (MAC), which includes both M. avium
and M. intracellulare.

The Diagnosis of NTM Lung Disease

In 2007, the American Thoracic Society (ATS) and Infec-
tious Disease Society of America (IDSA) jointly established
a set of diagnostic criteria for NTM lung disease (1). The
diagnosis is based on characteristic radiographic findings

and positive culture results from at least two separate expec-
torated sputum samples, without the need for a clinical
manifestation. The Japanese guideline, which was jointly es-
tablished by the Japanese Society for Tuberculosis and Japa-
nese Respiratory Society, recommends similar diagnostic cri-
teria (2). In 2020, the ATS/European Respiratory Society
(ERS)/European Society of Clinical Microbiology and Infec-
tious Diseases (ESCMID)/IDSA guidelines were published,
and the updated guidelines recommend the use of the same
diagnostic criteria as before (3).

Radiographic Findings

Occasionally, an early diagnosis of asymptomatic NTM
diseases may be established by chest radiography performed
for screening purposes. However, the radiological findings
of NTM lung diseases vary depending on the causative or-
ganism. Findings that are consistent with NTM lung disease
on chest X-ray or high-resolution computed tomography
(CT) include infiltration (usually nodular or reticular nodu-
lar), cavity, multifocal bronchiectasis, and/or multiple nod-
ules (4). Although the presence of pleural exudate is particu-
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Figure 1.

Nodular-bronchiectatic form of pulmonary MAC

disease. High-resolution CT (1.0-mm collimation) of the right
mid-lobe demonstrates dilated bronchi accompanied by scat-
tered small nodules.

larly rare, reactive pleural thickening can often be seen.

Characteristic imaging findings suggest that pulmonary
MAC diseases include the following two types: nodular/
bronchiectatic (NB; Fig. 1) and fibrocavitary (FC; Fig. 2)
diseases, with the former considered to account for the ma-
jority of cases, being commonly observed among middle-
aged and older women without a history of smoking. A
minimum of 50% of patients with MAC lung disease dem-
onstrate radiographic abnormalities that are characterized by
nodules associated with bronchiectasis or NB disease. Nod-
ules and bronchiectasis are observed in the right middle lobe
and left lingular segment (5). High-resolution CT of the
chest is particularly useful for diagnosing this pattern of
MAC lung diseases, since bronchiectasis and nodules are
difficult to distinguish from simple chest radiographs (6).
Despite the fact that the clinical course and prognosis of NB
disease show considerable variation, the prognosis is rela-
tively good. Radiological patterns of nodular/bronchiectatic
properties are also observed in other NTM pathogens, such
as M. abscessus.

FC disease is typically prevalent among elderly men with
preexisting lung diseases, including emphysema and obso-
lete tuberculosis. FC disease generally progresses rapidly
and is considered a risk factor with a poor prognosis, high-
lighting the importance of early intervention. Cavities gener-
ated by NTM pathogens tend to have thinner walls than
those caused by tuberculosis (7, 8). M. kansasii- and M.
szulgai-associated lung diseases exhibit clinical symptoms
and imaging findings similar to those of pulmonary tubercu-
losis (e.g. cavities and nodules in the apex of the lung).

Pulmonary MAC diseases other than FC and NB types in-
clude the isolated nodule type, systemic dissemination
type (9), and hypersensitive pneumonia type (10). Numerous
factors, including host factors (11), pathogen virulence, and
conditions of exposure, reportedly determine the type of dis-
ease.

24

Figure 2. Fibrocavitary form of pulmonary MAC disease.
High-resolution CT (1.0-mm collimation) shows a thin-walled
cavity surrounded by homogeneous opacities in the right upper
lobe.

Performing a Microbiologic Evaluation

Microbiological confirmation is essential for the diagnosis
of NTM Iung diseases. As NTM are ubiquitous environ-
mental organisms, a positive sputum culture may be associ-
ated with environmental contamination or noninvasive colo-
nization in patients with chronic lung disease. Therefore,
positive culture results from at least two separate expecto-
rated sputum samples are required for a diagnosis (1).
Good-quality sputum is essential for both making a diagno-
sis and monitoring treatment efficacy. Sputum induction
with hypertonic saline facilitates the acquisition of good-
quality sputum in patients who are unable to expectorate
sputum. Bronchial lavage obtained by bronchoscopy is not
particularly affected by environmental contamination; there-
fore, the disease diagnosis can be confirmed through one or
more positive culture results. Sample smear and cultivation
should be simultaneously performed to ensure a prompt di-
agnosis; however, if smear results are positive and tuberculo-
sis cannot be ruled out, it is important to consider an addi-
tional nucleic acid amplification method.

Making a Serodiagnosis

Studies have investigated the usefulness of serological di-
agnostic technology for diagnosing MAC diseases. A sero-
logic diagnostic tool to detect IgA antibodies against MAC-
specific glycopeptidyl lipid core antigen using an enzyme
immunoassay has been available in Japan since 2011. A
study previously demonstrated favorable results for both the
sensitivity and specificity in association with this assay (12).
However, further research is needed to verify the utility of
this technology.
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Susceptibility Testing

While the usefulness of drug susceptibility tests for pul-
monary NTM diseases has not been fully established, a drug
susceptibility test method for NTM known as M24 has been
established by the United States Clinical and Laboratory
Standards Institute (13) and been adopted in the guidelines
of both the US and Japan (1, 2). The international guide-
lines revised in 2020 (3) recommend treatment based on
macrolide and amikacin susceptibility rather than empiric
therapy for MAC lung disease. Similarly, for M. kansasii
lung disease, treatment based on rifampicin susceptibility is
recommended over empiric therapy.

Treatment

Treatment decisions are made by evaluating the expected
risks and benefits of treatment. It is important to consider
the immune status in immunocompromised hosts, and close
observation should be performed. Treatment of pulmonary
NTM infection depends on the infectious organism species.
Generally, the repertoire of effective drugs is limited, sug-
gesting the need for long-term management with multiple
drugs.

Pulmonary MAC Disease

The timing of treatment is left to the discretion of the as-
sociated physician, and key components in the evaluation of
patients are the clinical course, manifestation, imaging find-
ings, and immune status, among other parameters. In brief,
multidrug therapy including clarithromycin is essential for
the treatment of this disease, based on the findings of previ-
ous studies (14-16). Although clarithromycin is considered a
key drug, monotherapy should be strictly avoided due to
concerns regarding drug-resistant strains (17).

The ATS/IDSA guideline (1) and ATS/ERS/ESCMID/
IDSA guideline (3) recommend a three-drug, macrolide-
based regimen for nodular bronchiectatic disease, including
clarithromycin (500 mg twice per day), ethambutol (25 mg/
kg per day), and rifampin (600 mg) 3 times per week. A
treatment regimen with daily doses of clarithromycin (500
mg twice per day), ethambutol (15 mg/kg per day), and ri-
fampin (10 mg/kg, 450 mg to 600 mg per day) is recom-
mended for FC disease and severe nodular bronchiectatic
disease. In addition, streptomycin or amikacin (10-15 mg/
kg, 3 times per week) for the first 2 to 3 months should be
considered in patients with FC disease, since these drugs are
particularly effective for extracellular bacillus. In these regi-
mens, clarithromycin and rifampin may be replaced by
azithromycin and rifabutin, respectively. Dose modification
is required for the elderly, and those with renal dysfunction
and a low body weight to avoid adverse effects (1, 3, 18),
and the Japanese guideline recommends a similar treatment
regimen with lower daily doses of clarithromycin (600 to

25

800 mg) (19). However, the ATS/IDSA guideline and up-
dated ATS/ERS/ESCMID/IDSA guideline recommends a
minimum of one year of therapy after consecutive negative
sputum cultures (1, 3), as there is limited evidence of the ef-
ficacy of these regimens and no consensus regarding the op-
timum duration for therapy. In addition, there is a lack of
biomarkers for monitoring the therapeutic efficacy aside
from sputum culture. Further investigations are thus required
to determine the optimum therapeutic duration.

Because of the long-term nature of combination therapy
for pulmonary MAC disease, side effects and drug interac-
tions are of concern. To illustrate, rifampin reduces the
blood concentration levels of clarithromycin (20, 21), which
may lead to a decline in therapeutic efficacy. In addition, ri-
fampin also modifies the levels of the corticosteroid admin-
istered to the patient. Considering this, a therapeutic regimen
without rifampin is currently being explored. A previous
study suggested that a two-drug regimen with clarithromycin
and ethambutol can achieve clinical efficacy equivalent to or
better than a three-drug regimen with rifampin (21). Al-
though the international guidelines revised in 2020 continue
to recommend triple therapy (3), treatment regimens that do
not considerably burden patients are needed.

M. kansasii Infection

According to the US treatment guideline published in
2007, the standard regimen for treating M. kansasii disease
includes rifampin (600 mg/day), isoniazid (300 mg/day), and
ethambutol (600 mg/day) over a period of 12 months of
negative sputum cultures (1). Generally, better therapeutic
effects are expected with this disease than with pulmonary
MAC diseases. However, pulmonary disease associated with
M. kansasii may subsequently deteriorate in the absence of
an appropriate treatment intervention, highlighting the im-
portance of performing antimicrobial chemotherapy in all
cases. One year after a negative sputum culture has been ob-
tained is the recommended treatment duration, similar to
that for pulmonary MAC diseases. Recurrence is typically
associated with concern regarding the involvement of
rifampin-resistant strains; however, considering their rarity
during the initial treatment, there is no need to routinely
perform a drug susceptibility test. The international guide-
lines revised in 2020 suggest that either isoniazid or macrol-
ides should be used in combination with rifampicin and
ethambutol (3).

Surgical Management

Conservative treatment includes a
clarithromycin-containing regimen; however, lung resection
may be considered if drug therapy alone does not success-
fully eradicate the pathogens and associated symptoms. Sev-
eral single-institution retrospective studies including a few
patients suggested that a good treatment outcome may be at-
tributed to surgical intervention (22, 23). The ATS/IDSA

primarily
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guideline suggests that surgical resection of limited (focal)
disease in patients with a sufficient cardiopulmonary reserve
to tolerate partial or complete lung resection can be success-
ful when performed in combination with multidrug treat-
ment regimens (1). There are no established criteria for pa-
tient selection; however, in cases refractory to drug therapy,
with macrolide-resistant strains, or with serious complica-
tions, including hemoptysis, surgical intervention may be
necessary. Considering the potentially severe perioperative
complications, it is important to perform procedures in cen-
ters with expertise in both the medical and surgical manage-
ment of mycobacterial diseases.

The Prognosis

A meta-analysis of HIV-negative patients with pulmonary
MAC disease reported a treatment success rate of 38% in
total patients (24). Furthermore, about 60% of patients with
pulmonary MAC disease subsequently demonstrated con-
secutively negative sputum cultures with a standard regi-
men (25). However, a definitive treatment for pulmonary
MAC disease has not yet been identified. Factors that pre-
dict a poor prognosis include FC form, positive sputum
smear, and M. intracellulare as the causative organism (26).

In addition, studies have reported associations between
the variable number of tandem repeats (VNTR) profiling
data and the therapeutic response in patients with pulmonary
MAC diseases (27). This method may thus be useful for
predicting the therapeutic reactivity of pulmonary MAC dis-
eases.

Special Consideration Applicable to
RA Patients

Recent studies have determined that patients with rheuma-
toid arthritis (RA), and anti-TNF-alpha therapy are at an in-
creased risk for NTM diseases. An epidemiological study
performed in Asia revealed that the incidence of NTM dis-
eases was 4.22 times greater in the RA group than in the
non-RA group (28). The adjusted hazard ratio of NTM dis-
ease for the RA group was 4.17 (95% confidence interval:
2.61-6.65). In addition, a study in North America revealed
that the adjusted hazard ratio for NTM disease was 2.08
(95% CI: 1.84-2.32) in the RA group, relative to the non-
RA group (29). Furthermore, a review of the US Food and
Drug Administration (FDA) Med Watch database for pa-
tients receiving anti-TNF-alpha therapy (30) showed that
44% of these patients had been diagnosed with NTM dis-
eases. The median patient age was 62 years old; most pa-
tients (65%) were women, and most (70%) had RA. M.
avium (50%) was the most commonly implicated bacteria,
and the pulmonary region was the most frequently reported
site of disease (56%).

The relatively frequent occurrence of pulmonary NTM
disease in RA patients may be associated with preexisting
structural abnormalities, such as those due to extraarticular

26

involvement by RA. Therefore, pretreatment screening and
appropriate management of NTM diseases are required in
RA patients undergoing anti-TNF-alpha therapy. It is impor-
tant to perform high-resolution CT before administering bio-
logical agents in order to evaluate the presence of airway
disease. If the presence of NTM diseases is suspected, mul-
tiple sputum examinations or sampling by bronchoscopy
should be considered. A serological assay is a promising
technique in this context.

Furthermore, the imaging findings of airway diseases
commonly complicating RA are similar to those of NTM
disease on high-resolution CT, making it particularly diffi-
cult to differentiate between the two. In addition, coloniza-
tion of NTM in the airway is not so very rare in RA pa-
tients; therefore, NTM diseases should be strictly diagnosed
according to the diagnostic criteria in this setting. In princi-
ple, the use of biologics in patients with confirmed pulmo-
nary NTM disease is contraindicated. However, in cases
with NB forms of MAC lung disease, the use of biologics
may be considered after carefully weighing the balance of
the risks and benefits (31).
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