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Abstract

Non-tuberculous mycobacteria (NTM) are ubiquitous organisms in 
the environment that can potentially cause a range of pulmonary and 
extrapulmonary infections in humans. Epidemiological risk factors 
and the host’s immune status determine the susceptibility to vari-
ous clinical syndromes caused by different NTM species. Non-tu-
berculous mycobacteria pulmonary disease (NTM-PD) is primarily 
reported in patients with underlying lung disease. These infections 
often pose a significant disease burden on affected patients as they are 
often chronic, difficult to treat, and necessitate long-term multi-drug 
therapy. Mycobacterium avium complex (MAC) is the most common 
causative pathogen of NTM-PD in the USA, followed by Mycobacte-
rium kansasii (M. kansasii). Less common species in the USA include 
Mycobacterium xenopi (M. xenopi), Mycobacterium abscessus, and 
others, largely depending upon the geographic location and exposure 
to species-specific predisposing risks. In this case series, the authors 
report on three elderly patients with chronic lung diseases who had 
pulmonary NTM disease caused by M. xenopi and MAC. The pa-
tients were encountered in both inpatient and outpatient settings from 
a community-based hospital in the midwestern USA. The clinical and 
radiological features of NTM-PD masqueraded as malignancy and 
posed a diagnostic dilemma. The epidemiology, clinical and radiolog-
ical features, diagnosis, and management of NTM-PD are reviewed 
in this report.
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Introduction

Non-tuberculous mycobacteria (NTM) are a heterogeneous 
group of free-living organisms that have the potential to cause 
pulmonary and less commonly extrapulmonary infections in 
humans [1, 2]. NTM infections exhibit a wide geographical 
variation worldwide [1-4]. Mycobacterium avium complex 
(MAC) is the most reported species causing pulmonary dis-
ease globally, followed variably by Mycobacterium kansasii 
(M. kansasii), Mycobacterium xenopi (M. xenopi), and other 
NTM, largely depending on geographic location [3, 4]. M. xen-
opi is the second most pathogen of pulmonary NTM infections 
in Canada, southwest Europe, and UK [4], while M. kansasii is 
only behind MAC as an isolated organism of non-tuberculous 
mycobacteria pulmonary disease (NTM-PD) in the USA, pre-
dominately Southwest and Midwest regions of the USA [5]. 
The usual infection route is inhaling airborne particles from an 
environmental source [1-3]. NTM infections are universally 
not contagious [1, 3].

The majority of NTM-PD were reported in hosts with 
underlying lung diseases, mostly chronic obstructive pulmo-
nary disease (COPD), cystic fibrosis, bronchiectasis, and prior 
mycobacterial tuberculosis [6]. Despite immune deficiency 
being considered a risk factor for NTM lung infections, im-
munocompromised patients comprise only a small population 
of those with pulmonary disease, in contrast to typical myco-
bacterial tuberculosis [6]. The clinical features of NTM lung 
disease are variable and usually mimic the symptoms of pre-
existing lung diseases [4, 6, 7].

The diagnosis of NTM-PD is challenging, partly because 
of the nonspecific nature of their clinical features and radiolog-
ical characteristics [1, 4, 6]. The diagnosis typically requires 
specific microbiological criteria in the presence of pulmonary 
symptoms and suggestive radiological findings [2, 6]. The 
microbiological criteria entail either two positive sputum cul-
tures, a positive culture from a bronchial wash or lavage, or a 
lung biopsy with histologic findings of mycobacterial infec-
tion in the presence of a positive culture [7].

Herein, the authors present a series of three elderly pa-
tients with chronic lung diseases, who were diagnosed with 
NTM-PD from a community-based hospital in the midwestern 
USA. The infections were caused by M. xenopi in two patients 
and MAC in the third patient. The NTM-PD masqueraded 
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clinically and radiologically as lung malignancy, which posed 
a diagnostic dilemma. The current literature reporting on the 
epidemiology, clinical and radiological features, diagnosis, 
and management of NTM-PD is briefly reviewed in this com-
munication.

Case Reports

Case 1

Investigations

A 67-year-old male with a past medical history of heavy smok-
ing (a 55-pack-year), emphysema, and occupational asbestos 
exposure, presented initially to the pulmonary outpatient clinic 
for abnormal findings on a low-dose computed tomography 
(CT) scan for lung cancer screening. The patient was asympto-
matic, and the physical exam was only notable for a hyperin-
flated chest wall with decreased breath sounds bilaterally. The 
low-dose chest CT scan showed diffuse emphysema with large 
bulla/cavities most significantly in the upper lobes and bilat-
eral small lung nodules. A follow-up CT was recommended 
within 3 months for close monitoring of the nodular lesions, 
but the patient lost to follow-up. After 2 years, the patient pre-
sented to the pulmonary clinic with exertional shortness of 
breath and a productive cough for several weeks. The patient’s 
symptoms only partially improved with courses of oral anti-
biotic therapy and bronchodilator inhalers. A CT scan of the 
chest redemonstrated a similar appearance of severe emphyse-
ma and thick-walled apical bullae with an interval progression 
in the number and size of left-sided pulmonary nodules (Fig. 
1a). Positron emission tomography (PET) demonstrated only a 
hyper-metabolic uptake in the prostate region. He was referred 
to the urology service, and further workup ruled out prostate 
cancer. The patient’s complaints continued to progress despite 
regular compliance with the prescribed inhalers, and he lost 
significant weight over 3 months’ time.

Diagnosis

A repeat CT chest scan depicted an interval progression of 
the left lung nodular processes in the left upper lobe (Fig. 1b) 
without significant mediastinal lymphadenopathy. Other lung 
pathologies were fairly stable. Sputum Gram stain and culture 
were negative for any growth. Urine antigens for fungal path-
ogens were unrevealing. Serial expectorant morning sputum 
samples were positive for many acid-fast bacilli (AFB), and 
cultures grew M. xenopi, which was further identified by the 
direct matrix-associated laser desorption (MALDI) technique. 
Sputum polymerase chain reaction (PCR) was negative for 
Mycobacterium tuberculosis (M. tuberculosis) and MAC. A 
diagnosis of an atypical mycobacterial infection with M. xen-
opi was made based on a combination of a suggestive clinical 
history with possible radiological findings and confirmatory 
microbiology.

Treatment

The patient commenced triple therapy comprising a multi-drug 
regimen of rifampin, ethambutol, and azithromycin after the 
diagnosis was made.

Follow-up and outcomes

The patient’s symptoms started to gradually improve with the 
triple therapy and a repeat CT chest revealed an interval reduc-
tion in the size of the left upper lobe lesion.

Case 2

Investigations

A 73-year-old female with a medical history significant for 

Figure 1. Axial images of computed tomography (CT) scans of the chest demonstrating interval progression of the left-sided lung 
nodules in the upper lobe over a period. (a) Previous CT chest scan 2 years prior to presentation. (b) CT chest scan on index 
presentation (arrow and pointer showing interval nodule size progression).
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heavy smoking (a 25-pack-year), daily marijuana use, long-
standing COPD with bullous emphysema, and prior unpro-
voked pulmonary embolism on anticoagulation, presented to 
the pulmonary outpatient clinic with increasing tiredness and 
worsening productive cough for a few months. The patient 
endorsed regular compliance with her medications, but she 
admitted to continuing active smoking. Notably, the patient 
has a history of cavitary and nodular lung disease under yearly 
surveillance. Her last PET scan 7 years prior to her index pres-
entation was concerning for abnormal hyper-metabolic uptake 
in an upper right lobe cavitary lesion. Subsequently, she un-
derwent endobronchial ultrasound (EBUS) which ruled a neo-
plastic process but revealed a non-caseating granuloma. Exten-
sive infectious workup at that time (i.e., AFB stains, and serial 
cultures of the sputum, bronchial lavage, and lung biopsy) did 
not yield any infectious culprit for the granulomatous pathol-
ogy, particularly, mycobacterial, and fungal etiologies. The pa-
tient remained relatively asymptomatic for the interval 6-year 
period with fairly stable cavitary and nodular lesions appear-
ances over the serial scans. The physical examination revealed 
a low body mass index (BMI) of 16.5, which was significantly 
reduced from the prior visit 1 year ago. The respiratory exami-
nation showed reduced breathing sounds bilaterally with dif-
fuse expiratory wheezes. An acute exacerbation of COPD was 
suspected, and she was commenced on an albuterol inhaler, a 
short course of prednisone, and oral antibiotics. However, the 
patient’s symptoms were not adequately controlled.

Diagnosis

A CT chest demonstrated an interval significant progression 
of the right upper lobe cavity lesion (3.2 × 1.7 cm) (Fig. 2a) 
from the prior exam (1.1 × 0.8 cm) which was nearly 1 year 
ago (Fig. 2b). The bilateral nodular lesions and advanced em-
physematous bullous disease were relatively unchanged. A 
PET scan depicted no significant hyper-metabolic activity in 
the right upper cavitary lesion at this time. An interdisciplinary 
review of the serial CT images suggested a possibility of a 

chronic infectious process given the low metabolic activity of 
the lesion. Nevertheless, the possibility of lung malignancy re-
mained a concern considering the patient’s high-risk status and 
the patient has been counseled about further invasive workup 
if needed. Sputum cultures grew M. xenopi, which was identi-
fied by the MALDI technique. Sputum PCR was negative for 
M. tuberculosis and MAC.

Treatment

After the diagnosis was made, triple therapy (azithromycin, 
rifampin, and ethambutol) was started.

Follow-up and outcomes

A repeat CT chest imaging was planned after 8 weeks from 
initiating anti-tuberculous therapy to evaluate the clinical and 
radiological response.

Case 3

Investigations

A 74-year-old male patient with a past medical history of 
heavy smoking (a 60-pack-year), advanced emphysema on 3 
L of oxygen at home, bronchiectasis, remote history of bladder 
cancer status post-surgical resection and chemotherapy, pre-
sented to our emergency department with exertional dyspnea 
and fatigue for 1 day. He also reported a chronic cough and in-
termittent sputum production. The patient was discharged from 
our hospital 2 days prior to his index presentation following a 
short-coursed admission with an acute exacerbation of COPD 
due to coronavirus disease 19 (COVID-19) infection. The pa-
tient had no increase in supplemental oxygen requirement at 
that admission. The patient improved with supportive manage-

Figure 2. Axial images of computed tomography (CT) scans of the chest demonstrating interval progression of the right upper 
cavitary over 1 year (horizontal arrows). (a) CT chest scan on presentation. (b) Previous CT chest scan over 1 year prior to 
presentation.
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ment with analgesics, albuterol nebulizers, dexamethasone, and 
COVID-directed therapy (remdesivir). Notably, the patient had 
several admissions to the medical floor with acute flare-ups of 
COPD in the past few months. The patient is originally from 
Iraq and immigrated to the USA 10 years ago, but he denied any 
recent traveling outside the USA. Initial evaluation revealed a 
frail and underweight elderly patient (BMI of 16.5) with signs 
of acute respiratory distress. He was afebrile with sinus tachy-
cardia (heart rate of 110 beats per minute), tachypnea (respira-
tory rate of 34 breaths per minute), and stable blood pressure. 
The lung examination was significant for decreased breathing 
sounds bilaterally and mild diffuse expiratory wheezing.

Diagnosis

Chest X-ray (CXR) showed stable reticulonodular and emphy-
sematous changes with a volume loss in the left upper lung from 
scarring (Fig. 3a). CT chest demonstrated diffuse random-sized 
nodules with an ill-defined cavitary lesion in the posterior aspect 
of the left upper lobe, extending inferiorly into a more solid com-
ponent along the pleura, which was seen in a previous CT chest 
that was performed 1 month ago (Fig. 3b, c). Further review of 
prior images revealed that the cavitary lesion was visualized 1.5 
years ago on imaging performed at an outside hospital to rule 
out pulmonary embolism, but it has progressed in size during the 
index imaging. The patient was started on empirical cefepime 
and vancomycin, nebulizer, and dexamethasone for possible 
worsening bronchiectasis. An infectious workup revealed posi-
tive sputum for Pseudomonas aeruginosa, but serial blood cul-
tures remained negative. Urine antigens for histoplasmosis, and 
blastomycosis were also negative. Consecutive sputum cultures 
grew many AFB, which was identified as MAC. Sputum PCR 
was negative for M. tuberculosis.

Treatment

A multi-drug therapy regime of rifampicin, azithromycin, and 
ethambutol was started for MAC. The parenteral antibiotic 

therapy was transitioned to levofloxacin upon discharge to 
complete a 4-week course.

Follow-up and outcomes

The patient continued MAC therapy with close follow-up with 
pulmonary and infectious disease services.

Discussion

The exact incidence of NTM-PD in the USA is not precisely 
known, as the disease is not mandatory reportable in most 
states [7].

There are four distinct clinical syndromes described with 
various NTM species in humans [8, 9]; pulmonary disease, 
especially in elderly patients with chronic lung disease, is 
caused primarily by MAC, both globally and in the USA [1, 
2, 7], followed by M. kansasii, particularly in midwestern 
regions of the USA [5]. Less common species include M. 
xenopi, which is more prevalent in Canada, southwest Eu-
rope, and the UK [4]. Superficial lymphadenitis, commonly 
cervical lymphadenitis in the pediatric population, is large-
ly caused by MAC and Mycobacterium scrofulaceum (M. 
scrofulaceum) [9]. Mycobacterium marinum (M. marinum) 
and Mycobacterium ulcerans (M. ulcerans) are the principal 
pathogens for skin and soft tissue infections that are acquired 
through direct inoculation, and they may also cause surgical 
site infections [9]. The disseminated disease is typically not-
ed in severely immunocompromised patients (mostly caused 
by MAC) [9].

Our case series demonstrated NTM-PD in three elderly 
patients with COPD and significant smoking history, consist-
ent with the literature reported above [1, 6, 7, 9]. Neverthe-
less, M. xenopi was isolated in two out of three patients in this 
series, a finding that is not much in keeping with the epide-
miological pattern of NTM-PD in the midwestern USA, where 
those patients were diagnosed [5]. The reported patients had 
no history of recent traveling to regions where M. xenopi is 

Figure 3. (a) Chest X-ray with the reticulonodular process and a loss of volume in the left upper lobe (horizontal arrow). (b) 
Contrast-enhanced CT chest revealed a cavitary lesion in the posterior aspect of the left upper lobe (LUL) with a solid component 
(horizontal arrow). (c) Diffuse nodular lesions (small horizontal arrows).
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more prevalent.
The clinical presentation of MAC and M. xenopi lung dis-

ease of our patients is similar to those in the literature [1, 9, 
10]. The symptoms of NTM lung diseases are nonspecific (i.e., 
dry or productive cough, fatigue, dyspnea, and occasionally 
hemoptysis) [1, 9]. They closely resemble the symptoms of the 
underlying lung disease, thus making clinical suspicion quite 
difficult [9].

The clinical course of MAC is generally less progressive 
compared to mycobacterial tuberculosis [10]. Extensive lung 
parenchymal destruction is often evident at the time of MAC 
diagnosis, partly because of the indolent nature of the disease 
[9, 10]. Disseminated disease is usually associated with severe 
cell-mediated immunity deficiency [9]. A less frequent variant 
of MAC lung disease is notably reported in older women with-
out prior overt lung disease or smoking history, which is char-
acterized by a right middle lobe or lingular infiltrate; referred 
to as the Lady Windermere syndrome [11]. The least common 
MAC variant is described in relatively younger immunocom-
petent hosts with significant exposure to hot tubs [9]. The latter 
variant is considered a hypersensitivity pneumonitis-like reac-
tion to aerosolized MAC from hot tubs [9].

M. xenopi is a low-virulent NTM that emerged as an op-
portunistic pathogen for pulmonary disease and less com-
monly extrapulmonary infections (mostly osteoarticular in-
fections) [12]. A comprehensive review of 136 cases of M. 
xenopi lung disease from a single tertiary center in France 
described three disease patterns; cavitary disease in patients 
with chronic lung disease, mostly COPD (as observed in our 
reported patients), acute infiltrates in immunocompromised 
hosts, and rarely solitary nodular disease in immunocompe-
tent patients [13].

A retrospective study of 74 patients from a single institu-
tion in Canada by Carrillo et al [2] compared the radiologi-
cal characteristics of the lung disease caused by MAC and M. 
xenopi [2]. The study noted that patients with M. xenopi were 
relatively younger and more often had advanced emphysema 
and lung malignancy [2]. MAC patients mostly had a nodular 
bronchiectatic pattern, followed by a cavitary pattern (which 
was noted in our MAC patient) [2]. While the cavitary pat-
tern tended to predominately occur in M. xenopi infection, the 
majority of patients had variable patterns of random nodules, 
consolidation, bronchiectasis, tree-in-bud appearance, and 
ground-glass opacities [2]. However, these imaging patterns 
were not statistically significant and were neither pathogno-
monic for MAC nor M. xenopi [2]. The cavitation process of 
M. xenopi typically involves the upper lobes, as observed in 
the second patient with M. xenopi infection [7].

Interestingly, M. xenopi infection was reportedly associat-
ed with lung malignancy [14]. This suggested association was 
postulated by scar tissues that may potentially undergo a malig-
nant transformation [2, 14]. Heavy smoking, as a risk factor for 
lung cancer, is also prevalent among M. xenopi patients, which 
is an observation that may partly explain the coincidence of M. 
xenopi and malignancy [14]. In the review of Carrillo et al [2], 
about one-fourth (25%) of patients with M. xenopi had prior or 
concurrent lung cancer [2]. The concern of lung malignancy 
was evident in our M. xenopi patients, considering their sug-
gestive clinical history and the suspicious radiological findings 

on initial presentation. A similar case reported by Fogla et al 
[15] described an elderly, heavy-smoker, male patient who had 
an upper lobe cavitary lesion on imaging. Percutaneous needle 
biopsy and bronchial lavage did not yield neoplastic cells but 
necrotic tissues. The patient underwent a wedge resection be-
cause of a high malignancy suspicion; histology demonstrated 
caseating granulomas with positive AFP, and further molecu-
lar studies with 16S RNA confirmed M. xenopi infection and 
ruled out typical tuberculosis [15]. Nevertheless, the small 
possibility of concurrent lung cancer cannot be entirely ruled 
out in our presented patients.

Microbiological confirmation remains the gold standard 
to diagnose NTM-PD, as their clinical course and radiological 
findings greatly mimic typical mycobacterial, fungal, and neo-
plastic lung diseases [3, 8]. Specific diagnostic criteria were 
established by the American Thoracic Society (ATS) and the 
Infectious Disease Society of America (IDSA) [7]. These crite-
ria require at least two positive expectorated sputum cultures, 
a positive sputum culture from a bronchial wash or lavage, and 
a lung biopsy with histologic findings of mycobacterial infec-
tion (granulomatous inflammation or AFB) in the presence of 
a positive NTM culture [7].

Nevertheless, positive sputum results should be interpret-
ed cautiously as these NTM have variable virulence, therefore, 
they can be only transiently recovered from the respiratory 
tract without causing a progressive infection [9]. In addition, 
NTMs may contaminate laboratory specimens, for instance, 
tap water (liquid or frozen) may contain NTMs that can poten-
tially contaminate these specimens [9]. Fortunately, highly ac-
curate nucleic acid probes are becoming readily available for 
faster identification of NTM, including MAC and M. xenopi 
[16].

Management of NTM-PD remains challenging. As the in-
fection is usually chronic, a multi-drug regimen is warranted, 
and there are no randomized comparative trials that evaluated 
the currently employed regimens [17]. The ATS/IDSA treat-
ment guidelines from 2007 include a combination of a mac-
rolide with rifampin and ethambutol, which should be con-
tinued until sputum cultures remain negative for 12 months 
for MAC [7], with the same guidelines being currently rec-
ommended for M. xenopi [7]. In contrast, the British Thoracic 
Society (BTS) guidelines from 2017 recommend initial treat-
ment with four medications including a macrolide, rifampin, 
and ethambutol combined with either a fluoroquinolone or 
isoniazid for NTM infections [18]. These guidelines are based 
on limited evidence obtained from non-randomized controlled 
trials [19].

Surgical intervention for NTM-PD is currently limited 
only to patients who failed medical therapy (i.e., remained 
sputum positive after 6 months of continued anti-tuberculous 
therapy), those who cannot tolerate various medications, and 
hosts with macrolide-resistant strains [20].

Conclusions

This case series highlights NTM-PD as an uncommon etiol-
ogy of cavitary and nodular lung disease in three elderly pa-
tients with underlying lung conditions. Interestingly, two of 
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the NTM infections in our series were caused by M. xenopi, 
a less frequent culprit of NTM-PD in the midwestern USA. 
The NTM infections masqueraded clinically and radiologi-
cally as lung malignancy, which posed a diagnostic dilemma. 
Physicians should be aware of NTMs as causative pathogens 
for chronic pulmonary diseases, especially in certain high-risk 
patients. The diagnostic criteria for NTM-PD established by 
the AST/IDSA should be followed to achieve an accurate and 
timely diagnosis to start anti-tuberculous therapy.

Learning points

NTM-PD is an uncommon etiology of cavitary and nodular 
lung disease in three elderly patients with underlying lung con-
ditions.

NTM-PD can greatly mimic lung malignancy both clini-
cally and radiologically, which may pose a diagnostic dilem-
ma.

Physicians should be aware of NTMs as causative patho-
gens for chronic pulmonary diseases, especially in certain 
high-risk patients.
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